J. Agric. Food Chem. 1990, 38, 1373-1378 1373

nols as a Water-soluble Coupling Reagent. Bull. Chem. Soc.
Jpn. 1987, 60, 2409.

Kuwata, S.; Watanabe, H. The Removal of Copper from the
Copper Complex of w-Acylamino Acid with EDTA. Bull.
Chem. Soc. Jpn. 1965, 38, 676.

Mapelli, C.; Newton, M. G.; Ringold, C. E.; Stammer, C. H.
Cyclopropane Amino Acid Ester Dipeptide Sweeteners. Int.
J. Pept. Protein Res. 1987, 30, 498.

Mazur, R. H.; Schiatter, J. M.; Goldkamp, A. H. Structure-
Taste Relationships of Some Dipeptides. /. Am. Chem. Soc.
1969, 91, 2684.

Mazur, R. H.; Goldkamp, A. H.; James, P. A,; Schlatter, J. M.
Structure-taste Relationships of Aspartic Acid Amides. J.
Med. Chem. 1970, 13, 1217.

Mazur, R. H.; Reuter, J. A.; Swiatek, K. A.; Schlatter, J. M.
Synthetic Sweeteners. 3. Aspartyl Dipeptide Esters from L-
and p-Alkylglycines. J. Med. Chem. 1973, 16, 1284.

Miyoshi, M.; Nunami, K.; Sugano, H.; Fujii, T. Structure-taste
Relationship of Novel a-L-Aspartyl Dipeptide Sweeteners. Bull.
Soc. Jpn. 1978, 51, 1433.

Shallenberger, R. S.; Acree, T. E. Molecular Theory of Sweet
Taste. Nature (London) 1967, 216, 480.

Shallenberger, R. S.; Acree, T. E.; Lee, C. Y. Sweet Taste of b
and L-Sugars and Amino-acids and the Steric Nature of their
Chemo-receptor Site. Nature (London) 1969, 221, 555.

Shinoda, I.; Okai, H. Sweetness and Bitterness Contributions
of Structural Units of Aspartame and Some Analogues. J.
Agric. Food Chem. 1985, 33, 792.

Tada, M.; Shinoda, I.; Okai, H. L-Ornithyltaurine, a New Salty
Peptide. J. Agric. Food Chem. 1984, 32, 992.

Received for review June 9, 1989. Revised manuscript received
January 18, 1990. Accepted February 2, 1990.

Registry No. 1,740-63-6; 2, 366-74-5; 3, 17966-71-1; 4, 113969-
20-3; 5, 60889-73-8; 6, 113969-21-4; 7, 107154-39-2; 8, 126327-
79-5; 9, 113969-22-5; 10, 113969-25-8; 11, 113969-27-0; 12, 113969-
23-6; 13, 113969-26-9; 14, 113969-28-1; 15 (free base), 6456-
72-0; 15-HCl, 4078-57-3; 16 (free base), 97791-90-7; 16-HCl, 3910-
46-1; 17, 126327-80-8; 18, 67318-79-0; 19, 126327-81-9; 20, 126327-
82-0; 21, 113969-24-7; 22, 126327-83-1; 23, 126327-84-2; 24, 14287-
21-9; 25, 126327-85-3; 26, 495-69-2; 27, 126327-87-5; 28, 2130-
77-0; 29, 126327-88-6; 30, 3304-51-6; 31, 115249-01-9; 32, 1155-
64-2; 33, 21953-46-8; 34, 126327-89-7; 35, 1946-83-4; 36, 1946-
80-1; 37, 123300-01-6; 38, 126327-91-1; 39, 126327-92-2; 40, 103892-
89-3; 41, 3440-28-6; 42, 126327-94-4; 43, 112551-36-7; 44, 35340-
63-7; 45, 126327-96-6; 46, 126327-97-7; 47, 500-98-1; 48, 126375-
03-9; 49, 123300-02-7; 50, 56613-60-6; 51, 126375-05-1; 52, 126327-
98-8; 53, 55154-47-7; 54, 126328-00-5; 55, 126328-01-6; 56, 121428-
67-9; 57, 126328-03-8; 58, 126328-04-9; 59, 1161-13-3; 60, 108965-
60-2; 61, 1909-02-0; 62, 2448-45-5; 63, 126328-06-1; 64, 1436-
75-5; 65, 2198-64-3; 66, 126328-08-3; 67, 126328-09-4; 68, 87068-
75-5; 69, 126328-11-8; 70, 126328-12-9; 71, 718-07-0; 72, 126328-
14-1; 73, 126328-15-2; 74, 836-32-8; 75, 126328-17-4; 76, 126375-
06-2; 77, 74391-82-5; 78, 126328-19-6; 79, 126328-20-9; 80, 126328-
21-0; 81, 126328-23-2; 82, 126328-24-3; 83, 2018-61-3; 84, 115993-
63-0; 85, 73936-08-0; 86, 10172-89-1; 87, 126375-08-4; 88, 126328-
25-4; H-Gly-OH, 56-40-6; H-Dab-OH, 1758-80-1; H-Orn-OH,
70-26-8; H-Lys-OH, 56-87-1; H-8-Ala-OH, 107-95-9; H-y-Abu-
OH, 56-12-2; H-Phe-OH, 63-91-2; H-p-Phe-OH, 673-06-3; H-Ala-
OH, 56-41-7; H-a-Abu-OH, 1492-24-6.

