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Abstract: Nonionic surfactants are reported as being able to enhance enzyme stability and increase
the conversion of enzymatic reactions. Surfactant-assisted enzymatic hydrolysis conversion is affected
by surfactant HLB values. This work investigated the influence of nonionic surfactants with different
HLB values on chitosan enzymatic hydrolysis using cellulase enzyme by measuring the reducing
sugars formation, viscosity, and molecular weight of hydrolyzed chitosan. A characterization analysis
of hydrolyzed products was also carried out. A higher HLB value exhibits a better enzymatic
chitosan hydrolysis performance, shown by the decrease in a solution’s viscosity and the increase in
reducing sugar formation. Increasing the surfactant concentration will also increase the hydrolysis
rate. Nonionic surfactants can protect cellulase enzyme from the denaturation of temperature and
stirring influence. The higher the HLB value, the lower the molecular weight of the hydrolyzed
chitosan. The result of UV–Vis demonstrated aldehyde groups formation during hydrolysis. The
SEM analysis showed that the chitosan, hydrolyzed using different HLB values of surfactants, had
different surface morphologies. However, it did not change the chemical structure of the hydrolysis
product seen by the FTIR analysis. The XRD patterns showed that the relative crystallinity of raw
chitosan decreased when hydrolyzed with surfactants.

Keywords: nonionic surfactant; HLB value; enzymatic hydrolysis; chitosan; cellulase

1. Introduction

Chitosan is a polycationic natural derivative of chitin, which is considered the main
building component of crustacean shells [1,2]. This biopolymer comprises two common
sugars: glucosamine and N-acetylglucosamine [3]. Chemically, chitosan is a linear copoly-
mer of (1→4)-linked 2-acetamido-2-deoxy-β-D-glucan and 2-amino- 2-deoxy-β- D-glucan
units in varying proportions [2]. Chitosan is nontoxic, biocompatible, and biodegradable.
It also has a high tensile strength and antimicrobial activity. These advantageous properties
make possible the use of chitosan in many applications, especially in the food, biomedical,
and pharmaceutical industries [1,4–6]. However, the high molecular weight of chitosan
results in its high viscosity and low aqueous solubility at a neutral pH, which limits its
potential application [5,7].

Several methods to produce a water-soluble, low-molecular-weight chitosan have
been attempted, in order to improve its solubility and applicability. Usually, a chemical or
enzymatic hydrolysis of the chitosan polymers is used to prepare low-molecular-weight
chitosan. Chemical hydrolysis is preferred because it is simple, practical, and gives a high
yield [4]. The drawbacks of this method are the extreme reaction condition requirements
(high temperature and pressure, extreme pH condition, etc.) and a composition of the
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final product that is difficult to control [8]. Enzymatic reactions require mild operating
conditions, are more specific, and are easier to control [8,9]. The specific enzyme of chitosan
hydrolysis is chitosanases. This enzyme is expensive and has a limited availability [4,9]. The
enzyme is also not very stable at different temperatures and pHs or in solvents and stirring
interactions [10]. Moreover, the main disadvantage of enzymatic hydrolysis is its low
efficiency [11,12]. Consequently, this condition inhibits its use in large-scale applications.

One strategy that can improve enzymes’ stability and enhance their conversion is the
introduction of surfactants in enzymatic hydrolysis. Surfactants are amphiphilic molecules
containing two parts: hydrophilic groups (their heads) and hydrophobic groups (their
tails). Surfactants are liquid soluble; hydrophobic and hydrophilic sides can reduce the
surface and interfacial tensions that cause adsorption at the interface [13]. Yang et al. [14]
reported that tween effectively enhanced the enzymatic hydrolysis rate of microcrystalline
cellulose using cellulase. Nonionic surfactants have the best performance compared to
anionic and cationic surfactants. The nonionic surfactant increased the reaction rate of
the enzymatic hydrolysis of cellulose. In contrast, the presence of amphoteric, cationic,
and anionic surfactants decreased the hydrolysis rate [15,16]. In addition to non-food
grades, anionic and cationic surfactants can lead to cellulase flocculation via electrostatic
interactions. The interactions between ionic surfactants and the enzyme molecules lead to
the denaturation of the enzyme [13].

