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During storage of raw coffee beans (green coffee) atypical odors may develop, which are suggested
to influence the aroma of particularly the coffee beverage. To gain insight into the aroma compounds
responsible for such odor changes, a comparative aroma extract dilution analysis was applied on
unstored, raw Arabica coffee beans from Colombia (water content = 11.75%) and on the same beans
with a water content of 13.5%, which were stored for 9 months at 40 °C. In combination with the
flavor dilution (FD) factors, the results of the identification experiments showed strong increases in
(E)-p-damascenone (cooked apple-like), 2-methoxy-4-vinylphenol (clove-like), and methyl 2-methyl-
and methyl 3-methylbutanoate (fruity), whereas others, such as the earthy smelling 3-isopropyl-2-
methoxypyrazine as well as 2-phenylethanol and 3-methoxyphenol, remained unchanged during
storage. In addition, the previously unknown coffee odorant 2-methoxy-5-vinylphenol (intense smoky
odor) increased significantly during storage. Quantitative measurements performed on raw coffee
samples stored at various temperatures, water contents, and oxygen availabilities indicated that the
significant increase of, in particular, the methyl esters of 2- and 3-methylbutanoic acid were responsible
for the pronounced and fruity odor quality perceived in the stored green coffee, whereas the higher
concentrations of 2-methoxy-4-vinylphenol and 2-methoxy-5-vinylphenol led to the more pronounced
smoky, clove-like odor quality. On the basis of the results obtained, in particular the reduction of the
water content in combination with lower temperatures can be suggested to avoid aroma changes in
raw coffee beans caused by storage.

KEYWORDS: Raw coffee beans; off-odor; aroma extract dilution analysis; 2-methoxy-5-vinylphenol; stable
isotope dilution analysis

INTRODUCTION methoxypyrazines and concluded that, due to their low odor
thresholds, 3-isopropyl-2-methoxy- and 3-isobutyl-2-methoxy-

yrazine are important aroma contributors. By quantification

nd calculation of OAVs, Czerny et a##)(confirmed that the
aroma of raw coffee is primarily caused by 3-isobutyl-2-
methoxypyrazine. These authors also identified for the first time
S2-methoxy-3,5-dimethylpyrazine as an important aroma-active
compound in raw coffee.

For several reasons, dried raw coffee (green coffee) may be
stored in the country of origin for up to 3 years before export
and roasting. However, it is known by the coffee trade that
coffee beverages prepared from roasted beans that have been
stored longer in the unroasted state may show an off-note, and,
in particular, coffee beans from Colombia are affected by this
problem.

High storage temperatures and a higher water content have
been reported as the major factors causing sensory changes in
stored raw coffee (5 Also, an uncontrolled fermentation of the
raw beans was reported to cause off-odors, for example, by an

The characteristic set of aroma compounds present in coffee
beverages is obtained as a result of three main processin
steps: (i) the fermentation of the raw coffee beans, (ii) the
roasting process, and (iii) the hot water extraction. Because the
roasted beans bear the typical “roasted-coffee” aroma, numerou
studies are available on the volatile fraction of roasted coffee
beans, and to dater840 volatiles have been identified)(
However, previous studies using gas chromatograjuiifac-
tometry (GC-O) and odor activity value (OAV) calculations
have shown that among them only 27 compounds are able to
generate an odor quite similar to that of roasted Arabica coffee,
when present in certain concentrations (2).

By contrast, studies on the volatiles evoking the earthy-green
aroma of raw coffee beans are scarcely available. Vitzthum et
al. (3) were the first to analyze the volatile fraction of raw coffee
beans by means of GC-O. They identified four 3-alkyl-2-

14; %g_rreSpoquiJn% aU§hﬂr (lt)elelphoﬁﬁ9 89d289 14170; fax-49 89 289 increase in ethyl 2-methylbutanoate and ethyl 3-methylbutanoate
#Teéhe,;{gg‘,' Un?vzrr'sit(; :)ef ,\%,e“%f tum.de). (6). In addition, these authors also detected ethyl cyclohexanoate
8 Deutsche Forschungsanstalt fiir Lebensmittelchemie. in overfermented beans, and already at low concentrations this
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ester caused a fruity, silage-like off-flavor when added to a vinylguaiacol) (Lancaster, Mithlheim/Main, Germany). (E)-$-Dama-
coffee beverage. Lopez et aF)(found that properly fermented  scenone was a gift from Symrise (Holzminden, Germany). 2-Methy!-
Arabica coffee from Colombia with a water content of-10  3-(methyldithio)furan was synthesized according to the method given
12%, which was stored for 9 months at 20, kept a good N ref13. ) _ _
beverage quality. However, in samples with a higher humidity _Syntheses2-Methoxy-5-vinylphenolA suspension of an instant-

: . : lide mixture of methyltriphenylphosphonium bromide with sodium
molds proliferated in the last months of storage, leading to a yua - . . .
strong “mold-like” taste in the beverag@)( amide (1.5 g= 3.6 mmol of methyl triphenylphosphoniumbromide)

. . (14) and dry diethyl ether (10 mL) was vigorously stirred for 15 min
llly and Viany (8) detected an off-flavor reminiscent of rotten iy 3 round-bottom flask covered with a piece of cotton wool.

