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The influence of xanthan concentration (0, 0.02, 0.1, 0.4, and 0.8% w/w) and bulk viscosity on the
release of 20 aroma compounds of different chemical classes (5 aldehydes, 4 esters, 5 ketones,
3 alcohols, and 3 terpenes) was evaluated in xanthan-thickened food model systems having different
viscosities. Interactions between flavor compounds and xanthan were assessed by measuring air—
liquid partition coefficients, K, of aroma compounds in pure water and in the xanthan solutions by
static headspace gas chromatography. Mass transfer of aroma compounds was estimated by dynamic
headspace gas chromatography. Notably, limonene and some of the esters and aldehydes exhibited
decreased K values in the presence of xanthan, indicating that the release of these volatile aroma
compounds was reduced due to interaction with the xanthan matrix. The degree of interaction
depended on the physicochemical characteristics of the aroma compounds. A similar tendency was
observed at nonequilibrium with the decreases in release rates being most pronounced for limonene,
followed by the esters and aldehydes, with no effect for ketones and an apparent “salting out” effect
for alcohols. The reduction in flavor release by xanthan was thus dependent on the physicochemical
properties of the aroma compounds and was apparently a result of the aroma—xanthan interactions
and not influenced by the viscosity of the system itself.

KEYWORDS: Aroma; partition coefficients; release rate constant; diffusion; polysaccharides; thickeners;
viscosity; xanthan

INTRODUCTION The diffusion rate and, thus, the rate of release of aroma
d compounds from food systems depend on the type of diffusion
mechanism in the systeml3). When the fluid system is

stagnant, mass transport takes place by molecular diffusion, and
the rate of release depends on the speed of the random

decrease in aroma perception and/or release as reported ifiovement of the present molecules and on the resistance at
previous studiesl—6). Only compounds released in sufficiently the boundary layers, nota_bly at the —a_surface layer in th?_"
high concentrations can be perceived as flavor, and even smallSyStem £3). In contrast, during mastication or other mechanical
modifications of a food matrix have been documented to (réatment of the system, mass transport takes place by eddy
generate a great change in perceived flavor inten8ity5( 7). diffusion, which results in higher concentrations of aroma
According to the published sensory and physicochemical studies,COMPounds at the surface boundary layer and, consequently,
the apparent decrease of aroma release induced by hydrocolloid@'gher release rf?ltes. Th.e existing literature data on aroma release
may be the result of two main mechanisms: (a) lowering of fr_om _hydr(_)collmd solu'uo_ns thus clearly show that the type of
the diffusion rate in the media due to the increased solution diffusion implemented in the system governs the release
viscosity @, 5, 6, 8, 10, 11) and (b) molecular binding  Mechanism of volatiles and in turn determines the influence of
interactions between the flavor compounds and the hydrocolloid Viscosity and hydrocolloids on the aroma release rates. Several
matrix constituents§, 7, 9, 10, 12). However, the hindrance of ~ Studies have documentes, 8, 11) that flavor release may be
molecular migration attributed as an effect of viscosity and/or Significantly affected by the matrix consistency or viscosity
three-dimensional structural network cannot account for why under conditions of molecular diffusion, whereas no significant
changes in viscosity on the order 6f100-fold decrease the  €ffects of viscosity have been observed under implementation

diffusion coefficients of the aroma compounds by only ©f eddy diffusion or mastication in the experimental procedure
~2—3-fold (5, 6, 8, 10). (3—5, 8). Other studies 12, 14, 15) have concluded that

increases in the viscosity of hydrocolloid solutions do not
* Corresponding author (telephone- 45 45 25 26 00; fax  Influence the release of aroma compounds from the matrices
+45 45 88 49 22; e-mail eb@biocentrum.dtu.dk). under molecular diffusion.

The texture or consistency of industrially manufactured liqui
foods is often controlled by the use of hydrocolloid thickeners.
Hydrocolloids are also increasingly used in reduced-fat products.
However, the use of hydrocolloids may induce a significant
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HOCH, HOCH, butanoate, ethyl heptanoatkgtoneg2,3-butanedione, 2,3-hexanedione,
o 2-butanone, 2-heptanone, 2-octanor&@gphols (3-methyl-1-butanol,
H ° 1-pentanol, 1-heptanol); andrpeneglimonene, linalool, menthone).
°© OH OH =" The aroma compounds were prepared as a stock solution in ethanol at
o different concentration levels to give a 0.03% (w/w) flavor mix/matrix
CHs(CO)OCH, solution for flavor release experiments. Supplier, chemical purity,
HO physicochemical characteristics, and the concentrations of aroma
HO compounds in the stock flavor mixture and in the diluted solutions are
presented inrable 1.
M+-00 0O Aqueous Aroma SolutioAliquots of the stock flavor solution were
o} diluted in Milli-Q water. The diluted aqueous solutions were gently
stirred in closed containers for 30 min to ensure equal distribution of
OH the aroma compounds and then heated t&@0rhe aromatized diluted
M+-00 OCH o solutions were then transferred into 22.3 mL gas chromatography (GC)
C\ / vials for the determination of aitwater partition coefficientsaw, by
/C\ Ho static headspace gas chromatography (SHS-GC).

