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Partition and Release of 21 Aroma Compounds during Storage
of a Pectin Gel System
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The increasing popularity of low-fat products increases the need for a better understanding of how
flavor release is affected by partial substitution of fat with hydrocolloids. Partitioning and release of
aroma compounds from four pectin gels with different compositions were studied with static headspace
and with a model mouth. Air/product partition coefficients determine the potential extent of aroma
release, and mass transfer determines the rate at which aroma compounds are released to the vapor
phase. This study showed that the gel network had large effects on the partition of aroma compounds
between the gel and vapor phase. The specific properties of the aroma compounds were also of
importance for the air/gel partition. Storage of the four gels showed that one of the weaker gels was
influencing the concentration of aroma compounds in the headspace, probably caused by formation
of a denser network over time.
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INTRODUCTION andCq and C,, are the concentrations of the flavor compound

Over the past few years there has been a focus on foodsin @ and product, respectively.
containing an excess of energy, mainly in the form of fat, and  The partition coefficient can be influenced by many factors
modification of these products has been demanded. These foodsuch as temperature and composition of the product phase. For
products are modified so that the fat is replaced with different example, sugar molecules influence the vapor pressure through
kinds of hydrocolloids such as pectin. The ideal hydrocolloid their reducing effect on water activity. Binding of aroma
should preferably not interfere with the flavor, aroma, or taste compounds or formation of complexes also influences the
of the product and should be stable under normal storage natition of aroma molecules between the product and the vapor

;:onfditigns 0. ?n? rea_sotE to ﬂse lrt]:]gh-meth(t)xyl ppectitns t()HI'V'P) phase because only the free dissolved molecules exert a vapor
or food manutacture IS their nealthy properties. Fectin belongs pressure. (4). When food is eaten, there are the effects of

to the group called “roughage,” which reduces the cholesterol mastication; addition of saliva also changes the partition of

content in the blood and affects fat metabolism (2). HMP are Lt ds betw the food and the air ph
used, for example, in mayonnaise, tomato ketchup, cloudyjuices,Voale aroma compounds between the 1ood and the air phase

beverages, ice cream, and jellied sweets (3). Because replacinés)'
fat with a hydrocolloid not only changes the structure and texture ~ Knowledge of the aroma and texture stability of foods
of a food but also affects the flavor composition and perception, throughout their shelf life is another important area, and
it is important to investigate how the flavor and structure therefore storage of the gels was investigated in this study. The
parameters are related to each other. first step in the gel-building process is that of initial intermo-

The factors that affect flavor release from foods are phase |ecular local contacts, involving hydrogen bonding between short
partition and mass transpor)( Flavor release from productto  chain segments. This process is the rate-determining process
vapor phase will take place only if the phase equilibrium is ap5ve 30°C (6). The second step involves the aggregation of
disturbed. At ec_]U|I|br|un_1 the.concentratlons in these phases chains and enlargement of junction zones, governed by hydro-
show the following relationship: phobic interactions, probably stabilized or strengthened by van

Kgp= Cg/Cp der Waals force_s_and additionally by hydrogen bonds. This is
the rate-determining step below 3Q (6). As a result of the

whereKg, is a conventional gas-product partition coefficient increasing junction zone density, a rapid increase of both the
loss G'") and storage®') moduli has been shown by rheological

* Corresponding author (telephoried6 31 335 56 00; faxt46 31 83 oscillating measurements. After the rapid increase, the storage
37 82; e-mail ahn@sik.se). modulus keeps increasing slightly and continuously as a result
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Release of Aroma Compounds during Storage of Pectin Gels

Table 1. Gel Strength of the Four Gels Defined by the Value of the
Highest Peak from Texture Analyzer Measurements (F)2

second second
strongest strongest weakest viscous
gel type gel (gel 1) gel (gel 2) gel (gel 3) solution (gel 4)
F value (g) 5600 3300 1300 <50
G' (Pa) 1050 92 58 0.12
G" (Pa) 83 34 50 2

2@ Values of G' and G'" were measured in an earlier study (10).

reaching the pseudo-plateau region. After 4 daysontinues
to increase, resulting from a continuous reorganization of the
network (7).

