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Abstract
In the paper we compared herein chemical properties of the fungal chitosan prepared according to the own 
method and the commonly used chitosan made from the crustaceous. The assessment included such param-
eters as: ash, fiber, fat, Na, K, Ca and Mg content. Inorganic phosphates, molecular weight and deacetyla-
tion degree were also determined. Based on these results a number of differences between substances was 
identified. The differences are related to varied structure that is due to different methods of two types of 
chitosan production. The difference in viscosity was the most pronounced parameter. It has been proved  
the viscosity of fungal chitosan was 5 times lower compared to crustaceous chitosan. The fungal chitosan 
was characterized with higher deacetylation degree (DD) than crustaceous chitosan. The deacetylation 
process has significant influence on the structure and chemical parameters of the chitosan. The chemical 
elements content was differentiation. Relatively low concentration of sodium was identified in the fungal 
chitosan. However, it contained high levels of nitrogen, fiber and fat when compared to the crustaceous 
chitosan.
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Introduction
There has been considerable interest in identifying 

and/or synthesizing new compounds that could be used 
in modern medicine. This is a great challenge for scien-
tists, because the ideal compound should posses practi-
cally useful properties and meet all strict requirements. 
Such molecules, including therapeutic polysaccharides, 
should be characterized by low toxicity, degradability, 
low immune response. Certainly, it should be also cheap 
and easy to obtain or produce. Chitin and its derivative 
chitosan are naturally abundant and renewable polymers 
that combine some unique physical, chemical and bio-
logical features that are not found in other polymers. 

These advantages include bioactivity, biodegradability, 
biocompatibility, some chelating and membrane- and 
fibre-forming properties. Such properties may explain 
different and wide practical application. Chitosan may 
serve as a  controlling permeability and adhesiveness 
agent, a gluing paper, clearing, agglomering and chelat-
ing, antimicrobial, and chromatographic agent [1, 2]. 
Chitosan may be also used for enzyme immobilization 
or to provide shield for enzyme inhibitors [1].

Chitin is frequently occurring natural polysaccharide 
produced by many living organisms. It is a component 
of the exoskeletons of crustaceans, mycelial/filamentous 
fungi and higher fungi [3, 4].
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Fungal chitin is produced in the process of biosyn-
thesis in higher fungi. This product is renewable with 
respect to the continuity of cultivation Basidiomycetes in 
controlled conditions. It forms white, hard and poorly 
flexible structures. Chitin is hydrophobic and very weak-
ly soluble in water and majority of common dilatants. 
Chitin is consider to be soluble in hexafluoroisopropanol, 
hexafluoroacetone or chloroalcohols [5].

Chitin, that is found in cellular walls of mycelial/ 
filamentous fungi and higher fungi, presents typical 
structure. This is a polymer of a simple chain constructed 
of β-(1,4)-N-acetylglucosamine, and classified as γ-chi-
tin [6]. A number of fungi classes contain chitin, such as: 
Ascomycetes, Zygomycetes, Basidiomycetes, and Deutero­
mycetes [7]. In nature, α-chitin occurs more frequently 
and is found in the exoskeletons of crustaceans, such as 
crabs, shrimps and lobsters. The presence of non-parallel 
chain is characteristic for this type of chitin. Squids, how-
ever, poses β-chitin with parallel chain structure. Fungal 
chitin is a  mixture of two types of chains occurring in  
α- and β-chitin [8]. 

In mass production chitosan from crustaceous shells 
is obtained during chemical deacetylation of chitin. 
Final product of this process is a  polymer with a  high 
level of deacetylation. Chitosans with better characteri
stics (higher deacetylation levels) are obtained as the 
result of an intensification of deacetylation conditions 
(temperature over 100°C and increased pressure), which 

leads to the simultaneous degradation of chitosan chain 
and considerably lower molecular weight [3, 5].

