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Abstract

The interaction between starch and the complexing aroma compounds hexanal and menthone was investigated by headspace analysis
using proton transfer reaction mass spectrometry (PTR-MS). Starch systems with non-modified and modified tapioca starch were pre-
pared containing single aroma compounds (hexanal, menthone) or a blend of the two aroma compounds at low aroma concentrations
(6 x 107> mg/100 g). The headspace intensity of starch-aroma systems was slightly reduced due to starch-aroma interactions compared
to aroma water-systems. The combination of hexanal and menthone did not lead to competitive aroma release effects, but hexanal reten-
tion increased by increasing the equilibration time from 48 to 96 h. Non-modified and chemically modified starch showed similar aroma
release behaviour. It is concluded that the formation of starch-aroma complexes influences aroma release, but that at low aroma

concentration the dissociation of the complex is not hindered by the aggregation of amylose-aroma complexes.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Retention and release of aroma compounds from food
matrices is largely governed by the physico-chemical prop-
erties of the aroma compound and by more or less specific
interactions between aroma compounds and food compo-
nents (Goubet, Le Quere, & Voilley, 1998; van Ruth &
Roozen, 2002). The formation of helical inclusion com-
plexes is an example of specific binding of aroma com-
pounds to starch (Conde-Petit, Escher, & Nuessli, 2006;
Escher, Nuessli, & CondePetit, 2000; Rutschmann, Heini-
ger, Pliska, & Solms, 1989). In particular the linear amylose
fraction has the ability to form inclusion complexes with

* Corresponding author. Tel.: +41 44 632 37 31; fax: +41 44 632 11 23.
E-mail address: beatrice.conde@ilw.agrl.ethz.ch (B. Conde-Petit).
! Present address: Fraunhofer Institute Process Engineering and Pack-
aging, Product and Analysis, Giggenhauser Str. 35, D-85354 Freising,
Germany.

0308-8146/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2007.08.012

iodine, lipids and aroma compounds like alcohols, alde-
hydes, terpenes, lactones, etc. (Biliaderis, Page, Slade, &
Sirett, 1985; Heinemann, Escher, & Conde-Petit, 2003;
Kuge & Takeo, 1968; Le Bail, Rondeau, & Buleon,
2005), and ligand binding theories have been applied to
describe this interaction (Rutschmann et al., 1989). In gen-
eral the binding strength is higher for long linear molecules
compared to bulky molecules like terpenes, but the oppo-
site is true for the binding capacity (Rutschmann & Solms,
1990a; Wulff, Avgenaki, & Guzmann, 2005). For amor-
phous complexes it can be assumed that the guest molecule
is included in the helical cavity (Conde-Petit et al., 2006;
Wulff et al., 2005). Extensive amylose complexation as
induced by high ligand concentration may promote the
crystallisation of complexes, which leads in some cases to
an exclusion of the guest molecule from the helix to be
bound between the helices in the crystal (Biais, Le Bail,
Robert, Pontoire, & Buleon, 2006; Rondeau-Mouro, Le
Bail, & Buleon, 2004). In real food systems more than
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one type of complexing aroma compound may be present,
and in this case mixed complexes, where more than one
type of aroma are co-included into the helix, may be
formed (Arvisenet, Le Bail, Voilley, & Cayot, 2002, 2002;
Rutschmann & Solms, 1990a; Rutschmann & Solms,
1990c; Wulff et al., 2005).

