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Stellingen
Gaschromatografie van aroma-verbindingen m.b.v,
vlamionigatiedetectie is minder geschikt voor

correlatie met sensorische analyse dan die m.b.v.
snuffelpoortdetectie.
Dit proefschrift.

In aroma-igclatietechnieken voor groente is
mechanische verkleining essentieel voor het nabootsen
van het wvrijkomen van vluchtige verbindingen in de

mond .
Dit proefschrift.

Vanwege anosmia bij proefpersonen is het gebruik van
meerdere panelleden noodzakelijk wvoor toekenning van
de geur {intensiteit) aan vluchtige verbindingen m.b.v.
gaschromatografie/snuffelpoort-methoden.

Dit preoefschrift.

Bij de ontwikkeling van medisch toepasbare
kunstspeeksels wordt helaas geen aandacht geschonken
aan de invloed wvan de samenstelling op de
gewaarwording van aroma door de patient.

Levine, M.J. {1993). Development of artificial salivas. Crit.

Rev, Oral Biol. Med., 4, 279-286.
Dit proefschrift.

Voor de analyse van een aroma wordt door Preininger et
al. (1994) en Schieberle (19%4) ten cnrechte voorbij
gegaan aan de wijze van isoleren wvan de vluchtige

verbindingen.

Preininger, M., Rychlik, M. & Grosch, W. (1994). Potent odorants
of the neutral volatile fraction of Swiss cheese (Emmentaler).
Schieberle, P. (1994). Heat-induced changes in the most odour-
active volatiles of strawberries. In Trends in Flavour Research,
eds E. Maarse & D.G, van der Heij. Elsevier Science, Amsterdam,
The Netherlands, resp. pp. 267-270 & pp. 345-351.
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Bij de ontwikkeling van een model om het vrijkomen wvan
vluchtige verbindingen in de mond na te bootsen moet
men rekening houden met eet- en kauwgewoonten van

volkeren.

Cok op de LUW-subsidieregeling t.b.v. het drukken van
proefschriften is de wet van Sigstadt van toepassing:

'Als jij aan de beurt komt, veranderen ze de regels'.

Hoe planmatiger mensen optreden, des te ingrijpender

treft ze het toeval.

F. Dlirrenmatt.

Efficiéntie is een vorm van luiheid.

Wie samen kan reizen, kan ook samen leven.
8. Carmiggelt (1976). Ze doen maar. De Arbeiderspers, Amsterdam,
The Netherlands.

Stellingen behorende bij het proefschrift

'Flavour Release from Dried Vegetables' deor S.M. van Ruth.

Wageningen, 10 november 1995.
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GENERAL INTRODUCTION




Chapter 1

FLAVOUR

The flavour of food may be defined as the simultaneous
perception of stimuli on the zreceptors of taste on the
tongue and smell in the upper nasal cavity and of general
pain, tactile and temperature receptors located throughcut
the mouth and throat (Flath et al., 1581).

Many foods have highly complex chemical compositions,
comprising both volatile and non-volatile substances, the
sensory response to which may be significantly affected by
their relative concentrations and the temperature of the
product as consumed. The non-veolatile components may cither
stimulate the taste-buds or activate the network of free
sensory nerve endings and organised nerve terminations
within the soft tissues of the mouth and throat, producing
sensations such as astringency, pungency and cooling as
well as tactile, kinaesthetic and pain responses in the
relevant sensory  areas {Heath, 1981} . The wvolatile
constituents are directly resgponsible for the (retronasal)
perceived odour of the product (MonCrieff, 1970). Perceived
odour and taste stimuli may differ in magnitude depending
not only on the scurce of the sgtimulaticn and the sensory
receptors involved but alsc on the coverall receptivity of a

subject (Heath, 1981).
Taste

Taste sensations result from stimulation of the microvilli
of the taste receptor cells. Taste receptors are small oval
gtructures, mainly located cn the tongue but also on the
palate and pharynx. Each taste-bud contains about 20
elongated receptor cells with hairlike tips that project
beyond the surface through a pore ({(Fig. 1). The hairlike
projectiong are the receptor surfaces. Chemical stimulation
of these surfaces leads to generation of impulses in the

senscry neurons that are wrapped arcund the receptor cell



Chapter 1

¥
1
i
H
H ’

Antérior i Postiérior
Filiform Fungiform Ffoliate ... PAPILLAE

--TASTE BUDS

frmmature
Cells

Guststory
Celts ™

Fig. 1. Sweet, bitter, scur and salit taste receptor cells

situated on the human tongue {(McNaught & Callander, 1975).
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(Griffiths, 1981). Transfer of potassium ions alters the
electrical peotential across the cell membrane, giving rise
to an impulse, which is transmitted toc the brain in the
aggociated nerve fibre (MonCrieff, 1%67; Kurihara, 1987).
Parts of the tongus differ in sengitivity for taste
stimuli, as taste-buds are located mainly on the edges and
the rear of the tongue (Fig. 1). The middle top surface of
the tongue is insensitive tc all taste stimuli. The sweet
and galine sensation 1s perceived primarily on the tip of
the tongue, bitter at the base and sour (acid) at the sides
(Beidler, 1568; McNaught & Callander, 1975).