Chitosan is obtained from crustaceans and supplies 
of raw marine material are variable and have a seasonal 
character [8]. The laboratory process of chitosan produc-
tion from crustaceans is very expensive. Another method 
used to obtain chitosan is the separation of chitin from 
cell walls of lower and higher fungi. The precise proce-
dure of chitosan production from lower fungi has been 
known since 1979; however, this method has been not 
commonly applied due to the economic aspect and low 
efficiency. Chitosan is a  natural component of the cell 
walls of filamentous fungi, such as Absidia, Mucor, Rhizo­
pus, Gongronella [9], and of higher fungi belonging to 
Basidiomycetes. In the production of fungal chitosan, 
the aspect of a  seasonal appearance does not occur [7].  
The method of chitosan separation from filamentous fun-
gi was developed by White, Farin and Fulton in 1979 [10].

Chitosan is a  substance soluble in weak organic 
acids, and has a  simple chain structure constructed of 
glucosamine and N-acetyloglucosamine [11]. Unlike the 
majority of naturally occurring acidic or alkaline poly-
saccharides (dextran, cellulose or pectin), chitin and chi-
tosan present strong alkaline reaction [5].

The most common type of chitosan available on the 
market is one derived from crustaceans. Identifying new 
sources of chitosan has been a challenge for many scien-
tists [12]. For example, Draczynski obtained chitin from 
honey bee corpses [13]. The studies assessing the effi-
ciency of obtaining chitosan from higher fungi included 
four species: Aspergillus niger, Rhizopus oryzae, Lentinus 
edodes, and Pleurotus sajo-caju. The effectiveness of chi-
tosan production from the spawn biomass ranged from 
10 to 140 mg × g–1 (wet mass) [14].

Physical and chemical properties of chitosan are 
related to the process of N-deacetylation. The longer time 
and the higher temperature of the process, the higher lev-
el of degradation of chitosan chain is observed. It could 
be monitored with the deacetylation degree (DD) and 
molecular weight of chitosan. The part of this process is 
depolymerization of chitosan chain, resulting in a lower 
molecular weight [12]. The process of N-deacetylation 
positively affects chitosan solubility, that is useful prop-
erty of this polysaccharide [15].

Material and methods
Chitosan
Fungal chitosan used in the study was obtained according 

to previously described author’s own method [16], presented 
in Figure 1. Chitosan from crustaceous shells was purchased 
by Sigma-Aldrich Inc., ST. Louis, Mo, USA. The spporocarp 
of Shi-take mushroom (Lentinus edodes) were reproduced 
according to the traditional method on a solid medium. Pure 
cultures of Lentinula edodes came from Laboratory for Pure 
Cultures of Higher Fungi at the Chair of Fruits, Vegetables 
and Fungi Technology (Lentinus edodes Le 323).

Raw material

4% NaOHDeproteinization

10% HClDemineralization

4% AcetoneDecolourization

Chitin

NaOH (400g/l)Deacetylation

Chitosan

Figure 1. Scheme of obtaining fungal chitosan according 
to own method (patent reservation No. P-384836)
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Determination of dry mass content was performed 
using dryer method according to AACC, Method 44-15A. 
Measurement of raw ash content was done according 
to the standard AACC, Method 08-01. Fat content was 
determined by the extraction-weighting method (AACC, 
Method 20-26) [17]. Chitosan samples (3 g of weight) 
were subjected to extraction with hexane in Soxtec HT-6 
system. Fiber content was assessed in the quantitative  
determination of the sample residue on suitably prepar- 
ed filters. Mixtures of acetic nitric and trichloroacetic 
acids, together with the sample (brought to the boil), 
were subsequently filtered, then washed with hot dis-
tilled water. The filter was poured through with acetone, 
and subsequently placed in a  dryer at 130°C for 1-2 
hours. Filters were weighed, and the results substituted 
to the formula:

            
                                    

X = a × 100%

              b  �
(1)

where: b – mass of the sample, a – mass of filter with the 
sample.

