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Abstract – The release of 2-nonanone and hexenol (hex-4-en-3-ol) was studied in model media
with different structures and compositions: water, a gel of β-lactoglobulin, gelified or non-gelified
emulsions (5.0% Miglyol, 6.9% β-lactoglobulin; the gelation was realized by heating) and milk.
The aroma compounds were analyzed by gas chromatography. A strong influence of the nature of
the volatile compound on its behavior towards the food matrix was observed: in the case of 2-nona-
none, a hydrophobic compound (log P = 2.9) with a relatively high vapor-water partition coefficient
(Kmol = 33.6), the release was greatly influenced by the composition and the structure of the
medium. However, for hex-4-en-3-ol, a more hydrophilic compound (log P = 1.7) with a weaker
vapor-water partition coefficient (Kmol = 0.5), the kinetics of the release of this compound were not
influenced either by the composition or the structure of the matrix. The differences between the
behavior of these two compounds in relation to the composition and the structure of the matrix indi-
cated that the release of aroma was principally influenced by the interactions with the non-volatile
constituents of the medium, β-lactoglobulin and Miglyol. The role of structure was shown by the
comparison of the release of 2-nonanone in a gel to its release in a gel of the same composition that
had been destructurated. However, this effect was less important than that of the composition of the
food matrix.

Structure of media / β-lactoglobulin / retention / release / aroma compound

Résumé – Influence de la composition et de la structure de différents milieux sur la libération
de composés d’arôme. La libération de la 2-nonanone et de l’hexenol (hex-4-en-3-ol) a été étudiée
en milieux modèles de différentes structures et composition : eau, gel de β-lactoglobuline, émul-
sions (5,0 % Miglyol, 6,9 % β-lactoglobuline) gélifiées (gel réalisé par chauffage) ou non, lait. Une
très grande influence de la nature du composé volatil sur son comportement vis-à-vis de la matrice
alimentaire a été observée : dans le cas de la 2-nonanone, composé hydrophobe (log P = 2,9) avec
un coefficient de partage vapeur-eau relativement élevé (Kmol = 33,6), la libération est largement
influencée par la composition et la structure du milieu. Cependant, pour le hex-4-en-3-ol, composé
plus hydrophile (log P = 1,7) ayant un plus faible coefficient de partage vapeur-eau (Kmol = 0,5), les
cinétiques de libération de ce composé ne sont pas influencées par la composition et la structure de
la matrice. La différence de comportement de ces deux composés vis-à-vis de la composition et de
la structure de la matrice indique que la libération des arômes est principalement influencée par les

* Corresponding author: voilley@u-bourgogne.fr



306 A.M. Seuvre et al.

1. INTRODUCTION

Foods are complex media where all
ingredients can interact with each other.
The interactions between flavor compounds
and food ingredients and their influence on
flavor perception have a predominant role
in their acceptance by consumers (Guichard
[9]). The release of these aroma compounds
is conditioned by numerous parameters.
Lipids play an important role in the behav-
ior of the aroma compounds. With a
reduced fat product, considerable changes
happen and a new formulation becomes
necessary using molecules able to trap
aroma molecules such as proteins. β-lac-
toglobulin was selected as model to study
the interactions between aroma molecules
and protein. β-lactoglobulin is the predom-
inant globular protein in whey. This protein
has interesting functional properties used
for texturisation and the control of syneresis
in some products, such as delicatessen ice
cream. The interactions between the aroma
compounds and the β-lactoglobulin depend
on the conformational state of the protein,
temperature, pH [13], the presence of other
molecules (salts, lactose and lipids) [20, 28]
and the different chemical classes of the
aroma compounds [24]. Recently, Jameson
et al. [12] studied the flexibility and the
functionality of bovine β-lactoglobulin and
showed the importance of the hydrophobic
pocket into which a variety of hydrophobic
molecules could bind. When the protein is
in an “oil-in-water” emulsion [29] it forms
an interfacial membrane which prevents
flocculation, coalescence and creaming of
the system. Electrostatic repulsions and/or
steric hindrance at the interface stabilize the
emulsion [1, 14]. During the absorption at

an interface, the globular proteins partially
keep their secondary and tertiary structures.
Shimizu [27] has shown that the conforma-
tional changes of β-lactoglobulin at the
interface concern only one part of the protein:
the α helix would remain non-denatured
[29]. During adsorption at the oil-water
interface, the β-lactoglobulin becomes par-
tially unfolded [18]. The important change
in the structure of β-lactoglobulin at the
interface could have an effect on interac-
tions with aroma compounds.

