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Abstract 
The filamentous fungus Mucor circinelloides IBT-83 is an excellent producer of 

intracellular lipids. This makes it a promising candidate for large-scale cultivation for 

industrial oil production. However, this process generates significant amounts of defatted 

biomass, which can serve as a source of valuable compounds such as chitosan. It was 

shown that almost 100 g of chitosan (unpurified) can be extracted from 1 kg of defatted 

and dried mycelium of M. circinelloides IBT-83. Pre-dehydration of the mycelium by 

freeze-drying positively affects both the lipid extraction efficiency and the subsequent 

recovery of chitosan. The method developed in this study represents a promising approach 

for increased waste valorisation and supports the production of an industrially important 

biological product. 
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1. Introduction 
Over 60% of biotechnology industries utilise fungi in various processes, including 

brewing, baking, food production, and pharmaceuticals. Thousands of tonnes of fungal 

biomass waste are generated annually, which is typically disposed of through landfilling 

or incineration for convenience [1]. Filamentous fungal biomass produced by fermentation 

is an excellent alternative source of high-quality protein, polysaccharides, glycoproteins 

and other valuable compounds such as lipids (including polyunsaturated fatty acids), 

vitamins and minerals. Several industrially applicable enzymes are isolated from fungal 

cells. In Europe, this biomass is used by many companies, including AB Enzymes, BASF, 

Bayer, DSM, DuPont, Novozymes and Roal Oy [2]. 

So far, the primary commercial sources of chitin have been crab and shrimp shells. 

Approximately 80,000 tonnes of chitin are extracted annually from these marine  

by-products [3]. This biopolymer is converted into its industrially valuable, water-soluble 

derivative, chitosan, through alkaline deacetylation. Due to the seasonal availability of 

marine crustacean shells, the use of filamentous fungi as an alternative source of chitosan 

presents a promising and sustainable option [1]. The cell walls of these microorganisms 

are composed of polysaccharides (such as chitin, chitosan, and glucan) and glycoproteins 

(including mannoproteins, galactoproteins, xylomannoproteins, and glucuronoproteins). 

Filamentous fungi, particularly those in the class Zygomycetes, are a rich source of chitin 

and chitosan [4, 5]. Within this class, the most efficient chitosan producers are found in 

the order Mucorales, specifically within two basal families: Cunninghamellaceae and 

Mucoraceae. The Cunninghamellaceae family includes several high-yielding genera, such 

as Absidia, Cunninghamella, and Gongronella, while the Mucoraceae family comprises 

genera such as Mucor, Rhizomucor, and Rhizopus [5]. 

The first microbiological approach to obtaining chitosan was developed by White, 

Foulton and Farin in 1979. They extracted this biopolymer from purified mycelial walls 

using hydrochloric acid, with yields ranging from 4 to 8% of the dry weight of the cell 

wall material [6]. Filamentous fungi cultivation has several advantages; additionally, it is 

independent of weather conditions, geographical location or season. These 

microorganisms exhibit a fast growth rate, significantly shortening the biomass production 

cycle. It is also possible to use cheap substances as culture medium components, e.g., 

waste products from various industries. Although the microbiological method of obtaining 

chitosan has existed for over 40 years, it has not yet been adopted on a large scale in 

industry. Several companies on the market commercialise chitosan-based products of 

fungal origin, such as Kitozyme, MycoDev Group Inc. and Chibio [5]. A literature review 

showed that fungal chitosan, due to its favourable properties such as a high degree of 

deacetylation and lower molecular weight, is suitable for various industrial applications, 

especially biomedical ones, including drug delivery systems and wound healing. Among 

the advantages of the microbiological approach is the possibility of obtaining chitosan 

with different properties by changing the species and culture conditions [5, 7]. 

Mucor circinelloides IBT-83, originating from the Institute of Molecular and Industrial 

Biotechnology of the Lodz University of Technology, is a high-yielding oleaginous strain 

[8, 9]. It also produces membrane-bound lipase, which is useful in the hydrolysis and 

synthesis of esters [8]. The crude enzyme preparation from defatted mycelium is a source 

of chitosanolytic enzymes and is used for hydrolysis, producing biologically active 

chitosan oligomers [10, 11]. Obtaining lipids based on the above-mentioned strain 

involves leaving large amounts of used defatted biomass, which can be a source of 

valuable substances, in addition to the above-mentioned enzymes. The study’s objective 
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was to confirm the possibility of using the waste biomass of M. circinelloides IBT-83 

strain (after lipid extraction) as a source of chitosan.  

