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ABSTRACT

Depuration capacity of immobilized Phanerochaete chrysosporium was tested on food effluents
which showed high COD, sugar, and nitrogen concentration. Comparative study in airlift
reactor and agitated flasks was performed to determine an effective depuration treatment
with suspended and immobilized biomass into alginate spheres. While enzymetic
production was analyzed in these sytems in order to evaluate influence of the immobiliza-
tion micro-organism, effluent composition, and aeration mechanism. In addition, the use of
seed lettuce allowed evaluating the quality and effectiveness of the studied effluent treat-
ment system. In particular, all tests showed that COD and color of the effluent was reduced
by airlift cultures. Treatment achieved a decline in 85% of COD in 120 h. While experiments
with 33 PCU color showed high efficiency (100%) in decolourization period of 5 h.
Maximum laccase production was mainly found in airlift system with suspended biomass,
whereas manganese peroxidase was detected on immobilized micro-organism. Toxicity tests
revealed that treated food effluent was not phytotoxic; conversely effluent contains
sufficiently high concentrations of nutrients to ensure the germination and lettuce growth.
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1. Introduction

In recent years, the use of immobilized micro-
organisms has been seen as an effective way to
enhance the processes of wastewater treatment.
Immobilized cells can also promote the production of
enzymes and can protect and give stability to micro-
organisms [1]. Especially, entrapped fungal cells into

*Corresponding author.

matrices may be isolated of toxic organopullants and
recalcitrant species compared to free cells [2,3]. The
micro-organisms can suspendedly move within their
own matrix, consuming substrates that penetrate
through of it. Biomass control and shelter within the
an area without competition from other microbes
present in the wastewater are also seen as advantages
of immobilized cells into a container.

In particular form, fungal immobilized prevents
cellular activity loss by a higher protection against any
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hazardous shocks which could be produced any time
by mechanical or chemical means [4-6]. Other advan-
tages as changes in the thixotropic behavior of fluids,
separation of fungal biomass from solution, reduction
biomass dispersion, and bioaccumulation, as well as,
contaminants accumulation from wastewater on walls
and clogging in the bioreactors are also exposed in
[7,8].

Despite the great benefits provided by the immobi-
lization of cells, there are also various disadvantages
of micro-organisms entrapment that have restricted
the use of this technology. The main problems of
entrapment materials are limiting the mass and
oxygen transfer and instability or stress of cells [9].
Besides, mechanical resistance and biodegradation of
materials are other drawbacks for the wastewater
treatment.

Currently, some of these disadvantages can be
overcomed by the wuse of differents strategies.
Composites of organic polymer are studied to improve
the material resistance [10], however poor enzyme
secretion and toxicity of some material have been
revealed; hybrid matrices can inhibit catalytic activity,
cell division, and cell growth [1,11]. Mostly, Man-
ganese Peroxidase (MnP) production has been limited
by encapsulation of Phanerochaete chrysosporium in
polymeric materials [12-14].

Bioreactors are also considered as an important
strategy, which are suitable for the ambient of
entrapped micro-organisms [15-17]. Mostly, airlift is
recognized as a promising technology for stimulating
oxygen transfer into immobilization matrices. Further-
more, low-shear environment and low-energy require-
ments of airlift are considered with several advantages
over other bioreactors. Airlift system can be operated
with high loading from effluents and they combine
with an efficient mixing in the liquid phase generating
by air bubbles using internal or external recirculation
loops.

In present study, advantage of composition of a
food effluent was tested for the application of a fungal
treatment and the production of ligninolytic enzymes
for effluent depuration. Viability of biological treat-
ment by immobilized P. chrysosporium in Ca-alginate
spheres was evaluated in an internal loop airlift
bioreactor. Airlift was used to promote good mixing
and oxygen transfer particularly into spheres of
immobilized biomass. Shake flasks were also utilized
to compare the effect of aeration on immobilized
micro-organism. Reducing sugars, color reduction,
and ligninolytic enzymes produced by P. chrysospo-
rium were measured during treatment. In addition,
toxicity of treated effluent was also analyzed to evalu-
ate their possible use as irrigation water. Analysis of
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coupled factors as effluent composition, entrapped
micro-organism, and airlift reactor can provide sup-
port for the application of encapsulated P. chrysospo-
rium for food effluents depuration and reuse.