HC™ 1\ Thickened SolutionsXanthan-thickened viscous solutions were
prepared by using 0.02, 0.1, 0.4, and 0.8% (w/w) xanthan (xanthan
gum, Grindsted X, Danisco, Denmark) and 10% (w/w) sucrose (Sigma-

. . . Aldrich Chemie, Steinheim, Germany). The mixture of xanthan and

. Hc_)wever, partlcula_r eff_ects, interpreted as specific aroma g,crose was added to the aqueous aroma solution under agitation. The
binding or retarded dlffus_|on effects of certain hydrocol_lmds, jar was then immediately sealed, and the solution was heated“® 80
notably carrageenan, pectin, and xanthan, appear in the literaturyith a gentle stirring for 20 min to complete solvation of the xanthan
(7, 9-12 16, 17). molecules. Flavored viscous solutions were then coole¢46 °C,

Xanthan gum is an exocellular biopolymer secreted by transferred to the GC vials, capped, and equilibrated, as described below
Xanthomonassp. with a main chain consisting of a linear for methods of analysis, prior to SHS-GC analysis. The influence on
backbone of 1,4-linke¢B-p-glucose and side chains of two aroma release of adding aroma compounds before and after heating of
mannose and one glucuronic ackigure 1) (18). In agueous the model systems, respectively, was compared in preliminary tests.

solutions xanthan undergoes a conformational transition from NO significant differences in headspace concentrations were found
an ordered double helix to a random coil under the influence between the two procedures, proving no losses by thermal degradation

ft ¢ d ionic st thl. B fit . at the experimental conditions.
of temperature and ionic strengthd). Because of its unique Methods of Analysis.SHS-GCLiquid—vapor partition coefficients

properties such as solubility in both cold and hot water, high of the aroma compounds in water and xanthan solutions were
viscosity at low concentrations, little variation in the viscosity getermined using a phase ratio variation (PRV) method that does not
with changes in temperature, and stability in acid systems, require the use of internal or external standagty.(Five independent
xanthan is used as a thickener, stabilizer, and emulsifier in measurements were carried out for each thickened and aqueous system.
numerous food applications such as salad dressings, sauces;ealed vials with aqueous and thickened aroma solutions were pre-
gravies, relishes, dairy products, whipped cream and moussesgquilibrated for 24 h at ambient temperature and ther2fo at 37°C
instant mixes of drinks and soups, bakery products, and syrupsto ensure that the equilibrium gas/matrix in Fhe_ vial was reached_. This
(18, 19). exper_lmental pro_c_eo_lure was based on prellmlne_\ry timed ex_penments
To control flavor perception in xanthan-thickened foods, a verifying that equilibrium was reached after 100 min. After equilibration

bett derstandi f the infl f th th was completed, the headspace sample was automatically withdrawn
etier unaerstanding or the influence or xanthan on the aromausing a Perkin-Elmer HS 40 XL autosampler and injected into a Perkin-

release from viscous xanthan matrices is needed. Despite thezimer x| gas chromatograph and analyzed as described previously
large number of studies carried out to understand the impact of (15,
hydrocolloids on the release and perception of aroma com-  Dynamic Headspace Gas Chromatography (DHS-GBE release
pounds, there is still a need for a more general approach thatrates of the different aroma compounds in aqueous and xanthan-
takes into account the matrix structure and the behavior of thickened solutions were assessed by DHS-GC. Samples were flushed
systematic chemical series of aroma compounds rather than ofwith pure nitrogen (70 mL/min), and released volatiles were collected
a single aroma compound. on eight Tenax TA traps over 600 s as described previodsly For

The aim of this study was to better understand the release 0fthe quantification of aroma compounds, Six standgrd solutions of aroma
aroma compounds from xanthan-thickened food model SyStemS_compounds of known concentrations were injected and analyzed

