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ABSTRACT

A simplified model to describe fungal growth duriityic pulp fermentation for phytase productionsam@escribed
for the first time. Experimental data for biomasswth were adjusted to classical mathematical gtowtodels
(Monod and Logistic). The Monod model predictiohsveed good agreement with the experimental resaits
biomass concentration during 96 hours of fermentatiParameters such as yield of biomass from oxyygs),
maintenance coefficient (m) and specific growtle rqt) were compared showing a good correlation betwthe
data and the model. An alternative method for bissndetermination in this process was developedesingreat
correlation was found between biomass growth arayme formation.

Key words: Monod Model, logistic model, modelling, fungal grilwphytase formation, citric pulp

INTRODUCTION have been used because many SSF processes
involve filamentous fungi and they are tightly
Some kinetic models are used to describe growthounded to the substrate. The detection of some
kinetics in solid state fermentation (SSF)cell compounds such as proteins or other cell
(Rodriguez-Leon et al., 1988; Viccini et al., 2001;,components such as DNA, RNA, chitin,
Hamidi-Esfahani et al., 2007; Carvalho et al.grgosterol, and glucosamine (Raimbault, 1981;
2006; Spier et al., 2007). The study of kineticfkasaki et al., 1980; Desgranges et al., 1991,
enables the discovery of many importantCarvalho et al., 2006) or even the measurement of
parameters such as specific growth rate, procegietabolic data such as g@volution rate and O
yield, process productivity, generated heat, pmcesonsumption rate (Bellon-Maurel, 2003; Spier et
control criteria, strategy for the production ofal., 2007; Nishio et al., 1979; Carrizalez et al.,
particular  products, and industrial scalel981) are interesting issues for growth kinetiod an
considerations (Pandey et al., 2000a,b; Pandey mathematical modelling of heat and mass transfer
al., 2001a,b). The typical characteristic of SSF i# SSF (Doelle and Mitchell, 1992).
that the biomass is attached to the solid surfacEhe present work shows a simplified model to
and therefore it is difficult to measure it dirgctl described fungal growth during phytase formation
Some indirect measurements of biomass in SSFsing citric pulp bran, one of the major
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agroindustrial residues produced in Brazil, costingolumns. The columns were capped at both ends
US$ 10.00 per ton. It is obtained from the citruswith cotton filters. They were connected to
processing industry and may also be used for tHeumidifiers and immersed in a water bath at 30 °C
production of enzymes such as phytases, thdsr 96 h. Extracellular crude phytase was obtained
offering an economic alternative to traditionalfrom initial maceration and filtration using
phytase production. Low substrates such a#/hatman n°l filter paper, and then the filtrate was
agroindustrials residues are been studied farentrifuged (4000 g, 15 min, 4 °C). The
biomolecules  production by solid statesupernatant was used in the phytase assay.
fermentation (Brand et al., 2006).
If the substrate concentration S(t) is a giverBiomass Determination In SSF
function of time, then microorganism populationThe biomass was estimated by ergosterol
growths according to the differential equation: extraction based on the Seitz method (Seitz et al.,
1979) with some modifications. The method
d—X:,u(S(t))X(t) Eq. 1 consisted of a mixture composed of 1g of
dt fermented substrate from each column, 4 mL of
ethanol and 2 mL of NaOH 2M incubated in a
Where X(t) denotes the microbial concentration atvater bath at 70°C for 1h. Then, 4 mL of HCI 1M
time t. was added and the solution was agitated.
Monod model is an empirical law that follows theFollowing this, 2 mL of 1M KHC@and 4 mL of
general equation presented above. It states that th-hexane were added, the mix was agitated
specific growth ratey depends on the growth vigorously, and then centrifuged at 4500 g for 5
limiting substrate S according to the followingmin. After the addition of 4 mL of n-hexane, a

formula (Monod 1941): second centrifugation was performed at 4500 g for
3 min. Then, after the addition of 2 mL of n-
U :lum_axs Eq. 2 hexane, a final centrifugation (at 4500 g for 2 )nin

Ks+S was performed. All supernatants were collected in

a light-protected and open flask for solvent

Wherep,and K are constants. evaporation. The extracts were analysed in an

HPLC Varian ProStar with a ;¢ column and a
photodiode array detector set to 282 nm. An

MATERIALSAND METHODS injection volume of 10uL of sample was used.
The mobile phases used were pure methanol (from
Microorganism And I noculum Preparation 0 to 3 min), pure acetonitrile (from 3 to 10

A phytase fungal strain was isolated from soiminutes), and pure methanol again (from 10 to 15
samples collected at Parana State (Brazil) arf@inutes) with a 1 mL.mih flow. Pure ergosterol
identified asA. niger FS3 (Spier et al., 2008), (Sigma) solutions of 5000 and 100§ mL™ were
grown on potato dextrose agar medium and kept &6€ed as standards.