2. Methodology
2.1. Food effluent samples

Effluents produced by food manufacture process
were provided by a food industry localized in Mexico.
Intense coloration and turbidity were visible charac-
teristics in the effluents. Presence of colorants mixture
and residues of wheat bran, corn bran, reducing
sugars and essential amino acids, and vitamins was
assumed due to the origin of the effluent.

Important parameters as pH, COD, turbidity,
conductivity, sugars, nitrogen concentration, and color
were measured to characterize the samples.

2.2. Micro-organism

P. chrysosporium (HEMIM-5) was provided from
UAM-CEIB (Biotechnology Research Center) Morelos,
México and it was maintained in potato dextrose agar
at 28°C. Strain was stored at 4°C and it was cultured
every two months.

P. chrysosporium was after incubated on malt
extract agar (20% v/v) at 28°C in glass tubes for 5 d.
Five milliliters of sterile water were added to tube to
scrape and transfer the biomass into 250 mL Erlen-
meyer flask containing 50 mL of inoculum medium
(AB) composed by food effluent with (%) soluble
starch, 0.2; peptone, 0.5; yeast extract, 0.5; MgSO,,
0.02; K,HPO,, 0.1.

The flask was incubated at 32°C and 200 rpm in a
shaker incubator (Heidolph Unimax 1010) for 24 h for
obtaining biomass suspension, which was used as
inoculum for immobilization as well as for suspended
biomass experiments.

2.3. P. chrysosporium immobilization

The immobilization of the fungi was made on
alginate spheres. The beads were prepared by adding
2.4 mL of biomass suspension of P. chrysosporium to
the mixture of 30 mL solution of sodium alginate 3%
(p/v) and a sodium solution of carbonate 1%. The
mixture was agitated in a Thermo scientific magnetic
stirrer HP130915Q and dropped into a CaCl, 30%
solution.

Alginate spheres containing P. chrysosporium
biomass thoroughly washed with sterile distilled
water and preserved in saline (0.9% NaCl solution) at
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4°C for further use. Specific surface areas (SBET), total
pore volume V,, and average pore diameter D, were
also determined by the BET nitrogen adsorption-
desorption method (BELSORP-aqua®, BEL Japan, Inc)
on dehydrated spheres.

2.4. Food effluent treatment

Independent tests of food effluents treatment in
Erlenmeyer flasks and cylinder internal loop airlift
bioreactor (Vichi Airlift Bioreactor FAR-4) were evalu-
ated with suspended biomass and immobilized P.
chrysosporium.

Flasks of 2 L with a final volume effluent of 1.2 L
and airlift bioreactor of 4 L were inoculated in a 10%
(v/v) proportion in the suspended biomass experi-
ments, and 0.33% (p/v) proportion in the immobilized
fungi.

The flasks were incubated at 170 rpm in an orbital
agitator, whereas the reactor was aerated by the draft
tube through porous glass diffuser. The experiments
were carried out in a batch mode and each experiment
was performed with two replicas. An image of the
airlift bioreactor used in the present study, is shown
in Fig. 1. Fig. 1 describes an airlift consisting in a glass
cylindrical vessel of 4L (7) with two connected

Fig. 1. Airlift bioreactor in batch operation mode. (1) air
compressor; (2) rotameter; (3) temperature control; (4) air
sparger; (5) draft tube; (6) belt-type heating device; (7)
glass reactor; (8 and 9) riser and downcomer; (10) air out-
let; (11) oxygen and pH electrodes.
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sections, a riser and a downcomer, where fluid
circulation occurs in a defined cyclic pattern. The
vessel contains a concentric draft tube (5) for input
and rise of air (8). The downcomer of air is the
external cylinder (9).

The air is sparged at the bottom, moves upward,
and exits at the top of the riser section. The air
recirculate through the downcomer section and
provide aeration throughout the reactor. The differ-
ence in density between riser and downcomer, due to
the difference in air holdup, drives the liquid to circu-
late between the two sections. The liquid velocity was
sufficiently high for suspending and recirculating of
biomass(suspended or encapsulated) with the liquid.
This movement gave as result, a thorough mixing of
both biomass and liquid throughout the reactor.

In this case, the input air was controlled at 2 kg/cm?
through pressure regulating valve localized in air
compresser (1). Sterile air was supplied through an air
diffuser placed at the bottom of the reactor (4) at an
upflow velocity of 1.5-1.8 L/min and the gas flow rate
was measured with a rotameter (2).