How hydrocolloids affect the partition of aroma compounds
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sealed immediately. Two replicates were prepared from the same gel
mixture, and they were incubated in an automated headspace unit
(Combipal-CTC Analytics System; JVA Analytical Ltd., Dublin,
Ireland) of the gas chromatograph (Varian CP-3800; JVA Analytical
Ltd,) at 20°C. The samples were equilibrated and agitated at 750 rpm
for 10 min, and 2 mL of the gas phase containing the aroma compounds
was injected on the GC by a splitless injection. The GC was equipped
with a fused silica capillary column, a 1.0 thick film of BPX5 60

m x 0.32 mm i.d. (SGE, Kiln Farm, Milton Keynes, U.K.), and a flame
ionization detector. An equilibration time of 10 min was found after
equilibrating the samples for 5, 10, and 15 min, respectively. The
temperature program used had an initial temperature-80 °C
maintained for 1 min, followed by increase at a rate of 1G0min*

to 40 °C. The temperature was maintained at°4Dfor 40 min and

was subsequently increased at@ min~* to 90 °C, further at 4°C
min~! to 130°C, and finally at 8C min~! to 250°C. Concentrations

of aroma compounds in the headspace at equilibrium above the four

and aroma release has been investigated by instrumental analysigifferent gels were measured at four different time points [day 0 (gel

before. Roberts et al8) found that highly volatile compounds

preparing day), day 1, day 4, and day 7] and as three replicates.

are most affected by a change in viscosity. However, the sucrose, Rheological Measurements.Gel strength was measured in the

carboxymethyl cellulose (CMC), and guar gum used showed

samples (three replicates of each sample) by a texture analyzer (model

different aroma release patterns, indicating some kind of binding TA-XT2, Stable Micro Systems, Godalming, U.K.). One hundred grams
interactions with the aroma molecules. HMP was found to have ©f the gel mixture was poured into a glass, and this procedure was

a decreasing effect on some aroma compounds when the

concentration was increased in a strawberry jAn This was
confirmed by Hansson et allQ), who showed that a stronger

repeated four times corresponding to days 0, 1, 4, and 7 (48 samples
in total). All samples were then placed in a refrigerator &C4to let

the gels settle. On day 0 the sample was placed in the refrigerator for
1.5 h before the measurements. The sample was then placed in a texture

HMP gel gave a lower headspace concentration of aromaanalyzer and penetrated by a probe until the surface was broken. The

compounds due to entrapment in the gel structure.
In this study 21 aroma compounds with different properties

force (g) required to break the surface was registered. The probe used
was 35-mmg, the test speed was 1 mm/s, and the penetration depth

were added to four pectin gels with different strengths and was 75% of the sample height (i.e., 18 mm). The samples were kept at
compositions. The aim was to study how the partition between room temperature before the measurements, and the temperature was
the gas phase and gel and the mass transport of the compound&easured in the samples afterward to state that room temperature was

were affected by each gel. For these investigations both static'eached during the measurements.

headspace and a model mouth in combination with gas

Model Mouth and Gas Chromatography—Mass Spectrometry

chromatography (GC) were used. The effect of storage on the (GC-MS) Measurements.For isolation of the aroma compounds in

structure of these gels and its effect on the release of aroma

compounds and the aroma concentration in the gas phase
equilibrium were also investigated.

MATERIALS AND METHODS

Gel Preparation. The pectin gel system basically consisted of water,

HMP, white syrup (34% sucrose, 24% glucose, 22% fructose, and 20%

water) (Danisco Cultor, Arlév, Sweden), citric acid, and 21 aroma

compounds. The aroma compounds included alcohols (1-propanol,

1-butanol, 3-methyl-1-butanol, 2-pentanol, 1-hexanol, 2-nonanol, and

cis-3-hexenol), ketones (2,3-butanedione, 2-butanone, 2-heptanone

the gels, 6 g of gesample was placed in a sample flask (70 mL) of
he model mouth system. The temperature was kept constant°& 37

y water circulating around the flask. Artificial saliva (4 mL), consisting
of distilled water, potassium phosphate dibasic trihydrate, sodium
chloride, calcium chloride dehydrate, sodium nitrate, sodium bicarbon-
ate, mucin, andr-amylase (11), was added to the sample. To trap the
volatiles, a gas flow of purified nitrogen (100 mL mit) flushed the
headspace above the gel/saliva mixture for 1 min while the volatile
compounds were collected on Tenax within a tube. During collection,
mastication was simulated by a plunger making up-and-down rotating
movements (52 rpm). The aroma compounds were thermally desorbed
from the Tenax (220C, 4 min) by a thermal desorption device (Tekmar

