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BIOTECHNOLOGICAL PRODUCTION OF CHITOSAN:
EXTRACTION AND CHARACTERIZATION
FROM TRICHODERMA SP.

Aim. The study aimed at extraction and physicochemical characterization of fungal chitosan from Trichoderma reesei
(MTCC 4876). Methods. Fungal chitosan was isolated using submerged fermentation over 4 days in three different
growth media: Potato Dextrose Broth (PDB), Yeast Potato Dextrose Broth (YPDB), and Czapek Dox Broth (CDB).
Growth kinetic parameters, including specific growth rate (1) and doubling time (td), were determined for each medi-
um. Chitosan extraction from the harvested biomass was performed using an alkaline treatment method. Physico-
chemical characterization of extracted chitosan using FTIR & DSC, UV-Vis spectroscopy for optical absorption proper-
ties and Photoluminescence (PL) spectroscopy to assess fluorescence behavior. Results. Among the tested media, PDB
demonstrated the highest biomass yield of 116 mg/g. FTIR analysis confirmed the presence of functional groups analo-
gous to commercial chitosan, indicating structural similarity. Thermal analysis via DSC validated the thermal stabili-
ty of fungal chitosan. UV-Vis spectroscopy revealed significant optical absorption, while PL spectra exhibited notable
fluorescence behavior, suggesting potential use in advanced material applications. Conclusions. In this study chitosan
was successfully isolated from Trichoderma reesei (MTCC 4876), demonstrating distinct physicochemical properties
comparable to the commercial chitosan. These findings highlight the potential of fungal chitosan for diverse industrial
and commercial applications, particularly where optical and thermal properties are crucial.
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Introduction The global chitosan market was valued at USD 18.61

billion in 2024 and is projected to grow to USD
Chitosan, the second most abundant biopolymer | 23.11 billion in 2025, eventually reaching USD
in nature, has garnered significant attention due to | 130.87 billion by 2033 with a CAGR of 24.2% [2].
its diverse applications and economic potential [1]. | This growth is driven by increasing demand in
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pharmaceuticals, food packaging, agriculture, wa-
ter treatment, and biomedicine industries [3].

Chitosan is derived from chitin, which is a linear
glycan made up of randomly distributed N-acetyl-
D-glucosamine (GIcNAc) units linked by glyco-
sidic p [1—4] bonds [4—6].

Chitosan has gained significant attention due to its
wide range of applications in the biomedical, phar-
maceutical, agricultural, and industrial fields [7]. Al-
though chitosan is primarily extracted from crusta-
cean shells, fungal chitosan offers a promising alter-
native due to its sustainability, lower allergenic poten-
tial, and more controlled production parameters [8].
Among different fungal sources, Trichoderma reesei,
a well-known filamentous fungus, has emerged as an
excellent candidate for the chitosan extraction [9].

This study focuses on the extraction and charac-
terization of chitosan from Trichoderma reesei
(MTCC 4876) using submerged fermentation.
Chitosan is a deacetylated derivative of chitin, pri-
marily composed of glucosamine and N-acetylglu-
cosamine units [10]. It is a natural polysaccharide
with remarkable biological properties, including
biocompatibility, biodegradability, antimicrobial
activity, and film-forming abilities [11]. These
properties make chitosan suitable for various ap-
plications, such as wound healing, drug delivery,
wastewater treatment, and food preservation [12].

Conventionally, chitosan is extracted from the
exoskeleton of crustaceans, particularly shrimp and
crab shells [13]. However, the seasonal availability,
environmental concerns, and allergenic potential of
crustacean-derived chitosan have prompted re-
searchers to explore alternative sources [14]. Fungal
chitosan has emerged as a sustainable and efficient
substitute for crustacean-derived chitosan [15]. Un-
like crustaceans, fungi can be cultivated under con-
trolled conditions, ensuring consistent chitosan
yield and quality [16]. Additionally, fungal chitosan
exhibits unique physicochemical properties that
can be tailored for specific applications [17]. Several
fungal species, including Aspergillus niger, Mucor
rouxii, and Trichoderma reesei, have been explored
for chitosan production [18]. Among these, Tricho-
derma reesei is particularly promising due to its
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high biomass yield, rapid growth rate, and ability to
produce chitosan-rich cell walls [19].

