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a  b  s  t  r  a  c  t

Coffee  silverskin  (CS)  and  spent  coffee  grounds  (SCG)  are  abundant  residues  generated  by  the  coffee
industry,  but  up till  now  they  are  practically  unutilized  being  discharged  to the environment  or  burned  for
elimination.  In  the  present  study,  the  ability  of  seven  different  fungal  strains  from  the  genera  Aspergillus,
Mucor,  Penicillium,  and  Neurospora,  to grow  and  release  phenolic  compounds  from  these  residues  under
solid-state  cultivation  conditions  was  evaluated.  All  the  strains  were  able  to growth  on  CS and  SCG,
but Penicillium  purpurogenum, Neurospora  crassa  and  Mucor  were  able  to  release  the  highest  amounts
eywords:
offee silverskin
pent coffee grounds
olid-state fermentation
iodegradation

of  phenolic  compounds  from  both  residues.  Phenolic  compounds  have  wide-range  applications  in  the
food  and  pharmaceutical  industries,  and  thus,  the  extraction  of  these  compounds  could  be a  valuable
alternative  for  the  exploitation  of CS  and  SCG.  Additionally,  the  use  of  solid-state  fermentation  to  obtain
these  compounds  has  a positive  environmental  impact  because  the  use of  chemical  solvents  is  avoided.
icrobial growth
henolic compounds

. Introduction

The generation of wastes is inherent in any productive sec-
or. Coffee is the second largest traded commodity in the world
fter petroleum, and therefore, the coffee industry is responsible
or the generation of large amount of residues [1]. Among these
esidues, silverskin and spent grounds are generated in signifi-
ant amounts and merit special attention. Coffee silverskin (CS)
s a tegument that covers the coffee beans, separated during the
oasting process. Spent coffee grounds (SCG) are the solid residues
btained during the treatment of raw coffee powder with hot
ater or steam to prepare instant coffee. A worldwide annual

eneration in the order of 6 million tons is estimated for SCG
2].

In some countries, CS has been used as soil fertilizer or as
uel [3],  while SCG has been used as fuel in industrial boilers
f the same industry, due to its high calorific power of approxi-
ately 5000 kcal kg−1 [4]. However, most of these residues remain

nutilized, being discharged to the environment or burned for
limination, which are not environmentally friendly techniques.
ischarges to the environment cause severe contamination and

nvironmental pollution problems due to their toxic nature [5,6],
nd burning results in the production of carbon dioxide, the green
ouse gas [2].  Some studies about the composition of CS and
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SCG [7,8] reveal that both residues are rich in phenolic com-
pounds. Furthermore, to be derived from the coffee beans, several
of these phenolic compounds may  present important biological
functions and antioxidant potential, with interest for the food and
pharmaceutical industries [9].  Therefore, extraction of phenolic
compounds from CS and SCG would open up opportunities for their
utilization.

Solid-state fermentation (SSF) is a valuable alternative for the
reuse of agricultural and agro-industrial residues, since it can
be used for the production and/or extraction of compounds like
enzymes, flavors, pigments, organic acids, among others. Addi-
tionally, this technique does not require the use of chemical
solvents, being more environmentally friendly. SSF is defined as
fermentation involving solids in absence (or near absence) of free
water; however, the substrate must possess enough moisture to
support growth and metabolism of microorganisms. The solid sub-
strates used in SSF are mainly natural products from agricultural
crops or agro-industrial residues like bran, husks and bagasse. The
structural components of these materials include cellulose, hemi-
cellulose, lignin, starch, pectin and proteins, thus being extremely
heterogeneous materials that may  be used as carbon, energy and
nutrient sources for microbial growth [10,11]. Substrate hetero-
geneity varies with each raw material (the species and the plant
tissue). Therefore, each substrate with potential for use in SSF has
to be assessed in depth.
The objective of this work was  to select fungal strains with
potential to grow and release phenolic compounds from CS and
SCG, under SSF conditions, aiming to find an alternative for the
reuse of these residues.

dx.doi.org/10.1016/j.bej.2011.10.007
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Table  1
Radial growth rates, reducing sugars and total phenolic compounds extracted by solid-state fermentation (SSF) of spent coffee grounds (SCG) by different fungal strains.

