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Abstract— Molecular encapsulation is the focus of current reearch because it is proven to be able to maintaand even to improve
the physicochemical properties of their guest moledes. A trapping agent plays an essential role irhe success of encapsulation-
cyclodextrin ( -CD) could be one of the good trapping agents becsei it has a hydrophobic cavity and a hydrophilic oter surface. -
CD can interact with hydrophobic bioactive compound as the guest molecules by trapping these compownito the cavity of -CD.
Frankincense oil (FO) is one of the essential oil$t has been researched and utilized in various fids, but the physicochemical
properties of FO make it less stable. This study eXgins the encapsulation of FO in -CD. By using the coprecipitation method, this
study gives pure crystal, and the efficiency of empsulation is 78%. The diffraction pattern shown inthe ICs identified the pattern of
diffraction in crystals with a sharp peak of diffraction, and most of these peaks showed patterns offfcaction in -CD. The
absorption intensity of the pure CD was only 2.5, it after inserting the FO in its cavity, the intensty changed to 2.7 — 2.9. It shows
that there is an interaction between the non-covaig part of -CD and bioactive molecules, which are also knownsahosts - guests
inclusion complexes (ICs). The results confirmed asell that the ICs formed is more stable as the in@ase in the boiling point of the
ICs in the range of 280-29%C.
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as water. Frankincense is also reactive to cheméeaitions
[. INTRODUCTION in several external factors such as temperatugdt, liand

Boswelliais a deciduous tree that has various types suchXygen [2]' Err:capsulationdof_a compou_nd playi al ‘”‘?"Z
as Boswellia sacrain Saudi Arabia,Boswellia carteriin in trapping the compound In a matrix, so the esaent
China, and East Africa, as well as Boswellia sarmtindia, properties of the compound can be protected byowari
each producing a different kind of resin [1], [Zhe tapped ~ formulation [4].

Boswellia tree trunks will produce sap like rublrees. The One .Of the alternatives to increasg the physicoatam
sap is in the form of a resin that resembles milk. Properties of frankincense is by trapping the moles [S],

Frankincense or olibanum is an aromatic resin predu [6]. Molecular enc_apsulation in suprampleculalr C.Im’y'is
from the genus Boswellia (Burseraceae family).ds lbeen a method of entering a guest molecule in th_e xofa
used for centuries as traditional medicines in Aaidd _supram_olecule. '.“ supramoIeCl_JIar chemistry, hossgu
Africa. During exposure to air, the resin hardensd a interactions explain the complexity that resultsnirtwo or
changes to an orange-brown color called frankineens more molecules or ions connected in a special aotem

Frankincense oil (FO) is an extract produced fraeam structure through several interaction forces that mot
distillation of frankincense sap. FO is one of thest used ~ covalent bonds.

oils in aromatherapy, traditional ceremonies, aadymes. . The molecules that make up the ICs are genergklyl@td
Frankincense has been used in various countrigsas N1 tWo types, namely self-assembly and the foionaof

Africa, China, India, and the Middle East for theyention host-guest interactions between molecules. Botbstyyf ICs

and treatment of various diseases, especially yphest of are formed depending on the ability of a moleculettie

chronic diseases (chronic inflammatory disease)\a}fious formation of the b.o.nd. If t.he molecule has this_aizitbty
benefits of frankincense in the medical fields a#nbe because of a specific functional group, the ICswhie type

: : by f self-assembly can be formed. The bonds thattimmén
maximally related to the common properties of egakails 0 :
as volatile compounds. Essential oils are alsophi, the formation of ICs are hydrogen bonds and bordaéden

causing essential oils are immiscible to water,levhimost me”talhs al?d cl;gands. The;refo:)e, zorge stud|ehs d(mmeg
all drugs are designed or consumed with polar sddveuch call the bond as a covalent bond. Among these s,



hydrogen bonds provide greater plasticity and faste
reaching equilibrium state. On the other hand, ltbads
between metals and ligands provide greater and mgick
strength than hydrogen bonds. In addition to theractions
that occur, the size, shape, and chemical surfatteeqyuest
molecule on the host molecule are also importdnt [7
Cyclodextrin (CD) is a cyclic compound and a water-
soluble oligosaccharide. It is produced from enziyena
conversion (CD glycosyltransferase or -amylase),
degradation, and cyclization of starch and compeuthat

