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Experimental and Modeling Studies Showing the Effect of Lipid
Type and Level on Flavor Release from Milk-Based Liquid
Emulsions
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The purpose of this work was to study two key parameters of the lipid phase that influence flavor
release—lipid level and lipid type—and to relate the results to a mass balance partition coefficient-
based mathematical model. Release of 10 volatile compounds from milk-based emulsions at 10, 25,
and 50 °C was monitored by 1-min headspace sampling with a solid-phase microextraction fiber,
followed by GC-MS analysis. As compared to the observations for milk fat, changing to a lipophilic
lipid (medium-chain triglycerides, MCT) and adding a monoglyceride-based surfactant did not influence
the volatiles release. However, increasing the solid fat content was found to increase the release. At
25 °C, and even more so at 10 °C, concurrent with an increase in their solid fat content, hydrogenated
palm fat emulsions showed increased flavor release over that observed for emulsions made with
coconut oil, coconut oil with surfactant, milk fat, and MCT. However, at 50 °C, when hydrogenated
palm fat emulsions had zero solid fat content, there was no difference in flavor release from that
observed for milk fat emulsions. Varying milk fat at nine levels between 0 and 4.5% showed a
systematic dependence of the release on the lipid level, dependent on compound lipophilicity. Close
correlations were found between the experimental and model predictions with lipid level and percent
liquid lipid as variables.
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INTRODUCTION were tested at different temperatures in order to test a hypothesis

The ability of the fat phase in a food product to absorb aroma that only lipids in the liquid form could absorb flavor com-

compounds has a significant impact on the performance of aPounds. o .

given flavoring. In numerous model emulsioris 2) and more In addmpn to the factors tested in this s.t.udy, the |nterfape
complete foodsg, 4), the differences in headspace concentration could al_so _|r_1f|uenc_e aroma compound volatility. Se_\_/eral studies
(5) and the resulting sensory intensit§) (due to discrete show S|gn|f|can_t dlffe_rences based on the emul_sn‘ler (11), yet
modifications of the lipid level are well noted. Reviews of the ©Others show litle difference 1@, 13), depending on the

effect of lipids on flavor release show their importance in overall ¢ompound studied. _
flavor (7, 8). Several mathematical models have also been published that

In a previous study with milk, an experimental design directly relate the theoretical headspace concentration to the amounts

changing the levels of milk solids nonfat and milk fat showed in food emulsions, based on partition coefficieritd{17). An

that the ||p|d phase was the main Component inﬂuencing ﬂavor exce”ent review Of phySIOChemlca| mOde|S Of f|aVOI’ I‘e|ease was
compound volatility 9). Although evidence of protein or lactose ~ Published by de Roos (18). A further purpose of the study
b|nd|ng to ||poph|||c Compounds was seen as skim milk deSCFIbed hel’elﬂ was to thOFOUgh|y testa maSS balance partltlon
concentration increased, this effect was no longer present aftercoefficient-based mathematical model using numerous flavor
the addition of 1.3% lipid. Other studies also showed that in compounds and concentrations.

the presence of 1% or greater lipid, aroma compound binding

by -lactoglobulin was insignificant (10). The objective of the MATERIALS AND METHODS

present study Was to 'nve_s't'gate how chgnglng the "P'd type Preparation of Milk-Based Emulsions. Materials. The following

and level could influence this effect. In the first study of different  yaterials were used for preparing milk-based emulsions: skim milk
lipid types, less lipophilic lipids were compared to milk fat to  powder containing 0.57% lipid, 34.7% true protein, 52.7% lactose, and
see if they would absorb lipophilic aroma compounds to a lesser 95.5% milk solids nonfat, coconut oil (Morgia, Lyss, Switzerland),
degree. Additionally, lipids containing higher solid fat contents surfactant based on mono- and diglyderides (with minimum 60%
monoglycerides, Cremodan 60, Danisco, Brabrand, Denmark), milk fat
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E-mail Deborah.Roberts@rdls.nestle.com). 60:40, Delios V, Impag, Zurich, Switzerland), hydrogenated palm fat

10.1021/jf025646k CCC: $25.00 © 2003 American Chemical Society
Published on Web 11/28/2002