Fungal strain Radial growth rate (mm  h−1) Reducing sugars (mg  g−1 SCG) Phenolic compounds (mg  g−1 SCG)

Penicillium purpurogenum GH2 0.32 ± 0.04a 10.06 ± 0.92d 7.02 ± 0.80f

Aspergillus ustus PSS 0.45 ± 0.07bc 9.58 ± 0.16d 5.34 ± 0.16d

Aspergillus niger AA20 0.24 ± 0.03a 5.04 ± 0.14a 2.32 ± 0.08a

Aspergillus niger GH1 0.47 ± 0.08c 6.66 ± 0.56bc 3.12 ± 0.12b

Aspergillus niger PSH 0.28 ± 0.06a 5.10 ± 0.12a 4.36 ± 0.08c

Mucor sp. 3P 0.33 ± 0.05ab 5.78 ± 0.66ab 5.88 ± 0.06de
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Neurospora crassa 0.73 ± 0.01d

o each response individually, values with the same letter denote values statistical

. Materials and methods

.1. Raw materials

Coffee silverskin (CS) and spent coffee grounds (SCG) from
ovaDelta – Comércio e Indústria de Cafés, Lda (Campo Maior,
ortugal) were used in the experiments. The materials were dried
t 60 ◦C to 10% moisture content to be stored. To be used in the fer-
entation assays, CS and SCG were sterilized at 121 ◦C for 20 min.

.2. Microorganisms and inocula

Filamentous fungi strains belonging to the Fungal Collec-
ion of the University of Minho (MUM,  Braga, Portugal) and the
ood Research Department (DIA, UAC) from the University of
oahuila (Saltillo, Mexico), were used for screening purposes. The
trains included three Aspergillus niger (AA20, GH1, and PSH), one
spergillus ustus (PSS), one Mucor sp. (3P), one Penicillium pur-
urogenum (GH2), and one Neurospora crassa (ATCC10337). The
trains were grown on potato dextrose agar medium at 30 ◦C. For
he inocula preparation, spores from 7 days sporulated cultures
ere collected in 0.1% (w/v) Tween 80 solution and counted in a
eubauer chamber to be inoculated in the fermentation media.

.3. Culture medium and fermentation conditions

The fermentation medium used for substrate moistening was
omposed of Czapek Dox mineral salts with the following concen-
rations (g l−1): KH2PO4 (1.0), MgSO4 (0.5), and KCl (0.5) (pH 5.0).
terilization of the medium was performed at 121 ◦C for 20 min.

SSF assays were carried out in Petri plates (9 cm in diameter),
ontaining sterile CS or SCG (2.5 and 9 g, respectively) moistened
ith Czapek Dox mineral salts to achieve 70% moisture content.

noculation was carried out in the center of the plates with a
uspension containing around 5 × 105 spores g−1 substrate. The
lates were statically incubated at 30 ◦C during 6 days. At the end
f fermentation, samples were withdrawn and filtered through
hatman qualitative filter paper No. 1 in order to recover the

ermentative media for estimation of reducing sugars and total phe-
olics. Cultivations and analytical analysis were done in triplicate.

.4. Analytical methods

Mycelia radial growth was kinetically monitored by measure-
ent of the colony diameters every 12 h using a digital micrometer

Mitutoyo 293-561, Japan). Radial growth values were estimated by
inear regression and expressed as mm h−1. Glucosamine content of
iomass was taken as an equivalent value for the biomass amount.
lucosamine, after being released from biomass by hydrolysis, was
easured as described by Aidoo et al. [12]. The content of total
henolic compounds in the fermented broth was determined using
he Folin-Ciocalteu reagent according to the colorimetric method
escribed by Singleton and Rossi [13]. Total reducing sugars were
etermined by the dinitrosalicylic acid method [14].
7.04 ± 0.22c 6.50 ± 0.10ef

ilar at 95% confidence level.

2.5. Statistical analyses

Means and standard deviations were calculated, and significant
differences were estimated using the Tukey multiple-range test at
p < 0.05. Statgraphics Plus for Windows version 4.1 was the soft-
ware used for data analysis.

