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Abstract

Ceratocystis fimbriata was grown for flavour production, on steam treated coffee husk supplemented with glucose. Solid media
with 20 and 35% glucose, developed a strong pineapple aroma, resulting in the production of 6.58 and 5.24 mmol/l per gram total
volatiles (TV), respectively. Compounds such as acetaldehyde, ethanol, isopropanol, ethyl acetate (representing 80.5 and 75.4% of
TV, respectively), ethyl isobutyrate, isobutyl acetate, isoamyl acetate and ethyl-3-hexanoate were identified in the headspace of the
cultures. At 46% glucose, only a weak odour of banana was detected, and TV production was poor. The addition of leucine
increased TV production (8.29 mmol/l per gram), especially for ethyl acetate and isoamyl acetate and a strong banana odour was
detected. The biosynthesis of volatile compounds was not improved by the addition of soybean oil and was reduced by that of

mineral salts. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Most food flavouring compounds are produced via
chemical synthesis or extraction from natural material.
However, recent market surveys have demonstrated
that consumers prefer foodstuff that can be labeled as
natural. Plants have been major sources of essential oils
and flavours but their use depends on factors difficult
to control, such as weather conditions and plant dis-
eases. An alternative route for flavour production is
based on microbial biosynthesis or bioconversion [1,2].
Solid-state reactors offer a high potential for this pur-
pose [3].

Fungi from the genus Ceratocystis produce a large
range of fruit-like or flower-like aromas (peach, pineap-
ple, banana, citrus and rose), depending on the strain
[4] and the culture conditions [5—7]. Among this genus,
Ceratocystis fimbriata has a great potential for ester
synthesis [6]. Moreover, it grows rapidly, has a good

* Corresponding author. Fax: + 33-491-82-8570.
E-mail address: christen@esil.univ-mrs.fr (P. Christen)
! Present address: CEFET-PR UNED, Ponta Grossa, Brazil.

ability to sporulate and produces a wide variety of
aromas [4,8].

Solid-state fermentation (SSF) has been considered
as a useful tool for biomass energy conservation, solid
waste treatment and production of added-value
molecules such as enzymes, organic acids and biologi-
cally active secondary metabolises [9-12]. One of the
major advantages that SSF offers is in the utilization of
agro-industrial residues, which have no other practical
applications [12,13]. One of these residues is coffee
husk, which is generated in large quantities during the
dry-process of coffee cheries. Due to the presence of
anti-nutritional factors such as caffeine and tannins,
coffee husk does not find any potential application and
its disposal is a serious problem in coffee producing
countries. Attempts have been made to use it for edible
fungi cultivation [14,15], and microbial production of
enzymes [16] or organic acids [17].

In this work, solid-state fermentation of coffee husk
with glucose added was tested for production of fruity
flavours by C. fimbriata. Attempts were made to en-
hance the yields of aroma compounds by supplement-
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ing the fermentation medium with precursors or saline
solution.

2. Material and methods
2.1. Microorganism and inoculum

C. fimbriata CBS 374-83 was grown and periodically
transferred onto Potato Dextrose Agar (PDA) medium,
and stored at 4°C. A spore suspension was prepared
after 5 days of culture at 30°C in 250-ml Erlenmeyer
flasks. Spores were collected with sterile distilled water
containing a few drops of Tween 80 and small glass
beads.

2.2. Preparation of the substrate

Two hundred grams of milled coffee husk (0.4-0.8
mm diem.) in 1 I of distilled water were steam treated at
100°C during 40 min. After filtration through Whatman
paper no. 1, the liquid fraction and the solid residue
were separated. A previous study showed that the solid
residue was the most appropriate substrate for growth
and aroma production as compared with liquid fraction
and the untreated coffee husk, probably because some
inhibitory compounds (caffeine) present in the coffee
husk were eliminated by the steam treatment [18].

2.3. Fermentation procedure

Experiments were conducted in 250-ml Erlenmeyer
flasks, containing 15 g of substrate (dry weight basis)
and covered with eight layers of gauze. For all experi-
ments, initial conditions were: temperature, 30°C; pH,
6; inoculum size, 1 x 107 spores/g dry matter (d.m.),
and initial water content, 70% (v/w) (maximum absorp-
tion of the substrate). Experiments were performed to
study the effect of glucose addition (20, 35 and 46 g/100
g d.m.) on the production of volatile compounds, and
also the effect of addition of some possible precursors:
leucine (10 mmol), soya bean oil (10% v/w)) and a
saline solution, previously optimized [19]. All experi-
ments were conducted in three sets.