The viscous food model was developed by increasing xanthan(n =3.
Determination of Release Rate Constafslease rate constantg (

concentration to vary the “macroscopic viscosity” of the food \yere calculated from the rate of adsorption on the Tenax traps as
model. The aroma release was evaluated in the xanthan-gescribed by Roberts and Acre2i)
thickened solutions by assessing the partitioning and mass
transfer behavior of 20 selected aroma compounds (aldehydes, k= (d[A)/dt),/[AJ]
esters, ketones, alcohols, and terpenes) having a wide range of
physicochemical properties. To specifically understand the where [A] = concentration of the volatile in liquid phase (mg/L),
influence of viscosity on molecular diffusion of aroma com- [Ag] = initial concentration of the volatile in liquid phase (mg/L), and
pounds and thus abolish the effects of eddy diffusion, the t = time (min).
dynamic headspace analyses were carried out with solutions The release rate constari) (s defined as the linear release rate
under stagnant conditions. over time divided by the initial concentratio@1).
Rheological CharacterizationShear viscosity measurements of
MATERIALS AND METHODS viscou_s soluti(_)ns were p_erformed 24 h after preparation. _Before
analysis, the viscous solutions were equilibrated at@7o describe
Sample Preparation.Model Flavor Mix. Twenty aroma compounds  the structural matrix properties at the headspace measurement temper-
of different chemical classes were chosen for their broad physicochem-ature. The measurements were performed after the equilibration of
ical properties:aldehydeg3-methylbutanal, hexanal Ef-2-hexenal, solutions using a Stress Tech (Reologica, Lund, Sweden), a controlled
heptanal); esters (methyl butanoate, 3-methylbutyl acetate, ethyl stress rheometer with cone and plate geometry C40 4. Flow curves

Figure 1. Structure of xanthan gum.
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Table 1. Composition of the Flavor Mix, Final Concentrations, and Chemical Characteristics of Volatile Compounds: Supplier, Purity, Molecular
Weights (My), Boiling Points (By), Hydrophobic Fragmental Constants (log P), and Saturated Vapor Pressure (Ps) at 25 °C

volatile compound supplier purity (%) % in flavor mix final concn (ug/g) My B, (°C) log P2 PP (mmHg)
aldehydes

(E)-2-hexenal Aldrich 98 6.41 19.44 98 147 1.50 6.60

3-methylbutanal Fluka 98 3.26 10.00 86 93 1.34 49.32

hexanal Aldrich 98 335 10.28 100 128 1.80 10.89

heptanal Aldrich 95 3.15 9.35 114 153 2.32 3.85

octanal Aldrich 99 4.60 14.25 128 171 2.86 2.07
esters

methyl butanoate Fluka 99 3.44 10.64 102 103 1.28 31.13

ethyl butanoate Aldrich 98 3.60 11.02 116 122 1.80 13.94

3-methylbutyl acetate Merck 98 2.97 9.10 130 143 2.3 5.68

ethyl heptanoate Aldrich 99 3.33 10.29 158 187 3.31 0.60
ketones

2,3-butanedione Aldrich 98 491 15.05 86 88 -1.80 62.28

2,3-hexanedione Aldrich 90 5.92 16.65 114 128 -0.78 12.44

2-butanone Aldrich 99 3.30 10.27 72 80 0.33 114.52

2-heptanone Aldrich 98 3.19 9.77 114 151 1.90 4.73

2-octanone Aldrich 98 312 9.56 128 172 242 1.72
alcohols

3-methyl-1-butanol Fluka 98 5.09 15.60 88 131 1.35 4.16

1-pentanol Aldrich 99 9.92 30.71 88 138 135 281

1-heptanol Aldrich 98 9.37 28.70 116 176 2.39 0.32
terpenes

linalool Aldrich 98 9.72 29.78 154 198 2.97 0.16

menthone Aldrich 96 9.60 28.80 154 210 3.05

limonene Aldrich 97 1.67 5.08 136 177 457 1.98

100 304.4

a Calculated by using the method of Rekker (31). b Calculated with ACD demosoftware.

1000

were recorded by increasing the stress from 0.05 to 12 Pa in 20
logarithmic steps. 100 AAAAAAAAAAAAA
For an estimation of the* value, four additional xanthan concentra- E » 06000000 A
tion solutions (0.01, 0.05, 0.5, 0.1%) were prepared and analyzed as 00 AN o A
described above. Generally, is defined as the concentration at which ~ “z 1 o
individual polymer molecules begin to physically interact, that is, the 2 e0¢ee,.,, ®s8
point at which a small increase in the hydrocolloid concentration induces 5 01 ®e .. ° ﬁ N
a rapid increase in viscosity,(4, 19). To extrapolate an estimation of & , 000, ®%ecee :§
zero-shear viscosity of each solution, flow curves were fitted to the & 2000000000 0000
Cross equation2@). The value ot* was then estimated from a double- 0.001 XXXXXXXXXXXXXXXXXXX
logarithmic plot of zero-shear viscosity versus concentration, as
. 0.0001 T
described by Rodd et all9). 0.01 0.1 1 10 100
Statistical Analysis. The effect of xanthan on the vapeliquid Stress, Pa
partition coefficients and release rate constants was assessed by analysis Xwater  0002%  €010%  A040%  0080%

of variance (ANOVA) and Tukey'’s test (Minitab Statistical Software, Figure 2. Viscosity curves of xanthan solutions of different concentrations
Addison-Wesley, Reading, MA). Significance was established at (% wiw).
p < 0.05.