Smell

The sense of smell plays a major part in recognition and in
establishing the acceptance o©f foods (Beetsg, 1978) .
Stimulaticn of the olfactory receptors by foods via the
retronasal route is a primary determinant of their flavour
{Burdach & Doty, 1987). The importance of odour in flavour
is well illustrated by the loss of flavour when subjects
have a cold. The focd seems tasteless yet the sgense of
taste is not impaired. However, the access to the olfactory
gsenscrs is blocked by nasal congestion. Perscons who have
lost their sense of smell frequently perceive the loss as
one of taste rather than as one of smell (Schechter &
Henkin, 1574; Doty & Kimmelman, 1986).

In mammals the sense of smell is located in the upper part
of the nose; in man there are two nasal cavities separated
by a septum. The lateral walls of each cavity are covered
with wvascular tissue in a series of two to six horizontal
folds, The upper folds form three well-defined channels,
known respectively as the inferior, median and supericr
meatus (Fig. 2} . They form a common meatus opening directly
into the olfactory c¢left, which is also open to the pharynx
(Griffiths, 1981; Wagner & Lawson, 1982). It is estimated

that 5 to 10 % of inspired air passes directly over the
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olfactory slit, although probably only as little as 2 %
reaches the olfactory receptor region. This proportion may
be substantially increased by sniffing, which causes a
rapid movement of air through the upper nasal passages.
Therefore, sniffing can greatly enhance the perceived cdour
effect (Heath, 1981; Engen, 19%82).

The olfactory receptors (Fig. 2} are located in the
olfactory epithelium, sited in the dorsal nasal cavities.
The sensory cells are enlarged, rounded, olfactory
vesicles, from the surface of which hairlike projections
extend into the covering layer of mucus. The proximal pole
of each sensory cell extends to form an axon, which
continues as an olfactory nerve fibre. This is the only
sense in which neural responses pass straight from the
gengor to the brain, the neurcne acting as both receiver
and conductor (Harper, 1972; Griffiths, 1981).

The process of olfaction consists of the carrying cof odour
active compounds in a stream of moist air into the nose and
over the sensgitive receptor areas (Heath, 1%81). However,
before these aroma compounds get to the epithelium,
molecules may be lost on the way because of adsorption on

the other surfaces in the nasal cavities {Engen, 1982).

FLAVOUR RELEASE

The measurable flavour intensity, which is derived from a

food during consumption, is determined by three aspects.

{1) The nature and amounts (ratios) of the volatile odour
and non-volatile taste components present (above
threshold value) .

{(2) The availability of these components to the sensory
system as a function of time, which depends con a
combination of two types of influences:

{a) factors influencing flavour release, e.g.
mastication, temperature, saliva composition and

volume (hydration) ;

7
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{b) factors influencing convective transport of the
released volatiles wvia the respiratory cycle
through the upper airways to the olfactory
epithelium.

These processes are centered on human behavicur and

anatomy. The food ingredients and particularly the

structure of the food itself influence the time course
of breskdown, the nature of the debris and specific
interactions with flavour components.

(3) The mechanismg and strategies of determining flavour
intensity over time (Haring, 19%90; Overbosch et al.,

1891) .

Physical aspects of flavour release

The driving force for flavour release of volatile compounds
is the deflection from the thermedynamic equilibrium
between the product phase and the vapour phase in the
mouth. Equilibrium exists if the concentration in the

respective phases ocbey the relation:

Kgp = Cg/C

ep L

KSP

product phase, which is determined by the volatilicy and

is the equilibrium partition coefficient between gas and

sclubility of the flaveour compound. C, and C, represent the
cencentrations in the gas and product phase, respeactively.
As flavour compounds are usely present in highly diluted
sclutiens, ¢, and ¢, are related by Henry's law when
equilibrium exists. If the actual partition ccefficient is
smaller than Kgp: flavour will be released (Overbosch et
al., 1991).

Besides the partition coefficient, the resistance toc mass
transfer is a major factor determining the rate and extent
of flavour release. Partitioning of flavour compounds is

affected by the composition of the food. Non-equilibrium is
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the driving force for mass transport and the rate at which
equilibrium is achieved, is determined by the resistance to
mass transfer (De Roos & Wolswinkel, 1994). Most studies in
this area dealt with partition phenomena, in particular
with the effect of medium ccmpositicn on the eguilibrium
headspace concentrations, but they were limited to
gimplified food models. The first studies on the
partitioning of wvolatile compounds between alr and water
were conducted by Buttery et al. (1969 & 1971). They
reported lipids to affect equilibrium headspace
concentrations mest of all food components. Hydrophilic
food components revealed frequently a limited =ffect on the
concentrations of flavcur compounds in the headspace over
aqueous solutions, in comparison with lipids. The presence
cf proteins (Overbosch et al., 1991}, purines, polyphenols

(King & Solms, 1982) and sugars (Ebeler et a&al., 1988;

Godshall, 1988; Solms & Guggenbuehl, 1950) resulted in weak

unspecific hydrophobic interactions only. Dalla Rosa et al.

{1994} studied the influence of water activity on the

headspace concentration of volatiles over model and foed

systems. In contrast with the numerous studies concerning
the effect of partitioning on flavour release, the effect
of mass transpert received less attention. However,

Pangbeorn & Szczesniak (1974), Godshall (1988) and Codshall

& Solms (1992} studied the effect of thickeners on flavour

intensity. In general, flavour release was decreased by

thickeners.

McNulty & Karel {(19272a, b & ¢) first described the release

of wvolatile compounds during food consumption. Their model

agsumed that:

{1} flavour compounds are transferred from cil to water
when the interphase equilibria are disturbed by
dilution of saliva;

{2) only the aqueous concentrations stimulate perception.

