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Abstract - The study of binding between ~-Iactoglobulin and benzaldehyde was realized using
two complementary techniques: static headspace and HPLC techniques. Static headspace analysis
shows global retention of benzaldehyde whereas HPLC shows the presence of strong interactions. The
interactions were studied in different media (water, NaCI (50 mmol-L'"), NaCI (50 mmol-L -1)
+ ethanol 13 v %), with or without heat treatment. © InralElsevier, Paris.
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Résumé - Étude des liaisons entre le benzaldéhyde et la ~-Iactoglobuline par headspace sta-
tique et chromatographie liquide haute pression dans des conditions physico-chimiques diffé-
rentes. L'étude des interactions entre la ~-lactoglobuline et le benzaldéhyde est réalisée à l'aide de
deux techniques complémentaires: la technique de headspace statique et la technique de CLHP. La
première met en évidence une rétention globale de l'arôme tandis que la seconde montre la présence
d'interactions fortes. Les interactions sont étudiées dans des milieux différents (eau, NaCI
(50 mmolL:"), NaCI (50 mrnol-L:") + éthanol 13 v %), avec ou sans traitement thermique.
© InralElsevier, Paris.
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1. INTRODUCTION

Flavour perception in foods is highly
influenced by interactions between flavour
compounds with a variety of non-flavour
food matrix components. Understanding the
process which influences the binding and
release behaviours of aroma compounds
from the food matrix is of major signifi-
cance for improving flavour quality. In fact,
flavour compounds have an impact at
extremely low concentration even though a
small degree of interaction of these com-
pounds with ingredients of food matrix can
lead to a change in flavour perception by
altering the flavour balance. The strength
and the nature of these interactions will
affect the release of aroma during mastica-
tion. Different studies dealt with the binding
of flavour compounds with protein. In most
cases, the interactions between protein and
volatile compounds were found to be
hydrophobie [20]. The protein folding
should be responsible for hydrophobie inter-
actions between protein and volatile com-
pounds [28]. In general, hydrocarbons [36],
ketones [26] and esters [27] were reversibly
bound to proteins through hydrophobie inter-
actions and hydrogen binding. For fatty
acids, the interactions are electrostatic [32].
The whey protein ~-lactoglobulin is a mem-
ber of lipocalin family: its structure is sim-
ilar to retinol-binding protein [Il]. These
proteins share a common three-dimensional
structural pattern: eight-stranded antiparal-
leI ~-sheets flanked on one si de by an
(X-helix constituting a hydrophobie pocket
[33]. Retinol and retinol derivatives have
been shown to interact specifically with
~-lactoglobulin at a 1:1 molar ratio [10].
For retinal, Wang et al. [35] indicated by
fluorescence and circular dichroism that a
tryptophan is involved in the binding site.
Moreover, aldehydes tend to react chemi-
cally with protein amino group, resulting in
irreversible binding, as Schiff base [7, 14,
15]. In fact, a covalent binding is observed
with aldehydes and arginin present in soy
and whey proteins [29]. As benzaldehyde

is widely used in flavouring, it is important
to know whether the interaction is reversible
or not, or if both phenomena occur. In a
model system, Hansen and Heinis [15]
showed that benzaldehyde flavour intensity
significantly dropped when whey protein
concentration increased. Hansen and Booker
[13] showed that the total percentage of ben-
zaldehyde bound at pH 6.7, increased with
~-lactoglobulin concentration and with heat
treatment. Overall binding can be measured
using headspace analysis [25], equilibrium
dialysis [8] or fluorescence spectroscopy
[9]. Headspace analysis reveals the overall
flavour binding which can be correlated with
the odour perception. Irreversible binding
cou Id be evaluated by high vacuum transfer
[12] or solvent extraction [22]. In this study,
two techniques were used to calculate the
percentage of benzaldehyde retenti on with
~-lactoglobulin. Moreover, the effects of
pH, different batches of ~-lactoglobulin, dif-
ferent modes of preparation of samples and
heat treatment were studied.

