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Innovative methods
for isolating volatile flavors

By Gary A. Reineccius and S. Anandaraman, University of Minnesota Depart-
ment of Food Science and Nutrition, St. Paul, MN

he isolation, separation, and quantification of
volatile flavors from foods presents a very chal-

lenging analytical problem. Flavor chemicals are
present and may make a significant contribution to
flavor at concentrations as low as puarts per trillion
{(ppt). These chemicals may contain different functional
groups or have several functional groups. They may
vary in carbon chain length. This means that the group
of chemicals contributing to the favor of a food may
differ greatly in water solubility {for example, organic
acids vs. long chain ketones), volatility (acetaldehvde
vs. vanillin), thermal stability (terpenes), chemical
reactivity (thiols), and so forth. This diversity in chem-
ica! structure makes it virtually impossible to use one
single method for the isolation of all flavorful con-
stituents from a food. One has to be conscious of the
limitations of each method used for flavor isolation and
concentration.

Early methods for flavor isolation generally used
steam distillation, followed by solvent extraction of the
distillate and then concentration of this extract. This
method is quite time-consuming and yields an isolate
that preferentially selects flavors with the greatest vol-
atility and solubility in the extracting solvents. While
this method is used only occasionally today, the
Nickerson-Likens extractor (or modification thereol) is
commaonly used for flavor isolation. This procedure
utilizes simultaneous stcam distillation/solvent extrac-
tion of the food sample. Many other methods, includ-
ing chemical derivatization, charcoal adsorption, cold
trapping, high vacuum stripping, and inert gas strip-
ping find occasional use in flavor studies today.

Several good reviews on the subject have heen pub-
lished in recent times. The work of Teranishi and co-
workers is one of the most complete treatises on the
subject, while Bemelmans and Jennings have made the
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most recent contributions. "™ ** This paper will discuss
some of the new innovative techniques for flavor isola-
tion.

The high pressure COz extractor (figure 1) may be
quite useful to the flavor chemist. A major advantage is
that it provides a flavor isolate that is free from solvent
and vet can be directly injected into a gas chromato-
graph. The most important criterion of success in ob-
taining a good flavor isolate is if the isolate smells like
the food you extracted. How do vou do this il vour
flavor has a solvent? Tt cannot be done without com-
promise. Another advantage is that the extracting
solvent has an exceptionally low boiling point. One
should be able to remove the solvent and vet retain
even the lowest-boiling flavor chemicals, While it is
convenient to extract a sample with dichloromethune
or cther, one has to be somewhat concerned about the
potential loss of very volatile flavor components dur-
ing the concentration {or solvent removal) process.
One must be cautious that the purity of the COz used
to charge the extractor is evaluated. Apparently COz
may contain a substantial amount of low-hoiling con-
taminants.”

While the extractor may be used on a wide variety of
samples, sample size is limited to the volume of the
Soxhlet thimble. Therefore the best samples to work
with are products that are relatively high in flavor
strength and, of course, are solids. The extractor works
very well for removing flavor from supports used for
headspace trapping, for example Tenax, Porapaks, or
charcoal. One must remember that the method then
has the additional limitations of the headspace-trapping
technigues.

Headspace analysis has always been the ideal
method for flavor isolation. This technigue provides
the analyst with a sample identical to what the nose
smells. Flavor, to a large extent, is odor, This is very
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Figure 1. High pressure CO, extractor (J & W Scientific
Inc., Orangevale, California)

clear when one catches a cold. Unfortunately, direct
headspace analysis generally provides too little mate-
rial for present instrumentation. Only in a few cases,
where the analyst may be monitoring major flavor
components, does this technique find applicution.
Also, gas phasc injection results in poor chromato-
grams especially in capillary column gas chromatog-
raphy (GC). Headspace concentration has found sub-
stantial use today and is probably the most common
technique used for flavor isolation. While the Porapaks
and Chromosarbs were initially used as absorbents,
Tenax now appears to be the absorbent of choice '

The wolatiles are initially stripped by purging the food
with an inert gas such as helium or nitrogen. The
stripped volatiles are passed through an absorbing col-
umn packed with a small amount of Tenax (usually
<100 mg). When an adequate quantity of volatiles
have been concentrated on the Tenax trap, they may be
desorbed from the trap using either heat (hack-flushing
with inert gas while heating to 200-230°C) or solvent
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extraction. The previously mentioned COa extractor is
very effective for the removal of absorbed volatiles from
the Tenax absorbant.® The volatiles may be removed via
extraction of the Tenax with diethyl ether.'™ 1f it is
desired to have the isolate solvent free, thermal de-
sorption followed by cold trapping or €3, extraction
are methods of choice. T solvent does not interferc
with sensory analysis or subsequent gas chromatog-
raphy, the ether extraction method appears ideal.
Ether extraction is rapid, as well as providing a
solvent/flavor isolate suitable for repeated injections
which allows such operations as splitting and sniffing or
mass spectrometry. It is interesting that Tepax
headspace trapping has lower coefficients of variation
than the Nickerson-Likens extractor for all but the
most volatile flavor components.' The higher coetli-
cient of variation for the most volatile components
puints to a potential concern about the headspace-
trapping technique; that is, a “breakthrough” of the
most volatile components. Buckholz and coworkers ob-
served that the most volatile components of peanuts
may break through the Tenax trap following anly fifteen
minutes of purging.? They also showed that the GC
profile depended on the purge time.