2.4. Analytical procedures

The dynamics of volatile compound production was
followed by sensorial evaluation (olfactometry) with a
four member non-trained panel and by gas chromatog-
raphy (GC). The compounds in the headspace of the
cultures were identified by comparing their retention
time with those of standards. GC analysis was per-
formed with a Hewlett-Packard 6890 apparatus
equipped with a flame ionization detector and a 30 m
Megabore HP-5 column. The injector and detector

temperature was 250°C. The oven temperature program
was 40°C for 6 min followed by a rise of 25°C/min up
to 150°C, maintained for 2 min. The helium gas flow
rate was 1.5 ml/min and the split ratio was 1:50. Total
volatiles (TV), aldehydes, alcohols, and ketones were
expressed as micromole ethanol equivalent per litre of
headspace per gram of d.m. (umol/l per gram) and total
esters as micromole ethyl acetate equivalent (umol/l per
gram), both from standard curves. The data reported
are the balance between accumulated production and
losses by passive diffusion out of the flask. For this
reason, samples were taken precisely 4 cm below the
gauze layers. Each injection was duplicated.

2.5. Data analysis

Raw data were integrated to calculate the TV accu-
mulated during fermentation. The Gompertz model, a
logistic-like equation, was used to fit the integrated
data, as previously reported [6]. This model described
the dynamics of the production with respect to time as
follows:

TV=TV,,, exp{ — b exp(—kt)}
where:

TV: total volatile production at time ¢ (mmol/
1 per gram)

TV,,... maximum production of total volatile when ¢
— 00 (mmol/l per gram)

b: fitting parameter. It is used to obtain the time of ma
ximum production rate (z,,,,) as follows:

Imax = (In b)/k
k: production rate (/h)

Data integration and non-linear Gompertz regression
were made with a KaleidaGraph program (Abelbeck
Software, USA).

3. Results and discussion
3.1. Effect of glucose concentration

Table 1 shows the results of SSF under different
experimental conditions. The odour detected in the
headspace of the culture depended on the amount of
glucose added. At the highest glucose concentration, a
limiting effect was observed in terms of aroma intensity.

Fig. 1a shows the TV dynamics in the headspace. At
the lowest glucose concentration (run 1), the produc-
tion was faster, attaining a maximum around 28 pmol/l
per gram after 40 h, which was maintained at same
level for > 140 h. At intermediate glucose concentra-
tion (run 2), the increase in TV was slower and the
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Table 1

Sensorial evaluation of culture headspace and kinetic constants of the Gompertz model for different culture conditions with C. fimbriata grown

on coffee husk

Run [Glucose] (g/100 g d.m.) Addition® Aroma and intensity® TV, ax (mmol/l per gram) k(/h)  fpa () R*
1 20 - Pineapple + + + 6.58 0.0123 123 0.997
2 35 - Fruity, pineapple + + + 5.24 0.0105 214 0.996
3 46 - Banana, sweet + 1.13 0.0080 169 0.997
4 35 ss Banana + 2.71 0.0067 288 0.994
5 35 ) Banana + + 5.7 0.0085 234 0.996
6 35 leu Banana + + + 8.29 0.0098 225 0.997

ss, salt solution; so, soybean oil; leu, leucine.
® Aroma intensity: weak (4), medium (+ +), strong (+ + +).
¢ R?, correlation coefficient.

maximum (24 pmol/l per gram) was attained after 280
h. This could be due to a decrease in water activity in
relation to the high glucose concentration. It could also
be partly explained by a catabolic repression due to the
carbon source. This phenomenon was amplified at the
highest glucose concentration (run 3), where the TV
remained very low throughout the experiment. This
correlated with the olfactometric observations (Table
1). As reflected by the nature and the intensity of the
odours detected, it seems that glucose concentration
had a direct influence on the metabolic pathways and
thus on the nature of the volatile compounds produced.
This was confirmed by the distribution of each com-
pound in the headspace, reported for the four most
productive experiments (Table 2). In run 1, one alde-
hyde, two alcohols and seven esters, from acetic, bu-
tyric, isobutyric and hexanoic acids, were identified.
Among these, ethanol (12.7%) and ethyl acetate (80.5%)
were the most abundant. Ethyl acetate is known to be
responsible for the ‘fruity’ note, and is present in most
fruits. For run 2, the proportion of ethanol was higher
and that of ethyl acetate was lower, probably due to a
repression of the esterifying enzyme system. The num-
ber of esters found in the headspace was also lower
than in run 1, but a ketone (2-octanone) was detected in
significant amounts, maybe coming from the oxidation
of fatty acids present in the substrate. In both cases, C.
fimbriata showed a high potential for ester production.

The application of the Gompertz model to the raw
data confirmed that maximum TV production and
highest k& were observed for run 1 (Table 1 and Fig. 2).
As the amount of glucose added increased, TV,,,, and
k decreased. In all cases, the fitting of the model to the
experimental data was excellent (R? > 0.994)

When compared to other solid wastes or substrates,
coffee husk amended with glucose appears to be a
better material for aroma production in solid-state fun-
gal cultures. For example, using sugar cane bagasse and
the same conditions, it was found that the production
was much faster (k=0.041 /h), but the TV, only
reached values of 0.3 mmol/l per gram [6]. The same

authors also reported TV, values of 0.09 and 0.32
mmol/l per gram on wheat bran and cassava bagasse,
respectively [6].

