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Abstract: Chitosan is an extremely valuable polysaccharide and usually obtained from 

crustacean byproduct. In this work, a new non-animal source chitosan is obtained from 

fungal precursors (Ganoderma lucidum spore powders, GLSP) using ultrasound-

assisted deacetylation (USAD), and the effects of processing parameters (irradiation 

time, solid-to-liquid ratio, NaOH concentration, and irradiation power) on the DD 

(degree of deacetylation) of chitosan were investigated. The highest DD value was 

obtained at irradiation parameters of: 20 min, 10% (g: mL) NaOH, 1:25 (g: mL) and 80 

W. In addition, the difference in surface morphology, chemical groups, thermal stability 

and crystallinity of the resulting chitosan with the treatment of various irradiation times 

were examined using the SEM, FTIR, TG and XRD. The results show a new promising 

herbal source of edible chitosan, and the potential material for biomedical applications. 

 

Key words: chitosan; ultrasonics; deacetylation; optimization parameters; functional 

food. 

 

Practical applications 

The chitosan obtained from Ganoderma lucidum spore powders (GLSP) possessed 

many priorities over the chitosan from shells of crustaceans, which involves a multi-

faceted procedure with several economical and consumer related aspects. In the current 

work, chitosan is obtained from an herbal source GLSP using ultrasound treatment and 

the effect of processing parameters on chitosan was investigated. The findings show 
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the development of chitosan from an herbal source with potential in functional food 

applications. 

 

 

 

1. Introduction 

Chitin, a white polysaccharide, not only in the exoskeleton of some insects and shellfish 

(e.g. crabs, shrimps, et al (Mohammed et al., 2013)), but also in the cellular wall of 

fungi and yeast (Álvarez et al., 2014). According to the molecular chain of N-acetyl-D-

glucosamine joined by β- (1-4) glycosidic linkage (Fiamingo et al., 2016), there are 

three different polymeric forms of chitin: α, β and γ (Wan and Tai, 2013). Despite being 

the most abundant polymer after cellulose (Wan and Tai, 2013), chitin cannot be used 

raw unless it has been processed into nanofibers (Safari and Javadian, 2015) or 

converted into chitosan (Delezuk et al., 2011). Therefore, the modifications of chitin 

using chemical methods (Sagheer et al., 2009) or ultrasound irradiation (Birolli et al., 

2016) have been established to make full use of chitin. Chitosan, one of the most 

amount polycationic polysaccharides (Menezes Maciel Bindes et al., 2019), which is 

obtained from chitin following deacetylation (Roberts, 1992). Some authors considered 

the derivative could be named chitosan when the degree of deacetylation (DD) was 

higher than 60% only (Anitha et al., 2014), or whilst others have stated 50% was also 

enough (Sagheer et al., 2009). 
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During the deacetylation process, the GlcNAc unit which is present in chitin converts 

to GlcN and this this the unit that exists in chitosan (Fiamingo et al., 2016). Due to its 

biocompatibility, non-toxicity and biodegradability (Delezuk et al., 2011), chitosan has 

showed various applications in the biomedical engineering field including but not 

limited to drug delivery (Dev et al., 2010), wound healing (Radhakumary et al., 2011) 

and tissue engineering (Ragetly et al., 2010).  

As a result of increased demands for chitosan, deacetylation methods and sources of 

chitin have diversified (Pariser and Lombardi, 1989). Traditionally, thermochemical 

deacetylation (TCD) has been used to convert chitin to chitosan. TCD involves 

treatment using concentrated (30-50%) sodium hydroxide or potassium hydroxide 

solutions combined with relatively high temperatures (80-115°C) and prolonged 

processing time (1-6 hours) (Kurita, 2001; Lamarque et al., 2004). The reactions that 

occur during processing are heterogenous which leads to variation of key characteristics 

and properties of the yielded chitosan (Khong et al., 2012). In addition to this, due to 

the harsh conditions required to yield chitosan, depolymerization cannot be avoided 

(Lamarque et al., 2007). Therefore, many new methods have been proposed to 

overcome the these limitations including microwave-assisted deacetylation (Dahmoune 

et al., 2015), ultrasound-assisted deacetylation (USAD) (Fiamingo et al., 2016) and 

enzyme-assisted process (Tokuyasu et al., 2000). 