Novel Monoterpene Disaccharide Glycosides of Vitis vinifera Grapes

Stephane G. Voirin, Raymond L. Baumes,* Sylvaine M. Bitteur, Ziya Y. Giinata, and
Claude L. Bayonove

INRA, Institut des Produits de la Vigne, Laboratoire des Arémes et des Substances Naturelles, 2 Place Viala,
34060 Montpellier Cedex 1, France

Acuminoside (geranyl 6-O-3-p-apiofuranosyl-g-p-glucopyranoside) has been characterized in Vitis
vinifera vars. Muscat of Frontignan, Muscat of Alexandria, Muscat Ottonel, Muscat of Hambourg,
and Gewiirztraminer. Moreover, similar disaccharide glycosides of monoterpenols, of 2-phenyletha-
nol, and of benzyl alcohol were tentatively identified on the basis of the GC-EIMS and GC-CIMS of

their trimethylsilyl and trifluoroacetyl derivatives.

1. INTRODUCTION

Since Cordonnier and Bayonove (1974) first suggested
the occurrence of monoterpene glycosides in Vitis vin-
ifera var. Muscat of Alexandria, extensive research has
been carried out on their chemical structure. These com-
pounds, although odorless, can be hydrolyzed under cer-
tain conditions to yield increases in the concentrations
of volatile flavorants with quite low aroma threshold val-
ues (Gunata et al., 1989). Williams et al. (1982, 1983)
first identified them as 6-0-a-L-rhamnopyranosyl-8-p-
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0021-8561/90/1438-1373%$02.50/0

glucopyranosides (3-rutinosides) (I), 6-O-a-L-arabinofura-
nosyl-8-p-glucopyranosides (II), and 8-p-glucopyrano-
sides (III) with monoterpenyl aglycons at the linalool oxi-
dation state and benzyl and 2-phenylethyl aglycons (Figure
1); the same group described later such glycosides with
other aglycons, monoterpenoids, C13 norisoprenoids, phe-
nols, and other compounds (Strauss et al., 1987a,b, 1988),
and presented data substantiating the importance of these
tasteless compounds as a reserve of grape flavor (Strauss
et al., 1985; Noble et al., 1987, 1988).

To further progress with the knowledge of their struc-
tural, chemical, and biochemical properties, we focused
on their chemical synthesis (Voirin et al., 1989; Gilinata
et al.,, 1989a), their enzymatic hydrolysis (Gilinata et al.,

© 1990 American Chemical Society
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Figure 1. Structure of glycosides with volatile aglycons in grape.
R = monoterpenyl, benzyl, 2-phenylethyl group. Compounds
I-III were identified in previous studies (see introduction).

1988, 1989, 1990; Cordonnier et al., 1989), and their direct
determination using GC (Pierrisnard, 1986; Glnata et
al., 1989; Bitteur et al., 1989; Voirin, 1990) and HPLC
(Glinata et al., 1989; Bitteur et al., 1989). Although HPLC
allowed direct analysis of monoterpenyl glycosides with-
out derivatization, its main limitation was due to the lack
of a routine HPLC-MS coupling (Bitteur et al., 1989).
On the contrary, comparative analysis of such synthetic
and grape glycosides (V. vinifera vars. Muscat of Alex-
andria, Muscat of Hambourg, Muscat of Frontignan, Mus-
cat Ottonel, and Gewiirztraminer) by means of GC-EIMS
of their trimethylsilyl (TMS) and trifluoroacetyl (TFA)
derivatives proved useful, as it enabled positive or ten-
tative identification (further sustained by CIMS of TMS
derivatives) and quantitative determination of the known
diglycosides (Pierrisnard, 1986; Voirin, 1990) and also of
novel grape disaccharide glycosides, 6-O-3-p-apiofuranosyl-
B-p-glucopyranosides (IV) (Figure 1) of monoterpenols,
2-phenylethanol, and benzyl alcohol, the structure of which
we report here.