β-lactoglobulin aggregates after heat-
induced denaturation, leading to either the
formation of large linear aggregates or to
small primary aggregates [5]. The heating
of β-lactoglobulin solution (12% protein,
90 °C for 60 min) induces the formation of
an opaque and rigid gel, between pH 4 and
6, and transparent and elastic gels above
and under this pH interval [15]. For a heat-
ing time of 15 min the hardness of the β-lac-
toglobulin gel increases with the heating
temperature, and at 90 °C the hardness
increases with the time of heating [17].
Consequently, the β-lactoglobulin denatura-
tion during gelation depends on the medium
conditions which could modify the β-lac-
toglobulin-aroma compound interactions. 

In order to understand the release of
aroma from complex media better, it is
necessary to take into account the rheolog-
ical properties of the food matrix. In fact,
the interactions between proteins can mod-
ify the affinity of aroma compounds for the
matrix. It induces changes in the nature and
the number of fixation sites for the aroma
molecules. Several authors have observed
that the increase in the viscosity of the
medium induced a decrease in the release

interactions avec les constituants non volatils du milieu, β-lactoglobuline et Miglyol. Le rôle de la
structure est montré en comparant la libération de la 2-nonanone dans un gel à celle dans un gel de
même composition mais préalablement déstructuré. Cet effet reste cependant moins important que
celui de la composition de la matrice alimentaire pour ce composé.

Structure du milieu / β-lactoglobuline / rétention / libération / composé d’arôme
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of the aroma and in the perceived intensity
[16, 30]. Rankin and Bodyfelt [23] have
shown, by studying the release of diacetyle
in guar gum, xanthan and carrageenan gels
using the “purge and trap” method, that the
concentration of the aroma compound in
the vapor phase decreased with the concen-
tration of the thickener agent and with the
increase in the viscosity of the medium.

The aim of this paper is to study the
release of aroma compounds in a model
food matrix containing β-lactoglobulin and
oil in order to understand better the role of
the composition and the structure of the
medium (gel or emulsion).

2. MATERIALS AND METHODS

2.1. Reagents

2.1.1. Aroma compounds

The two aroma compounds, 2-nona-
none and hex-4-en-3-ol, were kindly pro-

vided by International Flavors and Fra-
grances (IFF, Longvic-lès-Dijon, France).
These compounds were selected because
of the differences in their physicochemical
characteristics (Tab. I), particularly their
differences in water solubility (0.4 and
18.0 g·L–1 at 25 °C, respectively) and the
vapor-water partition coefficients (Kmol)
(33.6 and 0.5 at 25 °C, respectively).

2.1.2. β-lactoglobulin 

It was provided by Besnier-Bridel
(Laval, France). This industrial preparation
was purified by solubilization (20 g·100 g–1)
in an aqueous solution of 50 mmol·L–1

NaCl and dialyzed over a 24 h period with
a regenerated cellulose membrane (6000–
8000 g·mol–1, Spectrapor, Medicell Inter-
national Ltd, Liverpool, U.K.) with NaCl
(20 times its volume). The protein solution
had a concentration of around 120 g·L–1.
This solution was diluted to 3% with NaCl
solution. Aqueous protein solutions were
adjusted to pH 3 with HCl solution.

Table I. Physicochemical and sensorial characteristics of the aroma compounds.

