
An Acad Bras Cienc (2020) 92(Suppl. 1): e20180885 DOI 10.1590/0001-3765202020180885
Anais da Academia Brasileira de Ciências  |  Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 I Online ISSN 1678-2690
www.scielo.br/aabc  |  www.fb.com/aabcjournal

An Acad Bras Cienc (2020) 92(Suppl. 1)

Running title: Microbiological 
conversion of agroindustrial waste

Academy Section: Agrarian 

Sciences

e20180885

92 
(Suppl. 1)
92(Suppl. 1)

AGRARIAN SCIENCES

Economic microbiological conversion of 
agroindustrial wastes to fungi chitosan

ANABELLE C.L. BATISTA, TAYNARA B.L. MELO, WESLLEY S. PAIVA, FÁBIO S. DE 
SOUZA & GALBA MARIA DE CAMPOS-TAKAKI

Abstract: To investigate the simultaneous influence of different non-nutritional 
factors in production and physical-chemical characteristics of chitosan obtained 
by Syncephalastrum racemosum we used individually agroindustrial wastes as the 
only nutritional sources for fungus growth. The growth conditions were evaluated 
according to Factorial Design, 24 with three central points in order to determine the 
mainly factors for maximum production of microbiological chitosan in submerged 
culture. Syncephalastrum racemosum grown in corn steep liquor and yield up to 7.8 g 
chitosan/kg of substrate in the best condition by factorial design. The microbiological 
chitosan obtained has deacetilation degree 88.14%, crystallinity rate of 55.96%, mass 
decomposition process at 304.43 ºC, and low molecular weight. To fast production we 
performed a kinetic study and confirmed that at 36 h the chitosan production is higher 
and the physical-chemical characteristics were maintained. This research describes, for 
the first time, the factorial study of chitosan production by Syncephalastrum racemosum 
in agroindustrial wastes and its economic potential for commercialization.

Key words: cassava wastewater, whey, corn steep liquor, microbiological chitosan, Syn-
cephalastrum racemosum.

INTRODUCTION

Nowadays, the natural synthesis of biopolymers 
by microorganisms has been related to selected 
strain, to lifecycle phase of the microorganism, 
to carbon and nitrogen sources of the culture 
medium, to pH and to incubation temperature. 
All these factors can cause an increase 
and improvement of the physical-chemical 
properties of biopolymers (Amorim et al. 2006, 
Fasciotti 2017, Mahopatra et al. 2017, Silva et al. 
2010, Wang et al. 2008). Among the researched 
biopolymers, there are the chitosan (CS) a 
biopolymer constituted of β-(1-4)-2-amino-2-
deoxy-D-glucopyranose glycosidic residues, 
which is naturally found as constituent of 
the cell wall of fungi, especially the species 

belonging to the Zygomycetes class (Campos-
Takaki 2005, Muzzarelli & Peter 1997), or chemical 
obtained by deacetylation of chitin residues 
(Tajik et al. 2008). Among the Zygomycetes, 
especially, the Syncephalastrum racemosum 
specie has presented a great potential for 
chitosan production when it is grown in simple 
culture medium and of low cost (Amorim et al. 
2006).

At present, chitosan commercialized in 
large scale is originated from the chemical 
alkaline hydrolysis of shrimp chitin, with cost 
of, approximately, U$10.00/g (Sigma Chemical 
Co., USA). In the microbiological chitosan 
production, there is a very high cost due to high 
prices of synthetic culture media and low yield 
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in the production. However, for its competitive 
commercialization, agroindustrial wastewaters 
have been used as alternative media for fungi 
grown in submerged fermentation. These 
agroindustrial wastewaters are readily available 
and its low cost to use, resulting in 38 – 73% 
saving of the total cost of the bioproduct 
production (Amorim et al. 2006, Hamano & 
Kilikian 2006, Schmidell 2001).

Due to the great interest in production of 
chitosan (Batista et al. 2013, Dos Santos et al. 
2013, Zhang et al. 2014) and biotechnological 
applications (Baldrick 2010, El-Sawy et al. 2010, 
Ibrahim et al. 2014) by scientific community, this 
research aimed at investigating different types 
of organic waste, temperature, pH and inoculum 
size as parameters which could influence 
microbiological chitosan production and its 
physical-chemical characterization.