fish in immature green beans, and Full et 8). later suggested  4-Methoxy-3-hydroxybenzaldehyde (0.2 g, 1.3 mmol) dissolved in dry
4-heptenal as a key odorant for this aroma defect. On the otherdiethyl ether (2 mL) was added, and the mixture was stirred for 45
hand, Becker et al. (10) had reported that a pea-like off-flavor min at room temperature. After the addition of a saturated aqueous
in roasted East African coffee was caused by unusual high NH4CI solution (50 mL), the organic phase was separated and the
concentrations of 3-isopropyl-2-methoxypyrazine. This off- aqueous phase was extracted with diethyl ethes (20 mL). The
flavor, which is also called “potato taste”, is obviously caused °'9anic layers were combined, dried over anhydrousSRi and
by insects (especially by the variegated coffee bug), because® /2POrated to dryness at 4G. The crude material was taken up in
methoxypyrazine-producing bacteria can penetrate into hurt glﬁ[}ﬁfﬁ%ﬁ?i (215m l‘ri];ir:)?] Zﬁgfggyggaigaﬁzgn gmz_é’r(‘?%gé (glass
coffee cherriesI1). Methoxypyrazines did not decrease during g 970 mm) by stepwise elution (100 mL each) with solvent mixtures
coffee roasting 4), so it seems probable that in higher ( by volume) of increasing polarity: A, pentane; B, pentane/
concentrations these might affect the aroma of the coffee dichloromethane, 95:5; C, pentane/dichloromethane, 90:10; D, pentane/
beverage. In addition, also the oxidation of coffee lipids and dichloromethane, 85:15; E, pentane/dichloromethane, 80:20; F, pentane/
the generation offf)-2-nonenal has been proposed as a source dichloromethane, 75:25; G, pentane/dichloromethane, 70:30; H, pentane/
of off-odors in coffee beverageﬁz), and it was shown that at dichloromethane, 60:40; and I, pentane/dichloromethane, 50:50. The
a level of 8ug/L of this compound caused a woody off-note. tﬁrget |Compouzgcwals5glmed(in ‘Lac“?%'l/S)G fa”d E‘ After gemov"’“ of
: i the solvent at , mg (yield= ) of a white powder was
Because the literature survey indicates that the storageobtained (15): MS-Clm/z(%) 151 (100), 137 (18), 152 (9): MS-EI.

conditions of raw beans seemed to be an important parametermlz(%) 135 (100), 150 (92), 107 (25), 77 (18), 136 (7), 151 (7), 79

in off-odor development in coffee beverages, the present study(s)i 51 (5), 78 (5)3H NMR (360 MHz, d;-methanol, TMS) 3.84 (s,
was aimed at (i) characterizing the key odorants in authentic 31) 5,05 (dd,J = 1.2 and 10.9 Hz, 1B), 5.56 (dd,J = 1.2 and 17.7
fresh raw coffee beans by application of the odor activity value Hz, 1Ha), 6.58 (dd,J = 10.9 Hz and] = 17.7, 1H), 6.83-6.84 (m,
concept and (ii) monitoring changes in the concentrations of 2H), 6.91—-6.92 (m, 1H).

selected odorants occurring during storage of the same batch Isotopically Labeled Compounds?Hs]-2-Methoxy-4-vinylphenol.

of coffee beans under defined conditions. Starting from PH3]-4-hydroxy-3-methoxybenzaldehyde (100 mg),
prepared as reported in rd6, [PHs)-2-methoxy-4-vinylphenol was
MATERIALS AND METHODS synthesized following the procedure described above for the unlabeled

2-methoxy-5-vinylphenol. Yiele= 0.1 g (100%). The MS-El and MS-
Coffee SamplesRaw Arabica coffee beans from Colombia were Cl data were in agreement with data reported inlef
provided by a German coffee trading company. The time between raw  The following isotopically labeled compounds were prepared as
coffee production and the storage experiments was about 3 weaks. Todescribed previously:?Hs]-methyl 2-methylbutanoatel ), [?H]-(E,E)-
adjust defined water contents, aliquots of the raw beans with a water 2,6-nonadienal (16), 2H,-g]-(E)-3-damascenone (18),2H.]-(E)-2-
content of 11.75% (30 kg) were carefully dried in hot air to 6.2%. To nonenal 19), [°Hs]-2-methoxy-3-isopropylpyrazine2(), [?Hz]-ethyl
reach a water content of 13.5%, water (10 L) was added to another 2-methylbutanoate (21)2His]-ethyl 3-methylbutanoate (21).
aliquot (30 kg) of the raw coffee and the suspension was stirred at  Dichloromethanen-pentane, ethanol (Lichrosolv), dry diethyl ether,
45°C for 20 min. No measurable extraction of green coffee constituents cellulose, anhydrous sodium sulfate, sodium hydrogen carbonate,
occurred during this short period. sodium chloride p.A., hydrochloric acid p.A. (32%), and ammonium
To maintain a defined oxygen atmosphere, aliquots (2 kg) of the chloride p.A. were purchased from Merck. Dichloromethane and
three coffee samples were kept in airtight alumina bags at 2 or 20% pentane were freshly distilled before use. Silica gel 60 (particlessize
oxygen atmosphere, respectively. The total headspace volume was 20®.035—0.070 mm) and the instant-ylide (methyltriphenylphosphonium
mL. The sealed bags were stored at either 12 of@0respectively. bromide with sodium amide) were from Fluka (Sigma-Aldrich Chemie).
Thus, the following green coffee samples varying in one parameter  Isolation and Fractionation of Volatiles. Raw coffee beans (30 g)
were obtained: series A with 13.5% water content included samples were frozen with liquid nitrogen and powdered in a ultracentrifugal
stored at 20% oxygen and TZ, 2% oxygen and 40C, and 20% mill (type ZM1; Retsch, Haan, Germany; diameter of the pores
oxygen and 40C. The respective B series with 11.75% water content 2 mm). The powder was extracted by stirring with dichloromethane
and the C series with 6.2% water content were stored under the sameg(200 mL) at ambient temperature for 1 h. After filtration, the residue
conditions. Aliquots of the fresh raw coffee beans were stored at was extracted twice with dichloromethane (100 mL each) for another
—30°C as the reference. Storage conditions were chosen according to90 min. The extracts were combined and concentrated to 100 mL using
advice by the coffee trade. a Vigreux column (50 cmx 1 cm). After concentration to 100 mL,
Chemicals: Reference Aroma CompoundsThe following com- the volatiles were isolated by SAFE distillation (22).
pounds were obtained from commercial sources given in parentheses: The distillate was separated into the acidic and the neutral-basic
(R/S)-methyl 2-methylbutanoate, (R/S)-ethyl 2-methylbutanoate, ethyl volatiles as reported previously (23). The fractions containing either
3-methylbutanoate, hexanal, 2-ethyl-3,5-dimethylpyrazine, 2-methoxy- the neutral and basic volatiles (NBF) or the acidic volatiles (AF) were

