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Cyclodextrins (CDs) are cyclic oligomers broadly used in food manufacturing as food additives for different

purposes, e.g., to improve sensorial qualities, shelf life, and sequestration of components.

cyclodextrins complexes inclusion

| 1. Introduction

Numerous investigations have been focused on developing relatively simple organic compounds able to catalyze
organic reactions, like enzymes. Since the discovery of enzymes’ active sites, new models of synthesis of
nonpeptide organic systems that could simulate the enzymatic behavior have been developed. Chemists have
been developing more sophisticated molecular structures within the nanometric order. However, even though
apparently the easiest way to solve it would be to assemble individual molecules directly, the most efficient
alternative is to generate molecules with a complementary form capable of spontaneously self-organizing, resulting

in orderly assemblies. This can be achieved, for example, with host and guest molecules 1.

Host—guest complexes are molecular aggregates stabilized via noncovalent bonds (for example, van der Waals,
hydrogen bonds, and hydrophobic interactions), but never by complete covalent bonds. Host molecules are
characterized by having an inner cavity where another molecule can be incorporated, this is, the guest molecule.
Therefore, hosts will act as receptors and guests as substrates, inhibitors, or cofactors [&. The resulting molecular

inclusion complex can easily break under determined physiological environments &,

Therefore, the establishment of these systems can improve physicochemical properties of the guest molecule.
Different types of host molecules have been developed, but they are all characterized by acting as non-natural
receptors capable of partial or total enclosure of the compounds of interest (drugs, active compounds, etc.).
Likewise, numerous hosts-guest complexes have already been synthesized. Among them, crown ethers,

cryptands, spherands, carcerands, and cyclodextrins (CDs) can be highlighted.

CDs are a group of relatively recent discovered compounds, which are also identified as cycloamyloses,
cyclomaltoses, and Schardinger dextrins [4l. Their first reference dates from 1891. In this year, a crystalline product
was isolated during a starch fermentation carried out by Bacillus amylobacter. Some authors reflected that this
production was probably due to impurities in cultures and, consequently, it was supposed that CDs might be
produced by cross-contamination with another species (B. macerans). Later, in 1903, two crystalline components

were isolated: dextrins A and B, which were characterized by their lack of reducing power. Even so, the bacterial
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strain responsible of its production was unfortunately not preserved . A year later, the same authors were able to
isolate an organism capable of producing acetone and ethyl alcohol from plant materials that contained sugar and
starch. In 1911, it was discovered that a strain of B. macerans produced large amounts of crystalline dextrins (25—
30%) from starch too. These resulting products were named as crystallized dextrin a and crystallized dextrin 4. It
was not until 1935 that the third type of dextrin (dextrin y) was isolated. Several fractionation processes were also
developed in order to produce CDs . At that point, the structure of said molecules was still a mystery. It was not
fully discovered until 1942, when the structure of two CDs (a and ) was established through X-ray crystallography.
A few years later (1948), the same method was applied to y-CDs. Later, in 1961, more types of CDs (9-12

residues) were discovered ¢!,

CDs are one of the most used hosts-guest complexes for organic molecules. Their structure consists of a cyclic
arrangement of D (+)-glucopyranose units joined by a-(1 — 4) glycosidic links. They can be differentiated according
to their number of glucoses in a-, B- and y-CDs (6, 7, and 8 glucose units, respectively) (Table 1) 8, Regarding
its form, it is a truncated cone characterized as bearing primary and secondary OH groups, respectively, in the slim
and wide rim. It is characterized by having cavities with hydrophobic properties. In this case, as in other complexes,
Van der Waals and hydrophobic forces are responsible for keeping guest and host together with a partial or total
adjustment of the cavity. Due to the establishment of an inclusion complex, guest reactivity can vary, making
possible its use in a wide variety of fields . Furthermore, as these receptors can improve bioavailability, they are
suitable for functional delivery systems 29 They can be found in food, pharmaceuticals, cosmetics, the textile
industry, conversion and fermentation processes, and environmental and other chemical systems and applications.
However, the development of hosts is still ongoing, the development of processes not only simple and
reproducible, but also economically profitable is fundamental so that their widespread acceptance would be

