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Abstract

Chitooligosaccharides (COS) are degradation products after cleavage of β-1,4-glycosidic bonds from chitosan, 
which are converted and extracted from chitin in the shells of shrimp, crabs and other crustacean creatures. 
Degradation methods to obtain chitooligosaccharides include acids hydrolysis, oxidative cleavage, ultrasound os-
cillation, enzymatic catalysis, and the combination of two or more methodologies. Due to the low degree of po-
lymerization of glucosamine units, chitooligosaccharides possess superior characteristics to chitosan and chitin, 
such as a lower molecular weight and higher aqueous solubility, translating more applicability in food and related 
products in particular. The primary amino groups at C-2 position of chitooligosaccharides are positively charged 
in weak acidic conditions and also readily derivatized with acylation, alkylation, carboxylation, esterification, Mail-
lard reaction, protonation forming salts, and sulfation. Exploration of chitooligosaccharides biological activities 
revealed that they possess antibacterial, antioxidant, anti-inflammatory, and immunomodulatory effects. The 
major applications of chitooligosaccharides are in food packaging, functional films, hydrogels, emulsions and 
drug-loaded complex. This review aims to summarize chitooligosaccharide properties and their application in 
food related products.
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1. Introduction

Chitosan extracted from chitin in the shells of shrimp, crabs 
and other crustacean creatures, can be degraded chemically or 
enzymatically by cleaving glycosidic bonds to generate small 
polymers called chitooligosaccharides (COS). COS exhibits both 
excellent antimicrobial and antioxidant activities, and it also 
has superior characteristics to chitin, such as a lower molecular 
weight and higher aqueous solubility, translating more applica-
bility in food and related products in particular (Jeon et al., 2001; 

Jeon and Kim, 2000a; Shahidi and Ambigaipalan, 2015). Mate-
rials prepared from COS, including hydrogels, emulsions, and 
drug-loaded systems, have garnered considerable attention due to 
their biocompatibility, biodegradability, and inherent antibacte-
rial properties (Ma et al., 2024; Tabassum et al., 2021). Due to the 
distinctive structure and special characteristics, COS application 
is of great significance especially in food science, particularly in 
food packaging as an essential ingredient. The functional proper-
ties of COS, including antimicrobial activity and the ability to ex-
tend shelf life, are especially critical in this domain (Fang et al., 
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2024; Liu et al., 2022). Given the rising demand for sustainable 
packaging solutions, there is an increasing interest in utilizing 
natural, bio-based materials of COS to develop environmentally 
friendly alternatives to conventional synthetic films (Fernández-
de Castro et al., 2016). This review is a brief summary of chitoo-
ligosaccharides properties and their application in food related 
products.

2. Preparative methods of chitooligosaccharides application

The preparation methods of COS are closely associated with their 
physical, chemical and other properties. β-1,4-glycosidic bonds 
are the linkers of glucosamine units in chitosan (Xing et al., 2017). 
There are several methods to break these glycosidic bonds, ma-
jorly including chemical and enzymatic methods.

2.1. Chemical hydrolysis

Chemical degradation offers a cost-effective approach for large 
production of chitooligosaccharides (COS) (Lodhi et al., 2014). 
Acid hydrolysis and oxidative cleavage are the two most popu-
lar reactions of chemical methods. In acid hydrolysis, hydrochlo-
ric, nitric, phosphoric, hydrofluoric and other inorganic acids are 
widely used with or without addition of electrolytes. Organic acids 
including formic, acetic, trichloroacetic, or dehydroascorbic acid 
were also used (Mourya et al., 2011; Nguyen et al., 2023; Suhaimi 
et al., 2025; Vårum et al., 2001). In acid hydrolysis, protonation 
of oxygen at the β-1,4-linkage followed by cleavage is commonly 
recognized acid-catalyzed mechanism.

