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Abstract

This research focuses on the extraction and characterisation of chitin and chitosan from fungal biomass, Termitomyces
titanicus, by immersing it in a solution of sodium hydroxide, followed by deacetylation in a basic medium using the
full two-level factorial design (2?) to obtain chitosan as a residual. The obtained chitosan was characterised by basic
conductimetric titration and viscometry to determine the degree of deacetylation and the average molecular weight,
respectively. The extraction of chitin was carried out under the following operating conditions: particle size less than
2.5 mm; hydrolysis time of 120 min; concentration 3 M of the NaOH solution; and temperature of 100 °C. The extraction
yield of chitin was 38.04%, and the degree of deacetylation of chitosan was 69.50%, an intrinsic viscosity of 0.6822 dL/g,
and a viscosimetric average molecular weight of 985.88 kDa. This research therefore shows that fungus specie called
T. titanicus can serve as an alternative chitin and chitosan source. In addition, the mathematical model established for
deacetylation degree that, based upon the extra process time, it would be possible to increase the purity of chitosan.
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1 Introduction

The sources of chitin are varied throughout the world
arthropods (crustaceans, insects, arachnids), with more
than a million species, in particular constitute an abundant
source of this polymer. Chitin is present, for example, in
shrimps, lobsters, crabs, the Norway lobster, squid, insects
(cockroaches, ants) or algae, yeasts and fungi [18]. Chitin
and its main derivative, chitosan, are the most abundant
biomaterials in nature after cellulose, and have multidi-
mensional properties due to hydroxyl groups and amines
within their structure. The areas of application of chitosan
are very varied, including those of water treatment, bio-
medical issues, cosmetics, biotechnology, and agri-food

[12,21, 24,28, 31, 36, 39, 42]. Chitin was discovered in 1811
by the French chemist Braconnot, who isolated it from a
fungus [22]. Chitin is 2-acetamido-2-deoxy-p-glucopyra-
nose (N-acetylglucosamine) (Fig. 1) [17].

In chitin, the degree of acetylation is typically 0.90, indi-
cating the presence of certain amine groups (as a certain
amount of deacetylatikon can occur during extraction,
chitin may also contain about 5-15% of amine groups)
[5, 10]. Thus, the degree of N-acetylation, i.e. the ratio of
2-acetamido-2-deoxy-p-glucopyranose to the structural
units of 2-amino-2-deoxy-p-glucopyranose, has a consid-
erable impact on the solubility of chitin and the properties
of the solution [34]. Chitosan is the N-deacetylated deriva-
tive of chitin with a typical degree of deacetylation (DD) of
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Fig.2 Structure of a monomer of chitosan

less than 0.35 whose structure is represented in the Fig. 2.
It is therefore a copolymer composed of glucosamine and
N-acetylglucosamine. The physical properties of chitosan
depend on several parameters, such as molecular weight
(from about 10,000 to 1 million Daltons), DD (from 50 to
95%), the sequence of amine groups and acetamides, and
the purity of the product [28, 35].

Chitin and chitosan are produced industrially from
crustacean co-products, especially shrimps and crabs.
However, the choice of the raw material is related to
the local activity. Some geographical areas favour other
resources, such as fungal sources like mushrooms, krill or
pink shrimps. Fungal chitin and chitosan have the advan-
tage to being extracted at any time of the year, avoiding
seasonal fluctuations in comparison with those produced
from crustaceans; the fungal mycelia can be produced in
bioreactors optimising the conditions of crops and making
it at high current research interest [1, 3, 411. For this reason,
recently, various processes were implemented to extract
chitin and chitosan from fungal biomass.

Several recent studies [11, 15, 19, 26, 37] show that chi-
tin and chitosan can be extracted from different species of
fungus, including Ganoderma lucidum, Agaricus sp., Pleu-
rotus sp., Pleurotus ostreatus, Fomes fomentarius, Boletus
bovinus, etc. The extraction yield of the obtained chitin
varied between 7 and 43% depending on the type of fun-
gus. In this regard, the chemical composition of a fungus
in particular the crude chitin content is not the same in
different varieties of mushroom, hence the yield and the
quality of the extracted chitin and/or chitosan will depend
on the isolation method and its chemical composition [2,
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37, 38]. In the present research, we have aimed to evaluate
the potential of using mushrooms of Haut-Katanga—in
particular Termitomyces titanicus as a source of chitin and
chitosan. The study objective is to determine the extrac-
tion yield of chitin by proceeding essentially by a depro-
teinization in alkaline medium to remove proteins and
carbohydrates; and the physicochemical properties of chi-
tosan—particularly the degree of deacetylation using the
full two-level factorial design (2%) in order to have a large
area of the factor space while providing useful information
for a limited number of factor tests whose purpose is to
determine the main trends of factors for use as reference
for future experiments; and finally intrinsic viscosity and
molecular weight from the equation of Mark, Haouwink
and Sakurada for subsequent application.