guaranteed in diverse fields such as food and drug production 111,

Table 1. Main cyclodextrins (CDs) properties BIL7],

Properties Unit o-CDs B-CDs y-CDs
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Properties Unit o-CDs B-CDs y-CDs
Solubility (water, %
25 °C) wiv 14.5 1.85 23.2
Outer diameter A 14.6 15.4 17.5
Cavity diameter A 4.7-5.3 6.0-6.5 7.5-8.3
Height of torus A 7.9 7.9 7.9
ews have
Cavity volume A3 174 262 427
0Sensors,
Crystal form Hexagonal plates Monoclinic parallelograms Quadratic prisms  omplexes

i [12][13]
Most accessible, lowest-priced and & final product - However,

Others generally the most useful aterials (e.g., durability, stability,

or dispersion), new applications (e.g., CDs immaobilization for wastewater treatment) or the development of green
chemistry processes 4. They have also been used for sequester certain molecules (i.e., cholesterol), as
modulators for medicinal biomaterials, as elicitors or as synergistic agents for the production of secondary
metabolites in plants 121161,

| 2. Cyclodextrins
2.1. Definition

Industrially, CDs are enzymatically produced with cyclodextrin glucosyltransferase from modified starch. This is an
economic process, whose production is estimated in 150 tons per year . The resulting product is nontoxic,
characterized by not being absorbed in the upper gastrointestinal tract and being entirely processed by the colon

microflora 18],

Natural CDs are also characterized by poor solubility. At the beginning, this was a major inconvenience since it
prevented the use of CDs as effective complexing agents. It was not until the end of the 1960s when it was
revealed that, by means of chemical replacements at positions 2, 3, and 6-hydroxyl, the solubility was highly
increased. In addition, depending on the grade of chemical replacement and the type of the substituents, the
maximum concentration of CDs in agueous mediums was improved. The maximum concentration that most
chemically modified CDs can reach is 50% (w/v) in water by carrying out substitutions at the 2, 3, and 6 hydroxyl
like (2-Hydroxypropyl)-B-CDs 81,

2.2. Mechanism

Some parameters must be considered for the study of CDs mechanism of action. The size of the cavity is essential
to choose which type of CDs is more suitable to use in the interaction. The size is related to the degree of
adjustment, which is a critical parameter to achieve optimal CDs incorporation. Therefore, each type of CDs will

have different types of cavities. The a-CDs possess small cavities, so that they are not able to accept many
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molecules. The y-CDs are larger in size compared to most molecules that can be complexed. In addition,
hydrophobic CDs loads cannot efficiently interact to simplify complex formation. Therefore, it is considered that the
diameter of the cavity of B-CDs is the most appropriate for molecules such as hormones, vitamins, and other
compounds commonly used in tissue and cell culture applications. All these features make [-CDs the CDs of

choice as complexing agent in most cases 19,

The structure of CDs allows the enclosure of hydrophobic molecules, such as vitamins and lipid soluble hormones,
improving their solubility in aqueous systems. The process can be reversed by diluting the complex in a larger
volume of solvent. As a result, the molecule of interest is released into the environment. The structure of the
resulting complexes (Figure 1) is like a cage, with the same characteristics as those formed by cryptands,
calixarenes, cyclophanes, spheres, and crown ethers. As mentioned before, all these molecules are involved in

chemical reactions due to non-covalent bonds, with most of the reactions happening as the “host—guest” type 19
20]

a-CDs: ~5-6A
B-CDs: ~7-8A
y-CDs: ~9-10A Hydrophobic interior

Length

of o

Figure 1. Schematic representations of cyclodextrins (CDs). Adapted from [23121]122]

