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Intensity and Persistence Profiles of Flavor Compounds in
Synthetic Solutions. Simple Model for Explaining the Intensity
and Persistence of Their Aftersmell
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Hydroalcoholic solutions containing a single aroma-active compound were evaluated by a sensory
panel to determine the difference between ortho and retronasal odor intensities (Al,), buccal savoring,
and aftersmell duration. Eight compounds were used. Buccal perception seems to be just a
physiologically restricted form of retronasal perception. Al, values were dependent on the panel,
although results from the two panels were significantly correlated. Such differences and the aftersmell
persistence were also significantly correlated with different physicochemical parameters related to
volatility. A simple model to explain such dependence is proposed. The model considers the mouth—
throat system as a perfect mixing tank with a finite amount of odorants being progressively diluted by
swallowing and purging (both taken as continuous processes). Retronasal intensity is modeled from
the odor properties of the liquid in such a tank calculated from orthonasal odor intensity versus
concentration (//log C) curves. The model explains successfully experimental results and has also
been successfully applied to instrumental data from other authors.
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INTRODUCTION was superior for orthonasal perception in the case of citral,

A let derstandi f the chemical b fth whereas in the case of vanillin, the curve retrondéad) C was
compiete understanding of the chemical base ol the aroma'superior to orthonasal for certain concentrations. The results of

related sensory characteristics of a product should, ideally, allow Kuo et al. (3 on the same compounds are consistent with those
the researcher to predict the complete sensory properties of %f Voirol and Daget, showing in general higher intensities for

_S°||Ut('j(.)n cor;talr;ln_? ar?rllven O(Ijo:jant_ att a glvgnt cclJnc_e;ntt;atlonl, orthonasal perception than for retronasal (although in the case
mcdu '?g no oln_ ytl S O't' onasdatk(]) gr n fnsch 'tu "’;tso Its l:“fﬁ?. of vanillin the intensities were very similar). Similarly, Burdach
and retronasal Intensities and the duration ot ts attersmell. 1S o 5 (3) and Miettinen et al.4) observed that orthonasal

task .WOUId rgquire, ob\{iously, comprehension of, first, the intensities were higher, and Aubry et ab)(reported higher
phyS|cochem_|c§I properties of the odorant with most |nflyence intensity in orthonasal profiles in a wine profiling study for the
on _the way it is perceived and, second, the mechanism Ofmajority of wine descriptors. On the contrary, Vuilleumier et
dehvery.' ) al. (6) found retronasal intensities of linalool stronger than
_Two different paths can be taken to achieve such comprehen-qthonasal ones, and Bertuccioli et &, §) have demonstrated
sion. One consists of the use of sensory analysis and the othetnt retronasal properties and persistence are more discriminative

one of the use of some instrumental device or strategy 10 {han orthonasal properties for the evaluation of red wine quality.
measure how the odorants are released from the foodstuff to A major part of the lack of agreement must be attributed to

reach the olfactory epithelium. To date, the instrumental the difficulty linked to the measurement of retronasal odor

alternative has produced more reliable results than sensory. L .

. . ’intensities, affected by many factors that complicate the agree-
analysis. In fact, the scarce sensory studies conducted on this . - :
. . ; . “ment between panels and experiments. A way to eliminate their
issue are not conclusive and are even often contradictory. Voirol

and Daget (1) found that retronasal threshold values were :ggl:r?;cz Ifsixgﬁ lféltn %fair?é?gsticsyﬁgsoaiz dpznil;tao]tlxsgo:gﬁtf
inferior to orthonasal thresholds for vanillin and citral. However, FoIIOV\;ing this approach Espinosa)’(has recently been able '
at suprathreshold concentrations they reported that the mtensny,[0 show that there is a linear relationship between the volatility
of the odorant (measured through l&g,) and its retronasal/
972%?{;’é;%ggf&%()?fge%gggg@; nfgﬁ’l\illl% rt?g é%%‘;gfeei )(telephme orthonasal (R/O) ratio in pure water. This ratio is the number

’ . Ny of times the concentration must be increased to get retronasally

#Present address: Food Research Institute, Priemyselna 4, 824 75 ) - ’
Bratislava, Slovakia. the same intensity observed orthonasally. The higher the
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volatility, the higher the R/O ratio. To the best of our knowledge, all of them were laboratory staff highly experienced in intensity ratings.
there are no similar studies measuring persistence. All of the tests were carried out with tulip glasses containing 25 mL
On the other hand. several instrumental studies have shownf the test sample closed with a lid. Each sample was made of synthetic
__ , S€ _ al _ ! i o ‘ T Y -
that volatility plays a major role in determining the persistence inN€ (water; ethanol, 10% v/v; tartaric ac@lg L and pH adjusted