  USAD has proved to be an efficient process to convert chitin into chitosan. High 

temperatures (5000-10000K) and high pressures (~100 MPa) can be controlled by using 

cavitation effects of ultrasound irradiation in localized treatment (Godínez et al., 2012). 
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Therefore, deacetylation can be achieved at lower temperatures (50-80°C) with shorter 

reaction times (10-60 min), both of which have contributed to the reduction of 

depolymerization risk (Price, 2003). 

The work presented here sourced chitosan from Ganoderma lucidum spore powder 

(GLSP) using the single probe USAD process. The effects of the process parameters on 

the characteristics of the obtained chitosan was discussed and the said parameters were 

optimized using the Taguchi orthogonal array design. The surface morphology, 

thermostability and the solid state of the resulting chitosan was determined using SEM, 

TG and X-ray diffraction, respectively. The results reported in this study may offer a 

new alternative source of chitosan, and improve the additional value of GLSP relics. 

 

2. Materials and Methods 

2.1 Materials  

GLSP (TianHe Agricultural Group, ZheJiang Long Quan, China) was converted to 

GLSP relics after being extracted according to previous work (Yao et al., 2017) and 

were dried using a vacuum oven (D2F-6020AF, Tianjin GongXing Laboratory 

Instrument Co., Ltd., Tianjin, China) at 65 °C, ~0.95MPa for 3 days. Hydrogen 

peroxide 30% (H2O2 solution), hydrochloric acid, sodium hydroxide (troche), sodium 

chloride (pulvis) and acetic acid were chemical pure and obtained from Sinopharm 

Chemical Reagent Co., Ltd. (Shanghai, China). DI water (deionized water) was 

produced by the Millipore Milli-Q Reference ultrapure water purifier (Millipore, 

Bedford, USA). Commercial chitosan (C6nH11nNO4n) was purchased from Macklin 
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(Macklin Biochemical Co., Ltd., Shanghai, China). All chemicals did not have further 

purification prior to experimentation. 

 

2.2 Preparation of chitosan using USAD process 

The dried GLSP relics were bleached using H2O2 solution at 70 ℃ for 2 h until they 

were light yellow in appearance. The relics were then neutralized using NaOH solution 

and the sediment was collected via centrifugation at 22°C at 10,000 rpm for 10 mins 

(Centrifuge 5810 R, Eppendorf, Germany). For the USAD process, the sediment was 

suspended in a 10% w/v NaOH solution at the ratio of 1:25 (g: mL) in wide mouth 

bottles and were subjected to ultrasound irradiation using a horn-type transducer (Φ 

=13 mm, 20 kHz, 200 W, Sonifier 250m Branson Ultrasonics Co., Ltd). A schematic 

diagram is shown in Figure 1a. During the entire experiment the water in the tank was 

kept at constant volume (2.5 L) and the same distance between the bottles and 

transducers were also kept constant at 20 mm. following irradiation, the sediment was 

collected via centrifugation just as in section 2.1. In this study, the sonication setup was 

equipped with a custom-made refreshing bath allowing the temperature of GLS 

suspension to be monitored and controlled to a temperature of 36.1 °C. It was found 

that the temperature of the transducer and the GLS suspension increased with 

irradiation time (Figure 1b), implying the deionized water will increase to 36.1°C when 

irradiation duration was 30 minutes. Therefore, the experiments here was limited below 

30 mins in order to minimize the effect of temperature. 

 



	 7	

2.3 Characterization 

2.3.1 Morphology assessment 

The effect of ultrasound irradiation on the morphology of the resulting chitosan was 

analyzed using field emission scanning electron microscopy (FESEM) (SEM, Quanta 

FEG650, FEI, China). Samples were coated with a thin layer of gold using a sputter-

coater (108 Auto Cressington Sputter Coater, Ted Pella, INC.) under vacuum for 60 s 

with 25 mA current intensity. 

