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An improved analytical method for the determination of geosmin in red beets was developed using
headspace solid-phase microextraction (HSPME). Volatiles of beet juice were extracted in headspace
for 2 h using a polydimethylsiloxane/divinylbenzene fiber, thermally desorbed from the fiber, and
analyzed by gas chromatography. The HSPME method was determined to be suitable for geosmin
analysis as evidenced by high relative recovery (99.2%), low relative standard deviation (7.48%),
and reasonable detection limit (1 x«g/kg of beet root tissue). The concentrations of geosmin in four
beet cultivars ranged from 9.69 + 0.22 to 26.7 £+ 0.27 ug/kg, depending on cultivar.
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INTRODUCTION

Red beetsHeta vulgaris L.) are nutritious vegetables, the
roots being rich in folic acid and iron and the leaves high in
vitamins A and C {). However, production of red beets destined
for processing in the United States amounts to only 8000 acres,
a small amount compared to other vegetables3)2, One
potential reason for low production is the characteristic “earthy”
flavor some people find objectionable (4), a flavor due to the ' H
presence of geosmin (5). !

Geosmin trans-1,10-dimethyl-trans-(9)-decalol (Figure 1),  Figure 1. Chemical structure of geosmin.
has been extracted and analyzed from water, soil, or fish samples
by various methods including closed loop stripping, purge-and- & sample size of 100 g and utilized an all Teflon diaphragm
trap, and microwave distillatior?-9). Most of these methods ~ pump to sweep volatiles from food and plant materials onto a
include a preconcentration step before analysis by gas chroma-10 g Tenax trap.
tography—flame ionization detection (GC—FID) or gas chro- Recently, headspace solid-phase microextraction (HSPME)
matography—mass spectrometry (GC—MS)&710, 11). For was investigated for the quantitative analysis of geosmin in water
instance, Tyler et al.1Q) developed a liquidliquid extraction (11, 16). Using a dual coated fiber of polydimethylsiloxane/
method for red beets using Freon 113, followed by purification carboxen/divinylbenzene (PDMS/CAR/DVB), HSPME exhib-
using a Florisil column and GC analysis. Unfortunately, many ited a highly linear detector response® (R 0.999) for 30 mL
of these methods require special or expensive equipment andAdueous solutions of geosmin at concentrations ranging from 1
or relatively large samples. As an example, Buttery etl&—( to 20 ng/L (17). In fact, Watson et al. (11) reported a detection
15) developed a closed loop purge-and-trap method that requiredlimit of 3.3 ng/L with a relative standard deviation (RSD) of
only 1.9% using PDMS/DVB fibers. In general, HSPME is very
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MATERIALS AND METHODS Table 1. Concentration of Geosmin in Several Beet Cultivars

Chemical and Plant Materials. Standard geosmin (98% purity) was Determined Using the Purge-and-Trap Method

obtained from Sigma (St. Louis, MO), whereas the internal standard, cultivar cosminé (ua/k RSD® (%

(—)-menthone (95% purity), was purchased from Aldrich (Milwaukee, - g (gkg) (%)

WI). NaCl (crystals, reagent, 99.9% purity), methanol (HPLC grade), Detroit Dark Red 2.02+0.43 213
Croshy Green Top 3.19+1.1¢ 345

and anhydrous N&O, were obtained from J. T. Baker (Phillipsburg,

d
NJ), and anhydrous diethyl ether was purchased from Fisher Scientific é%ig;%%%ﬁ:; iig f é'g;cu 11%5
(Pittsburgh, PA). Tenax TA (80/100 mesh) was acquired from Supelco Cylindra 428 + 0 86 201
(Bellefonte, PA). Different cultivars of red beet roots, Chioggia, Crosby Chioggia 6.09 + 2.50 411

Green Top, Crosby Egyptian, Cylindra, Detroit Dark Red, Lutz Green
Leaf, and Round Red, were obtained from Alf Christianson Seed Co.
(Mt. Vernon, WA); additional beet roots (unknown cultivar) were
purchased from a local grocery store.

