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Abstract

The study of chitin and chitosan has stood out for many years due to their  
potential application in various areas such as the food industry, where they are either 
used as additives, prebiotics, or bio-conservatives; as to biomedical and pharmaceuti-
cal industries, where they function to treat diseases. Besides, in the agriculture field, 
it is known that they can cause a positive effect on the development of plants and 
optimize nitrogen fixation. In recent years, attention has been paid to their deriva-
tives, chito-oligosaccharides which, unlike chitin and chitosan, they have different 
chemical characteristics, like their solubility, a characteristic that facilitates their use, 
contrary to chitin and chitosan. Moreover, the small size of chito-oligosaccharides 
can facilitate their entry into the cell. This review covers recent studies on the bio-
logical functions of chito-oligosaccharides and their impact on a priority area such 
as agriculture, where these compounds could be used to substitute the demand for 
chemical compounds that, until now, have generated serious health issues as well as 
environmental pollution.
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1. Introduction

A world-class level concerning aspect is the accelerated population growth as 
well as an increased demand for goods and services. Against this background, it is 
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important to define strategies that allow the supply of enough food for a population 
in continuous growth, through the implementation of efficient agricultural systems. 
Agriculture plays a key role in the development of any society; however, the various 
agrochemicals employed, such as biocides, growth stimulants, and fertilizers, among 
others, lead to several pollution issues that not only affect groundwater and soils, but 
also microbiota and surrounding wildlife, and of course, human health.

Therefore, it is essential to consider the implementation of products based on 
natural substances, whose characteristics may allow the substitution of chemical 
compounds in the agricultural sector. Biopolymers are one such possible solution to 
the problem because they are typically biodegradable materials obtained from renew-
able raw materials. Natural biopolymers include starch, cellulose, pectin, chitin, and 
chitosan, and have been part of humanity since its existence, being part of basic daily 
needs as fundamental as food and clothing, as well as medical materials, packaging, 
food additives, engineering plastics, chemicals for water treatment, among many 
others [1, 2]. The biopolymers known as chitin (poly-N-acetylglucosamine), and its 
derivative chitosan (obtained by deacetylation of chitin) have achieved a prominent 
place in the development of applications related to the treatment of water [3], soil 
moisture control [4], the intelligent release of fertilizers [5], growth stimulant [6], an 
inducer of defense mechanisms in plants [7], antimicrobial [8–10]. Their usefulness 
in this fight is such that their applications related to the control of population growth 
should also be considered due to the potential applications they have for the con-
trolled release of contraceptives [11] and spermicides [12], including the expectations 
of creating a non-hormonal female contraceptive with no side effects [13]. One of the 
main biological applications of chitosan, which was recently discovered, is in the field 
of gene delivery, due to its ability to interact with anionic DNA [10, 14, 15].

Thus, the aim of this document is to present an exhaustive revision of the chito-
oligosaccharides derived mainly from chitosan and their potential application in 
agriculture and other areas. In recent years, many studies have investigated the effects 
of chito-oligosacharides on human health, for example, as immunological modula-
tors, [16, 17] anticancer [18, 19], antidiabetic [20, 21], and antimicrobial compounds 
[22, 23]. Some factors that potentiate the effect of chito-oligosacharides are their 
lower molecular weight and higher degree of deacetylation [24, 25]. The chito-
oligosacharides can have antimicrobial properties, can induce plant resistance, and 
can stimulate plant growth as well, which makes them a promising alternative for the 
agricultural sector.

2. Shrimp species as a source of waste materials of industrial interest

Shrimp is one of the most important fishery resources worldwide, due to its nutri-
tional value and high demand, especially in developed countries such as the United 
States of America, Japan, and the European Union [26].

Shrimp (Penaeus sp.) belongs to the animal kingdom, Phylum Arthropoda, class 
Crustacea, order Decapoda, and genus Penaeus. Like all arthropods, shrimp body is 
divided into three big main regions: cephalothorax, abdomen, and telson. It possesses 
various appendages such as antennules, antennae, mandibles, maxillae, maxillipeds, 
and pereiopods. This crustacean is essentially constituted by two parts: the crusta-
cean muscular part, which corresponds to 50% of total mass, and the cephalothorax 
exoskeleton, including the tail, which is equivalent to the other 50% [27]. The 
cephalothorax is not fully exploited by man, so it is separated and broadly known as 
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the shrimp waste. In Mexico, until recently, these residues were thrown back into the 
ocean or used as a source of proteins for fattening foods. However, in countries such 
as Japan, Thailand, and Korea, these shrimp wastes have acquired a very important 
commercial relevance [28].