Thus, this paper provides some information on charac-
terisation of T. titanicus, the influence of deproteinisation
rate on the extraction yield of chitin from this specie of
fungi, and the use of the basic conductimetric titration
method and reduced and inherent viscosity respectively
to determine the degree of deacetylation and the intrinsic
viscosity of extracted chitosan.

2 Materials and methods
2.1 Material
2.1.1 Origin of biomass

The biomass used is a species of fungi, T. titanicus, which
was collected in the bush around Kamawese village along
the Likasi road, about 35 km from the city of Lubumbashi
(Fig. 3).

The species appears early and fruits no later than
November or December. It is highly prized because of its
weight which can reach 3-4 kg, its pronounced taste, and
its large size. It is consumed throughout the Zambezian
region, and especially in Haut-Katanga. The sporophores
are gigantic, and are sometimes gregarious on high ter-
mite mounds. This mushroom has a hat 50 to 100 cm in
diameter. When young and fleshy, it presents a hemispher-
ical and convex spread form and largely umbonate in the
center; dry it has a granular-tomentose and brown-greyish
coating [8].

2.1.2 Sampling and sample preparation

Samples of fungi of the same species were collected in
two campaigns at two different sites on and nearby ter-
mite mounds. They were detached from the soil manu-
ally from their sporophores, cut into small fragments,
dried in an oven model UN30plus TwinDISPLAY made by
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Fig. 3 Photograph of T.
titanicus: a before sampling
with gigantic sporophores, b
cut into small fragments after
sampling

Memmert GmbH+Co. KG in federal republic of Germany,
and crushed and sieved to a particle size less than 2.5 mm.
The mushroom powder obtained was approximately 4 kg
(dry weight) and was homogenised in a jar and then stored
in the laboratory in a desiccator to preserve moisture.

2.1.3 Solutions and reagents

The main solutions and reagents used are 97% purity
sodium hydroxide pellets, 37% hydrochloric acid solutions,
96% sulfuric acid, 96% acetic acid, and 96% ethanol purity.

2.2 Methods
2.2.1 Characterisation of biomass

Ash, lipid, crude protein and moisture contents were deter-
mined by the reference methods [4]. The nitrogen conver-
sion factor used to calculate the protein content was 4.38
[7]. The carbohydrate content was calculated using Eq. (1).

% Carbohydrates = 100 — (moisture + protein + ash + lipids)
(1

2.2.2 Extraction of chitin and chitosan

The method of extraction of chitin and chitosan by chemi-
cal means implemented is to deproteinise the biomass fol-
lowed by deacetylation of chitin to obtain chitosan as a
residue. The last step is the purification of the obtained
chitosan [23, 30].

This extraction was carried out by immersing the dried
and ground fungus powder at a particle size of less than
2.5 mm, successively in 1T M, 2 M, 3 M and 4 M NaOH solu-
tions, at a solute-solvent ratio of 1:40 (g/mL), for 120 min
of hydrolysis at 100 °C in waterbath model WNB7 made by
Memmert in federal republic of Germany. The discoloura-
tion was carried out by washing several times with 96%
ethanol and distilled water.

2.2.3 Estimate of chitin content

The T. titanicus powder was hydrolysed in 6 N HCl solution
at 80 °C for 16 h. The chitin content (M: mass of chitin) in
the sample can be calculated from the glucosamine con-
tent (m: mass of glucosamine units) obtained, assuming
that all units of the biopolymer were acetylated accord-
ing to Eq. (2); with 203 the molecular weight of anhydrous
acetylglucosamine and 179 the weight of glucosamine in
g/mol [25, 29].