The reactor was equipped with dissolved oxygen
(Hanna DO HI4195) and pH electrodes (Hanna pH
HI5333) (11). The temperature in the reactor was con-
trolled using a temperature controller coupled with a
belt-type heating device (6) and was monitored in (3).

Airlift and flasks were maintained at 37°C for the
first 48 h of treatment, after this period the tempera-
ture was set at 30°C until the end of the experiment.
The temperature change was performed to accelerate
the growth speed of P. chrysosporium [8].

Samples of treated effluent were collected by a
10 mL sterile pipette in a laminar flow hood every 3
and 24 h during treatment for the suspended and
immobilized biomass, respectively. The samples were
previously centrifuged for 10 min at 12,000 g in a
Thermo scientific Espresso 12 centrifuge 11210800 and
were taken for the further analysis. Tests on consump-
tion of glucose were performed to confirm adequate
porosity and mass transfer in spheres. P. chrysosporium
biomass, COD, sugars, nitrogen, conductivity, turbid-
ity, and color reduction were also analysed in each
case to compare effluent depuration. Enzyme activity
was considered to study the effect of the immobiliza-
tion of P. chrysosporium and aeration systems on enzy-
matic expresiéon of this micro-organisms. Toxicity
treated effluent was analyzed in order to reject toxic
secretions of the fungus or toxic intermediates
produced by degradation of compounds contained in
food effluent.

Concerning spheres of immobilized biomass,
spheres were separated from treated effluent and were
then washed with deionized water and subsequently
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washed with ethanol solution for 15 min for their
dehydration. Finally, samples were suspended and
dried at —20°C for 5 min. Later, microscopic examina-
tion of spheres was carried out in a SEM
(JSM-6610LV, JEOL USA) in a high vacuum mode to
analyze their structure and morphology after their use
in the experiments.

2.5. Analytical determinations

Wastewater  characteristics were  determined
according to the methods established by Mexican
Standards: COD, NMX-AA-030; pH, NMX-AA-008
turbidity, NMX-AA-038; conductivity, NMX-AA-093;
total nitrogen, NMX-AA-026 total reducing sugars,
NMX-F-496 according to Fehling liquor solution
method with a spectrophotometer UV—-vis Lambda 36
Perkin Elmer. Real color was monitored according to
NMX-AA-045, this wavelength for change of color
determination with Hanna colorimeter HI 727 [18].

Fungal biomass was quantified at the end of the
experiments as dry weight measurement. The culture
was filtered in a fine pore filter paper and dried at 60°C
for 12 h in a stove. Finally, it was placed on silica des-
iccators and weighed in an Ohaus Pioneer Analytical
Balance PA114. Glucose consumption by P. chrysospo-
rium was also analyzed by totally reducing sugars.

The ligninolytic enzymes were analyzed as follow.
MnP activity was determined by monitoring oxidation
of phenol red (¢ =4,460/Mcm). The reaction mixture
contained 500 pL. of supernatant sample, 100 pL 0.1%
phenol red, 100 puL of 250 mM sodium lactate (pH 4.5),
200 pL bovine albumin, 50 pL of MnSQ,, and 50 uL of
2mM H,0O; in sodium phosphate buffer pH 8.0 [19].
LiP activity was determined using veratryl alcohol as
substrate. Oxidation of veratryl alcohol was followed
by absorbance increase at 310 (¢=9,300/Mcm). The
reaction mixture contained 500 pL of supernatant sam-
ple, 1,000 pL of 10 mM citrates buffer pH 3.0, 500 pL
of 10 mM veratryl alcohol, and 500 pL. of 2 mM H,0,
[20]. Laccase activity was determined using ABTS as
substrate by monitoring absorbance intensification at
420 nm (¢ = 36,000/Mcm). The reaction mixture con-
tained 800 uL of supernatant sample and 200 pL of
1.0 mM ABTS in 0.1 M sodium acetate pH 5.0 [21].
The activities were reported as U/L, where one unit
of enzyme was defined as the amount of enzyme that
oxidized 1 umol of substrate per minute.

2.6. Toxicity evaluation

The toxicity study of the untreated food effluent
and the effluent after the airlift treatment with
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immobilized fungi was carried out with the purpose
of evaluating the toxicity due to the treatment condi-
tions. Toxicity was evaluated on seeds germination
and early seedling growth of lettuce seeds (Lactuca
sativa L). Bioassays were performed by four dilutions
of the effluents concentration (100, 75, 50, and 25%)
from airlift bioreactor after of 7d of treatment with
immobilized P. chrysosporium. Hard water was used to
perform the dilutions, and drinking water was used
as negative control and positive control as a solution
of 1% ZnSOy,.