) ) urge and trap 3000 concentrator, JVA Analytical Ltd.), transferred
2-octanone, and 2-decanone), esters (ethyl acetate, ethyl hexanoatt%)ia a heated line, and cryofocused al20 °C using a Tekmar

propyl acetate, butyl acetate, and ethyl butyrate), aldehydes (hexanal, - -
heptanal, and octanal), and a sulfur compound (dimethyl sulfide). The -(;r-)gt%%uség%o g]oglélfn (Jo\é?o gna;y“fﬁrloﬁg't)c; Iheh Cs/:f?;:gz V;ig%
pectin used was Grindsted pectin CF 120 (Danisco Cultor), an extra- " ( ’ in) gas graph (Vari d

; ; ; - - - . CX, JVA Analytical Ltd.), where they were separated and finally
slow-setting, high-ester pectin standardized with sugars. As the first e ) .
step in gel preparation white syrup was mixed with water and heated. quantified by a mass spectrometer (MS; Varian Satumn 3, JVA

Pectin was mixed with sodium citrate and added to the syrup solution,
which was then heated until boiling. After 2 min of boiling, citric acid
was added to the mixture. The aroma compounds were mixed with

water at a concentration of 0.005% (v/w) and added to the mixture as
the last preparation step, and after preparation, the samples were place

in a refrigerator. Four different gels with different gel strengths [defined
by the force value (F) on the highest peak from the texture analyzer

measurements (Table 1)] were mixed, each one prepared in three

replicates (100 mL each). Gel 1 consisted of 90% white syrup, 1.5%
pectin, and 3% citric acid; gel 2 of 79% white syrup, 1.85% pectin,
and 1% citric acid; gel 3 of 85% white syrup, 2% pectin, and 1% citric
acid; and gel 4 of 75% white syrup, 1.5% pectin, and 0.1% citric acid.
The samples were balanced with water to 100%.
Static Headspace and Gas Chromatography-Flame lonization

Detection (GC-FID). For static headspace gas chromatography (SHGC),
2 g of the gel mixture was placed in a gastight vial (10 mL) that was

Analytical Ltd.). The GC column was a BPX5 capillary column of
60-m length, 0.32-mm i.d., and 1:0mn film thickness. An initial oven
temperature of 40C was used for 4 min, followed by an increase of

2 °C min ! to 90°C, then by 4°C min~! to 130°C, and finally by 8

aC min~! to 270 °C, with a final hold at 270°C for 2 min. Three
replicates of each gel were analyzed. The response of the detector was
determined by injection of standard pentane solutions with known
concentrations of the analyzed compounds, and the amounts released
in the model mouth system were calculated by relating them to the
standard solutions.

Aroma Release Calculations.For quantification of the aroma
recovered, the amounts of aroma compounds released in the model
mouth (w) were divided by the amount present in the sample flask of
the model mouth before aroma collection (w).

Air/Gel Partition Coefficient Calculations. The air/gel partition
coefficients of each aroma compound were determined by dividing the