1000
RESULTS AND DISCUSSION w 100 -
Rheological Characterization of the Xanthan Models.The £
xanthan solutions exhibited non-Newtonian, pseudoplastic, and & 10
shear-thinning behavior and became highly viscous even atlow  §
polymer concentrationsF{gure 2). As a thickener, xanthan £ !
exhibits much more pronounced thickening properties than other ~ § ol
hydrocolloids. The model solution with the lowest xanthan = o
concentration employed in this study 0.02% (w/w) was nearly g 0.01 |
as viscous as 0.4 and 0.25% (w/w) solutions thickened with
HM pectin andA-carrageenan, respectively, in our previous 0.001 ‘ : :
studies 12, 15) at the same applied shear stress. According to 0.001 0.01 0.1 1 10

Morris (23), xanthan molecules exist in solution in a rigid,
ordered conformation and form a tenuous three-dimensional
network; therefore, a finite shear stress is required to rupture
the network, above which the viscosity decreases with increasing
shear rate. This behavior was also observed in the present study(Figure 2). Plotting zero-shear viscosity of model solutions
The apparent viscosity of xanthan solutions decreased signifi- against concentration resulted inc& value of 0.24% (w/w)
cantly with increasing shear stress, and shear-thinning characte(Figure 3). In the study of Milas et al.24), two concentration
of solutions increased with increasing xanthan concentration transitions in xanthan solutions were observed and assigihed

xanthan concentration, % (w/w)

Figure 3. Variation of zero shear viscosity versus xanthan concentration
(% wiw) in model solutions.
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Table 2. Air-Liquid Partition Coefficients, K, of Aroma Compounds (K therefore, their partitioning from water was lower than li-
x 1073)2 in Water and in Xanthan Solutions of Different monene’s (able 2).
Concentrations The observed tendencies in the partitioning of the aroma

compounds are in good agreement with the data available in

th in soluti ) . : . .
Xanhan conen 1n soLtons the literature including our own previous studi&s {0, 12).

compound water  002%  0.10%  040% 080% However, some differences in the values of-airater partition
aldehydes coefficients,K,y, of the aroma compounds could be observed
(Ey-2-hexenal 5%  56a  57a 50ab  4.6b when the values obtained in the current study were compared
3-methylbutanal 23.2a 22.5ab  21.7ab 213ab  20.6b ith th had obtained . V. Th lueKaf f
hexanal 216a  202ab 199ab  19.0b  18.4b with those we had obtained previously. The value&gj for
heptanal 30.8a 26.9b 26.8b 26.1b 24,50 the saturated aldehydes, esters, and 2-ketones from aqueous
octanal 477a 419b  352bc  337bc  3L7c solutions were lower in the present study than those recorded
eS‘ersth | butanat 188 192 193 185 71 in earlier (12, 15). In the present study each of the aroma
metnyl butanoate .0d .Za .od .oa da .
ethyl butanoate %681  269ab  257ab  252ab  24.1b compounds was added_as a flavor r_mxture compo_sed _of 20
3-methylbutyl acetate  35.2a  342ab  322abc  3Llbc  27.8¢ aroma compounds of different chemical classes with higher
ethyl heptanoate 933a  794a  789ab  642b  515b proportions (percent) of less volatile aroma compounds such
ketones i as alcohols, 2,3-diketones, and oxygenated terparasd 1).
2,3-butanedione 23 2la 22 2la - 23a On the other hand, our previous studies were conducted with
2,3-hexanedione 5.1a 4.7a 4.8a 4.3a 4.7a . .
2-butanone 45a 46a 46a 43a 46a four different mixtures (saturated aldehydes, esters, ketones, and
2-heptanone 13.1ab  136a  13.0ab  119ab  11.1b alcohols, respectively) composed of 10 aroma compounds of
| Zr-]Oftanone 2042 198ab  183ab  180ab  16.6b the same chemical class with an equal portion of each compound
alconols i i i H
3-methyhL-butanol . ™ ™ . 25p (12, 15). 1t is pqssélkl]ale 2t(r)1at mteracn(cj)r;ls among ?rom_?_ rc];ompounds
1-pentanol 18a 16a 16a 19a 17a are occurring in the 20-compound flavor mixture. The agueous
1-heptanol 4.2a 5.7b 3.9a 4.2a 5.6b solubility of more hydrophobic compounds (esters, aldehydes,
terpenes terpene limonene) could be enhanced by the presence of more
"”a'%?' ﬁ-ga E-ga gga gga ig-éa hydrophilic compounds such as alcohols, 2,3-diketones, and
menthone .ba .2a .0d .Za .ba . : .
limonene 45702 3208b 24325 2139bc  156.5¢ oxygenatec_i terpenes in the mixture. Compounds possessing
hydrophobic properties, thereby, become better retained in
CV (%) 78 9.6 10.8 11.2 11.4

aqueous phase, resulting in lower partition coefficients. This
type of flavor compoungcompound interaction was recently
well described by Schober and Petersdr),(who demonstrated
that the release af-menthol and cineol from a candy model
system was lower when the aroma compounds were added as
a mixture compared to when these compounds were added
separately. The obtained results indicate that flavor compeund
compound interactions should also be taken into account when
aroma mixtures are formulated and flavor release is to be