Shrimp represented the 2.4% of the worldwide fishery production in 2018, with 
3.75 million metric tons in live weight, and an establishedpotential of 4.0 million 
metric tons for the year 2021 [29]. China is the leading country in shrimp production, 
with about 1.5 million metric tons of the total fishing (Figure 1).

In Latin America, Ecuador is the leading country in shrimp production, and it 
was expected that the production in this country reached 700,000 metric tons in the 
year 2021, making Ecuador the third main worldwide shrimp producer, only after 
China and Vietnam (Figure 2). Although Mexico suffered severe losses in 2013, the 
Mexican industry was able to recover its production in 2015. Besides, it was expected 
a higher growth, where 180,000 metric tons were expected to be reached by 2021 
[30]. In Mexico, in terms of catch volumes, the shrimp occupied second place in 
the national fishery production, with a live weight volume of 155,281 tons in 2018 
(Figure 3).

In recent years there has occurred overexploitation in all the commercial fishing 
species, including shrimp, because of uncontrolled growth fishery activities, either 
artisanal or industrial. Due to this problem, preventive measures have been imple-
mented, including a temporally closed season in 2003, in which it was prohibited 
any fishing of shrimp species; this closed season was extended until 2017. Besides, 
it was also implemented a specific fishing season under the Mexican Standard 
NOM-009-PESC-1993. The productions of aquaculture farms show an exponential 
growth tendency, while open sea mats and bay fishery have kept a constant behavior 
(Figure 4).

Figure 1. 
Aquaculture shrimp production of the main producing countries. Sources: FAO (2020) [29] and Anderson et al., 
2019 [30].
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Figure 2. 
Aquaculture shrimp production in the main producing countries of Latin America during 2013–2017 and 
projection for 2018–2021. Source: FAO (2020) [29] and Anderson et al., 2019 [30].

Figure 3. 
Contribution of the main commercial species in the volume of national aquaculture production live weight in 
2018. Adapted from the Mexican yearbook of aquaculture and fisheries, CONAPESCA (2018) [31].
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2.1  Current situation: the birth of Mexican industries based on the harnessing of 
shrimp wastes

Chitin and its derivates have commercial use in different countries, mainly Japan, 
China, and the USA. All these countries already have a consolidated industry around 
this polymer, being China the main producer and exporter of chitin. As to Chile and 
Spain, both countries are in an early stage, like the rest of Latin America. In Mexico, 
the interest in the chitin sector, as well as in chitosan, and their derivatives, is relatively 
new; therefore, both academic institutions and industries have manifested their inter-
est in this topic. For example, scientists from Centro de Investigación en Alimentación 
y Desarrollo AC (CIAD) in Sonora, México [32], have informed that the head and 
exoskeleton of shrimp should be consider not as a waste but as source for chitin and 
chitosan production. Additionally, there are enterprises such as “Neptuno”, where 
researchers and businessmen collaborate to produce these polysaccharides and their 
derivates. Until now, they have actively participated in conferences and presentations 
aiming to awaken the interest in this field. Another enterprise called “Polímeros acuí-
colas”, from Guasave, Sinaloa, pretends to exploit shrimp wastes to produce substances 
of interest to satisfy the global need. Furthermore, some well-known Mexican enter-
prises, like Resistol and Comex, have already created links with the former company.

2.2 Chemical composition of shrimp wastes

Shrimp obtained from fishery is destined for direct human consumption; it can be 
found in different presentations that require diverse industrial processes, or also can 

Figure 4. 
Mexican live weight shrimp production by origin 2009–2018. Adapted from the Mexican yearbook of aquaculture 
and fisheries, CONAPESCA 2018 [31].
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be consumed fresh or frozen. Considering that almost 50% of the crustacean weight 
is thrown before their consumption, it was calculated that the production of shrimp 
wastes in México will reach 79,138 tons in 2018 [31].