2002 J. Agric. Food Chem., Vol. 51, No. 7, 2003 Hansson et al.

w

Table 2. Differences in Air/Gel Partition Coefficients (x 1000) among
the Four Different Gels? 2,5
compound overall gel1 gel 2 gel3 gel 4 i s 2
dimethyl sulfide ns 2.56a 4.21a 3.61a 6.12a %1 g 1.5 .
1-propanol p<001  220a 1.87b 1.75b 1.75b - VI
1-butanol p<0.01 1.48a 1.21b 1.13b 1.14b . . 3 .
2-pentanol p<0.01 2.35a 2.03b 1.82c 1.86¢c 0,5
3-methyl-1-butanol p<0.01 1.86a 1.57b 1.49bc 1.42c 0
cis-3-hexenol p<00l  262a 2.07b 1.92¢ 2.06b ) 3 4 5 6 7 s 9 10
1-hexanol p<001 187a 1.50b 4.49b 1.69b
2-nonanol p<001 123  145h  155b 1.78a o carbon atoms
hexanal p<00l  2.26d 4.40b 3.64c 6.74a Figure 1. Relationship between carbon chain length of the alcohols and
heptanal p<0.01  1.30c 2.12b 2.62b 3.96a the ratio of air/gel partition coefficients between the viscous solution (gel
octanal . p<0.01 0.49b 1.77a 0.64a 4) and the strongest gel (gel 1).
2,3-butanedione p<0.01 2.58a 2.43b 2.14c 1.95d
2-butanone ns 6.02a 6.85a 6.05a 5.86a 3
2-heptanone p<0.01 342 4.86a 4.51b 6.23a
2-octanone p<0.01l  2.14b 2.18a 3.72a 2.98a 251
2-decanone p<001  0.70c 0.87c 1.32a 1.07b «— 2]
ethyl acetate p<0.01 7.72b 11.47a 9.36¢ 13.10a £ .
propyl acetate p<0.01 6.41b 11.59a 8.20b 13.12a x5 LS * *
ethyl butyrate p<0.01 4.65d 9.99h 6.77c 12.88a j ; .
butyl acetate p<0.01 4.63c 9.19b 6.17c 11.02a .
ethyl hexanoate p<001 685h 12752  15.4la 18.24a 0,5
@ Measurements were made by static headspace and GC-FID on day 1 of 0 2 3 4 s 3 7 3 9 10 1
storage. Letters indicate significant differences (p < 0.01) among air/gel partition carbon atoms
coefficients.

Figure 2. Relationship between carbon chain length of the ketones and
the ratio of air/gel partition coefficients between the viscous solution (gel

air phase concentrations (w/v) at equilibrium by the concentrations in 4) and the strongest gel (gel 1)

the gel phase (w/v).

Statistical Analysis.To determine significant differences among the  above gel 1 compared to the viscous solution and the two weaker
gels with regard to storage, analysis of variance (ANOVA) was used. gels. The nonpolar alcohols were more easily retained in the
If significant differences were found, I_:isr_u_ar's least significant difference gel with the dense network because it probably contained more
tests (LSD) were performed g). A significance levep < 0.01 was nonpolar micelles. The same results were seen for gel 2, which
used throughout the study. gave a significantly lower concentration of long-chained alcohols
in the headspace compared to gel 4.

The concentrations of aldehydes in the headspace decreased

Partition of Aroma Compounds between Various Types with increased density of the gel network. However, of the three
of Gels and Air. Static headspace measurements showed aldehydes included in the study, only two showed large enough
different partition coefficients of the aroma compounds between GC peaks to be evaluated. These two aldehydes showed a
the air and the four gels, which could be related to the chain significantly lower concentration above gel 1 compared to the
length, the functional group, and also the position of these concentrations above the viscous solution and the weaker gels
functional groups of the aroma compounds. According to the (Table 2). The values also indicated that a longer carbon chain
results most of the aroma compounds showed significantly could be related to a lower air/gel partition coefficient of the
higher air/gel partitioning coefficients from weaker gels com- aldehydes from the three gels compared to that from the viscous
pared to that from a stronger gédlgble 2). This is in agreement  solution, which was a behavior similar to that of the alcohols.
with earlier studiesl(0, 13)in which increased gel strength gave There was, however, no such relationship between gels 2 and
a lower concentration of aroma compounds in the headspace3. Within each gel the air/gel partitioning for the aldehydes was
due to entrapment of aroma molecules in the network. However, also related to chain length: the longer the chain, the lower the
the opposite trend is observed on alcohols, which showed anair/gel partitioning coefficient, probably due to retention of a
increased air/gel partition coefficient with increasing gel strength more nonpolar molecule in nonpolar cavities in the pectin gel
(Table 2). The air/gel partition of the aroma compounds was network.
probably influenced by two mechanisms; one by addition of  For the ketones there was no consistent relationship between
sucrose “salting out” or retention depending on the polarity of gel strength or network density and concentrations of ketones
the aroma compound and one from the pectin that retained thein the headspacd éble 2). However, it was seen that the longer
molecules in the network either by sterical hindrance or by the carbon chain, the lower the concentration in the headspace
formation of nonpolar micelles. The alcohols had the lowest above gel 1 compared to the other gdigy(re 2). It was also
air/water partition coefficients among the aroma compounds found that within each gel, the longer the carbon chain, the less
analyzed 14) and were most likely localized in the water phase. polar the ketone and the lower the concentration in the headspace
Because gel 1 contained a low amount of water, the alcohols above all the gels compared to the ketones with fewer carbon
were salted out as seen in an earlier studp)( which atoms (Figure 2). This could be due to steric hindrance or
contributed to a higher air/gel partition from this gel compared retention in the nonpolar pectin gel as seen for the other aroma
to the other gels. Furthermore, the decrease in concentrationgroups. It could also be an effect of interactions between HMP
of the alcohols between gels 1 and 4 could be related to theand ketones, in accordance with the results from Braudo et al.
number of carbon atoms or polarity of these compoufipufe (16). These authors stated that 2-ketones bind to LMP via van
1). That is, the longer the carbon chain, the less polar alcohol, der Waals interactions and that these interactions increase with
and the lower the air/gel partition coefficients of the alcohols an increase in alkyl chain length. However, 2,3-butanedione did