The test consisted of placing 20 lettuce seeds on fil-
ter paper disks fine pore in petri dishes with 4 mL
effluent sample for a period of 120 h. Seeds were kept
in the dark at room temperature (15-20°C). Shoot
height (mm), root lengths (mm), total plant mass (g)
and germination index (GI), and a factor of relative
seed germination and relative root elongation were
determined after this period. In addition, LCsy was
calculated according Dutkka method [22].

The tests were carried out in triplicate and kept
covered with a plastic bag to prevent water evapora-
tion losses. Statistical analysis was conducted using
the SAS System Software.

3. Results and discussion
3.1. Food effluent characteristics

The average composition of the effluent industrial
gave the following information. Reducing sugars
(1051 g/L),  turbidity =~ (52 NTU),  conductivity
(1,042 uS/cm), total nitrogen (25.6 mg/L) and color
(33 PCU), pH (5.85), and COD (4,400 mg O,/L). The
effluent characteristic showed a high COD possibly
due to the presence of food preservatives and col-
orants mixtures. Content of salts in the effluent was
confirmed by the high conductivity detected. For the
color (dark red), a maximum absorbance at 564 was
observed; the color was mainly due to pigments and
lignin cellulose residues released during various
stages in the food making process. Glucose and nitro-
gen concentration of effluent was considered also
enough as carbon and nitrogen source to ensure the
growth of the fungus. It was observable that nitrogen
contents in effluent was higher than glucose, approxi-
mately in 2/1 ratio.

3.2. P. chrysosporium immobilization

Alginate spheres with diameters averaging 5 mm
containing P. chrysosporium biomass were obtained
during fungi immobilization. The diameter was
established as an optimal condition for food effluent
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treatment due to load and effluent composition. While
diameter size was considered due to excessive
expanding of P. chrysosporium biomass. Data from
BET, V, (0573 cm’/g), D, (5.8701 nm), and SBET
(0468 m*/g), showed porous spheres and solid
structure. Adequate porosity was confirmed by
glucose consuming test and excellent growth of micro-
organism. Fig. 2, show that about 50% of glucose was
consumed by suspended and immobilized fungi
during seven days, ending at tenth day.

Alginate beads of the other immobilization systems
show differences which include, Dp of 3.81 nm [23]
and sphere diameter 3 mm [24]. However, characteris-
tics and differences in size of spheres depend on
wastewater composition, volume, and micro-organism.

3.3. Food effluent treatment

Experiments of food effluent treatment showed
that nutrients induced efficient production of biomass,
effluent depuration, and abundant ligninolytic enzyme

12 —e— Free biomass agitated

flasks
—O—immobilized biomass
agitated flasks
—&— Free biomass airlift

10

8 —/x—immobilized biomass
airlift

Glucose consume g/L
()}

0 100 200 300 400
Incubation period (h)

Fig. 2. Consumption of glucose by suspended (free) and
immobilized P. chrysosporium biomass in airlift and
agitated flasks during food effluent treatment.
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secretion. Mean values of two replicate experiments
with a standard deviation less than 15% on treated
effluent are showed in Table 1. The results correspond
to agitated cultures and airlift bioreactor with immobi-
lized and suspended fungal biomass after 7d of
treatment.

Abundant growth of P. chrysosporium revealed an
admirable development of fungi, particularly in airlift
reactor. Immobilization limited only 20% biomass pro-
duction in relation to suspended biomass due to shear
stress relatively constant and mild produced in the
bioreactor.

Optimum results in effluent depuration were
attributed to their composition, therefore, it was
assumed that the nutrients in effluent were a substrate
potential of P. chrysosporium. The glucose and nitrogen
concentration was found to be useful for the enhance-
ment of depuration and probably to enzymatic expre-
sion by immobilized micro-organism. In addition,
aeration system was effective to reduce the contamina-
tion parameters rapidly. Comparative study on the
quality of treated effluent in bioreactor confimed this
assumption. A great potential of suspended and
immobilized P. chrysosporium on effluents with
4,400 mg/L COD was detected in airlift experiments.
Fungal biomass removed approximately 80-85% over
the course of the testes in bioreactor. COD decline
(60%) was registered in 120 h of suspended biomass
treatment, whereas that encapsulated biomass
achieves the same COD removal in 150 h.