190 J. Agric. Food Chem., Vol. 51, No. 1, 2003 Roberts et al.

45/46C (Florin AG, Muttenz, Switzerland), 2,3-diethyl-5-methylpyra- each series, a water reference, containing compounds dissolved at the
zine, and 2-isobutyl-3-methoxypyrazine (both from Pyrazine Specialities same concentration as in the milk, was analyzed in triplicate. The release
Inc., Atlanta, GA). All other aroma compounds were from Aldrich  of each compound in water was used as a benchmark for the release of
(Steinheim, Germany). that compound in the emulsion. The peak area of each compound in
Method.Skim milk powder and water were mixed and heated to 60 milk (Hw) was expressed relative to the peak area of that compound in
°C. The mixture was pre-emulsified at 6@C using a hand-held water (Hy) using the formula (ld/Hw) x 100.
Ultraturrax for 3 min at 8000 turns/min using the medium-size Measurement of Partition Coefficients. The aroma compounds
dispersing head. During this pre-emulsification, the lipid was added in were selected because they had a large range of oil—water partition
small portions. With stirring, the mixture was then homogenized with coefficients. Values for the oilwater partition coefficient from
three passes using a Buchi homogenizer (Flawil, Switzerland) at 65 sunflower oil were from Pollien and Robertsd), who used a shake-
°C. The milk sample was cooled on ice and then stored in a refrigerator flask method based on quantification in the two phases using solid-
until use. Lipid globule size distributions were verified to be similarto phase microextraction. The aiwater partition coefficients were
those of commercial milk by using a Malvern Mastersizer (Malvern, measured according to Chaintreau et aD)( using a stainless steel
UK). The samples had between 86 and 96% of the lipid globules under sampling cell at three different concentrations. Values obtained fer oil
1 um and a D[3,2] (sum of volume/sum of surface) between 0.33 and water and air—water partition coefficients, respectively, were 2,3-
0.53. In the lipid type study, only the lipid source varied, and the lipid butanedione, 0.37, 0.0011; guaiacol, 9.3, 0.00026; 2,3-diethyl-5-
percentage (wt/vol) in the final product, after mixing with the aroma methylpyrazine, 31, 0.0005; 4-ethylguaiacol, 46, 0.00066; 1-octen-3-
solution, was 1.38%. In the lipid level study, the grams of milk fat and ol, 48, 0.0031; and 2-isobutyl-3-methoxypyrazine, 280, 0.0032). Values
water were varied to have lipid percentages (wt/vol) in the final product for the oil—water partition coefficient were pyridine, 0.59:dama-
of 0, 0.02, 0.1, 0.2, 0.36, 0.61, 0.89, 1.38, and 4.58. The samplesscenone, 1230; 2-pentylfuran, 3733; and limonene, 4815. It was not
contained 2.9% milk solids nonfat, which includes 1% protein. possible to analyze some compounds for theiraiater partition
Throughout the Materials and Methods, lipid percentage is expressedcoefficient due to difficulties in obtaining stable results. Extrapolated
as grams per 100 mL. However, in the Modeling sections of the Results values were used: pyridine, 0.00g8damascenone, 0.012; 2-pentyl-
and Discussion, in order to meet the requirements of the model, lipid furan, 0.0343; and limonene, 0.044. As determined later, thengiter
percentage is expressed as a volumetric percentage (see eq 1). partition coefficient has almost no influence on the results of the model
Solution PreparationThe concentrations of aroma compounds were (Figure 3); thus, the accuracy of these values is not important.
chosen so that they were in the linear quantification range of the solid- ~ Statistical Analysis. Analysis of varianced < 0.05) was used to
phase microextraction (SPME) fiber. The aroma compounds were determine the existence of significant differences among samples
dissolved in water with extended vial shaking and checked for complete combined with a multiple comparison test (Fisher's L3Dx= 0.05)
solubilization by looking at the solution surface. Milk solutions (400 to determine which samples were significantly different from the others.
mg, as prepared above) were added to silylated 2-mL glass vials. Solid Fat Content. The solid fat content of the lipids studied was
Aqueous aroma solution (400 mg) was added and mixing was done measured according to [IUPAC method 2.150 6.2.2.2.
without inverting the vial. The final concentrations in the samples (in
mg/L) were 2,3-butanedione, 10; pyridine, 10; guaiacol, 10; 2,3-diethyl- RESULTS AND DISCUSSION