 

2.3.2 DD (degree of deacetylation), [η] (dynamic viscosity) and 𝐌𝐯 (viscosity 

average molecular weight) measurements 

The degree of deacetylation (DD) was calculated using Eq. (1) and (2) (Brugnerotto et 

al., 2001). 

 A1320/A1420=0.3822+0.03133DA       (1) 

DD (%) =1-DA                    (2) 

 Where, A1320 and A1420 was the absorbance value obtained from FTIR at 1320 cm-1 

and 1420 cm-1, respectively. DA was the acetylation degree. 

The [η] was measured using a viscometer (DV2TLVCJ0, Brookfield, USA) at 

ambient temperature (25 ℃). In brief, a number of resulting chitosan 0.2 M NaCl and 

0.1 M acetic acid solution was prepared with a ratio of 1:1 (v: v) in advance, then adding 

to get suspension. Before measuring the viscosity, the suspension was treated using an 

ultrasonic device (40 kHz, KS-300 EI, Kesheng, Co., Ltd, Zhejiang, China) for 30 mins 
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at ambient temperature (25°C) to obtain a homogenous solution. The [η] was calculated 

with Eq. (3)– (5) (Shangan Lin, 1998).   

𝜂$% =
'(')
')

                      (3)    

		𝜂+ =
'
')

                        (4)   

[𝜂] = .
/
2(𝜂$% − ln𝜂+)           (5)   

Where, the 𝜂0 and 𝜂 was the solution and suspension viscosity, 	respectively. 

And 𝜂$% is the value viscosity of specific viscosity, the 𝜂+ is relative viscosity, 𝑐 is 

the concentration of chitosan in the suspension, g/ mL. 

The Mv was calculated with Mark–Houwink–Sakurada Eq. (6) (Kasaai et al., 

2015): 

[η]=κ	Mvα                      (6)                     

where, the variable parameters κ=1.81×10-3 L/ g and α=0.93 (Maghami and Roberts, 

2010), which depended on solution and temperature (Wang et al., 1991). 

The orthogonal array design L9(34) (Table 1) was employed to optimize the 

irradiation parameters. 

 

2.3.3 Fourier transform infrared spectroscopy (FT-IR) assay 

The effect of ultrasound irradiation on the presence or absence of functional groups in 

the yielded chitosan was confirmed using FT-IR spectroscopy (IR Affinity 1, Shimadzu, 

Japan). Sample pellets were prepared by mixing the sample with KBr powder according 

to the method stated in previous work (Zhi-Cheng Yao, 2016). FTIR spectrums were 

obtained by scanning a range from 4000-400cm-1 at a resolution of 4 cm-1.    
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2.3.4 X-Ray Diffraction (XRD) 

XRD assay on the resulting chitosan was carried out using a X-ray diffractometer 

(Gemini A OHra, Oxford Varian, UK) with the following parameters: 1˚of DivSlit, 10 

mm of DivH.L.Slit, diffraction range (2θ) of 3-60˚, and examined at 40 kV/30 mA. 

Scanning deploying step and step speed was 0.02˚ and 5˚/min, respectively. Thus, the 

crystalline index (CrI) was calculated using the Eq. (7) (Sayari et al., 2016): 

CrI110 (%) = [(I110-Iam)/I110] ×100             (7)                          

where, I110 and Iam was the maximum diffraction intensity and amorphous diffraction 

intensity at 2θ≈ 20˚ and 13˚, respectively. 

 

2.3.5 Thermogravimetric analysis (TGA) 

Thermal behavior of the resulting chitosan was revealed via TGA analysis. A 

thermogravimetric analyser (TGA/DSC1 device, Mettler-Toledo, UK). The samples 

were heated at a rate of 10 °C min-1 from 31°C to 700°C under atmospheric conditions.   