2-nonanone Hex-4-en-3-ol

Molecular formula

Odor descriptora Rose, tea Grass

Molecular weight (g·mol–1) 142 100

Densitya 0.832 (at 25 °C) 0.851 (at 15 °C)

Boiling pointa (°C) 195 156

Purity (%) 99.9 98.0

Saturated vapor pressurec 

Pi
s (Pa) at 25 °C

65 133

Hydrophobicityd log P 2.9 1.7

Water solubilityb at 25 °C (g·L–1) 0.4 18.0

Molar partition coefficientb (Kmol) 
at 25 °C in water

33.6 0.5

Mass partition coefficientb (Kmass) 
at 25 °C in water

17.9 0.3

a Furia and Bellanca [8]; b experimental values, Espinosa Diaz [6]; c estimated values with the Gomez-
Thodos method [7]; d estimated values with the Rekker’s method [6].

H
H OH
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2.1.3. Miglyol 

It is a triglyceride of caprylic (60%) and
capric acid (40%) with a density equal to
0.947 at 20 °C. This vegetable oil was pro-
vided by International Flavors and Fra-
grances (IFF, Longvic-lès-Dijon, France).

2.1.4. Milk 

It contained 1.5% lipids and 4% pro-
teins (half skimmed milk, commercial
U.H.T. product).

2.2. Preparation of emulsions 
and gels

2.2.1. Emulsions 

Miglyol was added to the aqueous pro-
tein phase. This medium was homogenized
with an Ultra Turrax® T25 (Janke & Kunkel,
IKA Labortechnik, Staufen, Germany) for
10 min with a rotation speed of 24 000 rpm
which permitted stable emulsions to be
obtained. The aroma compounds were
incorporated in the emulsion at a concen-
tration of 100 ppm and manually mixed.
The preparations were realized in samples
of 100 mL in 250 mL glass flasks.

Two emulsions were prepared:
– emulsion A: 5.0% Miglyol, 6.9%

β-lactoglobulin, pH 3;
– emulsion B: 1.5% Miglyol, 4.0%

β-lactoglobulin, pH 3.
The stability of the emulsions was veri-

fied with the help of laser granulometry
measurements, by the Malvern Mastersizer
MSX14-DIF2001 (Malvern Instruments,
Worcs, England).

2.2.2. Gels 

The gelation of protein aqueous solutions
(6.9% w/w β-lactoglobulin) or emulsions
(5% w/w Miglyol and 6.9% w/w β-lactoglob-
ulin), previously aromatized (100 ppm), was
realized by heating at 76.0 ± 0.5 °C for
10 min. The formed gels (or gelified emul-
sions) were cooled for 1 h in a bath at 20 °C.

The destructuration of the gel was done
by stirring for 2 h at 400 rpm.

2.3. Quantification of the released 
aroma compounds

To quantify the release of the aroma
compounds as a function of time, we chose
to determine their remaining quantity in the
liquid phase: this method proved to be
more precise than the dosage of the aromas
in the gaseous phase for the short times of
experimentation. This method was validated
with simultaneous measurements of the
liquid and gaseous phases on model aroma
solutions (2-nonanone at 10 and 300 ppm).
The simultaneous measurement of the two
phases, vapor and liquid, of the initial solu-
tions and after a time t were carried out on
water and gels to realize a mass balance.
The losses were evaluated at less than 10%.
In aqueous solutions we observed low var-
iation coefficients at different times of
experimentation (between 1 and 2.5%),
that showed a good repeatability. For more
complex media (emulsion, gel and milk)
the variation coefficients were less than
5%. Therefore the extraction step of aroma
compounds in an organic solvent from the
different media was not necessary to deter-
mine the remaining quantity of aroma com-
pounds. The release of aroma compounds
was determined by direct injection (injec-
tion volume: 2 µL) of the “liquid” phases
(water, gel, emulsion, gelified emulsion or
milk), and by staying in the field of the infi-
nite dilution. Each point on the curves in
Figures 1–2 was an independent experiment.
Each point constituted a new experiment.

2.4. Chromatographic analysis 
conditions

Quantitative analysis of the aroma com-
pounds was done using a Chrompack CP
9000 chromatograph (Chrompack Co.,
Middelberg, The Netherlands). Parameters
for the gas chromatographic analysis were
as follows:

– Stainless-steel column (3 m length
by 2.2 mm inner diameter) packed with
Chromosorb W-AW, 100–120 mesh coated
with 10% Carbowax 20 mol·L–1.     
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Figure 1. Release of 2-nonanone in different media (agitation 400 rpm, 37 °C).  water;  gel;
 emulsion;  gelified emulsion; and  milk.