In biomass hydrolysis, nonionic surfactant addition can reduce the non-productive
adsorption of enzymes onto lignin [17]. The surfactant addition on the enzymatic hydrolysis
of treated lignocellulose could reduce the non-productive adsorption of cellulase on lignin.
The hydrophobic part of the surfactant can bind to the residual lignin of the substrates
through a hydrophobic interaction, thus preventing cellulase adsorption on lignin [18].

The performance of surfactant molecules depends on several properties, including
molecular structure, type of electrolyte, hydrophilic–lipophilic balance (HLB), and con-
centration [19,20]. HLB is the strength balance of a surfactant molecule’s hydrophilic and
lipophilic groups. The greater the HLB value, the more water-soluble the molecule is
and vice versa [21]. Previously, Rokhati et al. [22] studied the Tween 80 surfactant addi-
tion on the enzymatic hydrolysis of chitosan using cellulase enzyme. The study results
showed that Tween 80 could improve the formation rate of reducing sugars. The aver-
age molecular weight of the hydrolyzed chitosan with Tween 80 was lower than without
Tween 80 addition.

The potential uses of chitosan have driven us to discover more on the advancement
of chitosan enzymatic hydrolysis. It has been hypothesized that the properties of the
surfactants used in enzymatic hydrolysis strongly influence the process. However, the
in-depth understanding of the interaction between chitosan enzymatic hydrolysis and
nonionic surfactants and their effects has not yet been investigated. Moreover, the research
on the utilization of nonionic surfactants in chitosan hydrolysis is limited because most
research utilized surfactants for other polymer hydrolysis processes (e.g., cellulose).

The use of nonionic surfactants is expected to improve the performance of the chitosan
enzymatic hydrolysis process. Therefore, this experimental study of nonionic-surfactant-
assisted enzymatic hydrolysis of chitosan regarding its effects and interaction was con-
ducted. Since nonionic surfactants have specific HLB values, it is necessary to discover the
effect of HLB values on the performance of chitosan enzymatic hydrolysis. Furthermore,
the effects of the surfactant on the cellulases enzyme adsorption and desorption onto/from
the chitosan substrate were also addressed.

2. Materials and Methods
2.1. Materials

Research materials used in this study were food-grade chitosan (deacetylation de-
gree of 85.78%) provided by PT. Biotech Surindo, Cirebon, Indonesia. Cellulase enzyme
from Aspergillus niger, potassium ferricyanide (K3(Fe(CN)6)), glucosamine, and Span 20
(CAS: 1338-39-2) were purchased from Sigma-Aldrich, Germany. Acetic acid glacial
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(CH3COOH), sodium acetate (CH3COONa), sodium carbonate (Na2CO3), Tween 20
(CAS-No: 9005-64-5), Tween 80 (CAS-No: 9005-65-6), as well as Span 80 (CAS-No: 1338-43-8)
were purchased from Merck, Germany.

2.2. The Hydrolysis of Chitosan

Chitosan solution of 1% (w/v) was prepared by dissolving chitosan powder in 0.1 M
acetic acid/sodium acetate buffer solution (pH 4.7). Then, every 50 mL of chitosan solution
was mixed with a surfactant. Subsequently, cellulase enzyme was added with the ratio of
1:100 (w/w chitosan). The surfactants used in this study were Tween 20, Tween 80, Span 20,
and Span 80, while the concentration of each surfactant was 0%, 1%, 2%, 4%, 7%, 10%, and
15% (w/w chitosan). The mixture was placed in an incubator shaker for hydrolysis at a
certain temperature (35, 40, 45, 50, and 55 ◦C) with various agitation speeds of 100, 150, 200,
and 250 rpm. The hydrolysis time itself varied from 4 to 72 h. After hydrolysis, the enzyme
was deactivated by heating the solution for 10 min in boiling water.