Results were presented as percentage.
Determination of Na, K, Ca, Mg content was per-

formed using atomic absorption spectrophotometry (acc. 
to AOAC-975.03). For determination of the elements by 
this method, Solaar 939, Pye Unicam atomic absorption 
spectrophotometer equipped with HCL lamps was used 
[18-20]. The samples were prepared by wet-mineratiza-
tion.

Inorganic phosphates were determined by the Fiske- 
Subbarow method in 1925 [21].

In an acidic environment orthophosphate together 
with ammonium molybdate form ammonium phos-
phomolybdate. Due to the effect of reducing agents, 
phosphomolybdate acid is reduced to mixed molybdate 
oxides, so-called molybdate blue (Mo2O5 × MoO3). Many 
colorimetric methods used to determine orthophos-
phates are based on this principle. Assessments of the 
proper surface, mesospores volume and mean mes-
ospores diameter were performed using ASAP 2405 
(Micromeritics Inc., USA). The measurements covered 
the plotting of nitrogen adsorption isotherm of high 
purity at the temperature of liquid nitrogen BET [22]. 
The equation of BET polymolecular adsorption iso-
therm is as follow: 

                    
        p                   1           c – 1      p
V(p0 – p)    = Vm × c  + Vm × c ×  p0  � (2)

where: V – total volume of adsorbant adsorbed under 
the pressure p (cm3 ), Vm – adsorbat volume with the 
total coating of the adsorbent with monomolecular layer 
(cm3), p – equilibrium pressure equivalent to the volume 
of the adsorbent adsorbed V in condition p [measure-
ment (mmHg)], p0 – pressure of saturated adsorbent 
vapor (mmHg), c – adsorption equilibrium constant 

associated with the difference between the adsorption 
warmth of the first layer and condensation warmth.

The proper surface SBET is calculated according to the 
formula [23]:

                             
Vm × NA × amSBET =      M × VL           

[m2/g]� (3)

where: NA – Avogadro’s number (6,022 x 1023mol–1),  
am – surface of nitrogen molecule settling (16,2 × 10–20m2), 
M – adsorbat molecular weight (g/mol), VL – nitrogen 
molecular volume (22414 cm3).

The volume, surface and mean mesospores diame-
ters were determined using BJH method [24], in which 
calculations are based on Kelvin’s equation (assuming 
cylinder-shaped pores):

                                  
p0         2γVLln  p   = – rRT      

cosθ� (4)

where: p0 – non-saturated vapor pressure over the flat 
liquid surface (mmHg), p – saturated vapor pressure 
over the meniscus of the radius of curvature r (mmHg), 
γ – surface tension of liquid adsorbent, VL – molar vol-
ume of liquid adsorbent, R = 0.008314510 kJ/(mol × K) 
= 8.31434 Nm/(mol × K) gas constant, T – absolute tem-
perature (K), θ – angle of wetting pores walls with liquid 
adsorbent (for nitrogen θ = 0).

Chitosan molecular weight was determine using 
the viscosity method Mv. Chitosan samples were dis-
solved in a diluents system, consisting of acid (0.1 M) 
and sodium chloride (0.2 M). The Brookfield digital 
viscometer (Model DV-II+, Stoughton, USA) read-
ing was substituted to the formula according to the 
Marck-Houwink-Sakurada empirical equation method 
[5, 25].

                           [η] = Km(Mv)α  � (5)

where: [η] – actual viscosity, Km – 1.81 × 10–3, α – 0.93.
Deacetylation degree (DD) was calculated according 

to the method by Xu, McCarthy and Gross [26]. C and 
N results from CHN-os analysis were substituted to the 
formula:

                       
C/N – 5.14 DD = [1–      1.72          ] × x100� (6)

where: DD – deacetylation degree, C/N – carbon to 
nitrogen ratio, 5.14 – constant, 1.72 – constant.

