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Abstract
The release control of fragrances, benzyl acetate (BA), citral (CR), linalool (LL), citronellol (CL) and linalyl acetate (LA), 
was conducted using β-cyclodextrin (β-CyD), 2-hydroxypropyl-β-CyD (HP-β-CyD) and 2,6-di-O-methyl β-CyD (DM-β-
CyD). The release rate of the fragrances from 30% ethanol/water solution was significantly suppressed by the complexation 
with these CyDs, and the suppressing effect increased in the order of β-CyD < HP-β-CyD < DM-β-CyD. The concentration-
dependent change of the release rate was quantitatively analyzed to obtain the stability constant (Kc) of the fragrance-CyD 
complexes. These Kc values were in good agreement with those determined by the solubility method. The results suggest that 
the release of fragrances can be prolonged by the complexation with β-CyDs and their effects can be controlled by choosing 
appropriate CyD derivatives with higher Kc values and by setting proper concentrations of the host molecules.
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Introduction

Olfaction has two important roles in the lives of all animals, 
i.e. fundamental and psychological roles [1, 2]. The former 
is to help protect from enemies, including foods, by detect-
ing danger signs such as unpleasant smell. The latter has 
become more important for human beings, invigorating the 
spirit and mind in everyday life through a contact with pleas-
ant fragrances or sometimes damping the spirit by unpleas-
ant smell. Recently, fragrances of natural and synthetic 
oils have received attention in medical fields, because of 
their pharmacological and psychological effects [3–7]. For 
example, flavors of lavender and roses have a sedative effect 
while those of lemongrass and peppermint have a stimulant 
effect. A number of essential oils have been used for the 
treatment of stress, anxiety, epilepsy and pain etc. However, 
most of flavor components are highly volatile and quickly 

disappear from atmosphere. Therefore, it is very important 
to control the release rate of fragrances for enhancement of 
their effects. Encapsulation is one of the efficient methods 
for sustained releases of fragrances, among which are the 
encapsulations into micro- and macro-pores of inorganic and 
organic materials, nanofibers, nanofilms and cyclodextrins 
[8–13].

In this study, we conducted the release control of sev-
eral fragrances utilizing the complexation with parent 
β-cyclodextrin (β-CyD), 2-hydroxypropyl-β-CyD (HP-β-
CyD) and 2,6-di-O-methyl-β-CyD (DM-β-CyD). In this 
study, benzyl acetate (BA), citral (CR) and linalool (LL) 
were mainly employed for the release control, in addition to 
citronellol (CL) and linalyl acetate (LA). CR and LA were 
used as fragrance models with a stimulant activity, while 
BA, CL and LL were those with a sedative activity. Further, 
concentration-dependent decreases of the release rate were 
quantitatively analyzed to obtain the stability constant of 
the complexes. Table 1 shows chemical structures of the 
fragrances used, together with the solubility in water and 
the partition coefficient in n-octanol/water determined in 
this study.
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Experimental

Materials

LA and CL were donated by Shiseido Ltd. (Tokyo, Japan). 
BA, LL and CR were purchased from Kanto Chemicals 
(Tokyo, Japan). β-CyD, HP-β-CyD and DM-β-CyD were 
supplied from Nihon Shokuhin Kako Co., Ltd. (Tokyo, 
Japan). Other chemicals and solvents used were of analyti-
cal grade, and deionized double-distilled water was used 
throughout the study.

Measurements of solubility and partition coefficient

An excess amount of fragrances was added in water and 
the mixture was shaken at 25 °C for 1 week. After the 
equilibrium was attained, the mixture was centrifuged. In 
the case of BA, an aliquot of the supernatant was appro-
priately diluted with water and concentrations of the 
fragrance in the solutions were spectrophotometrically 
measured at 256 nm. In the case of CL, CR, LA and LL, 
the supernatants were filtered through a 0.2 µm filter, the 
filtrates were diluted with water and then analyzed for CL, 
LA and LL at 215 nm and for CR at 260 nm, using a 
Hitachi U-3200 spectrometer (Tokyo, Japan).