3.2. Effect of the addition of salt solution, soybean oil
or leucine

Studies on the effects of addition of a salt solution,
soybean oil and leucine were undertaken with a view to
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Fig. 1. (a) Dynamics of TV compounds measured in the headspace of
the cultures supplemented with different glucose concentrations. (b)
Dynamics of TV compounds measured in the headspace of the
cultures supplemented with different compounds.
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Table 2
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Production of flavour compounds in the most productive experiments. Values reported represent the percentage of TV.

Glu 20% Glu 35% Glu 35% +so Glu 35% +leu

Aldehyde 1.8 2.4 2.3 1.4

Acetaldehyde 1.8 2.4 2.3 1.4
Alcohols 14 17.8 24 16.2

Ethanol 12.7 17.6 24 15.9
Isopropanol 1.3 0.2 nd® 0.3
Esters 84.2 77.1 73.7 81.4

Ethyl acetate 80.5 75.4 72.6 79
Ethyl isobutyrate 0.4 0.4 0.3 0.4
Isobutyl acetate 0.7 0.8 0.6 1
Ethyl butyrate 0.3 0.1 0.1 0.6
Isoamyl acetate 0.1 0.4 nd® 0.4
Propyl acetate 0.2 nd® nd® nd®
Ethyl-3-hexanoate 2 nd® 0.1 0.1
Ketones nd® 2.7 nd® 0.9

2-Heptanone nd® nd® nd® 0.1
2-Octanone nd® 2.7 nd® 0.8

b nd, not detected.

examine if the solid substrate lacked some minerals, or
if TV production could be enhanced by precursors like
fatty acids of soybean oil (that can be transformed into
methyl ketones by some Penicillium species [20]) or
leucine (direct precursor of some volatile esters [7]).
This study was conducted at an initial glucose concen-
tration of 35%.

A banana aroma was detected in the headspace of
the cultures for each experiment (runs 4, 5 and 6) unlike
the control made without any complement (run 2). The
intensity of the aroma depended on the compound
added (Table 1). The dynamics of TV in the headspace
presented similar shape for each run (Fig. 1b). After a
short lag phase, the concentration increased for 40 h,
then remained constant around a value of 7 pmol/l per
gram for &~ 100 h and increased again to reach its
maxima around 280 h. The maxima attained also de-
pended on the complement. Soybean oil did not display
any effect on the volatile production (run 5) when
compared with the control, but leucine increased it
slightly (run 6) and the salt solution displayed a strong
negative effect (run 4). This was confirmed by the fitting
parameters of the Gompertz model (Table 1). The
addition of the salt solution decreased k and the TV,,,.
As this mineral medium solution was especially opti-
mized for aroma production by this fungus [19], this
decrease could be attributed to an inhibition by a
cumulative effect of the salts present in the coffee husk
and those added. After the steam treatment, the coffee
husk lost 30% salts and, as previously observed, this
treatment improved the TV production [14]. However,
this study does not allow a conclusion that this negative
effect influenced growth or the metabolic pathways
involved in the generation of the volatile compounds.

The addition of soybean oil produced k& and TV,
values close to those obtained for the control. There
was apparently no effect of this amendment, which
means that the fungus could not use this substrate for
its primary metabolism, nor as a precursor of methyl
ketones synthesis [20]. On the contrary, leucine in-
creased significantly the production of volatiles in the
headspace, but has no effect on k, which indicated that
it was not used as carbon or nitrogen source, but only
as precursor for aroma synthesis. Leucine favoured the
synthesis of esters, particularly ethyl acetate and to a
lesser level isoamyl acetate (Table 2). In contrast to
experiments with other solid substrates amended with
leucine [6,7], the increase in other ester production was
not significant.
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Fig. 2. Dynamics of integrated TV data. Symbols represent experi-
mental data and curves, the Gompertz model.
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4. Conclusion

Steam treated coffee husk is an adequate substrate
for aroma production by C. fimbriata. Glucose addition
was necessary for this purpose and the optimal concen-
tration is ~ 20 g/100 g d.m. The production maintained
six days at its maximum, which was a significant im-
provement when compared with results reported for
other solid substrates [6]. The addition of leucine im-
proved TV production by 58%, especially ester produc-
tion, but the addition of a mineral salt solution was
unnecessary. Steam treatment applied to the coffee
husk probably brought all the minerals needed by the
C. fimbriata. It could not utilize the fatty acids of
soybean oil. The Gompertz model confirmed its accu-
racy for describing the dynamics of flavouring com-
pounds production in SSF.
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