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Stereoisomeric Flavor Compounds. 33. Multidimensional Gas
Chromatography Direct Enantiomer Separation of y-Lactones from

Fruits, Foods, and Beverages

Armin Mosandl,” Uwe Hener, Ute Hagenauer-Hener, and Angelika Kustermann

Institut fir Lebensmittelchemie, Universitat Frankfurt, D-6000 Frankfurt/Main, West Germany

Chiral vy-lactones from the raw flavor extract of strawberries and of some commercially available
fruit-containing foods and beverages were directly stereoanalyzed by multidimensional gas chroma-
tography (MDGC), employing heart-cutting techniques from DB 1701 as the preseparation column
onto heptakis(3-0-acetyl-2,6-di-O-pentyl)-g-cyclodextrin as the chiral stationary phase.

The influence of optical isomerism to odor quality is
well appreciated (Russell and Hills, 1971; Friedman and
Miller, 1971; Ohloff, 1986; Mosandl, 1982), and in our
opinion, research on the structure-function relation-
ships of flavor substances will become increasingly impor-
tant.

Chirality evaluation is a convenient method to differ-
entiate between flavor compounds of natural origin and
synthetic racemates, if comprehensive data about opti-
cal purity and fruit-specific distribution are available
(Mosandl et al., 1988; Gessner et al., 1988).

0021-8561/90/1438-0767%$02.50/0

Recently we reported on the first direct chirospecific
analysis of chiral y-lactones from foods and other com-
mercially available fruit-containing preparations by off-
line coupling of HPLC with HRGC on modified chiral
a-cyclodextrin as a suitable chiral stationary phase
(Mosandl and Kustermann, 1989b). This paper reports
on multidimensional gas chromatography (MDGC)
(Schomburg et al.,, 1984) as a very sensitive method of
high selectivity to differentiate y-lactone mirror images
from complex flavor extracts, using heart-cutting tech-
niques from DB-1701 as the nonchiral preseparation col-

© 1990 American Chemical Society
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Figure 1. (a) Preseparation of racemic y-nona- (Cy), y-deca-
(Cyo), v-undeca- (Cy,), and y-dodecalactone (C,,) as a standard
mixture on DB-1701. Conditions: 0.9 bar of I-} program, 140

°C, 2 min isothermal, 5 °C/min — 200 °C; bacfc flush after 33
min; elution 1ntervals (U) transferred onto the main column.
(b) Transfer of racemic y-nona- (C,), y-deca- (C,,), y-undeca-
(C,1), and vy-dodecalactone (C,;) from DB-1701 preseparation
(a) onto the main column and %ase-line resolution with Lipo-
dex D as the chiral stationary phase. Conditions: 0.75 bar of
H,; program, 140 °C, 10 min isothermal, 5 °C/min — 170 °C;
orﬁer of elution assigned with optically pure references (Ginther,
1988; Mosandl and Giinther, 1989).

umn and transfer onto heptakis(3-O-acetyl-2,6-di-O-
pentyl)-8-cyclodextrin as the appropriate chiral station-
ary phase.

EXPERIMENTAL SECTION

Optically Pure References. The structure and properties
of y-lactone enantiomers are reported in previous papers
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m
a
- o o
) 10 20 30Min

4R

4R

ML

20 40

wF‘

60 Min

Figure 2. (a) Raw strawberry extract, preseparated with DB-
1701. Conditions: see Figure 1la. (b) Chirality evaluation of v-
deca- (C,y) and y-dodecalactone (C,,) from strawberries trans-
ferred from DB-1701 preseparation (a) onto the main column.
Conditions: see Figure 1b.

(Ginther, 1988; Mosandl and Giinther, 1989a). The order of
elution from the modified chiral a-cyclodextrin and 8-
cyclodextrin phase is assigned by optically pure references: I
(R), 11 (S) (Ganther, 1988; Kénig et al., 1988; Mosandl et al.,
1989a).