 

2.4 Statistical analysis  

Data for all experiments were performed in triplicate and were given as mean ± standard 

deviation (n=3). Statistical analysis was performed using SPSS ((Statistic Package for 

Social Science)) software (SPSS Statistics v20.0, IBM, UK). An L9(34) Taguchi design 

of experiment was used to evaluate the effects of four factors (Time, NaOH 

concentration, Solid-liquid ratio, and irradiation Power) on the resulting chitosan 
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physicochemical properties (DD, [η] and Mv). ANOVA was used to compare the 

results between multiple groups and to optimize the treatment parameters. The F-value 

is a statistic of F-test, SS-value is the sum of squares, and p-value the is significance of 

one factor on the results. The significant order priority of the effect of four factors on 

the result was determined according to the order from large to small of F-value. The p-

value was labeled with * if the p-value was smaller than 0.05 calculating by SPSS. Then, 

the optimal level for the each of four parameters can be selected based on the range 

analysis (Kij values). These three results (F-value, SS-value, and p-value) were 

obtained from SPSS software. All statistical plots were plotted using Origin software 

(Origin Lab, USA). 

 

3.  Results and discussion 

3.1 Effect of USAD on the DD, [η], 𝐌𝐯, and yield 

Sonication is an emerging technology that was initially developed to minimize 

processing, maximize quality and ensure safe delivery of bio-products. In order to 

optimize the USAD process for herbal based chitosan preparation, the application of 

ultrasound under various process parameters (irradiation time, concentration of NaOH, 

solid-liquid ratio, duty cycle (on time: off time, min: min) and power) on [η], Mv and 

DD was investigated (Figure 2).  

Figure 2a shows the effect of irradiation time on DD, [η] and	Mv. The power (50 W), 

concentration of NaOH (10%, g: mL), solid-liquid ratio (1:10, g: mL) and duty cycle 

(no off time) were kept constant. The DD value increased with increasing irradiation 
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time, and the maximum DD value (79.9 %) was obtained at the 30 min irradiation time. 

The [η] and	Mv was decreased as the prolonged time. This phenomenon was attributed 

to the cavitation effect: high temperature and pressure which had accumulated. Hence, 

more GlcNAc (2-acetamido-2-deoxy-D-glucopyranose) units in chitin were converted 

to GlcN (2-amino-2-deoxy-D-glucopyranose) units during the extended USAD process. 

and chain scission and depolymerization induced by ultrasound (Delezuk et al., 2011; 

Simina et al., 2009), so the [η] and Mv decreased.  

Figure 2b shows the effect of power on DD, [η] and 	Mv . The time (10 min), 

concentration of NaOH (10%, g: mL), solid-liquid ratio (1:10, g: mL) and duty cycle 

(no off time) were kept constant. When the irradiation power increased from 20 W to 

160 W, the DD increased from 75.4% to 83.1%. [η] decreased from 148.1 cP to 59.1 

cP, and	Mv decreased from 1.9×105 g/mol to 7.1×104 g/mol was irradiation power was 

increased. It confirmed that higher ultrasound irradiation power can be used to prepare 

chitosan with higher DD value, lower [η] and Mv value. This may be attributed to the 

fact that the conversion of deacetylation of chitin into chitosan is a heterogeneous 

process, which is dependent on the accessibility of reaction agent (alkaline group) to 

the reactive site (Delezuk et al., 2011). In addition to this, higher ultrasound power can 

generate higher energy and stronger cavitation activity, improving the accessibility to 

the reactive sites and enhancing the depolymerization rate (Delezuk et al., 2011). 

Therefore, greater irradiation power reduces the acetyl content and yields shorter 

molecular chains of chitosan; inducing the resulting chitosan with lower [η] and lower 

Mv value. 
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Figure 2c shows the effects of NaOH solution concentration on [η], Mv and DD. 

For this irradiation time (10 min), power (50 W), solid-liquid ratio (1:15, g: mL), duty 

cycle (no off time) were kept constant. The DD value increased with increasing NaOH 

concentration; increasing from 67.2% to 83.2% when the NaOH concentration was 

increased from 5% to 40%. [η] and Mv decrease as the NaOH concentration increasing, 

from 174.1 cP to 47.1 cP and 2.3×105g/mol to 5.6×104g/mol, respectively. This may be 

due to the fact that the higher concentration of alkaline solution can promote more 

GlcNAc units of chitin by converting the GlcN unit of chitosan, thus inducing the 

depolymerization process via oxidative alkaline hydrolysis (Delezuk et al., 2011). 