Trichoderma reesei is a mesophilic filamen-
tous fungus known for its ability to produce cel-
lulolytic enzymes [20]. While this fungus has
been extensively studied for its industrial en-
zyme applications, recent research indicates that
it can also serve as a valuable source of fungal
chitosan [21]. The cell wall of T. reesei contains
chitin and chitosan, which can be extracted and
purified for various uses [22]. Specifically, the
strain MTCC 4876 has been identified as a po-
tent producer of high-quality chitosan under
submerged fermentation conditions [23].

To the best of our understating, Trichoderma
reesei MTCC 4876 has not been explored for ex-
traction of chitosan. This makes this strain a sui-
table choice for production of fungal chitosan.

Fermentation techniques are essential for opti-
mizing the production of fungal chitosan [24]. Sub-
merged fermentation (SmF) is a commonly used
method for cultivating fungi in liquid media, which
ensures optimal nutrient availability and controlled
environmental conditions [25]. This study focuses
on the extraction and characterization of chitosan
from T. reesei (MTCC 4876) and provides valuable
ideas for optimizing fungal chitosan production for
industrial and biomedical advancements.

Materials and Methods

Procurement of fungal strain
and its revival

The fungus used in this study is Trichoderma reesei
(MTCC 4876), classified under the phylum Asco-
mycete, purchased from the Microbial Type Cul-
ture Collection and Gene bank (MTCC), IMTECH,
Chandigarh, India. Potato dextrose agar was used
for fungal growth & cultivation.

Cultivation condition
for submerged fermentation

In this study, 500 mL Erlenmeyer flasks were used,
each containing 200 mL of each of the following
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« Centrifuge mycelium at 7000 rpm (pellet fornnation)
o Wash pellet with distilled water (removeimpunrities)
. Centrifuge at 8000 rpm (remove excess water)

+ Add SM NaOH (1:30 w/v) to biomass
« Autoclave af 121 °C, 15 psi for 20 mimutes
» Wash biomass with distilled water to neutral pH

AN

o Add 2°%o(v/v) acetic acid (1:40 w’v) to biomass
« Incubate at 95 °C for 8 hours (hot water bath)

AN

« Centrifuge at 8000 nom (collect acidic supernatant)

« Add10 mLS5M NaOH to supermatant (precipitate chitosan)
« Centrifuge at $000 rpm (collect chitosan pellet)

» Wash with distilled water and 95° ethanol to neutral pH

N\

o Air-dry pellet at room temperature
« Preserve for further characterzation

N\

Fig. 1. Flow chart of extraction of fungal chitosan

growth media: Potato Dextrose Broth (PDB), Yeast
Extract-Peptone-Dextrose Broth (YPDB), and Cza-
pek Dox Broth (CDB). The flasks were sterilized by
autoclaving at 121 °C for 15 minutes. After steriliza-
tion, they were inoculated with a fungal spore sus-
pension at a concentration of 1.5 x 10° spores/mL
(3 mL) and were incubated at 150 rpm at 30 °C
for 4 days.

To monitor the fungal growth and growth ki-
netics studies, 5 mL sample was taken from each
flask every 24 hours. PDB yielded maximum bio-
mass and was used for further biomass production
for maximum chitosan yield.

Growth kinetics of T. reesei

The specific growth rate period refers to the rate at
which the biomass of a cell population increases
relative to the concentration of the biomass [26,
27]. The specific growth rate (p) is a measure of
how quickly the cells are growing and can be cal-
culated using (1).

102

Additionally, an important aspect of microbial
growth is the doubling time (t,), which is the time
required for the microbial population to double in
size [28], which provides insights into the repro-
ductive rate of the microbes under given condi-
tions, calculated using (2) [29].

X _ ux; (M
ta
ta_ 0,693, )
H

Whereas dX is (X, - X,) and dtis (¢, - ¢)).

