1236 J. Agric. Food Chem. 1990, 38, 1236-1237

Lalégerie, P. La $-glucosidase de 'amande douce (Amygdalus
communis L.). II. Propriétés catalytiques. Biochimie 1974,
56, 1297-1303.

Pigman, W. W, Specificity, classification and mechanism of action
of the glycosidases. In Advances in Enzymology; Nord, F.
F.; Werkmann, C. H., Eds.; Interscience: New York, 1946.

Ribereau-Gayon, P.; Boidron, J. N,; Terrier, A. Aroma of mus-
cat grape varieties. J. Agric. Food Chem. 1975, 23, 1042-
1047.

Sadana, J. C.; Shewale, J. G.; Patil, R. V. 8-D-glucosidases of
Sclerotium rolfsii. Substrate specificity and mode of action.,
Carbohydr. Res. 1983, 205-214.

Voirin, S.; Baumes, R.; Tapiero, C.; Bayonove, C. Synthesis and
NMR spectral properties of grape monoterpenyl glycosides.
Carbohydr. Res. 1990, in press.

Williams, P. J.; Strauss, C. R.; Wilson, B. New linalool deriva-
tives in Muscat of Alexandria grapes and wines. Phytochem-
istry 1980, 19, 1137-1139.

Williams, P. J.; Strauss, C. R.; Wilson, B.; Massy-Westropp, R.
A. Novel monoterpene disaccharide glycosides of Vitis vin-
ifera grapes and wines. Phytochemistry 1982a, 21, 2013-
2020.

Williams, P. J.; Strauss, C. R.; Wilson, B.; Massy-Westropp, R.
A. Studies on the hydrolysis of Vitis vinifera monoterpene
precursor compounds and model 8-D-glucosides rationaliz-
ing the monoterpene composition of grapes. J. Agric. Food
Chem. 1982b, 30, 1219-1223.

Wilson, B.; Strauss, C. R.; Williams, P. J. The distribution of
free and glycosidically bound monoterpenes among skin, juice
and pulp fractions of some white grape varieties. Am.J. Enol.
Vitic. 1986, 37, 107-111.

Received for review November 22, 1988. Revised manuscript
received December 29, 1989. Accepted January 9, 1990.

Registry No. (R)-Citronellyl-3-p-glucopyranoside, 117895-
55-3; (S)-citronellyl-8-p-glucopyranoside, 99096-57-8; (R)-linalyl-
B-p-glucopyranoside, 99096-59-0; (S)-linalyl-8-p-glucopyrano-
side, 104154-37-2; (S)-a-terpinyl-8-p-glucopyranoside, 89616-
07-9; (R)-a-terpinyl-8-p-glucopyranoside, 114673-99-3; geranyl-
B-p-glucopyranoside, 22850-13-1; neryl-3-p-glucopyranoside, 22850-
14-2; B-glucosidase, 9001-22-3.

A Bromine-Based Color Reaction for the Detection of Geosmin

Thomas P. Hensarling* and Susan K. Waage*
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Geosmin is responsible for natural flavors in beans and beets and for off-flavors in water and fish.
This tertiary decalol reacts with bromine in the presence of formic acid to produce a blue complex
with maximum absorbance at 650 nm. A method for carrying out this reaction is described, and a

possible mechanism is discussed.

Geosmin (trans-1,10-dimethyl-trans-9-decalol) (Fig-
ure 1) has been identified as a musty/earthy odor and
off-flavor causative compound in water (Rosen et al., 1969;
Person, 1981), beets (Murray et al., 1975), beans (But-
tery et al., 1975), and fish (Person, 1981; Lovell and Sackey,
1973; Johnsen and Kuan, 1987). The compound is orga-
noleptically detectable in the parts per billion range (Huang
et al., 1984), However, instrumental methods for detec-
tion of the compound have been limited to gas chromato-
graphic methods. Most of these are modifications of purge
and trap methods utilizing various phase separations based
on the volatility and/or hydrophobicity of the tertiary
decalol (Buttery et al., 1976; Huang et al., 1984; Johnsen
and Kuan, 1987). Such methods, though sensitive and
accurate, are slower than spectrophotometric or HPLC
assays. Such spectrophotometric and HPLC methods for
geosmin have not been practical due to the absence of
natural or induceable ultraviolet or visible absorptivity
of the compound.