Hydrophilic exterior

Regarding their physical characteristics, CDs complexes can get wet; they are almost odorless and non-
hygroscopic powders 18231 Their mechanical properties (crystallization, flow, etc.) depend on the complex
formation process. The moisture content and temperature present an enormous importance in controlling the
deformation or release of the CDs-guest. Other parameters to consider can be seen in Figure 2. CDs are
crystallized by two main mechanisms that, depending on the type of compounds that make up the complex (CDs
and guest), turn into to two key categories of crystal packing (channel or cage structures) Bl. An example of these
molecules is the flavor/3-CDs complexes, which are formed after a co-crystallization, kneading, and suspension

process (18],
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CDs host-guest complex formation
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Figure 2. Factors affecting CDs inclusion complex formation and main application of CDs. Adapted from 22,

| 3. Applications in the Food Industry

CDs are used primarily in foods for the encapsulation of compounds of interest and the improvement of water
retention, since they are hygroscopic compounds 18, Their use can enhance several technological advantages,
such as more homogeneous compositions that are easier to be standardized 1824 Numerous applications of CDs
have been described, e.g., improving the organoleptic quality (total or partial elimination of undesired
flavors/odors), increasing food shelf life, component sequestration, and pickering emulsions, among others (Eigure
2).

3.1. Improving Sensorial Qualities

3.1.1. Color

Food color is the first quality parameter assessed by customers, so it is a key parameter of food quality 22. CDs
can be applied to modulate food color by increasing solubility and chemical stability of coloring compounds (natural
ones and coloring components produced during food processing). They can provoke the inhibition of pro-browning
polyphenol-oxidase reactions by complexing with several substrates or cofactors (e.g., chlorogenic acid,
polyphenols, cinnamic acid, Cu?*) (22, Several studies have proven the utility of CDs in food science. For instance,
a study showed that the natural pigments curcumin and lycopene can form a complex with CDs, improving their
solubility and reducing the degree of oxidation compared to the compounds separately 281, Another study,

conducted with chopped ginger root, showed that by adding 1-4% of CDs, the sample could be enzymatic
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browning stabilized for four weeks at 5 °C while being vacuum sealed. A similar inhibitory effect was observed in
another study carried out with maltosyl-B-CDs in apple and pear juices. The mechanism consists of preventing
ascorbic acid oxidation by an antioxidant effect, which maintains the color and the food quality 2. a-, B-, and y-CDs
(the only CDs allowed in food industry by the U.S. Food and Drug Administration and EU) are commonly used in
the elaboration of different juices to improve the color of the final product. The addition of these molecules has
other effects as they can also change the concentration of individual volatile molecules as well as their chemical
grouping. In the case of pear juice, adding a-CDs was recommended. By adding this molecule, the overall quality
of the juice was increased since browning reactions were reduced and no significant loss of aroma quality is
produced 27,

3.1.2. Flavor

Flavoring substances are historic in food, although their direct use presents a series of disadvantages like having
high volatility and sensitivity to light and heat. Part of these inconveniences can be solved with the CDs based
encapsulation of food flavors, which is a frequent and simple solution to maintain the stability [22124128] The price of
the resulting B-CDs encapsulated flavor (USD $5-6 per kg) would not be much higher than other
microencapsulated flavors price. CDs encapsulation provides an effective protection of each flavor component
found in a multicomponent food system to whichever process it has been subjected (freezing, thawing, and/or
microwaving). This factor is very important since the substances responsible for flavor usually involve numerous
compounds, so it is interesting that all these molecules become part of the complex without seeing their
organoleptic properties altered (18129189 This method can be also used in oils to achieve a manipulability powder
that can be added to food 2224 The liberation of aroma in these complexes can be controlled by slow guest
liberation, mask off-notes of aromatic components by affinity with CDs cavity, and increase food flavor by water
dissociation of aroma due to the polar external part of CDs [22l. Due to the properties of CDs-complexes, they can
be applied to enhance flavor before extrusion, being a promising alternative for applying during the process Bl. As
for the evolution of aromas over time, a-, 3-, and y-CDs are the best for initial flavor retention, a being better than y
for avoiding the loss of volatiles after storage 223, Some examples of the application of CDs in the flavor and

taste can be seen in Table 2.

