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The influence of human whole saliva on selected alcohols, aldehydes, 3-alkyl-2-methoxypyrazines,
and phenols in food-relevant concentrations was investigated. At pH 7.5-8 it was found that the
alcohols, methoxyphenols, methoxypyrazines, and 3-hydroxy-4,5-dimethyl-2(5H)-furanone remained
unmodified by saliva, whereas aldehydes were reduced to their corresponding alcohols. Generally,
the processes were found to be dependent on the salivary activity of the panelists as well as on the
concentration of the applied odorants. Reduction of the aldehydes did not occur after thermal treatment
of the saliva. These investigations are aimed at finding an explanation for longer lasting aftertaste in
humans, as it is induced by some odor-active compounds after the consumption of food materials.
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INTRODUCTION

In the first part of these investigations the presence of
esterases and peroxidases in human saliva and their possible
influence on odorant metabolisation was discussed (1). It was
found that esters and thiols were degraded during incubation
with saliva with different specificities according to their
chemical structures. Furthermore, the reduction of benzaldehyde
and cinnamaldehyde has been reported previously when odorant
solutions were rinsed in the oral cavity and were analyzed after
solvent extraction of the spitted-out material (2). The present
study is aimed at the investigation of the influence of the salivary
enzymatic activities on key food odorants from the substance
classes of aldehydes, alcohols, methoxyphenols, 3-alkyl-2-
methoxypyrazines, and 3-hydroxy-4,5-dimethyl-2(5H)-furanone
in food relevant concentrations.

MATERIALS AND METHODS

Chemicals. The following pure odorants were obtained from the
suppliers shown: ethyl butanoate, hexanal, hexanol, octanal, decanal,
methional, methionol, guaiacol (2-methoxyphenol), 3-hydroxy-4,5-
dimethyl-2(5H)-furanone (sotolone), 3-isopropyl-2-methoxypyrazine,
3-isobutyl-2-methoxypyrazine, 3-sec-butyl-2-methoxypyrazine, 2-phen-
ylethanthiol, phenylacetaldehyde, phenylethanol, and 2-furfurylthiol
(Aldrich, Steinheim, Germany); 4-vinylguaiacol (2-methoxy-4-vin-
ylphenol) (Lancaster, Mu¨hlheim, Germany). The compounds were
freshly distilled prior to analysis. Chemical and sensory purity was
checked by gas chromatography-olfactometry (GC-O) as well as gas
chromatography-mass spectrometry (GC-MS).

Preparation of the Aqueous Odorant Solutions.One percent stock
solutions of the single odorants in absolute ethanol were freshly prepared
and diluted with deodorized water prior to enzymatic analysis to obtain

500 mL of single aqueous solutions of each odorant (concentration)
100 and 1000µg/L water, respectively).

Syntheses.The following labeled internal standards were synthesized
according to the literature cited: [5,5-2H2]decanal (3), [2,2,2-2H3]ethyl
butanoate (4), 2-[R-2H2]-2-furfuylthiol (5), [2H3]guaiacol (6), [3,3,4,4-
2H4]hexanal (6), [3,3,4,4-2H4]hexanol (6), [13C2]-3-hydroxy-4,5-di-
methyl-2(5H)-furanone (7), 3-isopropyl-2-[2H3]methoxypyrazine (8),
3-isobutyl-2-[2H3]methoxypyrazine (9), [2H6]-3-mercapto-3-methyl-1-
butanol (10), 3-([2H3]methylthio)-1-propanal (5), 3-([2H3]methylthio)-
1-propanol (11), [5,5,6,6-2H2]nonanal (12), [3,3,4,4-2H4]octanal (13),
phenyl[13C2]acetaldehyde and phenyl[13C2]ethanol (14), [1,1-2H2]-2-
phenylethanthiol (15), 3-sec-butyl-2-[2H3]methoxypyrazine (16), and
[2H3]vinylguaiacol (17).The concentrations of the labeled internal
standards and the response factors (FID) were determined gas chro-
matographically using methyl octanoate as the internal standard as
described recently (3). The calibration factors for the labeled compounds
were calculated as reported recently (18). The mass traces as well as
the calibration factors used for quantitation are given inTable 1.