5-methylpyrazine, 10; 1-octen-3-ol, 2; ethylguaiacol, 10; 2-isobutyl- . - .
3-methoxypyrazine, 23-damascenone, 2; 2-pentylfuran, 0.1: and Mathematical Model of Lipid’s Influence Based on Parti-

limonene, 0.1. tion Coefficients. The mathematical model developed used the

Headspace Analysis by SPME GC-MSA minimum time of 2 h relationships first cited in the work of Buttery et all7).
was determined for equilibration, during which the samples were placed According to this relationship, a flavor compound in an oil and
on an orbital shaker (KS 250, IKA-Werke, Staufen, Germany) at 200 water mixture and in a closed system with air will equilibrate
turns/min. The temperature for preparation and equilibration was 25 and distribute itself between these mixture phases and air in a
°C for all samples except for the lipid type study. In the lipid type constant ratio at a given temperature. The flavor mass is

study, samples were equilibrated and analyzed at the indicated redistributed in these different phases according to the different
temperature. Samples to be analyzed at 25 arftC5@ere prepared at partition coefficients:

25 °C. Samples to be analyzed at 10 were prepared at 1°C and

also at 25°C for comparison. After equilibration, the headspace of the

samples was sampled using a Varian 8200cx autosampler. A HP 5890 m=m, +my+
gas chromatograph (GC) equipped with a HP 5971 mass spectrometric C C
(MS) detector was used. A SPME fiber was inserted into the headspace Kaw = A =09
and allowed to equilibrate for 1 min exactly. This time was chosen so Cw ow Cw

that the extraction would be from the headspace and not from the

sample. The fiber used was polydimethylsiloxane/divinylbenzene with .+, ma, Mw, andmo referring to respectively the flavor mass
65 um thickness. It was placed into the injection port, containing a at equili’briu}n in the air, water, and oil phasésw and Kow

0.75-mm-i.d. liner, of the GC for 5 min at 25@. During the first 3 th fiti fficients bet . d ¢ d bet
min of desorption, the purge was off, and the last 2 min, with purge are (heé partiion coelficients between air and water and between

on, further cleaned the fiber. Full desorption of the fiber was confirmed. Cil @nd water, respectively. _
GC separation with MS detection in SIM mode was used for ~As a first hypothesis in the model, we disregard any
quantification of the aroma compounds [DBWAX, J&W, 30 m; 0.25 irreversible ab- or adsorption between flavor compounds and
mm i.d., 0.25 mm film, 0.8 mL/min, constant flow (5 psi at 40)]. any mixture component such as lactose or milk protein. We
All samples were prepared in the vials and analyzed in triplicate. allowed each flavor compound, with an initial masg only
Triplicate blank milk analyses for each milk type without aroma three possible environments in which to distribute: air, water,
compounds were also run to verify that the compounds followed were gnd oil phases. All non-lipid phases in the samples are counted
not present at substantial quantities in the milk. The only compound 55 “yater”.

. . i : i 0 4
that was found in the milk was 2,3-butanedione, at maximum 0.5% Experimentally, we measured the flavor compound released
levels of the added aroma compounds. There were no other compoundsat equilibrium in the sample headspace. The peak area of each
coeluting at the same time as these compounds. q P P ; P

Four series of SPME analyses were run: (1) lipid level study, (2) compound in milk (_-IM) was expre_ssed relative to the peak area
lipid type study at 10°C, (3) lipid type study at 25C, and (4) lipid  ©f that compound in wateiHy) using the formulakiv/Hw) x
type study at 50C. A separate SPME fiber was used for each series. 100. In terms of the model, this is equivalent to eq 1. The release

A balanced sample order was used, in which the first replicate of each Of the compounds from emulsions, AJfo, was expressed
milk type was analyzed, and then the second, and last the third. During relative to the release of the compound at the same concentration
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Table 1. Relative Headspace Concentration of Milk-Based Emulsions at 1.36% Lipid Content Using Different Lipids (100 = Headspace above

Compounds in Water)?