Figure 2. Release of hex-4-en-3-ol in different media (agitation 400 rpm, 37 °C).  water;  gel;
 emulsion;  gelified emulsion; and  milk.
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– Flow rates of carrier gas (N2): 1.6 ×
10–5 m3·min–1; hydrogen: 2.5 × 10–5 m3·min–1;
and air: 25 × 10–5 m3·min–1.

– Flame ionization detector and injector
temperatures were 200 and 190 °C, respec-
tively.

– Column temperature varied with the
nature of the compounds (isotherms 100 °C
and 140 °C for hex-4-en-3-ol and 2-nona-
none, respectively).

– The chromatograms were registered
and integrated with a Shimadzu CR6A
integrator (Shimadzu Europa, Dursburg,
Germany) connected to FID.

The calibration was realized by using 5
concentrations of each aroma compound
(20, 50, 100, 200 and 300 ppm) and repli-
cating 4 times.

2.5. Rheological method

The rheological behavior was deter-
mined with a Rheomat 30 viscosimeter and
a Reoscan 20 programmator (Contraves,
Zurich, Switzerland) using a constant
shearing speed equal to 44.9 s–1.

3. RESULTS AND DISCUSSION

The kinetics of release of 2-nonanone
and hex-4-en-3-ol in different media are
shown in Figures 1 and 2. The concentra-
tion of the released aroma (calculated by

taking the difference of the initial and
remaining quantities of aroma compounds
in the liquid phase, and taking into account
the losses) at the time t is expressed as a per-
centage of the initial concentration of the
volatile compound. The behavior of these
two compounds was very different. The
influence of the medium on the release of
2-nonanone is displayed (Fig. 1), whereas,
the release curves with hex-4-en-3-ol indi-
cated a similar behavior whatever the medium
(Fig. 2). The influences of the medium and
the nature of the aroma compound are dis-
cussed separately to explain these results.

3.1. Influence of the medium on 
the release of aroma compounds

The constants of the rate of release of 2-
nonanone in the different media were cal-
culated considering a first order kinetic,
according to the same assumption than that
of Dickinson et al. [4] who worked on the
release of butan-1-ol from aqueous medium
and emulsion. These authors have shown
that a model of the first order kinetic can be
applied. Then the same kind of calculation
was used and the percentage of the remain-
ing aroma compounds in the medium was
expressed from the equation:

% remaining aroma = 100 e–vt

where 100 corresponds to the initial per-
centage of aroma in the medium; v, the
speed constant (min–1); and t, time (min).

Table II. Velocity constants release of the aroma compounds in different media compared with that
in water (agitation 400 rpm, 37 °C).

Media
v(2-nonanone) ×

105 (min–1)
v(hex-4-en-3-ol) ×

105 (min–1)
v(water)/v(medium)

2-nonanone    hex-4-en-3-ol
v(2-nonanone)/ 
v(hex-4-en-3-ol)

Water 1771 71 1.0 1.0 25

Gel 346 61 5.1 1.1 5.7

Emulsion 34 52 52.1 1.4 0.65

Gelified 
emulsion

52 55 34.1 1.3 0.95

Milk 156 77 11.4 0.9 2.0
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The drawing of graphs of the Log of the
percentage of the aroma remaining in the
media (water, gel, emulsion, gelified emul-
sion and milk) as a function of time (Fig. 3)
allowed us to determine the speed constants
with the help of the slope of each curve.
These constants are presented in Table II.
The release in water was quicker compared
with those in the other media (gel, emul-
sion, gelified emulsion and milk). The ratio
vwater/vmedia indicated the decrease factor
of the release in the different media. The
speed constant of 2-nonanone is 5 times
weaker in the gel compared with those
determined in water. This difference can be
explained by the presence of interactions of
the methylketone with the protein. Espinosa
Diaz [6] has observed a volatility decrease
of 57% of this compound (initial concentra-
tion 100 ppm) in the presence of 3% β-
lactoglobulin aqueous solutions at pH 3.
Moreover, the diffusion coefficient of 2-
nonanone decreased in the presence of this
protein at pH 3 compared with that in water
(9.3 ×  10–10 m2·s–1 in water and 7.0 ×
10–10 m2·s–1 in β-lactoglobulin aqueous
solution) [6]. Hence, the kinetics of this

compound were influenced by the presence
of the protein in the medium.

