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Production of 4-hydroxyfuranones in simple media by fermentation
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Abstract

Both 2,5-dimethyl-3(2H)-furanone (DMHF) and 2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone (EMHF) were pro-
duced at concentrations up to 4 mg l−1 and 20 mg l−1 respectively by yeast fermentation of a heated mixture of a
single amino acid and a single sugar added to a yeast extract/peptone/glucose (YPG) medium. About 1 mg DMHF
1−1 was also produced from precursors in the autoclaved YPG medium but EMHF formation depended entirely
on the presence of a heated ribose/amino acid mixture. Glutamate was the best precursor amino acid for both
furanones. Formation of EMHF showed a positive, non-linear response to ribose/glutamate concentration from 20
to 200 mM in the heated mixture.

Introduction

Three 4-hydroxy-3(2H)-furanonederivatives, 5-methyl
(MHF), 2,5-dimethyl (DMHF) and 2(or 5)-ethyl-5(or
2)-methyl (EHMF), have been identified in many
foods since the first report of the occurrence of
DMHF in pineapples (Rodinet al. 1965, Slaugh-
ter 1999). MHF is associated with meaty and brothy
flavour notes and has a flavour threshold value of
8.3 mg l−1 in water. The other two compounds have
much lower flavour thresholds, 0.16 mg l−1 for DMHF
and 0.02 mg l−1 for EMHF and both give rise to a
sweet, caramel type of flavour sensation (Huber 1992).
In most foods investigated so far, DMHF is the most
important compound in flavour terms, but there are
a few situations, such as fermented soy bean prod-
ucts, where EMHF provides the major flavour note
(Nunomuraet al.1976).

The 4-hydroxyfuranones are typical compounds of
cooked foods and their spontaneous formation can be
understood in terms of the Maillard reaction which
is accelerated by heating. On heating with amino
acids, sugars give rise first to Amadori compounds

which lead to 1-deoxydiketoses; C6-1-deoxydiketoses
are derived from hexoses and C5-1-deoxydiketoses
from pentoses. The C6 compound can cyclise to give
DMHF directly. Similar reaction of the C5 compounds
results in HMF production but, with addition of a C2
fragment, EMHF is formed (Ledl & Schleicher 1990).
In practice, however, although MHF and DMHF both
arise spontaneously in this way in foods, this does
not seem to be true for EMHF. This compound ap-
pears to always be a product of yeast fermentation
and, in some situations, additional amounts of DMHF
can also be produced by fermentation (Hayashida &
Slaughter 1997, Hayashidaet al. 1998). The present
work was carried out as the first stage in the elu-
cidation of the synthetic route of both DMHF and
EMHF in fermented foods. Two models were pro-
posed (Figure 1): one, Model A, in which the yeast
absorbs an intermediate of the Maillard reaction and
converts it to 4-hydroxyfuranones in a way analogous
to the spontaneous reactions and another, Model B,
which is independent of the Maillard reaction, so that
in this case the furanones would be produced from
two separate sources. Although almost no detail is
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Fig. 1. Model schemes for formation of 4-hydroxyfuranones by
yeast.

available, it seems unlikely that the biosynthetic route
to 4-hydroxyfuranones in fruits and insects depends
on the Maillard reaction so it is plausible that such a
metabolic route could also exist in yeast (Zabetakis &
Holden 1996).

Materials and methods

Yeast strain and maintenance

Zygosaccharomyces rouxiistrain MH-1 from the Ku-
mamoto Industrial Research Institute collection was
maintained and grown prior to fermentation as de-
scribed previously (Hayashidaet al.1998).

Fermentation procedure

Media were prepared by adding 1 ml 200 mM amino
acid solution to a test tube or by mixing 0.5 ml sugar
and amino acid solution, each at 400 mM, followed
by sterilisation at 121◦C for 15 min. After cooling,
1 ml of autoclaved YPG medium (yeast extract, 20 g;
peptone, 40 g; glucose, 40 g in 1 l distilled water)
was added followed by yeast to give an initial count of
107 cells ml−1. After incubation at 30◦C for 9 days,
analysis was carried out by GC/MS for furanones
(Hayashidaet al.1998) and for ethanol by direct injec-
tion analysis. In all cases, a control tube to which no
yeast had been added was also analysed. For ethanol
determination, 1 ml sample was mixed with 1 ml aque-
ous acetone (1% w/v) to act as internal standard and
5µl of the mixture injected into a gas chromatograph
(Shimazu-14A) fitted with a 3.2 mm× 1.1 m Porapak
Type QS column (Waters): injection port temperature

200◦C, oven 140◦C, FID detector and N2 carrier gas
at 50 ml min−1.