MATERIALS AND METHODS 
Microorganism and culture medium
Syncephalastrum racemosum (UCP/WFCC 
0148), obtained through stools of herbivore 
(Northeast – Brazil), was isolated by a soil plate 
method of potato-dextrose agar (PDA), with 
incubation at 37 °C for 10 days (Matsuzawa et 
al. 2014). After monosporic culture isolation and 
identification, S. racemosum was grown in PDA 
(Potato Dextrose Agar, Oxoid) solid medium pH 

5.5 at 28 °C for 120 h (5 days). Fungal spores were 
suspended in sterilized water and maintained 
at 4 °C to be used during the whole experiment. 
Inoculum concentration of culture medium was 
in accordance with factorial design, with three 
central points (Table I). Whey (SM) agroindustrial 
wastewaters, cassava wastewater (CW) and 
corn steep liquor (CSL) were kindly provided 
by local industries. S. racemosum was grown 
in culture medium containing only one of the 
agroindustrial wastewaters as the only carbon 
and nitrogen source according to Table I.

For the formulation of culture media, 
concentrated agroindustrial wastewaters were 
diluted in distilled water (v/v) as described in 
Table I. Fermentations were carried out in bottles 
of 1,000 mL, containing 400 mL of medium at 150 
rpm and 120 h. Chitosan was extracted according 
Hu et al. (1999). At first stage, the powdered dry 
biomass was added to a solution of 1 M NaOH 
at ration 1:40 (w/v) and homogenized. The 
deproteinization occurred at 121°C for 15 min at 
1atm. Alkali-insoluble materials resulting were 
filtered and neutralized. At second stage, this 
alkali- insoluble material was freeze-dried and 
powdered. 2% acetic acid solution was added to 
alkali-insoluble materials at ration 1:100 (w/v) 
and homogenized. The acid extraction occurred 
at 121 °C for 15 min. Then, the supernatant 
was decanted into a beaker and the pH of the 
supernatant was adjusted to 10.0 to precipitate 
the chitosan.

Table I. 24 full factorial design, with three central points. Coded (cd) and uncoded (ucd) values to assess the main 
effects of independent variables on chitosan production.

Independent 
Variables CD (UCD)* CD (UCD)* CD (UCD)*

Residue -1 (2%) 0 (6%) 1 (10%)

Ph -1 (4.0) 0 (6.0) 1 (8.0)

Temperature -1 (25 °C) 0 (31 °C) 1 (37 °C)

Size of inoculums -1 (102 sporangioles/mL) 0 (5 x 105 sporangioles/mL) 1 (106 sporangioles/mL)

*Coded (CD) and Uncoded (UCD) values.
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Physical-chemical characterization of chitosan 
For analyzing percentage of total carbohydrates 
and nitrogen, the methodologies described by 
Cunniff (1995) and Kjeldahl´s method Labconcq 
(2005) were used, respectively.

Deacetylation degree (DD) of chitosan 
was determined through infrared method 
and calculated by equation 1 (Guibal 2004). 
Crystallinity (X-ray diffractometer, Ultima model, 
Rigaku Corporation, Japan) rate was calculated 
according to equation 2 (Focher et al. 1990).

DD (%) = [(Abs1655/Abs3450) x 100] / 1.33 
(equation 1)

ICR (%) = {[I(θc) - I(θa)] / I(θc)} x 100  
(equation 2)

Where I(θc) is the relative intensity 
of crystalline regions (2θ = 20°) and I(θa) 
corresponds to amorphous regions (2θ = 12°) 
for chitosan. 

Dynamic thermogravimetric analyses 
(TGA) were determined in one thermobalance 
(TGA-50 model, Shimadzu Corporation, Japan) 
using an aluminum crucible. Experiments were 
accomplished based on 10, 20 and 40 °C/min at 
900 °C/min ratios in synthetic air and nitrogen 
with flow of 20 and 50 mL/min, respectively. 
The sample mass was of 5.2 ± 0.1 mg. The TGA 
curves were analyzed through TASYS (Shimadzu) 
program.