Oxidative hydrolysis is also routinely used to cleavage the 
β-1,4-glycosidic bonds to get COS. Hydrogen peroxide is normal-
ly employed as an oxidizing agent. Hydroxy radicals formed from 
hydrogen peroxide attack and further break the β-1,4-glycosidic 
bonds, yielding depolymerized COS (Mittal et al., 2023; Nguyen 
et al., 2023). Catalyzes including ascorbic acid, ozone, and tran-
sition metals are also added to assist the hydrogen peroxide-me-
diated oxidative hydrolysis of chitin or chitosan to accelerate the 
oxidation reaction rate and yield of COS (Tan et al., 2022; Xia et 
al., 2013; Yang et al., 2025; Yue et al., 2009).

2.2. Enzymatic hydrolysis

Both specific and non-specific enzymes are used in the enzymatic 
cleavage of the chitosan β-1,4-glycosidic bonds (Hellmann et al., 
2025; Shinya and Fukamizo, 2017). The specific enzyme of chi-
tosanase (EC3.2.1.132) is applied in the fermentation process to pro-
duce COS, while non-specific enzymes such as lipase, protease, car-
bohydrase and other proteolytic enzymes are practically used with 
low yield of COS compared to chitosanase (Poshina et al., 2020; 
Shinya and Fukamizo, 2017; Vishu Kumar and Tharanathan 2004). 
Using chitosanase, Jeon and Kim (2000b) employed a dual-reactor 
system consisting of an ultrafiltration membrane reactor and an im-
mobilized enzyme column reactor to achieve continuous production 
of chitooligosaccharides from chitosan (Jeon and Kim, 2000b). Dif-
ferent enzymatic catalyzed cleavage of chitosan yields COS with 
different molecular weights and physical/chemical properties be-
cause of different reaction conditions contributed to different pH and 
temperature, required by selected enzymes satisfying the maximum 
enzyme activities (Koumentakou et al., 2025).

2.3. Other methods

In addition to chemical and enzymatic cleavage of the chitosan 
β-1,4-glycosidic bonds in the depolymerization process of chi-
tosan, physical methods are also employed to break the glycosidic 
bonds producing COS. Microwave induce molecules’ oscillation, 
thermal cleavage , ultrasound treatment with lambda radiation are 
examples of other physical methods for breaking down chitosan 
β-1,4-glycosidic bonds to produce COS (Li et al., 2023; Wasikie-
wicz and Yeates, 2013; Xing et al., 2017).

However, due to limitations like reaction yield, efficiency, or 
other necessary properties of COS, a combination of various meth-
ods is commonly used for the large-scale production of COS. Table 
1 lists common preparation methods of chitooligosaccharides and 
their advantages and limitations.

3. Physical and chemical properties of chitooligosaccharides

COS are linear oligosaccharides with a low molecular weight 

Table 1.  Preparative methods of COS

Preparative 
methods Specific techniques Advantages Limitations References

Chemical 
methods

Acid hydrolysis Low cost, fast reaction, 
scalable production

Broad molecular weight 
distribution, environmental 
pollution, potential 
structural damage

Einbu et al., 2007; 
Li et al., 2013

Oxidative degradation Mild conditions, 
controllable degradation

Requires strict oxidant control, 
may generate byproducts

Nguyen et al., 2023

Enzymatic 
methods

Specific enzymes Water barrier properties 
and antioxidant activity

High enzyme cost, 
slow reaction rate

Hellmann et al., 2025; 
Shinya and Fukamizo, 2017

Non-specific enzymes Mild conditions, uniform 
product, eco-friendly

Low efficiency, 
byproduct formation

Beer et al., 2020; 
Poshina et al., 2020

Other 
methods

Physical methods 
(ultrasound, microwave-
assisted etc.)

Eco-friendly, can be 
combined with other 
methods for higher efficiency

Limited effectiveness 
alone, requires parameter 
optimization

Li et al., 2023; Suhaimi 
et al., 2025; Wasikiewicz 
and Yeates, 2013; 
Yue et al., 2008
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(<3.9 kDa), typically comprising a degree of polymerization rang-
ing from 2 to 20 (Figure 1). These oligosaccharides consist of 
either glucosamine or acetyl glucosamine units linked by β-1,4-
glycosidic bonds (Leal et al., 2025; Liang et al., 2018). COS are 
positively charged cationic oligosaccharides, non-toxic and easily 
degradable, with good water solubility, biocompatibility and low 
viscosity (Yuan et al., 2019).

