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Nowadays, applied biomagnetic processes are routes to further intensifications of existing technologies seeking for new chemical and fuels.
In this context, the present work addresses preparation of magnetic biocatalysts (whole cells) oriented to future applications in unconventional
production of biodiesel production by magnetically assisted bioprocesses. Two types of carriers, based on chitosan and calcium alginate are
at issue, with and without magnetite (Fe3O4) used as dispersed magnetic phase. The carriers were used for immobilization ofYarrowia
lipolytica andRhizopus oryzae,which producing intracellular lipase, by physical adsorption and entrapment immobilization techniques.
The carriers were characterized by thermogravimetry analysis, Scanning Electron Microscope (SEM) and olive oil enzymatic hydrolysis
method at 37◦C. The results indicate that both the magnetic content and the immobilization method affect the carrier mechanical resistance,
stability and consequently their catalytic performance.

Keywords: Calcium alginate; chitosan; magnetic particles; magnetic biocatalyst; whole cells.

Actualmente, el desarrollo de procesos/ bioprocesos asistidos por campos electromagnéticos constituyen alternativas no convencionales para
la intensificacíon de tecnoloǵıas existentes que buscan nuevas sustancias quı́micas/ bioqúımicas, como el caso de biocombustibles. De esta
forma, el presente trabajo se enfoca en la preparación de biocatalizadores magnéticos usando ćelulas enteras de microorganismos orientados
a futuras aplicaciones en la producción no convencional de biodiesel a través de bioprocesos asistidos por campos electromagnéticos. Dos
tipos de soportes, basados en quitosano y alginato de calcio, con y sin magnetita (Fe3O4) fueron usados como fase magnética dispersa, que
una vez listos estos soportes fueron usados para la inmovilización deYarrowia lipolytica e Rhizopus oryzaeproductores de lipasa intracelular.
Aśı siendo, los biocatalizadores fueron preparados inmovilizando los microorganismos por adsorción f́ısica y por entrapamiento en la matriz
polimérica. Los soportes fueron caracterizados por termo gravimetrı́a, microscopia electrónica de barrido (Scanning Electron Microscope
SEM) y por el ḿetodo de la hidŕolisis enziḿatica de aceite de olive a 37 ˚ C. Los resultados indicaron que tanto el contenido magnético en
los soportes, como, el ḿetodo de inmovilizacíon afectaron la resistencia mecánica, la estabilidad y en consecuencia el desempeño cataĺıtico
dos biocatalizadores evaluados.

Descriptores: Alginato de calcio; quitosano; partı́culas magńeticas; biocatalizador magnético; ćelulas enteras.

PACS: 07.55.Db; 41.20.Gz; 47.65.-d

1. Introduction

Biodiesel production by chemical transesterification of oils
and fats allows rapid and high efficiency fuel production
technologies to be developed. Commonly the biodiesel pro-
duction uses basic or acid catalysts resulting in significant
amounts of glycerol as process residues as well as related
technical problems in its separation and further utilization.
The problems related to chemical catalysts can be reduced by
shifting the process to enzymatic biodiesel production em-
ploying immobilized cells as biocatalysts (whole cells) at-
tained by fermentation. This approach to produce biodiesel
allows to achieve high purity of the final product and re-use

of the biocatalysts thus minimizing the process related con-
taminations of the environment and produced technological
residues [1]. The enzymatic catalysis with free or immobi-
lized cells has advantages with respect to the chemical coun-
terparts due to its low sensitivity to water content and the
possibility to re-use and regenerate the catalysts [2]. In bio-
catalysis some difficulties exist with respect to process con-
trol and residues [3]. Several of them can be avoided by use
of whole cells of microorganisms that draw an attractive al-
ternative for development a new type of processes. On other
hand, the use of matrices (porous carriers) for immobiliza-
tion addresses two key factors: a) the type of immobilization
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process, and b) the interactions in the bulk of the carriers, be-
cause the immobilization technique determines both the cat-
alyst stability and the catalytic kinetics.

The biodiesel production with whole cells is not well de-
veloped process and no much works were published so far.
Most of the works employRhizopus oryzaefor production
of intracellular lipase [4,5,6,7]. However, recentlyRhizopus
chinensiswas also used for the same purposes [8]. Referring
to the work of Banet al [4] it follows that the cross-linking
with 0.1% glutaraldehyde for stabilizing theRhizopus oryzae
cells allows several cycles of the catalyst re-use.