Differential calorimeter curves were obtained 
using Differential Scanning Calorimeter (DSC) 
(DSC-50 model, Shimadzu Corporation, Japan) at 
a rate from 10 °C/min to 900 °C/min, in nitrogen 
atmosphere (50 mL/min). Samples were packed 
in an aluminum crucible, with a mass of 2.00 
mg (± 0.05). DSC curves were analyzed through 
TASYS (Shimadzu) program.

Molecular weight of chitosan was estimated 
by viscosimetry (Terbojevich & Cosani 1997). 
Measurement was done from the average of 

chitosan solutions (0.3 – 0.6 mg/mL) in 1% 
acetic acid solution, always in triplicate. For this 
procedure, it was used viscosimeterUbbelohde 
(B8060C model, Cannon Instrument Company, 
EUA).

Factorial Design and statistical analysis
In order to verify the effect of independent 
variables (concentration of agroindustrial 
wastewaters, pH, temperature and size of 
inoculum) in chitosan production, factorial 
design 24, with three central points, was 
proposed and fulfilled in duplicate (Table I). All 
the analyses of data and graphs were done by 
means of the Statistica 7.0 software package 
(STATISTICA, version 7 2004). The statistical 
significance of the results was tested at p <0.05 
level.

RESULTS
Agroindustrials wastes influence on biomass 
production
Results showed that, among the agroindustrials 
wastes used in this study, whey and cassava 
wastewater induced low biomass production, 
not being higher than 15 mg and 5 mg of 
dry biomass, respectively, after 120h by S. 
racemosum. This occurred independently of 
conditions tested by factorial design. Because 
the low biomass production the extraction of 
microbiological chitosan was not profitable. 
Hence, these wastewaters were left out 
temporarily. The aim of this article is the use 
of only wastewater, differing from others in the 
literature, which complement the wastewater 
with some amino acids, carbohydrate or other 
expensive supplements to compose the culture 
media (Ghosh & Ray 2011, Dos Santos et al. 2013, 
Tasar et al. 2016, Abdel-Gawad et al. 2017). 
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In our research, the only wastewater which 
favored biomass production by S. racemosum 
was corn steep liquor (CSL). It was used as the 
only carbon and nitrogen source in culture 
medium. By means of the centesimal composition 
evaluation of total carbon source (17.57%) and 
total nitrogen (13.03%) in concentrated CSL used 
in formulation of culture media, it is possible 
to suggest that this fact may have influenced 
the fungi growth. Divergence among the CSL 
nutritional values can occur due to corn origin.

Effects evaluation of independent variables 
regarding chitosan production
The complete factorial design used in the 
present research showed that the best 
condition for chitosan production occurred 
when the nutritional source in culture medium 
was only 2% (v/v) of concentrated CSL, with 
initial pH 8.0, temperature 25 °C and inoculum 
size 102 sporangioles/mL (Table II). For this 
condition, chitosan yield was of 7.8 g/kg of 
substrate and the independent variables were 

Table II. Complete factorial design to analysis the main effects and interactions among independent variables 
(concentration of corn steep liquor – A(x1), initial pH – B(x2), incubation temperature – C(x3), and inoculum size – 
D(x4)) regarding the influence on dependent variables (final pH of culture medium – R1, and chitosan yield – R2). 