@Mean value of five measurements. Different letters in a row indicate significance
at p < 0.05.

andc** corresponding to 0.126 and 0.6M.78 wt %, respec-
tively. Their work proved that* and c** are highly dependent

on the nature of xanthan sample, whereas Coviello et8). (
showed that the value obtained in determinutgfor semi-
flexible objects as xanthan is often dependent on experimentalcontm”ed_
technique and interpretation of data. Our study employed a food

model system with 10% (w/w) sucrose content, and the presence Rﬂf Ieasle from ']Ehe Xanthan Solutg)mhe influence (g )ganthan .
of sucrose may lead to a relatively higher value of the critical on the reléase of aroma compounds was assessed by measuring
concentrations* of xanthan solutionsZ6). the partitioning of the aroma compounds from the xanthan

SHS-GC MeasurementsTo estimate the effect of xanthan solutions containing 0.020.8% (w/w) xanthan. A systematic

gum on the thermodynamic properties of the aroma compoundseﬁed of xanthan on the equilibrium headspace concentrations

in the thickened solutions, SHS-GC measurements were carriedOf aroma comppunds cpuld be observédifle 2). Th? extent .
out at 37°C at equilibrium. At equilibrium, the viscosity effects of retention varied for different compounds depending on their

are nullified; therefore, any differences in static equilibrium physicochemical pr(_)per_ties and va_ried systemgtically with t_he
headspace concentrations between water and xanthan solutionéamhan concentration in the solutions. The highest retention
would be due to interactions between the aroma compoundswas observed for limonene f_ollowed by the esters and saturated
and the matrix 13). Expressed as the ratio between the flavor aldehydes. Sqme suppression was also regqrded for the 2-ke-
concentration in the air phase above the prodGg} énd the tones, but ”.‘é."”'y at the. higher xanthan a}ddmon levéisole
flavor concentration in the product phasg) at equilibrium, 2). The partition coefficients Of ks 2,3-(_j|ketones also_tended
the partition coefficient = CJC, defines the maximum to be lower in the xanthan solutions than in water, but this effect
potential extent of flavor releasd3). was not statistically significanip(> 0.05) (Table 2).

Pure Water For the homologous series of aldehydes Among all of the volatile aroma compounds studied, the

(Ce, hexanal; G, heptanal; G octanal), esters (C ethyl release of limonene was most suppressed. We propose that this
butanoate; G ethy| heptanoate), 2_ketones4((‘bu[anone, (% retainment is due to limonene’s hlghly hydrophobic nature. The
heptanone; § octanone), 2,3-diketones {(butanedione; & two oxygenated terpenes, linalool and menthone, which are less
hexanedione), and 1-alcoholss(@entanol; G, heptanol) the hydrophobic than limonene, did not show significant changes
more hydrophobic compounds were more volatifalfle 2). in equilibrium concentrations in the presence of xanthan. These

Among all of the volatiles studied, the partitioning of limonene results thus confirm that differences in the aroma compound
was the highest. Being a pure hydrocarbon without functional Structures, and in turn in the physicochemical characteristics of
groups (GoH1e) and possessing high hydrophobic properties and the aroma compounds, significantly affect the release behavior
high vapor pressure in the pure stal@fle 1), limonene is  of the compounds.

thus hardly retained in the agueous phase. The oxygenated The relative retention of esters ranged from 0 to 45% and
terpenes menthone and linalool are more poleable 1); also depended on the physicochemical properties of the com-



Influence of Xanthan on Flavor Release J. Agric. Food Chem., Vol. 53, No. 9, 2005 3581

pounds Table 2). The least hydrophobic and least volatile equilibrium followed the same tendency as in our study; the
compound among the esters, namely, methyl butanoate (logcompound with highest volatility and highdst,, was affected