Chitosan isolation

Fig. 1 represent extraction process of chitosan
from fungal mycelium was done with slight modi-
fication [30]. The fungal mycelium was centrifuged
at 7000 rpm to obtain pellet, followed by washing
with distilled water to remove impurities and cen-
trifuged again at 8000 rpm to eliminate excess wa-
ter and was weighed.
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To initiate the extraction process, 5M NaOH was
added to the biomass (1:30 (w/v)), and the mixture
was autoclaved at 121 °C with 15 psi pressure for
20 minutes. This step helped in breaking down the
fungal cell walls, followed by centrifuge to remove
the alkali, and the biomass was washed multiple
times with distilled water until a neutral pH is
achieved. Next, 2% (v/v) acetic acid was added to
the neutralized biomass (1:40 (w/v)), followed by
incubation in a hot water bath at 95 °C for 8 hours.
Next day, the mixture was centrifuged at 8000 rpm
to collect the acidic supernatant, which contains the
chitosan. To recover the chitosan, 10 ml of 5M
NaOH is added to the acidic supernatant, and the
mixture is centrifuged again at 8000 rpm, pellet was
washed with distilled water and 95% (v/v) ethanol
until a neutral pH is achieved. Finally, the chitosan-
containing pellet is air-dried at room temperature
and preserved for further characterization.

Determination of degree
of deacetylation (% DD)

The degree of deacetylation (%DD) of chitosan is
an important parameter that was determined by
analyzing specific infrared absorption bands [31].
This analysis involves comparing the intensity of
the amide I band, which corresponds to the acetyl
groups, located at 1655 cm™ (denoted as A, ), to
the intensity of the hydroxyl groups’ band at
3450 cm™' (denoted as A, ). The ratio of these ab-
sorbance values provides insight into the extent of
deacetylation in the chitosan sample [32].

To calculate this ratio, an empirical equation, re-
ferred to as Equation 3, is employed. This equation
quantifies the relationship between the two ab-
sorbance values, A and A,,_, allowing for the
precise determination of the % DD where 115 is a
constant. This constant arises from calibration
against standard methods (e.g., NMR or chemical
titration) and corrects for differences in baseline
absorbance, path length, and molar absorptive of
functional groups involved [33].

%DD =100 - [(A, ../ A,, ) x115] (3)

1655 3450
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Differential scanning calorimetry (DSC)

The thermal properties of the extracted fungal chi-
tosan were evaluated using a differential scanning
calorimeter (DSC), specifically the Hitachi DSC
7000X, (JIIT Noida). For the thermal analysis,
7 mg sample of the fungal chitosan was placed in a
sealed aluminum pan. The sample was then heated
from 30 to 250 °C at a scanning rate of 2 °C per
minute, under a nitrogen gas (N,) atmosphere. An
empty aluminum pan served as a reference. These
measurements are crucial for understanding the
thermal behavior of chitosan, which influences its
potential applications in various industries, in-
cluding biomedicine, food packaging, and water
treatment [34].

Fourier transform infra-red
spectroscopy (FT-IR)

Fourier Transform Infrared (FT-IR) spectroscopy
assesses the physiochemical characteristics of bio-
polymers, providing detailed information on their
molecular structure. Extracted chitosan was cha-
racterized using FT-IR spectrophotometer (Spec-
trum BX-II model) at JIIT Noida, in transmission
mode over 4000 cm™ to 400 cm™', with a resolu-
tion of 4 cm™ [35].

Spectroscopic analysis
of extracted fungal chitosan

The UV-Vis and Photoluminescence spectral ana-
lysis are vital for understanding optical properties
and structural modifications of compounds [36].
Samples were prepared by dissolving chitosan and
fungal chitosan in a dilute acetic acid solution (1%
acetic acid) and were filtered and final concentra-
tion adjusted to 2 mg/mL. UV-Vis measurements
were conducted within a wavelength range of
200—600 nm using a quartz cuvette while PL
measurements were performed using a spectro-
fluorometer with an excitation wavelength of
320 nm, and the emission spectra were recorded in
the range of 220—600 nm.
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In this study, the isolated fungal chitosan was
characterized using an UV-Vis spectrophotometer
(Shimadzu UV-1800 model), at JIIT Noida & Pho-
toluminescence study on Perkin Elmer LS 55 lo-
cated at PMSE, JIIT Noida.

Results and Discussion

Fig. 2 and Fig. 3 shows the wet cell biomass of
Trichoderma reesei. The maximum value of bio-
mass was obtained 2 days after inoculation under
submerged fermentation with a specific growth
rate and doubling time of three media as shown in
Table 1. The specific growth rate of PDB is maxi-
mum while the doubling time is minimum among
all of three selected media. Wet biomass of PDB
media is maximum, so extraction is carried out
from PDB only. Extraction of chitosan was done
by alkali and acid treatment and after four days of
fermentation, 116 mg/g of chitosan was obtained.
DD% plays an important role in the physicoche-
mical properties of fungal chitosan. In the present
research the degree of deacetylation of Trichoder-
ma reesei is 72% (from Equation 3), similar to the
study of other industrially important fungus like
Rhizopus oryze degree of deacetylation is 72.51%
reported by Dhanashree et al. (2018) [37].