4°C. Citric pulp extract was prepared with 1:10 _

(milled citric pulp bran: water) supplemented withSimplified Model For Biomass Growth

0.5 g.L'* NaNGQ, diluted to 1:10 with ultra pure The ordinary differential equations were solved by

water, adjusted to pH 5.0 and sterilized. the analytic method of separation of variables. The
initial condition (biomass concentration in the
SSF fermentation initial instant) was adjusted to correspond to the

SSF was performed in a glass column bioreactdPserved value (0.1027 g per g of dry substrate
(20 cm x 4 cm) using 0.8-2.0mm particles of citricd-9ds). The parameters adjustment was
pulp (Cargill, Brazil). The solution, consisting of Performed by the minimization of the sum of

0.33 M Na-citrate buffer pH 5.0, contained 1.5%duadratic  differences (SQD) between the
w/v urea, adjusted to 65% of the moisture and 1.6xperimental and the predicted values by the
N mL.g%.min aeration rate. Then 10% v/iv 8f model. The program used to help in this

niger FS3 pellets suspension grown in 10% (w/v)calculation was MS Excel (and the tool was MS
citric pulp extract media was inoculated andSolver).

thoroughly mixed, and 68-70 g were added to the
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Phytase Activity Assay increased in the course of fermentation from 74
Phytase activity was determined based o0omg/100 gds to 108 mg/100gds.
heinonen and lahti's (1981) method. The whold-ig 1 shows the profile of total sugars (%) reduced
analysis was performed in triplicate and the meafrom 36.23% to 11.34% during 96 h of
values and standard deviations were reported.  fermentation, in a total of 24.89% of reduction.
According to Greiner (2005), in moulds, phytase
production is growth associated, and enzyme
RESULTS AND DISCUSSION activity increases from the onset of growth to the
beginning of the stationary phase. However, the
The biomass content increased during the procepeak synthesis dk. nigerFS3 phytase occurred in
reaching a maximum value (0.9216 g.gds 96 h the stationary phase, possibly because of the
of fermentation (Fig 1). Phytase synthesis alsimited conditions of nutrient or energy known to
increased during this period with the fungaloccur in the stationary phase, which could be
biomass reaching maximal production at 96 h (94responsible for the phytase induction. A limitation
96 U gds). Considerable respiratory activity wasof inorganic phosphate could also be the reason to
observed as a result of fungal metabolic activityinduce phytase production. Citric pulp presents
Therefore, enzyme synthesis can be assumed to lo&v inorganic phosphate content (0.025umol/g
associated with the growth (Fig 1). Other studiesitric pulp), as observed by Spier et al. (2008) an
also showed that phytase production is associatéghieh et al. (1969). The production of extracetiula
with growth (Krishna and Nokes, 2001). fungal phytase was induced by a limiting
Initially phytate concentration was 18.17 mg:§ds concentration of inorganic phosphate in the growth
After 96 h of fermentation, 7.10 mg/gds of medium. The enzyme yield declined during further
residual phytate was found in the maximumincubation, possibly due to the reduced nutrient
phytase activity corresponding to 90 U.gdsnd level of the medium, the presence of inorganic-P

biomass content was 0.92 g.gdsinorganic-P in high levels, and the consequent declining phase
of A. nigerFS3.
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Figure 1 - Profile of substrate consumption — Na-phytate @usg?), total sugars (%), biomass
growth (x10? g. gds'), phytase formation (U.gdy and liberation of inorganic-P release
(mg. 10gdg during citric pulp fermentation.

showed that 58 U.gdswere achieved in dry olive
Phytase production increased more than 90 timesaste (Vassilev et al.,, 2007). Singh and
(from 1.0 to 96 U gdy during biomass growth. Satyanarayana (2007) obtained 20.8 Ulgty
Phytase production reported in the literatureSporotrichum thermophileising sesame oil cake.
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Mucor racemosudlRRL 1994 synthesised 44.5 U concentration and phytase activity could be used to
gds' in wheat bran and sesame oil cake (Roopeststimate biomass in further experiments.

et al., 2006)A. ficcumNRRL 3135 produced 25 U The following equation was defined for biomass
gds' using wheat bran as substrate (Bogar et algstimation:

2003), and higher phytase yield (130 U§dwas Biomass= -10°Phy* + 0.010®hy + 0.0692 Eg. 3
obtained using released meal byAmigerA-98 R?=0.9863

locally isolated (El-Batal and Karem, 2001). whereBiomassds the biomass in the dry fermented
citric pulp (g.9d8, Phy is the phytase activity in
Correlation Between Biomass And Phytase U.gds".