2.3. The Characterization of Chitosan Hydrolysis Product

Several analysis methods were performed to evaluate the performance of surfactant-
assisted chitosan hydrolysis. The colorimetric method was used for detecting the cellulase
activity that depended on a chemical redox reaction; this involved the reducing ends of
the hydrolytic products [23]. In this study, the Schales’ procedure [9] was used. Potassium
ferricyanide of 0.05% w/v was dissolved into 0.5 M potassium carbonate solution stored in
a dark bottle. Then, 2 mL of the reagent and 1.5 mL of hydrolyzed solution were mixed
in a tube stoppered with aluminum foil. The mixture was heated afterward for 15 min at
100 ◦C, followed by cooling it to room temperature and filtering. The mixture solution’s
absorbance was measured at 420 nm using a spectrophotometer (Genesys™ 20 Visible
Spectrophotometer). A standard curve with D-glucosamine HCl as the standard solution
was made with the absorbance data using linear regression analysis to estimate the total
reducing sugars.

The hydrolyzed product’s molecular weight was estimated using the empirical correla-
tion of molecular weight and intrinsic viscosity of solution [24]. The solutions in which the
molecular weight would be measured were the raw chitosan and the hydrolyzed chitosan
samples. The average molecular weight (M) was calculated using the Mark–Houwink
empirical equation, as presented in Equation (1):

[η] = 1.81.10−3M0.93 (1)

where [η] is the intrinsic viscosity that can be determined using Equation (2):

[η] =
(ηsp

C

)
C→0

= (ηred)C→0 (2)

where C is in g/mL. Intrinsic viscosity is defined as reduced viscosity (ηred) extrapolated
to a chitosan concentration (C) of zero, while ηsp is the specific viscosity, which can be
calculated by using the Equation (3):

ηsp =
t− t0

t0
(3)

The powder form of hydrolyzed solutions was required for further characterization
analysis. The hydrolyzed solution was added with NaOH 0.1 N until pH 8–9 was achieved
to precipitate the chitosan. Then, it was centrifuged for 20 min at a speed of 2000 rpm and
later washed with ethanol, filtered, and dried.

The aldehyde group formed by the cleavage of the glycosidic bond in the chitosan
chain after hydrolysis was monitored by UV–Vis spectrophotometry (Spectrophotometer
Hitachi UH-900). The redox reaction between the Schales reagent and the aldehyde group
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of chitosan would change the color of the solution. The solution absorbance was recorded
at a wavelength range between 350 and 500 nm.

The raw and hydrolyzed chitosan were also characterized using Fourier transform
infrared (FTIR), scanning electron microscope (SEM), and X-ray diffraction (XRD). FTIR
analysis of the sample was performed using PerkinElmer Spectrum IR 10.6.1 in the wave-
length range of 500–4000 cm−1. The morphology of chitosan powder was observed by
SEM (JEOL JSM-6510LA SEM, Japan) at an acceleration voltage of 10 kV. XRD pattern of
chitosan was obtained by Shimadzu Lab XRD-7000 diffractometer with a CuKα target at
30 kV and 30 mA at 20 ◦C.

3. Results and Discussion
3.1. The Effect of Surfactant HLB Value

The total reducing sugars in the final products were analyzed to investigate the effect
of nonionic surfactant HLB value of chitosan hydrolysis. The profile of reducing sugar
concentration, as a function of hydrolysis time with various surfactant types, is shown
in Figure 1A. The surfactants used in this study were Tween 20, Tween 80, Span 20, and
Span 80, with HLB values of 16.7, 15, 8.6, and 4.3, respectively [25–27].
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Figure 1. The effects of surfactant type at the different reaction times on the formation of reducing
sugars (A) and solution viscosity (B). The chitosan concentration and surfactant concentration were
1% (w/v) and 7% (w/w).

In the chitosan hydrolysis reaction, a glycosidic bond cleavage produces the aldehyde
group that has a reductive property [28]. The reducing sugars formation proves the
presence of enzymatic hydrolysis activity. On the other hand, the degradation of the
linear polysaccharides causes the solution’s viscosity, and the molecular weight of chitosan
decreases [22]. Therefore, the reaction rate of chitosan hydrolysis could be studied by
measuring the solution viscosity, as shown in Figure 1B. The total reducing sugars and
solution viscosity were key parameters for investigating the effect of surfactant HLB value
on chitosan hydrolysis.