Sigma Aldrich and Merck. During the preparation qass,
double deionized water was needed to dissolve e C

B. Synthesis of the FO-CD

1) Preparation of the FO-CD ICs: Procedure of the
study refers to the research procedure with some
modifications in the preparation of the FG@ED ICs using
the coprecipitation method [12]. 1.5-gramCD was
dissolved in 60 mL of ethanol and deionized waf@wV)
(20:80 v/v) at 65 + & for 45 minutes. FO was added with a

have -1,4-glucan. CD could also be synthesized from various volume of 0.5 mL, 0.75 mL, and 1.0 mL,

trisaccharide. Furthermore, some studies have ssfdky
produced the precursor ofCD [8].

CD is not toxic, biodegradable, and not absorbethé
digestive system [9]. Because the inner cavity
hydrophobic and the outer part is hydrophilic, beven in
Fig. 1, the CD has been extensively applied inoteifields

respectively, in a solution ofCD. The mixture is stirred on
a magnetic stirrer at a speed of 1400 rpm for 3hati65°C.
It is left for 1 hour at room temperature. The Misre then

is vacuumed with a vacuum pump until the complex difé=

ICs were stored in an airtight glass and a cooler o
refrigerator for further stability test and chamctation

as encapsulants of several organic compounds ssch a(FTIR, UV VIS, XRD, and sem analysis). FTIR, UV VIS

vanilla, essential oils, and spices, as well aspmmds such
as carvacrol, thymol, menthol, and ethylene [10]1]]
Moreover, recently some research proved the u§tDoés a
catalyst for organic synthesis [12]. Therefore, tlse of CD
as a template or host molecule for essential odhsas
frankincense increases not only the solubility 6f iR water
but also the stability.
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Fig. 1 (a) Structure of-CD (b) Toroidal shape of-CD (outer surface is
hydrophilic, and the center cavity is hydrophobic

(b)

There are several encapsulation methods such
molecular inclusion, coacervation, internal ionpioo
gelation, spray drying, spray freeze drying, floet coating,
co-crystallization, emulsification, and extrusidrmey can be
used as an alternative to improve the stability tioé
physicochemical properties of frankincense [13]isTdtudy
focused on the method of giving higher purity oystal,
namely coprecipitation. The results in the formIG6 are
characterized using different analytical techniques

Il. MATERIAL AND METHOD

A. Research Materials

The chemicals used in this study were premium tyuali
FO Boswellia sacra obtained from Young Living, -
cyclodextrin (-CD) with 99% purity, ethanol (CY¥€H,OH)
with pro-analysis quality (Merck), n-hexane, magues
sulfate anhydrous and ethyl acetate (EtOAc) puexhds

and XRD analysis were performed in the chemistrg an
physics laboratories, Universitas Negeri Padandoriesia.
SEM analysis was performed in the Indonesian unstipf
Science (LIPI), Indonesia. The magnification of SEMs
controlled from 1000x to 5000x.

2) Determination of FO Encapsulation Efficiencyhe
research procedure refers to the previous resdhathhas
been modified in determining the efficiency of essd oil
encapsulation [14]. The total essential oil confarthe ICs
represents the amount of oil included in th€D cavity,
plus the amount of oil adsorbed on the surfacehef tCD
molecule.

To determine the total content of essential oilstha
encapsulation product (ICs), as much as 0.5 g efl@s
were suspended in 50 mL deionized water and 15 mL n
hexane followed by low-speed stirring using a méaigne
stirrer. Organic phases containing free oil are separated. T
water phase was extracted with 5 mL n-hexane ttinees.
The extract was dried with magnesium sulfate andysir
After evaporation of the solvent vacuum using aampt
evaporator, oily residues are weighed and expressda).

