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Abstract

Because of its unique aroma and biological activity, plant essential oils are widely used in medicine, food and
cosmetics. However, issues such as high volatility, low water solubility, and poor stability of essential oils limit
their application. These properties can be effectively improved by forming clathrates with materials such as
cyclodextrin. In this paper, the preparation methods, characterisation techniques, application fields and
research progress of plant essential oil inclusion complexes are reviewed, aiming to provide reference for
further research in this field.
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I. Introduce

Plant essential oil is a volatile oily liquid extracted from plants, which has a variety of biological
activities such as antibacterial, antioxidant, and anti-inflammatory. However, the high volatility and low water
solubility of essential oils make them limiting in practical applications™. Cyclodextrins are cyclic
oligosaccharides composed of glucose units, which have the structural characteristics of internal hydrophobicity
and external hydrophilicity, and can form inclusion complexes with essential oils, thereby improving their
physical and chemical properties!?l.

Cyclodextrin (CD) is a cyclic oligosaccharide compound obtained by enzymatic cyclization of starch,
and the main components are 6, 7 and 8 glucose cyclics, which are called a-CD, B-CD and y-CD, respectively®.
Among them, B-CD is widely used in the preparation of inclusion complexes due to its good thermal stability,
solubility and biocompatibility!. The structure ofp-CD cannot rotate freely due to the 1,4-glycosidic bond with
chair structure, so thatp-CD forms a ring-shaped hollow conical cylindrical shape with narrow upper top and
wide lower width®. As shown in Figure 1-2, the cavity structure of cyclodextrin shows different properties
inside and outside due to the different arrangement of hydroxyl groups, with the inner cavity having certain
hydrophobic properties and the outer cavity having certain hydrophilic properties!®. Therefore, cyclodextrin
molecules have the characteristics of "internal hydrophobic, external hydrophilic*”, which can be combined with
a large number of hydrophobic substances, so that molecules that meet the size of the cavity can form inclusion
complexes with cyclodextrin molecules through hydrophobic force, van der Waals forcel™.

B-cyclodextrin is a typical host molecule, and the simple one can be thought of as a capsule shell that
can encapsulate various "drug molecules"®. The main factors affecting the stability of the inclusion include the
shape and size of the host and guest molecules, the binding force between the host molecule and the
hydrophobic cavity of the host molecule, the structure of the guest, the charge and polarity of the host and guest
molecules, temperature and solvent effects, etc. Among them, we found that the biggest effect is the size of the
molecule, only when the size and shape of the molecule and the cyclodextrin molecule reach an infinite
anastomosis can the guest molecule be encapsulated into the cavity of cyclodextrin, the cavity size of the
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cyclodextrin molecule is large, not all molecules can be encapsulated, in general, aromatic and heterocyclic
compounds are easy to enter the cavity of p-cyclodextrin®®. It is precisely because of this recognition effect on
molecules that B-cyclodextrin is able to achieve a certain selectivity for molecules in addition to encapsulating
molecules.

In recent years, there have been more and more applications for B-cyclodextrin encapsulation, which is
widely used in medical, daily, identification and separationfood, industrial production and pharmaceutical
encapsulation. In the field of medicine, the release of the drug itself in the human body has certain limitations,
and the formation of inclusion complexes with B-cyclodextrin can effectively release the drug in the body to
achieve the effect of increasing the degree of release.

I11. Preparation method of plant essential oil cyclodextrin inclusion complex

There are various preparation methods for cyclodextrin inclusion complexes of plant essential oils, and
common methods include saturated aqueous solution method, grinding method, ultrasonic method, spray drying
method, etc!®. These methods and examples of their applications are described in detail below:

2.1 Traditional preparation methods

 Saturated aqueous solution method: Cyclodextrin is made into a saturated aqueous solution, and the essential
oil is stirred or ultrasonicated after adding plant essential oil to form a clath complex with cyclodextrin. This
method is simple to operate, but the inclusion rate is low.Mustard essential oil-B-cyclodextrincomplex™: The
optimal inclusion process conditions were a 1:6 ratio of mustard essential oil to B-cyclodextrin, an inclusion
time of 1.5 hours, and an inclusion temperature of 50°C. Under these conditions, the inclusion rate was 90.56%
and the inclusion yield was 87.22%.

* Grinding method: Cyclodextrins are mixed with essential oils and ground to promote the formation of
inclusion complexes by mechanical force.Peppermint oiI-B—cyclodextrincomplex“z]: The inclusion complex of
peppermint oil and B-cyclodextrin was prepared by grinding method, and the optimal preparation conditions
were determined by single factor experiments.

* Freeze-drying method: The inclusion complex is prepared by freeze-drying technology, which has the
advantages of simple operation and high yield.Inclusion of Aromatic OiI—B—CycIodextrin[13]: The inclusion of
Aromatic Herb Oil and B-cyclodextrin was prepared by freeze-drying method, and the optimal preparation
conditions were determined by single factor experiments.