The primary amino groups at C-2 position together with C-3 
and C-6 hydroxyl groups of COS are capable of being derivatized 
with other functional groups such as carboxylates, esters, sulfates, 
and functional alkyl groups, leading to COS derivatives by cor-
responding reactions like carboxylation, acylation, phosphoryla-
tion, sulfation and alkylation reaction (Liu et al., 2019; Ngo et al., 
2019). Thus, certain COS derivates were synthesized for different 
functionalities of COS through targeted design to achieve desired 
biological activities.

With the widespread recognition of their functional properties, 
COS have increasingly been explored for the development of new 
biomaterials. In particular, research has focused on the use of COS 
complexes in drug delivery systems, molecular modification, and 
the function enhancement of composite materials through the in-
troduction of active COS groups (Li et al., 2018; Tabassum et al., 
2021; Wang et al., 2021). These applications highlight the growing 
value of COS in advancing material science and biotechnology. 
COS contains chemically reactive groups including -NH2 at C-2 
position and -OH at C-3 and C-6 positions (Figure 2), enabling 
them to form complexes with various substances. These substanc-
es normally include metal ions, proteins, polysaccharides, lipids, 
and flavonoids, and they are able to form complexes with COS 

through coordination complexation, electrostatic interactions, 
transamination, Maillard reactions, amidation, esterification, car-
boxylation, sulation, cylation, and alkylation (Huang et al., 2005; 
Lang et al., 2023; Liu et al., 2024; Liu et al., 2022; Yu et al., 2016). 
The relevant mechanisms are illustrated in Figure 3. The com-
plexes formed via these methods mentioned above modify the ac-
tivities of functional ingredients or serve as innovative biomateri-
als for stabilizing, cross-linking, and loading sensitive functional 
compounds. As a result, COS are found to have broad applications 
across medicine, agriculture, and food industries.

4. Bioactivities of chitooligosaccharides

COS exhibit effective biological activities including antibacterial, 
antioxidant, anti-inflammatory, and immunomodulatory effects 
(Fang et al., 2024; Muanprasat and Chatsudthipong, 2017). It has 
been demonstrated that COS exhibit inhibitory effects against a 
variety of fungi and bacteria. Fernandes et al. (2008) revealed that 
COS possess strong antibacterial activity in fruit juice matrices, 
but their effectiveness is diminished in milk matrices (Fernandes et 
al., 2008). This suggests that food matrix and chemical component 
such as protein and pH levels play a significant role in modulating 
the antibacterial properties of COS. Moreover, some studies using 
Trichophyton rubrum as research subjects have indicated that COS 
are effective in inhibiting fungal growth (Mei et al., 2015). In addi-
tion to their antibacterial and antifungal effects, COS also possess 
antiviral activity and anticancer activity. Artan et al. (2010) found 
that COS with a molecular weight of 3–5 kDa exhibit anti-HIV 
activity when sulfated, highlighting their potential property as an-
tiviral agents (Artan et al., 2010). Kim et al. (2012) found that COS 
with higher degree of deacetylation and lower molecular weights 
showed higher anticancer activity (Kim et al., 2012).

Recently, many researches indicated that primary amino groups 
of COS are responsible for COS antibacterial properties. In acidic 
or neutral solutions, protonated COS bind to the surface of micro-
bial cell membranes. This interaction either prevents transmem-
brane transport, disrupting microbial activity, or alters membrane 
permeability, leading to microbial cell death (Sahariah and Mas-
son, 2017). Furthermore, the free amino groups of chitosan and 
COS have a strong ability to chelate metal ions on bacterial cell 

Figure 1. Structure of chitooligosaccharides. 