Purge-and-Trap. Geosmin was extracted using a closed loop purge-
and-trap system based on that of Bu_ttery etB) @nd Iate_r modified. NaCl were spiked with standard geosmin to yield concentrations of
Beet roots (200 g of Round Red cultivar) were blended in a two-speed 0.505—21.6ug/kg of beet root tissue and the internal standard): (
b!ender (Waring) W.ith 120 mL of distilled water and 135 g of NaCl at menthone, at a constant concentration of 5u64kg beet root tiSSL’Je.
h!gh speed for 1 min before_transfera 2 Lf'a$k- Another 80 mL of . Vial headspace was then sampled2d at 60°C. A calibration curve
distilled water was used to rinse the beet residue from the blender into for calculation of the relative recovery of geosmin from beet roots was

the flask. Samples were purg_ed in_ the clos_ed loop purge-and-trap Systerrbrepared by plotting the area ratio of geosmin-t9-menthone versus
at room temperaturel) while stirred using a spin bar at 800 rpm the concentration ratio of geosmin to (—)-menthone. The calculation

(Mag-Mix, Precision Scientific Co., Chicagq, IL). After .2'5 h of of the relative recovery of geosmin from beet roots was based on the
purging, the traps were removed and eluted with 50 mL of diethyl ether. following equation:

The ether eluate was filtered thrdud g of anhydrous Ng5O, to
remove water and concentrated+8&0 uL in a 45 °C water bath. relative recovery=

Gas chromatography was accomplished using a Hewlett-Packard (geosmin total- geosmin originally in beets)
5890 series Il GC equipped with an autosampler (HP 7673) and a flame x 100%
ionization detector. The temperatures of the injector and detector were
maintained at 200 and 27&, respectively. The ether concentrate was
injected (1LuL) into the GC under splitless mode. Separation was
achieved using a 30 m 0.32 mm i.d., 0.2%m film thickness, SE-54
fused silica capillary column (Alltech, Deerfield, IL). The temperature
program was as follows: initial temperature, 80; increased at 2.5
°C/min to 135°C; increased at 10C/min to 280°C; and held for 20 RESULTS AND DISCUSSION
min. Chromatographic data were analyzed using Chrom Perfect program  pyrge-and-Trap. The concentrations of geosmin in the roots
(Mt. View, CA). All extractions were performed in triplicate. Tenax o six beet cultivars were determined using the previously
tLapS wherr? conditior;%g at Z/M: for 2 h by passing prepurified N described purge-and-trap method. As showrTable 1, the
e water 11y EOTEETon of s ranged from 201 for Dl
a Waring blender for 1 min at high speed. Aliquots (10 g) of the beet RZ; W(Zreothé gé%lyg bzret éﬁﬁg);s Sliggl%‘lii::tly gif:‘gren?rin

juice were weighed into 8k 29 mm vials, and headspace volumes . ) .
were altered by addition of 0, 5, 10, or 15 g of distilled water and 9€0SMIn concentration. These values were higher than those

3.49, 5.36, 7.20, or 9.00 g of NaCl, respectively. Thus, the headspace/Published by Tyler et al 1), who noted geosmin concentrations
total volume ratios for the four treatments were 75, 62.5, 50, and 37.5%, of 0.8, 0.8, and 1.Qug/kg for cultivars Detroit Dark Red,
respectively. Each vial was then sealed by a cap containing a PTFE/Cylindra, and Crosby Egyptian, respectively. However, relative
silicone septum and frozen. Once the beet juice was thawed i@ 60  standard deviations (RSB standard deviation/mean) for the
water bath, a spin bar was added for mixing of the beet juice (750 means obtained by the purge-and-trap method were quite high,
rpm), .and headspace was extragted for 1 h usingr3hick PDMS/ ranging from 13.7 to 41.2% depending on beet cultivar.
DVB fibers (Supelco). A 1.4 cm thick rubber spacer was placed between st ,gh the same purge-and-trap method was used by Buttery
the vial cap and the fiber holder to position the fiber and prevent the et al. (13, 14) to quantify other volatiles present in vegetables
fiber from contamination by beet juice. Replicate samples containing AT ’
variability was not reported. Because the purge-and-trap method

10 g of beet juice5 g of distilled water, and 5.36 g of NaCl were ; . L . . .
extracted for different times (0.5, 1, 1.5, 2, and 2.5 h). yielded such high variability, this method was discarded in favor

PDMS/DVB fibers were thermally desorbed of geosmin at 260 of developing an SPME technique for the analysis of geosmin
for 10 min into the injector block of the same GC system, equipped in red beets.
with @ 0.75 mm i.d. injection sleeve for SPME (Supelco). The injector ~ Optimization of HSPME. Although HSPME is a simple
and detector temperatures were maintained at 260 and °€75 equilibrium sampling technique, the method requires careful
respectively. The temperature program was as follows:*@G3or 1 control of sampling conditions for efficient recovery and
min; increased at 2C/min to 140°C; increased at 10C/min to 280 quantitative analysis of compounds. Such sampling conditions
°C; and held for 5 min. The total run time was 72.5 min. New PDMS/  jncjyde extraction mode (immersion or headspace), addition of
DVB fibers were conditioned for 30 min at 26 prior to use. salt, fiber type, temperature, sample agitation, fiber position,

