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Nutraceuticals are natural bioactive or chemical compounds acclaimed for their valuable biological activities and

health-promoting effects. The global community is faced with many health concerns such as cancers,

cardiovascular and neurodegenerative diseases, diabetes, arthritis, osteoporosis, etc. The effect of nutraceuticals

is similar to pharmaceuticals, even though the term nutraceutical has no regulatory definition. The usage of

nutraceuticals, to prevent and treat the aforementioned diseases, is limited by several features such as poor water

solubility, low bioavailability, low stability, low permeability, low efficacy, etc. These downsides can be overcome by

the application of the field of nanotechnology manipulating the properties and structures of materials at the

nanometer scale.
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1. Introduction

Nutraceuticals are natural bioactive or chemical compounds acclaimed for their valuable biological activities and

health-promoting effects . The usage of nutraceuticals, to prevent and treat many health concerns, is limited

by several features such as poor water solubility, low bioavailability, low stability, low permeability, low efficacy, etc.

The field of nanotechnology is applied to overcome the aforementioned downsides by manipulating the properties

and structures of materials at the nanometer scale . The synthesis, characterization, and applications of dextrin-

based nano delivery systems are explored to enable the successful development of nutraceutical delivery systems

(Figure 1).
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Figure 1. Overview of dextrin-based chemically cross-linked hydrogels as the most biocompatible and natural

system to deliver nutraceuticals.

The industrialization and changing work cultures have caused numerous air and water pollutions, soil, and food

contamination because of the extensive use of various harmful man-made items such as chemicals, heavy metals,

electromagnetic waves, etc. Economic development has drastically changed human lifestyles because of the fast-

eating cultures with decreasing nutrient quality. The nutritional deficiencies have caused various diseases such as

diabetes, obesity, various cancers, neurodegenerative diseases, heart diseases, physiological problems,

hypertension and dyslipidemia, chronic and vascular diseases, osteoporosis, arthritis, etc . There are a few

challenges to defining the health benefits of certain foods, improving immune function, preventing specific

diseases, and reducing side effects, and health care costs. Throughout the years, the major concern of humankind

around the world has been the research, development, and commercialization of nutraceuticals, functional food

ingredients, and dietary supplements. Bioavailability, biocompatibility, solubility, loading efficacy, toxicity, the

release, the activity, and the pharmacokinetics (PKs) of the drugs, etc., are the requirements to achieve a higher

therapeutic purpose .

2. Nutraceuticals

Nutraceuticals are natural or chemical bioactive compounds that possess valuable biological activities and

demonstrated physiological benefits. They offer promotion of the body’s natural healing, prevention, and treatment

of the disease . Certain organizations proposed several definitions for nutraceuticals, as one of the most

active areas of research with a deficiency of a favorable regulatory environment.
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"A substance that is cultivated/produced/extracted or synthesized under optimal and reproducible conditions and

when administered orally to patients, would provide the nutrient required for bringing altered body structure and

function back to normal, thus improving the health and wellbeing of the patients”, is the most appropriate definition

for nutraceuticals . The movement of nutraceuticals in the global market is “unstoppable” . Nutraceuticals can

be classified into broad classes based on food bioavailability, mechanism of action, and chemical nature .

Regarding the food source, nutraceuticals can be divided into traditional and non-traditional . Based upon

nutraceutical chemical nature, more specifically upon functional groups, there are comprised several large groups

such as isoprenoid derivatives, phenolic substances, fatty acids, structural lipids, carbohydrate derivatives, amino

acid derivatives, microbes, and minerals, which provide a basis for subclassification . Concerning specific

therapeutic properties, nutraceuticals are known for anti-inflammatory, anti-microbial, anti-oxidant, anti-

hypercholesterolemic, anti-aggregate, anti-hypertensive, anti-carcinogenic, osteogenetic, or bone protective

properties, etc.