3-isopropylpyrazine, 3-(methylthio)propanal (methiondt);2-nonenal, dried over anhydrous sodium sulfate and concentrated to 0.3 mL using
2-methoxy-3-isobutylpyrazine, (R/S)-2-methylbutanoic acid, 3-meth- a Vigreux column (50 cnx 1 cm) followed by microdistillationZ4).
ylbutanoic acid, ,E)-2,4-nonadienal, 4-hydroxy-2,5-dimethyl-Bi()2 For compound identification, the NBF fraction was further separated

furanone (4-HDF), 3-hydroxy-4,5-dimethyl-2(5H)-furanone (3-HDF), by column chromatography on silica gel (25).
4-methoxy-3-hydroxybenzaldehyde, 3-methoxyphenol, and 4-hydroxy-  High-Resolution Gas Chromatography-Olfactometry (HRGC-
3-methoxybenzaldehyde (vanillin) (Aldrich, Sigma-Adrich Chemie, O); Mass Spectrometry.For HRGC-O a gas chromatograph type Trace
Taufkirchen, Germany); acetic acid (Merck, Darmstadt, Germany); GC 2000 series (Thermo Finnigan, Egelsbach, Germany) was used.
2-phenylethanol (Fluka, Sigma-Aldrich Chemie, Taufkirchen, Ger- Helium at a pressure of 110 kPa served as the carrier gas. Samples
many); methyl 3-methylbutanoate and 2-methoxy-4-vinylphenol (4- were applied by cold-on-column injection onto capillaries DB-FFAP
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Table 1. Selected lons (m/z) and Response Factors Used in the determined in preliminary tests. The respective odor intensities were
Stable Isotope Dilution Assays rated using a scale of 0, 0.5, 1, 1.5, etc., with 0 (not perceivable), 1
(weak), 2 (significant), and 3 (strong).
analyte internal standard  response Panelists recruited from the German Research Center of Food
compound (ml2) (ml2) factor? Chemistry underwent training for odor qualities and odor intensities
methyl 2- and 3-methylbutanoate? 117 120 0.95 using different concentrations of the respective odorants in water. Odor
(E,E)-2,4-nonadienal 139 141 0.81 qualities were specified using the following reference compounds:
2-methoxy-4-vinylphenol 151 154 1.04 hexanal (green), ethyl 2-methylbutanoate (fruity), 3-isopropyl-2-meth-
(E)-5-damascenone 191 195-197 0.96 oxypyrazine (pea-like), 2-ethyl-3,5-dimethylpyrazine (earthy), 3-isobu-
2-methoxy-5-vinylphenol® 151 154 1.00 tyl-2-methoxypyrazine (bell-pepper-like), 4-vinyl-2-methoxyphenol
(E)-2-nonenal . 141 143 0.70 (clove-like), (E)-B-damascenone (cooked apple-likdj)-2-nonenal
g;&?g‘%‘gﬁ;ﬁﬁ;ﬂgﬁ&waﬂ”e igf igg 83; (fatty), acetic acid (vinegar-like), methional (cooked potato-like),
ethyl 3-methylbutanoate 131 134 0.90 3-methylbutanoic acid (sweaty), and 3-hydroxy-4,5-dimethy3¢2

furanone (seasoning-like).

Odor Thresholds. First, the purity of odorants was checked by
HRGC-O before use. As matrix for the determination of odor thresholds,
tap water or sunflower oil (“Vitador”, Lidl, Neckarsulm, Germany),
respectively, was used. To prepare the reference solutions, a defined
amount of the odorant, dissolved in 0.1 mL of ethanol, was added to
either water (1 L) or oil (500 mL). After intense shaking, the samples
or DB-5 [both 30 m, 0.32 mm i.d., 0.24m film thickness; DB-FFAP were diluted stepwise 1:3 (v/v) with the respective matrix. Each test
(J&W Scientific, Agilent Technologies, Waldbronn, Germany), DB-5 sample was then orthonasally evaluated in a series of triangular tests
(CP SIL 8CB) (Chrompack, Darmstadt, Germany)] using the equipment against two blank samples (odorless matrix). For this purpose, the
described (23). Samples (i) were injected at an oven temperature samples (10 mL of water or 10 mL of oil) were filled into cylindrical
of 40 °C. After 2 min, the temperature was raised by@&min to ground neck glasses (height 7 cm; i.d. = 3.5 cm) with caps. The
240°C. The final temperature was held for 10 min. Retention indices triangular tests were presented in order of increasing concentrations of
(RI) were calculated from the retention times of a homologous series the test samples. Evaluations were performed in a sensory room.
of n-alkanes by linear interpolation. The odor threshold values in water or oil were determined by 19

Mass spectra were recorded using a gas chromatograph 5890 serietrained panelists, who judged whether they could still smell the odorant
Il (Hewlett-Packard, Heilbronn, Germany) connected to a sector field (recognition threshold) as compared to the odorless matrix or just
mass spectrometer type MAT 95 S (Finnigan, Bremen, Germany). Mass perceived a difference (detection threshold).
spectra in the electron ionization mode (MS-EI) were recorded at  Odor thresholds in cellulose were determined by adding a defined
70 eV ionization energy and mass spectra in the chemical ionization amount of the odorant dissolved in ethanol (0.2 mL) to cellulose
mode (MS-CI) at 115 eV using isobutane as the reactant gas. (250 g; Merck). The mixture was homogenized by intense shaking for