P = 1.28,Kay = 18.8 x 1073) was not significantly affected = most by the xanthan, followed by the compound with second
by the xanthan at any of the studied xanthan concentrations.highestK,,. The compound with lowed(,,, 1-octen-3-ol, was
Ester retention increased with increasing aroma compound affected the leas§. We did not observe any significant binding
volatility and xanthan concentration. The largest effect was seenfor diacetyl (2,3-butanedione) in our study, which may be due

with ethyl heptanoate (lof® = 3.31, Kaw = 93.38 x 10739), to differences in binding levels resulting from dissimilarity of
where release was reduced by-#5%, depending on the the composition of the flavor mixture. Our study was performed
xanthan concentration in the solutiohaple 2). with a flavor mixture of 20 aroma compounds, whereas the

The same tendency was observed for the aldehydes. The mor&inding of diacetyl was recorded by adding it as single aroma
hydrophobic and volatile compounds, that is, heptanal and compound to a xanthan solutiorY)( The recent study of
octanal, were retained by xanthan at all concentrations, with Secouard et al.10) on limonene release from polysaccharide
the highest retentions being 20 and 34%, respectively. The matrices corroborates the proposition that the influence of
release of the more hydrophilic compounds with low IBg xanthan on the flavor release depends on the chemical structure
(E)-2-hexenal and 3-methylbutanal, was significantly affected and hence physicochemical characteristics of the flavor com-
only at the highest xanthan concentration. pound. In full agreement with our dat&dble 2), Secouard et

Among the ketones, only the partitioning of compounds al. showed that relegse of _Iimonene was su_ppr_e_ssed i_n the
having the highest carbon numbers, that is, 2-heptanone and’resence of xan_than in solution, whereas no significant differ-
2-octanone, was (slightly) affected by xanthan at equilibrium. €nces on retention of menthol were detect&d).(However,

The suppression of both 2-heptanone and 2-octanone wasSecouard et al1() speculated that viscosity of the media was
statistically significant only at the highest xanthan concentration, & Potential cause of the reduced headspace concentration of

resulting in headspace concentration decreases of 15 and 199dimonene. From our observations this seems to be a rather
respectively. questionable consideration, taking into account that their experi-

¢Mment measurements were carried out at equilibrium conditions

The release of alcohols at equilibrium was not suppresse !
by xanthan. Rather, some of the alcohols showed a tendency towhere the effect of the resistance to mass transfer, and thus

exhibit increased partitioning in the presence of xantAable viscosity, is not apparent. o
2). The release of 3-methyl-1-butanol and 1-heptanol was higher DHS-GC Measurements Whereas partitioning reflects the -
by 39 and 33%, respectively, in the 0.8% xanthan solutions. Maximum potential flavor release, mass transfer plays the main

This can be described as a “salting out” effect of the most role in determining the rate of flavor release during food
hydrophilic aroma compounds. consumption and determines the rate at which equilibrium is

Altogether the results show that xanthan tends to Supplressachieved. The mass transfer coefficient is a measure of the rate

aroma release, especially for highly hydrophobic aroma com- of release considering nonequilibrium as a main driving force

pounds. The changes in the thermodynamic properties of aroma2nd may be influenced by both the texture and_microst_ruct_ure
compounds thus indicate the existence of certain xantfiavor of a product §0). Therefore, both thermodynamic and kinetic

compound interactions. Because these hydrocollaidma parameters participate in generating the chemical signal that is
interactions are most pronounced for the more hydrophobic Perceived as flavor.
compounds, we believe the interactions are a result of hydro-  To evaluate the influence of matrix structure on flavor release
phobic binding. Contrary to proteins that possess hydrophobic and avoid any eventual confoundings from convective diffusion
regions (hydrophobic side chains of the amino acids), hydro- or eddy diffusion, a stagnant layer model was adopted for kinetic
colloids have minimal opportunity for the equivalent interaction €xperiments. In accordance with the theory of random movement
due to their rather hydrophilic naturd3 28). Nevertheless,  of molecules in a stagnant fluid, the stagnant layer model
the results of this study together with the available literature assumes that the boundary layers at (or near) theligirid
data indicate that xanthan has a more distinctive hydrophobic interface are stagnant and that the mass is transported through
character compared to other hydrocolloids, and this may these layers as a result of molecular diffusiag)(
influence flavor release’(9, 10). Xanthan consists of a cellulose Release from Aqueous Solutiofi® evaluate the impact of
backbone with ionized trisaccharide branches on every secondxanthan and viscosity on the release rates of aroma compounds
residue Figure 1). In the ordered conformation, the side chains from xanthan viscous model systems, the aroma compound
fold back around the main chain to give a structure analogous release rates were primarily established in aqueous solutions
to a double helix18). In this conformation the ordered molecule (Table 3). Among the aroma compound series, the release rates
is stabilized through hydrogen bonds by non-covalent side of esters were the highest, indicating that esters were the most
chain—main chain interactions involving hydrogen bondig@g)( volatile, followed by aldehydes, ketones, and alcohols. In
In this way, the configuration of xanthan may create a comparison to our previous stud¥d) in which the release of
hydrophobic interior in the carbohydrate molecule, which can aroma compounds from water was measured after the aroma
“include” flavor compounds. compounds were added as separate mixtures (aldehydes, esters,
Previously, the assessment of interactions between xantharketones, alcohols) at equal proportions, slower rates were
and flavor compounds by headspace and binding methodologiesobserved in the current study. Again, the explanation could be
such as exclusion size chromatography resulted in direct that the flavors were retained in the solution as a result of flavor
evidence of binding some aroma compound<j, which was compound-compound interactions as already discussed above.
interpreted as hydrogen binding. In the study of Yven et@l. (  Considering the chemical structure and volatility of limonene
only diallyl sulfide showed significant binding at a xanthan (CioHie, log P = 4.57,Kaw = 457 x 10739), it was expected
concentration of 0.01%, whereas at 0.1% xanthan, significant that limonene would exhibit the highest release rate among the
binding was recorded for all tested compounds (diacetyl, other volatile compounds. However, the limonene concentration
1-octen-3-ol, diallyl sulfide, diallyl disulfide). The extent of in the initial flavor mix and in the diluted final solutions was
interactions and decrease of aroma headspace concentration dbw (~5 ppm) in comparison with the more hydrophilic
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Table 3. Release Rate Constants (k x 1075, min~) of Aroma
Compounds Released in Water and Xanthan Solutions of Different
Concentrations