Conditions Independent Variables Dependent Variables

A (x1) B (x2) C (x3) D (x4) R1
b R2

b

1 2.0 (-1) 4.0 (-1) 25 (-1) 102 (-1) 8.32 11.37
2 10.0 (+1) 4.0 (-1) 25 (-1) 102 (-1) 7.10 23.10
3 2.0 (-1) 8.0 (+1) 25 (-1) 102 (-1) 8.56 62.44
4 10.0 (+1) 8.0 (+1) 25 (-1) 102 (-1) 8.17 47.84
5 2.0 (-1) 4.0 (-1) 37 (+1) 102 (-1) 8.75 20.33
6 10.0 (+1) 4.0 (-1) 37 (+1) 102 (-1) 6.77 7.84
7 2.0 (-1) 8.0 (+1) 37 (+1) 102 (-1) 9.07 7.43
8 10.0 (+1) 8.0 (+1) 37 (+1) 102 (-1) 8.10 11.15
9 2.0 (-1) 4.0 (-1) 25 (-1) 106 (+1) 8.17 0.30
10 10.0 (+1) 4.0 (-1) 25 (-1) 106 (+1) 7.00 17.14
11 2.0 (-1) 8.0 (+1) 25 (-1) 106 (+1) 8.63 0.78
12 10.0 (+1) 8.0 (+1) 25 (-1) 106 (+1) 8.15 38.87
13 2.0 (-1) 4.0 (-1) 37 (+1) 106 (+1) 8.50 0.87
14 10.0 (+1) 4.0 (-1) 37 (+1) 106 (+1) 6.76 9.66
15 2.0 (-1) 8.0 (+1) 37 (+1) 106 (+1) 9.14 0.66
16 10.0 (+1) 8.0 (+1) 37 (+1) 106 (+1) 8.83 7.30
17a 6.0 (0) 6.0 (0) 31 (0) 5x105 (0) 8.61 14.80

A = corn steep liquor concentration (%), B = initial pH, C = incubation temperature (º C), D = inoculum size (sporangioles/mL), 
R1 = final pH of culture medium, R2 = chitosan yield (mg/g dry weight biomass).  a Average of three central points. b Average of 
duplicate experiments.
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considered important for costs reduction and 
standardization of microbiological chitosan 
production when compared with other media 
of standard or alternative culture for chitosan 
production by fungi (Table III). 

Analysis of variance (ANOVA) of the results 
indicated meaningful effect in the interference 
of independent variables in chitosan production, 
especially for the interactions: pH * temperature 
* inoculum size. The low experimental error when 
compared to absence of adjustment suggests 
the safety of the technique of microbiological 
chitosan extraction and its reprodutibility. The 
results were verified by the R2 determination 
coefficient which explains 92.12% of the obtained 
response variability.

In order to evaluate the interference of the 
temperature limited variation in the production 
and maintenance of physical-chemical 
characteristics of chitosan, the selected 
condition by the complete factorial design was 
incubated at 28 °C (local average environmental 
temperature) for 120h. The procedure occurred in 
duplicate. The results showed non-interference 
of temperature around 25 – 28 °C (data not 
shown).

Growth and production kinetics of chitosan
After selection the best growing condition and 
chitosan production by S. racemosum in culture 

medium containing only CSL as nutritional 
source (2% (v/v) concentrated CSL, pH 8.0, 28 °C, 
inoculum size of 100 sporangioles/mL, studies 
of kinetics for determining the least incubation 
period aiming at cost reduction of chitosan 
production, without loss of productivity and 
quality, were accomplished.

In Table IV, Tukey test demonstrates that 
from 36h up to 120h at 28 °C incubation, chitosan 
yield presented no meaningful variation of 
values. The apparent increase of chitosan yield 
at 120h can be explained by the variation found 
between the quadruplicates, however the 
ANOVA test and Tukey’s HSD test demonstrated 
that this difference is in the normal range and it 
was not significant. Fermentations were carried 
out in bottles of 1,000 mL, containing 400 mL of 
medium at 150 rpm. 

Analyzing chitosan production for hours, it 
was expected that the quantity obtained would 
be higher at the end of 120 h, assuming that 
the production at 24 h was 26 mg / g, then the 
production at 120h should be 130 mg / g. Factors 
intrinsic to the submerged system are suggested 
as interferers and favored a peak production 
at 36 hours. The result favors time saving and 
cost reduction embedded in culture submerged 
system using shakers. Chitosan produced was 
analysed (deacetilation degree, cristalinity, 

Table III. Nutritional composition cost of one liter of culture medium for fungi. Expenses with distilled water are 
not included.

Culture Medium Cost (U$)a

YPD 5.20

Sabouraud 5.35

Sugar cane juice + yeast extract 2.50

Corn steep liquor No cost
aApproximate values to 2013.
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thermogravimetry and molecular weight). 
Statistics differences were not observed.