2. EXPERIMENTAL

2.1. Materials

Two batches (735, 775) of commercial ~-Iac-
toglobulin (Besnier Bridel Aliments, Chateaulin,
France) were used (purity > 90 %). The analyses
of ~-lactoglobulin batches were performed by
Besnier Bridel Aliments. Ali the characteriza-
tions are reported in table J. HPLC analysis was
realized in order to verify the purity ofbatch 735.
The separation was carried out on a column
Nucleosil'" in reverse phase C18 (porosity 300 À)
eluted with a gradient constituted of eluent A
(0.1 % trifluoroacetic acid and 99.9 % pure water)
and eluent B (0.1 % trifluoroacetic acid, 95 %
acetonitrile and 4.9 % pure water). UV detec-
ti~n was ;ealized at 214 nm. Twenty ~L of pro-
tem solution (0.5 rng-L") were injected. By com-
parison of retention times of standard solution
(u-lactalbumin, and ~-lactoglobulin), the per-
centage of ~-Iactoglobulin was evaluated at 92 %,
and the one of œ-lactalbumin at 5 % [16]. An
electrophoresis analysis (SOS-Page) showed that
the two batches of protein contained approxi-
mately 60 % of protein monomer, 10 % of pro-
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Table I.Characterizations of [3-lactoglobulin deterrnined by Besnier Bridel Aliments.
Tableau J. Caractéristiques de la [3-lactoglobuline fournies par Besnier Bridel Aliments.

Batch 735 Batch 775

Moisture %
Nitrogenous matters (on dried extract) %
Mineral matters %
Sodium mg- 100 g-I
Potassium mg- 100 g-l
Calcium mg- 100 g-I
Magnesium mg- 100 g-I
Chloride %
[3-lactoglobulin / Nitrogenous matters %
œ-lactalbumin / Nitrogenous matter %
BSA / Nitrogenous matter %
pH (solution at 10 %)
Free lactose / powder %

5.4
94
0.4
70
50
25
5

0.5
92a

5a

Non-determined
3.4
0.5b

4.2
93.5
0.5

Non-deterrnined
Non-determined
Non-determined
N on-determined
Non-determined

>95
<2
< 1
3.7
0.5b

a; HPLC analysis [16].
b; HPLC and enzymatic analyses.

tein dimer and a small quantity of œ-lactalburnin
[16,21]. The quantification of free lactose in
[3-lactoglobulin powder was realized by HPLC
analysis (column Aminex HP 87H, refractornet-
rie detection) and by enzymatic bioanalysis (kit
176303, Boehringer Mannheim, Meylan, France).

Benzaldehyde was obtained from IFF
(Longvic, France). Its purity was evaluated by
GC-MS (> 95 %). An aqueous solution oflabelled
[U-14C]-benzaldehyde (2072 mbq-mmol ") was
supplied by Isotopchim (Ganagobie, France).

Sodium chloride (RP Norrnapur) and ethanol
were purchased from Prolabo (Fontenay-sous-
Bois, France). Sodium hydroxide was a "Baker
analysed" reagent from J.'T. Baker (Mallinck-
rodt Baker France, Noisy-le-Sec, France).

2.2. Preparation of solutions

The aroma solutions (from 50 ppm to
1 000 ppm) were prepared daily in pure water
containing NaCI (50 rnmol-L:") adjusted at
pH = 3 with HCI (I N) or at pH = 6 with NaOH
(1 N).