2. EXPERIMENTAL PROCEDURES

2.1. Reagents and Reference Samples. Analytical grade
solvents were further purified by redistillation before use. Amber-
lite XAD-2 resin from Rohm and Haas was purified according
to the procedure of Giinata (1984). TMS and TFA reagent were
purchased, respectively, from Touzart et Matignon and Sigma.
Phenyl and p-nitrophenyl 8-p-glucopyranosides were pur-
chased from Sigma. Acuminoside was a gift from Dr. Wentler.
Geranyl, neryl, linalyl, benzyl, and 2-phenylethyl 6-0-a-L-ara-
binofuranosyl-8-p-glucopyranosides as well as the correspond-
ing rutinosides were synthesized according to the method of
Voirin et al. (1989).

2.2. Glycoside Sampling. Mature, sound grapes (cultivars
Muscat of Frontignan, Muscat of Alexandria, Muscat Ottonel,
Muscat of Hambourg, and Gewiirztraminer) were collected in
1988 at the vineyard of the vine experimental station in Mont-
pellier, France.

Glycoside extracts from grape were obtained according to the
method of Giinata (1985): a sample of 50 mL of juice, to which
were added phenyl and p-nitrophenyl 8-p-glucopyranosides (1
mg of each one) as internal standards, was passed through a
column of Amberlite XAD-2 resin previously equilibrated with
water, and the column was washed with water and pentane.
Glycosides were then recovered by elution with ethyl acetate,
and the eluate was concentrated to dryness.

2.3. Methods of Analysis. 2.3.1. Trimethylsilylation of
Glycosides. A glycoside sample obtained from 10 mL of grape
juice as reported above or a mixture of synthetic glycosides (5
ug of each compound) was concentrated to dryness at 60 °C
under nitrogen. After the addition of 20 uL. of anhydrous pyri-
dine and 20 uL of the TMS reagent [N,0-bis(trimethylsilyl)-
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trifluoroacetamide and chlorotrimethylsilane 99-1), the mix-
ture was stirred, stored for 20 min at 60 °C, and then cooled at
room temperature.

2.3.2. Trifluoroacetylation of Glycosides. A glycoside sam-
ple obtained from 15 mL of grape juice as reported above or a
mixture of synthetic glycosides (10 ug of each compound) was
treated as above by using 20 gL of the TFA reagent [N-meth-
yibis(trifluoroacetamide)} instead of the TMS reagent.

2.3.3. Gas Chromatographic Analysis of TMS Derivatives
of Glycosides. The TMS derivatives prepared as reported above
were analyzed on an OV1 fused silica capillary column (Delsi
Instruments; 50 m X 0.32 mm i.d.; 0.2 pm bonded phase). Injec-
tions of about 0.8 uL. were on-column: the injector tempera-
ture was programmed at 60 °C min~! from 90 to 150 °C and
then at 10 °C min~! to 300 °C. The column temperature was
programmed at 3 °C min~! from 130 to 300 °C with 2 mL min~!
hydrogen carrier gas and fid temperature at 320 °C.

2.34. Gas Chromatographic Analysis of TFA Derivatives
of Glycosides. The TFA derivatives prepared as reported above
were analyzed on a CP-Sil 8 CB fused silica capillary column
(Chrompack; 25 m X 0.32 mm i.d.; 1.2 um bonded phase). Injec-
tions of about 0.8 uL. were on-column: the injector tempera-
ture was programmed at 60 °C min~t from 90 to 150 °C and
then at 10 °C min-! to 300 °C. The column temperature was
programmed at 3 °C min-! from 125 to 300 °C with 1.3 mL
min~! hydrogen carrier gas and fid temperature at 300 °C.

2.3.5. Gas Chromatography Mass Spectrometry of Glyco-
side Derivatives. Electron impact mass spectra (EIMS) were
recorded for the TMS and the TFA derivatives by coupling a
Girdel 31 gas chromatograph, equipped with the same fused
silica capillary columns described respectively under sections
2.3.3 and 2.3.4 to a Nermag R10-10 mass spectrometer. The
transfer line consisted of a platinum capillary tube heated to
260 °C. The source temperature was 200 °C. Mass spectra
were scanned at 70 eV in the range m/e 60-1050 at 2.87-s inter-
vals.

Chromatographic conditions were as follows: injections of 2
uL of glycoside derivatives (TMS or TFA prepared as above)
were injected with a 10:1 split into an injector held at 320 °C.
Helium carrier gas head pressure was 90 kPa for TMS deriva-
tives and 10 kPa for TFA derivatives.