Percentage of glucose consumption could be cou-
pled with first growth stage of fungi and COD
removal. In this case, decline in glucose and
maximum COD removal were deteceted in the same
period. Fig. 2, shows a fast decline of glucose by P.
chrysosporium in airlift in a period of 120-150 h,
whereas the amount of glucose consumed was lower
in agitated flasks and COD removal was also lower in
this agitation system. Nitrogen consumption test was
not considered; however, the treated effluent showed
12-13 mg/L as final concentration in all cases,

Table 1
Parameters of quality effluent after 7 d of treatment by immobilized P. chrysosporium
Biomass COD (mg Sugars Nitrogen Turbidity Conductivity Color
Process/biomass (g) /L) pH (g/L) (g/L) (NUT) (uS/cm) (PCU)
Agitated 6.21 744 56 5.6 14.01 3.3 402 3
flasks/suspended
Agitated flasks/ 5.02 853 54 65 15.97 4.5 567 5
entrapment
Airlift/suspended 7.55 756 57 59 15.65 4.2 463 0
Airlift/entrapment 5.78 798 54 61 15.32 4.8 578 0
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indicating that it was consumed at the same form by
suspended and immobilized fungi.

pH was also considered as a critical parameter
governing cell activities during effluent treatment. It is
known that the fermentation of carbohydrates to
organic acids requires an optimum range of 4.5-6.5;
due to pH below 4.5-5 retards or stop the oxidation
reactions for the organic acids and thus COD removal
may be affected by pH [25].

At the same time, experiments with 33 PCU color
showed high efficiency (100%) in decolourization per-
iod of 5h with suspended and immobilized biomass
in both treatment types. The results on decolourization
could reveal that the colorants were suitable substrate
for the peroxidases and oxidases produced by the
fungus.

In particular, all tests showed that color of the
effluent was reduced by airlift cultures promoting
these enzymes due to high oxygen levels. In this case,
the removal rate indicated that this effluent treatment
was effective for depuration.

The controlled temperatures (30-37°C) and pH
(5-5.7) did not affect COD removal during the treat-
ment. Adding salinity concentration in the effluent did
not inhibit fungal growth and effluent depuration into
the two aeration systems. In fact, salinity was reduced
and probably the salinity and organic content allowed
a positive effect due to the association between these
components.

Compared COD removal by P. chrysosporium on
food effluent was higher or similar than other biologi-
cal treatments. Food effluents are traditionally treated
by bioremediation processes including anaerobic and
aerobic micro-organisms; the organic load is often
eliminated, but other compounds responsible for COD
increment are poorly degraded by the organisms
normally involved in these treatments, for this reason,
to date there are several researches on food wastewa-
ter depuration by specific micro-organisms. However
P. chrysosporium on food effluents treatment has been
studied little. Outstanding works on this topic are
noted below.

COD removal by suspended and immobilized
Candida tropicalis (onto a ceramic honeycomb support)
in grains-washing wastewater (COD 7,000 mg/L)
showed 57 and 76%, respectively [26]. Differences on
COD removal were attributed to wastewater, micro-
organism-type, and immobilization strategy.

Coupled systems, airlift, and immobilized bacterial
consortium was also exposed as suitable treatment of
high-carbohydrate wastewater by C. tropicalis [25].
Airlift loop reactor tests containing porous ceramic
supports achieved a high COD removal (85%),
immobilized cells were 4.9 times faster than the

R.E. Sierra Solache et al. | Desalination and Water Treatment 57 (2016) 12743-12754

suspended cells. Mass transport resistance and
concentration gradients apparently did not limit the
overall COD removal kinetics. However, in this work,
supplying urea as a nitrogen source significantly
increased the COD removal from wastewater.

Other microbial treatment on different wastewater
containing recalcitrant compounds can be comparable
with COD removal by P. chrysosporium [8,27-29].
Particularly immobilized bacterial systems with effec-
tive depuration are found in [30,31].

Favorable growth of micro-organisms on food
residues has also ascertained the influence on some
metabolites production. Simultaneously, the micro-or-
ganisms have also been successful to treat food wastes
with optimal results due to high ratio of degradation
[32].