Instrumentation. Analyses were performed with a Sie-
mens SiChromat 2 multidimensional gas chromatography sys-
tem containing two ovens with independent temperature pro-
grams, equipped with two flame ionization detectors (FID), and
the “live-switching” coupling piece: injection mode, splitless, 0.6
min; injection temperature, 200 °C, detection temperature, 220
Q

C.

Separation conditions: carrier gas, H,; preseparation pres-
sure, P, = 0.9 bar; main separation pressure, Py; = 0.75 bar.

Preseparation. A fused silica retention gap, 10 m X 0.25
mm (i.d.), deactivated according to Grob (1987), coupled with
a nonchiral DB-1701 (86% dimethyl-7% cyanopropyl-7% phe-
nylpolysiloxane) chemically bonded fused silica column, 15 m
X 0.25 mm (i.d.) with 1-um film thickness (J&W Scientific),
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Figure 3. (a) Dichloromethane extract from apricot brandy,
purchased from the market, analyzed on a DB-1701 precol-
umn. Conditions: see Figure 1a. (b) Chirospecific analysis of
y-deca- (C,;) and y-dodecalactone (C,,) from the distillate of
apricot brandy (a), transferred to stereoanalysis with Lipodex
D. Conditions: see Figure 1b.

was used. Program: 140 °C, 2 min isothermal, 5 °C/min — 200
°C, back-flush after 33 min.

Main Separation. A pyrex glass capillary column, 38 m X
0.2 mm (i.d.), coated with heptakis(3-0O-acetyl-2,6-di-O-pentyl)-
B-cyclodextrin (Lipodex D) as the chiral stationary phase (Kénig
et al., 1988) for the direct resolution of optically active y-lac-
tones was used (Mosandl and Kustermann, 1989b). Program:
140 °C, 10 min isothermal, 5 °C/min — 170 °C.

Sample Preparation. General Procedure. The quantity of
foods to be analyzed depends on their genuine concentration
of v-lactones. Solid samples, e.g., 1-2 kg of freshly harvested
strawberries, are homogenized, diluted with water, and centri-
fuged at 5000g for 30 min. The supernatant is exhaustively
extracted with dichloromethane or pentane-dichloromethane
on the apparatus of Likens and Nickerson or modified tech-
niques. For standard controlled extraction, a suitable, nonin-
terferring y-lactone (1 ppm) as an internal standard is recom-
mended.

The organic layer is dried over Na,SO, (anhydrous) and con-
centrated to about 25 mL, on a Vigreux column. If preserva-
tives (sorbic acid or benzoic acid) are detectable, these acids
are removed by Na,CO, (5%). After being dried and concen-
trated to 0.5 mL, the solution is ready to use for MDGC.

Nonalcoholic Liquid Samples. Fruit juices and other fruit-
containing beverages (1-2 L) are diluted with water and worked
up in a similar manner.

Alcoholic Beverages. They are diluted with water to an alco-
hol content of about 20% before extraction with dichlo-

J. Agric. Food Chem., Vol. 38, No. 3, 1990 769

30 Min

20 40 60 Min

Figure 4. (a) Dichloromethane extract from multivitamin fruit
juice, purchased from the market and analyzed on a DB-1701
precolumn. Conditions: see Figure 1a. (b) Stereodifferentia-
tion of v-deca- (C,,) and y-dodecalactone (C,,) from multivi-
tamin fruit juice, transferred from a DB-1701 precolumn (a)
onto Lipodex D as the chiral stationary phase. Conditions: see
Figure 1b.

romethane or pentane-dichloromethane. Liquors are distilled
first; subsequently the diluted distillate is worked up.

RESULTS AND DISCUSSION

Despite the importance of v-lactones in flavors of nat-
ural origin, their stereochemical structure-function rela-
tionships have remained unknown until now. Recently,
the chiroptical and sensory properties of their mirror
images were described (Gunther, 1988; Mosandl and
Gilinther, 1989a) and the first chirospecific methods (via
the diastereomeric esters) evaluated (Mosandl et al., 1988).