Oil/water partition coefficients of the fragrances were 
measured using n-octanol. The mixture of n-octanol and 
water (1:30 v/v) containing each fragrance was shaken for 
5 h. After the mixture was centrifuged, the water phase 
was analyzed for fragrances using a Hitachi L-6000 high-
performance liquid chromatograph (Tokyo, Japan) at 
the following conditions: a Shodex ODS packed column 
(5 µm, 4 mm × 150 mm, Tokyo, Japan), a mobile phase of 
80% methanol/water, a flow rate of 1.0 mL/min, and the 

detection at 215 nm for CL, LA and LL, 256 nm for BA 
and 260 nm for CR.

Interaction studies

The interaction of BA, CR and LL with β-CyDs was studied 
by the solubility method [9] and circular dichroism (CD) 
spectroscopy. The solubility studies were conducted accord-
ing to the method of Higuchi and Connors [14] under the 
conditions same as those described in the measurements of 
solubility, except of the solvent and the shaking period. As 
a solvent, 30% ethanol/water solution was used, because 
this mixed solution was used in the release experiments 
described below. Concentrations of fragrances were meas-
ured spectrophotometrically, as described above.

CD spectra were recorded on a JASCO J-60 spectropola-
rimeter at concentrations of 1.0 × 10−3 and 1.0 × 10−2 M for 
fragrances and β-CyDs, respectively, in 30% ethanol/water 
solution at room temperature.

Release studies

The release rates of fragrances were monitored by the strip-
trap method [15], using the home-made apparatus shown 
in Fig. 1. Fragrances dissolved in 30% ethanol/water were 
put in the chamber into which nitrogen gas was bobbled at 
a constant flow rate. Evaporated fragrances were trapped in 
acetone in three reservoirs A–C. The volume of 30% etha-
nol/water in the chamber: 25 mL, the volume of acetone in 
each reservoir: 20 mL, the flow rate of  N2: 50 cm3/min, and 
temperature: 25 °C. Fragrances in acetone in the reservoirs 
were analyzed by gas-chromatography under the following 
conditions: a Shimadzu GC-7A gas-chromatograph (Kyoto, 
Japan), a Shimadzu Hi Cap CBP1-S25-050 column, detec-
tion: FID, carrier gas:  N2, pressure of the carrier gas: 2.0 kg/

Table 1  Chemical structures 
and some physicochemical 
properties of fragrances used in 
this study

Fragrance BA LL CLCR LA

Structure

CH2OCOCH3

CHO

OH

CH2OH

OCOCH3

Partition
coefficient (PC) a 2.4 2.6 2.1 2.8 1.9

Solubility in 
water (g/ dL)b 0.15 0.03 0.15 0.02 0.05

a Log (PC), n-octanol/H2O at 25 °C
b At 25 °C
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cm2, air pressure: 0.5 kg/cm2, rate of temperature increase: 
4 °C/min, column temperature: 70–220 °C, detection tem-
perature: 250 °C.

Figure 2 shows concentration–time profiles of BA, LL 
and CR in 30% ethanol/water in the chamber and in acetone 
of three reservoirs. The concentrations of the fragrances in 
the chamber decreased with time, with concomitant increase 
in the reservoir A. The fragrances were negligibly detected 
in the reservoirs B and C. These results indicated that the 
released fragrances were completely trapped in the first res-
ervoir A, confirming no leaks of the fragrances from the 
apparatus and no degradations of the fragrances under the 
experimental conditions.

Results and discussion

Release of fragrances in the absence of CyDs

Figure 3 shows the released% of BA, LL and CR after 5 h 
as a function of ethanol concentration in the chamber. The 
released amounts of fragrances were almost constant below 
30% ethanol concentrations, above which they decreased, 
indicating a high affinity of the fragrances to hydrophobic 
solvents. The solvents of higher ethanol concentrations are 
suitable for accurate monitoring of the release rate of fra-
grances, while the solubility of parent β-CyD is limited and 
the competitive inclusion occurs in such solvents. Therefore, 
30% ethanol/water solution was used as a medium of the 
donor chamber, which gave the constant released amount 
at least up to 5 h. Figure 4 shows the release rates of BA, 
LL and CR from 30% ethanol/water solution, as a function 
of fragrance concentration. As described later, the release 
amount-time profiles were linear under the experimental 

conditions, the release rate of fragrances was analyzed 
according zero-order kinetics. As shown in Fig.  4, the 
release rate increased with increasing the concentration 
of fragrances, although it was not a first order to the con-
centration probably due to self-aggregation of fragrances 
in the releasing medium at high concentrations. Figure 5 
shows the relationship between the release rate and parti-
tion coefficient of the fragrances, where the release rates 
were those in the fragrance concentration of 1.0 × 10−3 M 
and the partition coefficients were those of n-octanol/
water (Table 1). The release rate of fragrances was linearly 
increased with their partition coefficient, indicating a linear 
free energy (ΔG) relationship between the two parameters 
[16, 17], i.e. ln (release rate) = 0.77 ln (PC) − 7.9 (correla-
tion coefficient = 0.96). The increase in the hydrophobicity 
of fragrances facilitates their escaping rate from water, a 
hydrophilic environment.