M = m X 203/179 (2)

2.2.4 Determination of the degree of deacetylation

The conversion of fungal chitin into chitosan has been
optimised via the full two-level factorial design (2?), in
order to have necessary information with a limited num-
ber of tests per factor. The limits of the field of study, which
are the minimum and maximum values of the studied fac-
tors (concentration of NaOH and time of deacetylation),
are denoted respectively by (— 1) and (+ 1) as indicated in
Table 1. This operation was performed at a constant tem-
perature of 100 °C according to a solute-solvent ratio of
1:10 (g/mL) (Table 1). After deacetylation operation, the
obtain residual was washed several times with distill water
until a neutral pH and dissolved in 2% acetic acid. NaOH
solution 1 M was added to the mixture in order to collect
chitosan as a precipitate.

Table 1 Conditions of the experimental design: bounds of the
studied domain

Level Concentration of NaOH (%) Time (min)
-1 30 60
0 40 920
+1 50 120
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The basic conductimetric assay was used to determine
the degree of deacetylation (DD) of chitosan obtained,
because it is a simple, less expensive, fair and accurate
method for determining the latter’s DD [40]. This analysis
was done in triplicate by solubilising 150 mg of each sample
obtained in 10 mL of 0.1 N HCl solution, and then adjust-
ing the volume of the solution to be titrated to 200 mL with
distilled water. The titration of each solution was carried out
with a solution of 0.1 N NaOH, while measuring the conduc-
tivity of the solution to be titrated after each addition of the
NaOH solution. The chitosan DD was calculated using Eq. (3):

DD =203 [((V,—V;)-N)/(m+42- (V,—-V,;)-N)| x 100

(3)
m represents the weight of the sample of chitosan (mg);
V, and V, represent the equivalent volumes of sodium
hydroxide solutions corresponding to the points of devia-
tion; 203 (g/mol) is the molecular weight of the acetylated
monomer; 42 (g/mol) is the difference between the molec-
ular weight of the acetylated monomer and the molecular
weight of the deacetylated monomer; and N represents
the value of the normality of the basic solution.

2.2.5 Determination of the average molecular weight

The molecular weight of the deacetylated chitin was calcu-
lated from its intrinsic viscosity ([n]) by applying Eq. (4) of
Mark, Haouwink and Sakurada, where K and a are constants
and Mv the molecular weight in Daltons [13]. Referring to the
work of Rao [32], who used the same solvent (1% acetic acid
solution) at a temperature of 30 °C, we adopted the value
0.72 for aand 4.74.10~° dL/g for K, which are constants for a
given solvent-solute system [16].

[} =K. M @

The intrinsic viscosity of chitosan is determined experi-
mentally by capillary viscometry. In this research, we used
an Ostwald viscometer. The method is based on the meas-
urement of the flow time (t,) of the same volume of solvent
(consisting of 1% acetic acid) or chitosan solution (t) con-
tained between the two points (lines) marked on the vis-
cometer using a chronometer. The specific viscosity (n,,) is
defined by Eq. (5).

Nsp = (t_to)/to (5)

Dividing this value by the concentration of the chitosan
solution (Ci) in g/dL, gives the reduced viscosity (,.,) defined
by Eq. (6):

Nred = T]sp/ci (6)
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Thus, for different concentrations of chitosan (0.01,
0.025, 0.05, 0.075 and 0.1 g/dL) different reduced vis-
cosity values are obtained. The plotting of the reduced
viscosities as a function of the concentrations, gives rise
to a line whose ordinate at the origin is equal to the
intrinsic viscosity.

The intrinsic viscosity can be determined otherwise
by means of the inherent viscosity (n;,,) obtained from
the relative viscosity (n,.), defined by Eq. (7):

Ninh = |n(nred)/ci (7)

2.2.6 Statistical analyses

The results obtained for the degree of deacetylation
were statistically processed using Minitab 18 software.
This enabled us to determine the effect of the factors
studied on the response using the linear regression
equation and to perform the analysis of the variance at
a threshold of 5% rejection.

3 Results and discussion
3.1 Characterisation of biomass

Preliminary analysis of the main constituents of biomass
gave the results presented in Table 2. These results are
similar to those estimated by Pavel [27] for a large variety
of fungi. The dry matter is about 17.26%. Carbohydrates
(especially B-glucans and about 13.53% chitin) and
crude protein are the main components of mushroom
dry matter.

The ash content obtained is relatively low compared
to that found in the shells of crustaceans (crabs and
shrimp), which is 20 to 40% depending on the crusta-
cean species [14, 33]. As a result, minerals are not bound
to the chitin matrix in T. titanicus and most fungi in gen-
eral, as is the case in crustacean shells; hence the dem-
ineralisation operation is not often required.