experiment at 10 °C

experiment at 25 °C experiment at 50 °C

hydrogenated coconut  CO with milk hydrogenated coconut CO with milk hydrogenated  milk
compound® palm fat oil (CO) surfactant fat MCT® palm fat oil (CO) surfactant fat MCTP palm fat fat
2,3-diethyl-5-methylpyrazine 131a 114ab 105ab 113ab 90b 106 a 87b 79b 85h 88 ab 75a 63a
1-octen-3-ol 9% a 77h 67hb 75h 48 ¢ 86a 56 b 51b 56 b 50hb 50a 44h
ethylguaiacol 9% a 69b 55b 54b 36¢ T2a 50b 45D 54 b 43b 48a 47a
2-isobutyl-3-methoxypyrazine 82a 38hb 31lb 34b 19¢ 49a 22b 20b 22b 20b 24a 21b
f-damascenone 33a 86b 6.2c 6.7bc  4.8c 13a 45b 39b 46b 36b 49a 44b
2-pentylfuran 6.6a 15b 12c¢ 13bc  0.74d 4.67a 141b 125bc 1.36bc 1.16c 49a 37a
limonene 41a 077b  059cd 0.71bc 041d 29a 093b 076b  091b 087b 36a 30a
approximate solid fat content 95 80 75 50 0 70 0 0 10 0 0 0

a Different letters note significant differences for one compound at one temperature across emulsion types. Within this group, compounds bearing different letters show
statistically significant differences from each other. ® Medium-chain triglycerides. ¢ Emulsions and water showed no significant differences in release of 2,3-butanedione,

guaiacol, and pyridine.

in water, (a)water Different oil volumic fractions fo) were
inserted into the model to give the predictions based on lipid
amount; the prediction is independent of lipid type. The
development of this model is included in the Supporting
Information.

In the frame of the model, this aroma release compared to
water case is expressed as

V, VA) )
A K + 1=
(VE)fO( WA (VW wate

(M), _ 1)
ter B V
(b (W) (KWA(fOKow )+ (VE)f

with Va, Vi, andVe the volumes occupied by the air, the water,
and the emulsion phases, respectivélyis the water volumic
fraction fw + fo = 1), andKwa is the partition coefficient
between water and air.

absorption: with stearine, a more saturated fat, the release was
shown to be slower and of lower intensity than the release with
olein (a more unsaturated faf%). Within the range of lipids
used in this study, the saturation of the lipid plays a role in
how it influences the solid fat content, which is the driving
factor.

Influence of Solid Fat Content at Different Temperatures.
Another hypothesis tested was a dependence on the lipid’s
physical state: flavor compounds can only penetrate fat globules
that are in a liquid state. McNulty and Kare23) showed
decreases in the oil-to-water transfer rate upon increasing the
solid fat index. Thus, if a fat is continuously in a solid state,
there will be no interactions with the aroma compounds, and
the effective concentration of the aroma compounds in the
aqueous phase will be higher. Thus, the release is expected to
be higher when solid fat rather than liquid fat is present. Maier
(24) also showed that the sorption of aroma compounds was
greater in liquid triglycerides than in solid triglycerides. Indeed,

With this model, we assumed that the SPME headspacein this study, the effect of solid fat content on flavor compound

analysis using a 1 min sampling time is close to a static
headspace equilibrium measurement, as previously sha{n (

absorption was significant.
Table 1 shows the volatiles release results from emulsions

The closeness of the experimental results to the predicted results; yifrerent temperatures, where the lipids had a range of solid

indicate that this assumption is valid. The experimental results
will now be described and linked with the model.
Effect of Lipid Type. Medium-chain triglycerides (MCT)

were chosen because they are among the least lipophilic lipids.

The MCT used has short-chain fatty acids of-&810 length,
which are half the length of normal fatty acids. As milk fat
absorbs nonpolar flavor compounds due to its lipophilicity, it
was postulated that lipids with less lipophilicity would absorb
less of these nonpolar aroma compounds. In another sample,
surfactant of mainly monoglycerides was added to coconut oil
triglycerides in an attempt to lower the surface tension on the
fat globules by its emulsifying effect. This was done to change
the fat globule interface properties. However, the triglyceride
content only changed from 99 to 95%.