Enzymatic Analysis.Collection of SaliVa and Enzyme Assay.Mixed
whole saliva (10 mL) was collected separately from four panelists 2 h
after breakfast and thorough cleaning of the teeth and was used
immediately for analysis. Panelists (two males and two females) were
volunteers (nonsmokers) of the Technical University of Munich (22-
30 years of age), exhibiting no known illnesses at the time of
examination and with normal olfactory and gustatory function. Subjec-
tive aroma perception was normal in the past and at the time of
examination. Before sampling, each panelist rinsed his/her mouth
several times with tap water to avoid any contamination.

The enzyme assays were performed four times for each panelist at
pH 7.5-8 (pH of saliva) according to the method given in ref1. To
make sure that contamination of the samples with odorants originating
from the saliva or from the water could be excluded, reference (without
addition of saliva) and blank samples (without odorant) were run in
exactly the same way as the enzyme assays.

Inhibition of Enzymatic ActiVity. The same experiments were
performed after thermal treatment of the saliva samples in a closed

† Telephone 089-28914181; fax 089-28914183; e-mail Andrea.
Buettner@Lrz.tum.de.

J. Agric. Food Chem. 2002, 50, 7105−7110 7105

10.1021/jf020714o CCC: $22.00 © 2002 American Chemical Society
Published on Web 10/19/2002



vessel (100°C, 10 min). The saliva was cooled to 37°C and
immediately applied for the enzyme assays as described above.

Quantitation of the Odorants by Stable Isotope Dilution Assays.The
solution was then spiked with known amounts of the labeled internal
standards, stirred for equilibration (20 min), and extracted with
dichloromethane (three times, total volume) 200 mL). The combined
organic extracts were dried over anhydrous Na2SO4, then concentrated
to a total volume of 200µL, and subsequently analyzed by multi-
dimensional GC-MS.

High-Resolution Gas Chromatography-Mass Spectrometry.The
odorants were quantified by two-dimensional gas chromatography (TD-
HRGC) using a Mega 2 gas chromatograph (Fisons Instruments, Mainz-
Kastel, Germany) as the precolumn system in tandem with a Fisons
GC 5160 as the main column system. MS analyses were performed
with an ITD-800 (Fisons Instruments, Mainz-Kastel, Germany) running
in the CI mode with methanol as the reagent gas. The following fused
silica columns were used: DB-FFAP (30 m× 0.32 mm i.d., 0.25µm
FD, J&W Scientific, Folsom, CA) in combination with a DB-5 (SE-
54; 30 m× 0.32 mm i.d., 0.25µm FD, J&W Scientific). The gas
chromatographic conditions were the same as described previously (19).

RESULTS

The odor qualities, the orthonasal odor thresholds in water,
and an overview of concentration ranges in foods of the
investigated compounds are given inTable 2. Care was taken,
as already stated in the Introduction, to perform all experiments
in food relevant concentrations.

3-Alkyl-2-methoxypyrazines, Methoxyphenols, and So-
tolone. After 1, 5, and 10 min of incubation with saliva at pH
7.5-8 no degradation of 3-isopropyl-2-methoxypyrazine, 3-iso-
butyl-2-methoxypyrazine, 3-sec-butyl-2-methoxypyrazine, guai-
acol, vinylguaiacol, and sotolone was observable for all panelists
(data not shown), indicating that no significant enzymatic or
chemical reaction takes place between these odorants and
enzymes or other salivary constituents. That means 100% of
the initial concentrations of the odorants were present in the
model solutions after incubation.

Alcohols.No enzymatic or chemical degradation of hexanol,
methionol, and phenylethanol could be observed during an
incubation with saliva of 1, 5, and 10 min, respectively (data
not shown).