Mostly, information on immobilized P. chrysospo-
rium on sugar refinery effluent degradation was found
in [33]. The fungal degradation activity was 5-8 and
three times greater in terms of decolorization and
phenolics reduction with porous carriers than with
nonporous carriers. The morphology of the carriers
was seen as a factor governing the fungal biodegrada-
tion activity.

Besides actuation of immobilized P. chrysosporium
can also be compared on paper and pulp industrial
wastewaters degradation [34]. Significant reduction in
COD was attributed to introducing sucrose and
ammonium chloride.

Degradation  of  specific = contaminants by
immobilized cell culture has also been associated to
bioreactor. Some strains such as URM 6181 of P.
chrysosporium immobilized in polyurethane foam
(PUF) [35], Bacillus-mycoides on polyvinyl alcohol
(PVA)-sodium alginate-Kaolin [36], and Bacillus fusifor-
mis (BFN) strain on alginate-PVA-clays [37] showed
advantageous degradation in airlift bioreactor.

In each case, the excellent results about depuration
action from micro-organisms are associated to microbe
characteristics and culture conditions; however, many
researchers agree on the importance of nutrients that
should be present during the culture processes.

3.4. Enzyme activity of P. chrysosporium

Fig. 3 shows the maximum enzyme activity (U/L)
of MnP, LiP, and Laccase for each process. Maximum
activities are reported in a period of 240 h, when COD
does not have significant changes.

Different enzymatic profiles by suspended and
entrapped biomass were observed in different agita-
tion processes with high enzymatic activities. How-
ever, maximum peak of enzymes was more evidenced
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Fig. 3. Maximum enzyme production by suspended and entrapped P. chrysosporium biomass during food effluent

treatment in agitated flasks and airlift bioreactor.

in airlift. Comparative results from immobilized and
non-immobilized P. chrysosporium showed similar
enzymatic actuation.

Amazing enzyme Laccase secretion was detected in
suspended biomass. Tests showed maximum peak
Laccase (9,890 U/L) at 68 h in agitated flasks and
(16,694 U/L) in airlift at 56 h after starting the fungus
cultivation, whereas immobilized biomass produced
less Laccase in a time largest than suspended biomass.
It may indicate that the immobilization affected the
diffusivity of this enzyme or Laccase production was
limited by biomass immobilization.

In contrast, data to MnP and LiP showed that
maximum activities of these enzymes were produced
by immobilized biomass. LiP (5,200 U/L) was detected
in this system after of 117 h of effluent treatment,
whereas maximum peak MnP secretion (2,638 U/L)
was found at 101 h. These results indicated that pro-
duction of LiP and MnP is generally optimal at high
oxygen tension, but these enzymes can be inhibited in
suspended biomass by agitation in airlift. Increment of
MnP enzyme production by immobilized biomass can
be associated to contact area between cells and oxygen
without sheer stress compared with suspended myce-
lia. Higher activity from immobilized micro-organism
may also be attributed to shorter cell generation time,
cell retraction, and differentiation, due to encapsula-
tion which is characterized by the increases in the
enzymatic and metabolite transport. Additionally,
the role of calcium in alginate immobilization could be
considered as induced elicitation and thus, increments
the productivity of cells is a response of this stimule.
This phenomena was studied in plant cells [38],

however actually this topic is not still documented on
cell micro-organisms.

Ligninolytic enzymatic ability of P. chrysosporium
has been often tested on detoxification of textil effluents
and on individual models of wastewater containing
synthetic dyes as well as toxic and recalcitrants
contaminants. Degradation efficiences have been
associated to different conditions under which it is
incubated. To regard, there are many differences and
controversuial results on this topic. Nutrient limiting
conditions, addition of inducers that enable enzyme
production, and immobilization techniques between
other have been studied to give response to many ques-
tions on enzyme production of this micro-organism
[39]. Stupendous results show that immobilizated P.
chrysosporium on PUF can achieve a maximum
MnP activity of 915.62 U/L on eighth day [40]. While
421 U/L after 200 h of fermentation was detected in
cultures containing carbon and nitrogen sources and
addition of tween 80 (0.05%, v/v) and Mn?* (174 M)
[41,42]. In these tests, limitation of nitrogen was associ-
ated with maximum MnP activity.