Table 1 shows the comparison at 28 when all lipids were
90—100% liquid, except for hydrogenated palm fat, which was
about 30% liquid. Coconut oil with a surfactant added and MCT
did not show a difference in flavor compound absorption from
the results for milk fat and coconut oil. This indicates that the
lipophilicity of all of the lipids is at such a large level that
reductions in the length of the fatty acid (MCT) do not affect

fat contents. At 50C, both lipids tested are 100% liquid. The
differences observed at lower temperatures between the lipids
are negligible at 50C. At 25°C, hydrogenated palm fat showed

a higher release than the other lipids. This fat had 70% solid
fat at this temperature and so would be expected to have a higher
release. At 10C, greater differences in solid fat content existed
between the different lipid types. In these cases, the samples
were prepared and analyzed at °ID, meaning that the flavor

EZ:ompounds only contacted lipid in its state at°ID As at 25

°C, the hydrogenated palm fat emulsion had a higher release
the others. However, greater differentiation is observed between
the other lipid types, with MCT showing the lowest release.
Among coconut oil, coconut oil with surfactant, and milk fat,
some differences are observed for the most lipophilic compounds
where coconut oil has a slight edge in release, perhaps due to
its higher solid fat content.

The relationship between the solid fat content and the flavor
released can be also illustrated by taking one type of lipid and
analyzing it at several temperatures. All compounds in hydro-
genated palm fat show the trend of increasing release upon

flavor release, nor does a supposed change in the surface tensiofficreasing solid fat in the emulsiofigble 1).

at the globule surface.

MCT is an oil that is 100% liquid at both 10 and 26. The

Previous literature studies show evidence that the saturationonly significant differences found between the two temperatures

level of the lipids could play a role in flavor compound

are with the two most lipophilic compounds (2-pentylfuran and
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120 ) 120 Coconut Oil with MD
A Coconut (_)ll . glycerides
- ‘Model = 0.28% liquid fat e Modet = 0.35% liquid fat
Relative 80 ~ Modelling Prediction for 80
Headspace % Liquid Fat
Concentration * Experimental Data
100 = compound 40 40
in water
.
0 o o LY
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
120 Hydrogenated Palm Oil 120 120
Model = 0.07% liquid fat Milk Fat mcr
pa * .o Model = 0.69% liquid fat L. Model = 1.38% liquid fat
80 X 80 . 80
’
L] .
40 40 40 .
.
] ., 0 0
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000

Oil-water partition coefficient K

Figure 1. Graphs showing proximity of model to experiments, assuming that only liquid lipid influences flavor absorption: compound release at 10 °C
for systems containing 1.38% lipid. Pyridine is not included due to an impurity in the samples.

Table 2. Modeling Fits of Lipid Content to Experimental Results at 10 1207
o% V\/|;1en Liquid Lipid Content Varied (Values Shown Are % Lipid in Relative 100 Preparation
wt/vo Headspace i
o Concentration 80 C1o°c
actual liquid best modeled 100 = water g -
lipid type % lipid lipid (%) % lipid W25°C
hydrogenated palm fat 1.38 0.07 0.16 40
coconut oil 1.38 0.28 0.44 20 1
coconut oil with surfactant 1.38 0.345 0.69 |
milk fat 1.38 0.69 0.69 0
MCT 1.38 1.38 1.38 &'D
& &
&S
. e <¢ RS &
limonene). At both temperatures, the lipid significantly absorbs N L
the compounds. .\q;@ D)
One theory that has been postulated is that the chain length o \;,0°
of the fatty acids influences the absorption of volatile com- v v
pounds, where longer chains absorb greater amo@gajs The Figure 2. Influence of temperature preparation on flavor release from