For the preparation of dispersed protein solu-
tion, the solutions of [3-lactoglobulin (6 w %)
were prepared in pure water containing NaCI
(50 mmol-L:') adjusted at pH = 3 with HCI (I N)

or at pH = 6 with NaOH (1 N), with addition of
sodium azide (0.02 w %). The protein solutions
were stored for less than 10 d at 4 oc. The molar
ratio between [3-lactoglobulin and benzaldehyde
was included between 0.3 and 6. For the prepa-
ration of dialysed protein solution, the [3-lac-
toglobulin powder was dissolved (20 w %) in
ultrapure water. The obtained solution was dial-
ysed against ultra pure water at 4 "C during 24 h.
The tube for dialyses was supplied by Spectra/Por
(molecular mass eut-off 6-8000 g-mol ", diam-
eter 32 mm). The dialyse membrane was first
placed in distilled water for 30 min to soften it
and eliminate glycerol and heavy metals. The
dialysate was then centrifuged 15 min at 15000 g
to eliminate the insoluble particles. The pH of
the centrifuged solution was adjusted to 6 with
NaOH (I N). In the case of the study in a NaCI
50 rnmol-Lr! solution, the ionie strength was
adjusted with NaCI to 50 mmol-L -1. The quan-
titative deterrnination of protein in solution was
realized using Biuret's method. A calibration
curve at 540 nm was realized with the bovine
serum albumin (pu ritY> 96-99 %). The molar
ratio between [3-lactoglobulin and benzaldehyde
was included between 0.1 and 2.7.

To study the effect of ethanol, the protein
solution was dialysed against ultrapure water,
and the ethanol was added in the dialysed solu-
tion.
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Heat treatment was performed in a therrno-
static bath at 76 "C for 10 min, then the flasks
were cooled for 30 min at 4 oc. Before headspace
analysis, the tlasks were equilibrated for 30 min
at 30 oc.

2.3. Samples

Analyses were done in triplicate, in amber
flasks (40 mL) closed with mininert valves
(Supelco, France). The analysed solution by
headspace and HPLC was constituted by an equal
volume of benzaldehyde solution and protein
solution. Analysed solutions, with or without
protein, were stirred and equilibrated at 30 oc.
The vapour phase was analysed by GC, and the
liquid phase by HPLC.

2.4. Static headspace analysis

Headspace analysis consists of analysing the
vapours in the equilibrium above a sample in a
confined atmosphere using gas chromatography.
Headspace analysis was realized for the samples
without protein, and for the sample with protein.
In ail the cases, the amount of free aroma was
determined. The analyses were realized at equi-
librium, i.e. when the concentration of ben-
zaldehyde in the gas phase remains constant.
Vapour phase samples (I mL) were taken with a
gas-tight syringe (1 ml., SGE), and injected on a
Carlo Erba 8 000 gas chromatograph equipped
with a DB-Wax column (J & W Sci., i.d.
0.32 mm, 30 m, film thickness 0.5 um), The H2
carrier gas velocity was 1.9 ml.vmirr '. The tem-
perature of the inje ctor and the flame ionization
detector (FIO) were 250 "C and 260 "C respec-
tively. The HD signal was sampled every 50 ms
using a PC-driven four channel plug-in acquisi-
tion board developed in the laboratory [2]. After
analysis, the data were processed using software
developed in the laboratory [1].

2.5. HPLC analysis

Eluent (pure water adjusted at pH 3 or pH 6)
was degassed with helium using an Eluent Degas
Module (EDM) from Dionex (Sunnyvallee, CA,
USA). An advanced gradient pump (Dionex)
with a Rheodyne 9126 inje ct or was equipped
with a 25!lL peek (polyether ether ketone) loop.

A Lichrosorb 100 Diol (250 mm x i.d.
4.6 mm, 10 um particles size, Merck) was chosen

for the chromatographie separation. Injections
of benzaldehyde solution with or without ~-Iac-
toglobulin were performed.

A double detection was made with a UV spec-
trophotometric detector (SPD 6A, Shimadzu)
and a Pulsed Electrochemical Detection (PED,
Dionex). The two detectors were set on line. The
procedure has been described in detail elsewhere
[18, 19]. A potential sequence was applied to the
gold working electrode: from 0 to 500 ms,
Ede' = 0.18 V, from 510 ms to 630 ms,
Eox=0.75 V, from 640 ms to 1 s, Ercd=-D.75 V.
The oxidation current was integrated from
300 ms to 500 ms at the potential of detection
(EdeJ Quantification was realized with a multi-
channel chromatography work station [1, 2].

