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The fenugreek odor of Lactarius helvus
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Abstract: Lactarius helvus was investigated for vola-
tile compounds by GC/MS. The volatile components
proportion corresponds to 0.04% of dry weight. Thir-
ty-eight components were identified. The major con-
stituents were capric acid (25.6%), 3-amino-4,5-di-
methyl-2(5H)-furanone (15.8%, [1]) and 2-methyl-
butyric acid (12.9%). 3-Hydroxy-4,5-dimethyl-2(5H)-
furanone (= sotolon, [2], 1.4%), the hydroxy
furanone derivative molecule with the characteristic
aroma of Trigonella foenum graecum seeds, is the key
compound responsible for the fenugreek odor of L.
helvus. Sotolon is widely used as an aroma compo-
nent in food and tobacco industries due to its strong
reminiscent odor.
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Many mushroom species are well known by mycolo-
gists and chemists to possess typical odors such as
fungal (Maga 1981, Rapior et al 1997b, Talou et al
1995, Tresst et al 1982), aniselike (Wood et al 1988,
1990), cucumber (Wood et al 1994), garlic (Rapior
et al 1997a) or coal tar (Rapior et al 1998, Watson et
al 1986).

The odor of Lactarius helvus (Fr.: Fr) Fr. (Russu-
lales, Russulaceae) has been described as a strong
spicy smell reminiscent of chicory and fenugreek
while drying (Benjamin 1995, Bresinsky and Besl
1990, Claus 1978, Lassge et al 1996, Mazza 1998).
The tawny Lactarius is a European species (Bresinsky
and Besl 1990, Courtecuisse and Duhem 1994, Moser
1978, Siligeanu and Siligeanu 1985) which does not
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occur in North America (Ammirati et al 1985, Bes-
sette et al 1997).

The food industry makes use of fenugreek odor
due to sotolon in tobacco flavorings (Matsukura et al
1985), artificial maple syrup, and curry (Girardon et
al 1985). Sotolon is one of the most important high-
value flavor chemicals. Sotolon is a key flavor com-
pound in the French florsherry wine (Dubois et al
1976, Guichard et al 1993), and gives the burnt fla-
voring to old sake (Takahashi et al 1976). This mol-
ecule was also found in soy sauce (Nunomora et al
1976), sugar molasses (Kobayashi 1989, Okada et al
1983), and barley malt used in the manufacturing of
beer (Fickert and Schieberle 1998).

The present work is the first chemical study on the fenu-
greek odor of dried L. helvus. The mushroom was investi-
gated for volatile components by solvent extraction using
gas chromatography/mass spectrometry (CG/MS). Speci-
mens of L. helvus, representing a combination of young
and old basidiocarps (24 g), were collected in'the field in
summer 1998. Dehydratation of mushroom occurs within 2
h after harvest by air-drying at room atmosphere (30-32 C,
2 h). Dried mushroom was ground, then hydrated (100
mL) and immediately treated with diethyl ether (120 mL)
to stop enzymatic activity. Organic extract was concentrated
under nitrogen stream and used directly for GC/MS anal-
sis.

’ Analyses of volatile constituents from L. helvus were car-
ried out in triplicate using a gas chromatograph (5890-Hew-
lett-Packard) and a mass selective detector (5971-Hewlett-
Packard) with a potential of 70 eV for ionization by electron
impact. Solvent extract analyses were performed by a 25 m
X 0.20 pm X 0.13 wm dimethylpolysiloxane Optima 5
(Macherey-Nagel), fused silica capillary column. The injec-
tor and detector temperatures were 200 C and 270 C, re-
spectively. The column was temperature programmed as fol-
lows: 50 C (2 min) to 200 C (3 C/min). The carrier gas was
helium with a constant flow rate set close to 0.6 mL/min
(Breheret et al 1999, Rapior et al 1997a).