The Tortelli-Jaffe (TJ) reaction is a bromine-based
color reaction stated to be specific for compounds that
contain either naturally occurring or chemically induced

* Present address: School of Forestry, Auburn Univer-
sity, Auburn, AL 36849.

CHy GH3
£ o CHy
geosmin argosmin

CHs
OH
CHy

2 - methylisoborneol

Figure 1. Structure of geosmin, argosmin, and 2-methylisobor-
neol.

ditertiary double bonds (Tortelli and Jaffe, 1915; Fieser
and Fieser, 1959; Hensarling and Jacks, 1983). Since
geosmin dehydrates to argosmin (Gerber, 1979), which
contains such a ditertiary double bond (Figure 1), it was
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Figure 2. Spectrum of the product of the TJ reaction with
geosmin. Ordinate is absorbance at wavelength given on abscissa.

of interest to determine whether a practical color reac-
tion for geosmin or argosmin could be developed via the
TJ reaction. In this paper we report the reaction of
geosmin with bromine by a modified TJ reaction to pro-
duce a chromophore with maximum absorptivity at 650
nm.

MATERIALS AND METHODS

Geosmin was obtained from Givaudan Corp. Argosmin was
prepared by acidification of geosmin, and 2-methylisoborneol
(MIB) was obtained from Leon Chance of this laboratory. Stock
solutions of geosmin and bromine were prepared in dry dichlo-
romethane (0.5% and 4% (v/v), respectively). Utmost caution
should be used in dealing with the reactants. One can be (and
has been) burned without realizing it—the burning is painless
and blisters appear hours after contact. Optimum results were
obtained by the following procedure. The 4% bromine solu-
tion was added dropwise to 0.2 mL of the 0.5% geosmin solu-
tion with gentle swirling after the addition of each drop. At no
time was there an excess of bromine present. After several drops,
a faint yellow persisted and the titration was stopped. Five
drops of 99% formic acid was added, and a blue developed.
The solution was diluted to 3 mL with dichloromethane, and
color development was monitored at 700-500 nm at 15-min inter-
vals with a Beckman DU-7 spectrophotometer. The absor-
bance intensified for 1.5 h and then slowly decreased.

RESULTS AND DISCUSSION

The TJ reaction (Tortelli and Jaffe, 1915) as modified
according to Bigoni (1956, 1957) and later modified by
Hensarling and Jacks (1983) was further modified by reduc-
ing sample volume and employing postreaction dilutions
to increase sensitivity of detection. At the absorbance
maximum of 650 nm (Figure 2) the molar absorptivity
was about 800 L mol-! cm™!. Reference blanks of dichlo-
romethane, the reaction mix without geosmin, the reac-
tion mix without formic acid, and the reaction mix with
excess bromine all yielded zero absorbance at 650 nm.
The blue did not develop with a large excess of bromine,
indicating that care must be taken in achieving the per-
sistent yellow. It was also critical that the proper ratio
of bromine to geosmin be present prior to the addition
of the formic acid. It is proposed that formation of the
chromophore resulted from complexing of a relatively sta-
ble intermediate tertiary carbonium ion with persistent
bromine. When the reaction was attempted with argosmin
prepared in the laboratory by acid treatment of geosmin
and with MIB (Figure 1), another compound containing
a tertiary hydroxyl causing musty/muddy off-flavors in
water and fish (Gerber, 1979; Persson, 1981; Johnsen and
Kuan, 1987), the blue did not develop. The lack of reac-
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tivity of argosmin was surprising since it contains the
required ditertiary double bond. However, as prepared,
it probably contained residual acid and thereby did not
meet the critical requirement of order of addition of reac-
tants. Since the reaction was successful with geosmin,
further attempts with argosmin were not pursued.
Although MIB contains a tertiary hydroxyl, it cannot dehy-
drate to a ditertiary double bond or produce a tertiary
carbonium ion due to the absence of the requisite single
proton at an adjacent carbon.

We report the participation of geosmin in the TJ reac-
tion as the first known color reaction for geosmin and as
the first reported involvement of a tertiary hydroxyl in
the TJ reaction. Since the sensitivity of the reaction is
less than organoleptic thresholds, we do not propose it
as a direct method for determination of geosmin in water
or fish. However, combined with present solid-phase and
liquid concentration methodology or as a method of post-
column derivatization for HPLC, it could be of interest.
Other points that could be of future interest are the chem-
ical structure of the chromophore, studies into the order
of the reaction, and studies of the reaction with other
tertiary hydroxyls.
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