For TMS derivatives, the column was programmed at 3 °C
min~! from 130 to 300 °C and for TFA derivatives at 4 °C min-!
from 120 to 280 °C.

Chemical ionization mass spectra (CIMS) were recorded only
for the TMS derivatives, using the same GC and transfer line
conditions as reported for EIMS. The source temperature was
90 °C, and ammonia was used as the reactant gas. Mass spec-
tra were scanned at 70 eV in the range m/e 60-1050 at 2.87-s
intervals.

3. RESULTS AND DISCUSSION

Surprisingly, in the range of GC retention time of the
TMS and TFA derivatives of the diglycosides in the grape
extracts appeared a set of unknown glycosides showing
EIMS (Tables I and II) similar to those of the corre-
sponding 6-0-a-L-arabinofuranosyl-3-p-glucopyrano-
sides (Voirin, 1990) with the same molecular weight accord-
ing to the CIMS of their TMS derivatives and present
in similar amounts (Tables I and II).

For both kinds of derivatives, EIMS data showed char-
acteristic fragment ions derived from both the aglycon
and the sugar moiety (especially from both monosaccha-
ride units) as observed for the corresponding known gly-
cosides (Williams et al., 1982, 1983; Pierrisnard, 1986)
and for synthetic compounds (Voirin, 1990). This allowed
the determination of the monoterpenyl, benzyl, and 2-
phenylethyl nature of the corresponding aglycons (Tables
I and II list the characteristic fragment ions of these agly-
cons) and the terminal pentosylhexoside nature of their
sugar moiety. Indeed, their TFA derivatives exhibited
the characteristic fragment ions at m/e 193 and 421 (tri-
TFA pentosyl fragment and subsequent loss of two
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Table I. Mass Spectra of TMS Derivatives of 6-0-3-D-Apiofuranosyl-3-p-glucopyranosides® Detected in Vitis vinifera Grape
Extracts

EIMS, characteristic fragment ions of

mol wt . .
aglycon sugar and mol wtc of aglycon? occurrence In grape
residue® sugar moiety aglycon moiety aglycon moieties MW, MW, F A 0 H G rmtf
benzyl 191 (100); 204 (82); 217 (20) 91 (28) 209 (6); 469 (1) 834 108 + + ++ + ++ 1.200
259 (16); 349 (0.2)
a linalyl oxide 191 (100); 259 (59); 217 (48) 153 (57); 71 (20) 271 (2); 531 (1) 896 170 +++ +  + + +4+ 1.200
204 (32); 349 (0.6) 81 (12); 69 (8)
135 (5); 93 (4)
a linalyl oxide 191 (100); 259 (53) 153 (12); 71 (5) + - - - - 1223
204 (50); 217 (8); 349 (2) 81 (0.7); 69 (3)
135 (3)
a linalyl oxide 191 (100); 259 (47) 153 (94); 71 (67) + - - - - 1226
217 (40); 204 (18); 349 (4) 135 (11); 93 (2)
neryls 259 (100); 191 (74) 81 (16); 69 (12) 515 (0.1) 880 154 +++ +  +++ ++4+ + 1230

217 (40); 204 (13); 349 (1) 137 (6); 136 (2)

95 (3); 93 (1)

2-phenylethyl 204 (100); 191 (95); 217 (28) 105 (27) 223 (10); 483 (2) 848 122 - + ++ + - 1257
259 (24); 349 (1) 95 (3); 93 (1)

geranylh 259 (100); 191 (68); 204 (42) 69 (23); 81 (12) 515 (0.4); 255 (1) 880 154 + ++ ++ ++ ++ 1.268
217 (39); 363 (15); 273 (5) 137 (3); 136 (1)
349 (2) 95 (2); 93 (1)

o See Table III for unsubstituted glycosides. ® Positive identification for geranyl; otherwise, tentative identification. ¢ From CIMS with
ammonia as reactant gas. ¢ Obtained as: MW, = MW, - 727 (molecular weight of the sugar moiety) + 1. ¢ F, A, O, H: respectively, muscat
of Frontignan, Alexandria, Ottonel, Hambourg, G: gewirztraminer. Quantities were estimated by comparison of the total ion count for the
MS of each peak with that of p—nitrophenyl 8-b-glucopyranoside internal standard; -, not detected; +, <100 ug/L; ++, 100400 ug/L; +++,
>400 ug/L. f Retention time relative to p-nitrophenyl 8-p-glucopyranoside (GC-EIMS conditions, see Experimental Procedures). # This is
“unknown peak e” in the gas chromatograms of the TMS derivatives of grape glycosides after enzymic hydrolysis (Giinata et al., 1988).
h Coeluted with geranyl 8-rutinoside; this is “unknown peak g” in the gas chromatograms of the TMS derivatives of grape glycosides after

enzymic hydrolysis (Giinata et al., 1988).