 

 

2. Materials and Methods 
2.1. Materials 

Corn steep liquor powder was purchased from Roquette (Belgium). Used cooking oil 

(rapeseed oil “Kujawski” from ZT “Kruszwica” S.A., Poland) was obtained from a local 

food service establishment. All other chemicals used in this study were of analytical grade. 

 

2.2. Microorganism and Culture Conditions 

The study used the strain of filamentous fungus Mucor circinelloides IBT-83 from the 

culture collection of the Institute of Molecular and Industrial Biotechnology of the Lodz 

University of Technology (GenBank database with accession numbers KR056084, 

KR056083). M. circinelloides IBT-83 was cultured in a 30 L Techfors-S fermenter (Infors 

HT, Switzerland) filled with 18 L of medium (3.7 (w/v) corn steep liquor powder, 2.7 (v/v) 

used cooking oil, pH 4.7). The strain was cultivated for 72 hours at 30°C with stirring at 

100 rpm and aeration at 1 vvm, following the previously described methodology [12]. 

After cultivation, the mycelium was harvested by filtration (filter funnel with sintered 

disc G2) and washed with distilled water. The biomass was thoroughly squeezed to 

remove excess water and minimise moisture content, then divided into two portions.  

One portion was freeze-dried (–30°C, 0.37 mbar, Alpha 1-4 freeze dryer, Christ, 

Germany). The overall experimental scheme is shown in Figure 1, which also includes the 

steps of lipid and chitosan extraction from the obtained fungal biomass, as described in 

Sections 2.3 and 2.4, respectively. 

 

 

Figure 1. General scheme of the research: cultivation of M. circinelloides IBT-83, 

extraction of lipids and chitosan from filamentous fungal biomass. 
 

2.3. Lipids Extraction From the Mycelium of M. circinelloides IBT-83 

The fungal biomass was transferred to a Reactor-Ready system (5 L, Radleys, United 

Kingdom), and acetone or one of the following organic solvent mixtures was added: 

hexane:isopropanol (2:1, v/v); hexane:isopropanol (3:2, v/v) or hexane:isopropanol  

(1:2, v/v). For each gram of biomass (DW), 10 mL of the solvent or solvent mixture was 

used. Lipid extraction was carried out three times, with each extraction lasting 15 minutes 

at room temperature. The extracted lipids and residual biomass were subsequently dried 

at room temperature for 48 hours and weighed. 
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2.4. Chitosan Extraction From the Mycelium of M. circinelloides IBT-83 

Chitosan extraction from M. circinelloides IBT-83 mycelium included the following 

stages: 

• Alkaline treatment. 15 g of defatted and dried mycelium was suspended in 1 L of 1 M 

NaOH solution and heated at 100°C for 2 h, with mixing at 100 rpm. The alkali-

insoluble fraction was centrifuged at 10,000 rpm for 10 min, washed with distilled 

water to neutral pH and centrifuged again. 

• Acid treatment. The pellet was suspended in 5% acetic acid solution (1:40, w/v)  

at room temperature for 12 h, mixing at 100 rpm. The acid-insoluble component was 

removed by centrifugation at 10,000 rpm for 10 min. The chitosan contained in the 

supernatant was precipitated by adjusting the pH to 10 with 2 M NaOH, then filtered, 

washed first with ethanol and then repeatedly with distilled water until a neutral pH 

was achieved. The obtained chitosan was freeze-dried (–30°C, 0.37 mbar, Alpha  

1-4 freeze dryer, Christ, Germany). 

 

2.5. Determination of the Average Molecular Weight of Chitosan 

The average viscosity molecular weight (Mv) of chitosan was calculated based on the 

intrinsic viscosity (ηi), determined at a temperature of 25 ± 0.10°C. The viscosity was 

measured in an Ubbelohde dilution viscometer (Schott GmbH, type 53110/I) using 

a kinematic viscosity determination system (Schott CT52). Freeze-dried chitosan was 

used to determine the Mv. The chitosan was dissolved in a solvent system proposed by 

Roberts [13], consisting of 0.1 M sodium chloride, 0.2 M acetic acid, and 4.0 M urea.  

The detailed procedure has been described elsewhere [14]. 

 

2.6. Fourier Transform Infrared Spectroscopy Analysis 

The chemical structure of fungal chitosan samples was determined by Fourier Transform 

Infrared Spectroscopy (FTIR) using a Thermo Scientific NICOLET 6700 FTIR 

spectrophotometer. Spectra were recorded at room temperature in the wavenumber range 

of 4000 - 400 cm-1 using the Attenuated Total Reflectance (ATR) mode. Each spectrum 

represents the average of 32 scans collected at a resolution of 4 cm-1. The chitosan degree 

of deacetylation (DD%) was calculated using the formula [15]: 

DD%  = (1 −
𝐴1650 

𝐴3450 · 1.33
) · 100% (1) 

where: 

A1650 – absorbance of the band at 1650 cm-1 (amide I), analytical band; 

A3450 – absorbance of the band at 3450 cm-1 (hydroxyl band), internal reference; 

1.33 – the factor representing A1650/A3450 ratio of fully N-acetylated chitin. 