The properties of starch-aroma complexes have been
studied mainly by X-ray diffraction, differential scanning
calorimetry, NMR, iodine titration, rheology and by deter-
ming the amount of included guest molecule (Biais et al.,
2006; Brisson, Chanzy, & Winter, 1991; Rondeau-Mouro
et al., 2004). However, most of these methods are not suit-
able for detecting starch-aroma complexes at low degrees
of amylose complexation, which is the reason why gener-
ally rather high aroma concentrations are applied. On the
other hand, the measurement of aroma release from starch
matrices is a possibility to assess starch-aroma interac-
tions. Aroma release from starch systems can be followed
by static headspace and the exponential dilution method
(Arvisenet, Le Bail, et al., 2002, Arvisenet, Voilley, & Cay-
ot, 2002; Jouquand, Ducruet, & Le Bail, 2006; Lang-
ourieux & Crouzet, 1994). New real-time dynamic
headspace techniques were developed in recent years such
as the atmospheric pressure chemical ionisation (APCI)
mass spectrometry technique (Marin, Baek, & Taylor,
1999; Taylor, Linforth, Harvey, & Blake, 2000) and proton
transfer reaction mass spectrometry (PTR-MS) (Lindinger,
Hansel, & Jordan, 1998; van Ruth, Floris, & Fayoux,
2006). The PTR-MS technique allows monitoring of very
low aroma concentrations due to the relatively high
sensitivity, and observation of real-time flavour release
from real food or model systems. Aroma release from
starch matrices is relevant in connection with food process-
ing, flavour encapsulation and flavour perception upon
food consumption (de Roos, 2006; Kant, Linforth, & Tay-
lor, 2003).

The aim of the present study was to investigate the inter-
action between starch and complexing aroma compounds
at low aroma concentrations by following the release of
specific aroma constituents. Aroma intensities in the head-
space were measured by proton transfer reaction mass
spectrometry (PTR-MS). Two aroma compounds, namely
hexanal and menthone, were selected for the experiments.
Hexanal and menthone are well described complexing
agents for starch, menthone presenting a higher affinity
for starch than hexanal (Wulff et al., 2005). Low aroma
concentrations were applied to simulate relevant aroma
concentrations in food. Besides single aroma compounds,
the combined addition of hexanal and menthone to starch
dispersions was investigated to study possible competitive
starch—aroma interactions. The investigated starch systems
were aqueous starch dispersions with a starch concentra-
tion of 4 g/100 g being considered representative as models
for liquid foods such as soups, sauces and custards. Besides
non-modified tapioca starch, chemically modified starch
was included in the study, since the latter is frequently
applied in food.

2. Materials and methods

Non-modified tapioca starch (C*Creamtex 70001) and
hydroxypropyldistarch phosphate (C*Creamtex 75720)
were obtained from Cerestar (Wéadenswil, Switzerland).
Menthone (purity > 97%) was supplied by Fluka (Buchs,
Switzerland). Hexanal was kindly supplied by Givaudan
SA (Diibendorf, Switzerland). Chemical purity was
checked by gas chromatography-mass spectrometry
(GC-MS). Distilled water was used for all experiments.

2.1. Preparation of starch based food models

Starch dispersions based on non-modified and modified
tapioca starch were prepared by heating aqueous starch
suspensions under stirring. The starch suspension at a con-
centration of 4.3 g dry starch/100 g dispersion was heated
in an Erlenmeyer flask in a water bath that was mounted
on a hot plate stirrer (IKA Labortechnik). The temperature
in the starch suspension was monitored and heating to
95 °C was accomplished at a rate of approx. 3 & 0.5 °C/
min. Non-modified and modified tapioca starch were
heated for 45 and 30 min at 95 °C, respectively. Thereafter
the starch dispersion was cooled to 30 °C. The amount of
evaporated water was assessed gravimetrically and
replaced. The starch dispersions were used immediately
after preparation.

2.2. Starch based models with one aroma compound

The starch dispersion (28 g) was mixed with 2 ml aqueous
aroma solution in a 300 ml Erlenmeyer flask and hermeti-
cally covered with an headspace cap. Mixing of the system
was accomplished by shaking for 10s. The final sample
weight was 30 g and the starch concentration in the system
was 4 g dry starch/100 g dispersion. The aroma concentra-
tions ranged between 1.3 x 10~* and 13.3 mg/100 g sample
after preparation. Samples were equilibrated at 25 °C for
24 h.