Aroma Extract Dilution Analysis (AEDA). For AEDA, AF and 15 min and then stepwise (1:3, w/w) diluted with cellulose. The samples
NBF were stepwise diluted (1:1) with dichloromethane. Dilutions 1:2, (4 g each) were presented and evaluated as described above. For the
1:4, 1:8, 1:16, etc., of the original extracts were each evaluated by blank samples, odorless cellulose was used. All odor thresholds were
HRGC-O. Dilution was continued until no odorant could be detected. calculated according to the method described in2i&f
Each odorant was, thus, given a flavor dilution (FD) factor representing  Nuclear Magnetic Resonance SpectroscopyH NMR). *H NMR

@ Response factors were determined by analyzing known mixtures of the analyte
and the respective internal standard. ?Isomers were not separated during GC;
[?HsJmethyl 2-methylbutanoate was used as internal standard to quantify the sum
of both isomers. ¢ [2Hs]-2-Methoxy-4-vinylphenol was used as internal standard.

the last dilution in which the odorant was detectal?é)( The AEDA spectra were recorded with a Bruker AM 360 spectrometer operating
was performed by three panelists. at 360 MHz. The respective compound was dissolveéHg|{methanol
Quantitation by Stable Isotope Dilution Assays in Combination containing tetramethylsilane (TMS) as internal standard.

with GC-MS. Raw coffee beans were powdered as described above.

The coffee powder [525 g, depending on the concentration of the RESULTS AND DISCUSSION

respective odorant (determined in preliminary experiments)] was o . . .

suspended in dichloromethane (3800 mL), and the labeled internal Identification of Odor-Active Constituents in Unstored
standards, dissolved in dichloromethane, were added. The amount ofRaw Coffee Beansln a first experiment the volatile fraction
the respective internal standard was chosen in a similar concentrationfrom fresh, unstored raw coffee beans (REF) was isolated by
range as compared to the analyte. After equilibration overnight, the solvent extraction followed by SAFE distillation. The distillate
volatiles and the internal standards were isolated by SAFE distillation, elicited the overall aroma profile of freshly ground raw coffee,
and the solution was concentrated as described above. in which odor attributes such as pea-like, green, and earthy

The distillates were analyzed by two-dimensional HRGC-MS using predominated when aliquots of the extract were evaluated by a
an HRGC Trace GC 2000 series (Thermo Finnigan) coupled with an sensory panel using strips of filter paper.

HRGC CP 3800 (Varian, Darmstadt, Germany) and a Combi PAL Before application of the AEDA, acidic compounds were

autosampler (CTC Analytics, Zwingen, Swizerland). Samples were ted f th latile fraction by treat t with
injected by the cold-on-column technique. The separation of the extract SEParated irom the volatile fraction by treatment with aqueous

in the first dimension was achieved on the FFAP or the SE-54 column S@dium hydrogen carbonate. Preliminary experiments had shown
(for separation of methyl 2- and 3-methylbutanoate), respectively. The that this separation step was necessary to avoid interference with
elution range containing the respective odorant and the internal standardoredominant acidic compounds during GC-O. By application
was quantitatively transferred into a cold trap (SGE, Darmstadt, of GC-O, 13 odor active areas were detected in the NBF fraction
Germany) using the moving capillary stream switching system (Thermo and 3 in the acidic fraction. The compounds elicited intense
Finnigan). The trapped m_aterial yvas the_n transferred onto the SeCOI’ldearthy, pea_"ke, bell pepper-]ike, or f|owery odor qua]ities_ To
column (OV-1701) and, finally, into an ion trap mass spectrometer characterize the odorants responsible for these odor notes, first,
(Saturn 2000, Varian) running in the Cl mode with methanol as the i retention indices on two columns of different polarities

reactant ionization energy 110 eV). From the m hromato- . L . .
eactant gas (jonization energy 110 eV). From the mass chromato and their odor qualities were compared to data available in an
grams, areas under the peaks at the respective mass traces werge

recorded, and concentrations were determined using the intensities oim-house database prepared by analyzing about 600 volatiles

the ions of the unlabeled and of the labeled compound giv@alite 1. known as food odorants. S _
Aroma Profile Analysis. The powdered raw coffee beans were To obtain sufficient amounts for the identification experi-

orthonasally evaluated by 15 trained panelists, who were asked to rankments, the NBF was isolated from 500 g of raw beans and
the intensity of 13 odor qualities in the overall aroma of raw coffee, as separated by column chromatography on silica. In the respective
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Table 2. Most Odor-Active (FD Factor > 32) Volatile Constituents in Unstored (REF) and Stored Raw Coffee Beans (Sample A, 20%—40 °C)

Rl%on FDin® earlier identified as

no. odorant® odor quality? FFAP DB-5 REF A volatile in raw coffee®
1 methyl 2- and 3-methylbutanoate fruity 1022 770 1 512 32
2 ethyl 2-methylbutanoate fruity 1043 850 32 8 28
3 ethyl 3-methylbutanoate fruity 1064 854 64 16 28
4 hexanal grassy, green 1074 800 32 16 28
5 2-methoxy-3-isopropylpyrazine earthy, pea-like 1418 1093 256 32 3
6 3-(methylthio)propanal (methional) cooked potato-like 1444 902 64 128 29
7 2-methoxy-3-isobutylpyrazine bell pepper-like 1511 1179 128 64 3
8 2-methyl-3-(methyldithio)furan meaty 1651 1169 32 256

9 2- and 3-methylbutanoic acid9 sweaty 1657 867 256 512 29
10 (E,E)-2,4-nonadienal fatty, green 1696 1210 32 <1 33
11 unknown mint-like 1715 1242 32 32