The rheological measurements indi-
cated a shearing strength of the gel equal to
29 mPa·s (measured at 37 °C with 2% of
variation coefficient) and that of water of
around 1 mPa·s. Certainly the network of the
gel constituted by β-lactoglobulin played an
important role in the release of 2-nonanone.
But the nature of the volatile was also
important. The behavior of hex-4-en-3-ol
was very different to that of 2-nonanone. In
the case of hex-4-en-3-ol, the differences
of release in water and in gelified media
were small (speed constants of hex-4-en-3-
ol were 71 × 10–5 and 61 × 10–5 min–1 in
water and in gel, respectively). These
results are in agreement with those of Rob-
erts et al. [25] who have pointed out that,
besides the effects of the nature of the thick-
ener agents (saccharose, carboxymethyl-
cellulose or guar gum) and that of the
nature of aroma compounds, the viscosity
of the medium influenced the release of
flavor compounds. In the present study, a
lower release speed in gel compared with

Figure 3. Release of 2-nonanone: remaining aroma in the media using a kinetic of the first order.
 water;  gel;  emulsion;  gelified emulsion; and  milk.
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water was expected because of the effect of
a higher viscosity of the gel.

The decrease in the speed constants in
the gel (80% for 2-nonanone and 15% for
hexenol) could be due to the fact that the
aroma compound was trapped in the pro-
tein net and that the transfer was partially
hindered by it. A destructuration of the gel
would be necessary to allow its release. To
study the effect of the destructuration of
the gelified medium, we compared the per-
centage after 200 min of 2-nonanone
release in a gel with that of another gel
(same composition) which had been stirred
for 2 h at 400 rpm (Tab. III). On compari-
son of the two gels (with and without
destructuration) it was shown that there
was a slightly, but significantly higher
quantity of aroma compound release in the
destructured gel (83.5 ± 2.1% and 78.3 ±
2.0% released aroma in gels with and with-
out destructuration, respectively). The dif-
ference in release could be due to the struc-
ture changes. The shearing strength of the
destructurated gel (after 2 h of agitation at
400 rpm) was 21 mPa·s compared with
that before stirring equal to 29 mPa·s (var-
iation coefficient: 2%). Smaller particles
were obtained, the surface area for flavor
release was probably changed and the
structure on a small scale (interactions)
was modified.

3.2. Emulsified media

A slightly slower release of 2-nonanone
at equilibrium was observed in the liquid
emulsion compared with the gelified emul-
sion (speed constants were 34 × 10–5 and
52 × 10–5 min–1, respectively) while this
tendency seemed to be the inverse during
the 400 first min. The gelified medium was
more structured than the liquid emulsion.

However, Espinosa Diaz [6] showed that
in the aqueous media the affinity of 2-non-
anone for the medium played an important
role in its release and the conformation of
the protein influenced its affinity.

The gelified emulsion was produced by
heating the emulsion at 76 °C for 10 min.
These conditions did not allow us to obtain a
hard gel but they induced changes in the con-
formation of β-lactoglobulin [21]. By heat-
ing, a β structure inside the β-lactoglobulin
protein unpleated was modified: a rearrange-
ment in hazard rolled structures followed.
This modification (unpleating) allowed the
exhibition of the hydrophobic lateral
chains that became disposable for the for-
mation of molecular association [21].
These structural transformations of the
protein were able to modify its affinity for
the aroma compound. These results are in
agreement with the study of O’Neill and
Kinsella [22] who have shown a decrease
of retention of 2-nonanone when the
β-lactoglobulin was heated to 75 °C for 10
or 20 min. The decrease was higher with
the increase in heating time. McNulty and
Karel [19] explained that the release of the
aroma compounds in emulsified media
happens in two steps: a transfer from the
lipidic to the aqueous phase (particularly
for the apolar compounds), followed by a
release in the vapor phase. The transfer
from Miglyol to water must be considered,
especially in the presence of protein.
Rogacheva et al. [26] observed, with the
use of a rotating diffusion cell, an increase
in the resistance of transfer of 2-nonanone
at the Miglyol-water interface with the
presence of β-lactoglobulin in the aqueous
phase at pH 3. They have also shown the
effect of the conformation of the protein on
the transfer resistance of 2-nonanone: at
pH 9, the interfacial transfer resistance was