TFA-OH groups) and at m/e 319 (di-TFA hexosyl frag-
ment) (Konig et al., 1973), although the last two had weak
intensities. Furthermore, their TMS derivatives showed
the characteristic fragment ions at m/e 349 and 259 (tri-
TMS pentosyl fragment and subsequent loss of one
TMS-OH group) and at m/e 361 and 331 (tri-TMS hex-
osyl fragment and subsequent loss of formaldehyde) (De
Jongh et al., 1969; Martinelli, 1980). On the other hand,
the high abundance of fragment ion at m/e 191 with
respect to that of ions at m/e 204 (a di-TMSO-ethenyl)
and 217 (a di-TMSO-propenyl) in the EIMS of the TMS
derivatives of the unknown compared to those of the cor-
responding 6-0-a-L-arabinofuranosyl-3-p-glucopyrano-
sides (ion at m/e 191 very weak with respect to ions at
m/e 204 and 217) was of high diagnostic value to distin-
guish between them. However, this ion, probably TMSO-
CH=0*TMS, was not characteristic of a particular sugar,
as it is found in the EIMS of almost all glycoside TMS
derivatives (De Jongh et al., 1969; Inouye et al., 1976;
Martinelli, 1980).

Similar discrimination between the TFA derivatives
of the unknown diglycosides and those of the 6-O-a-b-
arabinofuranosyl-8-n-glucopyranosides was not so obvi-
ous. The one slight difference we could find dealt with
the ratio of the intensity of the fragment (generally <6%)
at m/e 279 (a di-TFAO-butenyl) to that of the fragment
at m/e 265 (a di-TFAO-propenyl) (Table II). This ratio
was greater than 1 for the unknown and smaller than 1
for the other compounds. However, due to the weak inten-
sity of these ions, this rule must be applied cautiously,
especially in the case of eventual coelution; thus, tenta-
tive identifications were also based on comparison of the
GC retention times of the two sets of diglycosides and,
when available, ascertained by synthetic compounds for
the 6-0-a-L-arabinofuranosyl-3-p-glucopyranosides (Voi-
rin, 1990).

Moreover, in the range of retention times between those
of the monoglucosides and those of the diglycosides TMS
derivatives of grape extracts appeared the two known
unsubstituted diglycosides, i.e., TMS-rutinose and TMS-
6-0-a-L-arabinofuranosyl-p-glucopyranose, along with
another unsubstituted diglycoside presenting EI and CI
mass spectra (Table III) similar to those of TMS-6-0O-a-
L-arabinofuranosyl-p-glucopyranose but with the same
major difference in their EIMS as reported above, i.e.,
high-intensity fragment ion at m/e 191. Their EIMS
exhibited different characteristic fragments relative to
the terminal sugar, i.e., m/e 363-273 for rutinosides and
m/e 349-259 for the two other ones, but the same char-
acteristic fragment ions for the reducing hexose, i.e., prom-
inent ions at m/e 495-496 (probably carbonyl and formyl
TMS-hexosyl fragments) and small fragment ions at m/e
466-377 (loss of formaldehyde then of TMSO from ion
at m/e 496), which is strongly indicative of a 6-O-pento-
sylglucose for the unknown. In addition, their CIMS with
ammonia as reactant gas showed pseudomolecular ion
corresponding to l-amino derivatives, i.e., m/e 775 for
rutinosides and m/e 761 for the two other ones, proba-
bly due to the high reactivity of these TMS glycosides
toward ammonia in the MS source conditions. It is inter-
esting to note that these unsubstituted diglycosides were
absent in the gas chromatograms of the corresponding
grape TFA glycoside extracts, in which, conversely, the
corresponding diglycosides of neric and geranic acid (1-O
ester linkage between aglycon and sugar moieties), absent
in the grape TMS glycoside extracts, were tentatively iden-
tified. Indeed, these ester diglycosides were probably
deglycosylated by chlorotrimethylsilane present in the
silylating reagent (BSTFA + 1% TMCS in pyridine), giv-
ing rise to the corresponding unsubstituted giycosides,
as already reported for other 1-O-acyl glycosides (Marti-
nelli, 1980).
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Table II.
Extracts

Voirin et al.