Table 2. Studies of cyclodextrins (CDs) for food flavor and taste improvement.

CDs Extract Compounds Characteristic Effect Ref.

A. Food Flavor Improvement

a Shiitake Cyclic sulphur Shitake Flavor retention [34]
compounds mushroom
: Heat protection at 120 [35]
a European pear Five ester types Pear °C for 60 min.
. 37
B Food - - Encapsulation the best i
(36]

protection against heat
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CDs Extract Compounds Characteristic Effect Ref.
and evaporation
Protection during high
Several volatile temperature short time [38]
B Food - . .
compounds extrusion cooking
process
Retain some aroma
Polysaccharide ketones, hexanal, t-2- compounds durin
B ysac hexenal, ethyl butanoate - P 9 (391
solutions thermal processes
and 1-hexanol . L
(cooking, pasteurization)
79% odor retention
B Corn starch Eugenol Clove ° " (491
during extrusion
B Goat milk and its yogurt 4-methyloctanoic acid Goat flavor Reduce goat flavor [41]
Thermally processed . [42]
B I-menthol Menthol Improved flavor retention
foods
o I-menthol, ethyl butyrate,
’ ethyl hexanoate, 28]
A hanol . - Temperatur nden
B, queous ethano benzaldehyde, citral, and emperature dependent
y methyl anthranilate
B. Food taste improvement
Phenylalanine,
. r han rosin T: .
a Soy protein .t yptop. s ty. . _a_ste. Reduce bitter taste [43]
isoleucine, proline and modification
histidine
Bitter taste eliminated by
B Milk casein hydrolysate - Bitter adding 10% B-CDs to [29]
the protein hydrolysate
B B-polymers Limonin, naringin Bitter Debittering agents [44]
Reduce bitter taste of
5 Canned citrus and Naringin, limonin, Bitter, naringin, limonin, and 22]
citrus juice hesperidin precipitation hesperidin and prevent
precipitation
Eliminate unpleasant
L Taste, taste, smell, and [45]
B el i oxidation stabilization against
oxidation
% Ginseng - Bitter Debittering agent (48]
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CDs Extract Compounds Characteristic Effect Ref.
0[;’ Ngi\;?e?rﬁ??j;r;d Limonin, naringin Bitter Improve flavor [47]

eptions to

Caffeine and bitter B- and y-CDs linked to . . e 29 By
B, natural extracts . . . Bitter-masking 48]

. chitosan through succinyl Bitter . | d

y  (artichoke leaves, aloe, : properties ompiexe
nd gentian) or maleyl bridges )
L) dissolved

substances have flavor. This system has been applied to the bitter and astringent compounds of foods (e.g., soy),
beverages (e.g., naringin in citrus juice or chlorogenic acid and polyphenols in coffee), cigarette smoke (nicotine),

or oral care products or drugs 42,

The mechanism of action consists of forming complexes of enough stability with the selected CDs to make the
substance, that gives the unwanted taste, insoluble in water and, therefore, in saliva, and do not cause a bad taste
sensation. The effectiveness of the process will depend on the value of the complex association constant (usually
101-10* molK™1), pH (less stable complexes with ionized guest molecules), and guest/host ratio (the higher
possible molar excess, the better) 9. Finally, the complex is released throughout the digestive system.
Considering this, CDs are one of the best methods for masking the unpleasant taste [22. The most relevant
publications dealing with the elimination of unwanted tastes focus on the positive effect of B-CDs, the possibilities
of a-, y-, hydroxypropyl-CDs, and maltosyl-CDs having not yet been explored. CDs can also be used in seafood
and meat products, to improve texture 29, Other cases of study of CDs for food taste improvement can be seen in
Table 2.

