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CYCLODEXTRINS – FIELDS OF APPLICATION. PART I
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Abstract: This review is dedicated to different fi elds of use of cyclodextrins, a family of three cyclic natural 
oligosaccharides and their derivatives. The fi rst part of the review gives a brief description of the main and the most 
recent developed applications of cyclodextrins in food, cosmetic industry, environmental protection technologies and 
agriculture. Different products based on inclusion complexes with cyclodextrins and technologies with different use 
of cyclodextrins and inclusion complexes are described. 
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Cyclodextrins are a family of three cyclic natural oligosaccharides and their semi-synthetic derivatives. Naturally 
occurring α-, β- and γ-cyclodextrins have torus-like macro-rings built up from 6, 7 and 8 glucopyranose units, respectively.  
As a consequence of the 4C1 conformation of the glucopyranose moieties, all the primary hydroxyl groups are situated on 
the one edge of the torus, while all the secondary ones are situated on the other. The internal cavity of the cyclodextrins 
is lined by the hydrogen atoms and the glycosidic oxygen bridges, which produce a high electron density there and lend 
to it somewhat hydrophobic character.  

In an aqueous solution, the cyclodextrin cavity is occupied 
by water molecules that are energetically unfavored due to polar-
apolar interactions, and therefore can be readily substituted by any 
less polar guest-molecule added to the solution. The properties of 
the included molecule are very often signifi cantly modifi ed and the 
formed inclusion complexes fi nd wide distribution in different fi elds 
of application. 

The main reasons why the cyclodextrins are that popular as 
guests for inclusion of different substances:

they are produced from a renewable natural material • 
(starch) applying environmental-friendly technologies (enzymatic 
conversion);

they are relatively cheap and are produced in amounts of • 
thousands of tones per year;

they are nontoxic in consumable concentrations and their • 
secondary toxic effects can be easily eliminated by an appropriate 
chemical modifi cation;

they are biodegradable and do not pollute the environment.• 
The main fi elds of cyclodextrins application are:

agriculture;1. 
biotechnological applications;2. 
chemical and biological analysis;3. 
chemical synthesis;4. 
cosmetic industry;5. 
environmental protection technologies;6. 
food industry;7. 
pharmaceutical industry;8. 
textile industry.9. 

This paper is dedicated to application of cyclodextrins in food and cosmetic industry, environmental protection 
technologies and agriculture.

Food industry
Food and cosmetic industries are the largest consumers of cyclodextrins and their derivatives [1]. In the food 

industry cyclodextrins are employed for the production of a wide variety of goods from alcohol powder to low-cholesterol 
cheese and milk. 

Fig. 1. Forms of natural cyclodextrins
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Cyclodextrins are used to replace:
carbohydrates with a high glycemic index such as sugar, starch or starch-derived products to reduce the energy a) 
value and glycemic load of the food;
fat in table spreads;b) 
fermentable fi bers, some of which may be less suitable because of their high viscosity, insuffi cient stability, c) 
taste or presence of by-products.

In other cases, cyclodextrins are added to foods in which they doesn’t directly replace any particular component 
but perform a range of technical functions such as:

a carrier for natural colors, fl avors and vitamins;a) 
a stabilizer of oil in water emulsions, a solubilizer of lipids;b) 
a fl avor and aroma modifi er by suppressing undesirable characteristics.c) 

γ-cyclodextrin was proved to possess the best fl avor retention properties among 3 native cyclodextrins [2]. A 
group of fl avor substances are known to be used under the form of inclusion complexes with cyclodextrin: coffee fl avor 
[3], wasabi fl avor additive [4], vanillyl alcohol derivatives [5], lemon oil [6]. Color stabilization in food is another 
widespread application of cyclodextrins [7-9]. Most stabilized are natural colorants like lycopene, quercetine, β-carotene 
and others.

The estimated levels of cyclodextrins used as a food ingredient are higher (up to approximately 15%) than when 
they are used for a technological function (approximately 1%).

Cyclodextrins can stabilize emulsions of fats and oils [10], shielding them from oxidation and thus preventing 
rancidity. They can also be used to debitter citrus juices through removal of bitter components rather than masking them. 
[11, 12] 

Besides, they can be used in production of powdered products like powdered tea [13], powdered honey [14] or 
powdered alcohol [15]. Very often cyclodextrins are used for sweeteners stabilization and solubilization: aspartame (1), 
neotame (2), steviolmonoside (3, R=βGlc), steviolbioside (3, R=βGlc-βGlc) and others. [16-18]

                         (1)                                                             (2)                                                       (3)

Fig. 2. Structures of some sweeteners for which cyclodextrin complexes have been developed: aspartame (1), 
neotame (2), steviolmonoside (3, R=βGlc), steviolbioside (3, R=βGlc-βGlc)

With respect to bioconversions and fermentations, cyclodextrins apparently possess an advantageous combination 
of properties. First, they enhance solubilization of organic compounds. Second, they reduce toxicity since complexation 
of organic substrates and/or products may signifi cantly reduce their concentrations. Third, they are biocompatible. 
Cyclodextrins are known to cause no damage either to free enzymes or to micro-organisms.