Meanwhile, the analytical v-lactone enantiomer sepa-
ration has been achieved and we have reported on the
first direct chirospecific analysis of 4-lactones from foods
and some other commercially available fruit-containing
preparations by off-line coupling of HPLC with HRGC
on modified chiral «(B8)-cyclodextrins as suitable chiral
stationary phases (Mosandl and Kustermann, 1989b;
Mosandl et al., 1989b).
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Figure 5. (a) Dichloromethane extract from an orange/
maracuja fruit nectar, purchased from the market and ana-
lyzed with a DB-1701 precolumn. Conditions: see Figure la.
(b) Enantiodifferentiation of y-deca- (C,,) and y-dodecalac-
tone (C,;) from an orange/maracuja fruit nectar (a), trans-
ferred onto the chiral main column Lipodex D. Conditions: see
Figure 1b.

However, due to the complexity of natural flavor
extracts, an effective preseparation has to be assumed as
an indispensable prerequisite for the direct enantiodif-
ferentiation of vy-lactones from flavor matrices. MDGC
is demonstrated with racemic mixtures of y-nona- (C,),
v-deca- (C,o), v-undeca- (C,;), and ~-dodecalactone
(C,;) by DB-1701 preseparation (Figure la) and trans-
fer onto the main column, coated with heptakis(3-O-
acetyl-2,6-di-O-pentyl)-G8-cyclodextrin as the chiral sta-
tionary phase. Base-line resolution is achieved in all four
cases (Figure 1b).

Due to their enzymatic pathways, chiral aroma com-
pounds from fruits and other natural sources are char-
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Figure 6. (a) Dichloromethane extract from a fruit prepara-
tion with passion fruits, analyzed with nonchiral precolumn DB-
1701. Conditions: see Figure 1a. (b) Racemic y-deca- (C,,) and
racemic y-undecalactone (C, ), sterecanalyzed after transfer from
DB-1701 (a) onto Lipodex )11) Conditions: see Figure 1b.

acterized by definite and fruit-specific distribution of their
enantiomers. From freshly harvested strawberries, -
decalactone and y-dodecalactone are detected in a 70:30
ratio and with rather high optical purity in favor of the
4R-configurated vy-lactones: v-C,,, 4R, >98% ee; v-Cy,,
4R, >99% ee (cf. Figure 2a,b).

The chirospecific analyses of v-decalactone and v-
dodecalactone from the distillate of an apricot brandy
indicate optical purities similar to those of strawberries
(Figure 3a,b).

The distribution of v-deca- and y-dodecalactone enan-
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tiomers, isolated from a commercially available multivi-
tamin fruit juice, is documented in Figure 4a,b.

On the other hand, the natural occurrence of racemic
v-lactones has not yet been observed. Therefore, the detec-
tion of a racemic vy-lactone from fruit-containing foods
indicates the addition of synthetic flavorings, while chi-
ral aroma compounds from natural sources reflect the
fruit-specific distribution of their enantiomers (Mosandl
et al., 1988, 1989b). By MDGC analysis of v-lactones
from an orange/maracuja nectar (Figure 5a,b) and from
a fruit preparation with passion fruits (Figure 6a,b), the
addition of racemic v-lactones is identified, in contrast
to legal regulations of German food law.

CONCLUSION

Multidimensional gas chromatography employing heart-
cutting techniques from DB-1701 as the preseparation
column onto heptakis(3-O-acetyl-2,6-di-O-pentyl)-3-
cyclodextrin is proven to be a powerful method for the
direct enantiomer separation of chiral y-lactones from
complex multicomponent mixtures without any further
cleanup or derivatization procedures. The described
MDGC technique is of considerable interest with regard
to the importance of chiral y-lactones as key aroma com-
pounds and the legal interpretation of their addition to
foods and beverages.
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