2.6. HPLC analysis with labelled
compounds

The apparatus is constituted of a gradient
pump (Gilson, model 303) equipped with an
automatic inje ctor (Hitachi, model AS 400) and
a UV spectrophotometer cou pIed with a radioac-
tivity detector (Berthold LB 506-C 1). The sepa-
ration was carried out on a Lichrosorb 100 Diol
(250 mm x i.d. 4.6 mm, 10 um particles size,
Merck) with pure water adjusted at pH 3, at a
flow rate of 1.2 mlr-min". The system was
piloted with the Winflow software (Borland,
France). Injections (100 IlL) of solution prepared
as follows were realized: 4 IlL of labelled ben-
zaldehyde solution were added to 2 mL of ~-Iac-
toglobulin solution (3 %). Solutions were injected
every 30 min in order to realize a kinetic anal y-
SIS.

3. RESULTS AND DISCUSSION

3.1. Comparison of percentage
of retention of benzaldehyde
determined by two methods

3.1.1. Headspace analysis

Headspace analyses were realized at
pH 3 and 6. This study showed that ben-
zaldehyde was significantly bound to
~-Iactoglobulin (table /). The percentage of
bound benzaldehyde was calculated from
the difference between the slopes obtained
with and without protein (figure la). It was
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Figure 1. a) Calibration curve ofbenzaldehyde with and without ~-Iactoglobulin at pH 6 by headspace
analysis with FID detection. b) Calibration curves ofbenzaldehyde without and with ~-Iactoglobulin
at pH 6 by HPLC with PED detection (Lichrosorb 100 Diol (250 mm x i.d. 4.6 mm, 10 um particle
size, Merck), Vinj = 25/lL, room temperature, flow rate 1.2 rnl-rnirr", eluent pure water adjusted pH 6).
Figure 1. a) Courbes de calibration du benzaldéhyde en présence ou non de ~-Iactoglobuline réalisées
à pH 6 par analyse headspace avec détection FID. b) Courbes de calibration du benzaldéhyde en
présence ou non de ~-Iactoglobuline réalisées à pH 6 par CLHP avec détection électrochimique
(Lichrosorb 100 Diol (250 mm x d.i. 4,6 mm, taille des particules 10 um, Merck), Vinj = 25 IlL,
température ambiante, débit 1,2 mb-mirr ', éluant eau pure pH 6).
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evaluated at 20 % for the assay at pH 3
(batch 735), and at 16 % for the assay at
pH 6 (batch 775).

3.1.2. HPLC analysis

In the conditions described in the Mate-
rials and Methods sections, as the complex
is not dissociated in the eluent, only strong
interactions were detected. The PED detec-
tion was chosen instead of UV detection
because of a coelution of benzoic acid (pre-
sent in the benzaldehyde sample) with ben-
zaldehyde. In fact, the acid group of ben-
zoic acid is not electroreactive on gold
electrode due to the alkaline environment
[3]. The percentage of bound ligand was
evaluated to 20 % at pH 3 (batch 735), and
to 13 % at pH 6 (batch775) (figure lb).

1. Andriot et al.

With HPLC analysis, there is no signifi-
cant difference with the results obtained
with headspace analysis. This leads us to
suppose that the interactions between ~-lac-
toglobulin and benzaldehyde are strong.