Statistical methods
The results obtained at particular stages of our 

experiment were subject to statistical analysis. General 
statistical procedures associated with the evaluation of 
mean values, errors, and standard deviations, as well 
as 95% confidence intervals were performed. Selected 
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plots present results of difference significance analysis 
(Tukey’s test) between mean values of tested indicator. 
All statistical computations were made by applying stan-
dard procedures using Statistica software package, with 
the significance level of α = 0.05. The number of repli-
cates was 3 for each analysis.

Results and discussion
Results of dry mass, humidity and raw ash mea-

surements are shown at Figure 2. Chitosan obtained 
from crustaceous shells, of an average molecular weight 
(91.80%), was characterized by the highest content of 
dry mass, whereas that of the high molecular weight 
(86.77%) – with the lowest content. Dry mass of fungal 
chitosan was 89.42%. 

Chitosan with higher molecular weight was charac-
terized by the highest humidity (13.23%), while fungal 
chitosan by the lowest one (10.58%). The humidity of 
examined chitosans ranged from 8.20% to 13.23%. 

In all samples trace amounts of raw ash were found 
(0.002-0.005% d.m.).

The comparison of chemical parameters of different 
chitosan samples and of fungal chitin are presented in 
Table 1. 

Fungal chitosan was characterized by the highest 
amount of fat (0.38%), while chitosan derived from crus-
taceous shells of low molecular weight – by the lowest one 
(0.10%). Chitosan from crustaceans of an average molec-
ular weight and high molecular weight contained 0.21% 
and 0.29% of raw fat respectively. Fungal chitin contained 
1.04% of raw fat.

The highest content of fiber was noted in fungal chitosan 
(4.60%), while the lowest one was observed in crustaceous 
chitosan of an average (1.46%) and low molecular weight 
(1.45%). Fiber content was 3.90% in chitosan obtained from 
crustaceous shells, whereas in fungal chitin 77.91%.

The results of selected biochemical parameters of fungal 
and crustaceous chitosans are shown in Table 2. The highest 
content of sodium was observed in crustaceous chitosan of 
an average molecular weight (8.60 mg/kg). Sodium content 
in fungal chitosan was 1.93 mg/kg, while in crustaceous chi-
tosan of high molecular weight, twice as much – 3.50 mg/kg.
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Figure 2. Percentage content of dry mass, moisture content and raw ash in fungal and crustaceous chitosan

Table 1. Results of analysis of chemical composition of fungal and crustaceous chitosans

Sample Fat [%] Fibre [%]

Fungal chitosan 0.38 4.60

Crustaceous chitosan of low molecular weight 0.10 1.45

Crustaceous chitosan of average molecular weight 0.21 1.46

Crustaceous chitosan of high molecular weight 0.29 3.90

Fungal chitin 1.04 77.91
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Fungal chitosan was characterized by the highest 
amount of potassium – 0.53 mg/kg, while chitosan of 
high molecular weight obtained from crustaceous shells 
contained four times less potassium – 0.13 mg/kg. In 
crustaceous chitosans of low and average molecular 
weight the content of potassium ranged from 0.15 mg/kg  
to 0.47 mg/kg. 

Calcium content in fungal chitosan was three times 
higher (2.90 mg/kg) than in crustaceous chitosan of high 
molecular weight (0.91 mg/kg).

Fungal chitosan contained lower level of magnesium 
(0.40 mg/kg) than crustaceous chitosan of high molecular 
weight (1.94 mg/kg). Chitosans obtained from crustaceans 
of low and average molecular weight were characterized 
by lower content of magnesium (0.26 mg/kg, 0.28 mg/kg 
respectively).

Fungal chitosan contain more phosphorus (0.08 mg/
kg) than chitosan obtained from crustaceous shells of high 
molecular weight (0.01 mg/kg). 