2.3. Starch based models with two aroma compounds

Starch aroma systems with two aroma compounds were
prepared with constant concentrations of menthone and
varying hexanal concentrations. The aroma compounds
were added to the starch dispersion as 1 ml aqueous aroma
solution. Menthone was added at a concentration of
0.06 mg/100 g. Hexanal concentrations in the samples
ranged from 6 x 107> to 6 x 10~' mg/100 g dispersion in
10-fold concentration steps. The samples were equilibrated
at room temperature (25 °C) for 48 h and 96 h.

2.4. Headspace analysis using proton transfer mass
spectrometry (PTR-MS)

The release of hexanal and menthone in the headspace
of starch dispersions was measured using PTR-MS (Ioni-
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con, Innsbruck, Austria). The flasks (300 mL) were directly
connected to the PTR-MS without any aroma loss and the
headspace above the sample was purged with ambient air
with an inlet flow of 180-190 ml/min. Flasks were venti-
lated by a ventilation inlet system to avoid a vacuum in
the sample. The headspace was continuously sampled into
the PTR-MS at 15 sccm gas through a heated transfer-line
(130 °C) into the reaction chamber (110 °C). The inlet sys-
tem was heated with an infrared light positioned over the
inlet part. Measurement were performed with a constant
drift voltage of 600 V. Detailed description of the PTR-
MS systems can be found in following references (Hansel
et al., 1995; Lindinger, Pollien, Ali, Blank, & Mairk,
2005; Lindinger et al., 1998).

In separate experiments, fragmentation patterns of hex-
anal and menthone were recorded. Mass intensities were
recalculated as described elsewhere (Buhr, van Ruth, &
Delahunty, 2002). Masses related to hexanal were mj/z
101 (4%), m/z 83 (47%) and m/z 55 (100%). Mass 55 is a
product of a fragment ion of hexanal and the water cluster
H;0"(H,0),, coming from the generation of primary
H;0" and headspace humidity. Therefore, it is preferable
to select m/z 83 as the molecular ion for the detection of
hexanal. Menthone fragmentation mainly yielded masses
m/z 155 (11%), m/z 137 (26%), m/z 95 (31%) and m/z 81
(100%). Mass m/z 95 was chosen as representative for
menthone. All fragmentation masses were measured in
the multiple ion mode (MID) using a dwell time of 0.1s
per mass. Measurements were always started with the sam-
ple with the lowest concentration of the respective volatile
constituent followed by the next higher concentrated sam-
ple. This measuring procedure was chosen in order not to
overload the instrument, which may result in changed frag-
mentation patterns. Intensities of MID measurements of
aroma-starch dispersions were corrected by substraction
of headspace intensities obtained for boiled water that
served as a blank. The release of volatiles was recorded
in counts per second (cps). Results of MID measurements
are presented as a calculated average of 30 cycles of each
mass at the constant plateau which corresponds approxi-
mately to a time of 24 s (Fig. 1). For the experiments with
two aroma compounds, aroma intensities were adjusted to
an assumed theoretical intensity of 10’ H30" of the primary
ion.

3. Results and discussion
3.1. General remarks on the PTR-MS measurements

The PTR-MS measurements were carried out on sys-
tems with a rather large headspace to liquid volume ratio
(270:30) and large liquid—gas interface area (approx.
55 cm?). The headspace was diluted using an air flow rate
of 180-190 ml/min, which corresponds to a headspace
replacement of around 0.7 per minute. The samples were
measured for less than 60s, and the sharp increase of
headspace intensity was followed by a plateau as shown
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Fig. 1. PTR-MS measurement of menthone released from aqueous
solution (1.33 mg aroma/100 g). Region used for evaluation indicated in
the figure. Fragmentation pattern of menthone: m/z 81, m/z 95, m/z 137,
m/z 155.