Aldehydes. In contrast to this, an effect of incubation with
saliva was found for the aldehydes. InFigure 1 the decrease of
hexanal during incubation is shown for two different initial
concentrations, 100 and 1000µg/L of water, respectively. In
the higher concentration, hexanal was reduced by only∼10%
in comparison to the initial concentration after 10 min, whereas
at lower concentration the reduction was more significant at
∼20%. Moreover, the decrease of hexanal was related to the
formation of hexanol (Figure 2), indicating that reduction of
hexanal to hexanol is the obvious reaction occurring with saliva.
Methional was found to follow the same reaction, being reduced

Table 1. Selected Ions and Calibration Factors Used for Quantitation by Stable Isotope Dilution Assays

odorant ion (m/z) internal standard ion (m/z) calibration factor

3-isopropyl-2-methoxypyrazine 105 3-isopropyl-2-[2H3]methoxypyrazine 108 1.00
3-isobutyl-2-methoxypyrazine 167 3-isobutyl-2-[2H3]methoxypyrazine 170 0.95
3-sec-butyl-2-methoxypyrazine 167 3-sec-butyl-2-[2H3]methoxypyrazine 170 1.00
sotolone 129 [13C2]-3-hydroxy-4,5-dimethyl-2(5H)-furanone 131 1.00
guaiacol 125 [2H3]guaiacol 128 0.94
vinylguaiacol 151 [2H3]vinylguaiacol 154 1.00
hexanol 85 [3,3,4,4-2H4]hexanal 89−90 0.90
methionol 89 3-([2H3]methylthio)-1-propanol 92 0.75
phenylethanol 105 phenyl[13C2]ethanol 107 1.00
hexanal 101 [3,3,4,4-2H4]hexanal 104−106 0.73
octanal 111 [3,3,4,4-2H4]octanal 113−115 0.87
nonanal 143 [5,5,6,6-2H2]nonanal 147 0.87
decanal 157 [5,6-2H2]decanal 158−160 0.64
methional 105 3-([2H3]methylthio)-1-propanal 108 0.71
phenylacetaldehyde 121 phenyl[13C2]acetaldehyde 123 1.00
ethyl butanoate 117 [2,2,2-2H3]ethyl butanoate 120 1.00
2-phenylethanthiol 105 [1,1-2H2]-2-phenylethanthiol 107 0.95
2-furfurylthiol 115 2-[R-2H2]-2-furfuylthiol 117 1.00
3-mercapto-3-methyl-1-butanol 87 [2H6]-3-mercapto-3-methyl-1-butanol 92 1.00

Table 2. Important Odorants in Foods

odorant odor qualitya

orthonasal
odor threshold
in watera (µg/L) concentration in foodb (µg/kg)

3-isopropyl-2-methoxypyrazine earthy 0.002 0.1−5 (bell pepper, coffee)
3-isobutyl-2-methoxypyrazine earthy 0.005 10−100 (bell pepper, coffee)
3-sec-butyl-2-methoxypyrazine earthy 0.002 0.1−10 (bell pepper, coffee)
sotolone spicy 0.3 1−5 (chicken, beef, pork)
guaiacol smoky 2.5 1−7000 (chicken, beef, coffee)
vinylguaiacol clove-like 20 1−60000 (clementine, coffee)
hexanol grassy 50 1500−2000 (white wine)
methionol cooked potato 5 1000−2000 (beer)
2-phenylethanol honey-like 1000 200−20000 (milk chocolate, olive oil, bread crumb, white wine)
hexanal grassy 10.5 100−200 (orange juice)
octanal citrus-like 8 10−100 (orange juice)
decanal citrus-like, soapy 5 50−200 (orange juice)
methional cooked potato 0.2 100−200 (coffee)
phenylacetaldehyde honey-like 4 10−50 (milk chocolate)

a Data from refs 36 and 37. b Data from refs 3, 11, 12, 14, 15, and 38−48.
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to methionol to about the same extent as hexanal (Figure 3).
Generally, variations between saliva samples and panelists were
found to be very low.