The automated purge and trap systems* afford ex-
ceptional sensitivity and reproduceability. Ruen found
a detection limit of 1 ppb {parts per billion) for ethvl
butvrate and ethyl caproate in milk, ' This system used
a 30:1 capillary inlet sphit which, if eliminated, would
bring the detection limits down to the low ppt. Jen-
nings outlines an instrument modification that would
both eliminate the inlet splitter and improve resolution
of the flavor components with short retention times.®
This cold trap/capillary column svstem appears to be
quite effective {(figure 2). An alternative means of im-
proving chromatographic properties of the early elut-
ing compounds wounld be to use a cryogenic gas
chromatographic oven. Figure 3 shows the chromatog-
rams of a mixture of simple esters isolated via purge
and trap systems. Chromatographic properties of the
early esters are greatly improved by using an initial
column oven temperature of -20°C.

Ruen found reproduceability of the cominercial
purge and trap system to be very good.'" At | ppb ester
eoncentration in milk samples, coefficients of variation
of 61.7% and 53.2% were lound for ethyl butvrate and
ethyl caproate respectively. The coeflicients of varia-
tion dropped to 4.6% for ethyl butyrate and 4.1% for
ethyl caproate when concentrations were increased to
100 ppb. The ease of sampling, unattended operation,
high precision, and low detection limits make the au-
tomated headspace-trapping systems exceptionally val-
uable in flavor research and quality control.

The dialysis method for flavor isolation provides an
alternate means of preparing flavor isolates.®*® This
procedure involves an initial solvent extraction of the
food sample, followed by dialysis of the solvent extract

*For example, Hewlett Packard Model 7576 Purge and Trap
Sampler.
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Figure 2. On-column cold trapping device, suitable for extended period vapor
sarmpling, reconcentration from porous polymers {purge and trapj, and other
uses. The three-way valve is turned to flood the Teflon U-tube with liquid
nitrogen, counter-current to the direction of gas flow to achieve a thermally
focussed band. To inject, the valve is turned to vacuum, which quickly
displaces the coolant with heated fiuid, immediately raising the temperature
of the trapping section of column and reinforcing the thermal focus of the
delivered band (from reference 8).

against pure solvent. The dialysis membrane** has
a pore size such that triglyeerides will not pass through
the membrane, vet compounds with fourteen carbons
or less pass through the membrane in a reasonable
time period. The membrane is also stable to organic
solvents. The procedure provides a means of studying
the flavor of fatty foods, yet does not involve a distilla-
tion. Initial publications on this method used a bateh
equilibrium process. Therefore, one could never re-
cover >1/2 of the flavor compounds. Recent work has
involved the use of a continuous dialysis system em-
ploving a tubular membrane. This membrane has a
L0625 e internal diameter. If this membrane is placed
inside a 1/8” od Teflon column, diethy] ether is used as
the extracting solvent and dialysis solvent, and flows

are counter current, greater than 80% recoveries of

maodel flavor compounds have been obtained in a single

**Nafion, The Dupant Co., Wilmington, DE
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pass. There is no problem with artilact formation due
to solvent/membrane interactions as long as diethyl
ether is used as the solvent. This membrane is quite
acidic in nature and, therefore, the binding of basic
compounds and possible membrane catalyzed aldol
condensations of flavor compounds is currently under
study. Even considering these limitations, the
method does provide a unique means of obtaining
flavor isolates from fatty foods.

It is quite feasible to nse direct injection of food
samples onto a GC for analysis. The primary problems
with this upproach are contamination of the injection
port and column with nonvolatile materials; thermal
degradation of nonvolatiles in the injection port; and
damage to the column or decreased separation efhi-
ciency due to water in the food sample. Sufficient
quantitics of most flavor compounds are present in
loods to permit direct injection without concentration.
This can be demonstrated by the following example.