12 (E)-p-damascenone cooked apple 1800 1385 16 256 34
13 2-phenylethanol flowery 1900 1110 128 256 33
14 4-hydroxy-2,5-dimethyl-3(2H)-furanone (4-HDF)¢ caramel-like 2024 1077 8 32

15 3-methoxyphenol phenolic 2086 1346 64 128

16 2-methoxy-4-vinylphenol clove-like 2191 1311 32 1024 3
17 3-hydroxy-4,5-dimethyl-2(5H)-furanone (sotolon)¢ seasoning-like 2191 1108 64 64 4
18 2-methoxy-5-vinylphenol smoky 2223 1329 <1 1024

19 4-hydroxy-3-methoxybenzaldehyde (vanillin) vanilla-like 2564 1396 32 64 34

R, linear retention index.  FD, flavor dilution factor. ¢ The compound was identified by comparing it with the reference substance on the basis of the following criteria:
retention index (RI) on the capillaries detailed in the table, mass spectra obtained by MS-EI and MS-CI, and odor quality as well as odor intensity perceived at the sniffing
port. The odor intensity was estimated by checking the intensity of the FID-signal vs the odor perception in comparison to the reference compound. Odor quality perceived
at the sniffing port. € Reference number. fThe MS signals were too weak for an unequivocal interpretation. The compound was identified on the basis of the remaining
criteria given in footnote a. 9 The compound was detected in the acidic fraction.

fractions of increasing polarity, the odor-active compounds were By

detected by GC-O and analyzed by mass spectrometry in the i 5 Sl

Cl or EI mode, respectively. The mass spectra, retention indices, sweaty peasy

and odor quality were finally compared to data obtained for I

the respective reference compounds. A very important criterion e Sty

for identity is, however, the odor threshold of a given compound, v bslpepara
because in the case of two coeluting volatiles present in different

concentrations, the major compound might give the mass fatty smoky
spectrum, whereas the minor one is detected by its odor. To baked apple-like clove-like

avoid erroneous results, it is important to check that an analyte Figure 1. Aroma profiles of unstored raw coffee beans (REF; gray line)
elicits the odor quality at the same concentration level as the and coffee beans with a water content of 13.5% stored for 9 months at
reference compound. 40 °C under an atmosphere of 20% oxygen (A, 20%—40 °C; black line).

The results of the identification experiments showed the
highest FD factors for 2-methoxy-3-isopropylpyrazibegarthy, beans to be more fruity, sweaty, spicy, and baked apple-like,
pea-like), 2-methoxy-3-isobutylpyraziné,(bell pepper-like), whereas the green, peasy, and earthy impressions were rated
and 2-phenylethanol (13, flowery) in the NBF of the unstored lower (26).
green coffee (REFTable 2). Odorants with somewhat lower To elucidate the aroma changes on a molecular level, the
FD factors were characterized as ethyl 2-methylbutandte ( volatile fraction was isolated from this sample stored for 9
fruity), ethyl 3-methylbutanoate3( fruity), hexanal 4, grassy, months at 40C in an atmosphere of 20% oxygen (13.5% water)
green), methional@, cooked potato-like), 2-methyl-(3-meth-  assigned as A, 20%—4TC. The differences in the intensities
yldithio)furan (8, meaty), (E,E)-2,4-nonadienal (10, fatty), of the most odor-active compounds, as compared to the unstored
3-methoxyphenolX5, phenolic), 2-methoxy-4-vinylphendl §, sample (REF), were analyzed by application of a comparative
clove-like), and vanillin {9, vanilla-like). The most odor-active ~ AEDA (26).
compounds in the acidic fraction were identified as 2- and  In the stored sample, two compounds eliciting an intense
3-methylbutanoic acid (9, sweaty), 4-hydroxy-2,5-dimethyl- smoky odor showed the highest FD factor, namely, 2-methoxy-
3(2H)-furanone (14), and 3-hydroxy-4,5-dimethyl-R{5fura- 4-vinylphenol (16; Table 2) and compoundl8. The latter
none (17, seasoning-like). A comparison with the available compound showed a mass spectrum very similar to that of
literature Table 2) indicates that, in particular, 2-methyl-3-  2-methoxy-4-vinylphenolRigure 2) and, thus, its structure was

(methyldithio)furan (8), 4-hydroxy-2,5-dimethyl-3@-fura- assumed to be a positional isomer. By synthesis of 2-methoxy-
none, and 3-methoxyphendl¥) were identified for the first  5-vinylphenol and a comparison of retention indices and mass
time in raw coffee beans. spectra, this structure was confirmed for compodgdIn the

To gain a first insight into changes in key odorants induced unstored sample, both phenols either showed a much lower FD
by storage, raw coffee beans of this same batch were storedfactor (16) or were even not detectelB}.
under quite drastic conditions (9 months at 4D under an 2-Methoxy-5-vinylphenol was previously unknown in either
atmosphere of 20% oxygen; 13.5% water content). An evalu- raw or roasted coffee, but has been described as volatile
ation of the overall aroma profile of these beans revealed a very constituent in, for example, cloudberi3Q) or marijuana smoke
pronounced increase in smoky, clove-like aroma notes (Figure (31). The analytical differentiation from 2-methoxy-4-vinylphe-
1). Additionally the panelists characterized the stored coffee nol is possible only on the basis of the differences in the
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Figure 2. Mass spectra of compound 18 detected in sample A, 20%—
40 °C: (a) MS-CI; (b) MS-EI.