 

2.7 Statistical Analysis 

Measurements were taken in triplicate, and the results were expressed as mean ± standard 

deviation. 

 

3. Results and Discussion 
M. circinelloides IBT-83 produces oils and accumulates them inside the mycelium, both 

de novo (when sugars are the only carbon source) and ex novo (when lipids, e.g. oils, are 

the carbon source). This fungus, therefore, has significant potential for oil production in 

culture media based on various types of food industry waste [8, 9]. This approach could 

be used to produce microbial oil, for example, as a sustainable feedstock for biodiesel 
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production [8, 16, 17]. As a result of this process, large quantities of spent, defatted fungal 

biomass would be generated as a by-product, which could serve as a source of valuable 

substances such as chitosan. 

Commonly known and applicable lipid extraction procedures, such as Bligh-Dyer [18] 

or Folch [19], use chloroform and methanol to improve the accessibility and solubility of 

polar lipids, improving the overall lipid extraction efficiency. Unfortunately, due to the 

toxicity of chloroform and methanol, various combinations of less toxic solvents such as 

hexane and short-chain alcohols are often used [17]. Therefore, the study used different 

organic solvents (hydrophilic and hydrophobic and their mixtures) for lipid extraction.  

It was determined how their use would affect the next stage of fungal biomass utilisation, 

i.e., chitosan extraction. Lipid recovery was performed using both water-containing and 

freeze-dried biomass. The presence of water may reduce the efficiency of solvent-based 

extraction, possibly due to limited mass transfer and emulsion formation [17].  

The extraction procedure applied in this study yielded a crude chitosan complex that still 

contained various non-chitosan components and therefore requires further purification. 

The presence of pigments, residual lipids and proteins, and other impurities may adversely 

affect the final product’s physicochemical properties, quality, and potential applications. 

Table 1 presents the yield of the chitosan complex obtained from Mucor circinelloides 

IBT-83 biomass, depending on the pretreatment method applied.  

It has been found that the yield of chitosan complex separated from M. circinelloides 

IBT-83 mycelium was equal to 35 - 99 g/kg of waste, defatted and dried biomass (Table 1). 

The water in the mycelium obtained after the culture adversely affects the lipid extraction 

and the separation of chitosan. Initial dehydration of the mycelium by freeze-drying 

affected the extraction of lipids and, consequently, chitosan from the biomass. Our studies 

revealed that the mixture of hexane: isopropanol in a ratio of 3:2 v/v was the best for fungal 

oils extraction. Extraction of lipids with the mixture of these solvents in combination with 

pre-lyophilisation of biomass also gave the highest efficiency of chitosan separation, up 

to 98 g per 1 kg of defatted and dried biomass.  

Among filamentous fungi, Absidia coerulea is recognised as one of the most efficient 

chitosan producers, with reported yields exceeding 300 g/kg of dry biomass [5, 20]. Within 

the genus Mucor, several species, including M. circinelloides, M. rouxii, M. rouxianus, 

M. racemosus, and M. indicus, have also been identified as promising chitosan producers. 

However, chitosan yields among Mucor species vary considerably, influenced by factors 

such as strain specificity, cultivation conditions, and the composition of the growth 

medium [5]. 

The study confirmed that the strain Mucor circinelloides IBT-83 exhibits a high 

chitosan production potential, reaching approximately 100 g/kg of defatted and dried 

biomass, making it a promising fungal producer of this biopolymer. In comparison, 

another strain of the same species, M. circinelloides UCP 050, achieved a lower chitosan 

yield of 64 g/kg in submerged fermentation using an economical yam bean-based medium. 

The Mv and DD values of the chitosan were 2.70·104 g/mol and 83%, respectively [21]. 

Chitosan obtained from UCP 050 showed efficacy in inhibiting the growth of the 

pathogenic fungi Aspergillus niger URM 5162 and Rhizopus stolonifer URM 3482 [22]. 