A food containing 1 ppm of a flavor compound has
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Figure 3. The influence of initial GC column temperature on the

chromatography of low molecular weight esters when isclated from water using
a purge and trap autosampler, Peak 1—ethancl, Peak 2—ethyl acetate, Peak
3—ethyl proprionate, Peak 4—ethyl butyrate, Peak 5-—ethyt valerate, Peak

6—ethyl caproate {from reference 10).
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Figure 4. Apparatus for the continuous isolation of volatile
organics from air by Freen reflux (from reference 6).
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about | pg/g or 1 ng flavor/ul food. Therefore injecting
a 10 pl food sample provides about 10 ng of this flavor
component for GC analysis, Tt is possible to detect
volatile flavor compounds in foods in the pph range
using direct injection assuming the problems men-
tioned can be overcome. It has become common prac-
tice to determine the volatile constituents of vegetable
oils via direct injection.” Legendre and coworkers have
presented a technique for the direct analysis of both
aqueons and nonagueous food materials.? This proce-
dure uses a heated injection port (filled with glass wool)
followed by a cool column containing dry Na,50), to
absorb moisture, a six port valve to permit regenera-
tion of the Nu,$O, precolumn and then the GC col-
umn {figure 4). While there was {quantitatively) an
abundance of volatiles available for GC analysis, the
authors obtained very poor resolution via their system.
This was probably a function of the packed column they
were using, and the long injection time. A capillary
column fitted with a column cooling system? or
crvogenic oven'" would provide a useful techmique for
the analysis of most volatiles in agueous and nonaque-
ous food samples. Along these same lines, it should be
possible to modify the commercially available
headspace concentration samplers to accept samples
vaporized in a heated injection port. The injection port
should have a removable sample vessel so it may be
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Figure 5. Diagram of the GC inlet sys-
tem used to isolate volatiles from
either aqueous or nonaqueous food
samples {from reference 9).

removed after the volatiles have been flashed from the
sample onto the headspace sampler. This would re-
place the long purge times commonly used with
headspace concentration techniques by a 30-second
flash evaporation of the sample.

Jennings has provided two other interesting means
of obtaining flavor isolates. One is a reflux trapping
svstem and the other his modified Babcock bottle. &7
The reflux trapping system is shown in figure 5, This is
a continuous system involving vapor extraction with
Freon 12. If the sample is nonaqueous, the system
prepares a good concentration of volatiles in Freon.
When the sample is aqueous, a large proportion of the
isolate is water. Assuming that the GC column can
tolerate water (for example, SE 30, SE 54, or SP 2100)
the water does not interfere with GC performance.
However the sample isolate is diluted with water and
concentration could be a problem.
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The lLast method, Jenning’s Babcock bottle, is a nice
way to rapidly prepare a sample for analysis {see figure
6). This technique is very well suited to in-plant quality
control needs. The sample (40 em?®) is placed in the
bottle through the wide neck along with 100-200 ul of
solvent {for example, pentanc or isopentane). The bot-
tle is stoppered with Teflon caps and shaken welk.
Water is added to bring the solvent into the fine capil-
I(u v |1|:'\,]|\ \\,r’ilti‘hubatj()i‘l Idy b(‘ dr)i'ﬂi})](— to did sep-
aration). The solvent extract may be withdrawn with a
syringe for analysis. The total isolate preparation time
may be less than 5 minutes.

In conclusion, some novel ideas for the isolation of
flavors trom foods have been cxplored. The traditional
methods used for flavor isolation (such as steam distilla-
tion) are being replaced by more current techniques. Tt
must be remembered that each method bas strengths
and weaknesses. The €O, extraction method provides
a solvent-free isolate suituble for sensory analysis
and/or GC analysis. However, the method is time-
consuming and there are sample limitations.

The headspace techniques are simple but vet take
considerable time. One should recognize that changes
(for example, fermentation or oxidation) can ocecur in
the sample if purge time is excessive. The method also
suffers from an analysis of volatiles in the
headspace—not what is in the food. Volatile/
nonvolatile interactions (for example Havor/protein) can
greatly change the vapor pressure profiles of a mixture
of flavor components. The headspace prolile may be
very different from the concentration profile in the
food itself, One must also remember that the most
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volutile components may be eluted from the ahsorbant
trap and be lost. The profile depends upon the purge
time and trapping efliciency for each compound.

The dialysis method provides a technigue for isolat-
ing, flavors {rom fat-containing foods that does not de-
pend on volatility. Isolates prepared by this technigue
would reflect the true concentrations of flavors in the
food. Yet there are problems with the acidic dialysis
membrane absorbing basic compounds and generating
artifacts via aldo] condensations.

The continuous Freon reflux system is very similar
to the headspace concentration systems. One would
assume that trapping efficiency would depend on solu-
bility in the Freon. This method offers an advantage
over the Tenax headspace concentration technique, in
that there would be no trap breakthrough. The most
volatile components should be retained by this trap-
ping technigue. We will see more of this method in the
future.

The moditied Babcock hottle extractor offers speed.
Sample preparation in less than five minutes may he
desiruble in production situations. One would not ex-
pret quantitative or complete extraction, but rather a
quick, representative, reproduceable sample.

Each method has advantages and disadvantages.
There is no single method which will provide an accu-
rate flavor isolate, Rather we are dealing with com-
promiscs, which perhaps can provide the information
we need to solve the problem at hand.
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