3.2. Improving Shelf Life

CDs can protect several compounds present in foods from reactions such as oxidation, light induced reactions,
heat promoted decomposition, self-decomposition, and loss through volatility or sublimation 24. The encapsulation
of CDs with lipophilic food ingredients, physically and chemically, improves the stability of flavors, vitamins, dyes,
and unsaturated fats, among others. Consequently, the shelf life of the product will be increased 18. As an
example, an in vitro study demonstrated that CDs encapsulation improved the stability of rosemary bioactive
compounds 241, Different accelerated and long-term storage stability tests showed that ingredients complexed with
CDs have a longer life than those traditionally formulated. Another study tested twelve different complexes with 3-
CDs stored for 14 years. The results showed that encapsulation resulted in a notable improvement of the stability
during long-term storage. Its preserving power depends on factors that affect the host—guest union such as the
structure, the polarity of the compounds, or their geometry. Different studies showed that the greatest protective
effect is observed in flavors with terpenoid, phenylpropane, and alkylsulfide structures 18 In a recent study,
different nonalcoholic beverages used limonene complexes with a-, 3-, and y-CDs to improve flavor and shelf life.
The study showed that although limonene content diminished in all cases, it did so to a lesser extent once [3-
CDs/limonene complexes were adjoined. After 10 days, which mimic nine months of storage, 40% of limonene

complexed remained in the model drink B9,

3.2.1. Against Oxidation
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CDs can form complexes with ingredients (flavors, unsaturated fatty acids, dyes, etc.) sensitive to oxygen or
oxidizing substances, which in most cases leads to an improvement in the stability of encapsulated substrates.
Several studies have shown that complexing by means of this type of compounds almost completely prevents
these oxidizable substances from undergoing chemical modifications, even when warehoused in an atmosphere of
100% oxygen 8. Another study showed that using cinnamon-CDs complexes in the manufacture of dried apple
slices with cinnamon flavor not only prevented a decrease in the concentration of this compound due to

evaporation, but also protected it from oxidation B4,
3.2.2. Against Light-Induced Decomposition

CDs can be also used to protect compounds of interest from deterioration factors such as light, heat, or oxidation.
In addition, if the CDs cavity is filled, the entry of other molecules is prevented, so no unwanted reactions occur.
Another mechanism of action is preventing reactive molecules from approaching the active sites of the host
molecule. For instance, CDs have been used to protect vitamins and pharmaceutical products that contain easily
oxidizable double bonds (e.g., prostaglandins). It has been demonstrated that hydroxypropyl-B-CDs protected

peptides from hydrolysis and their consequent loss of ability B2,

3.2.3. Against Heat-Induced Changes

Another important problematic event is thermal degradation of natural compounds. In most cases, the application
of heat causes the volatilization of less stable compounds, which might have interesting biological properties. One
possible solution can be the encapsulation of bioactive compounds with CDs, resulting in a complex that would
provide a barrier for preventing their loss 22, Several studies have shown that these complexes are very useful
when it comes to protecting volatile flavor compounds and essential oils against heat, generally achieving better
flavor retention with CDs than with various traditional formulations B2, For example, this system has been used in
vitro for the encapsulation of vitamin A palmitate to produce enriched foods using B-CDs. As a result, there is an
increase of both, in its solubility in aqueous media and in its stability against different external factors (temperature,
light, and oxygen) 4], Other examples of the application of these complexes to protect several compounds can be

observed in Table 3.

Table 3. Studies of cyclodextrins (CDs) for heat protection of food ingredients.