Figure 2d shows the effect of solid-liquid ratio on [η], Mv and DD. For this, the 

irradiation time (10 min), NaOH (20%, g: mL), power (80 W), duty cycle (no off time) 

were kept constant. When the solid-liquid ratio is increased from 1:5 to 1:25 (g: mL), 

the DD increases slightly from 81.0% to 82.5%. [η] and Mv increased with increasing 

solid-liquid ratio from 1:5 to 1:15 (g: mL), but the reverse trend is noted when the solid-

liquid ratio is more than 1:15 (g: mL). The maximum values of [η] and Mv were 110.1 

cP and 1.4×105g/mol, respectively, when the solid-liquid ratio is 1:15 (g: mL). It was 

observed that increasing the solid-liquid ratio to more than 1:15 decreased the values 

of [η] and Mv. This may be attributed to the fact that a solid-liquid ratio more than 1:15 

means there was more liquid (NaOH solution) than solid (GLSP relics). Subsequently, 

the depolymerization process was improved since using dilute solvent can minimize the 

depolymerization (Sannan et al., 1975).                                                            
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Figure 2e shows the effect of duty cycle on DD, [η] and	Mv. For this the irradiation 

time (30 min), NaOH (10%, g: mL),	solid-liquid ratio (1:15, g: mL), power (80 W) were 

kept constant. During this experiment, the length of each off time was 1 min and the 

number of off time was variable. Prolonging the off time leaded to an increase in both 

[η] and	Mv, which most likely resulted from the cavitation effect of ultrasound which 

weakened for the length of each irradiation process was shorten as the increase of the 

number of off time, then the depolymerization was weaken and so the [η] and	Mv 

increased. The maximum value of DD was obtained at duty cycle of 30: 1, in which the 

off time was 1 min and the irradiation time (30 min) was divided into two parts. The 

DD results indicated much or less than the suitable off time will hinder the deacetylation 

process, which may be attributed to the fact that the contact of reactive site with sodium 

hydroxide solution was affected by the length of continuous irradiation each time and 

the frequency of off time set. 

It can be concluded that DD is affected by the irradiation power, irradiation time, 

NaOH concentration, solid-liquid ratio and duty cycle. Therefore, USAD is able to 

carry out chitosan conversion by deacetylating the GlcNAc unit with high DD, [η] and 

Mv	. while, the severe depolymerization should be given to avoid, since the continuous 

irradiation will induce chain scission and depolymerization (Simina et al., 2009). 

Figure 2f shows the effects of irradiation time on the yield of chitosan (%yield = 

mc/mG × 100%, mc: mass of chitosan, g; mG: mass of GLSP, g). For this, the irradiation 

power (120 W), NaOH (20%, g: mL), solid-liquid ratio (1:15, g: mL), duty cycle (no 

off time) were kept constant. It was observed that the yield increased from 68.7% to 
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89.9% as the irradiation time was increased from 5 mins to 30. This may be attributed 

to the fact that a longer irradiation time allows more chitin to be converted to chitosan, 

and more soluble ingredients (such as polysaccharide) are removed, thus the yield of 

resulting chitosan increases. The increased yield of chitosan between 20 mins and 30 

mins was smaller than that was observed between 5 and 10 mins; highlighting there 

was a plateau for irradiation time, which is consistent with the application of 

ultrasound-assisted extraction of targets (Xu et al., 2017). 

 

3.2 Effect of USAD on the resulting chitosan morphology 

The effect of USAD with various irradiation times on the chitosan was revealed from 

the differences in morphology (Figure 3). Chitosan yielded from USAD showed to have 

smooth surface (Figure 3b-e) when compared to the surface of the raw material (Figure 

3a). The original oval and intact shape of the raw material is absent after USAD 

processing, with the oval shape only being vaguely visible in Figure 3b. the lack of the 

oval shape may be sue to the ultrasound treatment time being only 5 minutes, hence the 

cavitation effects did not have sufficient time to break the GLSP structure. The 

relatively smoother surfaces morphology showed in Figure 3c-e as compared with that 

of Figure 3b, result from prolonged irradiation time. Some shallow ridge-like bulges 

can be seen in Figure 3c with chitosan samples obtained from irradiation for 10 mins 

while the chitosan obtained from 20 or 30 mins of treatment (Figure 3d & e) exhibited 

much smoother surfaces. These results confirmed that the effect of ultrasound 

irradiation time on the resulting chitosan surface morphology was significant, and that 
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prolonged irradiation time can yield chitosan with much smoother surface morphology. 