20 mL of n-hexane was added to 0.5 g of the ICsdemwand
then stirred using a magnetic stirrer at 400 rpnroam
temperature for 30 minutes to determine the oibduksd on

a he surface of the-CD molecule. The mixture is filtered,

and the powder is washed with 10 mL n-hexane. Tharic
filtrate is dried with magnesium sulfate anhydrous.
Magnesium sulfate was decanted, the final extraas w
vacuumed using a rotary evaporatand oily residues were
weighed and expressed asm

Encapsulation efficiency (% EE) is calculated by th
equation:

%EE = (1)

Where;

= ! @)

Total oil is the total mass of oil trapped in theCD
surface oilis the total mass of oil adsorbed on the surface of
-CD.
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Fig. 2 The ICs formation (FO-CD)

I1l. RESULTS ANDDISCUSSION

The ICs of FO:-CD was produced by coprecipitation
method based on the previous
modifications [15], [16]. This study carried outnse volume
variations of FO and-CD, as shown in Table I. FO as a
guest molecule would be trapped in th&CD because it
replaced the more polar organic solvent (ethan®@be
hydrophobic cavity in the-CD plays an essential rule in the
trapping steps. So that if there were more nonpolar
molecules than the polar molecules trapped insidecavity
would be replaced by the nonpolar molecules, asvshia
Fig. 2. The use of the coprecipitation method iadfieial
for the encapsulation of molecules that are nottdel in
water or other words, nonpolar molecules. The afgsof
the ICs formed were then washed with ethanol toorenO
that is not encapsulated. The use of organic stdvienthe
recrystallization stage will yield pure results gmduce a
stable crystalline IC.

TABLE |
THE VOLUME RATIO OFFOAND  -CD
No. V of FO (mL) V of -CD (mL)
1 0.5 0.93
2 0.75 0.93
3 1 0.93

In this study, the organic solvent used in the wash
stage was ethanol. Hence, the boiling point of mthavas
low, so that the ICs crystals formed had a highughgurity
level after vacuum filtration.

A. Mechanism of the ICs Formation

The formation of ICs (FO:CD) is a unique complex
chemical form showing a trapped molecule in another
molecular cavity (host molecule). Guest moleculessim
have the appropriate size or shape to enter thitydavthe
host molecule. Stereochemistry and polarity of hast
guest molecules determine the effectiveness ofpsutation
[16]. In aqueous solution,-CD can form complexes with
several guest compounds (guest) by
molecules into the middle cavity of theCD molecule.
There are no covalent bonds that are damaged aretbr
during complex formation. Some molecular interatsichat
may occur when forming ICs are hydrophobic, Van der
Waals interactions, hydrogen bonds, the releaséigff

research with some

inserting guest

energy water from the CD cavity during the inclusio
process, and the presence of conformational fgids

In this study, the mechanism of complex formatiegibs
with the guest molecule and theCD molecule which
approaches each other. Then, there is a breakdowhei
structure of water or ethanol in the cavity. Ituks in these
molecules coming out of theCD cavity caused by a guest
molecule that will enter the cavity of theCD. This process
is then followed by the interaction between thecfional
groups of the guest molecule and the groups lociatede
CD cavity. It produces hydrogen bonds between thesg
molecule and the CD. The process then continuedh wit
reconstructing the water structure around the guestcule,
which was not covered byCD [16], [17].

B. Confirm the Existence of ICs in the solution

The Formation of ICs could be identified using Reur
transform IR (FT-IR) spectra. Spectra bands showvihm
presence of guest molecules tend to shift sliglathyspectral
intensity is different, but if the mass of the guemlecule is
not more than 5-15% of the mass of the ICs forntkd,
increase will be disrupted by the host moleculecspen.
Nonetheless, current studies can prove the existehdCs
marked by shifts in IR. Like the shifts that ocauicarbonyl
groups (carbonyl stretching bands), which initiallere at
1650 cmi and 1700 cm shifted around 40 chto higher
wavelengths in the ICs [18]. This result is prolyatile to
the intermolecular hydrogen bond in the disturbesksy
molecule and causes the dispersion of each molécule
host molecule.
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Fig. 3 (a) Infrared spectra of pureCD, (b) FO (0.5 mL): -CD, (c) FO
(0.75 mL): -CD (d) FO (1 mL): -CD, (e) pure FO



The interaction between host moleculesCD) and guest
molecules (FO) in the ICs of this study also adsidsto
change of the spectrum shown in vibration spectnoisc
(FTIR) data. The difference in shape, shift, oengity of
the spectra at the IR absorption peaks of FO a@® to the
ICs could prove that the ICs had been formed. i&tsp for
pure ICs, as shown in Fig. 3.