A standard curve to check the linear response of HSPME was o5h16 sjze, headspace volume, and extraction tk8e20).
e by b s e s g (TGOS St e Gvelpmentf & e Mt head

. y space sampling at 60C with the addition of 37% NacCl

water and 5.60 g of NaCl to yield concentrations from 46.7 to 2770 ; ;
ng/L of water. Vial headspace was sampled using HSPMEb at (saturated concentration at 60) and PDMS/DVB fibers were

60 °C, and a calibration curve was prepared by plotting peak area USed on the basis of the reports of others, (6,17, 21, 22).

against concentration of geosmin. Fiber position in the headspace and stirring rate were also fixed.
To determine the relative recovery of geosmin from beet roots, vials A sample size of 5 g was chosen because preliminary experi-

containing 10 g of beet juiced g of distilled water, and 5.36 g of ments showed that extraction of a beet root sample yielded

@Based on wet weight of beets. Means with different letters are significantly
different (p < 0.05). ° Relative standard deviation (RSD) = standard deviation/
mean.

geosmin spiked

Statistical Analysis. Data were analyzed by Tukey's pairwise
comparison using SAS (SAS Institute Inc., Cary, NC)pat 0.05
defined as a significant difference.
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350000 4 . Table 2. Relative Recovery of Geosmin Extracted from Beet Roots
d .
300000 = using HSPME
c spiked geosmin («g/kg) relative recovery (%) RSD? (%)
T 250000 4
5 b 21.6 97587 8.92
£ 200000 4 ~—F— 11.4 108 +£0.63 0.581
g 5.50 100+ 2.4 2.34
S 150000 4 a 2.05 90.5+13 14.4
1.03 755+ 16 218
100000 < 0.505 ndb
50000 ave 992+74 7.48
0 T r r r . a Relative standard deviation (RSD) = standard deviation/mean. ° No difference
0.5 1 15 2 25 in area between unspiked and spiked samples. ¢ Average excluding samples spiked
with <1.03 ug/kg geosmin.
Extraction time (h}
Figure 2. Area of geosmin peak extracted from beet roots for different large polar molecule (molecular weight of 182) and beet juice
times using HSPME. Means with different letters are significantly different is a complex matrix. Because the increase in recovery of
(p = 0.05); error bars indicate one standard deviation. geosmin between 2 and 2.5 h was only 7.08%, 2 h was chosen

as the extraction time.

Linearity of Response.In this study, a calibration curve was
prepared by adding standard geosmin to distilled water to yield
concentrations from 46.7 to 2770 ng/L prior to extraction.
HSPME exhibited a high degree of lineariff?(= 0.998) for a

orrelation equation of area= 242006 x concentration
%ng/L) + 66189 and reasonable precision at these concentrations
e(RSD from 2.45 to 9.82%). Similarly, a high linearity in FID
response for geosmin extracted from watB? & 0.999) at
concentrations from 1 to 20 ng/L using HSPME has been
reported 17). Watson et al.11) also found a highly significant
linear detector response over a range of80 ng/L for the

an adequate GEFID signal Figure 2). The variables optimized
were headspace volume and extraction time.