The crustacean exoskeletons are formed by successive protein-chitinous layers, with 
a high calcium carbonate content. Depending on the species, the chitin content can vary 
from 0.01 to 40% on a dry base, while protein content can fluctuate between 50 and 
80%. Through X-ray diffraction studies, it has been determined that the polysaccharide 
chains of chitin in crustaceans, specifically in shrimp species, are tied in an antiparallel 
way, given a crystalline structure called type β [33]. Protein molecules adopt an antiparal-
lel conformation of folded chains, while chitin molecules are arranged in a perpendicular 
way with respect to the protein chains, resulting in a tridimensional reticular structure, 
organized in layers with high mechanic strength. Therefore, such different protein-chi-
tinous layers can adopt a “sandwich” structure, in whose center would be a nucleus made 
by chitin molecules, surrounded by layers of fibrous proteins arranged transversally [34]. 
In addition, it is important to emphasize that there are factors that can produce signifi-
cant changes in the percentual composition of shrimp wastes, such as the crustacean 
species, season and geographical region of capture, and the storage of samplesas well. In 
general, there can be considered that such wastes contain an average of 34.5% protein, 
26.89% crude fiber, and 25.60% ashes. More detailed data is shown in Table 1, where can 
also be seen that they possess a high calcium carbonate content and various phosphates. 
Therefore, these kinds of wastes mayrepresent one of the possible non-conventional 
protein sources for animals, with a good nutritional potential, because such proteins are 
especially rich in lysine, which could equilibrate diets based on cereals [37].

3.  Chemical structure of chitin, chitosan, and their derivative 
chito-oligosaccharides

3.1 Chemical structure and properties

Chitin is a non-linear polymer constituted by units of N-acetyl-2-amino-2-deoxy-D-
glucose (N-acetyl-glucosamine or NAG), joined by glycosidic bonds β (1 → 4) [38, 39]. 

Author [35] [36]

% Water 7.87 4

% Dry matter 92.13 96

% Crude fiber 26.89 N/D

% Crude protein 34.5 46.3

& Fat 5.14 9.04

% Ashes 25.60 17.04

% Calcium 16.69 7.0

% Phosphates 0.85 3.03

Chitin energetic content 938* 2500

Chitin 18.7 9.82

*Calculated by the method of Schaibel (1980).

Table 1. 
Proximal analysis of the shrimp waste showing its content of chitin and energy (kcal/kg).
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The conformation of such glycosidic bonds produces an alternative spatial location of the 
N-acetyl groups along the polymer chain, where the N-acetyl-glucosamine dimer chitobi-
ose can be considered as the minimal structural repeating unit of chitin (Figure 5) [34]. 
On the other hand, chitin is one of the most abundant natural polymers, like cellulose and 
hemicellulose [40]. In nature, chitin is forming cover structures of arthropods, insects, 
arachnids, mussels, fungi, and some algae [41].

Concerning chitosan, this is also a lineal polysaccharide that could be obtained 
after the extensive deacetylation of chitin and, therefore, it is composed of two dif-
ferent aminated monosaccharides, which are randomly placed along the polymeric 
chain. Such monosaccharides are amino sugars NAG and D-glucosamine (GA), which 
are linked, likewise, by glycosidic bonds β (1 → 4), (Figure 6). It is important to point 
out that the total deacetylation of chitin is a quite complicated process, and therefore 
is possible to generally obtain mixtures of chitosans with different degrees of deacety-
lation (generally higher than 45%); thus, the criteria used to differentiate them is 
mainly their solubility in aqueous diluted acidic solutions [38].

3.2 Chitosan depolymerization to produce chito-oligosaccharides

Due to the very high molecular weight of chitosan, and its high viscosity as well, 
the use of this polymer becomes difficult for some applications. Therefore, this 
problem was solved by using the resulting products of its hydrolysis. However, such 
substances could be harder to obtain in the amounts required for large-scale industrial 
processes. In this regard, it has been reported that the hydrolysis or depolymerization 
of chitosan can be done through different methods: physical (ultrasound), chemi-
cal (hydrolytic reactions), or biological (using hydrolases). Among them, chemical 
hydrolysis is the most used at an industrial scale.

3.2.1 Chemical obtention of chito-oligosaccharides from chitosan

Chitosan can be hydrolyzed chemically either through acidic depolymerization 
or by an oxidative-reductive treatment. The acidic depolymerization is carried out 
by using a variety of chemicals such as hydrochloric, hydrofluoric, nitrous, sulfuric, 
and acetic acids. However, the use of such chemicals brings disadvantages, as their 
low yields obtained. Although they are relatively fast and cheap processes, they are 
inconvenient for their commercialization due to the production of toxic compounds 
and their considerable risk for the environment, since the materials used are highly 
residual [38]. There are multiple reports of chitosan oligomers obtained in this way 
and used alternatively in agriculture [43–46].