As shown in Fig. 3, the absorption peak shift tghier
wavenumber showed reduced water inside th€D
molecules. The shift of OH stretching peak to ahbig
wavenumber direction upon heating is often attgdub the
weakening of the hydrogen bonding interaction, Wwhic
gradually changes the vibrational frequency of thénd.
This trend confirms that there is a new interactidime
hydrogen bond between-CD molecules and water are
replaced by the Van der Waals interaction betwe®nakd

-CD [18].

The presence of FO insideCD will increase electron
cloud density, which leads to an increase in tleguency.
On the other hand, the decrease in frequency baturee
ICs and its constituent molecules is due to chamgebte
microenvironment that lead to the formation of logkn
bonds and the presence of Van der Waals forcesgluri
interactions to form ICs.
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Fig. 4 UV VIS spectra of Inclusion Complex (ICs)

Some formation of ICs in CD affects ultraviolet OV

VIS absorption spectra possessed by the molecules,

sometimes appearing in bathochromic or hypochraghifts.
As shown in Fig. 4, the absorption intensity of thee CD
was only 2.5, but after inserting the FO in its ibgvthe
intensity changed to 2.7 — 2.9. UV shift with maxim
absorption in complex formation could occur duethe
protection of some of the electrons, which showdekcited
in the cyclodextrin cavity. The high electron déynsn the
CD cavity makes it easier for electrons in the gueslecule
to be trapped in the CD to move. In this study, ItBe were

Based on Table Il, There was an increase in thebeuf
Absorbance in each ICs. The interaction betweenstgue
molecules (FO) and-CD molecules play a vital role in this
phenomenon. In -CD cavities, FO will form various
interactions with -CD molecules, such as hydrogen bonds,
dipole-dipole interactions, and dispersion forcElsey will
contribute differently to the conformational vaidets of
guest molecules and guest immobilization.

C. A preliminary study of the chemical stability ofnqaex
inclusions

This study also used X-ray Diffractometer (XRD) to
support data from FTIR. XRD is a simple method &tedt
the ICs in amorphous or crystal phases. The diffsac
pattern in the ICs seems different from the supstipm of
each compound if an inclusion complex has been édrm
Even in guest molecules in the form of liquid (@ilvolatile
compounds), XRD is very suitable to be used in tifigng
the formation of its ICs. The guest molecule in them of
liquid will not show diffraction patterns on XRDnd if the
diffractogram is different from the ICs that havet been
fully formed, then the formation of crystals frotmet guest
molecule shows a new form of the crystal lattice.
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Fig. 5 The diffraction pattern of the ICs

This result supports that the ICs have been formed.
XRD results in the study can be seen in Fig. 5.
The diffraction pattern shown in the ICs identifigde
pattern of diffraction in crystals with a sharp bkeaf
diffraction, and most of these peaks showed padterh
diffraction in -CD. In addition to the peak diffraction of
CD, there were different diffraction patterns.

Guest molecules would show a more complex crystal

shown at a wavelength of about 380 nm. Considerablepattern which reflects the existence of guest maécin -

differences between the absorption intensity oepgdb and
ICs also show hyperchromic effects [19].

TABLE Il
MAXIMUM ABSORBANCE FOREACH INCLUSION COMPLEX

Sample Wavenumber (nm) Ab?;ﬁ'g:\%? (A)
-CD 282,0 nm 2,5084 A
FO 0,5 mL 285,0 nm 2,8356 A
FO 0,75 mL 293,0 nm 2,8295 A
FO 1,0 mL 286,0 nm 2,8456 A

CD. The diffraction pattern shown in the ICs (F®). is

mostly more like the -CD diffraction pattern, but the
intensity of the XRD pattern betweerCD and ICs gives
different sharpness of peak. The intensity of XRitgrns in

-CD is higher compared to the three ICs. The XRBepa
of -CD proves the crystal properties are evident bezad

its sharp and robust peak [20]. The differencenierisity,
diffraction distribution pattern, and sharpnesstied peaks
indicates that the ICs have been formed.
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Fig. 6 XRD Difractogram Inclusion Complex (a) &t 10°-16°, (b) 2at
16°-23°, (c) 2 at 23°-31°, and (d) 2at 31°-40°

Compared to the diffraction pattern between thedHCs
in Fig. 6, there was a decrease in the intensitgamh ICs.
The intensity of the 0.5 mL ICs (blue peaks) wagsegally
higher than the ICs intensity of 0.75 mL (gray pand 1.0
mL (orange peaks), as well as for the ICs of 0.T5with a
1.0 mL ICs. That is, the more frankincense esskeatias
added, the lower the intensity of the ICs and thgrele of
crystallinity of an ICs.