Release of fragrances in the presence of β‑CyD, 
HP‑β‑CyD or DM‑β‑CyD

Figure 6 shows the comparison of the release rates of BA, 
CR, CL, LA and LL (1.0 × 10−3 M) fragrances in the presence 
of β-CyDs (1.0 × 10−2 M) from 30% ethanol/water solution. 
The release rate of fragrances was suppressed by the addi-
tion of β-CyDs and the suppressing effect was in the order of 
DM-β-CyD > HP-β-CyD > β-CyD. Since the relatively large 
suppression of β-CyDs was observed in fragrances of BA, CR 
and LL, the concentration-dependent decrease in the rate was 
in detail investigated. Figure 7 shows the release-time profiles 
of BA, as an example, in the presence of different concentra-
tions of HP-β-CyD. It was apparent that the release amount 
of BA linearly increased with time both in the absent and 
presence of HP-β-CyD, indicating a zero-order release under 

Fig. 1  Apparatus used for 
fragrance-release study

N2

Flow-meterChamber

Fragrance 
in solution

ABC

Reservoirs [Condition]
Volume of sample solution in chamber : 25 mL
Solvent in reservoir : acetone
Flow rate of N2 : 50 cm3/min
Temperature : 25 oC
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the experimental conditions. The zero-order release rate con-
stants were determined from the slope of the plots. Figure 8 
shows the effect of β-CyD, HP-β-CyD and DM-β-CyD on the 
release rate constant of BA, CR and LL. The release rates 
were decreased with increasing CyD concentrations, showing 
a feature of the saturated kinetics. These profiles were analyzed 
according to Scheme 1, where the fragrance forms the 1:1 
complex with CyDs in the liquid phase of the chamber and the 
fragrance in the free form takes part in the release. Therefore, 

the ratio (k/k0) of the release rate constants in the absence  (k0) 
and in the presence of β-CyDs is expressed as Eq. (1) in which 
(Fra)f and (Fra-CyD) stand for the concentration of fragrances 
in a free form and that of the complex, respectively. The 1:1 
stability constant (Kc) of the complexes is defined as Eq. (2) in 
which (CyD)f stands for the concentration of β-CyDs in a free 
form. The total concentrations of fragrances (Fra)t and β-CyDs 
(CyD)t were expressed in Eqs. (3) and (4). Equation (5) is 
obtained by substituting Eqs. (2), (3) and (4) into Eq. (1).

Fig. 2  Trapped fragrances in 
reservoir (A–C) and remain-
ing fragrances in 30% (v/v) 
ethanol solution, measured by 
strip-trap method at 25 °C. BA: 
8.4 × 10−3 M, CR: 1.0 × 10−3 M, 
LL: 8.4 × 10−3 M
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The release rate constants (k) of Fig. 8 were converted 
to the relative rate constants (k/k0), and the (k/k0) versus 

(1)r = k∕k0 = (Fra)f∕
[

(Fra)f + (Fra − CyD)
]

(2)Kc = (Fra − CyD)∕
[

(Fra)f × (CyD)f
]

(3)(Fra)t = (Fra)f + (Fra − CyD)

(4)(CyD)t = (CyD)f + (Fra − CyD)

(5)(CyD)t = (1 − r)

[

(Fra)t +
1

(r × Kc)

]

(CyD)t profiles were analyzed by Eq. (5) using a non-lin-
ear least-squared method [18] to obtain the Kc values. The 
results were shown in Table 2. The fragrances, LL and CR, 
having the non-cyclic chemical structure had a similar affin-
ity to the cavity of β-CyD, HP-β-CyD and DM-β-CyD. The 
Kc values of LL and CR were larger than that of BA, a 
cyclic fragrance. It was apparent that the inclusion ability 
to the fragrances increased in the order of β-CyD < HP-β-
CyD < DM-β-CyD, which was consistence with the sup-
pressing effect to the release rate.
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Fig. 3  Released and adsorbed amounts of fragrance after 5  h, as a 
function of ethanol concentration in chamber, measured by strip-trap 
method at 25 °C
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Interaction of fragrances with β‑CyDs