A correlation analysis (not shown) of the datalhat study may be a simple alternative analysis to
from the whole columns (biomass and phytasergosterol extraction and chromatography analysis.
produced) — data presented in Table 1 showddowever, this expression should be used with
good correlation (R= 0.9863), which suggests acare, since it probably depends on the
fairly proportional relationship between bothmicroorganism used and on the cultivation
factors. Therefore, a correlation of biomassonditions (Carvalho et al., 2006).

Table 1 - Kinetic of A. nigerFS3 growth, phytase formation and substrate copamduring SSF.

Time () Total sugars Reducer Phytate Phytase Biomass (irfcr)?s:r?itc P)
0 0 2 -
(%) sugars (%) (mg/gds) (Ulgds) (x10° g/gds) mg/100gds
0 36.23 8.98 18.17 0.00 10.27 74.52
24 32.37 7.88 16.82 10.18 24.95 76.7
48 22.29 5.21 10.37 48.10 58.93 78.1
72 17.31 3.86 7.55 77.64 81.52 84.52
96 13.51 4,73 7.10 89.83 92.16 91.42
120 11.34 6.34 6.43 85.64 nd 108.77

The yield of product from substrate {§ showed concentration, temperature, pH, aeration rate,
a peak at 72 h. It means that each gram qiresence of inhibitory components) do not
substrate consumed generated 594.55 U in theterfere negatively in the process. The logistic
column at that time. Since phytase and biomass aneodel of growth frame in the hypothesis above
correlated, the yield of biomass from substrat@assumed:

(Yxs) was maximal at 72 h of cultivation, with

1.42 g of fungal biomass being produced for each X

g of substrate consumed. M= ,Umax(l—x—j Eq. 6

max

Simplified M odel For Biomass Growth

Experimental data for biomass growth wasn the equation 6,4,,, indicate the maximum

adjusted to a simplified mathematical model. The

specific cell growth rate is defined according toSPecific cellular growth rate whileX .,,,indicates

Eq. 4: the capacity of cell saturation, which means the
maximum cell concentration expected. Admitting

1 dX the logistic model, equation 7 is the solution of

'UZYE Eqg. 4 equation 1, the table 2 shows the optimized

parameters values, and the figure 2 exhibit thé bes

_ _ adjusted curve to the experimental data (with the
Following the hypothesis below: parameter of table 2).

1= f(X) Eq. 5

The growth rate is a function of cell number
presence only. The \variables (substrate
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—_ xmax
X = X X Eq. 7 u=1(9) Eq. 8
1+ max 0 e Unad
0 The Monod model is a classic example of equation

_ o o groups with the form of equation 8:
The hypothesis of logistic model indicates that the

biomass concentration (in function of time) is S
H H —_ :umax
crescent and mono tonic and the maximum U=—"— Eq. 9

specific growth rate &) iS equivalent to the Ks+S
specific growth rate in the initial instant:().
Thus, the logistic model optimized:

In the equation 9,4, indicates the maximal

specific rate of cell growth, anK g is the constant
,u(O)= 0.052 of microorganism affinity by the substrate (total
sugars).
Considering the hypothesis that the substrate is

limitant factor of growth, and that the others
variables do not interfere in the process:

120

¢ Biomass deternned

100 Biomass estimated - Monod
A Biomass estunated - Logistic *
= 80 *
A
BN ..
= 60 ®
'J_’_‘
& 40
20 ‘
L 4
0
0 12 24 36 48 60 72 34 96

Fermentation tune (l)

Figure 2 - Curve of biomass growth obtained in the simptfMonod and Logistic model.

Table 2 - Estimations of process parameters through thestioghodel

Process Parameters L ogistic model
Linax 0.052
X Max 98.0
R? 0.997
Admitting the Monod kinetic, the equation 10 is FmasS,
the solution of the equation 1. The table 3 exkibit X = erKs+3 Eq. 10

the values of optimized parameters, and the figure

2 shows t|h§ curve that better fits to theys e injtial instant of fermentation, the subsra
experimental data: concentration was 36.23%.
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Considering this data, the values of Table 3 andxperimental data to determined choose of
the equation 10, it is possible to calculate tHaera parameters (R2=0.995), and consequently, it is
of specific growth rate at the instant 0 accordimg recommendable not to discard the hypothesis of

the Monod kinetic: growth limitation due to substrate limitation.
_ Monod model was also gave the best fit to the
H (0)_0'043 experimental data in studies by Gerard et al.