and relative retronasal intensities of a given odorant. Linforth to 3.4) and a given amount of analyte. For each of the analytes, four
g ) different samples were tested: three concentration levels (1 and 5

and Taylor (0) used the atmospheric pressure chemical 5ng 55, pius a blank. The concentrations of the compounds in the
ionization (APCI) probe to measure the persistence of volatile samples were chosen so that the most intense of the three odor intensity
compounds in the breath and demonstrated that persistence coulgcores (retronasal, buccal, or retronasal) of the most concentrated sample
be well predicted via an empiric model in which IBgand vapor (25x) was between 60 and 90% of the full scale. Only one analyte
pressure of the molecule were the major terms (11). In a was examined per session. The sensory analysis comprised two parts.
subsequent work, they found that the proportion of an odorant, Familiarization. Panelists were first asked to sort five samples of
relative to its headspace concentration (hs), in the mouthspacesynthetic wine by the intensity of the perceived odor. In all sessions,
(ms) or in the nosespace (ns), was strongly correlated to thethere was one blank sample (synthetic wine only), three test samples,
log of its Ky partition coefficient {2). The ratios ms/hs or ns/ ~ and one sample containing the corresponding analyte-at@ders of

hs should be, a priori, related to the ability of the compound to Magnitude above the threshold concentration taken fromi.geér

be perceived via the orthonasal or retronasal route. They furthercalCU|ated in the laboratory. This most concentrated sample served as

developed a semiempirical model for predicting such ms/hs ran anchor reference for the highest intensity in the following part of
eveiop S€ P odel for predicting s S Or the test. Samples were presented in a random order. Once the sorting

ns/hs measures. A similar dependence has been also noted by, finished, the panelists were instructed to describe the perceived
Van Ruth et al. 13) by using a mouth simulator. The role of  5qor and memorize it.

volatility also appears, albeit indirectly, in the elegant work  |niensity Scaling. In the second phase the judges were asked to
recently presented by Buettnel4). By using the BOSS  (ate the intensity of the odor memorized in the sorting task. A modified
technique, she found that the most persistent compounds in winez-point labeled magnitude scal6) (graphic scale with logarithmic
aroma perception are, in general, the most polar and leastelements described as follows: =9no odor, 1= weak odor, of low
volatile. intensity, 2= clear perception of odor, intermediate intensity=3

Therefore, there are sound instrumental data demonstratingextremely intense odor; the intermediary values did not bear any
that the volatility of a compound, measured throughKag or description) was proposed for use throughout the study. Only the three
log Ky (Henry's constant), plays an outstanding role in the test samples and a blank sample were presented in a session, following

. - . a Latin square design. The concentrations of the solutions tested are
persistence and relative ortho/retronasal properties of the odor-. o\ intaple 1

ants. However, there are not many data supporting that such a First, the judges rated the odor intensity of the memorized odor by
gggogfshé%rg?sl?;r{gé S?rfgtrﬁ/eTepa:)siz:emzptzii Iﬁ)ar:[écelijlgrl%/ulrrt]rfgf nose (ortﬂonasal perception). Thisdtest was mﬁde shuccessively IIOEJ all
. =il : ! . : cups, with time gaps to prevent adaptation. Then they were asked to

consideration is the nature of such a relationship. In particular, sjp from the liquid, keep it in the mouth by swirling, savor it, and rate
it is striking that the relationship between persistence, ns/hs, the odor intensity ffuccal perception). After swallowing, the judges
and R/O was linear, with lo#aw or log Ky, and not withKy, had to start the stopwatch and stop it when the perception of odor in
or Ky themselves, which are the terms related to the concentra-mouth disappeared (after.smell. persistence). Additionally, they haid to
tion of the odorants in the vapor phases. In our opinion, this is rate the maximum perceived intensity of the odor during this time
a key question the answer to which can give important clues in (retronasal perception). They were not explicitly instructed to avoid
the understanding and modeling of the odor properties of further swallowing during this period, but to behave as in normal wine
solutions containing an odorant. tasting sessions. o .