3. Delivery systems for nutraceuticals

Nanotechnology is advantageous for manipulating the properties and structures of materials at the nanometer

scale and therefore has opened up new opportunities for numerous applications in biotechnology, molecular

biology, medicine, environmental science, etc . The field of nanotechnology, through the efficacy of nano-drug

delivery systems, contributes to every walk of life improving the bioavailability, biocompatibility, solubility, drug

loading efficacy, and surface modifications of bioactive and chemical molecules . The application of

nanotechnology in health care is extensively adopted as a robust driver of biomedical novelty .

Dextrin

Dextrin is one of the most noteworthy polymers because of its various features such as hygroscopicity,

fermentability, sweetness, stability, gelation, solubility, bioavailability, and molecular compositions. Dextrin is a low-

molecular-weight carbohydrate produced by enzymatic and/ or acid partial hydrolysis of starch, with the same

general formula as starch but smaller and less complex. It contains α-(1→4) D-glucose units of amylose and the α-

(1→4) and α-(1→4,6)-D-glucose units of amylopectin with lower polymerization. During the enzymatic degradation

of starch, linear and cyclic dextrins are formed . Dextrins are widely used in a variety of applications

such as adhesive in the manufacture of textiles, cosmetics, gummed tapes, and paper, biomedical, and

pharmaceutical applications . Because dextrins are easily degraded by α-amylase, the chemical modification

can tailor the dextrin structure for satisfying a variety of drug delivery objectives . The native starches are often

modified as a consequence of several unfavorable properties such as high hydrophilicity, poor solubility, etc. The

chemical modification means the introduction of functional groups to the molecule of starch giving characteristic

properties . Among dextrins, cyclodextrin (CD) modifications have become a major area of interest for

numerous investigations and, therefore they are widely explored as drug delivery systems.

Dextrin-based polymers as delivery systems matrices

Cyclodextrins (CDs) are cyclic oligosaccharides produced via cyclodextrin (CD)- glycosyltransferase from starch,

by certain microbes such as Bacillus macerans. CDs contain six (αCD), seven (βCD), eight (γCD), or more (α-1,4)-
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linked α-D-glucopyranose units. The truncated shape of CDs is because of the chair conformation of

glucopyranose units with the hydroxyl groups orientated to the cone exterior. The primary hydroxyl groups of the

sugar residues are at the narrow edge of the cone, and the secondary hydroxyl groups are at the wider edge .

CDs tend to form inclusion complexes because of their lipophilic interior and hydrophilic exterior . Even

though the unique structure of CDs has fascinated scientists around the world, native CDs are appropriate only for

the molecule recognition of a wide range of substrates. Moreover, they have various limitations such as the inability

of including certain hydrophilic compounds or high molecular-weight drugs, low aqueous solubility, and toxicity in

the case of β-CD when administered intravenously . Therefore, specific applications require overcoming

the aforesaid limitations by chemical modifications of CD structures .

In CDs, hydroxyl groups can be modified by replacing the hydrogen atom or the hydroxyl group with a variety of

substituting groups . CD derivatives and CD-based polymers appear as a powerful tool. CD derivatives

comprise the randomly methylated β-CD, the hydroxypropyl derivatives of β- and γ-CD, sulfobutylether β-CD, and

the branched CDs , whereas CD-based polymers, containing two or more covalently linked CD-units, can be

water-soluble and moderately swelling or insoluble and strongly swelling . CD-based nanosponges (NSs) can

easily be obtained by reacting the nucleophilic hydroxyl group of the selected CD with a suitable cross-linking

reagent, containing two electrophilic sites, that convert molecular nanocavities into insoluble three-dimensional,

nanoporous structures. Widely-used cross-linkers that influence the behavior of the CD units are epichlorohydrin

for hydrophilic NSs synthesis, and diphenyl carbonate (DPC), pyromellitic dianhydride (PMDA), diisocyanates,

carbonyldiimidazole (CDI) for hydrophobic NSs synthesis. With a highly porous nanomeric and insoluble nature,

CD-NSs are capable of encapsulating a variety of substances, particularly of increasing the solubility of poorly

water-soluble drugs, prolonging their release, and improving their bioavailability and stability. Because of these

characteristics and their harmlessness, CD-based NSs are used in certain fields such as chemistry, gene delivery,

agriculture, cosmetics, food, biomedicine, biotechnology, biocatalysis, etc. However, the main area of investigation

so far is the pharmacy, in which CD-NSs have been proposed as drug delivery systems .