MCT oil used has a 60:40 C8:C10 fatty acid ratio. The other milk-based emulsions made with hydrogenated palm fat at 10 °C. The
lipids have a mix, where coconut oil has a larger percent of asterisk notes statistically significant differences.
C12 and C14, and milk fat and hydrogenated palm fat have

more C16 and C18. However, this study shows that a range of  The history of the contact between the lipid and the aroma
currently used lipids that have different fatty acid compositions  compounds can influence the results obtained. For instance, the
did not differ in rel_ease when in a liquid state. Reductions in samples from the study conducted at°@were prepared and
compound absorption are seen only when at least 50% of the oy 764 at 10C. However, if the samples were prepared at
lipid is ina solid state. . ... room temperature and then analyzed atCQthe results may
Modeling can be used to see how good a predictor the liquid be different: the flavor compounds could have been absorbed

lipid content is of the experimental release valuessigure 1, the linid when it was in a liquid state at room temperature
the modeled flavor release curves were developed on the bas@y P . 'q P ’
and then entrapped in the solid fat atf® hence lowering the

of a hypothesis that only lipid in the liquid state influences flavor ) .
release. In the cases of milk fat and MCT, the predicted release, ¢!€ase. This experiment was performed, and the results are
based on the liquid lipid content, matches very well the Shown inFigure 2. For the most lipophilic compounds, a
experimental results. For the others, the “best-fit” lipid content difference was observed that depended on the preparation
is shown inTable 2. These results shows that percentage of method. These compounds showed a higher release when the
liquid lipid is a close predictor of the flavor release. For all lipid was always held at 18C and was mainly in a solid state.
values, the best-fit model more closely matched the liquid lipid When the lipid was prepared at 2%, these compounds
content than the total lipid content. probably migrated into the lipid phase that was solidified at 10
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Figure 3. Theoretical influence of Kaw on the release of 4-ethylguaiacol.

Different lines represent modeled release for different Kaw values. Points

are experimental results.
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-
=1

[
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Fat volumic fraction [%] on the compounds’ measured partition coefficients.
Figure 4. Theoretical influence of Kow 0n the release of 4-ethylguaiacol.
Different lines represent modeled release for different Kow values (10, In general, the compounds tested here seem to exhibit minimal
20, 30, 45, 60, 83.4, 100, 250, 600, and 1500, from top to bottom). Points effect of protein binding, as the assumption that the system
are experimental results. would follow predicted release from a basic oil-in-water

emulsion was valid. However, if other compounds were tested

°C, resulting in a reduced headspace concentration due tothat exhibit strong binding to sodium caseinate, such as
entrapment in the solid fat. 2-nonanone, deviations such as those seen by Voilley &3l. (

Modeling of Lipid Level on the Basis of Partition Coef- may have been seen. Molecular explanations for the interactions
ficients. The oil—water partition coefficients were determined observed between the lipid phase and flavor compounds have
experimentally. For some of the compounds, the determination been postulated by26). They show FT-IR evidence for the
of Kaw was not successful with the technique employed. We presence of hydrogen bonds between linoleic acid and 1-octen-
linearized the relationship between the measured partition 3-ol and 2,5-dimethylpyrazine.
coefficients in order to extrapolate the missidgy partition Figure 5 shows the simulated flavor release of the 10 studied
coefficients from the measuréthw ones. This approach is not  aroma compounds versus lipid level in the emulsion. The aroma
recommended for prediction but was done for the purpose of compounds vary greatly in their sensitivity to the lipid level.
the exercise. As is shown below, the exact valu&gjf, has The more lipophilic the compound, the lower the amount of
little influence on aroma release. lipid needed to reduce its headspace concentration. For example,

From previous experiments at 3@, the measuredaw the most lipophilic compound, limonene, is greatly reduced in
ranged from 1x 1074 to almost 2x 1072, To establish the real  volatility with very small amounts of lipid. However, larger
impact of Kaw on the headspace flavor released after equilib- amounts of lipid are required to reduce the volatility of more
rium, we calculated the behavior of some flavor compounds polar guaiacol. For each compound, there is a different range
with Kaw values ranging arbitrarily from ¥ 1075to 2 x 10°%. of lipid contents where flavor release is most greatly influenced,
As can be seen iRigure 3, the impact oKaw in the screened  and this can be effectively modeled. This can be useful, for
range is negligible, and all values, especially the true one, cameinstance, if a known flavor impact compound is being targeted.
close to the experimental data. On extendingKhg range to The lipid content can be adjusted to optimize the flavor release
higher values (higher than actually found for aroma compounds), of the compound. Similar results have been found with
an increasing influence of the air—water partition coefficient equilibrium headspace concentrati@T) and in-mouth release
on the aroma release starts to be evident wkggp reaches at analysis (28), showing the relationship between lipid content