(2006).

The logistic model has a good adaptation to th# is important to detach that biologic processes a
experimental data to determined choose oéxtremely complexes, and they have numberless
parameters (R2=0.997), therefore, the hipothesis efriables interfering in the process. The models
growth limitation due to cell growth itself proposed can not be validated without additional
(intraespecific competition) can not be discardedexperiments.

The Monod model was also well fitted to the

Table 3 - Estimations of process parameters through the Momadk!.

Process Parameter s M onod model
Hmax 0.077
Ks 29.4
R? 0.995
CONCLUSIONS RESUMO

The adjust of both of curves (Logistic and Monod)Um modelo simplificado para descrever o

was good (R2=0.997 and R2=0.995). The Monodrescimento fangico durante a fermentacdo em
model predictions showed good agreement witpolpa citric para a producdo da fitase foi descrita
the experimental results for biomass concentratiopela primeira vez. Dados experimentais para a
during the course of fermentation for maximumformacédo de biomassa foram ajustados a modelos
phytase formation. It is fairly probable that bothclassicos de crescimento microbiano (Monod e
substrate concentration and biomass concentratidvogistico) O modelo Monod previsto mostrou boa

have influence on microbial kinetic correlagdo aos resultados experimentais para a
(u = f(S, X)), and even that another variables ofconcentragdo de biomassa até 96 horas de
cultivation have decisive roles in growth rateférmentacdo. Parametros como rendimento de

(inhibitors, sub products, temperature conditionsPiomassa a partir de oxigér(ig.o), coeficiente de

pH, among others). There are sufficient evidencedanutencao (m) e taxa especifica de crescimento
that give support to future experiments with thl) foram comparados mostrando uma boa
finality to determine some kinetic parameters ofOrrelacao entre os dados e o modelo. Um método
cultivation. Those experiments would be thedlternativo para a determinacéo de biomassa neste

confirmation of these or eventually others mordrocesso foi desenvolvido a partir de uma
complex kinetic models. excelente correlacdo encontrado entre o

crescimento microbiano e a formacdo da enzima.

ACKNOWLEDGEMENTS
REFERENCES

The financial resources for the conduction of this

study were supported by the project BioAgroPagygar, B., Szakacs, G., Linden, J. C., Pandey, . a

flnanC(?q by FINEP, SETI/PR,_and Fundacdo Tengerdy, R. P. (2003), Optimization of phytase

Araucaria/PR; and by CNPq/Brazil. production by solid substrate fermentatiah. Ind.
Microbiol. Biotechnol 30, 183-189.

Braz. Arch. Biol. Technol. v.52 n. special: pp.188, Nov. 2009



A simplified Model forA. NigerFS3 Growth during Phytase 157

Brand, D., Roussos, S., Zilioli, P. C., Oishi, B, ®ohl, Mason, C. A., Hamer, G. and Bryers, J. D. (1986 T
J. and Soccol, C. R. (2006), Low-cost substrate for death and lysis of microorganisms in environmental
spore production of nematophagous furjiazilian processes-EMS Microbiol. Rev.39, 373—-401.
Archives of Biology and Technolqgh, 77-84. Mitchell, D.B., Vogel, K., Weimann, B.J., Pasamate

Carvalho, J. C., Pandey, A., Oishi, B. O., Brand, D L. and Loon, A.P.G.M. (1997), The phytase
Rodriguez-Ledén, J. A. and Soccol, C. R. (2006), subfamily of histidine acid phosphatases: isolatbn
Relation between growth, respirometric analysis and genes for two novel phytases from the fungi
biopigments production from Monascus by solid-state Aspergillus terreus and Myceliophthora thermophila.

fermentationBiochem. Eng..J29, 262—-269. Microbiol., 143, 245-252.
Carrizalez, V., Rodriguez, H. and Sardifia, I. (3981 Monod, J. (1941), Recherches sur la croissance des
Determination of the specific growth rate of motis cultures bactériennes, These de Docteur es Sciences

semi-solid culturesBiotechnol. Bioeng23, 321-333. Naturelles, No. 2847, Paris.