On the other hands, different methods to prepare mag-
netic particles using several magnetic materials to several
applications including catalytic reaction, magnetic separa-
tion, drug delivery, magnetic imaging, among others have
been carried out [9,10]. Such particles based on magnetiz-
able compounds are easily controlled by external magnetic
fields [11].When the biocatalysts are based on polymeric car-
riers are used calcium alginate, chitosan, polystyrene, poly-
methyl methacrylate, among others and doped by magnetic
particles. These magnetic particles, based on ferric ions are
the most appropriate materials allowing either positive or
negative surface charging [12].

To some extent, now there is demand of implementations
of non-conventional methods for biodiesel production. In this
context, the present work addresses the development cell im-
mobilization and magnetite incorporation in biocatalysts in a
way to allow preserve the cell catalytic activity seeking ap-
plication in the processes assisted by magnetic fields such as
biofuels production.

2. Material and methods

Microorganisms. Culture medium for maintenance

Yarrowia lipolytica and Rhizopus oryzaewere purchased
from Tropical Culture Collection “Andŕe Tosello” Founda-
tion, Campinas-S̃ao Paulo, Brazil. Standards, culture me-
dia and all reagents used in this work were purchased from
Sigma-Aldrich (USA).

Fermentation procedure

The fermentations were carried out in a 250 mL erlenmeyer
flask using an orbital shaker (Marconi-Brazil). The inocu-
lation began with 10% (v/v) of the pre-culture at 30◦C for
24 h and 150 rpm. The medium used in the pre-culture and in
the fermentation contained (%): olive oil (2.0); maltose (1.0);
pectin (6.0); MgSO4 (0.05); K2HPO4 (0.2). All media were
sterilized at 121◦C for 15 min and the pH was adjusted to 5.5
with NaOH or HCl 2M prior to sterilization.

Cell growth

The cellular growth was determined by optical density
method at 600 nm light wavelength using a spectrophotome-
ter (SHIMADZU model UV-mini 1240). The pH control of

the culture medium was carried out with pHmeter instrument
(MARCONI, model MA PA200).

Biomass determination

The cellular biomass was determined gravimetrically by dry
mass analysis,i.e., the fermented medium samples were
filtered through pre-weighed filter paper (Whatman No.1).
Thus, the harvested biomass was washed twice with distilled
water and then dried up to constant weight at 50◦C and 8 kPa
in a vacuum oven (Marconi, Brazil).

Enzymatic activity

The whole cells (free and immobilized) were tested for
their hydrolysis ability by a modified olive oil hydrolysis
method [13] at 37◦C. One activity unit (U) was defined as the
amount of enzyme liberating 1µmol of fatty acid per minute
under the above described conditions.

Preparation of biocatalysts with magnetic properties

The magnetic biocatalysts were prepared using two different
carriers: a) chitosan films and b) calcium alginate particles,
both with magnetite (Fe3O4) incorporated by dispersion be-
fore the gelification step.

Biocatalysts using chitosan-based carriers

This biosupports were prepared in the Biotechnology Pilot
Plant from National University of Colombia, according to
Orregoet al. methodology [14], using chitosan with high
molecular density and 75,6% deacetilization degree. The
supports were initially prepared as films by using 3% m/v
chitosan in 1% of acetic acid. The films were prepared by
deposing as dispersions in a molding form with continuous
addition of magnetite powder and a gelling agent up to point
where the desired consistency was attained. Then, the films
were dried under vacuum up to constant weight.

Biocatalysts using calcium alginate-based carriers

The carriers were produced by using sodium alginate
available commercially (Protanal LF 20/40) with molecu-
lar weight 200.000 – 400.000 gmol−1, dynamic viscosity
198 mPa.s and pH from 6 to 7 (1% aqueous solution at 20◦C)
provided by courtesy from FMC BioPolymer. At the ini-
tial stage, an aqueous solution of sodium alginate (2%) with
1% (wt) magnetite powder was prepared. The magnetite-
alginate-cell (see immobilization procedure) compound was
formed by atomization through a nozzle of 0.7 mm ID
(Fig. 1) into a gelling solution of calcium chloride (0.1 M).
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FIGURE 1. Experimental setup for the calcium alginate-magnetite
bio-supports preparation: 1-Solution of sodium alginate; 2- peri-
staltic pump; 3- Atomizing nozzle; 4- Calcium alginate solution;
5- magnetic stirrer.