RESULTS AND DISCUSSION
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Table 4. Changes of Air/Gel Partition Coefficients (x 1000) over 7
25 * Days of Storage of Gel 22
i 2 . ¢ compound overall day 0 day 1 day 4 day 8
% 1S dimethyl sulfide p<0.01 3.76ab 4.21a 2.84b 1.81c
M 1-propanol p<0.01 1.85a 1.87a 1.58b 1.56b
1-butanol p<0.01 1.11a 1.21a 0.95b 0.96b
0.5 2-pentanol p<0.01 1.91b 2.03a 1.59¢ 1.60c
0 3-methyl-1-butanol  p<0.01 1.48b 1.57a 1.31c 1.31c
3 4 5 6 7 cis-3-hexenol p<0.01 2.07a 2.07a 1.83b 1.75b
carbon atomns 1-hexanol p<0.01 1.44b 1.50a 1.39¢c 1.42¢c
. . . . 2-nonanol ns 1.45a 1.45a 1.3a 1.32a
Figure 3. Relationship between carbon chain length of the esters and hexanal p<0.01 3.800 4.40a 3.10¢ 2.99¢
the ratio of air/gel partition coefficients between the viscous solution (gel heptanal p<0.01 2.13a 2.12b 1.83c 1.82¢
4) and the Strongest ge| (ge| 1) octanal . ns 0.94a 0.49a 0.48a 0.45a
2,3-butanedione p<0.01 2.34a 2.43a 1.96b 1.93b
. " » 2-butanone ns 6.31a 6.85a 5.45a 5.31a
TDabIe 3f. Changesfof Allri?el Partition Coefficients (x 1000) over 7 2-heptanone b <001 484b 4862 497b 443b
ays of Storage of Ge 2-octanone ns 3.15a 2.18a 2.04a 2.15a
2-decanone ns 0.87a 0.87a 0.83a 0.80a
compound overall day 0 day 1 day 4 day 7 ethyl acetate p<0.01 1047a 11.47a 8.60b 8.33b
dimethy! sulfide ns 3.71a 2.56a 35la 2.44a propyl acetate p<0.01  10.30a 11.59a 8.19b 8.14b
1-propanol ns 2.30a 2.20a 2.32a 221a ethyl butyrate p<0.01 8.59ab 9.99a 6.66b 6.72b
1-butanol ns 1.58a 1.48a 1.53a 1.47a butyl acetate p<0.01 8.03a 9.19a 6.32b 6.34b
2-pentanol ns 2.64a 2.35a 2.60a 2.49a ethyl hexanoate ns 12.75a 12.75a  1153a  11.95a
3-methyl-1-butanol ns 1.98a 1.86a 1.95a 1.92a
cl:i_she3xﬁg>(<)lenol 2: ;322 ;g;g ggg: %gg: a Measurements were made by static headspace and GC-FID. Letters indicate
2-nonanol ns 121a 1233 1293 1253 significant differences (p < 0.01) among air/gel partition coefficients.
hexanal ns 2.72a 2.26a 291a 2.78a
heptanal ns 1.55a 130a 173  164a Table 5. Changes of Air/Gel Partition Coefficients (x 1000) over 7
octanal ns 0.16a 0.15a Days of Storage of Gel 32
2-heptanone ns 4.32a 342a 4.60a 4.16a
2-octanone p<0.01 2.8% 2.14b 3.15a 2.86a compound overall day 0 day 1 day 4 day 7
2-decanone ns 075 0702 0.90a  0.79 dimethyl sulide ns 3052 36la 273 208a
propyl acetate ns 8.66a 6.41a 8.41la 7.41a 1. | <001 2 10a 1750 1750 169b
ethyl butyrate ns 6.26a 4.65a 6.41a 5.58a Eropanlo pet ' ' b ’ b ' b
butyl acetate ns 6.13a 4.63a 6.25a 5.48a L-butano p<001 1352 113 109 107
ethyl hexanoate ns 8.85a 6.85a 9.76a 8.79 2-pentanol p<001 221a 1820 L77b 1730
' ' ' ' 3-methyl-1-butanol p<0.01 1.71a 1.490 1.47b 1.44b
cis-3-hexenol p<0.01 2.30a 1.92b 1.95¢ 1.97c
@ Measurements were made by static headspace and GC-FID. Letters indicate 1-hexanol ns 1.72a 4.49a 1.44a 1.55a
significant differences (p < 0.01) among air/gel partition coefficients. 2-nonanol ns 1.78a 1.55a 151a 1.58a
hexanal ns 4.26a 3.64a 3.40a 3.15a
. . heptanal ns 2.97a 2.62a 2.3% 2.24a
not follow this pattern, probably because of its molecular gna ns 2.06a 1.77a 1.6% 1.60a
structure with two functional groups and its very polar nature.  2,3-butanedione p<0.01 2.55a 2.14b 2.10b 2.03c
The concentrations of the esters in the headspace were seen2-butanone ns 702a  605a  555a  508a
to decrease with increased gel strength as seen for the alcohols2€ptanone ns 506a  451a  4lla  394a
2-octanone ns 3.84a 3.72a 2.38a 3.36a
and aldeh_ydes (Tablg 2). They were released to a great extent 5 jo.anone ns 1.65a 1323 1.29a 1.38a
from the viscous solution that contained a large amount of water, ethyl acetate ns 10.54a 9.36a 8.12a 7.32a
followed by gel 2 with the second largest amount, then gel 3, propyl acetate ns 9.29a 8.20a 7.07a 6.58a
and gel 1 with only a small amount of water. This was probably Em gﬂéyt;?ff ns ;-g;g g-gz g-iiz 2-51’22
an effect of their low air/water partition coefficients. The esters ethyl hexanoate ns 16122 1541a 14222 14.96a