Figure 1 shows that adding all types of surfactants significantly enhanced the en-
zymatic hydrolysis of chitosan. The highest increment of reducing sugar formation was
achieved by the hydrolysis process with the addition of Tween 20, followed by Tween 80
and Span 20, and the lowest was achieved with the addition of Span 80. This result indi-
cates that the increase in the HLB value of the surfactant is followed by an increase in the
enzymatic hydrolysis rate of chitosan.

Enzymes are protein compounds composed of hydrophilic amino acids. During the
enzymatic hydrolysis reactions, enzymes formed complexes with substrates. After the
reaction was complete, the enzyme was desorbed from the substrate functional group to
adsorb another substrate functional group. Therefore, the enzymes’ rate of adsorption and
desorption to and from the substrate significantly affected enzymatic hydrolysis [29].

Interactions between surfactants and polymers occur through hydrophobic interac-
tions and hydrogen bonds [30], also illustrated in Figure 2. The presence of an acetyl group
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causes chitosan to have amphiphilic properties. The HLB scale ranges are from 0 to 20,
where higher HLB means a higher hydrophilicity. According to Chiappisi [31], the free sur-
factant molecules are adsorbed at the air–water interface at low concentrations (Figure 2A).
The hydrophilic part of the surfactant is oriented towards the water, while the hydrocarbon
chain (tail) leads to the hydrophobic part of the chitosan polymer [32]. The interaction
between the surfactant tail and the hydrophobic group of chitosan causes the dispersion of
the chitosan–surfactant mixture (Figure 2B). The hydrophobic part of the surfactant avoids
the chitosan solution. In contrast, the surfactant head (hydrophilic sides) points outward.
It interacts with the surrounding solution, while the hydrocarbon tail is in the middle and
forms free micelles (Figure 2C). The presence of the hydrophobic groups (acetyl group)
cause chitosan to associate with itself. This will inhibit enzyme–substrate contact. In the
next formation of micelle, the hydrophilic chains of chitosan and enzymes (hydrophilic)
will be solubilized on the micellar surface (Figure 2D). This condition will cause the reactive
group of the substrate to be easily accessed by the enzyme. The enzymatic chitosan hydrol-
ysis with a higher HLB value of surfactant can increase the contact probability between the
enzyme and the substrate. Thus, Tween 20 could produce notably more reducing sugar than
the other surfactants. This result is supported by the previous study by Zheng et al. [33],
which found that cellulose conversion with Tween 20 was higher than Tween 80.
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3.2. The Effect of Surfactant Concentration

The introduction of the nonionic surfactant in the enzymatic hydrolysis of chitosan
indeed has a significant effect on enhancing the conversion of the reaction, as discussed in
the previous section. The effect of the surfactant concentration on enzymatic hydrolysis
performance was further evaluated. The profiles of total reducing sugar increment and
solution viscosity decline at various concentrations of the surfactant, as depicted in Figure 3.

Figure 3 shows that at low surfactant concentrations (below 5 % w/w), the conversion
was drastically enhanced, as indicated by the sharp increment of total reducing sugar
and the viscosity decline. However, increasing the surfactant concentration eventually
decreased the rate of chitosan degradation indicated by the low increment of total reducing
sugar. In other words, there is a critical concentration where the presence of the surfac-
tant exhibits a positive effect below a critical point and shows the opposite effect at a
higher critical point. The possible answer to this phenomenon could be that the surfactant
molecules interact with the chitosan chain at low concentrations. Increasing the surfactant
concentration will form micelles that produce crosslinks between the chitosan chains. The
further increase in surfactant concentration will produce more free micelles interacting
with the enzymes. Consequently, this weakens the adsorption of the cellulase enzyme to
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the chitosan functional group [31]. Therefore, a higher surfactant concentration exhibits a
better enzymatic hydrolysis performance of chitosan.
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Figure 3. Total reducing sugar (A) and viscosity decline (B) profile in the chitosan enzymatic
hydrolysis for 24 h with various surfactant concentrations.