Desgranges, C., Vergoignan, C., Georges, M. anbishio, N., Tai, T. and Nagai, S. (1979), Hydrolase
Durand, A. (1991), Biomass estimation in solidestat production by Aspergillus niger in solid state
fermentation.Appl. Microbiol. Biotechno] 35, 200— cultivation. Eur.J. Appl. Microbiol. Biotechng| 8,
205. 263-270.

Doelle, H. W., Mitchell, D. A. and Rolz, C. E. (189 Okasaki, N., Sugama, S. and Tanaka, T. (1980),
Solid substrate cultivatiorElsevier Applied Science  Mathematical model of surface culture of koji mold.
London, pp. 454. J. Ferment. Techngls8, 471-476.

El-Batal, A. I. and Karem, H. A. (2001), PhytaseOostra, J., Comte, E. P., van den Heuvel, J. C,
production and phytic acid reduction in rapeseed Tramper, J. and Rinzema, A. (2001), Oxygen
meal by Aspergillus niger during solid state diffusion limitation in solid-state fermentation.
fermentationFood Res. Int 34, 715-720. Biotechnol. Bioeng.74, 13-24.

Gautam, P., Sabu, A., Pandey, A., Szakacs, G. arlandey, A., Soccol, C. R., Rodriguez-le6n, J. A an
Soccol, C. R. (2002), Microbial production of extra Nigam, P. (200l1a), Solid State Fermentation in
cellular phytase using polystyrene as inert solid Biotechnology: Fundamentals and Applications.
support.Bioresour. Techng|83, 229-233. Asiatech Publishers Inc. New Dehli, India.

Gerard, A. M., Paca, J., Kosteekova, A. J., Stikaro Pandey, A., Szakacs, G., Soccol, C. R., Rodriguez-
M. and Soccol, C. R. (2006), Simple Models for the Leon, J. A. and Soccol, V. T. (2001b), Production,
Continuous Aerobic Biodegradation of Phenol in a purification and properties of microbial phytases,
Packed Bed ReactdBraz. Arch. Bioly. Technolyl9 Bioresour. Technol 77, 203-214.

(4), 669-676. Pandey, A., Selvakumar. P., Soccol, C. R. and Njgam
Gershenfeld, Neil (1999), The Nature of Matheméatica P. (1999a), Solid-state fermentation for the
Modeling, Cambridge, UK. Cambridge University production of industrial enzymeSurr. Sci, 77, 149—

Press, ISBN 978-0521-570954. 162.

Greiner, R. (2005), Current biochemical research ofandey, A., Soccol, C. R., Nigam, P. and Soccoll V.
phytase genes in microorganisms and plants. Idosito (1999b), Biotechnological potential of agro-indiadtr
Phosphates in the Soil Plant Animal System. residues: | Sugarcane bagasB@resour. Techng|
Bouyoucos Conference. USA. 74, 69-80.

Hamidi-Esfahani, Z., Hejazi, P., Shojaosadati, S, A Pandey, A., Soccol, C. R. and Mitchell, D. (2000a),
Hoogschagen, M., Vasheghani-Farahani, E. and New developments in solid state fermentation: |
Rinzema, A. (2007), A two-phase kinetic model for bioprocesses and productBrocess Biochem35,
fungal growth in solid-state cultivatiorBiochem. 1153-1169.

Eng. J, 36, 100-107. Pandey, A., Soccol, C. R., and Mitchell, D. (20Q0b)

Heinonen, J. K. and Lahti, R. J. (1981), A new and New developments in solid state fermentation: |
convenient colorimetric determination of inorganic bioprocesses and productBrocess Biochem 35,
orthophosphate and its application to the assay of 1153-1169.
inorganic pyrophosphataseAnal. Biochem 113, Pirt, S. J. (1965), The maintenance energy of bacie
313-317. growing cultures. Proc. R. Soc. London B 163, 224—

Krishna, C. and Nokes, S. E. (2001), Influence of 231.
inoculum size on phytase production and growth irPrado, F. C., Vandenberghe, L. P. S. and SoccdR.C.
solid-state fermentation bspergillus niger Trans. (2005), Relation between citric acid production by
ASAE , 44, 1031-1036. solid state fermentation from cassava bagasse and

Macedo, G. and Fraga, L. (2007), Production of respiration ofAspergillus nigel.PB 21 in semi-pilot
cutinase by Fusarium oxysporumin solid-state scale Braz. Arch. Biol. Technol48, 29-36.
fermentation using agro-industrial residues. Alidtra Raghavaraok.S.M.S.Ranganathan, T.\Vand Karanth,