A wide range of cyclodextrin technologies are applied to produce healthy food products with different effects: 
- reduced cholesterol content: homogenized milk [19], cream [20]; cheddar cheese [21], butter [22], 
  egg yolks [23]
- hypocholesterolemic effect [24]
- reduced glycemic index [25]
- antiallergic effect [26]

Other possible applications of cyclodextrins in food industry are production of gasifi ed products [27], food 
cleaning products [28]. In the table 1 are presented different food products and cyclodextrin concentrations approved 
for them. 
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Table 1
α- and γ-cyclodextrins in foods/levels of use [29, 30]

Food name Cyclodextrin 
concentration 

level, %

Hydration factor 
for αCD /dilution 

factor for γCD

Level used in modeling, 
g/kg

αCD γCD αCD γCD αCD γCD
Baked goods 2,0 20
Beverage whiteners 1,0 1,0 10 10
Biscuits 10,0 1,0 100 10
Breads 5,0 1,0 50 10
Breakfast foods 2,0 20
Chewing gum 10,0 1,0 100 10
Dairy desserts 1,0 3,0 7,8 1,3 30
Dry mixes for beverages 1,0 10 *1,0
Dry mixes for dressings, gravies and sauces 1,0 5 *2,0
Dry mixes of soups 1,0 20 *0,5
Dry mixes for puddings, desserts, jellies and 
fi llings 1,0 6 *1,7

Ice cream/ice confection 2,5 25
Fat based fi llings 5,0 50
Fermented or rennetted milk 2,5 25
Fruit based fi llings 3,0 30
Instant coffees and teas 1,0 1,0 113 80 0,088 *0,125
Processed cheese 3,0 30
Salt 3,0 30
Savory snacks 1,0 1,0 10 10
Soy beverages 2,0 2,0 2,0 20
Sugar confectionary (compressed) 15,0 1,0 150 10
Oil emulsions (<80% fat) 20,0 200
Table spreads 20,0 200

* in the ‘ready to consume’ version of the food

Cosmetic industry
The cosmetic industry is constantly looking for new and effective products endowed with a satisfactory biological 

activity and an effi cient delivery on the skin, hair and nails. Cyclodextrins, as cosmetic ingredients, are used to solubilize 
and stabilize sensitive components; stabilize emulsions; improve the absorption of active compounds; stabilize 
emulsions; reduce or eliminate bad smells of some cosmetic ingredients, and reduce the loss of active component 
through photodestruction, oxidation, volatilization. Besides, they are used in hygienic products aiming to interact with 
body secretions (sebum, sweat). 

Below are demonstrated different examples of cyclodextrin application in cosmetic products: 
1. Use as delivery systems or solubilizers for different cosmetic compounds

delivery of fragrance materials – linalool - (4) and benzyl acetate (5) [31];
delivery of biologic active compounds – coenzyme Q10 - (6)  [32], adapalene (7) [33], 
solubilizers for hydrophobic preservatives [34, 35].- 

2. Improvement of physical and chemical stability:
- protection of active ingredient(s) against oxidation – vitamin F in dermatological preparations [36];
- light-induced reactions – retinol [37], 4-methylbenzylidene camphor [38], ferulic acid (8) [39] 

photostabilization;
- prevention of degradation, heat-promoted decomposition storage stability [40, 41]
- reduction of loss by volatility, sublimation [42-45]
- stabilization of emulsions – as emulsifi ers [46]

3. Improvement of sensoric properties: 
- elimination or reduction of undesirable tastes and odors, microbiological contamination – use in deodorants 

[47];
- modifying hair properties - smoothing hair combability [48]

4. Reduction of penetration of sunscreen agents in skin layers [49, 50]
5. Production of cosmetic preparations for the removal of sebum and seborrhea treatment [51]
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               (4)                                                    (5)                                                           (6)

                     
                                            (7)                                                                                (8)

Fig. 3. Structures of some cosmetic ingredients for which cyclodextrin complexes have been developed: linalool (4), 
benzyl acetate (5), coenzyme Q10 (6), adapalene (7), ferulic acid (8)  

Environmental protection technologies
Cyclodextrins have been widely studied as for removal of different contaminants from waste gases, wastewater, 

contaminated soil. Besides, cyclodextrins are used in technologies of reduction of wastes emissions.  Several technologies 
have been developed and approved by pilot scale experiments. Despite the obvious advantages, the environmental 
application of CDs is still hindered by their price. 