Table 3. Comparison of Orthonasal Detection Thresholds (ODT) and
Orthonasal Recognition Thresholds (ORT) of 2-Methoxy-4-vinyl- and
2-Methoxy-5-vinylphenol

odor threshold in
water (uglL) oil (uglL) cellulose («g/kg)
odorant ODT ORT ODT ORT ODT ORT

2-methoxy-5-vinylphenol2 ~ 0.35 0.15 52 12 5.8 2.2
2-methoxy-4-vinylphenol ~ 19° 510 50 nd? 80¢ nd

aQdor thresholds were determined in this study. ® Czerny et al. (in preparation).
¢ Odor threshold taken from ref 35. ¢ Not determined. € Odor threshold taken from
ref 4.

retention indices (cfTable 2). Because, except for the deter-
mination of an odor threshold in wate83), no systematic study
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Table 4. Concentrations of Selected Odorants in Unstored Coffee
Beans (REF) and Raw Coffee Beans Stored for 9 Months at 40 °C in
a 20% Oxygen Atmosphere (A, 20%—-40 °C)

concn? (uglkg)
odorant REF A
2-methoxy-4-vinylphenol 390 15000
2-methoxy-5-vinylphenol <1 250
methyl 2-methylbutanoate® 9 500
methyl 3-methylbutanoate? 0.6 80
(E)-p-damascenone 0.8 29
(E)-2-nonenal 9 15
(E,E)-2,4-nonadienal 3.7 0.4
2-methoxy-3-isopropylpyrazine 1.7 16

2 Mean values based on the analysis of triplicates. SD < 10%. ? Isomers were
separately quantified in the EI mode using m/z 88 (methyl 2-methylbutanoate)
and m/z 74 (methyl 3-methylbutanoate) for differentiation.

of nearly 26 from 390 to 1500Q«g/kg and 2-methoxy-5-
vinylphenol, which was not detectable in REF, reached a
concentration of 25@g/kg after storage. Also, the two methyl
esters andK)-#-damascenone showed a very strong increase
in their concentrations during the 9 months of storage. On the
other hand, (E)-2-nonenal did not much increase, whereas
2-methoxy-3-isopropylpyrazine remained constant aBdE)-
2,4-nonadienal decreased significantly. The much higher amounts
of both smoky-smelling phenols were well in line with the more
intense smoky aroma note in the stored sampleHigjure 2).
Contrarily, the decrease in the earthy note was not reflected in
the decrease of, for example, 2-methoxy-3-isopropylpyrazine.
Obviously this odor quality is masked in the overall aroma by
the very high odor activity of the two phenols showing odor
activity values of 65 or 185, respectively, on the basis of their
odor threshold in cellulose and their concentration of 390 or
15000ug/kg.

Although there are distinct indications in the literatute (
36) that the precursors of the woody off-flavor of the beverage
are derived from components of the lipid fraction, the results
of the AEDA and the quantitation showed that aroma active
degradation products of unsaturated fatty acids were not formed
during storage. For example, the concentration BE}-2,4-

on the aroma properties of 2-methoxy-5-vinylphenol has earlier nonadienal, which is formed in an autoxidation of linoleic acid
been published, its odor quality and odor thresholds were (37), was even lower in A, 20940 °C, and the concentration

determined. The data revealed a very low odor thresholBof

of (E)-2-nonenal was hardly doubled during storagat{e 4).

in water as well as in ail or cellulose, which were by factors of Therefore, these data indicate that raw coffee beans are not a
55, 10, or 13 lower than those of 2-methoxy-4-vinylphenol potent source ofF)-2-nonenal. If present in the beverage, the

(Table 3).

Besides the two phenols, alfedamascenone and the methyl

lipid peroxidation should take place during roasting.
Influence of Storage Time, Temperature, and Moisture and

esters of 2- and 3-methylbutanoic acid were strongly increasedOxygen ContentDuring storage of raw coffee beans, several
in the stored sample (Table 2). On the other hand, in particular parameters may influence the generation of the aroma com-

(E,E)-2,4-nonadienal was lower in A, 20%40°C, as compared

to the unstored beans (REF).

Quantitation of Key Odorants. Comparison of Unstored

(REF) and Stored Beans (Sample A, 2040 °C). To confirm

pounds under investigation. Thus, in a first series of additional
experiments, the time course of odorant formation in stored
coffee beans with 13.5% water content (A, 2699 °C) was
followed. The results showed éble 5) that even after a short

the data obtained by application of the AEDA on the unstored storage period of 3 months, 2-methoxy-4-vinylphenol, all four
and stored coffee beans, five odorants showing the largestesters, and (E)-S-damascenone were significantly increased.
differences in their FD factors between both samples, namely, However, whereas 2-methoxy-4-vinylphenol reached a maxi-

2-methoxy-4-vinylphenol, 2-methoxy-5-vinylphenol, methyl

2-methylbutanoate, methyl 3-methylbutanoate, d)efjtdama-
scenone, were quantified by SIDA. In additiorE,E)-2,4-

mum after 9 months of storage, the two methyl esters continu-
ously increased with time, reaching concentrations in the
milligrams per kilogram range after 12 months of storage. Also,

nonadienal and 2-methoxy-3-isopropylpyrazine as well as (E)- (E)-3-damascenone increased with time, but did not show a

2-nonenal, previously suggested as off-odoraa),(were also

quantified.

maximum within the 12 month storage period. Interestingly,
2-methoxy-5-vinylphenol was not detectable at shorter storage

In agreement with the results of the AEDA, the data showed times, but increased considerably after 9 or 12 months,
(Table 4) that 2-methoxy-4-vinylphenol increased by a factor respectively. Both E)-2-nonenal and K,E)-2,4-nonadienal
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Table 5. Influence of Storage Time on the Concentrations of Key
Odorants in Raw Coffee Beans (A, 20%-40 °C)

concn? (uglkg)
odorant REF  3b 70 9b 100 12b
2-methoxy-4-vinylphenol 390 3250 7500 15000 13700 11000
2-methoxy-5-vinylphenol <1 <1 <1 250 ndd 1970
methyl 3-methylbutanoate® 9 340 1100 500 1680 18300
methyl 2-methylbutanoate® 0.6 45 180 80 290 3120
(E)--damascenone 0.8 59 21 29 42 55
(E)-2-nonenal 9 13 30 15 20 10
(E,E)-2,4-nonadienal 37 5 0.7 0.4 0.7 1
ethyl 3-methylbutanoate 49 170 120 nd 150 nd
ethyl 2-methylbutanoate 73 39 29 nd 48 nd

2Mean values based on three to six determinations differed by no more than
<10%. b Storage time in months. ¢ Isomers were separately quantified in the El
mode using m/z 88 (methyl 2—methylbutanoate) and m/z 74 (methyl 3-methylbu-

tanoate) for differentiation. ¢ Not determined.