Cussler et al. (197%) and Kokini (1985) developed a model

for relating perceived sweetness intensity to diffusion
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coefficients in thickened aqueous systems. Generally, the
calculaticons correlated well with the sensory scores for
sweetness and sourness. As release and perception of taste
compounds were performed in a single-phage system, the
model did not account for partition phenomena. Overbosch et
al. (1991) reviewed the current state of knowledge on
flavour release in the mouth, including a number of
mathematical relationships that related flavour release to
both partition and diffusion coefficients.

De Roos & Wolswinkel (1994} developed a non-equilibrium
partition model for predicting flavour release from foods
as a function of chemical composition and texture. They
described the fraction of a flavour compound retained in

food after equilibrium as:
X /Xy = P/ {Ppy + V,/V,)

where X, and X, are the quantity of a flavour compound in
the product at equilibrium and the initial gquantity in the
system, respectively. P, is the concentration of the
flavour compound in the product phage divided by the
concentration in the gas phase. V, and V, are the volumes of
gas and product phase. This static eguilibrium model was
applied to dynamic non-equilibrium systems by a multiple
extraction model. The latter described flavour release,
when phase equilibria are disturbed by continuous renewal
of the headspace. During each successive extraction,
product-to-gas eguilibrium is achieved only at the gas-
product interphase. Therefore, equilibrium exigts between
the volume fraction V, of the gas phase and the volume
fraction V; of the prcduct phase at the interphase.
According to the authors mentioned, the fraction of a
flavour compound remaining in the food after n extractions

with a gas volume of V; cbeys the relation:
X/%o = DOV /V) AP/ (Byy + Vi /¥ )+ (1-V,7/ V31T

1¢
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In this equation V;/Vb is the fraction of the food that is
extracted during each extraction step. V;/m; denotes the
ratio of the gas and product volumes that are in apparent
equilibrium with each other. The ratio V,'/V,) reflects
differences in mass transfer rates in the gas and product
phase as a result of differences in mixing, rate of
diffusion and gas flow rate. Increased resistance to mass
transfer in the product will result in a smaller wvolume
fraction V;. Therefcore, at high viscosity the value of the
quotient V,/V,” will be increased. If the value of v, /v," in
this model is substantially larger than P,, the release is
assumed mainly mass transfer controlled. The medel was

succesfully applied tc chewing gums.
FLAVOUR ANALYESIS
Instrumental analysis

Flavour compounds can be divided into volatile and non-
volatile compounds. Aroma is the key flavour component in
many foods. Taste-buds are capable of differentiating four
basic stimuli only, whereas the nose 1is capable of
discerning hundreds cf different odours. Therefore, it is
net surprising that much flavour research was devoted to
measuring volatile compounds (Hoff et al., 1978).

An instrumental approach to aroma characterisation can be
regarded as a two-phase arrangement. The first phase
comprises representative isclation of wvolatile compounds
(Dirinck & De Winne, 1994). Several analytical techniques
were designed to measure two types of wvelatile profiles:
the total volatile content of a food and the profile of
volatile compounds present in the air above a food. The
total wvolatile content 1is usually analysed by solvent
extraction of the food material. To ensure that volatiles
are extracted into the organic phase a combined steam and

organic solvent distillation was frequently carried out

11
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uging simultanecus distillation extraction in a specialised

apparatus, like Likens-Nickerson. However, a general
extraction technigque has several disadvantages. Since
samples are steam-distilled, cooking is verformed,

resulting in limited applicaticns for fresh gampleg. In
addition, artefacts can be formed due to the high
temperature and long times needed for distillation, as was
shown for marjoram by Fischer et al. (1988). Various
modifications to the original process have been suggested
using antioxidants or distilling under vacuum to improve
the technique, but care is still needed when interpreting
the results cbtained from analysis of these steam-distilled
extracts.

Whereas reliable analysis of the total volatile content may
be difficult, the analysis of headspace presents additional
challenges. The low levels of wvolatiles in air require a
concentration procedure, which c¢an distort the profile
analysed, too (Taylor & Linforth, 19%%4). Purge-and-trap
techniques and static or dynamic headspace collection
methods are often used for concentraticn. Trapping may be
on adscrbents like charcoal, Tenax or by cryegenic means
(Wyilie et al., 1378}. The headspace methods provide
volatile profiles which are expected to relate better to
the profiles experienced by human subjects and are
therefore nowadays widely used (Castelain et al., 19%4;
Delahunty et al., 1994; Legger & Roozen, 199%4; Luning et
al., 1994). Headspace techniques do not present perfect
profiles but they are capable of providing a profile under
defined conditicns (Taylor & Linforth, 1994).

Simulation of flavour release in the mouth by an
instrumental technigque was reported by Lee {(1986). A mass
spectrometer was coupled with a dynamic headspace wmodel
system to monitor the headspace medel system continucusly.
In breath-by-breath analysis the release cof volatiles from
a food during consumption can be measured near to the nasal

space. A wmembrane separator method using a direct mass

12
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spectrometry technique was developed by Soeting & Heidema
{1988) for determining flavour profiles in the expired air
of assessors as a functicn of time. However, in direct mass
spectrometry only one volatile compound can be monitored at
a time, although foods are usually more complex. Linforth
et al. {1994} and Taylor & Linforth (1994} as well as
Delahunty et al. {1994) reported expired breath sampling
methods using Tenax traps, which were applied to whole
foods. A procedure for determining flavour release from
chocolate flakes by oral wvapour gas chromatography was
presented by Roozen & Legger-Huysman (1995).