Levels of selected minerals were also investigated in 
fungal chitin. In this substance, the highest levels of all 

mentioned elements were observed. High values of indi-
vidual mineral components in fungal chitin are consid-
ered to be evidence for key-role of deacetylation process. 

Carbon, nitrogen and hydrogen contents, as well as the 
N/C ratio, significantly increased in custaceous chitosan 
as a result of N-deacetylation process. The highest level of 
carbon was noted in fungal chitosan – 40.86%, whereas 
in crustaceous chitosan this level was 40.58%. Both fun-
gal and crustaceous chitosans contained similar values 
of hydrogen and ranged from 6.95 to 6.96%. In crusta-
ceous chitosan, lower amounts of nitrogen were observed 
(7.19%), compared to fungal chitosan (7.56%). The highest 
value of N/C ratio was noted in fungal chitosan (0.18%), 
whereas in fungal chitin this ratio was the lowest – 0.87%. 
This result may indicate that the process of N-deacetyla-
tion has resulted in increase of mineral elements content. 

The basic descriptive viscosity characteristics of 1% 
solution of crustaceous and fungal chitosans is presented 
in Table 4. Viscosity of fungal chitosan was almost five 
times lower (58.0 cP) than that of crustaceous chitosan 
(262.1 cP). Analysis of variance confirmed statistical sig-

Table 2. Content of selected elements in fungal chitosan and chitosan obtained from crustaceous shells

Sample Na
[mg/kg]

K
[mg/kg]

Ca
[mg/kg]

Mg
[mg/kg]

P
[mg/kg]

Fungal chitosan 1.93 ± 0.02 0.53 ± 0.06 2.89 ± 0.17 0.41 ± 0.0033 0.08 ± 0.005

Crustaceous chitosan  
of low molecular weight

2.73 ± 0.10 0.47 ± 0.07 2.10 ± 0.002 0.26 ± 0.002 0.033 ± 0.0033

Crustaceous chitosan 
of average molecular 
weight

8.60 ± 0.43 0.15 ± 0.06 6.82 ± 1.49 0.28 ± 0.02 0.11 ± 0.0033

Crustaceous chitosan  
of high molecular 
weight

3.50 ± 0.07 0.13 ± 0.03 0.91 ± 0.28 1.94 ± 0.04 0.01 ± 0.0003

Fungal chitin 19.93 ± 0.14 11.65 ± 0.005 310.87 ± 2.59 31.50 ± 0.37 1.74 ± 0.0088

± standard deviation 
Values in column with different letter are  significantly different at p ≤ 0.05

Table 3.  Percentages of the three elements C, H, N and N/C ratio, determined with the Perkin Elmer 2400 analyser

Sample % C % H % N N/C

Fungal chitosan 40.85 6.98 7.58 0.16

40.86 ± 0.01            6.95 ± 0.02 7.56 ± 0.02

40.88 6.93 7.55

Crustaceous chitosan of high molecular weight 40.57 6.96 7.18 0.18

40.58 ± 0.02 6.96 ± 0.01 7.19 ± 0.02

40.60 6.97 7.21

Fungal chitin 38.11 6.12 3.31 0.09

38.16 ± 0.01 6.16 ± 0.01 3.32 ± 0.02

38.22 6.21 3.33
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nificance of differences between viscosity of analyzed chi-
tosans (at α = 0.05). The viscosity of molecular weight was 
calculated according to the method presented above.

The viscosity molecular weight of crustaceous chi-
tosan was almost six times higher, compared to fungal 
chitosan (Fig. 3). The mean viscosity of fungal chitosan 
molecular weight was 69.9 kDa, while for crustaceous chi-
tosan 354.2 kDa.

The results of CHN analysis were used for calculations. 
Fungal chitosan had higher deacetylation degree (DD), 
compared to crustaceous chitosan. The deacetylation 
degree is a  parameter which may be regulated based on 
duration of the deacetylation process. The longer time of 
N-deacetylation, the higher degree of deacetylation. Simi-
lar conclusions have been presented by Yen and Mau [27]. 