Interestingly, Figure 3 also shows that increasing Tween 20 concentration by up to
15% w/w significantly increased the reducing sugar and decreased the viscosity. Enzymes
are protein compounds composed of hydrophilic amino acids. Tween 20 has an HLB value
of 16.7, which provides a very hydrophilic environment that potentially increases the rate
of enzyme desorption from substrate functional groups to further adsorb other substrate
functional groups [29].

3.3. The Effect of Operating Temperature

Enzymatic hydrolysis is a hydrolysis process that utilizes the bio-catalyzing ability of
a protein so that its activity is very sensitive with the operating condition. In this study,
several enzymatic hydrolysis processes of chitosan were conducted at varying temperatures
to evaluate its influence on the performance of enzymatic hydrolysis. The temperatures
used in the hydrolysis process were 35, 40, 45, 50, and 55 ◦C. The observed total reducing
sugars and viscosity are depicted in Figure 4.

ChemEngineering 2022, 6, 17  7  of  13 
 

 

Figure 4. The profile of total reducing sugars increment (A) and viscosity decline (B) in the chitosan 

enzymatic hydrolysis at various temperatures. 

Enzymes consisting of amino acid units tend to be hydrophilic. Hydrophilic interac‐

tions between enzymes and surfactants can protect a three‐dimensional structure of pro‐

teins from denaturation. Zheng et al. [32] found that the optimum temperature for enzy‐

matic hydrolysis with surfactants (Tween 80 and Tween 20) was about 10 °C higher than 

without the addition of the surfactants. Accordingly, hydrolysis with a surfactant addition 

could withstand the process at a higher temperature, causing an increase in reducing sug‐

ars formation and a viscosity reduction, while the total reducing sugars formation on non‐

surfactant‐assisted hydrolysis plummeted at 55 °C. 

3.4. The Effect of Stirring Speed 

One of  the  important parameters  in  the  liquid‐phase  reaction process  is agitation 

speed, which keeps the particles in a suspension state in the vessel. An optimum agitation 

speed is required to promote a higher contact probability among the reactants. For evalu‐

ating the effect of stirring speed on the enzymatic hydrolysis of chitosan, hydrolysis pro‐

cesses with various agitation speeds were prepared. The agitation speed in the incubator 

shaker was adjusted at the range of 100–250 rpm in the hydrolysis reaction of chitosan for 

24 h. As presented in Figure 5, the results show that the higher agitation speed resulted in 

a greater total of reducing sugars. 

 

Figure 5. The effects of the stirring speed on the formation of reducing sugars (A) and viscosity (B) 

at the various types of surfactant. The reaction time was 24 h. 

Figure 4. The profile of total reducing sugars increment (A) and viscosity decline (B) in the chitosan
enzymatic hydrolysis at various temperatures.

Enzymes consisting of amino acid units tend to be hydrophilic. Hydrophilic inter-
actions between enzymes and surfactants can protect a three-dimensional structure of
proteins from denaturation. Zheng et al. [32] found that the optimum temperature for
enzymatic hydrolysis with surfactants (Tween 80 and Tween 20) was about 10 ◦C higher
than without the addition of the surfactants. Accordingly, hydrolysis with a surfactant ad-
dition could withstand the process at a higher temperature, causing an increase in reducing
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sugars formation and a viscosity reduction, while the total reducing sugars formation on
non-surfactant-assisted hydrolysis plummeted at 55 ◦C.

3.4. The Effect of Stirring Speed

One of the important parameters in the liquid-phase reaction process is agitation speed,
which keeps the particles in a suspension state in the vessel. An optimum agitation speed
is required to promote a higher contact probability among the reactants. For evaluating
the effect of stirring speed on the enzymatic hydrolysis of chitosan, hydrolysis processes
with various agitation speeds were prepared. The agitation speed in the incubator shaker
was adjusted at the range of 100–250 rpm in the hydrolysis reaction of chitosan for 24 h. As
presented in Figure 5, the results show that the higher agitation speed resulted in a greater
total of reducing sugars.
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Figure 5. The effects of the stirring speed on the formation of reducing sugars (A) and viscosity (B) at
the various types of surfactant. The reaction time was 24 h.