The main objectives of the work presented here are, first, to Purging Constant. A 150 mL volume of a synthetic wine containing
confirm by sensory analysis if the relative ortho/ret’rona:’;al the eight volatiles studied was poured into a bubbler flask. A stream

. . . . of nitrogen was bubbled for 200 min through the solution at 100 mL
properties of odorants in hydroalcoholic solutions are also related n-1 The volatile-enriched stream of nitrogen was passed through a

to volatility; second, to verify if such a relationship holds also  trap consisting of a cartridge containing 400 mg of LiChrolut EN resin
for sensory measurements of persistence; and, third, to develogMerck, Darmstadt, Germany). After this, volatiles were eluted with
a simple model able to explain why persistence and relative 3.2 mL of dichloromethane; 30L of internal standard (2-octanaf
ortho/retronasal intensities are linearly related to the logarithms = 700 ppm) was added to the extract, which was analyzed on a Fisons
of constants related to volatility (Henry’s constant or gas liquid 8000 series gas chromatograph equipped with a flame ionization
partition coefficient). detector. The column used was a DB-Wax (J&W Scientific, Folsom,
CA; 60 m x 0.32 mmx 0.5um). Chromatographic conditions were
as follows: hydrogen as carrier gas (3 mL miin splitless injection
EXPERIMENTAL PROCEDURES (splitless time 90 s); injection volume &.; injector temperature, 250
°C; detector temperature, 25C; temperature program 4 for 2

Chemicals. Nine aroma-active compounds of the highest purity ; A . A -
available were chosen as examples of chemical groups relevant to flavorMMN: raised at C/min to 200°C and held at this temperature for 15

research. The olfactive purity of these chemicals was controlled by min, ti_i_en r_aised to 226C and held at this temperature for 20 min.

GC—olfactometry (GC-0O). All of them were natural odorants and were Quantification was made on the_ basis of cahbrauon graphs obtained
tested at concentrations at which they can be found in wine and otherfor (_each compound. ‘_I'he eff|C|enc_y of the_ t_rapping sysiem was
natural products. Decanal, eucalyptol, linalool, methionol, and methyl previously checked in different experiments aiming to ensure: 1st, that
vanillate were supplied by’ Aldrich (Gi’IIingham’, UK), eth’yl 2-meth-  the breakthrough volumes of the different volatile compounds are not

ylbutyrate and eugenol were from Fluka (Buchs, Switzerland), and reached and, 2nd, that the elution of the retained compounds is
o-octalactone was from Lancaster (Strasbourg, FrafieBamascenone complete.
was a gift from Firmenich (Geneva, Switzerland). Water was obtained ~ The purging constani, was calculated as follows:
from a Milli-Q purification system (Millipore, Bedford, MA), and
ethanol and tartaric acid were from Panreac (Montcada, Spain). \/\/'0
Sensory Analysesin all cases the analyses were performed in a log |———
tasting room equipped with individual standard test booths. The sensory K = (Wo — W) o)
panel consisted of eight trained individuals (five women and three men), P t
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Table 1. Sensory Properties of the Analyzed Solutions: Mean Orthonasal, Buccal, and Retronasal Intensities (/) and Aftersmell Duration (Tp, Units

in S), Together with the Corresponding Standard Error of the Mean (E)