xanthan solutions

Bylaite et al.

Linalool release remained constant and independent of increas-
ing viscosity and xanthan concentration as observed in

SHS-GC measurements. For the menthone, only release from
the solution with highest xanthan concentration (0.8%) was

reduced at statistically significant levep (< 0.05). This

compound water  0.02%  010%  040%  0.80% observation is in accordance with findings of Secouard et al.
aldehydes 10) and Juteau et al.1(), who reported that, in contrast to
y

(E)-2-hexenal 228a 2252 210a  224a 203a limonene and ethyl butanoate, the release of oxygenated terpenes

3-methylbutanal 555a 478ab  458b 454b 405b i ;

hexanal 18a  aTb  373b  340ab 329 (linalool and menthol) was not aff_ectec_zl by polysaccharide.

heptanal 404a  340ab  338%ab  331b 300b In terms of the extent of retention, limonene was followed

octanal 408a  363ab  37lab  350b 331b by esters. Esters showed decreases of up to 47% in release rate
estersth | butanot 53 00 486eb  d8Tab  42ab constants. Once again, the data confirmed that the extent of

metnyl butanoate a al al al H ot H Y

ethyl butanoate t92a  SAlab  520ab  53lab  448b decrease !s related to_the characterlstlcs_ of the individual

3methylbutyl acetate 6542 526b  498bc  52lbc  448c compound; more volatile and hydrophobic esters such as

ethyl heptanoate 649a  444b 397hc  398bc  34lc 3-methylbutyl acetateK(, = 35.2 x 1073, log P = 2.30) and
ketones . ethyl heptanoateKyy, = 93.3 x 1073, log P = 3.31) were

23-butanedione 8la  77a  7a  8la 7a suppressed to a higher degree and at the lower xanthan

2,3-hexanedione 142a 141a 126a 149a 137a trati th the | latil d thvl b

5 butanone 23 216a 208a  215a 200a concentrations than e3 ess volatile compounds methyl bu-

2-heptanone 336a  327a 300a 3222 287a tanoate Kaw = 18.8 x 1073, log P = 1.28) and ethyl butanoate

2-octanone 40la  388a 384a 383a 335a (Kaw = 26.8 x 1073, log P = 1.8).
alcohols

3-methyl-1-butanol 534 554 554 554 53a Trle release rate constants of aldehydes decreased by up to

1-pentanol 47a 48a 47a 66b 64b ~25%. The changes were mostly pronounced for 3-methyl-

1-heptanol 6la 62a 59 62a 58a butanal, hexanal, heptanal, and octanal. Release rates for the
ter[:#ﬂflfs | s5 44 " " % mono-unsatured aldehydg)¢2-hexenal also decreased; how-

Inaloo a a a a a Tt i ifi

menthone s6a  298ab  257ab  270ab 253 ever, th?e decLeasehwaﬁ nc()jt stﬁtlstlzally s(ljgnlflcmk(o.|05).

limonene 128a 57h v 46D 42 erxa?a, or? the other hand, TI owe .f{a re ucﬂon o:rf]f release rate
oV %) 65 8.4 92 89 191 of 24%, which was statistically significant. The difference in

@Mean value of five independent measurements. Different letters in a row
indicate significance at p < 0.05.

compounds. Therefore, it is reasonable to assume that th
relatively low release rate observed for limonene in waleb(e

3) was a result of flavor compound-compound interactions,
which seem to have a particularly pronounced effect on the
flavor release of hydrophobic compound&yy

Release from Viscous Xanthan SolusioRelease rates of 20

aroma compounds in the xanthan solutions of different con-
centrations and viscosities were calculated after the collection
of volatiles on Tenax traps at timed intervalgaple 3). The

e

release behavior of these two aldehydes may be ascribed to the
double bond in E)-2-hexenal, which increases polarity.