In the enzymatic hydrolysis of chitosan without the surfactant addition, increasing
stirring speed causes less chitosan degradation. On the other hand, increasing stirring
speed can significantly increase the degradation process in hydrolysis with the addition of
the surfactants.

Generally, agitation can increase the interaction between enzyme and substrate, thus
intensifying the activity of enzymes. Adequate mixing could promote mass transfer within
the reactor, increasing the reaction rate. However, Lou et al. [12] reported that thermal and
mechanical influence could quickly deactivate cellulase enzymes during hydrolysis. The
agitation speed of 250 rpm showed the lowest total reducing sugar level in the hydroly-
sis product without surfactant addition, indicating that the enzymes were mechanically
deactivated at this speed rate.

A higher agitation speed causes a higher frictional force that potentially damages the
enzyme protein’s three-dimensional structure, leading to protein denaturation. According
to Okino et al. [34], shear stress from stirring from the incubator shaker could reduce
the cellulase enzyme activity. This accounts for the decrease in the total reducing sugars
formation in the hydrolysis without surfactant at 250 rpm.

However, nonionic surfactants can prevent cellulase deactivation by the denaturation
of protein enzymes. Protein denaturation occurs due to the breaking of hydrogen bonds so
that the secondary structure of the protein changes. The interaction between surfactants
and enzymes can protect the breaking of hydrogen bonds in enzyme protein molecules. The
addition of surfactant in the enzymatic reaction with a high stirring speed can increase the
hydrolysis reaction rate. These results are in line with previous studies by Zhou et al. [11],
Chen et al. [18], and Yang et al. [35].

Previous publications by Lou et al. [12] and Mussatto et al. [36] reported that nonionic
surfactants could not improve hydrolysis under static conditions and at low agitation speed
due to the mass transfer limitation. The results of this study proved that the conversion
was enhanced at high stirring speed (250 rpm).
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3.5. Characterization of Hydrolyzed Chitosan
3.5.1. Molecular Weight

Hydrolyzed chitosan can be characterized for its molecular weight by measuring the
decrease in viscosity. Changes in the viscosity of the polymer solution indicate a change in
the molecular weight of the polymer due to chain scission during the hydrolysis process.
The molecular weight of raw chitosan and hydrolyzed chitosan were estimated by the
viscosimetric method, as shown in Figure 6. The molecular weight of the raw chitosan
was 2173.23 kDa, while the molecular weights of hydrolyzed chitosan with no surfactant,
with Span 80, Span 20, Tween 80, and Tween 20 were 703.11 kDa, 465.25 kDa, 345.66 kDa,
142.53 kDa, and 40.63 kDa, respectively.
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Figure 6. The effect of surfactant type on the molecular weight of the hydrolyzed chitosan. The
chitosan’s concentration, surfactant concentration, and reaction time were 1% (w/v), 7% (w/w), and
24 h, respectively.

As stated previously, adding a surfactant with a higher HLB value increased the
contact probability between the enzyme and the substrate. This phenomenon caused more
of chitosan’s glycosidic bonds to be broken, resulting in lower molecular-weight values [22].
This result is consistent with Figure 1, which shown that the higher the surfactant HLB
value, the lower the hydrolyzed chitosan viscosity.

3.5.2. UV–Vis Spectrophotometry

The UV–Vis spectrophotometry characterization was carried out to study the aldehyde
groups formation. It is formed from the b-D-(1-4) glycosidic bonds cleavage of the chitosan
chain after enzymatic hydrolysis. The UV–Vis spectra of the raw and hydrolyzed chitosan
with the addition of surfactants with various HLB values are shown in Figure 7. The UV–Vis
spectra showed an absorption peak at about 420 nm. The absorbance peak of hydrolyzed
chitosan decreased with the increasing HLB value due to the aldehyde group formation.
The redox reaction between the Schales’ reagent and the aldehyde group of chitosan will
cause a change in the colored solution, turning it from yellow/red to transparent.