Compound c (mg L_l) Iortho Eonho Ibucc Ebucc Iretro Eretro TP ETp
eucalyptol blank 0 0.19 0.13 0.25 0.13 0.38 0.18 11.00 491
eucalyptol C1 1 0.50 0.19 0.53 0.24 0.44 0.15 17.80 5.04
eucalyptol C2 5 1.22 0.25 0.97 0.32 1.06 0.31 24.38 5.14
eucalyptol C3 25 2.06 0.11 181 0.35 1.69 0.31 47.50 7.21
mean 1.26 0.18 1.10 0.31 1.06 0.26 29.89 5.80
decanal blank 0 0.13 0.08 0.00 0.00 0.00 0.00 2.88 1.88
decanal C1 0.2 131 0.21 0.84 0.18 1.03 0.18 25.00 4.42
decanal C2 1 1.81 0.25 1.34 0.31 141 0.18 34.50 4.10
decanal C3 5 2.16 0.19 1.75 0.33 1.84 0.24 49.63 3.87
mean 1.76 0.22 131 0.27 143 0.20 36.38 4.13
ethyl 2-methylbutyrate blank 0 0.19 0.13 0.00 0.00 0.00 0.00 4.38 231
ethyl 2-methylbutyrate C1 0.2 0.69 0.26 0.38 0.21 0.38 0.21 12.75 5.09
ethyl 2-methylbutyrate C2 1 1.25 0.16 0.91 0.27 0.75 0.16 23.32 4,05
ethyl 2-methylbutyrate C3 5 2.13 0.21 1.44 0.32 1.50 0.25 39.50 6.54
mean 1.35 0.21 0.91 0.26 0.88 0.20 25.19 5.23
eugenol blank 0 0.38 0.21 0.50 0.27 0.38 0.21 9.50 5.27
eugenol C1 0.2 0.53 0.14 0.34 0.12 0.41 0.12 16.88 4.47
eugenol C2 1 1.00 041 0.88 0.41 1.06 0.37 24.00 7.76
eugenol C3 5 1.81 0.27 181 0.21 1.69 0.19 51.50 8.19
mean 111 0.27 1.01 0.25 1.05 0.22 30.79 6.81
linalool blank 0 0.44 0.20 0.25 0.16 0.28 0.15 11.38 5.21
linalool C1 0.4 0.84 0.16 0.63 0.23 0.72 0.20 18.63 5.26
linalool C2 2 113 0.32 1.00 0.30 1.06 0.29 27.63 4.46
linalool C3 10 181 0.30 1.63 0.32 1.63 0.25 43.88 9.84
mean 1.26 0.26 1.08 0.28 114 0.24 30.04 6.52
methionol blank 0 0.25 0.13 0.19 0.13 0.25 0.19 8.25 4.29
methionol C1 3 0.34 0.18 0.13 0.13 0.38 0.16 12.05 4,96
methionol C2 15 1.38 0.23 1.06 0.27 1.38 0.16 39.88 5.95
methionol C3 75 2.38 0.08 2.19 0.23 2.56 0.15 75.38 9.35
mean 1.36 0.16 113 0.21 144 0.15 42.43 6.76
methy! vanillate blank 0 0.64 0.17 0.64 0.26 0.64 0.28 16.38 5.27
methyl vanillate C1 8 0.29 0.14 0.50 0.18 0.64 0.24 21.36 5.18
methyl vanillate C2 40 0.39 0.10 1.00 0.29 0.93 0.21 30.21 6.98
methyl vanillate C3 200 143 0.12 1.79 0.27 2.21 0.17 83.86 15.68
mean 0.70 0.12 1.10 0.24 1.26 0.21 45.14 9.28
o-octalactone blank 0 0.13 0.08 0.13 0.13 0.19 0.13 6.25 3.44
o-octalactone C1 4 041 0.15 0.38 0.21 0.53 0.19 25.25 7.24
d-octalactone C2 20 1.06 0.15 1.03 0.23 141 0.25 41.75 7.34
o-octalactone C3 100 1.94 0.18 1.66 0.29 191 0.22 78.38 12.45
mean 114 0.16 1.02 0.24 1.28 0.22 48.46 9.01
grand mean 1.24 0.20 1.08 0.26 1.19 0.21 36.04 6.69

whereW, is the initial mass of compournidin the extractor\, is its RESULTS

mass in the extract, artds the duration of the stripping process.
Data Treatment. A three-way ANOVA (balanced general linear

Differences between Orthonasal and Retronasal Intensities

model; factors judge, concentration, and perception) was used toin Hydroalcoholic Solutions. A primary objective of the present
compare intensities. Tukey’s test served for pairwise comparisons within work was to study the differences between the relative intensities
the factor judge and Bonferroni’s test for the comparisons within factors of the orthonasal, buccal, and retronasal pathways for a series
concentration and perception (17). When aftersmell duration results of odorants dissolved in hydroalcoholic solutions. The complete
were compared, a two-way ANOVA (factors judge and concentration) get of sensory results is shown fable 1, and the basic

was carried out.

Estimation of Physicochemical Properties.Boiling point (bp),
vapor pressure (p), Henry’s law constaKt}, water solubility (W),
and octanol—water partition (IoB) were estimated by using the EPI
Suite (18) (25°C reference temperature).

Additionally, gas—liquid partition coefficients (GLPCs) were esti-

mated from an empirical equation (19)

@)

ANOVA statistics carried out on the set of data are shown in
Table 2. A first observation that can be made is that buccal
intensities are nearly always close to retronasal intensities, which
suggests that buccal perception of odor is just a physiologically
restricted form of retronasal perception. Because of this and
the, in general, higher imprecision obtained in the measurement
of buccal odor intensities, we will focus on the differences
between orthonasal and retronasal pathways.

The last column inTable 2 gives the average difference
between the odor intensity scores obtained between the retro-

where Rlpis the retention index of the compound on an apolar column Nasal and orthonasal routes of olfaction for each of the
andAR! a difference of retention indices measured on polar and apolar COmpounds (4). A negative value for this parameter indicates
columns. Precise retention indices were taken from the SKAF flavor that, on average, such a compound is perceived more intensely
database from Farkas et al. (20).

by the orthonasal route, whereas a positive value indicates the
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Table 2. Three-Way ANOVA of Panel Intensity Measurements and 100
Mean Difference between Retronasal and Orthonasal Perceptions? —&— decanal