The interaction of BA and CR with β-CyDs was confirmed 
by CD spectroscopy and the solubility method. Figure 9 
shows CD spectra of the fragrances in the presence of 
β-CyD, HP-β-CyD and DM-β-CyD in 30% ethanol/water 
solution. The optical activity was induced at around 250 nm 
with a negative sign. Because intrinsic Cotton effects of 
these β-CyDs are observed only below 220 nm and the fra-
grances have no asymmetric carbons in a molecule, these 
CD bands are attributable to the induced optical activity of 
the fragrances [19, 20], indicating that the fragrances are 
embedded in the asymmetric locus of the β-CyD cavities. 
The magnitude of the induced CD was DM-β-CyD > HP-β-
CyD > β-CyD, which was in accordance with that of the 
stability constants of the complexes. Figure 10 shows the 
phase solubility diagrams of BA, LL and CR with β-CyD, 
HP-β-CyD and DM-β-CyD in 30% ethanol/water solution. 
The solubility of the fragrances increased linearly with CyD 
concentrations, showing the  AL type diagram according to 
the classification of Higuchi and Connors [14], suggest-
ing the formation of 1:1 (host:guest) inclusion complexes 
under the experimental conditions [20]. The Kc values of 
the complexes were calculated using Eq. (6) [14] in which 
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the slope and intercept stand for those of linear lines of the 
diagrams. Unfortunately, the accurate stability constant of 
BA-β-CyD complex could not be determined because of 
small changes in the release rate and the solubility by the 
addition of β-CyD (Figs. 8, 10).

The Kc values determined by the solubility method 
were similar to those determined by the kinetical method, 
although the former values were slightly lower than those 
of the latter, which may be due to the different experimen-
tal conditions such as concentrations of the fragrances. 

(6)Kc = Slope∕
[

intercept (1 − slope)
]

The Kc values were in the order of DM-β-CyD com-
plex > HP-β-CyD complex > β-CyD complex. This 
order may change depending on ethanol concentrations, 
because the solvent forms the ternary fragrance/ethanol/
CyD complexes and/or works as a competitive agent to 
the fragrance/CyD complexes. The stability constant of 
BA/HP-β-CyD complex in the absence of solvent in aque-
ous solution is reported to be 310 M−1 [13]. This value 
decreased to about 200 M−1 (see Table 2) in 30%v/w etha-
nol solution that corresponds to 5.2 M calculated using 
the density of ethanol = 0.8. It is apparent that ethanol 
definitely hinders the access of fragrances to CyD cavi-
ties, although it is difficult to discriminate between the 
ternary complexation [21, 22] and the competitive inclu-
sion. Therefore, the retarding effect of CyDs on the release 
rate of fragrances may be greater at lower ethanol con-
centrations, but we employed 30% ethanol solution as a 
release medium, because of the reasons described above 
and the quick dissolution of fragrances with low aqueous 
solubility in the medium. Further studies should be done 
to elucidate the detailed inhibition mechanism of ethanol 
in the complexation.

Gaseous phase

Liquid phase

Fragrance (Fra)

Fra + CyD

k

Kc
Fra - CyD

Scheme  1  Proposed scheme for release of fragrances from solution 
of CyD complex

Table 2  Stability constants (Kc, 
 M−1) of Fra-CyD complexes in 
30% ethanol solution at 25 °C

System Method

Release rate Solubility

BA LL CR BA LL CR

β-CyD – 120 130 – 86 83
HP-β-CyD 180 230 190 120 180 190
DM-β-CyD 270 290 310 220 250 260

Fig. 9  CD Spectra of fragrances 
(1 × 10−3 M) in the presence 
of CyDs (1 × 10−3 M) in 30% 
ethanol solution
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In conclusion, the release of fragrances can be pro-
longed by the complexation with β-CyDs and their effects 
can be controlled by choosing appropriate CyD derivatives 
with higher Kc values and by setting appropriate concen-
trations of the host molecules.
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