A slightly higher chitosan production efficiency of 112 g/kg was noted for 

M. circinelloides ZSKP. In the case of this strain, lipids were also produced 

simultaneously with chitosan [23]. There are limited scientific publications regarding the 

chitosan extraction from M. circinelloides.  
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Table 1. Effect of M. circinellides IBT-83 biomass pre-treatment on the amount of 

chitosan complex. 
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A good producer of chitosan is the M. indicus strain. The study by Safaei et al. [24] showed 

the maximum chitosan yield of 51% of the cell walls. Other species, such as M. rouxii 

UCP 064 [25] and M. subtilissimus UCP 1262 [26], have also shown the ability to produce 

chitosan, but with lower yields: 62 g/kg and 32.41 g/kg of dry biomass, respectively.  

The deacetylation degrees for these chitosans were 85 and 80%. 

To evaluate the physicochemical properties of chitosan extracted using 

a hexane:isopropanol mixture (3:2, v/v) from previously lyophilised M. circinelloides 

IBT-83 biomass, the degree of deacetylation (DD) and average molecular weight (Mv) 

were determined. The DD was assessed using Fourier-Transform Infrared Spectroscopy 

(FTIR), a widely accepted technique. This method relies on identifying and quantifying 

characteristic absorption bands corresponding to functional groups in the chitosan 

structure. Specifically, the ratio of the absorbance of the amide I band (approximately 

1655 cm-1) to that of the hydroxyl group band (around 3450 cm-1) is commonly used to 

estimate the DD [27]. The obtained FTIR spectrum for the chitosan complex derived from 

M. circinelloides IBT-83 is presented in Figure 2. 

 

 

Figure 2. FTIR spectra of chitosan complex extracted from M. circinelloides IBT-83 

biomass using hexane:isopropanol (3:2, v/v) (freeze-dried biomass). 

 

The characteristic peaks of the tested sample are comparable to those observed in other 

studies of fungal chitosan [3, 28]. It is important to emphasise that the obtained chitosan 

requires additional purification to improve its quality; post-purification, the FTIR 

spectrum should exhibit higher resolution and more distinct peaks. These impurities 

(pigments, proteins, etc.) can affect the physicochemical properties of chitosan, such as 

DD, Mv and solubility, which are critical for its intended applications. Based on the FTIR 

analysis (Figure 2), the DD of the chitosan sample was calculated to be 68%, indicating 

a low level of deacetylation, which can significantly influence its solubility and biological 

activity. The obtained DD result should be confirmed in subsequent tests using other 

methods, e.g. potentiometric titration. FTIR analysis was presented only for this sample 

because it was considered the most thoroughly defatted.  
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Furthermore, the Mv determined using the viscometric method as described in 

Section 2.5 equals 188.7 ± 2.5 kDa, classifying the material as medium molecular weight 

chitosan. These parameters are essential for determining the potential applications  

of chitosan in biomedical, pharmaceutical, and environmental fields. It is worth noting 

that no issues were encountered with the complete dissolution of the chitosan in the solvent 

system used for analysis. 

 

 

4. Conclusions 
Mucor circinelloides IBT-83 has demonstrated great potential as a sustainable source for 

the biotechnological production of chitosan. In addition to its well-established ability to 

accumulate intracellular lipids, this filamentous fungus enables the efficient reuse of 

defatted biomass as a valuable source of chitosan. The high yield of approximately 100 g 

per kg of defatted and dried biomass, combined with the organism’s capacity to grow on 

low-cost media and agro-industrial residues, highlights its suitability for industrial-scale 

applications.  

Compared to traditional sources of chitosan, such as crustacean shells, fungal chitosan 

offers several key advantages: it can be produced under controlled fermentation 

conditions, its production supports the principles of the circular economy by utilising 

fermentation by-products, and it is independent of chitin production from shrimp or crab 

shells. Once purified, this chitosan can be modified to yield a polymer tailored to specific 

applications. Furthermore, fungal chitosan has been reported to exhibit improved 

solubility, enhanced antimicrobial activity and favourable molecular weight properties, 

making it particularly attractive for industrial applications [5]. 

The chitosan yield from M. circinelloides IBT-83 is competitive and potentially 

advantageous for industrial applications, particularly due to the efficient utilisation of 

defatted biomass as a feedstock. Importantly, this strain was cultivated on waste-derived 

substrates, specifically corn steep liquor and waste rapeseed oil, which positively impacts 

the process’s economic and environmental aspects. However, the crude chitosan obtained 

still requires further purification to remove residual proteins, pigments, and other 

impurities that may affect its quality and functionality. Future research will focus on 

optimising the purification protocol and thoroughly characterising the bioactivity and 

physicochemical properties of the chitosan, which may expand its applicability across 

pharmaceutical, agricultural, and environmental sectors. 

In conclusion, M. circinelloides IBT-83 provides an efficient, sustainable and 

industrially relevant platform for large-scale chitosan production, contributing to waste 

valorisation and developing high-value bioproducts. 
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