Results

Formation of furanones from mixtures of a single
amino acid and a single sugar

Several media were prepared from a single amino acid
alone or with eitherD-galactose orD-ribose as de-
scribed in the Materials and methods section. The
furanone contents after incubation at 30◦C for nine
days, with and without yeast, are shown in Table 1
for DMHF and Table 2 for EMHF. The ethanol con-
centrations found after fermentation were constant
throughout the different procedures: the average was
6.3 g l−1 with variation from 5.9 to 6.8 g l−1. The
average difference between duplicate experiments was
0.3 g l−1 with a range from 0 to 1.0 g l−1. Consid-
eration of the results for DMHF shown in Table 1
show that, even without addition of sugar or yeast,
all the media contained easily measurable amounts of
DMHF. The medium with no added amino acid or
sugar had much the same concentration as the other
samples after nine days so, in this case, the DMHF
presumably originated from the YPD component of
the media. Addition of ribose had no effect whereas
addition of galactose resulted in a slight increase in
a few cases with glutamate showing the highest rise.
The presence of yeast resulted in a clear increase in
all cases in the absence of added sugar implying that
the YPD medium contained compounds able to act as
DMHF precursors. Addition of ribose had no effect
whereas addition of galactose resulted in higher levels
in all cases except for ornithine and the medium with-
out any amino acid. The largest effect occurred with
glutamate.

In contrast to the ubiquitous appearance of DMHF
in the whole range of media tested, EMHF was formed
only in the presence of a heated ribose and amino acid
solution and yeast (Table 2). Again, glutamate resulted
in much the highest production of the furanone.

Amino acids and amino acid/sugar mixtures were
prepared as described in the Materials and methods
section, mixed with YPG medium and incubated for
9 days at 30◦C with or without the addition of yeast.
One series was carried out using YPG medium with-
out amino acid supplementation. Added amino acid,
ribose and galactose were all at 100 mM in the final
medium when present. The results are the averages
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Table 1. Concentration of 2,5-dimethyl-4-hydroxy-3(2H)-furanone (mg l−1) after
9 days at 30◦C in yeast extract/peptone/glucose/amino acid mixtures with and
without additional sugars and yeast.

Amino Concentration of 2,5-dimethyl-4-hydroxy-3(2H)-furanone (mg l−1)

acid Other additions

None Yeast Ribose Ribose/ Galactose Galactose/

yeast yeast

Ala 0.62 1.85 0.53 1.82 0.72 2.28

Glu 0.55 1.73 0.93 1.97 0.92 3.76

Gly 0.59 1.47 0.52 1.73 0.69 2.22

His 0.57 1.72 0.50 1.33 0.42 2.00

Lys 0.50 1.65 0.63 1.58 0.65 1.95

Orn 0.43 1.60 0.48 0.87 0.42 1.53

Pro 0.48 1.73 0.51 1.94 0.62 2.02

Ser 0.49 1.75 0.57 1.74 0.65 2.37

Thr 0.43 1.59 0.66 2.01 0.54 2.13

Val 0.42 1.91 0.52 1.65 0.62 2.70

None 0.55 1.80 0.60 1.69 0.57 1.64

of single analyses from two experiments. The av-
erage difference between repeats was 0.12 mg l−1

with a range from 0 to 0.70. The average DMHF
concentration was 1.22 mg l−1.

The amino acid/sugar/YPG medium mixtures de-
scribed in Table 1 were also analysed for EMHF
after 9 days at 30◦C but the compound could be de-
tected only after fermentation of the ribose/amino acid
mixtures. The results of both experiments are shown.

Requirement for heating in the formation of
furanones from sugars and amino acids

The experiment described above involving ribose and
glutamate was repeated except that autoclaving was
replaced by filter (0.22µ) sterilisation. After fermen-
tation, the medium contained 0.96 mg DMHF l−1 but
EMHF could not be detected. In the absence of yeast,
neither furanone was present after nine days. The
results for DMHF were unexpected after the earlier
experience (Table 1) when the compound was pro-
duced at a base level in the absence of any additions
and at a distinctly higher level after fermentation. The
source was presumed to be the YPD medium and the
result with filter sterilised sugar/amino acid solution
suggests that either these compounds can inhibit for-
mation of DMHF from precursors present in the YPD
medium or, alternatively, there is batch to batch vari-
ation in the amount of DMHF precursors present the
medium.

The effect of substrate concentration on formation of
EMHF

Media with a range of concentrations of glutamate
and ribose were prepared using the heat sterilisation
technique for the sugar/amino acid mixture. The con-
centration of EMHF after fermentation is shown in
Table 3. The response was not directly related to con-
centration but showed a positive, non-linear pattern;
no EMHF was found with ribose/glutamate at 50 mM
or below in the initial heated mixtures whilst the
amount formed from 200 mM reactants was ten-fold
greater than that at 100 mM.