The volatile compound proportion corresponds to
425 pg.g~! of dry weight. Thirty-eight volatile com-
ponents were identified by GC/MS (TABLE I). All
compounds were identified by comparison with mass
spectral library NBS (MacLafferty and Stauffer 1989),
literature spectra (Adams 1989, Jennings and Shiba-
moto 1980, Stenhagen et al 1976) and our own data
bank. The major compounds were quantitatively ca-
pric acid (25.6%), 3-amino-4,5-dimethyl-2(5H)-fura-
none (15.8%, [1], FiG. 1) and 2-methylbutyric acid
(12.9%).
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TasLE I. Volatile composition of Lactarius helvus

Volatile compounds RI* Percentage®
3-Methylbutanol 716 14
2-Methylbutanol 720 3.0
Isobutyric acid 769 2.7
eXyene 861 11
WMrcinyloutyitc wiid 75 .3

2-Methylbutyric acid 891 12.9
Tiglic acid 906 0.1
Angelic acid 921 0.1
Benzaldehyde 953 0.3
3-Methylthiopropanol 977 0.3
2-Pentylfurane 997 04
- Decane 1000 0.1
“Hexanoic acid 1003 1.6
2-Phenylethanal 1033 0.1
n-Octanol 1051 0.5
2-Nonanone : 1090 0.1
Dihydromaltol 1094 0.3
Undecane 1100 0.1
3-Hydroxy4,5-dimethyl-2(5H)-
furanone [2]¢ 1105 1.4
2-Phenylethanol 1106 1.4
Methyl 3-methylthiopropanoate 1110 0.1
Compound A (isomer of [2]) 1158 1.5
Naphtalene 1170 0.9
Benzoic acid - 1182 1.1
-8-Amino-4,5-dimethyl-2(5H)-
furanone [1]¢ 1223 15.8
5-Methylcytosine 1237 0.8
3-Methylcinnamaldehyde 1249 0.3
Phenylacetic acid 1257 4.1
Unidentified : 1260 0.4
Nonanoic acid 1269 2.4
Compound B (isomer of [1]) 1277 2.3
Dodecanal 1283 0.3
2-Methyldodecane 1298 0.1
Tridecane 1300 0.7
Capric acid 1366 25.6
Unidentified 1368 0.5
2,2'-Bithiophene 1400 0.4
Compound C ' 1419 0.1
Unidentified 1460 0.3
Pentadecane 1500 0.8
Lauric acid 1565 0.3
Myristic acid 1764 1.7
Pentadecanoic acid 1867 6.6
Nonadecane 1900 0.1

» Retention indices due to the GC column used.

b Relative percentage of the identified volatile component
based on the GC/MS chromatographic area.

< Unidentified enantiomer.

Among the flavor volatile components, C4-aliphat-
ic alcohols (3-methylbutanol, 2-methylbutanol) and
short-chain acids (isobutyric acid, 3-methylbutyric
acid, 2-methylbutyric acid, tiglic acid, angelic acid)

:

were also identified from L. helvus as well as several :
sulfur compounds (3-methylthiopropanol, methyl 3- °
methylthiopropanoate, 2,2'-bithiophene). Large
amount of palmitic acid was found in L. helvus (166 7
»gg) :

From dry L. helvus described with a fenugreek
snell. we idenified Shwdrans-t Fdimechsb-2 ()~
furanone (= sotolon, 1.4 %, [2], FiG. 1), the key ‘%
odorous compound of Trigonella foenum graecum (Fa- %

baceae); sotolon is responsible for the characteristic }
odor of L. helvus. Sotolon is directly related to 3-ami- 72
no-4,5-dimethyl-2(5H)-furanone (= quabalactone III,
(1)) because structure similarity of both volatile com- |
ponents and detection in high amounts in L. helvus i
(TABLE I) as well as in the seeds of T. foenum graecum
(Rijkens and Boelens 1975, Bessiére et al unpubl)
and the fragrant flowers of Quararibea funebris (Raf-
fauf et al 1984, Zennie and Cassady 1990).