* Spray drying method: the mixed solution of cyclodextrin and plant essential oil is made into a powdered
inclusion complex by spray drying, which is suitable for large-scale production.Rose essential
oil-p-cyclodextrincomplex™™™: the optimal process conditions were as follows: the mass ratio of B-cyclodextrin
to essential oil was 6:1, the inclusion time was 2 hours, and the inclusion temperature was 40°C.

2.2 Novel preparation methods

* Ultrasonic-assisted method: use the cavitation effect of ultrasound to accelerate the interaction between
cyclodextrin and plant essential oils and improve the inclusion efficiency.Ginger essential
oiI-B-cyclodextrincomplex“B]: The inclusion complex of ginger essential oil and B-cyclodextrin was prepared by
ultrasonic, and the results of scanning electron microscopy, differential scanning calorimetry, X-ray diffraction
and Fourier transform infrared spectroscopy showed that ginger essential oil was encapsulated in the lumen of
B-cyclodextrin.Angelica essential oil-B-cyclodextrin inclusion complex™: By heating for 60 minutes, the
inclusion rate of Angelica essential oil can be obtained with about 80%.

* Microwave-assisted method: The thermal effect of microwaves and the electromagnetic field are used to
promote the formation of inclusion complexes.

In conclusion, there are various preparation methods for cyclodextrin inclusion complexes of plant
essential oils, and different methods are suitable for different application scenarios. Methods such as saturated
aqueous solution, grinding, ultrasonic, spray drying, and freeze-drying have their own advantages and
disadvantages. Selecting the appropriate preparation method and optimising the process conditions are the keys
to improving the inclusion rate and stability of the inclusion complex.

2.3 Factors influencing the encapsulation process

Feeding ratio: Most cyclodextrinclaths have a master-guest feeding ratio of 1:1-1:6

Selection of inclusion method: Different inclusion methods have a significant impact on the inclusion
rate and the properties of the inclusion complex. Ultrasonic methods usually have the highest inclusion rate and
grinding methods are the most economical.

Temperature and time: Inclusion temperature and time have an important impact on the inclusion rate.

15]
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For example, the optimal inclusion temperature for mustard essential oil-B-cyclodextrin inclusion complex is
50°C and the inclusion time is 1.5 hours™,

In conclusion, there are various preparation methods for cyclodextrin inclusion complexes of plant
essential oils, and different methods are suitable for different application scenarios. Methods such as saturated
aqueous solution, grinding, ultrasonic, spray drying, and freeze-drying have their own advantages and
disadvantages. Selecting the appropriate preparation method and optimising the process conditions are the keys
to improving the inclusion rate and stability of the inclusion complex.

111, Characterisation techniques of cyclodextrin inclusion complexes of plant essential oils.

The characterisation technique of cyclodextrin inclusion complexes of plant essential oils is an
important means to verify the formation and properties of inclusion complexes. Several commonly used
characterisation techniques are detailed below.

3.1 NMR hydrogen spectroscopy (‘*H-NMR)

'H-NMR is one of the classical methods for the characterisation of cyclodextrin inclusion complexes.
By observing the changes in the characteristic peaks before and after the inclusion, the formation of the
inclusion complex can be confirmed. For example, in the study of rosemary essential oil and
B-cyclodextrininclusions!”, the low-field peaks of rosemary essential oil disappeared after inclusion, because
the signal peaks were shielded after the essential oil entered the cavity of B-cyclodextrin as a core material.
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Fig. 2. IHNMR spectra ofp-cyclodextrin and its inclusion complexe

3.2 Scanning electron microscopy (SEM)

SEM is used to observe the morphology and structure of inclusion complexes™™. In the study of
rosemary essential oil and B-cyclodextrin inclusion complex, the surface of the inclusion complex was observed
by SEM to be smooth and free of particulate matter, indicating that cyclodextrin had encapsulated rosemary
essential oil into the cavity. This morphological change indicates the formation of inclusion complexes.

a. p-cyclodextrinb. Physical mixture c. Molecular inclusion complex
Fig. 3. Scanning electron micrographs of p-cyclodextrin and itsinclusion complexe

3.3 X-ray diffraction (XRD)

XRD is a very useful technique for the characterisation of cyclodextrins and their inclusion complexes.
When a new solid phase is acquired due to the formation of the inclusion complex, changes in the intensity or
position of some characteristic peaks of the cyclodextrin sample are observed.p-CD diffraction patterns show a
number of characteristic peaks (4.5, 8.9, 10.6, and 12.4°) indicating their crystal form, as shown in previous
studies®®”). The diffraction pattern of PM is very similar to that of B-CD, indicating that there is no
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complexationbetween EB and B-CD. On the other hand, there are not many peaks in the inclusion complex to
indicate the amorphous state of the sample. These findings strongly suggest the formation of inclusion
complexes.

Intensity (au)

Fig. 4. X-ray pattern of B-cyclodextrin ($-CD), physical mixture (PM) and IC between p-CD and EB
(B-CD/EB).