Mass Spectra of TFA Derivatives of 6-O-3-p-Apiofuranosyl-8-p-glucopyranosides Detected in Vitis vinifera Grape

EIMS, characteristic fragment ions of

occurrence in grape®

aglycon residues b sugar moiety aglycon moiety® F A 0 H G rrte
benzyl H 193 (19); 279 (2); 421 (0.8) 91 (100); 107 (24); 92 (9); 108 (6) + + ++ ++ 1.736
linalyl H 193 (15); 279 (2); 421 (2) 69 (100); 93 (66); 81 (66); 80 (45) + ++ - - 1.739
265 (0.4) 136 (22); 137 (13); 121 (12); 111 (5); 153 (3)
P 193 (16); 325 (3); 211 (0.7) 69 (100); 81 (37); 93 (27); 80 (13) - + - - - 1979
421 (0.7 136 (11); 111 (10); 137 (8); 121 (4); 1563 (4)
a furan linalyl H 193 (14); 421 (10); 279 (2) 111 (100); 153 (20); 69 (18); 71 (17) + - + - - 1.744
oxide 265 (0.1) 93 (14); 94 (8)
a furan linalyl H 193 (20); 421 (7); 279 (3) 111 (100); 69 (29); 93 (28); 153 (16) ++ - + - + 1.751
oxide 319 (0.5); 265 (0.2) 81 (15); 71 (15)
193 (19); 325 (10); 319 (5) 111 (100); 69 (46); 93 (38); 153 (23) + - - - - 2015
211 (2) 135 (11); 71 (11)
a pyran linalyl H 193 (73); 421 (27); 279 (14) 94 (100); 68 (34); 81 (28); 93 (19); 95 (18) +++ - - - ++ 1.847
oxide 319 (0.7); 265 (0.4) 111 (16); 71 (16); 153 (11)
P 325 (61); 193 (55); 211 (9) 94 (100); 81 (36); 68 (30); 111 (23) + - - - + 2,084
319 (0.4) 69 (21); 71 (18); 95 (18); 1563 (12)
neryl H 193 (17); 421 (3); 279 (3) 69 (100); 81 (26); 93 (14); 123 (10) ++ o+ +++ +++ + 1.806
319 (1); 265 (0.3) 137 (8); 95 (8); 136 (6); 154 (5)
193 (16); 325 (11); 211 (2) 69 (100); 81 (43); 93 (29); 68 (20) + + + + + 2,041
319 (2) 137 (14); 95 (12); 136 (11); 154 (10); 123 (7)
2-phenylethyl H 193 (22); 279 (4); 421 (2) 105 (100); 104 (61); 106 (20); 91 (20) - + ++ o+ - 1.845
265 (0.4); 308 (0.4)
193 (19); 325 (11); 319 (2) 105 (100); 104 (77); 106 (15); 91 (11) - - + - - 2,081
211 (1)
geranyl H 193 (11); 421 (2); 279 (2) 69 (100); 81 (20); 123 (11); 93 (11) ++  +++ ++ ++  ++ 1.893
265 (0.2) 95 (8); 136 (6); 137 (4); 154 (2)
193 (8); 325 (8); 319 (2) 69 (100); 81 (19); 123 (14); 93 (14) + + + + + 2127
211 (0.8) 68 (8); 136 (8); 95 (6); 137 (4); 154 (2)
a 3,7-dimethylocta- H 193 (13); 279 (2); 265 (0.7) 69 (100); 123 (24); 151 (23); 82 (18) + + + + + 2015
2,6-dienoyl’ 168 (12)
a 3,7-dimethylocta- H 193 (19); 279 (3); 319 (0.6) 69 (100); 123 (24); 151 (21); 82 (17) ++ + + ++ + 2030
2,6-dienoylf 421 (0.6); 265 (0.4) 168 (12)
193 (13); 325 (7); 211 (3) 69 (100); 123 (26); 168 (18); 82 (18) - - - + - 2188

319 (2)

151 (16)

a Positive identification for geranyl; otherwise, tentative identification. ® H, hexatrifluoroacetylated disaccharide [2,3,4-tri-O-trifluoroacetyl-

6-0-(2,3,8-tri-O-trifluoroacetyl-8-p-apiofuranosyl)-8-p-glucopyranoside]. P, pentatrifluoroacetylated disaccharide [2,3,4-tri-O-trifluoroacetyl-
6-0-(2,3’-di-O-trifluoroacetyl-8-p-apiofuranosyl)-8-p-glucopyranoside]. < A small portion of m/e 69 can be accounted for by CF3*. 4 See Table
I for F, A, O, H, G meaning; quantities were estimated by comparison of the total ion count for the MS of each peak with that of phenyl
8-p-glucopyranoside internal standard; -, not detected; +, <100 ug/L; ++, 100-400 pg/L; +++, >400 ug/L. ¢ Retention time relative to

phenyl 3-p-glucopyranoside (GC-EIMS conditions, see Experimental Procedures). f Glycoside esters of neric and geranic acids.