In general, the trends observed in our study for aroma
compounds in the kinetic release experiments correspond well
with data obtained in thermodynamic measurements under
equilibrium, where the most pronounced changes in thermody-
namic characteristics were recorded for esters, aldehydes, and
limonene after xanthan was added to the model system. In the
case of alcohols, both thermodynamic and kinetic measurements
showed a trend of increased release in the presence of xanthan.
The release properties of ketones remained constant in both
equilibrium and nonequilibrium measurements.

The release results from both thermodynamic and kinetic

results clearly indicate that the different aroma compounds are measurements for all aroma compounds are consistent with the

affected differently by the thickener with respect to their release
rates from the thickened, viscous solutions. No reduction in

proposition that the reduction in release is due to weak xarthan
aroma interactions occurring for the more hydrophobic aroma

release rates was observed for alcohols. Moreover, in many case§ompounds, whereas viscosity itself does not influence the
the release rate of alcohols was even increased after xantharielease significantly. If the viscosity itself was the cause of the-
was added to the media. However, this increase in release rateglecrease of release rates constants, then the gradually decreasing

(the “salting out” effect) was statistically significamt € 0.05)

release rates should be obtained with no effect on equilibrium

only for 1-pentanol. Nonsignificant decreases in release ratesheadspace concentrations. The conclusion that the bulk viscosity

of ketones were also observed. The highest effect of the

thickener on release kinetics was observed for the esters,

does not play a major role in the aroma release of xanthan-
thickened solutions is in agreement with our previous findings

aldehydes, and limonene. The release rate constants for limonenéor other hydrocolloid solutions1@, 15). Another indication
decreased by up to 67% in xanthan solutions compared to thethat viscosity plays a subordinate role is that we could not relate

release from the unthickened aqueous solutitable 3). This
decrease was the largest among all volatiles of this study.

suppression of aroma release to tfevalue, that is, to the
concentration where the polymer chains start to overlap and

However, as can be seen from the data, the release rate valuegntangle with one anothet,(19).

for limonene did not decrease as a result of increasing viscosity.

Due to its ordered conformation and tenuous network by

The release rate constants remained nearly the same at alassociation of the ordered chains, xanthan has properties between

xanthan concentration levels from 0.02 to 0.80%, which

corresponds to increases of viscosity from 0.0135 to 190 Pa s.

This implies that some other factor rather than viscosity plays

those of solutions and gels. Thevalue in our study was found
to be 0.24%, which means that the release of aroma compounds
from xanthan solutions should be reduced above this concentra-

a role in the decrease of release rates. One explanation couldion as reported by Secouard et dl0f. However, this was not

be interactions between limonene and xanthan as evidenced irthe case in our study. Depending on aroma class, the suppression
SHS-GC measurements. However, the other two terpenes,appeared at different xanthan concentrations; the release rates
linalool and menthone, did not exhibit suppressed release.of limonene and esters (ethyl heptanoate, 3-methylbutyl acetate)
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significantly decreased already at only 0.02% xanthan concen-

tration. Reduction of release rates constants for less hydrophobic
and volatile esters, such as methyl butanoate and ethyl butanoate,

was found at the highest viscosity, corresponding to a xanthan
concentration of 0.8% (w/w). We could relate the suppression
of release rate constants & only for the three aldehydes

(hexanal, heptanal, octanal). The statistically significant decrease

in release rates was recorded abatdor these compounds.

J. Agric. Food Chem., Vol. 53, No. 9, 2005 3583

(14) Darling, D. F.; Williams, D.; Yendle, P. Physico-chemical
interactions involved in aroma transport processes from solution.
In Interactions of Food Componentirch, G. G., Lindley, M.

G., Eds.; Elsevier Applied Science Publishers: New York, 1986;
pp 165-188.

(15) Bylaite, E.; Meyer, A. S.; Adler-Nissen, J. Changes in macro-
scopic viscosity do not affect the release of aroma aldehydes
from a pectinaceous food model system of low sucrose content.
J. Agric. Food Chem2003 51, 8020-8026.

Ketones, alcohols, and the oxygenated terpenes menthone and(16) Braudo, E. E.; Plashchina, I. G.; Kobak, V. V.; Golovnya, R.

linalool were not affected by the increase of viscosity. Thus,

xanthan concentration as well as the nature and physicochemical

characteristics of aroma compounds, and not viscosity, plays
the major role in determining the effect of the thickener on
aroma release.
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