Table 6. Time Course of the Formation of Odorants in Raw Coffee
Beans with a Water Content of 11.8% Stored at 25 °C under a 20%

Oxygen Atmosphere (B, 20%-25 °C)
concn? (uglkg)

odorant REF 40 70 100 120 18P
2-methoxy-4-vinylphenol 230 340 430 440 690 1200
2-methoxy-5-vinylphenol <1 <1 <l <« <1 <1
methyl 2- and 3-methylbutanoate® 10 67 100 84 150 350
(E)-p-damascenone 0.8 0.7 1 0.8 14 19
(E)-2-nonenal 19 20 14 16 19 20
(E,E)-2,4-nonadienal 7 7 6 12 7 6
ethyl 3-methylbutanoate 32 46 59 46 69 48
ethyl 2-methylbutanoate 8 10 15 13 19 11

aSingle determinations. ? Storage time in months. ¢ Quantified as sum.
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affected the generation of the aroma compounds during storage
(Table 6). For example, even after 18 months 2-methoxy-4-
vinylphenol did not reach the concentrations found after 3
months at the higher temperature and water content, respectively
(Tables 5 and 6). 2-Methoxy-5-vinylphenol was not even
formed after an extended storage time of 18 months. However,
although the increase in concentration was also lowered, methyl
2- and 3-methylbutanoate were continuously formed during
storage, whereas, again, the concentrations of the ethyl esters
did not show a clear trend. The generation Ej-(-dama-
scenone, however, could be avoided under these conditions
(Table 6).

In the last series of experiments, the storage time was held
constant for 9 months, but the water content, the oxygen content,
and the temperature were varied (Table 7). The results obtained
for a constant storage time of 9 months are contrasted to the
data measured for the unstored raw coffee beans (REF) and the
beans with a water content of 13.5% stored at@@nd a 20%
oxygen atmosphere (A, 20%—4QC).

From a comparison of samples A, 26%0 °C, and A, 20%-

12 °C (Table 7), the influence of the storage temperature
becomes obvious. The data indicate that lowering the temper-
ature from 40 to 12C completely avoided the formation of
2-methoxy-5-vinylphenol and-damascenone. As compared to
the reference, only the esters as welllBsZ-nonenal increased
slightly in the sample stored at 1 (REF and A, 20%

12 °C, in Table 7).

Lowering the water content from 13.5 to 6.2% (cf. samples
A, 20%—40°C, and C, 20%—40C) showed the same effect
for both vinylphenols and (E)-#-damascenone as found for the
lower temperaturesT@ble 7). However, the reduced water
content inhibited not only the formation of both vinylphenols
and s-damascenone but also the formation of the methyl and
ethyl esters. Therefore, although the temperature was high

decreased after going through a transient maximum after 7 or (40 °C) during the storage of sample C, 20%0 °C, the water
3 months, respectively. To elucidate their role for the fruity odor content turned out to be the most critical parameter in raw coffee
quality of the stored coffee, the ethyl esters of 2- and storage. Contrarily, lowering the oxygen content, which might
3-methylbutanoic acid were additionally quantified in the six reduce the generation of lipid oxidation products suchBs (
samples Table 5). The data revealed that these esters were 2-nonenal and K,E)-2,4-nonadienal, did not show a clear
slightly increased after 3 months, but did not show a clear trend influence on their concentrationgdble 7; cf. A, 20%-40 °C,
with further storage. On the basis of literature resujsif can
be speculated that the ethyl esters are formed by microorganisms The data suggest in particular the previously unknown coffee
in the samples, whereas the methyl esters are probably formedconstituent 2-methoxy-5-vinylphenol as an indicator for an
by the action of endogenous coffee enzymes.
In the following series of experiments the same batch of was detected only during storage at higher temperature and a

coffee beans was stored at 5 and a water content of 11.75%

under an atmosphere of 20% oxygen (B, 202b °C). These
conditions are similar to storage parameters in regions with previously shown for the formation of 2-methoxy-4-vinylphenol
moderate climate. The reduction in temperature and water from thermally degraded ferulic acid (38). However, in this study
content as compared to the A, 26%0 °C, sample clearly

with A, 2%—40°C).
inappropriate storage of raw coffee beans, because this odorant
higher water content in the beans. It can be assumed that this

compound is formed by a decarboxylation of isoferulic acid as

a higher temperature (4€) alone did not lead to the formation

Table 7. Influence of Moisture, Temperature, and Oxygen Content on the Generation of Aroma Compounds during Storage of Raw Coffee Beans at

9 Months

concn? (ug/kg) in sample

odorant REF A, 20%-40 °C A, 2%—40 °C A, 20%-12 °C C, 20%-40 °C
2-methoxy-4-vinylphenol 390 15000 12600 290 340
2-methoxy-5-vinylphenol <1 250 <1 <1 <1
methyl-2- and 3-methylbutanoate? 9.6 580 1570 48 11
(E,E)-2,4-nonadienal 3.7 0.4 1 5 8
(E)-p-damascenone 0.8 29 25 <1 0.7
(E)-2-nonenal 9 15 32 23 22
ethyl 2-methylbutanoate 7.3 nd° 110 18 5
ethyl 3-methylbutanoate 49 nd 420 110 18

aMean values based on three to six determinations differed by no more than <15%. ? Quantified as sum. ©Not determined.
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of 2-methoxy-4-vinylphenol, but at a higher water content
(13.5%) it was formed in considerable amounts. This may
indicate an enzymatic rather than a thermally induced decar-
boxylation, because at a lower water content (C samples) and
higher temperature (4%C), 2-methoxy-4-vinylphenol was not
generated. In preliminary studies (data not shown), 2-methoxy-
5-vinylphenol was also detected in 7-year-old raw Arabica
coffee beans from Colombia in concentrations of 1a4tkg,

so this odorant may be a useful storage indicator for raw coffee
beans.