Figure 2. Preparative methods of chitooligosaccharides. 
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Figure 3. Chitooligosaccharide binding mechanism. (a) Maillard reaction; (b) Condensation process of aldehydes and amines; (c) Electrostatic self-assembly 
process (Vikøren Mo et al., 2020; Wang et al., 2023; Zhang et al., 2016).
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surfaces, forming complexes followed by inhibiting bacterial 
growth through disrupting the supply of essential minerals (Rabea 
et al., 2003). Additionally, due to their low molecular weight and 
low degree of polymerization (DP), COS can penetrate bacterial 
cells, and interfere with replication and gene expression, ultimate-
ly disrupting intracellular bacterial metabolism (Kim et al., 2003).

Kamil et al. (2002) investigated the antioxidant effects of chi-
tosan with different viscosities (14 cP, 57 cP, and 360 cP) added to 
minced cooked herring meat. The results showed that low-viscosity 
(14 cP) chitosan exhibited the strongest antioxidant activity, sug-
gesting that low-viscosity (low molecular weight) chitosan could 
be applied as a functional antioxidant ingredient in the food in-
dustry (Kamil et al., 2002). Qu and Han (2016) revealed that COS 
exhibit potent antioxidant activity and protect mice from oxidative 
stress by COS scavenging free radicals both in vitro and in vivo 
using a high-fat diet mouse model (Qu and Han, 2016). The activi-
ties of catalase, superoxide dismutase, and glutathione peroxidase 
were significantly increased in the stomach, liver, and serum of 
mice on a high-fat diet after the administration of COS, suggesting 
that COS have antioxidant property that restores the reduced en-
zyme activity affected by a high-fat diet. Similar results were ob-
served in the study conducted by Tonphu et al. (2025). In addition, 
Yang et al. (2017) applied COS to beer and found that COS with a 
molecular weight of 2 or 3 kDa (concentrations of 0.001–0.01%) 
inhibited the formation of aging compounds in aged beer, improv-
ing free radical scavenging activity which played an important role 
in preventing flavor deterioration (Yang et al., 2017).

The action mechanism of COS has been widely studied by 
various researchers (Chen et al., 2022; Coreta-Gomes et al., 2023; 
Fang et al., 2024; Leal et al., 2025), suggesting that the amino or 
hydroxyl groups of COS have ability to react with unstable free 
radicals to form stable free radicals, thereby producing antioxidant 
capacity (Huang et al., 2012; Tomida et al., 2009). Moreover, the –
NH2 groups of COS bind to protons in solution to form ammonium 
ions (NH3

+), which then react with free radicals through addition 
reactions (Park et al., 2004; Zhao et al., 2013). These mechanisms 
indicate that the antioxidant activity of COS are primarily deter-
mined by the number of reactive hydroxyl and amino groups. The 
antioxidant activity of COS is influenced by many factors includ-
ing the degree of deacetylation and molecular weight. Generally, 
antioxidant activity increases with a higher degree of deacetyla-
tion due to more exposure of amino groups. Furthermore, antioxi-
dant activity tends to increase as the molecular weight decreases. 
Specifically, COS with a lower molecular weight exhibit stronger 
antioxidant activity. The reason is that COS with low-degree po-
lymerization of COS has better hydroxyl radical scavenging ability 
than chitosan and chitin (Li et al., 2012; Mengíbar et al., 2013).

5. Application of chitooligosaccharide complex

COS are known for their remarkable biological activities (Mittal 
et al., 2023). A systematically evaluation for the safety of chitooli-
gomers, and a 30-day rat feeding study showed that rats found no 
abnormal symptoms and clinical signs or death during the test (Qin 
et al., 2006), and similar reports were also found in the same result 
(Vela et al., 2015). Consequently, COS are considered as a safe raw 
material for use in the food industry.