As we were not able to measure directly
the amount of benzaldehyde bound, an anal-
ysis using labelled compounds and an HPLC
cou pied with a radioactivity detector, was
performed. A kinetic study with [l4C]-ben-
zaldehyde and protein was done. The com-
plex [U-14C]-benzaldehyde-protein was
eluted in the dead volume column
(V = 2.8 mL, tR = 2.3 min), whereas free
[l4C]-benzaldehyde was detected at 7.6 mL
(tR = 6.35 min) (figure 2). Figure 2 shows
clearly an increase of bound form with time,
while the amount of free benzaldehyde
decreased. To verify the stability of the com-
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Figure 2. Kinetic effect in binding of radiolabelled benzaldehyde to I}---Iactoglobulin:chromatograms
with radioactivity detection (Lichrosorb 100 Diol (250 mm x i.d. 4.6 mm, 10 um particle size,
Merck), Vin = 25 ul., room temperature, flow rate 1.2 rnl.unirr", eluent pure water adjusted pH 3).
Bound [14cj-benzaldehyde by ~-Iactoglobulin at V = 2.8 mL (tR = 2.3 min).
Free [14C]-benzaldehyde at 7.6 mL (tR = 6.35 min).
Figure 2. Cinétique de liaison du benzaldéhyde radioactif à la ~-lactoglobuline : chromatogrammes
réalisés avec détection radiométrique (Lichrosorb 100 Diol (250 mm x d.i. 4,6 mm, taille des particules
10 um, Merck), Vin' = 25 ilL, température ambiante, débit 1,2 ml.unirr l, éluant eau pure pH 3).
[14C]-benzaldéhyde\é par la ~-Iactoglobuline à V = 2,8 mL (tR = 2,3 min).
[14C]-benzaldéhyde libre à 7,6 mL (tR = 6,35 min).
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plex at equilibrium, non-Iabelled benzalde-
hyde was added to the solution, which was
stirred for 2 h. The quantity of bound [U-
14C]-benzaldehyde was not modified with
the addition of non-labelled benzaldehyde.
On the other hand, similar experiments,
adding [U-14C]-benzaldehyde to a solution
of ~-lactoglobulin and non-labelled ben-
zaldehyde led to the same results. These
data confirrned the strong binding between
~-lactoglobulin and benzaldehyde. How-
ever, HPLC experiments did not give infor-
mation on the nature of the binding. Fur-
ther experiments are necessary to clarify the
covalence of the interactions.

3.2. Effect of batches

Two non-dialysed batches of ~-lac-
toglobulin (3 %) were used at pH 3. The
results of interaction measurements are
reported in table II. It was shown that the
interactions with batch 735 were stronger
than those observed with batch 775. This
cou Id be explained by the different proper-
ties between the two batches of ~-lac-
toglobulin. In fact, Marin [21] has shown
that the heat-stability parameters (Tp' MIapp)

ofbatch 775 were higher than those found III

the literature. This higher stability could be
due to the presence of milk sugars which
have been shown to increase the resistance
to thermal denaturation of whey proteins
[4]. Morgan et al. [23] have shown the
Amodari product formation between lac-
tose and ~-lactoglobulin by electrospray
ionisation mass spectrometry. The bound
lactose stabilized an intermediate state of
the denaturation process [5]. On the other
hand, the binding of fatty acids to ~-lac-
toglobulin could be important to stabilize
the structure of a protein [30]. At last, batch
735 contains a higher concentration of (X-

lactalbumin (5 % instead ofless than 2 %).
AlI these observations could exp Iain the dif-
ference observed between the two batches
but need to be confirrned by a deeper anal-
ysis of the two batches.

583

3.3. Effect of pH

The percentage of retention of benzalde-
hyde by ~-lactoglobulin was higher at pH 6
(16 %) than at pH 3 (12 %) (table II). This
can be explained by the change of the struc-
ture of ~-lactoglobulin, which depends on
the pH [6, 7]. At pH 3, an equilibrium
between monomer and dimer exists whereas
at pH 6, the quantity of dimer increases, and
the dimeric form is preponderant. Jouenne
[17] showed that the retention of three
methylketones and three ethyl esters
increased when the pH varied from 2 to 9.
As in our cases, the binding sites seemed to
be more accessible at pH 6 than at pH 3.

3.4. Effect of NaCI

The interactions measured between ben-
zaldehyde and dialysed ~-Iactoglobulin at
pH 6 have been shown depending on the
nature of the final medium (25 % in water,
18 % in NaCl solution). This decrease of
retention in the presence of NaCI could
mainly be explained by a sai ting-out effect
[24]. Indeed, without protein, the volatility
of benzaldehyde in the presence of NaCI
was higher than in water (slopes respec-
tively equal to 450 and 485, table II).
Another explanation could be that the
change in the polarity of HzÜ at the protein
surface in the presence of salt may influ-
ence the retention of benzaldehyde [31].