3.5.3. Scanning Electron Microscope (SEM)

Figure 8 illustrates the morphology of the raw and hydrolyzed chitosan powder. The
raw chitosan exhibited a smooth, dense and nonporous surface, which was also observed
by Mujeeb Rahman et al. [37] and Marei et al. [38] The distinct structure was observed
for the hydrolyzed chitosan. It can be seen that there was some coarseness (pits) on the
chitosan surface due to the hydrolysis reaction. Figure 7 also shows different surface
morphologies on the chitosan’s surfaces hydrolyzed by different surfactants. Hydrolyzed
chitosan without a surfactant showed some erosion of irregular amorphous material from
the surface. Meanwhile, hydrolyzed chitosan with nonionic surfactants showed surface
morphologies composed of regular coarse cracks. This was due to the breaking of the
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chitosan polymer chain. The surface morphologies of hydrolyzed chitosan with surfactant
Tween 20 were more regular than other surfactants.
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chitosan concentration, surfactant concentration, and reaction time were 1% (w/v), 7% (w/w), and
24 h, respectively.

3.5.4. Fourier-Transform Infrared Spectroscopy (FTIR)

The raw and hydrolyzed chitosan were analyzed using FTIR to identify the functional
groups in the solutions (Figure 9). The absorption band of amino groups in chitosan was in
the wavelength of 3307 cm−1 and 1647 cm−1. The C-H stretch at 1159 cm−1 represented
the saccharide structure. The stretching C-O-C bridge in 1163 cm−1 showed the glyco-
sidic bond between the repeating chitosan monomers. This result aligned with previous
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studies [24,34,39]. The hydrolyzed chitosan’s FTIR spectra with no surfactant addition
showed N-H bending for a secondary amide at 1637 cm−1. The band of O-H stretch was
found at 3270 cm−1 [40].
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Figure 9. FTIR spectra of raw chitosan and hydrolyzed chitosan. The chitosan concentration,
surfactant concentration, and reaction time were 1% (w/v), 7% (w/w), and 24 h, respectively.

In summary, there were no significant differences in the spectra between the surfactant-
assisted and non-surfactant-assisted hydrolysis products. It showed that the addition of
surfactants did not change the chemical structure of the chitosan hydrolysis product.

3.5.5. X-ray Diffraction (XRD)

The effect of adding nonionic surfactant types to enzymatic chitosan hydrolysis on
the crystalline structures of hydrolyzed chitosan was investigated using XRD within the
2θ range of 5–40◦, as shown in Figure 10. The raw chitosan showed crystalline peaks (2θ) at
18.7◦, 20.1◦, and 21.1◦, which were in accordance with the study by Prasertsung et al. [41].
The raw chitosan’s relative crystallinity (RC) was 48.34% and gradually reduced after
enzymatically hydrolyzed with the addition of the surfactant. The lowest RC was achieved
by the chitosan hydrolyzed with Tween 20, which was 27.83%. However, the crystal peaks’
intensity was similar to the raw chitosan. Hydrolysis caused the peak intensity of chitosan
to decrease.
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4. Conclusions

Nonionic surfactants can improve the enzymatic hydrolysis of chitosan. Surfactants
with higher HLB values significantly increase the formation of reducing sugars compared to
low HLB values. The study results show that nonionic surfactants can protect the cellulase
enzyme from the denaturation of the temperature and stirring influence. The higher HLB
value of the surfactant will result in a lower molecular weight of the hydrolyzed chitosan.
The result of UV–Vis shows that aldehyde groups were formed during hydrolysis due to
the glycosidic bond cleavage and the opened ring of chitosan chain. The SEM analysis
showed that the chitosan, which was hydrolyzed using different HLB values of surfactants,
had different surface morphologies. However, the addition of surfactants did not change
the chemical structure of the chitosan hydrolysis product shown by the FTIR analysis. The
XRD patterns showed that the RC of the raw chitosan decreased when hydrolyzed with
the surfactants.
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