The second phase of an Iinstrumental appreach to flavour
characterisation involves selection of volatile compounds
relevant to the flavour. This implicates correct
determination of the relevant flavour compounds from the
whole range of volatiles present 1in a particular food
product (Dirinck & De Winne, 1%%4). An interesting approach
is sniffing the gas chromatographic effluent in order to
associate odour activity with the eluting compounds. Gas
chromatography/sniffing port analysis (GC/5P) is the
collection of technigues utilizing humans as detectors on
gas chromatographs. GC/SP has been an sessential bicassay
used 1in the isolation and characterisation of odourants
from complex natural products since the 1960s (Acree,
12990} . Many detectors, i.e. flame ionisation, flame
photometric, electron capture, mass spectrometric, fourier
transform, infrared and thermal conductivity detectors are
not as gensitive as the human ncose for many odourants
{(Acree & Barnard, 1994). GC/SP techniques can be divided

into four categories.

(1) Dilutien analysis methods for producing titer or
potency  values based on stepwise dilution to
threshold, e.g. CHARM (Acree et al., 1984) and aroma

extraction diluticen analysis {(Ullrich & Grosch, 1987).

13
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{2) Response interval methods for recording time duration
of perceived odours and the number of assessors with
odour perception, also estimating a titer or potency
{(Linssen et al., 1993).

(3) Time-intensity methods for producing estimates of
perceived intensity recorded simultaneously with
theelution of a chromategraphic peak, e.g. OSME
(Sanchez et al., 1852).

(4} Posterior intensity methods for producing estimates of
perceived intensity, which are recorded after a peak
has eluted (Casgimir & Whitfield, 1978).

Sensory analysis

A certain pattern of tastes, smells and texture may be
recognized by subjects immediately as a certain product,
but on request it can be analysed by them intc several
taste, smell and texture components (Kroeze, 1990). In
sensory analysis, the human subject 1is wused as an
instrument, which registers stimuli, transforms them into
sensations and measures these sensations (K&ster, 1975).
This sensocry analysis implies attentional shifts between
parts of a percept. People can be trained to adopt the
analytical attitude and to use the Jjudgment procedures
required to analyse percepts. Analysis of a percept
requires more effort if it is more ccmplicated {(e.g. a lot
of parts), mors tightly organized (i.e. the total
impression of wholeness is &c strong that the subjects can
hardly dJdirect their attention to a part of it), or more
peripherally synthesized (as with yellow 1light, where
subjects are not able to analyse it into relative
contributions of a red and a green sensitive system)
(Kroeze, 199%0). For instance, humans have difficulty in
describing complex aromas; they are able to identify only
three or four individual aroma compounds in a mixture

(Laing, 1994).

14
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Sensory evaluation tests can be divided in analytical and
hedonic tests. Analytical tests incorpocrate difference and
descriptive tests. The principal of difference tests is
gimple, the assessors determine whether two products are
similar or different. Many variants were developed: cne
product can be presented with the question whether it
differs from a standard product, or two or more products
can be provided with the question whether they are similar
cor different (paired comparison respectively, duc-trio,
triangle or two-out-of-five tests) (Meilgaard et al., 1991;
Punter, 1991). Triangle tests are mostly used in difference
tests (Brandt & Arnold, 1977; Frijters, 1584; O'Mahony,
198¢) . An applicaticn of difference tests are attribute
difference tests. They are used to determine whether two or
more samples differ with respect to one defined attribute
(Meilgaard et al., 1991).

Besides determination of differences between products, a
second important task of sensory research is
characterisation ¢f the sensory attributes of a product. In
descriptive analyses, assessors denerate attributes for a
type of product and provide intensity scores for these
attributes for different products (Punter, 1991}. The
Flavour Profile Method is one of the techniques frequently
performed in descriptive analysis (Powers, 1984; Meilgaard
et al, 1991), besides Quantitative Descriptive Analysis
(Stone & Sidel, 1985). In order to study aroma and taste
release in-mouth a specialised form of sensory analysis is
used, namely time intensity measurements. In this type of
experiments assessors record the intensity of a particular
attribute with time during eating (Cliff & Heymann, 1933).
The task 1in hedonic tests is to provide (subjective)
preference regponses. Hedonic tests involve preference
tests in which the task is to arrange the products in order
of preference. In acceptance tests, the task is to rate the
product on a scale of acceptabilitiy and in ‘'attribute

diagnosis' tests, the task is to rank or rate the principal
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attributes which determine a product's preference or

acceptance {(Meilgaard et al., 1991; Punter, 1991).

FLAVOUR OF DRIED VEGETABLES

Vegetables are dried to extend shelf life from weeks to
several vyears. In additicn, as principally water iz lost
from the vegetables during dehydration, a weight reduction
up to 90 % diminishes transportation costs. Dried
vegetables are used in soups, sauces, convenience foods,
infant foods, etc..