Several biosynthetic pathways were reported for so-
tolon formation (Blank et al 1995, Cheetham 1997,
Fronza et al 1992, Kobayashi 1989, Lerch and Am-
biihl 1995). Within the hypotheses, it was suggested
that this volatile component might originate from 4-
hydroxyisoleucine [3, FiG. 1], a hydroxylated insulin-
stimulating amino acid identified in both 7. foenum
graecum (Fowden et al 1973, Girardon et al 1986,
Haefelé et al 1997, Sauvaire et al 1998) and Q. fu-
nebris (Raffauf et al 1984); on the other hand, Tak-
ahashi et al (1976) and Kobayashi (1989) reported
that sotolon formation is due to a condensation of
osidic molecules in cane sugar and aged sake pro-
ductions, respectively. Now, these precursors have
never been described in L. helvus. So, the key com-
pound 4-hydroxyisoleucine could be biosynthetized
in mushroom from 3-methylidene-2-aminovaleric
acid, an unsaturated amino acid identified from L.
helvus (Levenberg 1968), through an allylic hydrox-
ylation. ,

Unidentified compounds A and B with molecular
weight and mass spectrum close to those of sotolon
(2] and 3-amino-4,5-dimethyl-2(5H)-furanone 1]
were also reported in L. helvus. The difference be-
tween the retention indices of compounds A and B
is the same as that of [2] and [1] (TasiE I). So, we
stated that compounds A and B are analogs of 2]
and [1], respectively. Another unidentified amino
furanone (compound C) with a higher molecular
weight and the same spectral characteristics as both
precursors, i.e., compound B and 3-amino-4,5-di-
methyl-2(5H)-furanone [1], was also reported in Ta- :
BLE L.

Sotolon has been identified as the key character-
istic compound responsible for the fenugreek odor
of dried L. helvus. According to Bresinski and Besl
(1990), Claus (1978), and Mazza (1998), the suong
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reminiscent fenugreek odor of L. helvus developed
on drying. On the other hand, sotolon was previously
reported as the dominant odorous constituent re-
sponsible for the typical flavor of T. foenum graecum
seeds (Girardon et al 1986). The authors mentioned
that the characteristic smell of fenugreek occurred
during the dehydration process of seeds. Thus, the
drying process produced the fenugreek odor in both
L. helvus (Basidiomycota) and T. foenum graecum (Fa-
baceae).

This study highlighted for the first time the fenu-
greek odor of L. helvus due to sotolon, the volatile
compound responsible for the odor of T. foenum
graecum. The present work also provided the first ex-
ample of sotolon production from Basidiomycota
higher fungi. That could be of wider biotechnologi-
cal significance for the production of “natural” fla-
vor compounds.

Acknowledgment.—P. Clowez (Mycologist-pharmacist, Socié-
1é Linnéenne Nord-Picardie) is gratefully acknowledged for
providing Lactarius helvus.

LITERATURE CITED

Adams RP, 1989, Identification of essential oils by ion trap
mass spectroscopy. San Diego: Academic Press. 469 p.

Ammirati JF, Traquair JA, Horgen PA. 1985. Poisonous
mushrooms of Canada. Markham, ON, Canada: Fitz-
henry and Whiteside. 396 p.

Benjamin DR. 1995, Mushrooms poisons and panaceas.
New York: W. H. Freeman and Co. 422 p.

Bessctte AE, Bessette AR, Fischer DW. 1997. Mushrooms of
northeastern North America. Syracuse, NY: Syracuse
University Press. 582 p.

Blank I, Lin ], Fay LB, Fumeaux R. 1995. Formation of 3-
hy(lmxy-4,5-dimcthyl-2(5H)-furanone (sotolon) from
4-hydroxy-L-soleucine. In: Etiévant P, Schreier P, eds.
Les Colloques no. 75. Bioflavour 95: Analysis—Precur-
sor—Biotechnology, Dijon, France, February 14-17
1995. Paris: INRA éditions. p 385-388.

Breheret S, Talou T, Rapior S, Bessiére JM. 1999. Geosmin,
a sesquiterpenoid compound responsible for the
musty-earthy odor of Cortinarius herculeus, Cystoderma
amianthinum, and Cy. carcharias. Mycologia 91:117-
120.

Bresinsky A, Besl H. 1990. A colour atlas of poisonous fungi.
Regensburg, Germany: Wolfe Publishing Lud. 295 p.

RAPIOR ET AL: FENUGREEK ODOR OF L. HELVUS B 307

NH2

HO HO

B3]

Fic. 1. Structures of 3-amino-4,5-dimethyl-2(5H)-furanone [11, sotolon, [2], and 4-hydroxyisoleucine [3].