80 4 | O ethyl 2-methylbutyrate

concn judge perception route  mean ——v-- eucalyptol
compound F p F p F P Al —A— eugenol
60
eucalyptol 339 <0.001 52 0.004 2.0 0.178 -0.198
decanal 252 <0.001 86 <0001 122 0004 -0.333 -
ethyl 2-methyl- 895 <0.001 179 <0001 367 <0.001 —0.479 ~ 40
butyrate =
eugenol 67.7 <0.001 181 <0001 05 0499 —0.063
linalool 200 <0001 113 <0001 10 0328 -0.125 20 4
methionol 244 <0001 7.1 <0.001 0.9 0.366 0.073
methyl vanillate 546 <0.001 16 0228 238 <0.001  0.560
o-octalactone 104  <0.001 141 <0.001 32 0.097 0.146 0
@ Results from two independent sensory experiments are given. 100
. . . . . —&— linalool
opposite. Differences, in general, were not very high, and, in 804 |-O-- methionol }g
fact, in only three cases (decanal, ethyl 2-methylbutyrate, and ——w— methyl vanillate P
methyl vanillate) were they sta_ltlstlcally S|gn|f|cant.Eat§ .0.05). 0 |—A— S-octalactone A
In any case, these mean differenced{) are significantly 4

correlated with the volatility of the compounds or with other
physicochemical parameters related to volatility, as can ber_l 40 1
clearly seen irrable 3.

All of these results confirm the major role of volatility in the 20 -
relative sensitivity of the orthonasal and retronasal odor routes.
Orthonasal olfaction is more sensitive to volatile and not very
water-soluble compounds (ethyl 2-methylbutyrate), whereas
retronasal olfaction is relatively more sensitive to the less volatile
and/or very soluble compounds (methyl vanillate or methionol).
These results are coincident with those presented by Linforth
et al. 12) and with those recently presented by Espin®a (

Persistence of the AftersmellAverage aftersmell persistence
(Tp, arithmetic mean of panelists’ data) and the corresponding inverse relationship between the persistence of an odorant in
standard errors of the mean are showiTable 1 and are also  the aftersmell and its volatility.
plotted onFigure 1. Table 4 shows the results of a two-way Therefore, the sensory results here presented confirm the
ANOVA carried out on aftersmell duration data. Aftersmell previous reports about the role of volatility, measured by log
duration was also examined to detect possible correlations withKy or log K, on the release of odorants contained in liquid
the different physicochemical properties presentetdahle 3, solutions. However, it should be noted that, although it is not
and the results of the study are also shown in that table. As cansurprising that volatility was involved in retronasal perception,
be seen, in this case the best correlations are found betweerthere is no sound basis to explain why such a relationship is
the aftersmell duration of the most concentrated solutions andwith the logarithm ofK and not withK itself, which is the
the log of the purging constari,, as is shown ifFigure 2 (Tp parameter related to the concentration of odorant in the vapor
= —8.3345x log Kp + 25299;R%2 = 0.91,F = 67.4,P < phases. In the next part of the paper, we present a model able
0.001). This parameter is a different estimate of the volatility to explain the role of volatility in the relative ortho/retronasal
of the odorant, and its importance and significance are discussedoroperties and aftersmell duration of a given odorant.
later. This result is also coincident with those reported by  Model for Aftersmell and Retronasal Odor Intensity. The
Linforth and Taylor {1) and documents the existence of a strong premises under which the model lies are as follows.

blank C1 Cc2 C3
Figure 1. Aftersmell duration functions for eight compounds. C1, C2, and
C3 refer to the concentrations of the solutions given in Table 1.

Table 3. Physicochemical Properties of the Volatile Compounds Studied and Their Corresponding Coefficient of Determination (R ?) of Regression
with the Mean Differences between Retronasal and Orthonasal Intensities (Al,) and Mean Duration of Aftersmell (Tp)

compound bp (°C) MW Wsor (Mg L) log p o (mmHg) log K log GLPCest Rlpg—wax log K

eucalyptol 174.1 154.2 332 313 1.56 -3.02 -1.003 1210 -2.78
decanal 216.1 156.3 435 3.76 0.24 -2.95 -1.831 1503 -1.96
ethyl 2-methylbutyrate 134.9 130.2 1070 2.26 8.03 -2.89 -1.345 1055 -1.66
eugenol 264.3 164.2 754 2.73 0.01 -5.57 -3.557 2174 -4.91
linalool 204.1 154.2 684 3.38 0.08 -4.61 -2.608 1560 -2.91
methionol 1775 106.2 47450 0.44 0.28 -6.08 -3.582 1727 -6.33
methyl vanillate 285.7 182.2 1495 1.82 0 -6.99 —4.042 2613 -6.68
o-octalactone 250 1422 3632 1.59 0.03 -5.85 -2.388 1976 -5.81
determination coefficients with A,

R? 0.56 0.13 0.04 0.27 0.35 0.83%** 0.60* 0.79* 0.84%**
determination coefficients with Tp