Building on this safety profile, Zhao et al. (2020) and Zhu et al. 
(2020) developed COS-desalted duck egg white and COS-casein 
phosphopeptide complexes based on egg white peptide-COS nano-
delivery systems and casein phosphopeptide-COS carrier systems. 
These complexes significantly improved the binding capacity and 

stability of soluble calcium and facilitated enhanced calcium ab-
sorption in the human body, demonstrating that COS complexes 
play an important role in the field of nutritional fortification (Zhao 
et al., 2020; Zhu et al., 2020). Seong et al. (2018) utilized layer-by-
layer self-assembly technology, which leverages the electrostatic 
interactions of COS, to develop a COS-lipid complex carrier. This 
carrier was capable of encapsulating hydrophobic flavonoids, 
demonstrating stability and a favorable skin compatibility (Seong 
et al., 2018). COS-lipid complex also effectively enhanced the 
release and skin penetration of quercetin. Similarly, Jing et al. 
(2023) designed a colon-targeted quercetin delivery system known 
as COS-CaP-QT, where pectin (PEC) and Ca2+ microspheres were 
cross-linked with COS. The release profile of COS-CaP-QT was 
pH-dependent and responsive to the colonic microenvironment, 
allowing preferential distribution of the system in the colon (Jing 
et al., 2023). Further study revealed that yeast protein-COS and 
ovomucin-COS effectively stabilized betain and lutein, respec-
tively. These compounds enhanced the stability, biological act 
of betain and lutein within the system. These results suggest that 
chitooligosaccharide-protein complex system can protect betain 
and lutein from degradation and facilitate controlled release in 
simulated gastrointestinal conditions (Xu et al., 2024; Yang et al., 
2024). Yin et al. (2020) explored the electrostatic interaction be-
tween COS and bacterial cellulose to fabricate COS-bacterial cel-
lulose films. These films exhibited strong mechanical properties 
and improved antibacterial and antioxidant capabilities (Yin et al., 
2020). Both Yan and Yu groups successfully prepared COS-gly-
cine and COS-lysine complexes through the Maillard reaction be-
tween COS and amino acids. These complexes exhibited excellent 
antioxidant property during the storage of fruit juices and fresh-
cut fruits (Yan et al.,2018; Yu et al., 2019). Based on the Mail-
lard reaction characteristics of COS with reducing sugars, related 
studies have confirmed that these complexes effectively inhibit the 
formation of acrylamide in foods containing amino acids (particu-
larly aspartic acid) during heating, thereby enhancing the safety of 
baked goods (Chang, Sung, Chen, 2016; Shyu et al., 2019).

In summary, the charged nature of COS and their ability to form 
complexes with other molecular structures enable various applica-
tions of COS. COS interact with protein, polysaccharide, and poly-
anionic compounds leading to adsorb and stabilize functional com-
ponents. Consequently, they were employed in creating food-grade 
preservation materials with specific structures and functions. Table 1 
illustrates the types and applications of COS-related complexes. The 
preparation of the complexes and their numerous applications in food 
science and technology, especially on hydrogels, emulsions, drug-
loaded and food preservation systems are summarized in Table 2.

6. Conclusion

Prepared by the cleavage of β-1,4-glycosidic bonds of chitosan, 
COS, positively charged cations with primary amino groups, are 
the distinctive characteristics of in terms of natural resources, low 
degree of polymerization, and high water solubility. COS exhibit 
various bioactivities of antioxidant, antimicrobial, and antiinflam-
mation activities. Due to the charged nature of COS and active 
functional groups, their ability to form complexes with other mo-
lecular structures enable their use in various applications. There-
fore, COS have vast application potential in food related products, 
including bio-functional films to extend food shelf life, emulsions, 
complex with proteins to increase bioavailability, to enhance sta-
bility and homogeneity, and to protect product from discolor, dis-
flavoring and other microbial and oxidative damage.
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Table 2.  Application of COS complex

Compound Application Conclusion Reference

Yeast protein Betanin embedding Enhanced thermal-, light-, and metal irons (ferric and copper ions) 
-stabilities of betanin, protected the betanin against color fading, and 
realized a controlled release in simulated gastrointestinal tract.

Yang et 
al., 2024

Desalted duck 
egg white 
peptides (DPs)

Calcium delivery 
systems

These copolymers reversed the inhibition of phytic acid (PA) in calcium 
transport in Caco-2 cell monolayers. PA-induced calcium deficiency 
mice model indicated that copolymers could reverse the side effect 
of PA, promote calcium bioavailability, and improve gut health.