3. Results and discussion

3.1. Cultivation of microorganisms on spent coffee grounds

All the evaluated strains showed significant mycelia growth on
SCG. Visually, among the tested microorganisms, N. crassa gave the
best radial growth results, with a complete areal expansion in only
84 h of cultivation. A. ustus PSS invaded also the entire plate, but
after 132 h. On the contrary, A. niger AA20 and A. niger PSH showed
the lowest radial growth on SCG. Table 1 shows the radial growth
rate of each strain, and the statistical significance of the results. It
can be observed that some strains presented similar growth rates
(not different at 95% confidence level), such as A. niger GH1 and A.
ustus PSS (0.47–0.45 mm h−1), and P. purpurogenum GH2, A. niger
AA20 and PSH, and Mucor 3P (0.33–0.24 mm h−1). As it was visu-
ally observed, the highest growth rate was obtained with N. crassa,
with values different at 95% confidence level from all the other
microorganisms.

Concomitant to the growth of microorganisms, reducing sugars
and phenolic compounds were released to the culture media due
to the substrate degradation. P. purpurogenum GH2 and A. ustus PSS
released the highest amount of sugars during the SCG degradation,
whose values were different (p < 0.05) from those obtained with
the other strains (Table 1). Otherwise, P. purpurogenum GH2  and N.
crassa promoted the highest phenolic compounds release from this
residue. These results are in agreement with a previous study where
Penicillium spp. were reported to have great and fast potential to
degrade SCG due to their cellulolytic, mannolytic and pectinolytic
activities [15].

Despite being a sugar-rich residue [8],  there are only few works
reporting the use of SCG as substrate for SSF. Leifa et al. [6] observed
an increase in the protein content and a decrease in the fiber
content after SSF of SCG by Lentinus edodes strains. SCG was  also
used as compost material for the production of edible mushroom
from Flammulina and Pleurotus genera [5,16];  and the anaerobic
digestion of this coffee residue (3 g l−1 day−1) has been reported
to achieve 99% conversion of solids, with gas yields of 0.54 l g−1

(56–63% methane) [17].

3.2. Cultivation of microorganisms on coffee silverskin

When compared to the growth visually observed on SCG, fungal
growth on CS was not very significant for most of the evaluated

strains. A. ustus PSS and A. niger GH1, for example, exhibited the
lowest growth on CS. However, the N. crassa strain had a similar
behavior in both coffee residues, covering totally the CS Petri plate
after 104 h of cultivation. P. purpurogenum GH2, Mucor sp. 3P and A.
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Table  2
Radial growth rates, reducing sugars and total phenolic compounds extracted by solid-state fermentation (SSF) of coffee silverskin (CS) by different fungal strains.

Fungal strain Radial growth rate (mm  h−1) Reducing sugars (mg  g−1 CS) Phenolic compounds (mg g−1 CS)

Penicillium purpurogenum GH2 0.33 ± 0.01d 4.44 ± 1.44a 3.47 ± 0.24d

Aspergillus ustus PSS 0.13 ± 0.00ab 8.15 ± 3.48a 2.33 ± 0.15a

Aspergillus niger AA20 0.18 ± 0.01bc 5.61 ± 2.48a 3.33 ± 0.12cd

Aspergillus niger GH1 0.12 ± 0.01a 6.19 ± 0.74a 2.31 ± 0.09a

Aspergillus niger PSH 0.20 ± 0.01c 7.33 ± 2.08a 2.55 ± 0.06ab

Mucor sp. 3P 0.22 ± 0.01c 4.42 ± 1.55a 2.96 ± 0.41bc
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Neurospora crassa 0.77 ± 0.05e

o each response individually, values with the same letter denote values statistical

iger PSH covered totally the plate between 108 and 132 h. Radial
rowth rates of the fungi on CS are presented in Table 2. This table
onfirms that N. crassa was the fungus with the highest growth rate
n CS. In fact, the growth rate of this strain on CS (0.77 mm h−1)
as similar to that observed on SCG (0.73 mm h−1). The remaining

ungi only exhibited growth rates around 0.33–0.12 mm h−1 when
ultivated in CS.