Figure 5. 
Chemical structure of chitin.
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3.2.2 Enzymatic obtention of chitosan oligosaccharides

Such enzymatic processes are carried out generally in discontinuous reactors and 
are preferred over the chemical methods, due to the reduction of adverse factors. These 
processes require specific enzymes like chitosanases or some less specific ones like cel-
lulases, lipases, hemicellulases, and pectinases [47]. Chitosanases are enzymes broadly 
distributed in nature, which are capable of degrading chitosan into low molecular 
weight oligomers. These enzymes have been found in bacteria, viruses, fungi, and 
plants [48, 49]. However, there is a limitation in the use of these specific enzymes, 
because of their high cost and low availability in high amounts [50]. Due to this, some 
researchers have explored the use of non-specific commercial enzymes, which showed 
to be able to degrade chitosan, almost with the same efficiency than chitosanases, but 
cheaper [51]. As occurred with specific chitosanases, hydrolases are also able to cata-
lyze the breakdown of β- (1,4)-glycosidic bonds present in chitosan. These enzymes 
have been found in microorganisms like viruses, bacteria, and fungi. During a recent 
research performed by Olicón-Hernández et al. (2017) [52], the extracellular chito-
sanase from Bacillus thuringiensis, grown in a chitosan containing medium, was used 
as a crude enzyme previously sterilized by filtration to produce a mixture of mono-, 
di-, tri-, and tetra-saccharides using colloidized chitosan as the substrate. These results 
are encouraging because they show that it is possible to transform chitosan obtained 
from shrimp wastes, through a microbial process, into products with biotechnological 
importance, avoiding the traditional use of chemical substances, as different acids.

4. Chitin and chitosan uses

Chitin can be used in a variety of fields. For instance, it was studied as a wound 
healing and blood thinner for medical purposes. It was also used as stationary 

Figure 6. 
Comparative chemical structures of chitin and chitosan [42].
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support for the enzyme immobilization in column chromatography, due to its 
gelling and adhesive properties. In pharmacy is used as an excipient and dispenser 
of drugs. Besides, chitin has applications as an adhesive in textile and paper 
industries, and in agriculture for soil improvement. Due to its chelating proper-
ties, chitosan is used in water treatment and also for the decontamination of 
effluents. On the other hand, chitosan possesses physicochemical, functional, and 
biological properties, being useful in different fields such as medicine, pharmacy, 
agriculture, and food industry, among others. Chitosan has a high capacity for the 
sequestration of metallic ions, which is useful for the decontamination of indus-
trial wastewater. Its polycationic nature grants a flocculant action, being also a 
good support for enzyme and cell immobilization, both in biotechnology and food 
industry [53].

Chitosan is also an excellent former of fibers, films, and membranes [54], and can 
be used to prepare microspheres or microcapsules; these capabilities, along with its 
biocompatibility and biodegradability, allow its use in both biomedical and pharma-
ceutic industries [55]. Also, it has been studied the use of chitosan as an excipient, 
to propitiate the controlled release of drugs and to reduce the cholesterol levels [56] 
and as a boost for the immune system and for the elaboration of the gels used in 
cosmetology [57]. Likewise, it has been described its antimicrobial action against 
pathogens and microorganisms that damage fruits and vegetables; this activity has 
been explained by supposing changes in the permeability of cells, due to the interac-
tions between chitosan (a polycation) with the electronegative charges placed on the 
cell surface. Other therapeutical use concerns weight, high cholesterol, and burns 
controls [58]. Other applications, based on the polar capability of the hydroxyl and 
carboxyl groups of chitosan, have been proposed to make bio-electro sensors able to 
detect cancerogenic cells and at the same time being useful to administer antitumor 
agents to specific cells [59].

5. Some uses of chito-oligosaccharides

As indicated above, it is possible to obtain low-molecular-weight derivates of the 
above-cited polymers, by chemical or enzymatic treatments, which are known as 
chito-oligosaccharides, whose structure main contain scarcely 3 to 10 monosaccharide 
units. However, some authors consider that such chito-oligosaccharides may contain 
until 20 monosaccharide units in their chains. These compounds, particularly those 
derived from chitosan hydrolysis, can be used in a variety of biotechnological areas, 
standing out in medicine and pharmacy, due to their beneficial effects on human 
health, as is described hereafter [52].