Immobilization on alginate beads has also been
exposed in turn to enhance MnP production on
decolourization of different azo dye [1,43]. Authors
used synthetic cultures supplemented with glucose
and ammonium to stimulate enzymes secretion on
dyes. However, tests revealed a constant of decolour-
ization kinetic (Kg,y) and enzyme secretion low
compared to suspended biomass. The result was
attributed mainly to colorants-type and entrapment
material which might act as a barrier for immediate
dissociation of the azo dyes.
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Treatment of industrial wastewater including those
producing sugar refinery, olive oil and pulp, and
paper mill effluent can be found in [33,34,44]. These
reports coincided in that immobilized P. chrysosporium
was more efficient than suspended cells since ligni-
nolytic enzymes of P. chrysosporium are very sensitive
to shear stress. Immobilization in a porous supports
or entrapment beads protected the enzymatic system
against the detrimental effect of shear forces thereby
improving the fungus activity. This is the most proba-
ble explanation for the high activity observed in
cultures containing biomass immobilized.

Added relevant report on high enzyme production
by other white rot fungi can be reviewed in [45]. Lac-
case (1,000 U/L) by Trametes hirsuta immobilized into
alginate was achieved by addition of fresh ammonium
chloride on prepared culture medium. Tests were per-
formed using 40 dyes and maximum laccase was
detected in 20 d of fermentation. Current results are
also found in [46]. This report shows a high enzyme
secretion by strains of basidiomycetes on various food
residues (lignocellulosic substrates). Maximum activity
was revealed on day five and nine; all species of the
genus Trametes expressed comparatively high Laccase
activity (192-61,488 U/L), while Phellinus robustus was
a promising producer of MnP, accumulating more than
4,000 U/L of enzyme activity. This behavior was attrib-
uted to food residues with different nitrogen sources.

Contribution by substrates from food residues in
the production of other fungal metabolites are also
exposed in current researches [47,48]. Degradation of
food residues for obtaining biomolecules via fermenta-
tion was dependent on nitrogen, and was considered
as a source essential in these processes.

In order to achieve an effective continuous effluent
treatment with P. chrysosporium, in the present report,
it was demonstrated that effluent composition
contributed on an efficient production of ligninolytic
enzymes and therefore, effluent depuration was
achieved by biological treatment. In addition, the
immobilization of fungus in alginate spheres and use
of airlift reactor were a promising form to air supply
and to stimulate cell metabolism with an effective
effluent treatment.

3.5. Operational stability of spheres after effluent treatment

Spheres of immobilized biomass of P. chrysosporium
provided a stupendous microenvironment for the cells
to proliferate. Spheres also exhibited solid and porous
structure and were resistant to speed in agitated cul-
tures and airlift. The material showed a greater
strength and saturated wet density even after its use.
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Clogging problems, which would hinder mass and
oxygen transfer rate were not presented by leakage
biomass. Added, the surface of spheres did not show
biomass leakage even after its use.

Air bubbles allowed the movement of spheres
throughout the airlift during effluent treatment due to
lightness of material spheres. The level of shear stress
by airlift did not effect cell viability into matrix,
aggregation was not observed in micrographs.

These results indicated a very high operational sta-
bility of the immobilized biomass of P. chrysosporium
in alginate material; however, the spheres were only
used in a cycle of effluent treatment and other use
cycles or their reuse was not considered.

Fig. 4 shows micrographs of dry alginate spheres
containing P. chrysosporium biomass before effluent
treatment and after seven days of use in airlift. Micro-
graphs revealed spheres of compact structure and
high porosity (transversal cut) after their dehydration
and use.

Alginate is recognized as suitable material for the
immobilization cells in many reviews on this topic
[49]; however, significant fragility (due to sensitivity
to chelating agents and non-gelling ions) affects the
efficacy of matrices as entrapment material. Thus,
Ca-alginate is not a suitable method for most field
scale applications in wastewater treatment [11].
Despite this disadvantage, properties as biodegradabil-
ity, hydrophilicity, presence of carboxylic groups, low
density, and stability over an experimental pH, have
motivated interest to continue with the development
of systems with entrapped cells into hybrid matrices
of alginate. The combination of alginate with other
polymers is now studied to improve the material
properties as mechanical stability and as well as suit-
able diffusion to wear nutrients into the cells and
diffusion of the degradation products released by the
micro-organisms. However, stability/viability of cells
or biomolecules such as enzymes have been attributed
to influence of alginate in hybrid entrapped materials
[8,50]. Therefore, this research can be seen as a base to
achieve successful processes of immobilized cell tech-
nology in the field of wastewater treatment. Alginate
continue in study and thus, one might expect
increased production of enzymes in hybrid entrap-
ment material and airlift as aeration system.