1. Gaseous and volatile pollutants sorption:
Sorption of organic solvent vapor from waste gases of chemical industry by CD solution and CD polymers - 

[52-54];
Sorption of radioactive iodine from the waste gases of nuclear power plants by CD solutions or CD polymers - 

[55]
2. Wastewater treatment:

Sorption of toxic compounds by CD polymers [56-60],- 
CD-assisted - in situ oxidation (catalytic effect) – photodegradation of organophosphorus pesticides [61, 62], 

bisphenol [63];
Improved biodegradation of xenobiotics by activated sludge - improved bioavailability of the contaminants - 

reduced toxicity, use of cyclodextrin polymers as support for biofi lms [64-66]
3. Contaminated soils treatment:

- Removal of organic and inorganic pollutants by soil washing with aqueous solutions of CD derivatives (“sugar 
fl ushing” or cyclodextrin-enhanced in situ fl ushing) – pentachlorophenol fl ushing [67], PAHs fl ushing [68], pesticide 
removal [69-72], different organic compounds and heavy metals removal [73, 74].

Fig. 4 shows a conceptual illustration of the cyclodextrin-enhanced - in situ fl ushing (CDEF) of contaminated 
porous media. The operation generally begins with the injection of a water-based cyclodextrin solution. There are two 
treatment options: using a system of designated injection and extraction wells to fl ush the source zone (see Figure 3) 
or injecting and extracting the fl ushing solution from one and the same wells, i.e., a push-pull operation. Because the 
magnitude of solubilization of organic contaminants is a linear function of the aqueous cyclodextrin concentration, the 
contaminant removal rate increases with the cyclodextrin concentration. 

Mineralization and detoxifi cation of the organic and inorganic pollutants: mercury compounds [75];- 
CD-assisted in situ oxidation (catalytic effect) – HPβCD-mediated iron-activated persulfate oxidation of - 

trichloroethylene and tetrachloroethylene [76], photo-Fenton treatment of 2,4,6-trinitrotoluene contaminated soil after 
fl ushing with cyclodextrin [77], remediation of hexachlorobenzene in soil by enhanced Fenton process [78];

CD-assisted electrokinetic remediation (improved mobility) – for 2,4-dinitrotoluene removal [79], for - 
hexachlorobenzene removal [80], for phenanthrene removal [81], for a mixture of organic compounds and heavy metals 
removal [82];
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Fig. 4. Conceptual scheme of the CDEF technology (CD – cyclodextrin, DNALP – dense nonaqueous phase liquid).

CD-assisted soil bioremediation (improved bioavailability of the contaminants, enhanced biomass production, - 
reduced toxicity) – for phenols and PAHs [83], for 2-nitrobiphenil [84], for pyrene [85], for phenanthrene [86], fl uorene 
[87], transformed oil [88];

CD-assisted phytoremediation of PAHs contaminated soils [89], PCBs contaminated soils [90];- 
CDs for assessment of bacterial degradability of PAHs and other pollutants in soils [91, 92]- 

4. Reduction of emission of wastes:
Dose reduction of agrochemicals (insecticides, pesticides, fungicides) by complexation – for - 10-undecyn-1-ol 

[93], for iprodine [94]
CD-containing, biodegradable plastics [95, 96]. - 

Agriculture
The main fi eld of cyclodextrins’ application in agriculture is pesticides complexation. Technological advantages 

that can be achieved applying cyclodextrins in pesticides production technologies are: 
stable, standardized compositions;1. 
improved wettability;2. 
simple dosing and handling of dry powders;3. 
reduced packing and storage costs;4. 
more economical manufacturing processes5. 
reduced labor costs.6. 

Further are described the general advantages of pesticide-cyclodextrin complexes use with examples of such 
preparations (Fig. 3).  

improvement of the physicochemical characteristics of pesticides (disguised lipophilicity, improved wettability, - 
decreased vapor pressure, enhanced aqueous solubility, etc.) – for chloramidophos [97], for thiabendazole (9), 
carbendazim (10) and fuberidazole (11) [98], for 3-chloro-p-toluidine (12) [99], for 2,4-dichlorphenoxyacetic 
acid (13) [100];
enhancement of bioavailability of poorly soluble and absorbable pesticides – for imazalil - (14) [101], for 
different fungicides [102];
improvement of shelf-life (improved stability to heat, light, oxygen) – for chloramine phosphate [103];- 
minimizing the container/content interaction in packaged formulations;- 
improved homogeneity and content uniformity in fi nished product;- 
reduction of the applied dose, minimizing environmental pollution.- 

                                             (9)                                             (10)                                        (11)
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                                      (12)                                   (13)                                                 (14)
 Fig. 5. Structures of some pesticides for which cyclodextrin complexes have been developed: thiabendazole (9), 
carbendazim (10), fuberidazole (11), 3-chloro-p-toluidine (12), 2,4-dichlorphenoxyacetic acid (13), imazalil (14)

Most of the above benefi ts can be attained by cyclodextrin complexation without chemical modifi cation of the 
active substances. This means that no new chemical entities are introduced and just the known active compounds are 
developed in new, molecularly dispersed, stable, water-activated form. This saves time and money on registration process. 
Moreover, as enzyme-modifi ed starch derivatives, cyclodextrins are considered non-toxic and from the environmental 
standpoint they are regarded as biodegradable carbohydrates.
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