in Fig. 1. The constant headspace intensity reflects the
pseudo steady state release of volatiles during the initial
phase of the measurement at low headspace dilution.
Headspace intensities were evaluated approx. 24 s in the
initial plateau region where the registered intensities are
primarily determined by the equilibrium headspace con-
centration of volatiles and to a lesser extent by the release
of volatiles from the solution (Fig. 1). In this sense, the
measured intensities correspond to the first orthonasal
impression upon ‘sniffing’ at the headspace of a food sys-
tem. Continuity of the PTR-MS measurements was inves-
tigated regarding the raw ion counts of the analytes.
Typically, the coefficient of variation for repetitions car-
ried out under identical experimental conditions on the
same day was around 2%. On the other hand, large vari-
ations were detected when comparing measurements car-
ried out on different days (CV =48%, n =22 days).
This effect is related to the non constant H;O" signal
dependent on the cleanness of the ion source and the sec-
ondary electron multiplier (SEV). Accordingly it is possi-
ble to compensate day-to-day fluctuations, by adjusting
the H;O™ signal to a defined signal (107 cps) and by stan-
dardising other instrumental parameters like p-drift, O,
ratio and inlet flow. Nevertheless, only those series of
measurements carried out under the same experimental
conditions (measurements of the same day) were com-
pared in the present study. Apart from that, comparison
over different measuring days was limited to relative
aroma release values.

Although PTR-MS is described as a quantitative
method, there are still some aspects to be regarded for
the quantification of volatiles (Lindinger et al., 2005).
Headspace data is given by the instrument’s software in
intensity (cps) or in concentration (ppb). The Ilatter
assums standard conditions of the instrument, constant
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reaction times and reaction rates for all volatile organic
compounds. However, for further calibration procedures
it would be required to take into account fragmentation
patterns under certain ionisation conditions and other
instrumental parameters such as temperature of the inlet
system (Buhr, Buettner, & Schieberle, in press). However
relative determinations were the main focus of the pres-
ent work so that data as expressed on an ion count
basis.

Aroma release from water was measured over a broad
aroma concentration range to assess the response linearity
by PTR-MS. Fig. 2 presents the obtained intensities in
counts per second (cps) in relation to the aroma concentra-
tions of fragmentation masses relating to hexanal (m/z 55,
m/z 83, m/z 101). A linear relation between headspace
intensities and aroma concentration was found between
1.3 x 10~ and 1.3 mg/100 g for all fragmentation masses
of hexanal in an aqueous system. The detection limit for
the present system was determined to be at 1.3 x 107> mg
aroma/100 g sample since headspace intensities below this
aroma concentration were constant and the response disap-
peared in the background noise, that is due to environmen-
tal contamination with diverse volatile organic compounds
(VOCs). Likewise, the same detection limit and a linear
relationship between headspace intensity and menthone
concentration in water was found between 1.3 x 107> and
1.3 mg/100 g. For both aroma compounds there was no
shift in the fragmentation pattern at different aroma con-
centrations and the intensity ratios of the fragmentation
masses remained constant over the whole aroma concen-
tration range. With the described experimental approach
it was possible to measure headspace intensities of
starch-aroma systems at very low aroma concentrations
(6 x 107°-1.3 mg/100 g), similar to concentrations which
are relevant in real food systems. The aroma concentra-
tions applied in the experiments were in the range of the
linear detection region.

—m--m/z 55 u
~--@--m/z 83 L
10000 A~ m/z 101 =
g '
O, n A
21000 4 . ’
% .- ] )
E : o A
@ T
g 1004 a
g ]
_g : A A
3
I 10—§
T —
1E-4 1E-3 0.01 0.1 1

Hexanal concentration in solution [mg/100 g]

Fig. 2. Headspace intensities of hexanal released from aqueous solution.
Measured fragmentation masses for hexanal: m/z 55, m/z 83, m/z 101.

