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Chitosan is a biopolymer with high added value, and its properties are related to its molecular weight. Thus, high

molecular weight values provide low solubility of chitosan, presenting limitations in its use. Based on this, several studies

have developed different hydrolysis methods to reduce the molecular weight of chitosan.
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1. Introduction

Chitosan has received attention as a functional biopolymer due to its cationic nature, biocompatibility, biodegradability,

non-toxicity, and adsorption properties . Its main characteristics are the molecular weight (Mw) and the degree of

acetylation (DA) or degree of deacetylation (DDA), which correspond to the molar fractions of GlcNAc and GlcN. Most

commercial chitosans have molecular weights ranging from 50–2000 kDa, with an average DDA of 50–100% (commonly

80–90%) . Based on molecular weight, chitosan can be grouped into low molecular weight (<100 kDa), medium

molecular weight (100–1000 kDa), and high molecular weight (>1000 kDa) .

Chitooligosaccharides are the products of the hydrolysis of chitosan, and because they are soluble in water, they have

several applications, such as antimicrobial, antioxidant, anti-tumor, and agricultural purposes .

Among hydrolysis techniques, acid hydrolysis has emerged as a convenient method for depolymerizing polysaccharides.

However, acid hydrolysis generally requires severe treatment, as the rigid crystalline region in the chitosan granules

inhibits acid penetration. For this reason, a high concentration of acid, ranging from 5 to 12 M, is used in most studies 

. However, excessive acid loading can cause glucosamine degradation, which significantly reduces yield and

generates major waste deposition problems . In recent studies, a smaller amount of acid only made it possible to

obtain medium molecular weight chitosan in a short hydrolysis time . In high time, low molecular weight chitosan and

chitooligosaccharides were obtained. However, yield decreased due to soluble products such as glucosamine monomers

and dimers . Therefore, current studies seek to develop the technique using different types and concentrations of

acids associated with ionic liquids, induced electric fields, or other hydrolysis methods.

This review will present the main hydrolysis techniques of chitosan and analyze the main factors that influence the

obtaining and characteristics of low molecular weight chitosan and chitooligosaccharides effectively at a lower cost.

2. Acid Hydrolysis

The acid hydrolysis of glycosidic bonds involves the following steps: (1) protonation of oxygen in the glycosidic bond

through the connection of a proton (H 3O + ) to the glycosidic bond; (2) adding water to the final reducing sugar group; (3)

decomposition of protonated glycosidic bonds ( Figure 1 ). In this case, catalytic protons may be present in the water

contained in the samples, and the protonated amino group of chitosan is also likely to act as a proton donor in catalysis

.
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Figure 1. Mechanism proposed for acid hydrolysis of chitosan. Reprinted from Kasaai et al.  with permission from

Creative Commons Attribution.

The concentration of the acid is also directly proportional to the rate of hydrolysis. Chitosan with a medium molecular

weight (198.64 kDa) was obtained from hydrolysis with 5% acetic acid for 30 min. At concentrations of 1% and 3%, the

molecular weight was 592.89 and 281.98 kDa, respectively . In this case, it is observed that the lower acid concentration

and short hydrolysis time enabled the production of only medium molecular weight chitosan.

Studies have shown that increasing the hydrolysis time decreases the molecular weight, resulting in low molecular weight

chitosan and chitooligosaccharides in the first hours. Even so, it is necessary to use a high concentration of acid. When

using chitosan with a molecular weight of 214 kDa (96% DDA), hydrolyzed in 85% phosphoric acid solution (60 °C), a high

decrease was obtained in the first 4.0 h (74 kDa), and, after 15 h, molecular weight reached 19 kDa . In another study

with a 2 M HCl solution, the molecular weight of chitosan was reduced from 200 to 29, 17, and 3.0 kDa in 30 min, 1.0 h,

and 5.0 h, respectively . In chitosan 2038 kDa, hydrolyzed in 5 M HCl at 65 °C, the molecular weight after 5.0 h was

156 kDa, reaching 74 kDa in 36 h .

Chitosan of initial molecular weight of 726 kDa (medium molecular weight) and 28 kDa (low molecular weight) hydrolyzed

in lactic acid (1%) at temperatures of 8, 22, and 37 °C also showed an increase in the rate of hydrolysis with the

increasing temperature. However, there was an influence of the initial molecular weight of chitosan on the hydrolysis rate

in this case. This rate increased from 25% to 50% with the increase in temperature in medium molecular weight chitosan.

The effect of temperature was less on low molecular weight chitosan. In these conditions, rates of 5% to 10% were

observed .

3. Oxidative Hydrolysis with Hydrogen Peroxide

This type of hydrolysis is mainly influenced by the concentration of hydrogen peroxide, time, and temperature of

hydrolysis, Table 1 .

Table 1. Parameters of chitosan hydrolysis by hydrogen peroxide.