Roberts and Acree30) suggested the acetylenic diol 3-hy-
droxy-7,8-dihydro-$-ionol as precursor d&)-5-damascenone,
which, when heated in an acidic environment, yields 3-hydroxy-
p-damascenone as the main product &gi-damascenone as
a minor product. Glycosides of the acetylenic diol, for example,
the C9-fp-glucopyranoside (40), may also liberate){3-

damascenone when heated at low pH. Our results reveal that

the generation off)-5-damascenone during the storage of raw

Scheidig et al.

(6) Bade-Wegner, H.; Bendig, I.; Holscher, W.; Wollmann, R.
Volatile compounds associated with the over-fermented flavour
defect. In17th International Conference on Coffee, Nairobi,
1997; ASIC: Paris, France, 1998; pp 176—182.

(7) Lopez, C. |.; Bautista, E.; Moreno, E.; Dentan, E. Factors related
to the formation of “overfermented coffee beans” during the wet
processing method and storage of coffeel®th International
Conference on Coffee, Paipa, 1989; ASIC: Paris, France, 1989;
pp 373—384.

(8) llly, A.; Viani, R. In Espresso Coffee. The Chemistry of Quality
Academic Press: London, U.K., 1995.

(9) Full, G.; Lonzarich, V.; Suggi-Liverani, F. Differences in
chemical composition of electronically sorted green coffee beans.
In 18th International Conference on Coffedelsinki, 1999;
ASIC: Paris, France, 2000; pp 35—42.

(10) Becker, R.; Dohla, B.; Nitz, S.; Vitzthum, O. G. Identification
of the “peasy” off-flavour note in central African coffees. In
12th International Conference on Coffe#ontreux, 1987;
ASIC: Paris, France, 1988; pp 203—215.

coffee needs a higher temperature together with a higher water (11) Bouyjou, B.; Decazy, B.; Fourny, G. Removing the “potato taste”

content. It can, therefore, be assumed that the same precursors

are present in raw coffee beans as reported in W@, (but
the hydrolysis of the glycoside may be caused by enzymes of
the coffee or the microorganisms.

In their investigations on the overfermented flavor defect of
coffee, Bade-Wegner et al.)(@etermined the generation of ethyl
2- and 3-methylbutanoate in green coffee during storage at
30°C as a function of moisture level and time. They observed
that with increasing moisture level and storage time, the contents

from Burundian ArabicaPlant., Rech., De 1999 6, 113—-116.

(22) Parliment, T. H.; Clinton, W.; Scarpellino, Rans-2-Nonenal:
coffee compound with novel organoleptic properti@sAgric.
Food Chem1973,21, 485—487.

(13) Schnermann, P.; Schieberle, P. Evaluation of key odorants in
milk chocolate and cacao mass by aroma extract dilution
analysesJ. Agric. Food Chem1997,45, 867—872.

(14) Schlosser, M.; Schaub, B. A. Instant-Ylid: Wittig reagent ready
to use (in German)Chimia 1982,36, 396—397.

of the esters went up dramatically, whereas the contents in a (%) Castedo, L. Borges, J. E.; Marcos, C. F.; Tojo, G. Phenol

short-time steam-treated coffee remained unaffected even at

moisture levels of 20%. The authors, thus, came to the
conclusion that elevated moisture levels and temperatures
support growth of microorganisms, which generate the esters
during shipping or storage.

In our experiments an increase of the concentrations of the
ethyl, but moreover of the methyl, esters of 2- and 3-methylbu-
tanoic acid was also forced by a higher water content and

temperature. Therefore, a generation of the esters by microor-
ganisms must be considered as a possible pathway, but forced

ester generation may also be induced by reactions of coffee
enzymes.

In summary, the results indicate that a few months of storage
of raw coffee in a damp and warm climate may cause significant
changes in the concentrations of important key odorants of raw

coffee. Whether these changes during storage of raw coffee have

nitration from a 2-(nitrooxy)-ethyl side chaiSynth. Commun.
1995,25, 1717—-1727.

(16) Guth, H.; Grosch, W. Odorants in extruded oat flakes changes
during storage (in German}.. Lebensm. Unters. Forsch993,
196, 22-28.

(17) Fuhrmann, E.; Grosch, W. Character impact odorants of the apple
cultivars Elstar and Cox Orangdahrung/Food2002 46, 187—

193.

(18) Sen, A.; Laskawy, G.; Schieberle, P.; Grosch, W. Quantitative
determination of3-damascenone in foods using stable isotope
dilution assayJ. Agric. Food Chem1991,39, 757—759.

(19) Guth, H.; Grosch, W. Deterioration of soy-bean oil: quantifica-
tion of primary flavour compounds using a stable isotope dilution
assaylLebensm. Wiss. Techndl990,23, 513—-522.

(20) Semmelroch, P. Differences in the aroma compounds of Arabica
and Robusta coffee (in German). Ph.D. Thesis, Technical
University of Munich, Germany, 1995.

an influence on the quality of the roasted coffee and its beverage (21) Guth, H.; Grosch, W. Quantitation of potent odorants of virgin

is the subject of further investigations.
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