The results of deacetylation degree of fungal and 
crustaceous chitosans are shown in Table 5. Fungal chi-
tosan possessed a higher deacetylation degree (84.61%) 
than crustaceous chitosan (70.76%). The process of 
N-deacetylation is important factor influencing solubil-
ity of chitosan. The more deacetylized chitosan, the bet-
ter it is dissolved, therefore its application is easier. The 
deacetylation degree of crustaceous chitosan evidenc-

es too short reaction time. The results of a  number of 
studies, including DD analysis confirm, that crustaceous 
chitosan is characterized by higher deacetylation degree 
than fungal one [25, 28]. 

Dry mass in the chitosans in the study ranged from 
86.77 d.m. in crustaceous chitosan of high molecular 
mass to 91.79 d.m. in chitosan of mediocre molecular 
mass, whereas fungal chitosan contained 89.42% of dry 
mass. The contents of ash was from 0.20-0.50% in crusta-
ceous chitosan to 0.3% in fungal chitosan. Similar results 
were obtained by Shepherd et al., where the contents of 
ash ranged from 0.17% to 0.58% [15]. Humidity in fun-
gal chitosan was 10.60%, while in crustaceous chitosan 
ranged from 8.20% to 13.23%.

Similar results were presented by Shepherd et al. [15]. 
Results of humidity in fungal and crustaceous chitosans 
ranged from 2.10 to 12.90%. 

Fungi, to synthetize nitrogen in their walls, require 
an organic or inorganic source of this element in their 
nutrition. Ammonium ion may be the direct source of 
nitrogen in fungi nutrition, because an inorganic form 
of nitrogen is reduced during the redox reaction to 
ammonium. The source of nitrogen is one of the most 
important factors in the production of chitosan by fun-
gi [29]. Based on results presented in Table 1, it may be 
presumed that fungal chitosan has higher contents of fat 
(0.38%) and fiber (4.60%), than crustaceous chitosans 
(0.10-0.29% fat; 1.40-3.90% fiber), whereas fungal chitin 
was characterized by a higher content of fat (1.04%) and 
fiber (77.91%), compared to chitosans. Based on these 
results, degradation of chitosan chemical composition in 
N-deacetylation process can be assessed. Similar obser-
vations were made by Yen et al. [27].

Following N-deacetylation process a  product con-
taining more than 7.00% of nitrogen is classified as chi-
tosan [11]. Fungal chitosan contained 7.56% of nitrogen, 
whereas crustaceous chitosan 7.18%. Similar effect was 
observed by Yen, Yang, Mau, 2009 [30]. 

The analysis of selected minerals had shown (Table 2)  
that fungal chitosan was characterized by the highest 

Table 4. Basic descriptive characteristics of the measurement of chitosan coefficient of viscosity

Sample Mean [cP] Standard deviation Variance Standard error

Crustaceous chitosan of high 
molecular weight

262.10 1.57 2.46 0.70

Fungal chitosan 58.00 0.65 0.43 0.29

Table 5. Basic values in calculating DD – deacetylation degree

Sample Carbon content
[%]

Nitrogen content
[%]

Ratio C/N
[%]

Deacetylation 
degree [%]

Crustaceous chitosan of high 
molecular weight

40.58 7.19 5.643 70.76

Fungal chitosan 40.86 7.56 5.404 84.61

Figure 3. Differences in viscosity molecular weight between 
crustaceous and fungal chitosans
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amount of potassium 0.53 mg/kg, while crustaceous chi-
tosan of high molecular mass contained four-times less 
potassium (0.12 mg/kg). Crustaceous chitosan of medi-
ocre molecular mass was characterized by the highest 
content of sodium (8.60 mg/kg), while in fungal chitosan 
merely 1.93 mg of sodium per kilogram, and in crusta-
ceous chitosan of high molecular mass twice as much 
(3.50 mg/kg) were found. Fungal chitosan was charac-
terized by 3-fold higher contents of calcium (2.90 mg/
kg), compared to crustaceous chitosan of high molecular 
mass (0.91 mg/kg).