3.S. Effect of ethanol

In the presence of ethanol (13 v %) and
NaCl (50 mmol-L"), the percentage of ben-
zaldehyde retained by the protein was sim-
ilar to that obtained in the presence of NaCl
only (table II). In these conditions, ethanol
did not seem to modify the mechanism of
interactions between ~-Iactoglobulin and
benzaldehyde. However, the headspace tech-
nique measured a global effect, and did not
distinguish the effect of NaCl from the effect
of ethanol. In fact, ethanol increased the sol-
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Table II. Summary table of results obtained by headspace analysis.
Tableau II. Tableau récapitulatif des résultats obtenus par la technique Headspace.

Free Benzaldehyde

Without protein With protein

Medium Batch Preparation Concentration pH Slope R2 Slope R2 Bound
of ~-Iac ofprotein (%) (a. u.) (a. u.) Benzaldehyde

(%)
~

NaCI (50 rnmolL:") Solution 735 Dispersed 3 3 3991 0.987 3197 0.9826 20 ;.-
::

775 Dispersed 3 3 4443 0.9988 3878 0.9936 12 0-a.
~

NaCI (50 mmol-L-') Solution 775 Dispersed 3 6 3074 0.9918 2581 0.9943 16
!P.
::..

Water 450 0.9948 338 0.9963 25
NaCl (50 mmol-L") 775 Dialysed 6.9 6 485 0.9843 398 0.9653 18
NaCI (50 rnmol-L -') + EtOH 13 % 503 0.9894 406 0.9719 20

Water Dialysed with 498 0.9983 367 0.9932 26
NaCI (50mmol-L-') 775 Heat treatment 6.9 6 459 0.9959 410 0.9865 II
NaCI (50 mmol-L'") + EtOH 13 % (76 -c, or 55 oC) 494 0.9986 448 0.9925 JO
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ubility of benzaldehyde in the hydro-alco-
holic solution, which decreased the volatil-
ity of the aldehyde [34], as opposed to the
saIting-out effect of NaC!. As shown by flu-
orescence measurements [21], a 13 v %
ethanol also had a denaturating effect on
~-Iactoglobulin conformation, which could
influence the interaction phenomena.

3.6. Effect of heat treatment

In the case of water solutions with dial-
ysed ~-Iactoglobulin, the heat treatment had
no effect on the retention of benzaldehyde.
In fact, heat treatment of the ~-lactoglobu-
lin water system caused a denaturation of
the protein but was not followed by an
aggregation step. However, when the heat
treatment of ~-Iactoglobulin solution was
performed in the presence of NaCI or
ethanol, the interactions were modified: the
percentage of retention was divided by two
(table Il). In these cases, the treatment
caused a denaturation of the protein, fol-
lowed by an aggregation step, which was
observed by a change of viscosity and
cloudiness of the protein solution. The fact
that the ~-Iactoglobulin molecules are
involved in aggregates of protein can hide
the binding sites and decrease their acces-
sibility for the aroma compounds.

4. CONCLUSION

The two methods used (headspace and
HPLC) gave the same percentage of reten-
tion of benzaldehyde by ~-Iactoglobulin.
Radioactivity measurements confirmed the
presence of the complex. Moreover this
study showed that the interactions between
~-lactoglobulin and benzaldehyde depended
highly on the structure and the environment
of the protein:

- The addition of salt decreased the per-
centage ofretention. In NaCI (50 mmol-L:')
solution, the percentage of retention of ben-
zaldehyde was shown to be dependent on
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pH but independent of the concentration of
protein.

- The addition of ethanol had no effect on
the percentage of retention.

- The heat treatment did not modify the
behaviour of protein in water solution. On
the other hand, in the presence of NaCI or
ethanol, the decrease of retention of ben-
zaldehyde can be explained by an aggrega-
tion of ~-Iactoglobulin.
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