Some flavour compounds are present in the intact fresh
vegetables, the ceomposition of which depends on genus,
cultivation, harvest and trangport conditions. However,
many volatiles are produced only when the tissue of the raw
vegetable is broken, such as by cutting, chewing or
blending (Buttery, 1281). In many plants, disruption of
tigsues gives rise to rapid hydrolytic and oxidative
degradation of endogeneous lipids into wvarious products,
among which wvolatile compcounds are found to be responsible
for desirable and undesirable flavours (Tressl et al.,
1981; Hatanaka et al., 1%83). Blanching and the dehydration
process can improve the formation of other volatile
compounds, usually breakdown products of the vegetables
major components, e.g. carbohydrates, proteins and lipids
(Buttery, 1981). Due to the low water activity, dried
vegetables are quite stable in a microbiclegical way,
however, during storage chemical reactiong still occur.
Storage conditions may be of major i1mportance in the
foermation of flavour compounds. As dried vegetables are
rehydrated pricor to consumption, rehydration conditiong can
influence flavour release from the vegetables as well.
Summarizing, the flavour of a rehydrated vegetable is
determined by 1ts genus, cultivaticn and transport
conditions, cutting and blanching treatments prior to

drying and dehydration, storage and rehydration conditions.

16
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THE AIM AND QUTLINE OF THIS THESIS

The aim of this study was to develop an in vitro model
system for isolation of wvolatile compounds from dried
vegetables under mouth conditions, such as vcolume of the
mouth, temperature, salivation and magtication.
Ingstrumental analysis of these volatile compounds by gas
chromatcgraphy combined with mass spectrometry, flame
icnisation and sniffing port detection was to be correlated
with descriptive sensory analysis. Furthermore some factors
influencing flavour release from dried vegetables under
mouth conditions were to be studied, as well as suitability
of three types of the model system for simulation of
flavour release in the mouth, using these instrumental and
sensory techniques. In order to characterise the flavours
of three rehydrated wvegetables, as influenced by cultivar,
origin, storage and rehydration conditions and to study the
contribution of the volatile compounds to these flavours
the same techniques were to be performed.

In the present study three types of the mouth model sgystem
are developed, which are described and compared for flavour
release from diced bell peppers after rehydration in
Chapter 2. Chapter 3 and 4 deal with factors affecting
flavour release under mouth conditions, such as
mastication, saliva compecsition and volume. The changes in
tlavour release from rehydrated bell peppers in the three
types of the mouth model system by artificial saliva
compornents are studied in Chapter 3. Flavour release from
French beans influenced by artificial saliva components, 1in
addition to the effect of saliva veclume is described in
Chapter 4. Suitability of the mouth model systems is
studied in Chapter 5. In this chapter flavour release from
rehydrated French beans, bell peppers and leeks in the
mouth 1s c¢ompared with release in the three mouth model
systems. The flavcurs of French beans, bell peppers and

leeks ares characterised by gas chromatograghy/sniffing port

17
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analysis and sensory evaluation in Chapter 6. The flavours
of commercially dried bell peppers of different origins are
compared in Chapter 7, using gimilar techniques. The
influence of storage conditions on the flavour of dried
French beans is studied in Chapter 8. In c¢onjunction,
Chapter 9 deals with the effect of rehydration conditions
on the flavour of this vegetable. The implications of the
results reported in Chapter 2-2 are discugsed in
Chapter 10.
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ABSTRACT

A mastication device was added to a dynamic headspace model
gystem for studying flavour release from rehydrated diced
red bell peppers at mouth conditions, such as volume of the
mouth, temperature, salivation and mastication. The use of
this new device 1in the dynamic headspace model system
enlarged the peak areas of the volatile compounds,. but the
areas remained smaller than in the purge-and-trap model

system.,
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INTRODUCTION

The release of flavour in the mouth is a very important but
poorly understood area of investigation. Sensory techniques
have been developed to measure time-related responses
(Pangborn & Koyasako, 19%81; Overbosch et al., 1986).
Sceting & Heidema (1988) developed a mass spectrometric
method for determining profiles of flavour concentration as
a function of time at the nostrils. The results
demonstrated a very large variability among people. A
sufficient number of panellists is needed toc ensure
accuracy for senscry techniques and breath-by-breath
analyses (Overbosch et al., 1986; Soeting & Heidema (1988).
The gquality of dried vegetables, such as bell peppers
{(Capgicum annuum), is largely determined by their flavour,
the perception of which is mainly due tc their wvolatile
compounds. These compounds have been collected from
vegetables by headspace methods, by steam distillation or
by solvent extraction {Buttery et al., 1969, Wu et al.,
1986; Shinohara et al., 1991). Headspace methods overcome
some of the problems going with distillation or sclvent
extraction methods, whereas the static headspace method
does not generally provide sufficient amounts of the
compounds needed for detection. Larger amcunts are obtained
with dynamic headspace methods using adsorbent traps. Lee
(1986} coupled a mags sapectrometer with a dynamic headspace
model system to monitor the headspace concentration
continuously. Never has a dynamic headspace model system
with adsorbent traps been used tec study the release of
flavour at mouth conditions.

The purpose of this work was teo simulate the flavour
release of rehydrated diced red bell peppers at mouth
conditions. Therefore a mastication device was added to a
dynamic headspace mouth model system (DHM). The effect of
the device was compared with the dynamic headspace method
as such (DH) and with the purge-and-trap technigque (PT).
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MATERIALS AND METHODS

Sample preparation

Commercially dried diced red bell peppers were supplied by
Top Foods b.v. (Elburg, The Netherlands). They were packed
in glass containers and stored at 5°C in the absence of
light until sampling. The diced besll peppers (1.2 g) were
rehydrated by adding 1¢ ml distilled water, heating in a
waterbath at 100°C for 10 min and cocling in a waterbath at
25°C for 4 min.