Zhao et 
al., 2020

Tripolyphosphate 
(TPP)

CPP-Ca 
(calciumbinding 
casein 
phosphopeptides) 
loaded core-shell 
microparticles

COS was successfully crosslinked through TPP while CPP-Ca was 
incorporated in it, and the calcium release and absorption studies 
in vitro and in vivo exhibited CPP-Ca-loaded microparticles could 
achieve controlled calcium release and sustained calcium uptake.

Zhu et 
al., 2020

Bacterial cellulose Packaging The composite film has good mechanical properties, COS 
improved the antibacterial and antioxidant properties

Yin et al., 
2020

Pectin/Ca2+ Quercetin 
embedding

The drug release profile of COS-CaP-QT was pH-dependent 
and colon microenvironment-responsive, and COS-CaP-
QT showed preferential distribution in the colon

Jing et 
al., 2023

Fish skin gelatin Food packaging The inclusion of COS significantly augmented the antibacterial and 
antioxidant properties of the hydrogel-based nanofiber membranes.

Liu et al., 
2024

Marsupenaeus 
japonicus ferritin

Pickering emulsions Emulsions stabilized by MF/COS complex at a ratio of 2:1 
exhibited superior stability, evidenced by no significant creaming 
or demulsification during storage or heat treatment.

Gao et 
al., 2024

Gelatin Safflomin/betanin 
embedding

Intermolecular interactions and good compatibility among gelatin, 
chitooligosaccharide and proper-content Safflomin/betanin promoted 
thethermal stability, dispersion stability and microgel particles of 
complexes. The complexes illustrated great oil-water interfacial 
adsorption behaviors and dilatational viscoelasticity for interfacial 
membrane, implying high elasticity and interface stability.

Wang et 
al., 2023

Bovine serum 
albumin

Improving the 
foaming capacity

The COS-BSA complexes have good foaming properties than 
BSA. The angel cake with the COS-BSA substitution rate of 25% 
exhibited the largest specific volume and best texture, and 
inhibited the microbial growth in cakes during storage.

Zhao et 
al., 2022

Sodium 
alginate/Ca2+

Adsorbing metal ions The novel EDTA functionalized chitooligosaccharide/sodium 
alginate/Ca2+ physical double network hydrogel (ECSDNH) 
can effectively adsorb metal ions and be recycled

Yue et al., 
2022

Poly(c-glutamic 
acid)/dopamine

Self-healing and 
tissue adhesive 
biomaterials

Through reversible ionic and p-cation interactions between the anionic 
c-PGA/DA conjugate and cationic COS, a physically crosslinked hydrogel 
was stably formed by simply mixing an aqueous solution of the c-PGA/
DA conjugate with COS. The physically crosslinked c-PGA/DA/COS 
hydrogels exhibited excellent self-healing properties and injectability

Cheol Kim 
et al., 2021

Whey protein 
isolate-bitter 
melon seed oil 
emulsions

Loading bitter 
melon seed oil

With the addition of COS, the ζ-potential of the emulsion 
shifted from negative to positive because COS adsorb onto the 
surface of W-BSOE droplets. And the in vitro gastrointestinal 
digestion indicated that WC-BSOE droplets can release bioactive 
compounds that effectively treated intestinal inflammation.

Ma et al., 
2024

Ovomucin Loading and 
enhancing activities 
of Lutein

LUT-loaded nanogel (OVM-COS-LUT) was prepared by a self-assembly 
of ovomucin (OVM) and chitosan oligosaccharide (COS) to enhance the 
effective protection and bioavailability of LUT. The nanogel had excellent 
dispersion (PDI = 0.25) and an 89.96% LUT encapsulation rate.

Xu et al., 
2024

Lysine (Lys) and 
glycine (Gly)

To further 
strengthen the 
antioxidant 
capacity of COS

Chitooligosaccharide (COS) combined with lysine or glycine 
via the Maillard reaction significantly enhances antioxidant 
activity, effectively preserving the quality and extending the 
shelf life of fresh-cut fruits and fruit juices during storage.

Yan et al., 
2018; Yu et 
al., 2019
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