The difference in surface morphology during the USAD process may be due to the oval 

structure being destroyed, leaving some shallow ravines the irradiation time was about 

10 min. The surface morphology then became smoother when these ravines disappeared 

following further irradiation (ca. 20 min). Some microvillus formed when the 

irradiation time was 30 min. In conclusion, the cavitation effect generated from 

ultrasound irradiation can smooth the rugged surface, and then break the smooth surface 

again and the bulk mass will turn into the small particles when the treatment is sufficient 

enough.  

 

3.3 FT-IR and XRD analysis 

FT-IR spectroscopy is a useful tool to obtain the information about band properties and 

intensities, therefore, the variation in the number of entities resulted from chemical 

process can be identified (Osman and Arof, 2003). The FT-IR spectroscopy results 

revealed that there were no significant differences among the presence or absence of 

functional groups of the resulting chitosan samples, which showed the strong 

resemblance with the purchased chitosan. As the spectrum shows in Figure 4a, the 

absorbance peak of β-(1,4) glycosidic that exists in chitosan arose at 878 cm-1 (Kumari 

et al., 2015); the amid I, a characteristic band for chitosan, arose at 1656 cm-1 and 1621 

cm-1 for α-chitosan and 1626 cm-1 for β-chitosan (Kucukgulmez et al., 2011). The 

absorbance peaks exhibited at 1320 cm-1 were characteristic of -NH2, -OH, and -CO 

groups (Mahlous et al., 2007); and the absorbance peaks shown at 1420 cm-1 is 
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indicative of CH2 deformation (Mauricio-Sánchez et al., 2018). The stretching vibration 

of -C-O-C reside in glucosamine ring and -CN of acetamide group arose at 1028 cm-1 

and 1455 cm-1, respectively; and the absorbance peak appeared at 2927 cm-1 was the 

vibration of -CH3; other absorbance peaks for chitosan as follows: stretching C-H (2918 

and 2878 cm-1), stretching C=O (1647 cm-1), bending NH2 (1597 cm-1) (Kumari et al., 

2015). Also, the purchased chitosan showed an obvious absorbance peak at 1655 cm-1, 

corresponding to band of amide I (Mauricio-Sánchez et al., 2018). The intensity of this 

peak decreased as irradiation time increased, highlighting that the deacetylation process 

reduced amide content. These results are consistent with a study carried out by Badawy 

et al (Badawy and Mohamed, 2015). The absorbance peak at 1655 cm-1 of raw material-

GLSP FTIR spectra was more obvious than that of resulting chitosan, which confirmed 

the amide content in GLSP was higher than that of chitosan (Badawy and Mohamed, 

2015). Moreover, the differences among the absorbance peak intensities may be as a 

result of the different time periods of irradiation, which generated a difference in 

cavitation effect. 

  XRD analysis was performed to characterize and verify any polymorphs of chitin, 

since the XRD pattern of chitosan was much broader and less intense peaks were 

observed after the deacetylation process, when comparing with chitin (Delezuk et al., 

2011). As the XRD results show in Figure 4b and Table 2, in the work of Kaya et al., 

the characteristic peak appeared at 2θ≈ 21.1˚ (Kaya et al., 2015), while the peaks of 

resulting chitosan in this study appeared at 2θ≈ 20.9˚. Additionally, the four spectra 

showed new intense peaks which shifted to higher 2θ, which was consistent with the 
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previous works (Sagheer et al., 2009; Sayari et al., 2016). The emerging new intense 

peaks indicated the deacetylation process triggered new peaks shifting toward higher 

2θ. Moreover, the characteristic XRD peaks of chitosan from mushroom also revealed 

similar diffraction peaks at around 20.30˚and 20.01˚, respectively (Erdogan et al., 2017). 