5.1 Medical uses

Chito-oligosaccharides from chitosan confer an immunological modular effect, 
because theyit boost the immune system through cellular proliferation, besides 
possessing other stimulative immunological effects [57, 60–63]. In this particular 
instance, it is known that chito-oligosaccharides accelerate theformation of anti-
bodies and also induce the cellular differentiation of leukocytes. Oligosaccharides 
from chitosan also possess an accelerating effect on intestinal transit since they help 
the proliferation of Bifidobacterium and Lactobacillus cells present in the intestinal 
flora [64].
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Another important finding refers to their anti-tumoral activity, as it is believed 
that they can suppress and prevent cancer [65]. As metabolic emulators chito-
oligosaccharides have anti-cholesterolemic effects, because they are able to reduce 
cholesterol, triglycerides and glucose levels in the blood; besides they reduce blood 
pressure and have anti-obesity effects.

As food additives, chito-oligosaccharides are used as dietary fiber, and dietary 
supplement for poultry species and livestock [63]. Other relevant applications for 
these compounds involve their use in arthritis control and as an antidiabetic; also in 
the treatment of gastric ulcers, as antimutages, anti-inflammatories and as low caloric 
sweeteners [66, 67].

On the other hand, it is important to point out that there are two factors that should 
be considered among the most relevant, related to the biological activity of chito-oligo-
saccharides; one is the length of their chains and the other is their deacetylation degree 
[68]. In general, the longer chito-oligosaccharides are, the stronger effects they may have. 
However, this does not imply that the shortest oligosaccharides do not possess similar (or 
other different) biological effects. For example, it has been observed that penta-, hexa- 
and hepta-glucosamines present the strongest and more varied biological effects [69].

5.2 Agricultural applications

It is known that chitin, and its derivates, have a broad range of biological activities 
which include antioxidant and, antimicrobial effects, and other properties that can be 
used on an industrial scale as well. Chitosan has been used for seed coverings, with the 
objective of controlling plagues and improving plant defense system against microor-
ganisms [70]. It has been demonstrated that chito-oligosaccharides have diverse effects 
on plant cultivation and, on the enhancement of plant growth and development, besides 
improving both the quality and yield of the vegetable products [71]. In a study made 
by Mahdavi & Rahimi (2013) [70], it was tested the effect of chito-oligosaccharides 
in stimulation, specifically for germination and growth, of Trachyspermum ammi, 
observing that its growth was accompanied by a decrease in the damaging impact 
caused by abiotic stress like high salinity. Likewise, a study using three fractions of 
chito-oligosaccharides of different molecular weights, obtained from the same initial 
chitosan sample, clearly demonstrated that the fraction with the lowest molecular 
weight produced a higher acceleration in the germination of zucchini seeds covered with 
these compounds. In another study reported by Zou et al., (2017) [72], it was observed 
the significant benefits for soy yields, seed germination, and plant growth. Other uses of 
chito-oligosaccharides in the agricultural sector are as agents to conserve seeds [73], as 
plant defense enhancers and for the protection against plagues and diseases [74].

5.2.1 Effects on plant resistance to diseases

Jia et al., (2016) [75] used Arabidopsis plants which were pre-treated with 50 mg/L 
of chito-oligosaccharides per day, before their inoculation with the tobacco mosaic 
virus (TMV); it was found that the expression of defenses, associated with genes 
related to pathogenicity, resulted strengthened.

In another study, the efficiency of chito-oligosaccharides to prevent and control 
the southern rice striped black dwarf virus was demonstrated, evidencing that these 
compounds regulate the increase of proteins related to plant defenses. Also, a field 
test has been carried out after treatment with chito-oligosaccharides as an antifungal 
agent in grape plantations, where results showed that the mortality and infection 
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rates were reduced significatively on inoculated plants with pathogens such as 
Diplodiaseriata y Phaeomoniella chlamydospora [76].