Physical-chemical characteristics of chitosan
For assuring that the obtained biopolymer is 
really chitosan, there was the characterization 
and comparison of the acquired product with 
the commercialized chitosan by Sigma (Sigma 
Chemical Co., EUA, 2011).

In Figure 1, the spectrophotometric analysis 
by Fourier Transformed Infrared spectroscopy 
(FT-IR) of commercial and microbiological 
chitosans allowed the characterization of the 
degree of deacetylation, which determines the 
quantity of free amino groups in the molecule. 
FT-IR estimated that microbiological chitosan 
presented 88.14% degree of deacetylation 
and commercial chitosan 78.52% degree of 
deacetylation. To characterize the FT-IR analysis 
by literature some peaks were described: peak 1 
(~ 1,650 cm-1) corresponding to NHCOCH3 group 
present in chitosan acetylated residues; peak 2 (~ 
1,590 cm-1), corresponding to NH2 groups present 
in deacetylated residues; and peak 3 (3,440 cm-
1), corresponding to OH strained vibrations of 
molecule (Wang et al. 2008). 

The presence of characteristic peaks 
in both chitosans stimulates production of 
microbiological chitosan with commercial 
potential by alternative nutritional sources 
associated with others variables tested in this 
work.

In Figure 2, the characteristics peaks for 
chitosan 2θ = ~ 10.12° and 2θ = ~ 20.10°, can be 
observed in microbiological chitosan (Kumirska 
et al. 2010), obtaining a crystallinity rate of 
55.96%. Comparatively, commercial chitosan was 
presented as amorphous due to the absence of 
peaks in 2θ = 10° or 20°.

Thermal stability of chitosan was investigated 
by means of thermogravimetrical analysis (TGA), 
which can monitor mass loss of a sample in 
function to temperature and time increase. 
Water loss through microbiological chitosan 
occurred in a continuous way, being mixed 
with mass degradation phases up to 240  °C, 
when it was necessary a larger absorption for 
the rupture bonds of intermolecular hydrogen 
and, consequently, water volatilization in the 
first degradation phase. Results corroborate 
the semi-crystalline characterization of 
microbiological chitosan and the amorphous 
condition of commercial chitosan (Table V).

Table IV. Growth curve for dry biomass of Syncephalastrum racemosum and chitosan production in selected 
condition by factorial design.

Growth Period (h) Biomass production (g) ab Chitosan production (%)ab

24 0.3745 ± 0.00a 2.60 ± 0.08 a

36 0.5790 ± 0.01b 5.61 ± 0.53 b

48 0.4661 ± 0.00a 5.56 ± 1.91 b

72 0.3410 ± 0.00a 5.83 ± 0.08 b

96 0.5270 ± 0.00c 5.77 ± 1.53 b

120 0.4891 ± 0.00a 7.21 ± 0.35 b
aValues in the same column with the same letter are not significantly different (p <0.05) when Tukey’s HSD tests are used. bThe 
experiment was accomplished in quadruplicate and the results expressed as average.



ANABELLE C.L. BATISTA et al. MICROBIOLOGICAL CONVERSION OF AGROINDUSTRIAL WASTE

An Acad Bras Cienc (2020) 92(Suppl. 1) e20180885 7 | 13 

The analys is  of  DSC curves  for 
microbiological chitosan in N2 atmosphere, at 
temperatures between 2 – 50 °C, presents two 
peaks endothermic: the first , corresponding to 
the dehydration process at 56.77 °C, with 62.11 
J/g power absorption; the second corresponding 
to the decomposition process at 140,55 °C, with 

power release of 19,01 J/g. The two processes 
are consistent in relation to the phases of 
mass loss observed in the TG curve for the 
microbiological chitosan samples. 

The study of viscosimetric molecular 
weight demonstrated that chitosan obtained 
by microbiological via presents low molecular 

Figure 1. Comparative 
FTIR spectrum between 
microbiological chitosan (top 
line; deacetylation degree 
of 88.14%) and commercial 
chitosan (bottom line; 
deacetylation degree of 78.54%).

Figure 2. Comparative analysis among X-rays diffraction spectra of commercial chitosan (amorphous) and 
microbiological chitosan (ICR = 55.96%).
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weight when compared to commercial chitosan 
(average molecular weight).