UV-Vis and Photoluminescence
spectra of commercial chitosan
and fungal chitosan

In Fig. 4a and Fig. 4b, chitosan displays a promi-
nent adsorption band at 200—250 nm regions.
This peak is often associated with the m > 7* tran-

Table 1. Specific growth rate and doubling time
of T. reesei in three different culture media

Growth kinetics PDB YPDB CZB
Specific growth rate p 1.02 0.21 0.63
(day™)

Doubling time t, (day) 0.68 331 1.11
104

sitions of any carbonyl (C=0) groups present, es-
pecially if the fungal chitosan is not entirely dea-
cetylated. Residual acetyl groups can contribute
to this signal.

In Fig. 4c, The photoluminescence (PL) spec-
trum displayed by the fungal chitosan features a
broad peak of emission between 430—460 nm,
signifying intense blue light emission resulting
from electron transitions that are controlled by
functional groups like ~-OH, -NH,, and carbonyl
groups as shown in Fig. 3. The peak broadness is
indicative of the existence of a number of emissive
sites, a reflection of the heterogeneous molecular
weight and structural heterogeneity of the fungal
chitosan [38]. There is peak shift which may be
due to residual proteins, pigments, or polypheno-
lic compounds, causing stronger and broader ab-
sorbance features. Bio-molecule residues and fun-
gal-source-specific pigments would also create
trap states accountable for the emission intensity.
The commercial chitosan, however, has a slightly
blue-shifted emission peak located between 400—
430 nm with diminished intensity and peak width,
which can be attributed to its enhanced purity and
homogeneous molecular topology [39].

Fourier Transform Infra-Red
Spectroscopy (FTIR)

The extracted fungal chitosan was characterized
using the FTIR and, it was compared to the com-
mercial chitosan that was utilized as the industry
standard. Fig. 5 shows the FTIR spectra of fungal
chitosan and commercial chitosan in the wave
number range of 4000—400 cm™ in transmittance
mode. These peaks appear as a result of the mo-
lecular vibrations associated with specific func-
tional groups characteristic of the chitosan struc-
ture. FTIR spectrum of the fungal chitosan showed
the presence of signature peaks at 3354, 2928,
1590, 1380, 1420, 1057, 1124 and 520 cm™, corre-
sponding to the characteristic functional groups
found in chitosan. The N=H bond at 3000—
3500 cm™ and the C=0 bond at 1400—1650 cm™
displayed unique vibrational band in commercial
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Fig. 2. Extraction of fungal chitosan. a — Wet biomass.
b — Extracted fungal chitosan
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Fig. 3. Wet cell weight of Trichoderma reesei recovered
from each 100 mL in PDB, YPDB, and CZB
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chitosan. The (N=H), (O=H), and (NH,) groups,
which are found in chitosan in varying levels with
the NH, groups present in the least quantity, could
be attributed to the band at 3428—3423 cm™'. The
presence of a methyl group in NHCOCH,, a me-
thylene group in CH,OH, and a methane group in
the pyranose ring was demonstrated by their
corresponding stretching vibrations in the range
of 2926—2923 cm™. It was determined that C=0
vibrations in the amide 1 band were responsible
for the absorption band at 1644—1628 cm™. The
trans-secondary amides identified as the amide II
band correspond to the characteristic absorption
band at 1576—1574 cm™. The absorption band at
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Fig. 4. UV-Vis and Photoluminescence spectra of chitosan
and fungal chitosan: a — UV-Vis spectra of fungal chi-
tosan; b — UV-Vis spectra of commercial chitosan; ¢ —
Photoluminescence spectra of fungal chitosan
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Fig. 6. DSC of fungal chitosan from Trichoderma reesei

Table 2. FTIR signature peaks of chitosan
with type of bonds and wavelength (40)

200 250

Type of bonds Wavelength range (cm™)
N-H stretch 3550—3500
O-H stretch 3400—3300
C-H stretch 2800—2600
C-O stretching of acetyl group 1650—1550
C-H bending of CH, group 1450—1350
O bridge stretching of glucosa-
mine residue 1100—1000
Saccharide 1100—850
106

1435cm™" corresponds to the CH, bending vibra-
tions seen in the CH,OH group. The spectra be-
tween 1168 and 1137 cm™ show the presence of
three separate vibrational modes of the C-O-C,
C-OH, and C-C ring vibrations. Characteristic
bands were found at 1085—1077 cm™ indicating
that glycosidic connections exhibit C-O-C stret-
ching vibrations. Table 2 shown different signature
peaks of FTIR with different wavelength.