least 1% of theKow value. and release for various compounds

The model (cf. eq 1) relies mainly oKow values, lipid In comparing the calculated release curves to the experimental
volumic fraction, and the volumes occupied by oil, water, and points, we see a good correspondence for almost all compounds.
air phases. As can be seen kigure 4, Kow is of prime For the most hydrophilic compounds, some values are over 100

importance, as evidenced by the large differences in curvesbut not statistically different from 100, showing the variance
obtained upon its variation. in the method. The compound that seems to have a difference
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Table 3. Measured and Adjusted Values Measuring Compound
Lipophilicity .
120 Milk fat emulsion at 50°C
compound Kow? Kow in milkP Ku® _
2,3-butanedione 0.37 0 05 :
pyridine 0.59 2 4 80
guaiacol 9.3 15 9
2,3-diethyl-5-methylpyrazine 31 29 54
4-ethylguaiacol 46 101 83 :
1-octen-3-ol 48 52 426 0
2-isobutyl-3-methoxypyrazine 280 186 269
[-damascenone 1230 955 617
2-pentylfuran 3733 2972 3311
limonene 4815 2874 8128 0 _
0.1 1 10 100 1000 10000
a Measured by shake-flask method using sunflower oil. ® Adjusted by best fit of
experimental points. ¢ Compound lipophilicity was determined on the basis of its
retention time on a reversed-phase HPLC (19). 120
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Figure 6. Aroma compound release as a function of Koy (measured from Oil-water partition coefficient K ,,,
sunflower oil-water) of the compound. Points are experimental reslts Figure 7. Correspondence of modeling (solid lines) and experimental
with milk samples of different fat contents (between 0.02 and 4.58%). results (points) from 1.38% lipid emulsions, showing the fit at various
Lines are the model's predicted results based on the compounds’ temperatures.

measured partition coefficients.
In another way of visualizing the lipid’s influencEigure 6

shows the release versus partition coefficikpty for various

from the modeling is 4-ethylguaiacol, which shows a lower lipid levels. From the graph, one can see that, depending on
release than that modeled on the basis of itswiter partition the lipid content of the sample, compounds with a different range
coefficient. It should be noted that thes®w values were  of lipophilicity will be reduced in release. The experimental
obtained in an oil (sunflower oil) which is not the milk fat used points correspond excellently with the model. The reason that
in the experiments. reduced fat foods are sometimes unbalanced in flavor can be

As Kow is such a major parameter and the measured valuesseen easily. On going from a 5% to a 0% lipid milk emulsion,
were from sunflower oil in a bulk phase, we tried an approach the most lipophilic compounds will be greatly increased in
to “adjust” the values to those which give the best fit with the release, while the least lipophilic compounds will be unchanged.
experimental release results. The best-fit values are shown inThis verified experimental/theoretical model can thus help
Figure 5 andTable 3. In fact, this best-fiKow, calledKow in predict what effects a change in lipid content would have on
milk, is another way, perhaps more realistic, of determining the the equilibrium headspace flavor profile.
true value for milk fat in milk emulsions. The differences Although most of the experiments to validate the model were
between the measurdthy values, the adjustelow values, performed at 25C, Figure 7 shows that the model is valid for
and theKyy lipophilicity values are not negligible for some of  higher and lower temperatures as well, as long as the solid fat
the compounds. Although the correct value for the model is content does not change.
the Kow value, the use of this model with th&y lipophilicity With 10 compounds tested that span the range of lipophilicity
values would still give an indication of the headspace aroma and with 8 lipid concentrations tested, all compared to the release
released at equilibrium. in water, a thorough study was conducted. These results allow
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us to conclude that the partition coefficient-based model
corresponded very well to the experimental results. A significant
effect of lipid level was demonstrated that depended on the
lipophilicity of the aroma compound. In addition, the liquid lipid
content of the sample was found to absorb aroma compounds,
as samples with higher solid fat content showed higher release.

Supporting Information Available: Mathematical develop-
ment of emulsion flavor release model (eq 1). This material is
available free of charge via the Internet at http://pubs.acs.org.
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