It was noted that fungal chitosan had lower content 
of magnesium (0.41 mg/kg), than crustaceous chitosan 
of high molecular mass (1.94 mg/kg). 

Fungal chitosan was characterized by a higher con-
tents of phosphorus (0.08 mg/kg), compared to crusta-
ceous chitosan of high molecular mass (0.01 mg/kg). 

In fungal chitin, the highest contents of all the inves-
tigated elements were observed (Na – 19.93 mg/kg, K 
– 11.65 mg/kg, Ca – 310.88 mg/kg, Mg – 31.50 mg/kg,  
and P – 1.74 mg/kg). It may be concluded that N-deacety
lation process has an enormous effect on the contents 
of mineral elements. Similar results were obtained by 
Tolaimate et al. [31].

The results presented in Table 3 had confirmed that 
N-deacetylation process exerted a significant effect on the 
contents of carbon and hydrogen, as well as on the N/C 
ratio, that considerably increased with respect to fungal 
chitin. The highest content of carbon was found in fungal 
chitosan (40.86%). Fungal and crustaceous chitosans had 
similar hydrogen contents ranged from 6.93% to 6.98%. 
In crustaceous chitosan nitrogen content was lower 
(7.19%), compared to fungal chitosan (7.56%). The N/C 
ratio was the highest in fungal chitosan (0.18%), whereas 
in fungal chitin this ratio was the lowest (0.08%). These 
results may indicate that N-deacetylation process leads 
to increase of selected mineral elements. Similar results 
were obtained by Yen et al. [27] and by Guo et al. [32].

Our studies had shown (Table 4), that fungal chi-
tosan was characterized by viscosity of the value of 58.0 cP 
(centipoises), whereas crustaceous chitosan – 262.1 cP.  
The viscosity of fungal chitosan was nearly five times 
lower than that of crustaceous chitosan. Low viscosity of 
fungal chitosan may be associated with its high deacetyl-
ation degree. Other authors also conluded that the higher 
deacetylation level, the lower viscosity. Therefore, it may 
be concluded that the duration of deacetylation process 
affects also viscosity. Similar results were obtained by 
Chen et al. [25], Chang et al. [28], and Rogovina et al. [33]. 
Significant differences were also observed in the results of 
chitosan viscosity (Table 4).

Based on the empirical calculations of the viscosity 
of molecular mass (Fig. 3) it was found that crustaceous 
chitosan had a higher value than fungal one. The viscos-
ity of molecular mass of fungal chitosan was 69.9 kDa 
and was almost seven times lower than the viscosity of 

the molecular mass of crustaceous chitosan – 354.2 kDa.  
The viscosity of chitosan molecular mass depends on 
deacetylation degree of this polymer. It should be adopt-
ed that the longer deacetylation time, the lower Mv, and 
higher deacetylation degree when one is considering this 
rule. Fungal chitosan was characterized by a high degree 
of deacetylation, which confirmed the calculations of  
the viscosity of molecular mass. Similar results were 
obtained by Chen et al. [25], Chang et al. [28], Rogovina 
et al. [33].

Conclusions
1.	 Fungal chitosan was characterized by a  higher con-

tents of nitrogen, fiber and fat, compared to crustace
ous chitosan.

2.	 Fungal chitosan had lower viscosity and molecular 
mass viscosity than crustaceous chitosan.

3.	 Fungal chitosan had higher deacetylation degree than 
crustaceous chitosan.

4.	 The process of N-deacetylation exerted significant 
effect on the structure and properties of fungal chi-
tosan. The longer duration of deacetylation process, 
the higher the deacetylation degree, and the lower chi-
tosan viscosity. 
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