All the microorganisms released reducing sugars from CS; how-
ver, the obtained values did not vary significantly (p < 0.05) for
he strains. On the other hand, the total phenolic compounds were
eleased in the highest amounts by P. purpurogenum GH2, A. niger
A20, Mucor sp. 3P, and N. crassa,  with values oscillating from 3.47

o 2.92 mg  g−1 CS.
There are few published data about the use of CS as a substrate

or SSF. Recently Murthy et al. [18] reported the production of �-
mylase by N. crassa CFR 308 under SSF conditions using CS. Studies
n vitro about the prebiotic activity of CS revealed that different
acteria species (anaerobic and aerobic) are also able to use this
esidue as carbon and nitrogen source [19].

.3. Comparative analyses of fungal cultivations on coffee
esidues

When comparing the data obtained from each microorganism,
t was possible to observe that the strains had a higher growth rate

hen cultivated on SCG than on CS (Tables 1 and 2), except for
he strains of N. crassa and P. purpurogenum GH2, which had simi-
ar behavior in both residues. However, an analysis of the biomass
rowth per gram of substrate revealed that the fungal growth was
igher on CS than on SCG (Table 3). Probably, the highest com-
action of the SCG particles promoted a micro environment with

ower aeration so that the growth of the microorganism occurred
asically on the material surface, giving thus a higher growth rate
hen compared to the values observed for CS. On the other hand,

ince the CS particles are not powder as SCG, they allowed higher air

iffusion through the matrix, a condition that favored the growth
f the microorganism not only on the material surface, but also
etween the particles. This would explain the highest biomass

able 3
iomass growth during the fungal strain cultivation in spent coffee grounds (SCG)
r  coffee silverskin (CS), under solid-state fermentation (SSF) conditions.

Fungal strain Biomass growth (g g−1 substrate)

SCG CS

Penicillium purpurogenum GH2 0.12 ± 0.02ab 0.31 ± 0.03a

Aspergillus ustus PSS 0.10 ± 0.00a 0.26 ± 0.00a

Aspergillus niger AA20 0.14 ± 0.01b 0.34 ± 0.02a

Aspergillus niger GH1 0.11 ± 0.00a 0.35 ± 0.03a

Aspergillus niger PSH 0.10 ± 0.01a 0.47 ± 0.07b

Mucor sp. 3P 0.12 ± 0.01ab 0.28 ± 0.02a

Neurospora crassa 0.11 ± 0.00a 0.37 ± 0.02ab

o each response individually, values with the same letter denote values statistically
imilar at 95% confidence level.
7.93 ± 0.76a 2.92 ± 0.03bc

ilar at 95% confidence level.

growth results on CS than on SCG. A. niger PSH and N. crassa were
the strains with the highest growth on CS.

Although the biomass growth was  higher on CS than on SCG, in
most of the cases the phenolic compounds were released in higher
amounts from SCG than from CS (except for A. niger AA20 and GH1).
Such a fact may  be related to the kind of phenolic compounds
present in these materials, which may  or not be easily degraded
by the fungi. Coffee beans contain elevated content of polyphenols
including catechin, epicatechin, chlorogenic acid, protocatechuic
acid, ferulic acid, among others [20], which could be present in
SCG. In CS, chlorogenic and caffeic acids are the main phenolic
compounds present [19].

When cultivated by means of SSF on SCG enriched with potato
and dextrose, Pleurotus sajor-caju PL27 was  able to degrade 87% of
the tannins after 32 days of cultivation [21]. In the present study,
approximately 40% of the total phenolic compounds present in SCG
were extracted after only 6 days of SSF with the fungus P. pur-
purogenum GH2, being not necessary the use of other substrate
for enrichment of the SCG, which can be considered an important
advantage.

4. Conclusions

P. purpurogenum GH2, N. crassa ATCC10337 and Mucor 3P are
fungal strains with great ability to grow and release phenolic com-
pounds from coffee silverskin and spent coffee grounds under
SSF conditions. This finding opens up new possibilities for the
exploitation of these residues due to the large demand for phe-
nolic compounds in the food and pharmaceutical industries. The
identification of the phenolic compounds present in the produced
extracts as well as the determination of their biological activities
will be the focus of our future studies.
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