To change headspace volumes, different amounts of distilled
water were added to vials containing 10 g of beet juice. For the
HSPME technique, the equilibria are established among the
concentrations of geosmin in the sample, in the headspace abov
the sample, and in the polymer coating on the fused silica fiber
(18). Thus, changing the headspace volume may change th
recovery efficiency of geosmin. However, varying the headspace
volume through the addition of different amounts of distilled
water produced no significant differences in the recovery of
geosmin from beets (data not shown). In contrast, Lloyd et al. ; oF -
(23) reported that the recovery of geosmin from water increased analysis of geosminin watteRg = 0.993), concentrations lower
dramatically when the ratio of headspace volume to liquid than those found in beetd®. o
volume (percent headspace) decreased from 65 to 30%. Relatlve_ R_ecovery and _Detectlon Limit.To minimize run-
However, it is difficult to compare the recovery of geosmin t0-run variation and matrix effects, (—)-menthone was added
reported by Lloyd et al. (23) with that from the present study t© beet samples as an internal standard. Af_ter an extensive
because these authors used a different fiber (PDMS) and variecs€arch, (—)-menthone was chosen as the internal standard
both the vial size and sample size. Bao et ai)(found a because preliminary study ;howed that it separated well from
decrease in headspace from 81.9 to 45.6% only slightly other compounds and achieved a relative recovery c!ose' to
increased the recovery of geosmin from water using PDMS/ 100%. A GC chromatogram of volatiles extracted from Chioggia
DVB fibers. Because beets and water are different matrices, P€et roots indicating the elution of geosmin ang-{nenthone
disagreement between the result of this study and the literaturelS Shown inFigure 3.
is expected. In general, the optimum headspace/total volume The calibration curve for calculation of the relative recovery
should be 25% or less (23). Unfortunately, none of the of geosmin from beet roots was prepared. The HSPME using
treatments in this study reached this value because lowerPDMS/DVB fibers also produced a highly linear detector
headspace volumes would have resulted in immersion of theresponse over the concentrations spiked in beet samples (R
fiber into the sample in the 40 mL vial. Although there was no 0.995). The correlation equation was weight ratio of geosmin/
difference in recovery of geosmin by changing headspace menthone= 1.3711 x area ratio of geosmin/menthone
volume, the signals of geosmin peak for the four treatments 0.0106. The recovery of geosmin ranged from 90.5 to 108%
were adequate (above 170000 peak area). Therefore, 62.5% ofith a mean value of 99.2% for concentrations of spiked
headpsace to total volume (i.e., additionSog of water) was ~ geosmin from 2.05 to 21 6g/kg (Table 2). The value of 99.2%
chosen because the water could be used to wash down begindicates that{)-menthone and geosmin had similar volatilities
residues on the vial wall, and less NaCl would be used to in beet juices. Furthermore, the low RSD (0.584.4%)
saturate beet samples compared to choosing lower headspacinplies that the method also exhibited high precision and
volume. reproducibility.

The amount of geosmin extracted from beet samples increased Detection limits are traditionally described as the concentra-
with an increase in extraction timeEigure 2). In fact, extraction tion of a compound that gives a detector signal equal to 3 times
equilibrium had apparently not been achieved after an extractionthe peak-to-peak noise level of the baselir2d)( Because
time of 2.5 h. In agreement, Bao et aRkl) noted that geosmin is a characteristic compound of red beets, it is difficult
equilibration was not reached by 2 h when PDMS/DVB fibers to determine the detection limit of geosmin in red beets for the
were used for geosmin analysis of water samples at room HSPME method on the basis of this definition. Hence, the
temperature, and equilibration time for an analyte depended onminimum concentration of geosmin that can be reported with
the polarity and the relative molecular mass of the analytes in 99% confidence to be greater than the blank is defined as the
water. In the present experiment, extraction equilibrium was detection limit of the HSPME metho®4). Spiking geosmin
not reached at 2.5 h, possibly because geosmin is a relativelyat 0.505ug/kg did not produce a significantly higher detector
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Figure 3. Chromatograms of standard geosmin and (—)-menthone solutions (A) and an extract of cv. Chioggia red beet roots using HSPME (B).

Table 3. Concentration of Geosmin in Several Red Beet Cultivars beets grown in different conditions were used for the two
Determined Using the HSPME Method methods. These values were also much higher than those
_ . previously reported by Tyler et all19), ranging from 0.6 to
cultivar® geosmin” (ugfkg) RSD* (%) 3.7 uglkg, possibly due to the analysis of different cultivars
Detroit Dark Red 9.69 + 0.22¢ 2.27 and/or different growth conditions. Lower values reported by
Crosby Green Top 150007 0.467 Tyler et al. (L9) were probably also because the authors did not
Lutz Creen Leaf 196094 480 add the internal standard in the initial step for the extraction of
Chioggia 26.7+0.279 1.01 P

geosmin (12). Consequently, a lower ratio of geosmin to the
a Obtained in different seasons from those in Table 1. ® Based on wet weight internal standard was obtained and a lower geosmin concentra-
of beets. Means with different letters are significantly different (p < 0.05). © Relative tion was calculated on the basis of the calibration curve for
standard deviation (RSD) = standard deviation/mean. relative recovery of geosmin.

signal for geosmin than the corresponding unspiked samples.ABBREV'AT'O'\IS USED
Thus, 1.03:g/kg was considered to be the detection limit, which GC—FID, gas chromatography—flame ionization detection;
was higher than the detection limit of 0.34/kg reported by GC—MS, gas chromatographynass spectrometry; HSPME,
Tyler et al. (L2). The higher detection limit of the HSPME headspace solid-phase microextraction; PDMS/CAR/DVB, poly-
method is probably due to the small sample size (5 g of beets)dimethylsiloxane/carboxen/divinylbenzene; RSD, relative stan-
used for extraction as opposed to 1 kg used by Tyler eld). ( dard deviation.
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