Cheetham PSJ. 1997. Combining the technical push and
the business pull for natural flavours. In: Scheper T,
Berger RG, eds. Advances in biochemical engineering
biotechnology. Biotechnology of aroma compounds.
Vol. 55.Berlin: Springer-Verlag. p 1-49.

Claus G. 1978. Des odeurs en Mycologie. Doc Mycol 8 (30—
31):31-63.

Courtecuisse R, Duhem B. 1994, Guide des champignons

" de France et d'Europe. Lausanne, Switzerland: Dela-
chaux and Niestlé. 476 p.

Dubois P, Rigaud ], Dekimpe J. 1976. Identification de la
diméthyl4,5-tétrahydrofuranedione-2,3 dans le vin jau-
ne du Jura. Lebensm-Wiss Technol 9:366-368.

Fickert B, Schieberle P. 1998. Identification of the key odor-
ants in barley malt (caramalt) using GC/MS tech-
niques and odour dilution analyses. Nahrung 42:371-
375.

Fowden L, Pratt HM, Smith A. 1973. 4-Hydroxyisoleucine
from seed of Trigonella foenum-graecum. Phytochemis-
try 12:1707-1711. .

Fronza G, Fuganti C, Grasselli P, Pedrocchi-Fantoni G, Servi
S. 1992. Enzyme assisted synthesis of (S)-sotolon. Tet-
rahedron Lett 33:5625-5628.

Girardon P, Bessiére JM, Baccou JC, Sauvaire Y. 1985. Vol-
atile constituents of Fenugreek seeds. Pl Med (Stutt-
gart) 6:533-534.

. Sauvaire Y, Baccou JC, Bessiere JM. 1986. Identifi-
cation de la 3-hydroxy-4,5-diméthyl-2(5H)-{uranone
dans I'aréme des graines de fénugrec (Trigonella foen-
um graecum L.). Lebensm-Wiss Technol 19:44-46.

Guichard E, Pham TT, Etievant P. 1993. Quantitative deter-
mination of sotolon in wines by high-performance liq-
uid chromatography. Chromatographia 37:539-542.

Haefelé C, Bonfils C, Sauvaire Y. 1997. Characterization of
a dioxygenase from Trigonella foenum-graecum involved
in 4-hydroxyisoleucine biosynthesis. Phytochemistry 44:
563-566.

Jennings W, Shibamoto T. 1980. Qualitative analysis of fla-
vor and fragrance volatiles by glass capillar gas chro-
matography. New York: Academic Press. 472 p.

Kobayashi A. 1989. Sotolon: identification, formation and
effect on flavor. In: Teranishi R, Buttery RG, Shahidi
F, eds. Flavor chemistry: trends and developments.
Washington DC: Am Chem Soc Sympos Ser 388, p 49-
59.

Lassge T, Lincoff G, Del Conte A. 1996. The Knopf mush-
room book. Toronto: Alfred A. Knopf Canada. 256 p.

Lerch K, Ambiih] M 1995, Biotechnological production of
4,5-dimethyl-3-hydroxy-2(5H)-furanone. In: Etiévant P,




308 i MYCOLOGIA

Schreier P, eds. Les Colloques no. 75. Bioflavour 95:
Analysis—Precursor—Biotechnology, Dijon, France,
February 14-17 1995. Paris: INRA éditions. p 381-384.

Levenberg B. 1968. Isolation and characterization of B-
methylene-L-(+)-norvaline from Lactarius helvus. ]
Biol Chem 243:6009-6013.

MacLafferty FW, Stauffer DB. 1989. The Wiley NBS Registry
of mass spectral data. New York: Wiley & Sons. 256 p.

Maga JA. 1981. Mushroom flavor. J Agric Food Chem 29:
1-4.

Matsukura M, Takahashi. K, Kawamoto M, Ishiguro S, Mat-
sushita H. 1985. Identification of 3-hydroxy-4,5-dimeth-
yl-2(5H)-furanone (sotolon) in roasted tobacco vola-
tiles. Agric Biol Chem 49:3335-3337.