Investigation of homologous aliphatic aldehydes in the
presence of saliva showed that the degradation after 10 min
varied from about 30-50% for the single compounds (Figure
4). Slightly higher decreases were observed for the less polar

even-chained aldehydes. However, this tendency was not valid
for nonanal (uneven carbon atom number), which was slightly
less degraded as compared to octanal.

Treatment of phenylacetaldehyde also resulted in a decrease
of the odorant (whereas phenylethanol remained unmodified,
as discussed before) (Figure 5). The experiment was repeated
three times with three different samples of saliva from one
panelist at three different days (experiments 1, 2, and 3). It was
found that the enzymatic degradation of phenylacetaldehyde
could vary by∼5-20% from one day to the other, indicating
that reductive salivary activity for one panelist is not fully
consistent. As for the other aldehydes, a conversion of phenyl-
acetaldehyde into phenylethanol was found (data not shown).
On the other hand, for all investigated aldehydes no distinct
oxidation to the corresponding acids was observed. However,
the possibility of a slight acid formation cannot be excluded,
because all examined acids (butanoic, hexanoic, octanoic, and
phenylacetic acid) were found to some extent in human untreated
saliva, making the determination of additional trace amounts
very difficult.

After thermal treatment of the saliva (100°C, 10 min), no
degradation of the aldehydes was observable, resulting in a
100% recovery of the odorants after incubation with saliva.

Figure 1. Remaining quantities of hexanal after treatment with saliva, as
dependent on the initial odorant’s concentration (100 and 1000 µg/L,
respectively). Values are the means of four replicates; error bars show
the standard deviations.

Figure 2. Conversion of hexanal to hexanol during incubation with saliva.
Initial concentration of hexanal ) 100 µg/L. Values are the means of
four replicates; error bars show the standard deviations.

Figure 3. Conversion of methional to methionol in the presence of saliva
(two female panelists). Initial concentration of methional ) 100 µg/L.
Values are the means of four replicates; error bars show the standard
deviations.

Figure 4. Remaining quantities of homologous aldehydes after treatment
with saliva for 10 min (one panelist); comparison between two different
sampling days (day 1, open bars; day 2, shaded bars). Values are the
means of four replicates; error bars show the standard deviations. Initial
concentration of the aldehydes ) 100 µg/L.

Figure 5. Remaining quantities of phenylacetaldehyde and phenylethanol
after incubation with saliva for 10 min on three different days (experiments
1−3; one panelist). Initial concentration of phenylacetaldehyde and
2-phenylethanol ) 100 µg/L.
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DISCUSSION

3-Alkyl-2-Methoxypyrazines, Methoxyphenols, Sotolone,
and Alcohols.The finding that no degradation of the compounds
was observable at pH 7.5-8 does not exclude the possibility
that some of the compounds might be decomposed at other pH
values. For example, it is possible that the phenols might be
oxidized at a different pH as an oxidizing capacity of saliva
has already been shown for thiols (1, 20). However, the
buffering capacity of saliva has been reported to be very high,
so the relevance of such reactions at higher or lower pH has to
be checked carefully when one is focusing on degradations in
the oral cavity during or after food consumption.