CDs Subtract Properties Study Effect Info Ref.
TGA, Improve
. ) 0
B 2-nonanone Arqmanc, D.SC’ antifungal, thermal complex.l.(.).Sl .(80/0 [55]
antifungal against B. o growth inhibition).
. stability
cinereal
- Improve
B cyanidin-3-O- Several DSC bioavailability, - [56]
glucoside

thermal protection
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CDs Subtract Properties Study Effect Info Ref.
Anti-
S. baicalensis inflammatory, Increase solubility, 57]
B BA antioxidant, stability 13672.67 L/mol
antitumor
DSC Thermal and
; . . 58]
B S. salar EO KET STk SRR Complex 1:1 and 3:1
Benzyl DSC Improve stabilit
B isothiocyanate Antimicrobial ' P Y. 600.8 L/mol [59]
TGA controlled release
(papaya)
- . Improve stability
B ©. basilicum Aromqtlc, GC-MS against air/oxygen - [69]
EO medicinal
and temperature
Intact at Food supplement ora
) novel additive to
Methanolic temperatures at enhance the antioxidant
B extract of H. Antioxidant DSC which the free . [61]
capacity of fresh or
perforatum extract was
. thermally processed
oxidized
food
- ) TGA, .
. Antimicrobial, Thermal and Nanoencapsulation 62]
B Garlic . DSC, S o .
antioxidant SEM oxidative stability yields >60%
B Garlic ail Antlmlc.roblal, DSC Imprpve prqtec.tlon Complex 1:1 [63]
antioxidant against oxidation
D.SC’ Masking the sensory
against S. effect of the attributes of
B Qils Antimicrobial enterica Thermal protection o . [64]
and L antimicrobial agents and
. ) potentiate their activity.
innocua
Prevent
degradation and
HP Clove EO Antioxidant DPPH loss of active Complex 1:1 [65]
compounds.
prolong shelf life
High thermal
AraTTEE, stability and
treat infectious SEM enhanced
y Geraniol ) . durability of active - [66]
diseases, analysis
agents and
preserve food functional food
unctional foo otry, TGA:
ingredients )
. - . '-1-picryl-

hydrazyl-hydrate, SEM: scanning electron microscope, KFT: Karl Fischer titration.

3.3. Modifying Solubility
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As mentioned before, CDs are capable of changing the solubility of a compound 4. They have the ability to form
stable emulsions of water in oil (e.g., mayonnaise, salad dressings), due to differences in polarity between the
inside and outside of the molecule 18] |n addition, CDs can also increase the solubility of certain compounds in
water, by forming dynamic, noncovalent, water-soluble inclusion complexes 681 However, in many cases, the
solubility of the complex is not appropriate, so it is necessary to modify the external surface of CDs. Neutral
(hydroxypropyl) or ionic groups (hydroxy, carboxymethyl, tertiary amine, or quaternary amine) can be used to
increase the solubility up to 60%. On the other hand, to improve solubility in organic solvents, the modification is
carried out with aliphatic groups or smaller groups (hexyl, acetyl). Thus, complexation with CDs is a mechanism to
increase or decrease the solubility of a guest component. A common example of its application is to reduce the
bitterness in citrus juices, by creating naringin-3-CDs complex. In fact, the rate of transformation of naringin to
naringenin in inclusion complexes or free can reach 98.7% and 56.2%, respectively. It might be concluded that (-
CDs can improve the aqueous solubility, which also means that the rate of enzymatic hydrolysis of naringin will be
increased 89, The increase in solubility will also affect aromatic compounds, such as vanillin, used at the vanillin/p-
CDs inclusion complex. This complex increased solubility in water with respect to the free compound. Moreover,
the formation of this complex protects vanillin inside the CDs cavity, which avoids damage from several factors
such as oxidation according to the results obtained in differential scanning calorimetry (DSC) studies. Therefore,
the vanillin/B-CDs complex can be used as a food additive for its higher antioxidant activity /9. CDs may be also
applied to improve the solubility of vitamins (Eigure 3). The union of B-CDs with the essential oil from guava leaves
also increases solubility and stability. The resulting complex presented antioxidant (against light) and antibacterial
(Staphylococcus aureus and Escherichia coli) activities 1. Similar effects were achieved by encapsulation of black
pepper essential oil or yarrow essential oil 23],