Isclation and analysis of the volatiles

The bell pepper pieces were transferred inteo the sample
flask of the PT/DH/DHM model system (Fig. 1) and 4 ml
diluted artificial saliva added. The stock saliva consisted
of 2.160 g mucin, 1.389 g KHPC,.3H,0, 0.877 g NaCl,
0.500 g NaN;, 0.477 g KCl and 0.441 g CacCl,.2H,0 in 100 ml
distilled water. The stock saliva was purged with purified
nitrogen gas (50 ml/min) for 15 hours in order to diminish
flavour compounds in the saliva. After purging, 5.208 g
NaHCO; and 200,000 units o-amylase were added to 100 ml
stock saliva and this saliva was diluted 1:9 with distilled
water, adjusted to pH 7 with 2 M HCl and used throughout
the study.

In the PT mode, a purified nitrogen gas flow (20 ml/min)
passed through the bell peppers and saliva at 37°C for 1 h
te trap the wvolatile compounds in Tenax TA (35/60 mesh,
Alltech Nederland b.v., Zwijndrecht, The Netherlands). In
the DH and in the DHM mode the headspace was flushed with
nitrogen gas at the same rate, for the same time and at the
same temperature as in the PT mode. In the DHM mode the
plunger made about four up and down screwing movements to
simulate mastication during isclation of the wvolatiles. A

detailed set-up of DHM is shown in Fig. 2.
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@
(
A
(
j

Fig. 1. Three types of flavour release mouth model systems.
PT, purge-and-trap; DH, dynamic headspace; DHM, dynamic
headspace and masticaticn. a, Sample flask (70 ml}
containing bell peppers, water and saliva; bk, nitregen gas
inlet; ¢, Tenax TA; d, 37°C water inlet; e, water outlet;

f, -10°C ethancl inlet; g, ethanol ocutlet; h, engine.
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Fig. 2. Detailed set-up of mouth model system dynamic

headspace and masticatien {(DHM}. (a) Engine part and

(b) isolation part.
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The vclatile compounds were thermally desorbed from the
Tenax tube by a thermal desorption/cold trap device (Carlo
Erba TDAS 5000, Interscience b.v., Breda, The Netherlands).
Gas chromategraphy (GC) was carried out on a Carlc Erba
MEGA 5300 (Interscience b.v., Breda, The Netherlands}
equipped -with a Supelcowax 10 capillary column (60 m X
0.25 mm i.4.}) and a flame ionisation detector (275°C). The
oven temperaturs was 40°C for 4 min and then programmesd to
92°C at a rate of 2°C/min and to 272°C at 6°9C/min.

The wvolatile compounds trapped on Tenax TA were identified
by Dr M.A. Posthumus, Department of Organic Chemistry,
Wageningen Agricultural University, using combined GC (Pye
204, Unicam Ltd, Cambridge, UK} and mass speactrometry {MS;
V@ MM 7070 F, Fisons Instruments, Weesp, The Netherlands).
A thermal desorption cold trap injector (Chrompack TCT
Injector 16200, Chrompack, Middelburg, The Netherlands} was
used as well as the capillary cclumn and the temperature
conditions described above. Mass spectra were recorded in
the electron impact mode at an icnisation vcoltage of 70 ev

and scanned from m/z=300 to 25 with a cycle time of 1.8 s.
RESULTS AND DISCUSSICN

Chromatograms of the wvolatile compounds of the bell peppers
igolated with the three flavour release model systems are
presented in Fig. 3. The volatile compounds are 1listed
together with their peak areas in Table 1. The sum of the
peak areas of all volatile compounds, as well as the cnes
of the weglatiles having retention times legs than
15 minutes are listed in Table 1. Qualitatively, there is
no difference in composgition of the wvolatile compounds
between the three model systems. Comparison of the peak
areas showed that most veolatile compounds were released in
the PT model system, followed by DEM and DH, respectively.
In model system DH the peak area of the most wvolatile

compounds, peaks having retention times below 15 minutes,
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Fig. 3. Gas chromatograms of rehydrated diced red bell
perpers isolated in three flavour release mouth model

systems. For an explanation of codes see Fig. 1.

accounted for 79 % of the sum cf the peak area of all
compounds, in system DHEM for 56 % and in system PT for
45 %. Mastication of the bell peppers {(DHM) increased peak
areas of all volatiles and caused a significant (Wilcoxon,
P<0.05) relative increase in release of the less volatile
compounds. Isolation of the volatile compounds in PT
rezulted in larger peak areas than in DH/DHM and the peak

area percentage of the less veolatile compounds increased
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Table 1. Volatile compounde of rehydrated red bell

peppers and their average peak areas (n=6)"

Compound Peak area [0.1 V.s]