Mazza R. 1998. Introduzione alla “micosmologia™. Pagine |

Micol 10:29-96.

Moser M. 1978. Keys to Agarics and Boleti. Stuttgart: Kibby.
535 p.

Nunomora N, Sasaki M, Asao Y, Yokotsuka T. 1976. Isolation
and identification of 4-hydroxy-2(or 5)-ethyl-5(or 2)-
methyl-3(2H)-furanone as a flavor component in Sho-
yu (Soy Sauce). Agric Biol Chem 40:491-495.

Okada K, Kobayashi A, Mori K. 1983. Synthesis of both the
enantiomers of 3-hydroxy-4,5-dimethyl-2(5H)-furanone
(sotolon), the key compound for sugary flavor. Agric
Biol Chem 47:1071-1074.

Raffauf RF, Zennie TM, Onan KD, Le Quesne PW. 1984.
Funebrine, a structurally novel pyrrole alkaloid, and
other y-hydroxyisoleucine-related metabolites of Quar-
aribea funebris (Llave) Vischer (Bombacaceae). ] Org
Chem 49:2714-2718. :

Rapior S, Breheret S, Talou T, Bessiére JM. 1997a. Volatile

‘flavor constituents of fresh Marasmius alliaceus (Garlic
Marasmius). ] Agric Food Chem 45:820-825.

, ————, Pélissier Y, Milhau M, Bessiére JM.

1998. Volatile components of fresh Agrocybe aegerita
and Tricholoma sulfureum. Cryptog Mycol 19:15-23.
, Fruchier A, Bessiére JM. 1997b. Volatile aroma con-

stituents of Agarics and Boletes (a review). Recent Res
Devel Phytochem 1:567-584.

Rijkens F, Boelens H. 1975. The future of aroma research.
In: Maarse H, Groenen PJ, eds. Proceeding of the In-
ternational Symposium on Aroma Research. Zeist, The
Netherlands, May 26-29 1975: Pudoc. p 203-220.

Saligeanu G, Siligeanu A. 1985. Determinator pentru re-
cunoasterea ciupercilor comestibile, necomestibile si
otrivitoare din Romania. Bucarest: Ceres. 330 p.

Sauvaire Y, Petit P, Broca C, Manteghetti M, Baissac G, Fer-
nandez-Alvarez ], Gross R, Roye M, Leconte A, Gomis
R, Ribes G. 1998. 4-Hydroxyisoleucine. A novel amino
acid potentiator of insulin secretion. Diabetes 47:206~
210.

Stenhagen E, Abrahamsson S, MacLafferty FW. 1976. Reg-
istry of mass spectral data. Vol 1. New York: Wiley &
Sons. 816 p.

Takahashi K, Tadenuma M, Sato S. 1976. 3-Hydroxy-4,5-di-
methyl-2(5H)-furanone, a burnt flavoring compound
from aged sake. Agric Biol Chem 40:325-330.

Talou T, Roule K, Gaset A. 1995. Aréme champignon: au-
thentification par analyse chirale de 'octéne-3-ol. Ard-
mes Ingrédients Additifs 3:34-36.

Tressl R, Bahri D, Engel KH. 1982, Formation of eight-car-
bon and ten-carbon components in mushrooms (Agar-
icus campestris). ] Agric Food Chem 30:89-93.

Watson RL, Largent DL, Wood WF. 1986. The “coal tar”
odor of Tricholoma inamoenum. Mycologia 78:965-966.

Wood WF, Brandes ML, Watson RL, Jones RL, Largent DL.
1994. Trans2-nonenal, the cucumber odor of mush-
rooms. Mycologia 86:561-563.

, DeShazer DA, Largent DL. 1988, The identity and

metabolic fate of volatiles responsible for the odor of

Hydnellum suaveolens. Mycologia 80:252-255.

, Watson RL, Largent DL, 1990. The odor of Agaricus
augustus. Mycologia 82:276-278.

Zennie TM, Cassady JM. 1990. Funebradiol, a new pyrrole
lactone alkaloid from Quararibea funebris flowers. | Nat
Prod 53:1611-1614.