Therefore, it is no wonder that the demand and the need for an explosive scientific and technological revolution

have increased over the years.

Developing effective CD-based systems that can improve the properties of the nutraceutical has been attractive for

many applications, particularly in the field of pharmaceuticals as delivery systems. CD-based nanosponges (NSs)

appear as advanced drug carriers and, therefore, can also contribute as nutraceutical carriers. The history of CD-

NSs, detailed by Krabicovà et al., over years has experienced significant progress. According to the chemical

composition and properties, CD-NSs with particular attention to the pharmaceutical field can be divided into four

generations, as overviewed by Caldera et al. The CD-NSs have evolved from the plain NSs to modified NSs,

stimuli-responsive CD polymers, and molecularly imprinted CD-based polymers (MIPs-CD). The first generation of

CD-NSs remains among the most commonly explored NSs as drug delivery systems. This generation comprises

urethane (or carbamate), carbonate, ester, and ether CD-NSs.  Delivery challenges for each native CD have been

addressed through the CD-NSs generations which have improved the delivery kinetics for most of the therapeutic

agents. CD-NSs are well-known delivery systems of several nutraceuticals such as quercetin , curcumin ,

resveratrol , thyme essential oil , melatonin , etc. Maltodextrin is defined as a hydrolyzed starch product 
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consisting of D-glucose units linked primarily by α (1,4)-glycosidic bonds . Maltodextrins are classified by their

values of dextrose equivalent (DE). The DE ranges up to 20 and expresses the number of reducing sugars present

in the polymer . Thanks to the helical structure of the amylose chains, maltodextrins can act as complexing

agents demonstrating a strategy to integrate drug-loaded carriers into hydrogels for drug delivery and tissue

engineering applications . The researchers still lack deeper knowledge of the forces involved in the complex

formation of maltodextrins with nutraceuticals, and of their pharmaceutical applications.

4. Concluding Remarks

Nutraceuticals are considered to act against various nutritionally induced diseases such as obesity, cancers,

diabetes, neurodegenerative diseases, cardiovascular disease, allergy, respiratory disorders, arthritis, etc.

Nutraceuticals are considered a powerful instrument to facilitate lifespan, optimal health, and quality of life. The

health benefits of the nutraceuticals are limited by the low bioavailability, low efficacy, low aqueous solubility,

degradation and metabolism, and epithelial permeability.

This research shows the use of dextrin-based chemically cross-linked polymer as the most preferred, advanced,

biocompatible, and natural system to deliver nutraceuticals.

One of the most commonly studied systems is cyclodextrin (CD)-based nanosponges (NSs). Due to their highly

porous nanomeric nature, CD-NSs are found in different applications ranging from chemistry, pharmacy,

biomedicine, gene delivery, food and biotechnology, environment, etc.

CD-NSs are efficient encapsulating agents for delivering nutraceuticals with controlled kinetics through the topical,

oral, and parenteral routes. The nanomaterials based on CD-NSs, in contrast to free nutraceuticals and native

dextrin units, improved the solubility, biocompatibility, bioavailability, encapsulation, and release capacity of the

nutraceuticals, and therefore are considered the most effective delivery systems. Numerous nanomaterials-based

drug delivery systems, as the most advanced approach contributing to every walk of life, have been prepared.

Although maltodextrins are known for a higher aqueous solubility and are less expensive than CDs, their modified

forms need to be further studied in pharmaceutical applications. Therefore, the extensive literature about the

synthesis, characterization, and applications of the modified CDs, will fully instruct the modified linear dextrins. It

can be forecasted that the more advanced nanoparticle drug delivery systems will be released and overtake the

market.
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