PT DH DHM
Alcohols
2-Propancl 79.17 15.64 19.72
1-Methyl-1-propanol 0.23 £x® £Er
1-Butanol 27.51 0.90 5.02
1-Penten-3-o0l 0.57 tr tr
3-Methylbutanol 3.59 2.18 1.82
1-Pentanol 9.79 0.41 1.68
1-Hexanol 28.43 0.62 4.33
2-Hexen-1-ol 7.20 tr 0.69
1-Ccten-3-cl 5.71 0.12 0.61
Aldehydes
Propanal 108.59 1.32 28.68
2-Methylpropanal 500.19 16.80 83.65
Butanal 39.58 0.27 5.64
2-Methyl-2-propenal 10.33 0.36 3.21
2-Methylbutanal 259.38 2.30 32.06
3-Methylbutanal 646 .32 4,65 75.91
Pentanal 130.32 1.73 17.65
Hexanal 1589.25 13.11 220.33
2-Ethyl-2-pentenal 7.95 tr tr
Heptanal tr tr tr
trans-2-Hexenal 24.05 0.55 4.52
Octanal 11.81 0.16 3.65
cis-2-Heptenal 11.27 0.90 1.93
Nonanal 18.46 0.75 8.04
2-Cctenal 48.45 0.48 5.11
2,4-Heptadienal 22.57 0.41 3.84
Decanal 45.18 0.53 6.38
Benzaldehyde 15.53 0.89 4.20
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Table 1. (continued)

Compound Peak area [0.1 V.s]
PT DH DHM

Aldehydes (continued)

2-Nonenal 6.45 tr 0.63
Ketones

2-Propanone 0.63 tr 16.45
Z-Butanone 15.91 0.69 2.94
2-Pentanone 20.00 0.27 2.71
2,3-Butanedione 50.12 0.66 6.79
1-Penten-3-one 1.36 tr tr
3-Penten-2-one 1.22 tr tr
2-Heptancone 55.75 0.63 7.89
4-Methyl-2-heptanone 7.45 tr 0.68
2-Cctanone 2.55 0.14 0.13
6-Methyl-5-hepten-2-one 32.65 C.42 4,17
Phenylethanone 3.61 0.95 3.27
Sulphur compounds

Dimethyl disulphide 8.68 tr 0.58
Dimethyl trisulphide 3.19 tr tr
Others

Ethyl acetate 28.56 0.48 3.61
Acetic acid 1.07 tr 0.69
2-Methoxy- tr tr tr
3-isobutylpyrazine

Limonene 12.27 1.25 .20
1,2-Diethoxyethane 16.69 0.95 5.26
1-Methyl-1H-pyrrole 33.36 tr 6.77
Dimethyl sulphoxide 12.15 tr 0.32
Sum volatile compounds 1981.47 56.56 337.17
retention time <« 15 min

Sum volatile compounds 4374.10 71.52 601.76

TFor an explanation of codes see Fig. 1.

btr, peak area<0.01 V.s.
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gignificantly (Wilcoxon, P<0.05) compared with DH/DHM. In
PT the flavour <ompounds are obviocusly more strongly
removed from the pieces than in the DH/DHM mode.

CONCLUSIONS

The mastication device enabled the determination of flavour
release from rehydrated red bell peppers at mouth
conditions with regard to temperature, salivation and
magtication. The peak areas of the volatile compounds
released in this model system were between thosge released
in the purge-and-trap system and those released in the
dynamic headspace system. During mastication of the
rehydrated bell pepper pieces an overall increase in peak
areas of the wvolatile compounds was observed as well as an

ingrease in release of the less volatile compounds.
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ABSTRACT

The effect of artificial saliva components on £flavour
release from rehydrated diced red bell peppers (Capsicum
annoum) was studied in a mouth mocdel system. This measured
the dynamic headspace under oral conditions, such as
temperature, volume of the mouth, salivation and
magtication {(DHM)}. The results were compared with a dynamic
headspace (DHE) and a purge-and-trap (PT} model system.
Volatile compounds were analysed by gas chromatography,
uging flame ionisation detection (FID), mass spectrometry
(MS) and sniffing port detection (SPD). SPD revealed that
only 12 of the 47 compounds identified by MS and FID
possessed odour activity. For all saliva compogitions FID
peak areas of wvolatile compounds were largest in the PT
system, followed by DHM and DH, respectively. In the PT
system the less vclatile compounds were relatively better
releagsed than other volatile compounds in compariscon with
the DHM and DH system, for all salivas. The saliva
components mucin and w-amylase caused a relative decrease
in release of the less volatile compounds in all medel
systems. An overall decrease in FID peak areas of volatile
compounds by the latter components was observed in model

gystem DH only.
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INTRODUCTION

Sensory technigues have been develcped to measure
time-related responses (McNulty, 1974; Larson-Powers &
Pangborn, 1978; Birch et al., 1980; Birch & Munton, 1981;
Pangborn & Koyasako, 1981; Overbosch et al., 1986}. The
release of volatiles from a food product during consumption
can be measured near to the olfactory epithelium at the
entrance of the nose (breath-by-breath analysis}). This
measurement of gases and volatile compounds is well known
in medical science {(Mackay & Hussein, 1978; Wilscn &
Ottley, 1981; Benoit et al., 1983) . However, the
experimental techniques used were not suitable for the
measurement of flavour release as they generally did not
provide high sensitivity and short response times. Soeting
& Heidema (1588) developed a membrane separator method for
determining profiles of flavour concentration as a function
of time in the nose. The results demonstrated a large
variability 1in the release curves between different
subjects, which was even larger than within the sensory
intensity-time data. Flavour release seems to be enhanced
by the breakdown of the fcod matrix through mastication
(Haring, 1950). Linforth et al. (19%4) demonstrated a
technique of trapping expired air on Tenax (p-diphenylene
oxide), followed by gas chromatography/mass spectrometry
(GC/MS) which could bke used for studying the wvclatile
profile during eating of tomatoes, however, the variation
in these analyses was higher than usual. A sufficient
number of panellists is needed to secure reliability of
sensory techniques and breath-by-breath analyses.