Table III. Released aroma (%) in gel and destructured gel compared with water.

Medium Water Gel Destructured gel

Released aroma (%) 98.9 ± 1.0 78.3 ± 2.0 83.5 ± 2.1
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weaker than that observed at pH 3, because
of a more uniform interfacial β-lactoglobulin
layer between Miglyol and water. In fact,
the β-lactoglobulin is partially denatured
in alkaline conditions [2]. Likewise, at pH
3 β-lactoglobulin is relatively resistant to
heating, and this treatment induced only a
partial denaturation. Heat treatment (from
60 to 130 °C) of β-lactoglobulin in solution
at pH 2.5 produced at least two molecular
species, one native-like and indistinguish-
able from the native state by several
criteria of characterization (solubility in var-
ied ionic conditions, electrophoresis, gel
permeation chromatography) and the other
a product of an irreversible change [10].

We admit that the heating of the emul-
sion to induce the gelation modifies the
characteristics of the interfacial protein
layer. Thus the release velocity could be
higher in the gelified emulsion compared
with the non-gelified emulsion, due to a
thinner protein layer when the β-lactoglob-
ulin is denatured by heating. The resistance
to the transfer at the Miglyol-water interface
would be weaker because protein-protein
interactions are more numerous in gel and
decrease in hydrophobic areas. The experi-
mental data showed few differences between
the two emulsions (gelified or not). With
these weak values of slopes (Tab. II), the
assumption of a first order kinetic doubt-
less was in limit of applicability and the
observed differences showed only a ten-
dency but not a significant difference.

For milk, the velocity release constant of
2-nonanone (156 × 10–5 min–1) was around
5 times higher compared with that of the
β-lactoglobulin emulsion (34 × 10–5 min–1).
These two media had different composi-
tions and a different structure of proteins.
The bovine milk contains 3.0–3.4% (w/v)
protein, less than the β-lactoglobulin suspen-
sion studied in this paper (6.9% w/v). More-
over, the milk proteins are composed of
75% (w/w) of a supramolecular edifice, the
casein micelles, and of 12% of β-lactoglob-
ulin. The structure of β-lactoglobulin was
totally different to that of the casein micelles.

The milk contains 1.5% lipids with more
than two hundred different triacylglycerols,
whereas Miglyol is a simple lipid containing
only C8:0 and C10:0 residues. To compare
with identical proportions of the constituent
family, another emulsion was realized con-
taining the same proportions of lipid and
protein as milk. The percentage of 2-
nonanone remaining after 13 h of the exper-
iment was 44.7 ± 3.0% and 37.4 ± 5.0% in
milk and in this new β-lactoglobulin emul-
sion, respectively. These values were not
significantly different.

3.3. Comparison between aqueous 
and emulsified media

The behavior of 2-nonanone was strongly
influenced by the presence of lipid in the
food matrix. The volatility of this aroma
compound decreased by 80% in the pres-
ence of 0.5% Miglyol. The lipid also had
an effect on its kinetic release: the velocity
constant was 52 times higher in water than
in the emulsion. Also, the release was 7
times quicker from the fat-free gel than
from the gelified emulsion. The effect of
Miglyol could be explained by the high
affinity of this aroma compound for the
lipid and by an increase in the medium vis-
cosity. The influence of the lipids on the
release of aroma compounds in complex
foods was observed by Ingham et al. [11].