3.6. Toxicity of treated effluent

The use of toxicity test on seed lettuce allowed
evaluating the quality and effectiveness of the studied
food wastewater treatment system in airlift reactor
with immobilized P. chrysosporium.
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(a)

Fig. 4. Micrograph of encapsulate P. chrysosporium in alginate spheres. (a) Dehydrated sphere after of encapsulation of P.
chrysosporium; (b) Dehydrated sphere with P. chrysosporium after the seventh day of effluent treatment in airlift; (c)
Transversal cut of a dehydrated sphere of alginate; (d) Transversal cut of a dehydrated sphere of alginate with P.
chrysosporium biomass.
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Fig. 5. Relative growth of root length, shoot height, biomass, and GI for different effluent dilutions (100, 75, 50, and 25%)
of untreated effluent of treated effluent and negative control.

Toxicity tests revealed that treated food wastewa- Fig. 5 shows data obtained from toxicity tests in
ter was not phytotoxic; conversely effluent contains lettuce exposed to different concentrations of effluent
sufficiently high concentrations of nutrients to ensure before and after the fungi treatment in airlift and
the germination and lettuce growth. encapsulated P. chrysosporium in alginate spheres.
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All samples of treated effluent did not inhibit the
seed germination, since it achieved similar results in
comparison with the negative control (90%). High
seed germination of lettuce could be understood by
null toxicity of effluent; however, this effect has also
been attributed to low sensitivity of lettuce to toxi-
cants [51,52], for this reason other parameters should
be determined to confirm the effluents toxicity on this
plant.

In this case, no toxicity of treated effluent was also
confirmed by the growth of lettuce roots and the
biomass results, since these two parameters were also
not inhibited by the composition of the effluent.

Particularly stimulation in the growth of roots and
shoots of lettuce with the effluent concentration of
100-50% was observed in all tests. However, shoot
height exposed to a concentration of 50% of treated
effluent showed the highest growth (18% longer than
in the control sample).

Regarding biomass of lettuce, it was found that the
total biomass is increased by exposure to effluent trea-
ted food. Concentration of 100 and 50% of the treated
effluent, reached 27 and 30% greater biomass, respec-
tively, compared with the control sample. In addition,
the average lethal concentration (LCsp) was insignifi-
cant, confirming that treated effluents were nontoxic.
These results can be attributed to nontoxic metabolites
production of immobilized P. chrysosporium during
wastewater treatment.

Other current research demonstrated an increase in
toxicity (and/or ecotoxicity) of treated textile effluent
by P. chrysosporium URM 6181 strain. The fungus
showed degradation products seem to be more
toxicants than the original compounds [35]. Effluent
treated accumulated a mutagenic metabolite derived
from indigo dye. However, this result is understand-
able due to presence of toxic dyes of textil industries.

4. Conclusions

Comparative study on industrial food effluent
treatment by two different aereation systems, airlift,
and shake flasks, both with suspended and immobi-
lized biomass of P. chrysosporium showed that conju-
gate factors as effluent composition, aeration systems
in airlift, and encapsulation of fungi, promoted the
development of the micro-organism and enzyme pro-
duction with high depuration percentage on effluent.

Consume glucose test revealed an adequate mass
transport on fungi immobilized biomass, due to
aeration system in airlift and operation conditions.
Relative results on effluent depuration in airlift indi-
cated that immobilized biomass reduced 80-85% of
COD and total color of food effluent.
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High level of enzyme activities was also found in
airlift, particularly MnP was detected in immobilized
system, whereas that elevated Laccase activity and LiP
was found in suspended biomass. The effluent
depuration was not associated with a single enzyme.

In addition toxicity tests revealed that treated efflu-
ent was not phytotoxic on lettuce seeds; conversely
effluent contains sufficiently high concentrations of
nutrients to ensure the germination and lettuce
growth.

The feasibility of application of entrapped biomass
of P. crysosporium in alginato spheres for depuration of
food effluent in an airlift bioreactor was tested; how-
ever, more studies on other alginate composites are
necessary to achieve industrial application. Coupled
systems of immobilized cell technology and airlift
reactor could have a great potential in the field of
wastewater treatment.
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