J. Biotechnal 131S, S211-S241. N.G. (2003),Some engineering aspects of solid-state
fermentationBiochem. EngJ.,13, 127-135

Braz. Arch. Biol. Technol. v.52 n. special: pp. 188, Nov. 2009



158 Spier, M. R. et al.

Raimbault, M. (1981), Trav. Doc. I'Orstom, n. 27, (Chapter 08). In: Pandey, A., Soccol, C.R. and
Paris. Larroche, C. (Org.). Current Developments in Solid-
Ramachandran, S., Singh, S.K., Larroche, C., Spccol State Fermentation. Springer Science Business

C.R. and Pandey, A. (2007), Oil cakes and their Media, LLC, New York, pp.169-180.
biotechnological applicationsBioresour. Technol. Spier, M. R., Greiner, U. K., Greiner, R., Rodrigue
98, 2000-2009. Leodn, J. A., Carvalho, J. C., Woiciechowski, A. L.

Rodriguez-Le6n, J. A., Sastre, L., Echevarria, J., and Soccol, C. R. (2007), Relation between
Delgado, G. and Bechstedt, W. (1988), A Respirometric Data and Amylolytic Enzyme
mathematical approach for the estimation of biomass Production by SSF in Column-Type Bioreactbt.
production rate in solid-state fermentatioActa J. Chem. Reactor Engh: A67.

Biotechnol 8, 307-310. Spier, M. R., Greiner, R., Rodriguez-Led6n, J. A,

Roopesh, K., Ramachandran, S., Nampoothiri, K. M., Woiciechowski, A. L., Pandey, A., Soccol, V. T. and
Szakacs, G. and Pandey, A. (2006), Comparison of Soccol, C.R. (2008), Phytase production usingcitri
phytase production on wheat bran and oilcakes in pulp and other residues of the agro-industry in SSF
solid-state fermentation byMucor racemosus by fungal isolatesFood Technol. Biotechnol46,
Bioresour. Technal97, 506-511. 178-182.

Seitz, L. M., Sauer, D. B., Burroughs, R., Mohr,H. Stouthamer, A. H., Bulthuis, B. A. and van Verseyel
and Hubbard, J.D. (1979), Ergosterol as a meadure o H. W. (1990), Energetics of growth at low growth
fungal growth Phytopathology69, 1202-1203. rates and its relevance for the maintenance concept

Singh, B. and Satyanarayana, T. (2007), PhytaseIn: Poole, R.K., Bazin, M.J. and Keevil C. W. (ed.)
production by a thermophilic mould Sporotrichum Microbial growth dynamics 28, IRL Press, Oxford,
thermophile in solid state fermentation and its pp. 85-102.
potential applicationsBioresour. Technol99, 2824- Rodriguez-Leén, J. A., Sastre, L., Echevarria, J.,
2830. Delgado, G. and Bechstedt, W. (1988), A

Singhania, R. R., Soccol, C. R. and Pandey, A.§200 mathematical approach for the estimation of biomass
Recent advances in Solid-state Fermentation. production rate in solid-state fermentatioActa
BiochemEng. J.doi: 10.1016/j.bej.2008.10.019. Biotechnologica8, 307-310.

Shieh, T. R., Wodzinski, R. J. and Ware, J. H. @96 Vassilev, N., Vassileva, M., Bravo, V., Fernandez-
Regulation of the formation of acid phosphatase by Serrano, M. and Nikolaeva, I. (2007), Simultaneous
inorganic phosphate inAspergillus ficuum J. phytase production and rock phosphate solubilipatio
Bacteriol, 100, 1161-1165. by Aspergillus nigergrown on dry olive wastesnd.

Soccol, C. R. and Vandenberghe, L. P. S. (2003), Crops Prod.25, 332-336.

Overview of applied solid-state fermentation inViccini, G., Mitchell, D. A., Boit, S. D., Gern, I,
Brazil. Biochem. Eng. 113, 205-218. Rosa, A. S., Costa, R. M., Dalsenter, F. D. H.,éviei
Sturm, W., Soccol, C. R., Dergint, D. E., Rodriguez O. F. and Krieger, N. (2001), Analysis of growth
Leon, J. A., Magalhaes, D. C. N. V. and Pandey, A. kinetic profiles in solid-state fermentatiorzood

(2007), Informatics in Solid-State Fermentation Technol. Biotechnql39, 1-23.

Braz. Arch. Biol. Technol. v.52 n. special: pp.188, Nov. 2009