To confirm the formation of ICs, this study perfath
another analysis, i.e. SEM. Fig. 7 shows the scanni
electron micrographs of FOLD in 1,000x and 5,000x. The
volume of FO to perform this analysis was 0,75 mbe
image was produced from the above and side pergpsct
Small pebbles in the picture indicate the ICs.

@

(b)

(©
Fig. 7 SEM micrographs of FO/LD in 1000x from (a) above (b) side (c)
in 5000x



Encapsulation of volatile compounds could affece th
properties of guest molecules comparing to the ¢ntigs
before being trapped in the encapsulation mediutme T
formation of crystalline phases of the ICs increlashe
molecular stability of essential oil. It includeshygical
stability, such as melting point, and chemical #itgbsuch

as volatility, photodegradation, dehydration, hygsis,
sublimation, oxidation, thermal decomposition,
stereochemistry, and isomerization.

TABLE Ill

THE MELTING POINT OF FO-3-CDINCLUSION COMPLEX

The melting point of inclusion

The volume of FO (mL) complex (°C)

1.0 280
0.75 286
0.5 295

One of the stability tests of essential oil is bgasuring
the melting point of the ICs. The use eCD as the coating
material for frankincense essential oil can inceedke
stability of FO because the ICs are solid or ciiis@a
complexes, which make the melting point of the 6€§0-

-CD almost resembles the pure melting point €D (>
290°C) as shown in Table III.

The difference in the melting point of the threes|@
related to the number of FO trapped in th€D cavity. The
melting point of the 1.0 mL ICs was lower than thelting
point of the ICs of 0.75 mL and 0.5 mL, the ICshwihe
addition of 1.0 mL essential oil showed that thenber of
frankincense essential oil molecules trapped mbaa the
ICs 0.75 mL and 0.5 mL as evidenced by total diadm the
encapsulation efficiency of frankincense essental
molecules. The difference in the melting point loé three
ICs is also due to the presence of hydrogen bovils,der
Waals forces, covalent bonds betwee@D and the incense
oil molecules. The endothermic effect on the thvagations
of kneading time is related to the loss of the bysit group
in the FO--CD ICs, which is obtained as a melting point.
The types of changes in thermal properties in t@s |
indicate the possible interaction betwee@D and FO oil,
which causes the formation of more stable ICs [21].

D. The Efficiency of FO Encapsulation

Total oil is related to the amount of oil trapped a
microcapsule, such asCD, while surface oil is related to
the amount of oil
microcapsule, the amount of total oil and surfaiténothe
ICs dramatically influences the efficiency of ensalation.

TABLE IV
EFFECT OFINCREASINGVOLUME OF FO ON THE EFFICIENCY OFINCLUSION
COMPLEX ENCAPSULATION

-CD: FO Total Oil Surf'ace Encapsulation
(gram) (mg) Oil efficiency (%)
(mg)
1,5:0,8650 47 13 68
1,5:0,6487 44 7 74
1,5:0,4325 42 3 78

Total oil affects encapsulation efficiency becao$dhe
increasing number of coated ingredients to be ppadkao

adsorbed on the surface of the

decrease as much oil sticks to the surface. Coeslgu it
will damage the oxidative stability of the microsaje [21].

Based on the data of encapsulation efficiency abthi
(Table 1V), there is an increase in the mass oémsa oil
trapped in the -CD (total oil) cavity. The mass of essential
oil on the surface of the-CD (surface oil) cavity also
increases. Hence, it will result in decreased esdagtion
efficiency as the volume of frankincense essentdl
increases. The result is related to the physicoatsm
properties of -CD (cavity diameter, derivative properties),
and guests (geometry, volume, hydrophobicity) of[EQ.

V. CONCLUSION

The amount of FO determines the efficiency of the
encapsulation of frankincense oil (FO) in th€CD cavity
through the coprecipitation method. The highest Imemof
efficiencies is 78% when adding FO 0,4328 gram. The
presence is confirmed by instruments such as UV, VIS
FTIR, and XRD. The stability of FO increases afiteis
encapsulated. This result is indicated by the fdoioneof the
crystalline phase and the increase in the ICs ntefibint.
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