Table2 Content of the main

! A Constituents
constituents of biomass

Content (%)

Ash 6.8
Lipids 7.9
Proteins 27.22
Carbohydrates  58.08
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Table 3 Extraction yield and deproteinisation rate of chitin

Table 4 Factorial plan results established

Test no. Concentration of  Yield extrac- Rate depro-
NaOH (M) tion (%) teinisation
(%)
1 1 9.77 40.63
2 2 22.13 74.11
3 3 38.04 87.03
4 4 39.87 91.02

100

—a&— Deproteinisation rate
—e— Extraction yield

80

60

40 4

Percentage (%)

20

0 1 2 3 4
Concentration of NaOH (M)

Fig.4 Evolution of the extraction yield and the rate of deproteini-
sation as a function of the concentration of NaOH

3.2 Yield of chitin extraction

The average extraction yield of chitin was 38.04% with a
corresponding deproteinisation rate of 87.03% (Table 3).

Figure 4 shows the evolution of the extraction yield of
chitin and the corresponding deproteinisation rate by var-
ying the concentration of the sodium hydroxide solution.

This graph shows a significant elimination of the crude
proteins during the treatment with sodium hydroxide and
the plateau reached by the two curves around a concen-
tration of 3 M NaOH. It appears that the crude chitin is
composed of carbohydrates and residual proteins and
is intermingled mainly with B-glucans and this could be
explained by a large difference between the rate of depro-
teinisation and the chitin extraction yield. This would be in
agreement with the results found by Tao [38] for the tests
carried out on Agaricus bisporus, which were obtained after
extraction of chitosan 43.84% of glucosamine and 17.92%
of B-glucans.

This yield is similar to that obtained by Ospina et al. [26]
from Ganoderma lucidum and by Marikani et al. [19] from
Agaricus sp., Pleurotus sp. and Ganoderma sp., which was
about 41% and 41.3% respectively.

Test no. Concentration of Time DD (%)
NaOH

1 -1 +1 48.68
2 +1 +1 69.50
3 -1 -1 25.63
4 +1 -1 3745

1800 - .
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Fig. 5 The conductimetric titration curve of chitosan with the two
points of deviation: V, corresponds to the amount of HCl in excess;
the difference in volume (V,-V,) of NaOH between these two
points corresponds to the amount of HCl necessary to dissolve the
chitosan, and to transform the NH, groups into NH;~

3.3 Deacetylation degree of chitosan

Table 4 presents the results of the experimental tests using
as a factor the concentration of NaOH and the deacetyla-
tion time. The best degree of deacetylation was 69.50%,
value obtained in Test No. 2.

Figure 5 illustrates the corresponding basic conduc-
timetric titration curve and Fig. 6 shows the other three
titration curves.

This DD value is comparatively lower than those found
by other authors. For example, Ming-Tsung and Jeng-
Leun [20] used three different fading methods, which
resulted in a DD of 98.21%. Nevertheless, this approach is
similar to those found by Tao [38] for the tests carried out
on Aspergillus niger for 30 min of deproteinisation and
6 h of purification (extraction in acetic acid at 2%), and
that of 72.51% obtained by Dhanashree and Basavaraj
[9] for chitosan extracted from Rhizopus oryzae by sepa-
rating at each step of the process the insoluble material
(chitin and chitosan) from the liquid by centrifugation.

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:406 | https://doi.org/10.1007/s42452-020-2186-5

2000 - .

1800 - -
1600 - .

1400 - -
~ .

1200 4 [ ]

1000 A [ ]

Conductivity (uS/Cm
n

®
o
o
1
n
|}
]
|}
|}

600

400

[N]
o
o

2 0 2 4 6 8 10 12 14 16 18
Volume of NaOH (mL)

®
o
o
1
|}
]
| ]
]
]

600

400

200 T T T T T
0 5 10 15 20

Volume of NaOH (mL)

2000
1800 4
1600 .

1400 4 .

1200 4 .
1000 .