DISCUSSION

For the studies of critical composition of culture 
medium, literature describes low production of 
fungal biomass and bioproduct when fungus is 
grown in the presence of lactose as the only 
carbon source as well as in the presence of 
inhibiting factors of chitin deacetylase, as Ca2+ 

and carboxylic acids, present in whey (Ghosh 
& Ray 2011, Hamano & Kilikian 2006), except 
for cellulase production by fungi, when lactose 
enhances production of several proteins with 
cellulase activity (Hu et al. 1999).

Result of low production of fungal biomass 
in cassava wastewater is suggested by the 
presence of cianoglycosides, which can generate 
from 0.2 – 100 mg of HCN by 100 g of fresh 
manioc and induce cell rupture (Bradbury et 
al. 1991). Moura et al. (2018) also tested cassava 
wastewater in a microbial community in loco. 
After analyses of 28 days, they affirm that 
microorganisms, mainly the fungi population, 
have a high resilience to grown when cassava 
wastewater is employed. Suggesting that after 21 

days the fungal comunity can hydrolyzed exuded 
cyanogenic glycosides found in cassava (Hall et 
al. 2015, Moura et al. 2018). Before 21 days the 
fungi comunity decrease. In our experiments 
we priorize a time reduction of incubation, 
because of that these wastewater was removed 
from the second part of the experiment.

In literature, satisfactory yield of biomass 
and bioproduct production, in different 
conditions where CSL is used as complementary 
nutritional source, are suggested due to their 
high concentration of nitrogen (Fang et al. 
2010, Hamano & Kilikian 2006, Oliveira et al. 
2014, Berguer et al. 2018). Despite Berguer et 
al. (2018) suggested the mix of CSL and papaya 
peel juice (PPJ) as the better condition to 
fungal chitosan production we obtained a more 
economic condition with few milliliters of CSL 
in environment temperature to produce 7.8 g/kg 
of substrate with DD of 88.14%. The centesimal 
composition evaluation of total carbon source 
(17.57%) and total nitrogen (13.03%) in CSL 
used in culture media suggest that this fact 
may have influenced the fungi growth and 
the production of chitosan. Hofer et al. (2018) 
analyzed the influence of aminoacids in CSL to 
influence in fungi biomass and the bioproduct 

Table V. Thermal parameters of TGA and DSC analyses for evaluating microbiological and commercial chitosan.

Thermal Parameters Commercial Chitosan Microbiological Chitosan

ΔT (°C) Δm (%) ΔT (°C) Δm (%)

initial final initial Final

1º phase 25.44 130.00 8.65 28.47 240.00 16.00

2º phase 130.00 324.00 36.69 240.00 333.00 25.93

3º phase 324.00 600.00 53.02 333.00 720.00 42.59

Total 98.36 84.52

Residue 1.64 15.51

ΔT = temperature variation. Δm = mass variation.
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production. Based on literature we belive that 
the aminoacids present in CSL used during 
the experiments also influenced in biomass 
production. These fact is suggest by the high 
concentration of total nitrogen presented in the 
CSL sample used. Divergence among the CSL 
nutritional values here used and the literature 
can occur due to corn origin.

Nowadays, the modern statistical methods 
consider interactions of independent variables 
as an interference factor in the generation of a 
response product (Rufino et al. 2008, Tinoco et 
al. 2011). Among the different statistical methods, 
the simplest and most effective one for 
simultaneous analysis of interference variables, 
in a response product, is the complete factorial 
design (Beer et al. 1996). In statistical evaluation 
of the results for chitosan production in CSL by 
complete factorial design, the coded level +1 for 
effect of initial pH corroborates with Pokhrel & 
Ohga results (2007), which describe that the 
production of biomass and fungi bioproducts 
is favored in pH slightly alkaline in the range 
from 7.0 – 8.0.

After the fermentation processes, the final 
pH of all samples was measured, however, it was 
demonstrated that, independently of the initial 
pH, solutions tended to a final pH near 8.0. 
Furthermore, it was suggested that metabolic 
substances released for the culture medium may 
have favored such increase (Raya & Chakraverty 
1998) (Table II). The non-adjustment of pH during 
the fermentative process is proposed (Feng et 
al. 2010) because it makes difficult biopolymer 
production.