Differential scanning calorimetry (DSC)

Chitosan’s DSC thermogram revealed common
polysaccharide behavior, with two different disin-
tegration phases (Fig. 6). In this study, the glass
transition temperature of the fungal chitosan
from Trichoderma reesei was determined to be
75 °C due to loss of water, and it was visible as a
single endothermic peak. The endothermic effect
of the fungal chitosan is related to positive AH
and increased enthalpy, and a wide area under the
curve suggests that the polymer requires signifi-
cant heat flow to change its property within a spe-
cific temperature range. The exothermic peak (T )
at 120 °C was correctly ascribed to the breakdown
of the high amine (GIcN) content. Since autocla-
ving will cause the extracted chitosan (Tg 75°C) to
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lose its structural integrity, alternate procedures
for sterilizing the polymer should be taken into
consideration.

Conclusions

The growing demand for cost-effective and eco-
friendly alternatives has recently highlighted the
manufacture of chitin and chitosan using fungi.
Unlike the traditional sources such as crab shells,
the abundant fungal mycelium wastes from
various industrial biotechnological processes
present a promising source of chitosan. Extract-
ing chitosan from fungal mycelium waste is con-
sidered a green synthesis method, offering a po-
tential replacement for conventional techniques
that have significant limitations. This study was
able to recover and characterize chitosan from
Trichoderma reesei through submerged fermen-
tation, focusing on its structural and functional
properties. Trichoderma reesei is a widely used
fungus in industrial settings, particularly for pro-
ducing cellulase and hemicellulase enzymes for
bioethanol production so biomass from these in-
dustries can be used as raw material for produc-
tion of the fungal chitosan. The kinetics of growth
of Trichoderma reesei were systematically moni-
tored to determine the optimal operating condi-
tions for the production of chitosan, with specific
focus on biomass yield and nutrient utilization
within a specified time frame. The recovered chi-
tosan was characterized through a series of spec-
troscopic and thermal analyses to determine its
purity, chemical composition, and physicoche-
mical properties.

Fourier Transform Infrared Spectroscopy
(FTIR) was employed to determine the functional
groups present in the recovered chitosan, with
characteristic peaks corresponding to the hydro-
xyl (-OH), amine (-NH), and carbonyl (C=0)
functional groups, indicating its polymeric na-
ture. Differential Scanning Calorimetry (DSC)
provided an insight into the thermal stability of
chitosan through a clear endothermic peak cor-
responding to water loss and a higher degradation
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temperature, confirming its crystallinity and ther-
mal stability.

The spectroscopic characterization of the chi-
tosan using UV-Visible (UV-Vis) spectroscopy
further confirmed its purity, where its absorption
maximum falls within the expected range of bio-
polymer materials. Photoluminescence spectra
analysis was conducted to determine the optical
properties of the chitosan, with the emission peaks
corresponding to the electronic transitions in the
chitosan, an aspect which would be of utmost sig-
nificance to its potential biomedical and optoelec-
tronic applications.

The whole process of chitosan extraction and
characterization from Trichoderma reesei proved
its excellent structural integrity and functional
properties. The findings of this study contribute to
the increasing pool of information on fungal chi-
tosan as a viable substitute for crustacean-based
chitosan, with future prospects in the fields of
pharmaceuticals, biotechnology, and material sci-
ences. Future research activities should aim to op-
timize fermentation conditions and investigate the
bioactivity of fungal chitosan to enable better in-
dustrial applications. Trichoderma reesei, in par-
ticular, has emerged as a viable alternative source
for the chitosan production. This approach not
only aligns with sustainability goals but also lever-
ages the widespread availability of fungal biomass,
making it a practical and environmentally respon-
sible choice for large-scale chitosan production.
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BIOTEXHOJIOTTYHE BMPOGEHNIITBO XITO3AHY:
EKCTPAKILIA 3 TRICHODERMA SP. TA XAPAKTEPU3ALIIA