3.2. Hexanal and menthone release from starch dispersions

Headspace intensities of aqueous starch dispersions with
hexanal and menthone were measured by PTR-MS and
compared to aroma-water systems after a time period of
24 h to obtain equilibrium between gas and liquid phase.
Masses m/z 83 and m/z 95 were chosen as representative
masses for hexanal and menthone, respectively, as they
could be exclusively assigned to hexanal and menthone.
Table 1 shows the relative release of aroma from starch dis-
persion compared to water (100%). Both aroma com-
pounds showed a small but significant (p < 0.05) reduced
release from aqueous starch systems compared to water.
Overall, the release of aroma in the starch systems was
rather high which is explained by the rather low binding
strength of starch-aroma complexes and the low aroma
concentrations applied in this investigation. For instance,
the highest menthone concentration (1.33 mg/100 g) was
far lower than the available binding sites as determined
for aqueous potato starch dispersions by (Rutschmann
et al., 1989) (Binding capacity Byax = 43.94 mmol menth-
one/mol glucose which corresponds to 166 mg aroma/
100 g starch dispersion at 4% starch concentration). At
low aroma concentration the binding to starch is com-
pletely reversible which in the present study might have
contributed to increase flavour release. In contrast, at high
aroma concentration the formation of partly crystalline
amylose—aroma aggregates impairs the dissociation of the
complex (Conde-Petit et al., 2006). This could explain the
higher aroma retention values in starch systems found in
other studies (Heinemann, Zinsli, Renggli, Escher, & Con-
dePetit, 2003; Jouquand et al., 2006), where the high aroma
concentrations favoured the formation of supramolecular
amylose—aroma assemblies.

Regarding the two starch types, it is noteworthy that the
differences in headspace intensities of non-modified and
chemically modified starch systems were very small for hex-
anal and for menthone. The intensities tended to be higher
for modified starch, although the opposite could have been
expected. Different authors (Kim, Eliasson, & Larsson,
1992; Wulff, Steinert, & Holler, 1998) found that the com-
plexing ability of starch decreases with the degree of starch
substitution. However, a low level of hydroxypropylation
did not impair complex formation (Wulff et al., 1998).

3.3. Flavour release from ternary systems

Previous work on starch-aroma inclusion complexes
showed that the binding capacity of starch and the binding
strength is influenced by the presence of other complexing
compounds like lipids or aroma compounds (Rutschmann
& Solms, 1990a, 1990c; Wulff et al., 2005; Wulff et al.,
1998). In the present study the competitive interaction
between two complexing aroma compounds in starch sys-
tems was investigated by following aroma release using
PTR-MS after equilibration times of 48 and 96 h. Menth-
one was added at a constant concentration and the concen-
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Table 1
Headspace intensities of hexanal (1.33 mg/100 g) and menthone (1.33 mg/
100 g) released from aqgeuous starch dispersions compared to aroma-water
systems

Hexanal (m/z 83)
intensity
Relative intensities

(o)

Menthone (m/z 95)
intensity
Relative intensities

(() O)

Water 100 100
Non-modified starch 95+0.6 84+ 1.0
Modified starch 87 +6.8 80+ 0.5

Headspace intensities are given as relative release intensities (%). Relative
hexanal intensities are an average of four repetitions (n =4). Relative
menthone intensities are an average of three repetitions (n = 3). Standard
variation is given in £SD.

tration of hexanal varied, and experiments were performed
using non-modified and modified starch. Fig. 3 presents
hexanal and menthone intensities in the headspace of dis-
persions after a storage time of 48 h. The headspace inten-
sities in counts per second (cps) are plotted versus the
hexanal concentration. The main fragmentation masses
of hexanal (m/z 55; m/z 83; m/z 101) and of menthone
(m/z 81; m/z 95; m/z 137; m/z 155) are presented. Increas-
ing hexanal concentration from 6 x 107> to 6 x 10~' mg/
100 g increased hexanal intensity in the headspace, while
the menthone intensity remained constant for all hexanal
concentrations. The constant release of menthone was
found for both the non-modified and the modified starch.
However, in particular at low hexanal concentrations, the
headspace intensity of hexanal was higher for non-modified
starch compared to modified starch. Fig. 4 presents a com-
parison of hexanal and menthone intensities for both
starch systems after equilibration times of 48 and 96 h.
Hexanal intensity represented by mi/z 83 was clearly lower
after 96 h compared to 48 h. Most probably, the hexanal

M. Tietz et al. | Food Chemistry 108 (2008) 1192—1199

intensities for the lowest hexanal concentration in the sam-
ple equilibrated for 96 h fell below the detection limit as
consequence of binding to starch. On the other hand,
menthone intensities remained constant for all hexanal
concentrations and were not affected by equilibration time.
Regarding the type of starch, no differences were found in
terms of hexanal and menthone release in the samples after
a long equilibration time (96 h).