Relative increase of vitamins solubiliby

Vitmin Kl g Ok

VilminC [ P

Vitamin 3 e s P s
Vitamin A fretino]) [-CD 4
Vitamin A scctate (e 0%

s K1

aoelile Wlas Yt

Womimd Wa-CDe BECDs 1v-EDs

(A) (B)

Figure 3. Changes in solubility in water of different vitamins according to the use of different CDs. (A) Relative
increase of the solubility of vitamins using different CDs complexes. Adapted from 4751, (B) Vitamins solubility
(ug/mL) when the three main types of CDs applied in a concentration of 5%, using saline solution as control and
measured by mass spectrometry 4. More recently, new studies have assessed the solubility of vitamin E + large
ring cyclodextrins 28 and vitamin A together with 3-CDs 2,

3.4. Sequestration of Selected Components

Among the most recent CDs applications, reduction of unwanted compounds (flavor, trans-fats, allergens, toxins) is

included 241, Allergens can be avoided with B-CDs. It has been demonstrated that they form host-guest systems
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with allergenic aroma molecules (eugenol, isoeugenol, benzyl alcohol, or anisyl alcohol) and proteins 8179 An
example of this possible application is the preparation of soybean milk of low allergenicity. They are also able of
forming complexes with mycotoxins like ochratoxin A from cereals, coffee, beer, wine, and cocoa 89 CDs have
been demonstrated to sequestrate other mycotoxins, such as aflatoxin, ochratoxin, patulin, zearalenone,
zearalenol, and citrinin 2. A study used 1% B-CDs during apple juice processing to reduce mycotoxins (patulin)

and inhibit enzymatic browning by 70% and 75%, respectively 1],

Other application of CDs is the sequestration of cholesterol from food products 24821, They can be applied in food
with high content of these fatty acids to make it healthier. This is the case of milk, butter, and egg yolks [£3l. In fact,
this property is widely used in the industry to produce products without cholesterol since this compound is retained
in the B-CDs cavity. CDs did also sequester reducing sugars capable of reacting with proteins (Maillard reaction)
and that could give an undesirable color and adverse effects in the nervous system and fertility, being a possible
carcinogen. The mechanism is based on the complexation of proteins with CDs, which protect them from reaction.

They can also be applied to decrease acrylamide content in food products and food intermediates 84!,
3.5. Pickering Emulsions

Pickering emulsions are strictly defined as emulsions that are stabilized by an adsorbed layer of solid particles at
the emulsion drop surface [2l. Their properties are usually determined by particle size, particle wettability, particle
concentration, oil/water ratio, pH, salt concentration, and solvent type 8, CDs can form CDs-oil complexes,
however, in most cases, high concentration of CDs is needed. To solve this inconvenience, modified CDs can be
used such as soft colloidal CDs polymer (CDs nanogel) 2. Thermal stability in water of this type of emulsions with
different oils has been investigated, observing activity at room temperature and the dissolution/fusion of inclusion
complexes with high melting temperatures (near to or higher than 100 °C) [88l. Another study has considered the
union between [-CDs and octadecenylsuccinic anhydride (ODS) under alkaline conditions. ODS-B3-CDs patrticles
exhibited a higher emulsifying capacity compared to B-CDs. The resulting pickering emulsions formed by ODS-[3-

CDs particles were more stable during storage [8l,

3.6. Other Food Applications

Apart from food processing, CDs also have other technological advantages such as improving nutritional properties
and for developing nutraceutical products 8. Several studies have been conducted in this aspect. a-CDs complex
can be used to keep certain products (cereal, snacks) crunchy after storage and also as soluble dietary fiber in
beverages and foods BY. Other CDs complexes can be used in the preservation of food. They can be used
indirectly in the prevention of microbial growth, being added in plastic packaging films. In this way, they preserve
food during storage and also prevent loss of aroma 18, Finally, CDs have been demonstrated to be useful to
remove contaminants from food products, including herbicides, insecticides, fungicides, repellents, pheromones,

and growth regulators 2!,
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