3.4Differential Scanning Calorimetry (DSC)

DSC is used to analyse the thermal properties of claths.DSC analyses were carried out to measure and
compare the thermal stability and the decomposition of the hydrogel beads incorporated with the different
Td-EO and GA blend concentrations™. As observed in Fig. 5, DSC can be applied for the assessment of
complex compounds. By inclusion, a guest molecule inB-CD, the boiling, melting and sublimation points may
be changed or indeed disappear. In all curves, the endothermic peak melts were observed. Endothermic signals
are in curves related to the softening, lubrication, dehydration, gelatinization, and melting of the material.
Therefore, according to the results, it can be said that the amount of Td-EO and GA in the structure of hydrogels
has a direct effect on the thermal properties of hydrogels.
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Fig. 5. DSC thermograms of different hydrogel beads

3.5Infrared Spectroscopy (FT-IR)

FT-IR is used to analyse the chemical structure of claths. As shown in the figure of the study®”), the
formation of inclusion complexes was confirmed by FT-IR analysis and it was found that the infrared spectrum
of the inclusion complexes was significantly different from that of pure essential oils and physical mixtures.
This indicates that the inclusion complex has a unique chemical structure.
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Fig. 6. The aligned FT-IR Spectra (a) and Scores (b) graphical representation of the two principal
components (PC1 and PC2) explaining 96% of the total variance, for IC1, IC2, IC3 and control p-CD

IV. Research progress and future trends

In recent years, significant progress has been made in the study of plant essential oil inclusion
complexes™ By optimising the preparation process and characterisation techniques, the properties of the
inclusion complexes can be further improved. Future research directions may include the development of new
clad materials, the exploration of the application of clathrates in more fields, and the improvement of the
large-scale production capacity of clad complexes!™®).

4.1 Domestic research progress

In recent years, remarkable progress has been made in the research of plant essential oil inclusion
complexes in China, mainly focusing on the preparation and characterization of inclusion complexes and their
applications in medicine, food and other fields™®.
* Preparation technology: Domestic researchers have used a variety of methods to prepare plant essential oil
claths, including saturated aqueous solution method, grinding method, ultrasonic-assisted method and spray
drying method. For example, Kong Yiming et al. studied the preparation and evaluation of f-cyclodextrin
inclusion complexes of volatile oils by herb-patchouli. In addition, Wang Qi et al. used
hydroxypropyl-B-cyclodextrin to encapsulate the volatile oil of peppermint-nepeta panicle, which significantly
improved the stability of the volatile oil.
* Characterization techniques: Characterize the structure and properties of clathrates by infrared spectroscopy
(FT-IR), nuclear magnetic resonance (NMR), differential scanning calorimetry (DSC), and thermogravimetric
analysis (TGA).
* Applied research: In the pharmaceutical field, inclusion complexes are used to improve the bioavailability and
stability of essential oils™™"). For example, it has been found that the use of cyclodextrin inclusion technology can
significantly improve the stability of volatile oils in traditional Chinese medicine. In the food sector, inclusion
complexes are used to improve the flavour and preservation of foods.

4.2 Research progress abroad

Important achievements have also been made in the research of plant essential oil inclusion complexes
abroad, especially in the in-depth research on the development and application mechanism of new inclusion
materials®®!,
* New Inclusion Materials: Foreign researchers have explored a variety of modified cyclodextrins as inclusion
materials. For example, Kegang Wu et al. studied the effect of B-cyclodextrin with different substituents on the
anti-biofilm properties of cinnamon essential oil complexes, and found that maltosyl-B-cyclodextrin is the best
wall material to maintain the anti-biofilm activity of cinnamon essential 0il",
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* Application mechanism research: Foreign research not only focuses on the preparation and characterization of
inclusion complexes, but also deeply explores their application mechanisms in different fields. For example,
molecular docking techniques revealed the reasons for the decline of anti-biofilm effect after inclusion and
provided quantitative structure-activity relationship analysis.

* Multi-field applications: In the pharmaceutical field, essential oil complexes are used to develop new

antimicrobial and anti-inflammatory drugs®??. In the food sector, inclusion complexes are used in the
development of food additives with sustained-release functions?,

In short, significant progress has been made in the research of plant essential oil inclusion complexes at
home and abroad, but there are some differences in research focus and application direction®®. Domestic
research focuses more on the exploration of preparation technology and application effects, while foreign
research focuses more on the in-depth analysis of the development and application mechanism of new
materials®®®.. In the future, with the deepening of research, plant essential oil complexes are expected to play an
important role in more fields, especially in improving drug stability and developing new functional foods'?®.

Results and Prospects

The research and application of cyclodextrin inclusion complexes of plant essential oils is of great
scientific and practical significance. Through different preparation methods and characterisation techniques, the
physicochemical properties and stability of essential oils can be effectively improved, and their application
scope can be expanded. In the future, with the deepening of research and technological innovation, plant
essential oil cyclodextrin inclusion complexes are expected to play an important role in more fields, especially
in improving drug stability and developing new functional foods.
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