Table I1I. Mass Spectra of TMS Derivatives of Unsubstituted Disaccharides Tentatively Identified in Vitis vinifera Grape
Extracts
mol wt from
disaccharide® EIMS other significant peaks CIMS?® (ammonia) rrte
Rhap-O-Glcp 204 (100); 73 (57); 495 (32); 217 (17) 273 (4); 466 (0.2) 757 0.967
496 (15); 205 (21); 75 (8); 363 (6) 377 (5); 741 (0.04)
Araf-O-Glep 217 (100); 73 (36); 218 (23); 259 (17) 349 (0.5); 466 (0.7) 743 0.956
495 (17); 219 (10); 103 (8); 496 (7) 377 (2); 727 (0.02)
Apiof-O-Glep 191 (100); 73 (53); 259 (29); 495 (27) 349 (0.3); 466 (3) 743 0.964

217 (21); 103 (18); 192 (16); 204 (15)

377 (3); 727 (0.1); 496 (10)

s Rhap-O-Glep: 6-0-a-L-rhamnopyranosyl-a(8)-p-glucopyranose. Araf-O-Glep: 6-0-a-L-arabinofuranosyl-a(8)-p-glucopyranose. Apiof-O-
Glep: 6-0-a-L-apiofuranosyl-a{8)-p-glucopyranose. ® Corresponding to 1-amino derivatives (see text). © Retention time relative to p-nitro-
phenyl 8-p-glucopyranoside (GC-EIMS conditions, see Experimental Procedures).

Furthermore, in addition to p-glucose, L-arabinose, and
L-rhamnose (Williams, 1982; Giinata, 1984), p-apiose [3-C-
(hydroxymethyl)-p-erythrofuranose] was identified recently
(Brillouet et al., 1989) as a component of the sugar moi-
ety of muscat grape glycosides resistant to selective enzy-
mic hydrolyses (see footnotes g and h of Table I). As it
was reported to be in a terminal nonreducing position, a
6-0-p-apiosyl-D-glucoside structure for the disaccharide
moiety of the unknown diglycosides was highly proba-
ble.

Another feature of the gas chromatograms of the tri-
fluoroacetyl derivatives of natural glycosides gave fur-
ther support to this disaccharide structure. Inthe range
of high retention times, small peaks were found which
corresponded to 2,3,4-tri-O-trifluoroacetyl-6-0-di-(0,0’-
trifluoroacetylpentosyl)-p-glucosides with the same agly-
cons as those of the major peaks of the unknown digly-
cosides. Indeed, in addition to the characteristic frag-
ment ions due to the aglycons, the EIMS of these
compounds (Table II) exhibited glycosidic fragment ions
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at m/e 325, 211, and 193 corresponding respectively to
the breakage of the pentosidic linkage and to the subse-
quent loss of trifluoroacetic acid and water. These par-
tial trifluoroacetylations were consistent with the fact that
the hindered tertiairy 3-hydroxy group of apiose is hardly
acetylated (Tronchet and Tronchet, 1974; Iwagawa and
Hase, 1983).

These deductions were confirmed for the correspond-
ing geranyl diglycoside by comparison of GC-EIMS of
TFA derivatives and GC-EI and CIMS of TMS deriva-
tives of the grape precursors with those of acuminoside
(geranyl 6-0-8-p-apiofuranosyl-3-p-glucopyranoside) which
was recently isolated from Hypoxis acuminata plants by
Bredenkamp et al. (1989). Fortunately, the stereochem-
istry of the unknown geranyl 6-O-p-apiosyl-p-glucoside
was the same as that of acuminoside, which behaved in
a very similar way. This allowed the positive identifica-
tion of this component in the five grape cultivars and
gave further support to the tentative identification of the
other related diglycosides (Tables I and II).

Although in other known plant apioglucosides with
clearly established structure apiose has the same §-p-
erythrofuranose configuration as acuminoside, its link-
age with p-glucose is either 1-6 or 1-2 (Watson and Oren-
stein, 1975; Grisebach, 1980). Furthermore the corre-
sponding known aglycons are mostly phenolic and seldom
of another kind as in acuminoside (geraniol: Breden-
kamp et al., 1989}, urceolide [(E)-8-hydroxy-2,6-dimethyl-
2-octenoic acid: Iwagawa and Hase, 1983], and benzyl
6-0-3-p-apiofuranosyl-3-p-glucopyranoside (Suzuki et al.,
1988); this last compound was also tentatively identified
in our grape extracts (Tables I and II).