 

3.4 TGA 

The effect of USAD on the thermal stability of the resulting chitosan was investigated 

using TG analysis. It was found that the thermal stability of chitosan was less than that 

of chitin due to the acetyl content is lower in chitosan (Tang et al., 2005). The TGA 

results (Figure 5a) shows the chitosan yielded from various irradiation times exhibited 

similar behaviors in the range of 30-700 ℃. The degradation process was triphasic with 

the first stage occurring between 31 and 128 ℃ being the initial weight lost due to 

evaporation of water absorbed on the surface and bound to the chains’ (Delezuk et al., 

2011). The second weight loss event occurred at ~ 369°C due to the degradation of 

saccharide and deacetylated chitin units (Paulino et al., 2006). The largest weight loss 

event occurred between 370 and 477 ℃. This was due to polymer degradation (Álvarez 

et al., 2014). As highlighted in Table 3, the final residual weight proportion of chitosan 

from 5 mins irradiation time was higher than that of 10 min, and chitosan from 20 min 

treatment was higher than that of 30 min. The final residual weight proportion of 

chitosan from 5 min and 10 min was approximately equal to that of 20 min and 30 min, 

respectively. The final residual weight proportion change tendency of these chitosan 

samples was consistent with the results of CrI (Table 2). It confirmed that the thermal-

stability of chitosan differed between chitosan with various CrI; with chitosan with the 
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highest CrI was more stable at the temperature interval of 478 – 700 ℃, and the 

hydrolysis of acetamido groups trigged by the alkaline solution (Mazeau et al., 1994) 

will result in more unordered chitosan chains when compared to chitin (Lavall et al., 

2007). 

Figure 5b shows temperature related degradation speed for these samples, which is a 

differential curve of Figure 5a. The minimum DTG value of the chitosan samples was 

obtained at the same temperature (ca. 416 ℃), and these minimum values change 

tendency were consistent with results of CrI (Table 2). 

 

3.5 The optimization of USAD parameters 

This study evaluated the effects of USAD parameters on DD, [η] and	Mv. Based on the 

results of single-factor experiments (section 3.1) and in view of the economic cost, four 

variables (time, NaOH concentration, solid-liquid ratio, power) were selected to 

identify the optimum parameters. The DD was selected as the dependent variable for 

the orthogonal test as it plays an important role in the properties of chitosan including 

solubility, biological activities, chemical and physical characteristics (Cho et al., 2000).  

The Taguchi’s orthogonal array results are shown in Table 4, which revealed the 

significance of main effects. The optimal irradiation parameters of USAD were 

acquired through range analysis. The DD ranged from 80.75% to 83.99% (Table 4). In 

USAD, the parameter contributions on DD were NaOH concentration＞solid-liquid 

ratio＞time＞power (P＜0.001). In addition, the optimal level for the each of four 

parameters can be revealed based on the range analysis (Kij values). The theoretical 
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maximum DD can be obtained at 10 min, 30% (g: mL) NaOH, 1:25 (g: mL) and 120 

W.(Dev et al., 2010) 

 

4. Conclusion 

The work presented here demonstrated the efficiency of USAD to convert GLSP into 

chitosan using aqueous sodium hydroxide solution. By introducing USAD, the values 

of DD, [η] and	Mv of obtained chitosan were varied depending on specific process 

parameters. Higher power, longer irradiation times and higher concentration of sodium 

hydroxide treatment yielded chitosan with higher DD value but lower values of [η] 

and	Mv. The optimal irradiation parameters of USAD were acquired through results of 

an orthogonal experiment, and the parameter contributions on DD were NaOH 

concentration＞solid-liquid ratio＞time＞power (P＜0.001). The surface morphology, 

functional groups and thermal stability were varied as the different time irradiation 

treated. The thermal-stability of chitosan differed between chitosan with various CrI; 

with chitosan with the highest CrI was more stable at the temperature interval of 478 – 

700 ℃. GLSP was effective as a new source of chitosan, and USAD was an excellent 

method to yield the chitosan. 
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Tables 