showed the same relationship as the other compounds between

Ch_a'n length, polarity, and aroma Conce!"f[ratlon in the heads'pace @ Measurements were made by static headspace and GC-FID. Letters indicate

(Figure 3). Above gel 1 the air/gel partition of the esters with  ggnificant differences (p < 0.01) among airigel partition coefficients.

long carbon chains was significantly lower compared to the other

gels and the viscous solution (gel 4). Within each of the gels it possible increase i’ of this already strong network did not

was seen that aroma partition decreased with increasing carboraffect the aroma concentration in the headspace.

chain length. Ethyl hexanoate, however, showed the highest air/ For gel 2 there was a significant decrease in the air/gel

gel partition coefficients for all gels compared to the other partitioning for 15 of the 21 aroma compounds between day 1

compounds. and days 4 and 7, respectively (Table 4). However, the air/gel
Differences in Aroma Headspace Concentrations Due to  partition of the six compounds that were not significantly

Storage. It was seen that the gels were not stabilized during reduced were also seen to decrease in concentration after 4 and

day 0, and therefore the data used for evaluation were compared? days, respectively. This could be explained by the fact that

between days 1, 4, and 7. For gel 1 a significant decrease inG' still increases after 4 days due to aggregation of pectin chains

aroma headspace concentration was seen between days 1 and(#). Increase inG' could be an effect of an increase in the

for 2-octanone Table 3). No other compounds were affected. number of junction zones, leading to a denser netwi® or