R2 (av)2 0.34 0.00 0.51 0.35 0.34 0.53 0.28 0.45 0.73**

R?2 (Ciax)? 0.34 0.00 0.49 0.54 0.25 0.72** 0.44 0.56 0.91%**

a Average of persistence (as log Tp) for the three different concentrations studied. ? Persistence of the maximum concentration studied.
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Table 4. Two-Way ANOVA of Aftersmell Duration Measurements

concn judge
compound F p F p
eucalyptol 9.0 0.003 19 0.154
decanal 14.6 <0.001 29 0.044
ethyl 2-methylbutyrate 9.3 0.003 24 0.081
eugenol 9.5 0.002 2.2 0.099
linalool 4.2 0.038 17 0.196
methionol 312 <0.001 2.6 0.063
methyl vanillate 10.4 0.002 13 0.316
d-octalactone 14.3 <0.001 31 0.036

100

90 1

Met vanilatees ™
~

80 4

70 4

T, (s)

60 -

~
I\ ~
~
Eucﬁm\o[
Linaloal &~

50 4 Eugenol

40 A

30

20 T T T T T T 1

logK,

Figure 2. Average aftersmell durations (Tp) at the highest concentration
levels as a function of logarithm of purge constant Ki,.

First, after swallowing, there are two different places in which
odorants still can be found: in the throat, forming a thin film,
and in the mouth, forming a thicker film. The mouth is a major
reservoir for volatiles.
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12
—— Ethyl 2-methylbutyrate
wd e Linalool
————— Methionol
— 84
£
o
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c
[o]
o
2 A
od 0 N e T
0,0 05 1,0 1,5 20 2,5
time (min})

Figure 3. Predicted evolution of concentration of three volatile compounds
with different volatilities in the mouth according to eq 1 and data in Table
3.

According to these ideas, the amount of volatile lost by
swallowing (considered to be a continuous process) in tiree

dc ¢
dt iV (3)
whereC; is the concentration of volatile in the mouth at tite
F is the flow of saliva and the average flow swallowed, &hd
is the volume of liquid in the mouth. Similarly, the amount of
volatile lost from the liquid in the mouth by transference to the
gas phase is

dg
- E = Kmei

(4)

WhereKipm is the mouth purging constant for volatilewhich
is related to the volatile Henry’s constant, to the flow of air, to

Second, the transfer of volatiles to the olfactory epithelium temperature, to some geometric features, and, eventually, to the
takes place mainly by vaporization of the odorants placed in Mmass transfer coefficienC; is the concentration of volatile in
the throat, which in a relatively short time becomes depleted. the mouth at time.

However, such a film is renewed by a new small volume of

saliva containing volatiles swallowed from the mouth. The

The combination of both expressions makes it possible to
state that the change of concentration of a given volatile at a

concentration of the pool of odorants in the mouth decreasesdiven time in the liquid contained in the mouth is

due to progressive dilution with saliva and further swallowing.
Third, for the sake of simplicity, the mouttthroat system

will be considered as a single system, similar to a perfect mixing

tank filled with a small and constant volume of liquid. There is
a flow of liquid (saliva) getting into the tank with no concentra-
tion of volatiles, and a second flow of liquid flowing out

(swallowing) with the concentration of volatiles present at that

moment in the mouththroat. Similarly, there is a constant

dC : =
T (K'pm + \_/)Ci (5)
The integration of this expression gives
1 (i ,F
logC, =log C — miK'pm + \—/)t, (6)

supplement of gas free from volatiles and an equivalent output whereC; is the concentration of volatileat timet andCig is
of gas carrying out volatiles released from the liquid present at the concentration of that volatile at time 0.

that moment in the mouth—throat.
Fourth, the model will focus on the concentration of volatiles
present in the liquid phase of this ideal motthroat system.

Approximated parameters for this function have been esti-
mated as follows:F has been taken as 1 mL mi) which is
a normal saliva flowV has been taken as 1 mL, which can be

Retronasal intensity and odor persistence will be modeled by also considered as an “average” volume of liquid contained in
assuming that both are related to the evolution with time of the mouth after swallowingkj,, values have been obtained
volatiles in the liquid phase of the ideal mouth and to the odor from a dynamic headspace sampling systéts 6ee Experi-

properties of such solutions.

mental Procedures anthble 3) and have been used directly

Fifth, the last premise is that the odor properties of the liquid after normalization to the volume of gas pumped from the lung

film can be interpreted by using thilog C relationships

to the nostrils in average (15 100= 1500 mL mirm?) and to

obtained by orthonasal olfaction of solutions containing the the volume of liquid (1 mL). Under these conditioKgm =

odorants (Table 1).