800 ann”

Conductivity (uS/Cm)
|
n

600

400

200 T T T T T T T T T T
2 0 2 4 6 8 10 12 14 16 18

Volume of NaOH (mL)

Fig.6 Three in one basic conductimetric titration curves: a chitin
and chitosan with a DD of 25.63%, with low value due to short dea-
cetylation time; b chitin and chitosan with a DD of 37.45%; c chi-
tosan with a DD of 48.68%
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Fig.7 Evolution of reduced and inherent viscosity as a function of
chitosan concentration

The values close of commercial chitosan have been
obtained by several authors because of intense purifica-
tion of chitosan, which explains the difference between
our value of DD and commercial chitosan whose value
is between 95 and 98%.

3.4 Statistical analyses

Equation (8) presents the model of linear regression of
DD as a function of the concentration of NaOH and time
after elimination of the interaction coefficient, which are
the least significant. The R? of this model is 98.06%, close
to 100%, indicating that the percentage change in the
response explained by this model is adjusted to the data:

DD = 45.31 + 8.16 Concentration of NaOH + 13.78 Tim((;)

The observations that can be drawn from this model
establish that the time of the deacetylation operation
has a greater contribution to the increase of the DD of
chitosan compared to the concentration of NaOH. By
proceeding in successive stages during sufficiently long-
time intervals, it would be possible to increase the purity
of chitosan—in other words to increase the degree of
deacetylation. The analysis of variance for chitosan DD
shows that for experiments using the full factorial design
at a rejection threshold of 0.05, no factor of two has a
statistically significant effect on the total variability of
DD. However, the complete two-level factorial design
used allowed the determination of the main trends that
can be used as references for other experiments.
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Table 5 Result of linear fit of reduced and inherent viscosity

Plot Reduced viscosity Inherent viscosity
Intercept 0.66326+0.1 0.70111+0.1
Slope 18.86606 + 2 14.46405+2

R? 0.95386 0.92631

Intrinsic viscosity 966.20836 1005.54421

3.5 Determination of the average molecular weight

Figure 7 shows the evolution of the reduced and inher-
ent viscosity of chitosan as a function of concentration of
chitosan.

Table 5 present the result of linear fit of reduced and
inherent viscosity. By replacing the value of the intrinsic
viscosity (the intercept value) in Eq. (4) of Mark, Haouwink
and Sakurada, we obtain the viscosimetric average molec-
ular weight which is about 985.88 kDa.

The value of R? close to 1 show that the linear fit or
mathematical model obtained is in adequation with the
experimental data observed. The value of the molecular
weight of chitosan depends closely on the extraction
process, because it can induce depolymerisation of the
macromolecular chains and/or degradation during the
extraction. The macromolecular chains of chitosan gener-
ally have a molecular weight of 100 to 1500 kDa [6]. These
weights determine the desired application for chitosan.
Compared with other samples of chitosan obtained from
other fungal species, and, in particular, marine sources
(crustaceans), the fungal chitosan obtained has a rela-
tively high molecular weight. For example, Dhanashree
and Basavaraj [9] obtained a molecular weight of the fun-
gal chitosan extracted from Rhizopus oryzae of 350 kDa—
which was greater than the standard chitosan used, but
lower than that found in this study. This is probably due
to the presence of impurities including -glucans, because
the DD, the intrinsic viscosity and the molecular weight of
chitosan are closely related properties.

Due to its degree of deacetylation and its molecular
weight, this fungal chitosan can be used unambiguously
in the agri-food sector as a fertilizer or as a bio-adsorbent
in the wastewater treatment sector—or any other sector
in which a pure or ultra-pure product is not required.

4 Conclusion

Chitin and chitosan have been extracted from fungal
biomass, the T. titanicus. The method developed for this
purpose consisted of a first step of deproteinisation and
deacetylation of chitin and a second step of purification of
chitosan. This chemical process used for the extraction of

chitin made it possible to obtain a chitin extraction yield
of 38.04% this confirms that the T. titanicus can be used
as an alternative source of fungal chitosan. The chitosan
obtained had a degree of deacetylation of 69.50%, this
value is lower than that of commercial chitosan produced
from crustaceans; however, it is close to some DD values
obtained from other fungi.

Although there are many publications on obtaining chi-
tin and chitosan from fungal sources, nothing has been
found concerning the extraction of chitin from T. titani-
cus in the literature. Future research should be oriented
towards optimizing the operating conditions on purifica-
tion of chitosan. This should be done in several succes-
sive steps in order to increase the purity of chitosan. This
work can therefore be useful for new investigations for the
application of chitosan in different fields.
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