The aroma molecules were more easily retained in a densera strengthening of the network strands8), and the aroma

network due to sterical hindrance or nonpolar cavities in the molecules were then more easily trapped in the pectin chain

gel matrix, and this contributes to a lower aroma concentration network. Although the texture analyzer measurements did not

in the headspace in general compared to the other gels. Ashow any changes in gel strength due to storage, these
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Table 6. Changes of Air/Gel Partition Coefficients (x 1000) over 7 3
Days of Storage of the Viscous Solution (Gel 4)2 2,5
compound overall day 0 day 1 day 4 day 7 Z = z . ¢
o0
dimethy! sulfide ns 2.86a 6.12a 4.86a 3.35a = i
1-propanol ns 1.69a 1.75a 1.80a 1.77a R
1-butanol p<0.01 1.07b 1.14a 1.19a 1.19a
2-pentanol ns 1.72a  18a 189  19la 0.5
3-methyl-1-butanol p<0.01 1.32b 1.42a l4la 1.42a 0 ‘ - ;
cis-3-hexenol ns 1.96a 2.06a 2.17a 2.23a 2 3 4 5 6
1-hexanol ns 1.63a 1.6%9a 1.66a 1.74a carbon atoms
2-nonanol p<0.01 1.65h 1.78a 1.80a 1.81a ) . . .
hexanal p<0.01 4.55h 6.74a 6.92a 6.63a Figure 4. Relationship between carbon chain length of the alcohols and
heptanal p<0.01 2.56h 3.96a 4.04a 3.88a the ratio of release from gel 3 compared to gel 1.
octanal ns
2,3-butanedione ns 202a 195  19%a  198a Table 8. Changes in Aroma Release from Gel 2 during 7 Days of
2-butanone ns 4.87a 5.86a 5.86a 5.97a Storage?
2-heptanone ns 4.13a 6.23a 6.23a 6.18a
2-octanone ns 1.89 2.98a 2.90a 2.95a
Il 1 4 7
2-decanone ns 1.20a 1.07a 1.06a 1.07a - compour.1d overa day 0 day day day
ethyl acetate p<0.01 851b  13.10a  13.03a  12.58a dimethyl sulfide ns 0.72a 0.58a 1.00a 1.21a
propyl acetate p<0.01 7.70b  13.12a  13.06a 12.18a 1-propanol ns 046a 049 045  0.93a
ethyl butyrate p<0.01 6.66b  12.88a  1263a  11.30a 1-butanol ns 0.77a  056a  133a  246a
butyl acetate p<0.01 6.10b  11.02a  108%a  9.99a 2-pentanol p<005 099  076b  154a  1lldab
ethyl hexanoate p<0.0l1 11.03b  1824a  17.62a  16.46a 3-methyl-1-butanol ns 0.92a 0782  137a  2.24a
cis-3-hexenol ns 0.34a 0.35a 0.77a 0.74a
@ Measurements were made by static headspace and GC-FID. Letters indicate ;::g)rigrr]]gll 22 i?lﬁz): ;Zgg 3%2 gggg
significant differences (p < 0.01) among air/gel partition coefficients. hexanal ns 187a 206 29%a 301a
heptanal ns 0.28a 0.66a 0.77a 0.27a
Table 7. Differences in Aroma Release among Four Pectin Gels? octanal ns 0.61a 0.65a 0.75a 0.89a
2,3-butanedione ns 0.40a 0.3% 0.43a 0.96a
compound overall gel 1 gel 2 gel 3 gel 4 2-butanone p<0.01 0.94b 0.60b 1.60a 0.60b
dimethyl sulfide ns 0.90a 0.58a 0.00a 1.65a g:gggﬁggge P <n2I05 gégg éggg ggg: i;gg
1-propanol p<001 0.00b 0.49ab 0.77a 0.49b ethyl acetate ns 1.21a 0.95a 2.05a 1.47a
1-butanol p<005  053a 0.56b 098  0.56b propyl acetate <005 265 2640  391a  236b
2-pentanol p<001  057b 0.76b  094a  0.60b ethyl butyrate p<005 325b 337b  457a  267b
3-methyl-1-butanol p<0.05 0.55b 0.78b 1.29a 0.61b butyl acetate ns 291a 314a 431a 3.28a
cis-3-hexenol ns 0.34a 0.35a 0.3%9a  0.30a ' ' ' '
1-hexanol ns 1208 1723 1393 1208 ethyl hexanoate ns 0.16a 0.17a 0.19a 0.19a
2-nonanol ns 0.84a 2.43a 1.52a - —
hexanal ns 1.68a 2.06a 213a 2.15a @ Measurements were made with a model mouth and GC-MS. Letters indicate
heptanal ns 0.26a 0.66a 0.29a 0.23a significant differences (p < 0.01) among air/gel partition coefficients.
octanal ns 0.55a 0.65a 0.66a 0.43a
2,3-butanedione ns 0.41b 0.3%a 1.96a 0.3% . . . .
5 butanone ns 0.70a 0.60a 029  071a (Table 6). Beqause_ the viscous solution Q|d not contain any
2-heptanone ns 1.81a 2.84a 217a  2091a network, the viscosity was unchanged during storage.
2'|‘1’Cltan°”e ns (l)-gga g-gga 8-223 8-?;5‘ Model Mouth—Dynamic Headspace/GC-MS.From the
;ﬁoﬁy?g‘zgt;e o seoub 26m 208, 1gsm dynamic headspace measurements (model mouth) it was shown
ethyl butyrate ns 284b  337a 3282  23la that the only significant{ < 0.05) differences between the gels
buty! acetate ns 2.68a 3.14a 277a  192a in the headspace concentrations of the aroma compounds were
ethyl hexanoate ns 0.15a 0.17a 019a  0.36a seen for the alcohols (Table 7). This could be an indication
that the viscosity or strength of the gel does not influence aroma
@ Measurements were made with a model mouth and GC-MS. Letters indicate release. Although it could be interpreted that the viscosity or
significant differences (p < 0.01) among air/gel partition coefficients. strength of the gel does not influence aroma release, because