The behavior of hex-4-en-3-ol was very
different of that of 2-nonanone. For hex-4-
en-3-ol, the value of the ratio of the veloc-
ity constants between water and all the
other media was around 1. This is espe-
cially true in the case of milk, where this
ratio is equal to 0.9 (Tab. II). This is in
agreement with the results of De Roos and
Wolswinkel [3] who calculated a correc-
tion factor to obtain the same flavor inten-
sity of hex-4-en-3-ol in water and in milk
to be equal to 1. Thus the sensorial behav-
ior was found to be the same in these two
media for hex-4-en-3-ol. The behavior of
2-nonanone was very much different and
showed a higher ratio for emulsions (geli-
fied or not).
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3.4. Influence of the nature of the 
aroma compound on its release

To quantify the differences in the kinetic
release of 2-nonanone and hex-4-en-3-ol
(Figs. 1 and 2), the ratio of their velocity
coefficients (v(2-nonanone)/v(hex-4-en-3-ol)) was
calculated for each media (Tab. II). The
greatest difference was observed when the
compounds were introduced into water:
the velocity coefficient of 2-nonanone was
25 times higher than that of hex-4-en-3-ol.
This observation could be explained by the
physicochemical characteristics of the 2
aroma compounds: the vapor-liquid parti-
tion coefficients of 2-nonanone and hex-4-
en-3-ol in water at 25 °C are 33.6 and 0.5
(in molar fractions), respectively. The
higher solubility of hex-4-en-3-ol in water
(18 g·L–1) also explained its higher reten-
tion in the aqueous media. For the gel, the
behavior differences of the aroma com-
pounds were less significant than in water
but remained higher; however, the velocity
coefficient of 2-nonanone was more than 5
times higher than that of hex-4-en-3-ol.
The affinity of 2-nonanone for the β-lac-
toglobulin network increased its retention.
When the medium contained lipids, the
behavior differences were less significant,
and the ratio became closer to 1. When the
lipid content varied, the opposite effect
was observed. In milk, with 1.5% lipids,
the release of 2-nonanone was higher than
that of hex-4-en-3-ol. At a higher lipid con-
tent (5% Miglyol) the release of 2-nonanone
was lower (for gelified and non-gelified
emulsion).

The comparison between the two aroma
compounds showed the strong influence of
the compound nature on the release because
the interactions with the food matrix are
very different, probably because the binding
mechanisms on the protein of these two
compounds are different and perhaps they
do not have the same binding site, in the
hydrophobic pocket and on an external site
of the protein. 

4. CONCLUSION

The release of 2-nonanone and hex-4-
en-3-ol in different media, in similar con-
ditions of agitation and temperature,
depended principally on the nature of the
compound and the composition of the
medium, because of the solute-food matrix
interactions. The studied media were
water, a gel of β-lactoglobulin, gelified or
non-gelified emulsions containing Miglyol
added to an aqueous protein phase, and
milk. A strong influence of the nature of the
aroma compound on its behavior towards
the matrix was pointed out; for 2-nonanone,
a hydrophobic compound (log P = 2.9) and
relatively volatile in water (Kmol = 33.6),
the profile release was influenced by the
composition and the structure of the
medium. For hexenol, a more hydrophilic
compound (log P = 1.7) and less volatile
(Kmol = 0.5), the kinetic of release was
modified neither by the composition of the
food matrix nor its structure. The differ-
ences in behavior of these two compounds
showed that the aroma release was princi-
pally influenced by the interactions with
the non-volatile constituents, β-lactoglobulin
and Miglyol. An effect of the mesostruc-
ture such as gelling also occurred, inducing
a decrease in release velocity. The destruc-
turation of gelified emulsions (or fat-free
gels) led to a suppression in organization
(and perhaps a hydrophobic cavity) and
hence to an increase in release. In the case
of emulsions, the structure of the oil-water
interface made with β-lactoglobulin also
seemed to have an effect on the kinetic
release of 2-nonanone, the compound having
a strong affinity for the lipid. Since heating
is often required at some stage of the prod-
uct processing, these observations may be
taken into account in industrial aromatized
food products (containing β-lactoglobulin)
where gelation occurs, and indicate the role
of β-lactoglobulin in the release of volatile
compounds of different natures.
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