Permanent agitation for 1h needed to attain complete gelifica-
tion as a result of the action of Na1+ and Ca2+ in the formed
particles, was applied.

Biocatalysts preparation: Immobilization procedure

The microorganism immobilization using chitosan was car-
ried out by physical adsorption,i.e., the supports contain-
ing magnetite were immersed in the fermenting culture dur-
ing the growing phase up to the point of the stationary stage
with already formed cells and carrier surface covered by mi-
croorganisms and attained biocatalysts were separated by a
filtration under vacuum. On the other hand, using alginate
carrier the microorganisms were immobilized by entrainment
method dispersing the biomass cell attained by fermentation
inside the sodium alginate solution. Finally, both, biocata-
lysts dried at reduced pressure and temperature of 45◦C and
stored at 5◦C for further use.

Thermogravimetric analysis (TGA)

The thermogravimetric analysis (TG/DTG) was performed
by Universal V3.9A (TA-Instruments). Approximately,
8.0 mg of samples was used in nitrogen atmosphere at 293
and 1273 K and heating rate of 283 Kmin−1.

Scanning electron microscopy (SEM)

The morphological analysis were carried out though micro-
graphs of support surface was obtained by scanning electron

microscopy (SEM) using a SHIMADZU SSX-550 electron
microscopy model.

3. Results and discussion

Microorganism growth kinetics

The preparation of whole cells as biocatalysts involves a nec-
essary step of kinetic studies of the cell growth under condi-
tions of submerged fermentation, as well as, the capacity of
these microorganisms to produce intracellular lipase. Thus,
Fig. 2 shows the results of cell growth and enzymatic activity
of intracellular lipase. Respect to the cell growth, the attained
results showed that in both cases the lag-phase was shorted.
For example, the growing phases cultures ofY. lipolytica
andR. oryzae(Fig. 2.a y 2.b) were exponentials and begin
after an initial lag of about 4 h. However, at this time both
exponential and stationary phase were different for each mi-
croorganism.Y. lipolyticapresented a typical diauxic growth
and consequently first and second stationary phases were at-
tained after 12 h and 35 h of fermetation time, respectively.
The pH values were practically constant, but at the final fer-
mentation a little diminution of this values were observed.
TheY. lipolyticashowed a slight better final amount of cells

FIGURE 2. Cell growth kinetic for different microorganisms at
30◦C and 200 rpm up to 72 h; a)Yarrowia lipolytica; b) Rhizopus
oryzae. Symbols: – Cellular growth expressed as optical density at
600 nm; -∆-pH values and intracellular lipase activity.
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FIGURE 3. Types of supports prepared: a) Calcium alginate with-
out magnetite; b)Y. lipolytica immobilized on calcium alginate
with magnetite; c)R. oryzaeimmobilized on calcium alginate with
magnetite d) chitosan without magnetite; e)Y. lipolytica immobi-
lized on chitosan with magnetite.

after the second exponential phase. However, comparatively
R. oryzaewhich formed agglomerates during fermentation
resulting in major quantity produced biomass on broth fer-
mentation. In case ofR. oryzaewere reported a growing
phase for 24 hours approximately, continuing with a station-
ary stage for finals values around 3.2 g of dry biomass [16],
similar with our results. On the other hand, Matsumotoet
al. [5] attained similar times of growing and stationary phase,
with larger final amount of biomass after 24 hours, but this
can be due a manipulation of a gene to generate an overpro-
duction of lipase inside the cell.

In addition, during the fermentation process, both, the hy-
drolytic activity, the liquid extract and the biomass was deter-
mined to evaluate their potential as biocatalysts and simulta-
neously to establish the behavior for long time fermentation
processes. The data summarized in Fig. 2 indicate that the
hydrolytic activity was higher, comparatively with residual
culture medium extracts, when the biomass was tested. In
fact, this result is due to effective production of intracellu-
lar lipase especially at 14 hours for all cells, in particular
to R. oryzaedespite of 22 h forY. lipolytica. The attained
may be considered as satisfactory, however, some times is
very difficult to compare our results with the literature be-
cause the whole cell preparation and/or enzymatic methods
used for hydrolytic studies are different. For example, Mat-
sumotoet al. [5] reported intracellular lipase activity val-
ues that reached levels up to 474.5 U/l for whole cells using

FIGURE 4. Thermograms obtained for biocatalyst prepared on the
base of chitosan films: a)Y. lipolytica; b) R. Oryzae.