In regard to the analysis of temperature 
influence, regulation of morphogenetic factor 
in fungi is described. High temperature 
is associated to yeast form development 
and to low temperatures with filamentous 
development (Bartnicki-Garcia & Nickerson 
1962). As described in the results, the largest 

chitosan production occurred when incubation 
temperature was at 25 °C, which was 
associated to filamentous development of S. 
racemosum and, consequently, accumulation 
of large quantities of chitosan in the fungal 
cell wall (Baker et al. 2007). Despite there has 
not been observed increase in yeast form for 
conditions of high temperature (37 °C), stability 
of morphogenetic growth as filaments at 25 
°C may have favored accumulation of larger 
quantities of chitosan in the fungal cell wall. 

Coded level -1 for inoculum size, 
corresponding to final real value in solution 
of 100 sporangioles/mL, corroborates with 
Bartinicki-Garcia & Nickerson (1962) which 
suggest that high concentrations of inoculum 
do not favor biomass and chitosan production 
in fungi. 

The best condition of microbiological 
chitosan production was obtained through 
2% (v/v) CSL concentrated condition, initial pH 
8.0, inoculum size 100 sporangioles/mL and 
incubation temperature at 25 °C. Under such 
condition, chitosan production was of 62.44 
mg/g of dry biomass, or 7.8 g/kg of concentrated 
substrate, surpassing result attained by Wang 
et al. (2008), which obtained 6.12 g/kg of CSL 
1% (v/v) substrate plus molasses using Absidia 
coeruela. However, result attained in the 
present study was inferior to the one from 
Amorim et al. (2006), which obtained 74 mg/g of 
dry biomass when S. racemosum was grown in 
sugar cane juice supplemented by 0.3% of yeast 
extract. 

Fermentative processes for production 
of bioproducts are described as having easy 
standardization (Arcidiacono & Kaplan 1992). 
Characterization of the produced bioproduct by 
S. racemosum in the conditions pre-determined 
by complete factorial design confirmed that high 
quality chitosan was obtained, being probable 
its use in different biotechnological processes. 
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During characterization tests, deacetylation 
degree (DD) of 88.14% is confirmed by European 
Chitin Society (EUCHIS) as commercializable 
chitosan (Tajik et al. 2008). Crystalline condition 
of microbiologicalchitosan suggests that it 
presents few protonated groups in its molecular 
chain and a larger quantity of structural 
intermolecular bonds among amino groups of 
residues (Focher et al. 1990, Guibal 2004, Wang 
et al. 2008), when compared to commercial 
chitosan used as standard.

Comparison among thermal parameters 
evaluated for the characteristics of microbiological 
and commercial chitosan confirmed that high 
crystallinity of microbiological chitosan is 
associated to the presence of many bonds of 
intermolecular hydrogen and with the largest 
quantity of cyclical structures present in 
molecular structure of microbiological chitosan, 
when compared to commercial chitosan used 
during the experiment as standard (Wang et al. 
2008, Yen & Mau 2007).

The results obtained in this study suggest 
a great potential to widen chitosan production 
by S. racemosum in culture medium of low 
cost with maintenance of physical-chemical 
characteristics of microbiological chitosan. 
For fermentation success, it is pointed out the 
association of independent factors (initial pH, 
incubation temperature and inoculum size), 
which influence the polymer production 
in S. racemosum cell wall. Incubation for 
36 h without meaningful loss of chitosan 
productivity and quality is suggested to favor 
time saving and cost reduction embedded in 
culture maintenance in submerged system. 
Another important advantage in the use of 
agroindustrials wastes, as green technological 
substrate, refers to its contribution to cost 
reduction of microbiological chitosan production 
and its aid while decreasing residual disposal 
without environmental treatment.

At the end we suggest that our methodology 
to produce fungal chitosan has a promise 
condition to compete economically with 
industries fungal chitosan as Mycodev®, in 
Canada, Kytozime®, in Belgium, InvivoGen®, 
United States of America, Beijing Wisapple 
Biotech Co., China, and others.
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