The fact that no changes in the menthone headspace
intensities were found suggests that hexanal does not com-
pete with menthone for binding sites and, therefore, does
not promote the release of menthone. Based on previous
studies, a competitive interaction between two aroma com-
pounds and starch could have been expected. For instance
Rutschmann and Solms (1990a) found that the complexa-
tion of decanal and menthone decreases the overall binding
stability of the complexes. Likewise Wulff et al. (2005)
showed that mixed amylose complexes with inclusion of
hexanal and guaiacol can be formed, but that the combina-
tion leads to pronounced lower amounts of included guest
molecules in the amylose helices compared to systems with
only one type of aroma. In the present investigation no
competitive interaction between complexing flavour com-
pounds and starch was found. This is most probably due
to the fact that very low aroma concentrations were used
compared to previous studies. The applied aroma concen-
trations correspond to concentrations which can be found
in food, but were around hundred times lower than the
maximum binding capacity of starch (Rutschmann &
Solms, 1990a). The changes in hexanal intensity as a func-
tion of time most likely reflect the low complexation rate of
this ligand at the applied conditions. On the other hand,
the binding of menthone to starch is a comparatively fast
process since equilibrium was reached after 48 h as mani-
fested by the constant intensities. Previous studies on
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Fig. 3. Headspace intensities of hexanal and menthone released from non-modified (a) and modified (b) starch dispersion after an equilibration time of
48 h. Hexanal: m/z 55, m/z 83, m/z 101; menthone: m/z 81, m/z 95, m/z 137, m/z 155. Mean of two repetitions.
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starch-aroma complexation also came to the conclusion
that equilibrium is reached only after two to four days
(Heinemann, Escher, et al., 2003; Nuessli, Conde-Petit,
Trommsdorff, & Escher, 1995). The nature of the interac-
tion cannot be unambigously established by headspace
analysis. The interaction between starch and aroma by
inclusion complexation does not exclude non-specified
interactions, for instance the adsorption of aroma mole-
cules to the starch surface although the latter become more
important at high aroma concentration (Rutschmann &
Solms, 1990b). Interestingly, no important difference was
found between non-modified and modified starch. As
already mentioned, this might be due to the moderate mod-
ification degree of starch, where the influence on complex
formation is not pronounced (Eliasson, Finstad, & Ljun-
ger, 1988; Kim et al., 1992; Wulff et al., 1998). The fact that
in the present study the chemical modification did not
influence the binding of aroma to starch may again be

due to the low aroma concentrations, which did not require
extensive helication of the linear starch segments.

4. Conclusion

The characterisation of aroma release from aqueous
starch dispersions into the headspace is a valuable tool for
understanding the interactions between starch and com-
plexing aroma compounds. Headspace measurements by
PTR-MS are particularly valuable for investigation systems
at very low aroma concentrations (6 x 10~* mg/100 g). At
these conditions, the retention of complexing aroma com-
pounds like hexanal or menthone are low reflecting the
low binding strength and the reversibility of the interaction.
In addition, the combination of hexanal and menthone at
low concentration does not lead to competitive release
effects, most probably due to the fact that the number of
binding sites is far larger than the ligand (aroma) concentra-
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tion. Nevertheless, the results also show that aroma
compounds which form low stability complexes like hex-
anal present very low binding rates, and equilibrium is
not reached within two days. Finally, the chemical modifi-
cation of starch does not influence binding of low levels of
aroma compounds. In conclusion it is hypothesised that
the limited helication of starch due to low aroma concentra-
tion leads to the formation of soluble complexes, where
competitive effects are negligible and where the complexes
are not driven out of solution by helix-helix aggregation
(crystallisation). Overall, the reversibility of the interaction
contributes to much higher flavour release compared to
systems where the starch-aroma complexes are crystalline.
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