1000K,.
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Table 5. Orthonasal Thresholds and Initial Concentrations Used for

Modeling Persistence

orthonasal threshold

compound (ppm) (Cin) Co(mg L)
decanal 0.0017 5
ethyl 2-methylbutyrate 0.074 5
eucalyptol 0.55 25
eugenol 0.158 5
linalool 0.132 10
methionol 25 75
methyl vanillate 0.195 200
o-octalactone 0.71 100

200 1

150

100 A

50 A

T, predicted (s)

s
s
e

-50 4

-100 T T T T T T 1
30 40 50 60 70 80 90 100

T, measured (s)

Figure 4. Aftersmell persistence predicted with eq 3 as a function of
measured persistence.

Figure 3 shows the decrease of the concentration of three
volatile compounds with different volatilities in the mouth
according to eq 6 and data Trable 3. In all cases the initial

Ferreira et al.

an odorant is the time at which the concentration of such odorant
in the mouth equals the orthonasal odor threshdlg)(
Thresholds have been directly calculated fromlttog C plots
built with data inTable 1 as the concentration at which the
orthonasal intensity becomes the intensity of the blank and are
shown inTable 5.

Therefore, persistence can be directly estimated from eq 6,
making Ciy = Ci, andt = Tp.

2.303(logC, — log C,
Tp (S)= ( g i0 F g |th)50 (7)
|
Kpm T v
The values calculated with this equation are proportional to the
experimental values (prép = 3.061Tp — 106, withRZ = 0.820,
significant atP < 0.002), as shown ifrigure 4.
Calculation of Retronasal Intensity. Retronasal intensity
is going to be estimated by using a plot similar to the one
presented irFigure 3, but in which orthonasal intensity, in
addition to concentration, will be also plotted on theaxis.
Orthonasal intensity is calculated from the correspondfiog
C relationships.Figure 5 illustrates how calculations were
actually done. Evolution of the concentration of linalool or
methionol with time was obtained from the following equation
(exponential form of eq 6):
C, = C, x 10 Kem 11 (8)
Next, the orthonasal odor intensities that such concentrations
would produce at that time have been estimated by using the
correspondind/log C plots. These intensities are marked as
odor intensity in the figures. The last curve (identified in the
graphs as AOIx 10) represents the integral of the previous
odor intensity versus time curve. In the case of linalool, for
instance, the figure shows that a 10 ppm solution has a residence

concentration of these compounds was 10 ppm. As can be seenime of ~1.1 min, that the orthonasal intensities of the liquid
in the figure, the model predicts a residence time (time neededfilm remaining in the mouth range from 1.7 (initial) to 0.03

to virtually disappear) in the mouth after swallowing below 0.2
min for ethyl 2-methylbutyrate; this residence time is 1.1 min
for linalool, whereas in the case of methiorro2 min will be
needed for its actual concentration to becdig of its initial
concentration.

Calculation of Persistence.To model persistence, we will

(final), and that the accumulated odor intensity (AOI»i40.

In the case of methionol, the residence time wouldt2emin;
however, as the odor threshold is reached-atmin, the area

of the curve intensity versus time would be just, less than
that of linalool. Of course, the values given before were not
intended to be exact, but rather to show differences between

use a practical definition of this parameter: The persistence of compounds. Our hypothesis is that the square root of such area,

Concentration (mg/L)

Odor Intensity

= Accumulated O. . x 10

linalool

Intensity

e
[=10 % I = = K

C (ppm) or Odor

0,2 0,4

o

06 08 1 1,2

time(min)

methionol

C (ppm) or Odor
Intensity

1 1.2 1.4 16 1.8 2

time(min)

Figure 5. Evolution of concentration, odor intensity, and accumulated odor intensities (AQI) with time for two solutions containing 10 mg L=* of linalool

or methionol.
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Figure 6. Differences between average retronasal (k) and orthonasal
intensities (l), Ako, as a function of the predicted differences between
square root of AOI and orthonasal intensities (averaged).
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Figure 7. Regression plot of the data predicted by the model and the
original mouthspace/headespace data presented by Linforth et al. (12).

which geometrically is the height of a square with such area, is

proportional to the retronasal intensity of the compound.
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Application of the Model to Data Presented by Other
Authors. The model has been applied to part of the datasets
presented by Linforth and Taylor and Linforth and colleagues
in 2000 and 2002, respectively. In particular, the 23 components
common to both datasets and for which persistence (instrumen-
tally measured) and ms/hs or ns/hs data exist were selected. As
a measure of volatility, Henry’s constant has been used without
any other transformation than a multiplication by 10000, to make
its magnitude similar to that d€pm. In this case, the accumulated
concentration, instead of the AOI, has been recorded. Results
of the study are shown ifigures 7 and 8. As both figures
show, the square roots of the accumulated concentration (or area)
are closely related to the instrumental measurements of persis-
tence or ms/hs. In both cases, the relationship is linear and the
square correlation coefficient is close to those originally found
by the authors with lo@ or log Kaw. These results demonstrate
that the proposed model is general and that it satisfactorily
explains the role of volatility, measured now Ky or Ky, and
not by their log values.