 

Table 1 Factors and levels of Taguchi orthogonal array design 

Factor (i) Level (j) 

1 2 3 

A: Time (min) 10 20 30 

B: NaOH (%, g/mL)  10 20 30 

C: Solid-liquid ratio 

(g/mL) 

1:15 1:20 1:25 

D: Power (W) 80 120 160 

 

Table 2 The CrI and 2θ of chitosan obtained from various irradiation time 

 

Table 3 The weight loss of resultant chitosan with temperature rising 

Temperature interval 
(±2℃) 

Weight loss (;<
<)
×100%) of chitosan obtained from 

irradiation time (min) 
5 10 20 30 

31-128 4.98 7.43 10.25 7.45 
129-369 24.44 26.20 26.05 24.95 
370-477 42.82 46.77 37.39 48.12 
478-700 1.73 1.37 1.36 1.18 

Residual weight (%) 26.03 18.23 24.95 18.3 
𝛥𝑚: the lost weight at every temperature interval,	𝑚?: the initial weight of each 

chitosan sample. 

 

Sample 
(min)  

 Results  
 CrI (%) 2θ	(°) 

5   68.27 9.0,19.68,20.90,22.0,22.78,23.58 

10   70.28 9.3,19.68,20.90, 27.5, 31.9,  

20   67.11 9.06,19.68,20.94,23.64, 

30   71.35 9.06,19.68,20.90,22.88,23.6,32.13 
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Table 4 Results of orthogonal experiment 

Run 
# 

Time 
(min) 

Power 
(W) 

NaOH 
(%, g: 

ml) 

Solid-liquid 
ratio (g: 

mL) 

DD (%) [η] 
(cP) Mv	 

(g/mol) 
1 10 80 10 1:15 81.08 c 13.94 6126.88 
2 10 120 20 1:20 83.02 abc 15.33 6696.22 
3 10 160 30 1:25 83.99 a 18.65 8033.21 
4 20 80 30 1:20 81.55 bc 15.86 6909.56 
5 20 120 20 1:25 81.95 bc 14.97 6546.59 
6 20 160 10 1:15 81.43 bc 17.34 7506.48 
7 30 80 20 1:25 82.98 abc 24.23 10248.21 
8 30 120 30 1:15 83.33 ab 13.81 6073.49 
9 30 160 10 1:20 80.75 d 9.56 4313.01 

ANOVA 
analysis 

      

SS 1.7314 1.3429 6.0349 2.5240    
Df 2 2 2 2    
F 20.558 7.910 110.73

3 
25.828    

P-
value 

0.000* 0.003* 0.000* 0.000*    

Range analysis       
Ki1 82.696

7 
81.87 81.086 81.9467    

Ki2 81.643
3 

82.766 82.65 81.7733    

Ki3 82.353
3 

82.056 82.956 82.9733    

Rj 1.0533 0.8967 1.87 1.0267    
Kij: the average response of each factor at various levels, i: factor, j: level; 
Rj: KLmax- KLmin for each factor; 
SS: sum of sequares; 
Df: degree of freedom. 
a Means within a column for DD value followed by the same letter was not 

significantly different at p＜0.05 (Tukey HSD test). 
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Figure legends 

Figure 1 A schematic diagram of the USAD setup (a) and effect of irradiation time on 

temperature of the transducer and the GLS suspension (b). 

Figure 2 Effect of irradiation parameters on DD, [η], Mv,	and yield: a: time; b: 

power; c: concentration of NaOH; d: solid-liquid ratio (w/v); e: duty cycle; f: effects 

of irradiation time on yield of chitosan. 

Figure 3 Effects of USAD with various time on surface morphology of chitosan: a, 

GLSP; b- e, USAD with 5, 10, 20 and 30 min respectively, which combined with the 

other parameters were: NaOH concentration (10%, g: mL), power (80 W), solid-liquid 

ratio (1:15, g: mL), duty cycle (30:1).  

Figure 4 FT-IR results (a) and XRD results (b) of chitosan. 

Figure 5 TG results (a) and DTG results (b) of resultant chitosan. 
Figures  
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