Aldehydes.As already stated, evidence has been previously
found for the reduction of benzaldehyde and cinnamaldehyde
to their corresponding alcohols (2). This observation is in full
agreement with the present investigation. Generally, the two
major metabolic pathways for aldehydes in human beings are
oxidation to carboxylic acids and reduction to the corresponding
alcohols, with the first being catalyzed by NAD-linked alcohol
dehydrogenases and by NADP-linked aldehyde reductases (21).
The presence of enzymes with such hydrogen-transferring
properties has been reported numerous times in saliva and
salivary glands. In 1968, a series of dehydrogenases, such as
lactate dehydrogenase, malate dehydrogenase, succinate dehy-
drogenase and many more, were reported to be present in saliva,
but were said to be of bacterial origin (22). Later, salivary lactate
dehydrogenase was studied in detail, for example, the enzymatic
activity and isoenzyme pattern thereof (23, 24). Also, the
polymorphism and substrate specificity, as well as the induction
of human salivary aldehyde dehydrogenases, for example, by
ingestion of coffee and broccoli, has been investigated (25-
29). Generally, alcohol dehydrogenase, aldehyde reductase, and
aldehyde dehydrogenase activities are found in many tissues,
each accepting a great variety of aldehydes as substrates (21).
Interestingly, in the present study no significant evidence of an
oxidative metabolism of the investigated aldehydes was found,
but the reductive pathway seemed to be dominating. On the
other hand, an ability of salivary enzymes to reduce carbonyl-
containing odorants has, to my knowledge, not yet been reported.
However, a general reducing potency of saliva has been reported
previously but has not been attributed to certain salivary systems
(30). Furthermore, the capability of saliva to reduce aldehydes
has not been discussed in this context.

For these reasons, the factors inducing salivary reduction of
the investigated aldehydes cannot be confirmed at present. On
the other hand, the possibility that the observed decreases of
the aldehydes are also partially induced by a formation of
condensation products such as Schiff bases (e.g., with salivary
proteins) or other chemical reactions cannot be excluded.
However, because the degradation did not occur after heating
of the saliva, and because of the velocity of aldehyde decrease
and of the salivary parameters (pH 7.5-8), it is unlikely that
these reactions play an important role besides the reduction
process.

Generally, it is interesting to note that the relative turnover
(as related to the initial concentration) depends strongly on the
concentration range of the odorant applied. This effect has
already been observed previously for the degradation of fur-
furylthiol (FFT), where∼80% of a 100µg/L solution of FFT
was degraded after 10 min but only 30% was modified when a
1000µg/L solution was applied (1). Therefore, it can be assumed
that the observed reactions should lead to a considerably higher
turnover for lower concentrations of the odorants. This effect
has to be regarded as highly relevant, especially for key food

odorants that are often present at very low concentrations in
foods (lower ppb to ppt range).

On the other hand, it has to be stated that the turnover rates
found in the present investigation for odorant solutions are
unlikely to be the same as one would find for odorants which
are adsorbed to oral mucosa. Under in vivo conditions odorants
are continuously exposed to a constant flow of freshly produced
saliva so that the turnover might be considerably higher. Also,
when the observed degradations are caused by, for example,
an NADP-linked aldehyde reductase, the reaction rate in vitro
might be decreased by depletion of the reducing agent during
incubation. This effect might lead to an underestimation of the
reaction rate in vivo.

Comparison between Odorants.The target of the current
and previous (1) study was to find an explanation for longer
persistence (several minutes or more) of some key food odorants
in the oral cavity after the consumption of foods as it was also
observed recently by sensory experiments (31). In Figure 6,
the decreases of selected odorants from different substance
classes (3-alkyl-2-methoxypyrazines, alcohols, aldehydes, esters,
and thiols) are displayed for comparison (data from ref1). The
odorants being the most degraded by far after incubation with
saliva are the thiols, with remaining quantities between 10 and
70% after an incubation for 10 min, whereas methional and
ethyl butanoate were reduced by only∼20% and methionol and
the pyrazines remained unmodified. This observation cor-
roborates the idea that the extent of degradation might signifi-
cantly influence the duration of retronasal perceptability of these
compounds. Those odorants that are highly adsorbed to oral
mucosa and not degraded by salivary constituents should be
the compounds which induce long-lasting “aftersmell”. Gener-
ally, the relatively slight degradation of esters and aldehydes
does not rule out the possibility that other members of these
groups react more readily with salivary constituents. Also,
relative degradation should be more distinct for lower concen-
trations as already discussed.