In the case ofFigure 7, a group of compounds behaves
differently from expected according to the model, because their
SQR(areas) are higher than those predicted. Surprisingly, all
of these compounds share important chemical features, because
they all have a relatively high molecular weight and a hydrogen
atom with Lewis acid properties. It is not clear whether this
particular behavior means that Henry’s constant is not adequate
to evaluate the volatility of these compounds in agueous media
(the volatility would be overestimated) or, on the contrary, that
these compounds are more retained or absorbed by mucosa,
which would cause an additional decrease of their concentration
in the mouthspace. For nosepace/headspace values the plot is
absolutely equivalent (plot not shown).

DISCUSSION

The proposed model differs in several key aspects from other
models recently presented in the literatud {24). A major

For each of the eight studied compounds, the AOIs for each difference is the objective. Most of the proposed models pursue

of the three solutions tested were calculated and averaged, givinga detailed explanation of the patterns of instrumental data
a single value per compound. Then, the square root of suchobtained by MS-nose analysis. These data are collected continu-
figure was taken, and the average orthonasal intensities obtaineausly, which makes it possible to detect not only the general
in the three solutions were subtracted. This parameter is closelybut also the fine details of the patterns. Accordingly, the models
related to the measured differences in intensity between retro-tend to include a large number of parameters and particular
nasal and orthonasal olfaction, as can be sedigare 6 (R? experimental details. In our case, we are modeling a sensory
= 0.99,F = 1989.7,P < 0.001). attribute, which is the result of a large number of transformations
AOIs can also be used for the calculation of persistence. The of the original signals, and there is no point in introducing many
olfactometric area is correlated (except in the case of methyl particular parameters. Second, in most cases the in vivo
vanillate) with the experimental measurements of persistencemeasurement involves extremely rigid protocols to control
(R? = 0.85,F = 106.7,P < 0.001). variability (23). One of the consequences of such procedures is

2,
1,8 i
1,6
1,4 1
1,2 1

SQR(area)

y = 0,2419x + 0,1738
R? = 0,7976

logTy(Linforth-Taylor, 2000)

Figure 8. Regression plot of the data predicted by the model and the logarithm of the instrumental persistence (percent) data presented by Linforth and
Taylor (11).
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that the subjects are not allowed to freely swallow, which is

not a real situation, although it makes the recordings more
reproducible. Therefore, most of these models are exclusively

Ferreira et al.

(11) Linforth, R.; Taylor, A. J. Persistence of volatile compounds in
the breath after their consumption in aqueous solutidn&gric.
Food Chem2000,48, 5419—5423.

considering the transference of odorants from the film deposited (12) Linforth, R.; Martin, F.; Carey, M.; Davidson, J.; Taylor, A. J.

after the first swallowing in the throat, deliberately forgetting

that the mouth is a more stable pool of odorants, as has been

shown by Buettnerl(4) and Hodgson et al2f), among others.

Third, we are interested mainly in assessing the role of the

volatility of the compound on the relative intensities of its

different perceptual routes and on its persistence. This issue has
not been satisfactorily solved by those models (mainly because
they were not designed for such an aim). In fact, as stated in

the Introduction, all of the relationships between the experi-

Retronasal transport of aroma compourld#\gric. Food Chem.
2002,50, 1111—-1117.

(13) van Ruth, S. M.; O’Connor, C. H.; Delahunty, C. M. Relation-
ships between temporal release of aroma compounds in a model
mouth system and their physico-chemical characteristiosd
Chem.2000,71, 393—399.

(14) Buettner, A. Investigation of potent odorants and afterodor
development in two Chardonnay wines using the Buccal Odor
Screening System (BOSS). Agric. Food Chem2004, 52,
2339—2346.

mental measurements of persistence are with logarithms of (15) van Gemert, L. JCompilations of Odour Threshold Values in

volatilities and not with volatilities. Furthermore, there is a

common agreement between researchers that large differences

in volatility in vitro cause only small differences in apparent
volatility in vivo (23, 25). This question is partially answered
with our model.

Volatility appears to be the main driving force of the release
and transference of odorants from liquid solutions to the

olfactory epithelium. Deliberately, the model does not consider

any other parameter, such as interactions with muc28pdr
with salivary proteins Z7). Therefore, whenever such factors
exert a significant effect, the model will fail, or, vice versa,
whenever the model fails, it will be an indirect evidence of the
existence of other effects.
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