Media were prepared as described in the Materials
and methods section except that the concentration of
ribose and glutamate in the initial sugar/amino acid
mixture was varied as shown. The experiment was
conducted twice and the results of both experiments
are shown.

Discussion

The results confirm that DMHF can be produced, as
anticipated, by heating an amino acid with a hexose
sugar with no other reactants but indicate that the na-
ture of the compounds is important (Table 1). Under
the conditions used, glutamate was the only amino
acid which gave unambiguous production of DMHF.
When the same samples were fermented, DMHF was
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Table 2. Concentration of 2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone (mg l−1) after
9 days at 30◦C in yeast extract/peptone/glucose/amino acid mixtures with and without
additional sugars and yeast.

Amino Concentration of 2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone (mg l−1)

acid Addition of ribose/yeast

Expt 1 Expt 2

Ala 6.3 4.5

Glu 20.0 21.6

Gly 3.6 6.0

His 2.7 3.2

Lys 7.6 6.1

Orn 1.9 2.2

Pro 2.2 2.4

Ser 3.0 3.3

Thr 2.5 2.9

Val 2.5 2.9

None 0.0 0.0

Table 3. Medium colour and concentration of 2,5-dimethyl-4-hydroxy-3(2H)-
furanone (mg l−1) and 2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone (mg l−1)
after fermentation for 9 days at 30◦C of yeast extract/peptone/glucose media
with addition of ribose/glutamate mixtures of various concentrations.

Ribose (mM)/ Colour DMHF (mg l−1) EMHF (mg l−1)

glutamate (mM) Expt 1 Expt 2 Expt 1 Expt 2

0 None 1.78 1.81 0.0 0.0

20 None 1.84 1.84 0.0 0.0

50 Light yellow 1.88 1.95 0.0 0.0

100 Yellow 1.78 1.81 2.6 2.7

150 Amber 1.46 1.56 6.5 7.3

200 Red 1.81 2.11 20.0 21.6

produced to a significant extent in all cases except with
ornithine, although glutamate still gave the highest
yield. This implies that although many amino acids
do not give rise to DMHF directly when heated with a
sugar, they do form compounds able to act as DMHF
precursors during yeast fermentation. More dramati-
cally, EMHF appeared only when a medium contain-
ing heated pentose sugar and amino acid had been
fermented and production was again very sensitive to
the amino acid (Table 2). Glutamate gave the high-
est yield and was very much more effective than any
of the other amino acids. The unexpected, positive,
non-linear production of EMHF in relation to the con-
centration of ribose and glutamate cannot be explained
simply but may reflect the complexities of the balance
of the levels of Maillard intermediates under differ-

ent reaction conditions. Taken altogether, the results
clearly support the hypothesis that yeast synthesises
furanones from Maillard intermediates, Model A, Fig-
ure 1, and not from normal metabolic intermediates
as has been suggested for strawberries and other or-
ganisms which synthesise furanones. Future work will
now concentrate in two areas. Firstly, to determine the
nature of the Maillard intermediates which act as the
furanone precursors for yeast and, secondly, the en-
zymes involved in conversion of the precursors into
furanones within the yeast cell.



509

References

Hayashida Y, Slaughter JC (1997) Biosynthesis of flavour-active
furanones bySaccharomyces cerevisiaeduring fermentation de-
pends on the malt type used in medium preparation.Biotechnol.
Lett.19: 429–431.

Hayashida Y, Nishimura K, Slaughter JC (1998) The importance
of the furanones HDMF and HEMF in the flavour profile of
Japanese barley miso and their production during fermentation.
J. Sci. Food Chem.78: 88–94.

Huber UA (1992) Homofuraneol: a powerful tool to prepare and
improve sophisticated high quality flavors.Perf. Flav.17: 15–19.

Ledl F, Schleicher E (1990) New aspects of the Maillard reaction in
foods and in the human body.Angew. Chem. Internatl. Engl.29:
565–594.

Nunomura N, Sasaki M, Asao Y, Yokosuka T (1976) Isolation of 4-
hydroxy-5-methyl-3(2H)-furanone, a flavor component inshoyu
(soy sauce).Agric. Biol. Chem.40: 491–495.

Rodin JO, Himel RM, Sverstein RM, Leeper RW, Gortner WA
(1965) Volatile flavor and aroma components of pineapple. I.
Isolation and tentative identification of 2,5-dimethyl-4-hydroxy-
3(2H)-furanone.J. Food Sci.30: 280–285.

Slaughter JC (1999) The naturally occurring furanones: formation
and function from pheromone to food.Biol. Rev. Camb. Phil.
Soc., in press.

Zabetakis I, Holden MA (1997) The effect of 6-deoxy-D-glucose on
flavour bioformation from strawberry (Fragaria× ananassa, cv.
Elsanta) callus cultures.Pl. Cell. Tiss. Org. Cult.45: 25–29.