Positive identification of the other 6-O-8-p-apiosyl-3-
D-glucosides present in our grape extracts is under inves-
tigation, involving both chemical synthesis of these di-
glycosides and 'H NMR, 13C NMR, GC-EI, and CIMS
investigations of grape glycosidic extracts first purified
by selective enzymatic hydrolysis of the known glyco-
sides using pure 8-p-glucopyranosidase, a-L-rhamnopyr-
anosidase, and a-L-arabinofuranosidase (Giinata, 1988,
1989). Further disclosure of their chemical and biochem-
ical properties is needed for the optimal use of these tech-
nologically interesting compounds.
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Novel Polysulfides Identified in the Volatile Components from Welsh
Onions (Allium fistulosum L. var. maichuon) and Scallions (Allium

fistulosum L. var. caespitosum)

May-Chien Kuo,! Mingjien Chien,¥ and Chi-Tang Ho™t

Department of Food Science, Cook College, New Jersey Agricultural Experiment Station, Rutgers, The State
University, New Brunswick, New Jersey 08903, and Givaudan Corporation, Clifton, New Jersey 07014

Volatile components were isolated from Welsh onions (Allium fistulosum L. var. maichuon) and scal-
lions (A. fistulosum L. var. caespitosum) by steam distillation and by dichloromethane extraction.
The components of distilled oils and solvent extracts were analyzed by gas chromatography and gas
chromatography-mass spectrometry (EI and CI). Sulfur-containing compounds accounted for 85%
and 77% of the total volatiles in the distilled oils of Welsh onions and scallions, respectively, In
addition to the sulfur compounds commonly reported in genus Allium, 25 novel volatile polysulfides
were found in the distilled oils from both varieties of green onions. These compounds can be grouped
as (a) alk(en)ylthioalkyl alk(en)yl disulfides, (b) alkyl tetra- or pentathiaalkanes or -alkene(s), and (c)
thiaheterocycles. All these compounds are being reported in Welsh onions and scallions for the first
time. Thermal reaction may be responsible for the formation of these volatile polysulfides.

INTRODUCTION

Onions, garlic, leeks, chives, and shallots are vegeta-
bles of the Allium species widely used to flavor foods. In
addition to their flavoring application, medicinal prop-
erties of garlic and onions have been known for centu-
ries. Recently, some biologically active sulfur com-
pounds have been isolated from garlic and onions (Block
et al., 1986; Bayer et al., 1989). The characteristic aro-
mas of the Allium species are contributed to by the sul-
fur-containing volatiles. The composition and forma-
tion of volatiles in garlic and onion have been exten-
sively studied and reviewed (Freeman and Whenham, 1975;
Whitaker, 1976; Fenwick and Hanley, 1985; Carson, 1987).
It is known that the volatile components of the Allium
genus are produced by enzymic splitting of the nonvola-
tile precursors, S-alk{en)ylcysteine sulfoxides, when the
plants are crushed. The alk(en)yl groups are mainly a
combination of propyl, 1-propenyl, allyl, and methy! groups,
depending on the species.
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Green onions, Allium fistulosum L. var. maichuon
(Welsh onions) and A. fistulosum L. var. caespitosum
(scallions), are used as vegetables or spices in many coun-
tries. They are important ingredients in Chinese cui-
sine (Ho et al., 1989). Kameoka et al. (1984) reported
sulfides and furanones from steam volatile oils of Welsh
onions and scallions. The reported sulfur-containing vol-
atiles were only 40-48% in the neutral fraction of the
total volatiles. The present study investigated the vol-
atile components of distilled oils and solvent extracts from
Welsh onions and scallions, with emphasis on the effect
of heat on the formation of thermally generated polysul-
fides.

MATERIALS AND METHODS

Materials. Green onions were purchased from the local mar-
ket. Methylene chloride was obtained from Fisher Scientific
(Malvern, PA). Silica gel (60-200 mesh) was obtained from
Mallinckrodt, Inc. (Paris, KY). A standard of n-paraffins (Cs-
Cg6) was purchased from Alltech Associates Inc. (Deerfield, IL).

Preparation of Distilled Oils and Solvent Extracts.
Homogenized green onion samples were prepared by blending
1 kg of freshly cut stalks and foliage with 2 L of distilled water.
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