2,3-dimercaptopropan-1-ol tributyl ester as substrate, but the
whole cells were attained fromS. cerevisaerecombinant
cloned with a gene encoding lipase fromR. oryzae.

Chitosan and calcium alginate biosupports

Figure 3. shows pictures of alginate (3a, 3b and 3c) and chi-
tosan (3d and 3e) biosupports, without and with magnetite
respectively. The black particles observed in Fig. 3a, 3c and
3e are assumed as the magnetite, revealing a high homogene-
ity distribution in the compound and appropriated magnetic
properties for further use in bioreactors assisted by magnetic
field.

3.1. Biocatalysts characterization

Figure 4 shows the results of thermogravimetrical analysis
for each immobilized cell on the quitosana biossuports. In
all the cases the biocatalysts thermal degradation temperature
is about 200◦C, the relative mass loss increasing if temper-
ature augments beyond the point of thermal degradation of
the immobilized microorganisms. The most important out-
come of this analysis is that the behave of systems support-
immobilized cells are stable within the temperature range be-
tween 40 and 60◦C, which matches the process conditions
for biodiesel production. On the other, the thermal stability
of particles with Fe3O4 was minor than without Fe3O4, prob-
ably due to thermal conductivity of Fe. However when mag-
netite was incorporated in the particles was finding a better
mechanical performance, principally in the alginate particles.

Rev. Mex. Fis. S58 (2) (2012) 112–117
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FIGURE 5. Micrographics of magnetic biocatalysts based on:
a) Y. lipolytica immobilized on chitosan (augmentation×1000);
b) Y. lipolytica immobilized on calcium alginate (augmen-
tation ×200); c) Rhizopus sp. immobilized on chitosan
(augmentation×2000); d)Rhizopus.sp. immobilized on calcium
alginate (augmentation×2000).

On the other hand, the microscopic morphology analy-
sis of the biocatalysts (Fig. 5) reveals completely different
surface structures that might be attributed to the carrier struc-
ture and the presence of immobilized cells according to the
immobilization method used.

3.2. Biocatalysts performance

After the biocatalysts preparation and their characterization
they were tested for enzymatic activity (Fig. 6). Accord-
ing to this results the best hydrolytic activity were attained
for, both,Rhizopus spandY. lipolyticasupported calcium al-
ginate particles with magnetite, while, enzymatic activities
were similar when chitosan was used as support with and
without magnetite.

In the first case, the activity values were approximately
two times higher than those obtained with the chitosan sup-
ports. This result can be explained by carrier instability based
on chitosan during the immobilization process, as well as by
the effects of both, incorporated magnetite and the type of
microorganisms immobilized. Therefore, the incorporation
of magnetite in chitosan does not lead to enzymatic activity
better that values obtained with pure chitosan particles.

After the immobilization the enzymatic activity decrease
compared with the free cell, this is consisting with reported
data using others supports and microorganisms [4,5,8]. How-
ever, Adamczak and Bednarski [15] reported values between
70 and 90 U forY. lipolyticausing olive oil as substrate whose

FIGURE 6. Hydrolytic activity of two biocatalysts based on cal-
cium alginate and chitosan films.R. oryzae, Y. lipolytica.Biocata-
lyst 1: calcium alginate without magnetite; Biocatalyst 2: calcium
alginate with magnetite; Biocatalyst 3: chitosan film without mag-
netic phase; Biocatalyst 4: chitosan film with magnetic phase.

values are similar to our results for calcium alginate, but mi-
nors for chitosan. On the other hand, Alloueet al. [17] re-
ported 150 and 167 activity units for mg support at 37◦C Y.
lipolytica immobilized in supports of chitosan and alginate,
respectively.

Finally, according to the lipolytica activities observed the
biocatalysts attained are promissory for biofuels production,
in particular biodiesel. In this context, further studies should
be carried out to evaluate this magnetic biocatalysts in the
biodiesel production in bioreactors assisted by magnetic field
by enzymatic way at laboratory scale.

4. Conclusions

The attained results are preliminary, however, revealed the
technical viability of whole cells with magnetic properties as
biocatalysts and its potential for further applications in a bio-
fuels production by unconventional method. However, fur-
ther studies are necessary to investigate more deep the effect
of using magnetite in enzymatic activity of particles and how
is its effect after repeated uses, also which are the better rela-
tion between magnetite amount in particles and its mechani-
cal stability, enzymatic activity and its behavior in bioreactor
assisted with magnetic field.
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