In previous investigations it has been shown that odorants
are adsorbed to a considerable extent to the oral mucosa (32-
34). For instance, reduced amounts of 3-alkyl-2-methoxypyra-

Figure 6. Enzymatic degradation of selected odorants during incubation
with saliva for different time intervals (60, 300, and 600 s). Initial
concentration of the odorants ) 100 µg/L.
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zines, esters, alcohols, and aldehydes were determined in spit-
out odorant solutions after the oral cavity had been rinsed, with
only ∼20-30% recovery for the investigated esters and
aldehydes and a 60-70% recovery for methionol and the
3-alkyl-2-methoxypyrazines. As removal of odorants via the
airways has been excluded and enzymatic degradation (only for
the esters and aldehydes) does not occur to this extent, adsorptive
effects (or even resorption) can be regarded as the only
explanation for this observation.

Interesting in this context are recent findings of Andy Taylor
and his group, who observed a very high persistence of
dimethylpyrazine and two alcohols (linalool andR-terpineol)
in the breath of six panelists after consumption of aqueous
odorant solutions, whereas esters such as ethyl butanoate and
aldehydes were observable only for a very short time interval
in the exhaled breath (35). The authors described a correlation
of these differences in persistence and physicochemical param-
eters of the compounds such as hydrophobicity and vapor
pressure. The mentioned investigations focused on time intervals
of a maximum of 1 min as the compounds were not detectable
in the exhaled air after this period of time by using APCI-MS.
However, the present investigation indicates that differences in
prolonged persistence (not only 1 min but significantly longer)
seem to be not only influenced by physicochemical parameters
but can also be, at least partially, induced by metabolic activity
of the saliva inducing hydrolysis of esters (e.g., ethyl butanoate
and ethyl hexanoate), reduction of aldehydes (e.g., benzaldehyde
and hexanal), and oxidation of thiols (1, 20). Pyrazines such as
2-ethyl-3-methylpyrazine and dimethylpyrazine and alcohols
(e.g., linalool andR-terpineol) would then remain unmodified
and would, therefore, persist for the longest time as long as the
compounds are not removed by saliva. On the other hand,
differences in persistence, as observed for (presumably) enzy-
matically unmodified compounds such as cymene and anethole,
could, indeed, be induced by differences in polarity, resulting
in a different adsorptive behavior to oral mucosa. Generally, it
can be assumed that some of the compounds studied by APCI-
MS were also perceivable for>1 min but were not detectable
thereafter due to relatively low amounts being exhaled through
the nose.

Up to now, the formation of only less odorous substances
was observed during incubation with saliva. However, a possible
formation of even more odor active compounds from odorless
(maybe nonvolatile) or only weak odorants can, from the present
study, not be excluded and needs further investigation.

Sensory Relevance.Generally, the sensory relevance of the
observed reactions has to be investigated carefully, as each
degradation of an odorant can lead at the same time to the
formation of odoriferous reaction products, for example, forma-
tion of the corresponding alcohols from aldehydes, liberation
of butanoic acid from ethyl butanoate, or formation of disulfides
during thiol degradation. Therefore, sensory analyses have been
undertaken with a sensory panel trained specifically for this
purpose, bearing in mind the impact of each reaction product
under the respective odorant concentrations applied (31).

Conclusions.Reductive degradation of aldehydes was shown
to occur in the presence of saliva, whereas alcohols, methox-
yphenols, methoxypyrazines, and 3-hydroxy-4,5-dimethyl-2(5H)-
furanone remained unmodified. Generally, differences observed
between sampling days indicate varying salivary activity for
humans according to their physiological status. The extent of
metabolization of thiols, esters, aldehydes, alcohols, and pyra-
zines was then compared to their in-mouth behavior as studied
previously by application of the SOOM technique. These results

are a new possibility to explain differences in the persistence
of odorous molecules in the oral cavity after consumption of
food materials.
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