Mema. [locnimxeHHs CIpsIMOBaHe Ha BUJIeHHs IpubHoro xitosany 3 Trichoderma reesei (MTCC 4876), BusHa4eHHs
jioro ¢i3MKo-XiMiYHNX BIACTUBOCTEN i OL[iHKY IIOTEHIIiaTy 3aCTOCYBaHHs Y IPOMUCTIOBOCTI. Memoou. Tpubuuii xito-
3aH BUAUIAIN LIISIXOM ITIMOMHHOI pepMeHTaLil POTAroM 4 fib Ha PigKMUX MOXXMBHUX CEPEfOBNUILAX HACTYITHOTO CK/Ia-
Iy: KapToILiHO-IoKo3HOMY (PDB), npixmkoBo-kaproiisaHo-rokosHoMy (YPDB) ta cepemouini Yaneka-JJokca
(CDB). Ina KO>KHOTO CepefoBMINA BM3HAYANM MOKA3HUKU POCTY, BKIIOYAIOUM CIelU}iuHy IBUAKICTL pocTy (W)
Ta yac nmopBoeHHsA (td). XiTosaH orpumyBamyu 3 6ioMacu MeTOLOM MY>XKHOI 06po6Ku. 3a ZomoMorow iHppadepBoHOI
criekTpockortii 3 neperBopenHaM Pyp'e (FTIR) BusHauamyu 70T0 CTPYKTYPHY XapaKTepUCTUKY Als imeHTndikamii
(byHKIIIOHAMBHYX IPYH i TOPiBHAHHA 3 KOMEPLiIHNUM XiTo3aHOM. TepMidHy CTabiNbHICTD aHANI3yBanM METOROM Aude-
peHIianbHOI ckaHylo4oi KanopumeTpii (DSC), a onTuyHi BIacTUBOCTI — 3a ZOIOMOTO0 CIIEKTPOCKOIIIi B ynbTpadio-
neToBilt 1 BupyMi o6mactax (UV-Vis). ®oTonoMiHICIIeHTHY XapaKTepPUCTUKY BU3HAYA/IM 3 JOIIOMOTOIO CIIEKTPOCKO-
nii poromominectentii (PL). Pesynvmamu. Cepep [OCTIIXyBaHIX CepefOBUIL Hait6ibmit Buxin 6iomacu (116 mr/r)
6yB orpumanuit Ha PDB. Ananis FTIR nigTBepanB HasBHICTh QyHKI[iOHAIBHUX IPYII, aHAJIOTIYHIX O KOMEPLIITHOTO
xiTO3aHy, 1110 BKasye Ha IX CTPYKTYpHY nofi6HicTh. Tepmiunmit ananis Merogom DSC 3acBifumB TepMiuHy cTabiIbHICTD
rpubHoro xitosany. Crekrpockornis UV-Vis nokasaa sHauHe ONTUYHe IIOIIMHAHHA, a CIeKTpyu PL BUABMIN NOMITHY
¢ryopecrieH1ilo, 10 CBiYNTD PO NePCIeKTUBHICTb BUKOPUCTAHHS OTPYMAHOTO XiTO3aHy /1A BUPOOHNITBA iHHOBA-
LitHux MarepianiB. Bucnoexku. Y mpencrasiieHiit po6orti Bupineno xitosas i3 Trichoderma reesei (MTCC 4876), saxuit
3a cBoiMU (i3MKO-XiMIYHMMM BIACTUBOCTAMM NMOKIOHMII KO KOMepIiiiiHOro XiTo3aHy. OTpuMaHi pe3ynbTaTyt migKpec-
JIOIOTH IIE€PCIEKTUBHICTD BUKOPUCTAHHA IPUOHOTO XiTO3aHy B pisHUX cdepax IPOMUCIOBOCTI i KOMepLiiHOI Aisiib-
HOCTI, 0COO/IMBO TaM, fie Ba>KIMBUMI € JIOTO OIITMYHI BTACTUBOCTI JI TEPMOCTAOIIBHICTD.

Knrouosi cnosa: Trichoderma reesei, rpubHuii xitosas, xitun, FTIR, DSC.
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