Lee (1986) developed an instrumental technique, in which a
mass spectrometer was coupled with a dynamic headspace
model system to monitor headspace cencentration
continucusly. The model system replaced the column of a gas
chromatcgraph within a combination of GC and M8. In the

analyses, only one compound could be monitored at a time,

39



Chapter 3

while the wveolatile compositicn of foods is usually more
complex.

Volatile compounds contribute considerably to the flavour
of rehydrated diced red bell peppers, Capsicum annuum (Van
Ruth & Roozen, 159%4). Extraction and headspace analysis are
the main methods for isolation of wvolatile compounds in
vegetables (Buttery et al., 1969; Wu & Liou, 1%86; Wu et
al., 198s6; Shinohara et al., 1991). Headspace methods
overcome some of the problems asscciated with extraction
methods. Since the headspace concentrations of flavour
compcunds are low and the volume of a sample taken by a
syringe is limited, the headspace sample usually must be
concentrated prior to analysis. The most commonly used
method for concentrating these samples is the application
of adsorbkents, of which Tenax hasg often been recommended
(Kuo et al., 1%77; Boyko et al., 1978; Ioffe & Vitenberg,
1984; Leahy & Reineccius, 1984; Ishihara & Honma, 1992).

In the present work a dynamic headspace model with Tenax TA
trap and mastication device (DHM) was used to study the
flavour release from rehydrated diced red bkell peppers
under mouth conditions, as reported previously (Van Ruth et
al., 1994). The effect of the artificial saliva compconents
salts, mucin and o-amylase on the flavour release from
rehydrated diced red bell peppers was studied in the DHM
model system and was compared with the dynamic headspace
method (DH) and with the purge-and-trap technique ({(PT).

MATERTIALS AND METHODS

Plant material

Commercially dried diced red ‘bell peppers, Capsicum annuum,
from Hungary were supplied by Top Fcods b.v. (Elburg, The

Netherlands). The bell peppers were packed in glass jars
and stored at 4°C in the absence of light until sampling.
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Sample preparation

Diced bell peppers (1.2 g} were rehydrated by adding 10 ml
distilied water, followed by heating in a waterbath at
100°C for 10 min and by cocling in a waterbath at 25°C for
4 min. The rehydrated bell pepper pileces were transferred
into the sample flask (70 ml) of the PT/DH/DHM mocdel system
and 4 ml of one of the artificial salivas (W, WS, WSM and
WSMA} were added (Van Ruth et ali., 1994). 8Saliva W
congisted of distilled water only. Saliva WS consisted of
5.208 g NaHCO;,, 1.369 g K,HPO,. 3H,0, 0.877 g NaCl,
0.500 g NaN,, 0.477 g KCl and 0.441 g CaCl,.2H,0 in 1 1
distilled water (adjusted to pH 7). The composition of
saliva WSM was identical to WS, but 2.160 g mucin was added
and saliva WSMA was identical to saliva WSM, but 200,000
units o-amylase were added (Sigma Chemical Ce., St Louis,
MO, USA). The three types of flavour release mcdel syétems
used have been described previcusly (Van Ruth et al.,
19%4). In the PT model, a purified nitrogen gas flow
{20 ml/min} passed through the bell peppers/saliva mixture
at 37°C for 1 h to trap the volatiles in 0.10 g Tenax TA,
(¢ 0.25-0.42 mm, Alltech Nederland b.v., Zwijndrecht, The
Netherlands), positioned in a glasg tube, 100 mm long and
3mm i.d.. In the DH and DHM model the headspace was
fiughed with nitrogen gas at the same rate, at the same
temperature and for the same time as in the PT model. In
the DHM model the plunger made four up and down screwing
movements per min in order to simulate mastication during

isglation of the volatiles.

Instrumental analysis

‘Desorption of vclatile compounds from Tenax was performed
by a thermal desorption/cecld trap device. The compounds

were analysed by GC, using flame ionisation detecticn

(FID), MS and sniffing port detection as reported
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Table 1. Descriptors generated and used by the GC/sniffing

panel
Bell pepper Butter
Burned/rubber Caramel
Cooked vegetables Chocolate
Fresh vegetables Coffee
Fruity Fish
Grassy/green Lemon- /orange-like
Mushrooms Onion/leek
Sour Plastic/chemical
Spicy Rotten
Sweet Sickly
previously (Van Ruth & Roozen, 1994). In preliminary
sniffing experiments, 12 assessors generated flavour

descriptors of rehydrated diced bell peppers, which were
clustered after group sessions of the panel. Besides
'other/I do not know', one of these descriptors (Table 1}
had to be used for each component detected by the assessors
at the sniffing port. Tenax tubes without adscrbed volatile
compounds were used as dummy samples for determining the

signal-to-noise level of the group of assessors.

Statistical analysis

The FID data presented in the tables 2 and 5 represent the
mean value of six replicates. When FID data were subjected
to an analysis of variance, a Figher's least significant
difference (L8D) test was carried out to determine
significant differences among treatments (O'Mahony, 1986).
Student's t-tests were conducted on the FID peak areas as
well (C'Mahony, 1986). A significance level of P<«<(0.05 was
used throughout the study.
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