Reference Chitosan Solvent Solvent Concentration Temperature Time Mw/DP

1% H O ; CH COOH 0.5–3%; 1% 50–75 °C 1–6 h 2–7 DP

1% H O ; CH COOH;
H PW O 0.5–3%; 1%; 0.04–0.14% 50–75 °C 10–60

min 7 DP

3% H O ; CH COOH 3%; 2% 80 °C 180 min 1.36 kDa

1% H O ; CH COOH 5.7, 2.8, 1.9, and 1.7 (molar
ratio) 50 °C 8 h 6.61–9.97

kDa

2% H O ; CH COOH 2%; 1% 40 °C 30–180
min -
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Reference Chitosan Solvent Solvent Concentration Temperature Time Mw/DP

2% H O ; HCl (0.5, 1.0, 1.5, 2.0 M)/0.5% 25, 40, 50, 70
°C 1, 2, 3 h 11–1200

kDa

7.5% H O ; H PW O 4.5%; 0.1% 70 °C 30–120
min 4.3–4.7 kDa

- H O ; HCl 0–5%; 0–9% 10–90 °C 0.5–8 h 5–200 kDa

In addition to these methods, chitosan is also effectively hydrolyzed by hydrogen peroxide under ultraviolet irradiation. In

this case, when chitosan is hydrolyzed only in the presence of hydrogen peroxide, viscosity decreases by 20% and 63%

at 30 and 180 min, respectively. However, when hydrogen peroxide is combined with ultraviolet irradiation, viscosity

decreases by 84% and 92% for the same analyzed times .

When associated with acetic acid, its molar ratios influence the recovery of chitooligosaccharides. Therefore, the higher

the concentration of hydrogen peroxide about acetic acid, the higher the yield of chitooligosaccharides (dimers–

decamers), with a yield of 36%, 22%, 18%, and 14%, for molar ratios of 5.7, 2.8, 1.9, and 1.7 respectively, in addition to

obtaining chitosan with lower molecular weight, 6.61, 7.7, 9.29, and 9.03 kDa, respectively .

As with other types of hydrolysis, time will also influence when using hydrogen peroxide. In chitosan hydrolyzed by H 2O 2

in HCl solution (0.9%) for 0.5–8 h, there was a reduction in molecular weight with the increase in hydrolysis time. A rapid

decrease from 480 to 50 kDa in 0.5 h has been shown, with a 95% yield . In the study using hydrogen peroxide and

acetic acid, the yields of chitooligosaccharides increased considerably with increasing hydrolysis time, reaching an

optimal yield of 62.42% in 4 h .

4. Enzymatic Hydrolysis

The temperature on enzyme activity is related to two established thermal parameters. The first is the Arrhenius activation

energy, which relates to the effect of temperature on the catalytic reaction. The second is thermal stability, which shows

the effect of temperature on thermal inactivation .

The ideal value in the hydrolysis rate depends on the type of enzyme. In the study using the enzymatic complex

Celuzyme ® XB, formed by cellulase, xylanase, and β-glucanase, the highest hydrolysis rate was reached at 51 °C,

reaching a relative activity of 90%. Additionally, the increase in temperature tends to decrease its catalytic activity. This

occurs due to the modification of the tertiary structure that may lose its active and functional conformation . This

behavior was also observed when using pepsin, which showed an increase in hydrolysis activity by increasing the

temperature to 45 °C, with a relative enzymatic activity of 75% .

Several studies have analyzed the effect of chitosan’s molecular weight on antibacterial activity. Some studies concluded

that antibacterial activity increased when there was a reduction in molecular weight. This was observed in 12 kDa low

molecular weight chitosan compared to 228 kDa medium molecular weight chitosan against Bacillus cereus , E. coli ,

Staphylococcus aureus , Pseudomonas aeruginosa , Salmonella sp, and Saccharomyces cerevisiae . It was also

observed in 64 kDa chitosan compared to 152 kDa chitosan against Staphylococcus aureus , Pantoea ananatis ,

Pseudomonas aeruginosa , Raoultella planticola , and Escherichia coli .

Some reports have shown that chitosan of medium molecular weight (194 kDa) has more significant antibacterial activity

than chitosan of lower molecular weight (41, 14, and 5 kDa) against Gram-positive microorganisms due to its greater

thickness of the peptidoglycan layer, preventing the access of the chitooligosaccharides to the cell. Although the

peptidoglycan layer prevents the chitooligosaccharides from accessing the cell, the antimicrobial effect of the higher

molecular weight chitosan is due to the formation of a chitosan film. This film can inhibit the absorption of nutrients by the

microorganism . Another study, with chitosan from 300 to 3.3 kDa, showed that the pH could influence differently

according to the molecular weight of the chitosan, being observed that under acid pH conditions, the chitosan activity

increased with the increase of the molecular weight, regardless of the temperature and the bacteria tested. However, at

neutral pH, chitosan activity increased as the molecular weight decreased .
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