measurements show the results of only large deformations andthe measurements in the model mouth were performed over 1
there could still be an effect @&'. The trapping of the aroma ~ Min, this could be long enough to break down the network in
molecules could be due to sterical hindrance or retention in @ll of the gels, giving them equal viscosity or strength.
nonpolar regions within the gel network. The alcohols showed a significantly higher release from gel
For gel 3 no large differences in air/gel partition between 3 compared to gels 4 and 1. For 1-propanol and 2-pentanol there
day 1 and days 4 and 7, respectively, were seen for the aromawas also a significantly higher release from gel 3 compared to
compounds (Table 5). 2,3-Butanedione showed a significantly gel 2. Generally, it is assumed that mass transport across the
decreased headspace concentration between days 1 &id 7. product/saliva interface is rate-determining for flavor release
probably continued to increase in this gel as well, and it was (4). The higher concentration of alcohols above gel 3 could be
seen that the air/gel partition coefficients of most of the aroma explained by a faster transport between this gel and the saliva.
compounds were decreased by storage, although not signifi-Another explanation could be that this gel was more easily
cantly. However, it is probable that the gels have different broken down during mastication, which would give a higher
gelling properties and that in one gel the density of the network aroma release. A relationship between the length of the carbon
continued to increase during storage, whereas the others hadhain of the alcohols and the release from gel 3 was also found
an already stable structure. (Figure 4). A longer carbon chain of the alcohol gave a higher
For gel 4 there were no significant differences in aroma release from gel 3 compared to gels 4 and 1. This could be
headspace concentration between day 1 and the other dayexplained by the fact that when the molecular weight of the
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compound increases, its molecular size increases, leading to a (9)
slower diffusion rate (19).

No relationship was seen between the other gels and carbon
chain length of the alcohols, and no other compounds showed
a significant difference in aroma release between any of the (10)
gels.

Dynamic Headspace and Storag€elhe only results seen by
storage during dynamic conditions as measured by the model
mouth and GC-MS were significantly higher releases of 11)
2-butanone, 2-pentanol, propyl acetate, ethyl butyrate, and
2-heptanone from gel 2 on day 4 compared to the other days
(Table 8). This indicated that storage of the gels did not have
any large effects on flavor release in the mouth when the

concentrations of the aroma compounds were analyzed after (12)
being chewed in the model mouth for 1 min. (13)
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