5.2.2 Effects on growth and plant development

The use of oligosaccharides can help to improve plant growth, seed germination, 
chlorophyll content, nitrogen fixation, and nutrient absorption. Oligomers from chi-
tosan not only have the property of inducing resistance, but they can promote plant 
growth and development. During their interaction with tobacco cells, these com-
pounds regulate concentrations of indole-3-acetic acid (IAA) and their related per-
oxidases, which indicates a growth accelerator effect. Also, field tests have been done 
to evaluate oregano growth using different oligosaccharide doses (50–1000 ppm), 

Species Properties 

of QOS*

Concentration used Mode of 

use

Effects/

observations

Reference

Tomato — 25, 50, 75, 100 mg/L Foliar Plants height, 
leaves number, 

fruit yield

[77]

Wheat 93% GD 15 mg/L Foliar Chlorophyll, 
activity PEPC, 

saccharose content, 
TCA cycle

[78]

Mint 90% GD 40, 60, 120, 160 mg/L Foliar spray Longer root length [79]

Lemmon 
grass

90% GD 40, 60, 80, 100 mg/L Foliar spray Root length [80]

Chili 91.4% GD; 
PM 8 kDa

50 mg/L Foliar Increase on 
chlorophyll content

[81]

Wheat 95% GD 0.01% Foliar Sprout length, root 
length, chlorophyll 

content, sugar 
content

[72]

Bean 85% GD 100 mg/L Foliar Plant height, more 
vanilla pods, seeds 

yield

[82]

Barley Different PM — Plant tissue 
culture

Higher growth and 
seed yield

[83]

Lavender 80% GD; PM 
16 kDa

30, 40, 100 mg/L Plant tissue 
culture

Higher plant 
length, 

multiplication, and 
sprout weight.

[84]

Curly 
kale

— 10, 50, 100 mg/L Hydroponic 
cultivation

Enhance of growth 
and reduction for 
harvesting time

[84]

Soy, 
wheat 
and rice

— 10–100 mg/L Hydroponic 
cultivation

They promote 
growth under stress

[85]

*GD = degree of deacetylation, PM = molecular weight.

Table 2. 
Some reports of the effects of oligosaccharides on the physiological attributes of plants.
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where results indicated that, from 200 to 500 ppm chito-oligosaccharides, there was 
an increase in plant height, while doses from 50 to 200 ppm significantly regulated 
the concentration of polyphenols.

5.2.3 Effects on the quality of vegetable products

Studies carried out in this regard showed that treatment with chito-oligosaccha-
rides can significantly improve the quality of strawberry plants; in such research a 
treatment with 50 mg/L of these chito-oligosaccharides, applied to the fruits prior 
to harvest them, increased their pulp viscosity, lignin content, sugar, protein, and 
titratable acidity; besides, they strengthen the strawberry antioxidant capability due 
to a higher production of components such as anthocyanins, total phenols, flavonoids, 
and vitamin C. Table 2 shows some works concerning the effects of chito-oligosac-
charides on diverse physiological attributes of plants.

6. Conclusions

Sustainable agriculture is a relevant topic considering the growing population 
worldwide and the severe damage that chemicals have caused to the environment due 
to their use for agricultural purposes. Many agrochemicals used nowadays are costly 
in the global market; however, they promote agricultural production. There is well 
known that many of these compounds used to protect crops against diseases and to 
increase yields, are considered pollutants of soil, crops, biological diversity, microbiota 
and, in addition, may cause diseases in animals and humans. Thus, there is currently an 
enormous need to promote healthier ecosystems and support sustainable soil manage-
ment to minimize the use of these harmful synthetic agrochemicals, while promoting 
the development of methods and products for the control of pests and diseases, that 
could be more respectful to the environment. The utilization of protein-chitinous 
residues, which are abundant in our country (and without the correct management, 
may also generate pollution to the environment), for the obtention of derivates like 
chitin, chitosan, and chito-oligosaccharides from chitosan, among others, are consid-
ered valuable in many fields, due to their properties like biocompatibility, biodegrad-
ability, and null toxicity. Therefore, they are an alternative to conventional agriculture, 
being a feasible alternative to enhance productivity and crop protection. To that effect, 
chito-oligosaccharides may fulfill environmental and health requirements to help 
meet the needs of a constantly growing population, which involve the production of 
high-quality food along with low environmental impact. Unlike chitin and chitosan, 
chito-oligosaccharides are soluble in water, and due to their low molecular weight, they 
can enter the cell and have a higher biological effectivity, not to mention their relevant 
capability to stimulate seed germination, plant growth, to activate resistance mecha-
nisms in crops, antimicrobial activity, and more important, they can be obtained by 
microbial methods that are harmless to the environment and at a low cost.
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