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Abstract

Studies were carried out on detoxification of coffee husk in solid state fermentation using three different strighizopfs,
Phanerochaete, and Aspergillus sp. Fungal strains were selected by their ability to grow on a coffee husk extract-agar mediumRUsing
arrizus LPB-79, the best results on the degradation of caffeine (87%) and tannins (65%) were obtained with pH 6.0 and moisture 60% i
6 days. WherP. chrysosporium BK was used, maximum degradation of caffeine and tannins were 70.8 and 45%, respectively, with coffee
husk having 65% moisture and pH 5.5 in 14 days. Rspergillus strain, isolated from the coffee husk, showed best biomass formation
on coffee husk extract-agar medium. Optimization assays were conducted using factorial design, and surface response experiments \
Aspergillus sp. The best detoxification rates achieved were 92% for caffeine and 65% for tannins. The results showed good prospects
using these fungal strains, in particulaspergillus sp, for the detoxification of coffee husk. © 2000 Elsevier Science Inc. All rights
reserved.
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1. Introduction coffee processing regions, which causes a serious environ-
mental concern.
Brazil is the largest producer of coffee in the world, In recent years, there has been an increasing trend toward

contributing approximately 25% of the world’s production. efficient use of agro-industrial residues [4—6]. Several pro-
During 1999, its production reached two million tons. Only cesses have been developed that use these as raw materials
6% of the coffee cherries (fresh weight basis) constitute the for the production of bulk chemicals and value-added fine
portion produced as coffee powder; the remaining 94% is products such as ethanol, single-cell protein (SCP), mush-
obtained as by-products (water and subproducts such agooms, enzymes, organic acids, amino acid, biologically
mucilage, husk, etc.) [1]. Processing of coffee cherries by active secondary metabolites, etc. [4,7—12]. Application of
the “dry-process” results in coffee husk as the main residue agro-industrial residues in bioprocesses at one hand pro-
in about 40% quantity [2]. Although a small quantity of vides alternative substrates, and on the other side helps to
coffee husk is used as cattle feed, or in compost [3], it does solve pollution problem, which otherwise their disposal
not find any adequate application. Mostly it is discarded by may cause. With the advent of biotechnological innova-
the processing units in the rivers and lakes located near thetions, mainly in the area of enzyme and fermentation tech-
nology, many new avenues have opened.

With its richness in carbohydrate, protein, fat, and fibers,
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animal nutrition point of view. Low feed intake, protein
digestibility, and nitrogen retention are major factors limit-
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by the dissolution of the agar and filtration on weighed filter
papers. All experiments were made in three sets.

ing its use [13,14]. Consequently, most of the husk remains

unused or poorly used. If the toxic constituents could be

2.4. Inoculum preparation

partially removed at least, new avenues would open for its

utilization.

Spores from the Petri dishes with actively growing 10-

Attempts have been made to detoxify the coffee husk by day-old cultures oRhizopus and Phanerochaete on PDA

physical, chemical, and microbial methods [15-20]. Some

of the physical and chemical methods achieved good results

but were expensive. This resulted in a focus on microbial
methods. Solid state fermentation (SSF) has been frequentl
used for the biological detoxification of coffee pulp using
fungal strains [17,20-22].

The objective of the present work was to study the
biological detoxification of coffee husk in solid state fer-
mentation using strains dRhizopus, Phanerochaete, and

Aspergillus sp.
2. Materials and methods

2.1. Coffee husk

Coffee husk was obtained from Café Damasco, Curitiba.
It was dried in an air oven at 55°C for 48 h, milled manu-

medium were collected in 50 ml of distilled water with a
platinum loop. Spores oAspergillus sp. growing on CHA

medium were harvested by homogenization with distilled
yWater (50 ml with five drops of Tween 80) and glass beads.

The spores were counted in a Neubauer cell.

2.5. Solid state fermentation (SSF)

Based on the results of screening studies, three strains,
namelyRhizopus arrhizus LPB-79, Phanerochaete chryso-
sporium BK, and Aspergillus sp., were chosen for SSF
studies. Coffee husk was used as the sole source of carbon
and nitrogen source in SSF. SSF was carried out by taking
20 g substrate in 250 ml Erlenmeyer flasks. All experiments
were conducted with two replicates.

2.6. SSF using R. arrhizus

ally, and sieved to obtain the fractions between 0.8—2.0 mm

particle size. It was assayed for pH, moisture, sugars, ash,

lipids, fibers, nitrogen, tannins, and caffeine.

2.2. Microorganisms and media

A total of 14 microbial strains belonging &hizopus sp.
(11 strains) Phanerochaete sp. (2 strains), anéspergillus

Fermentation was carried out by inoculating the substrate
(pH 6.0, adjusted with 3-N NaOH and moisture 70%) using
1.25 x 10" spores/g substrate and incubating at 32°C for 6
days. Experiments were conducted to optimize the initial
pH (5.5-6.5) and moisture (60-70%) of the substrate and
addition of nutrient solution containing (g/l) KIRO, 2,
Na,HPO, 0.2, MnSQ - 7H,0O 0.5 [modified from Soccol

sp. (one strain, isolated from the coffee husk) were used in[23]]. A total of 26 runs were done.

this study. The strains dRhizopus and Phanerochaete sp.
were maintained on Potato-Dextrose-Agar (PDA) medium.
The strain ofAspergillus sp. was maintained on coffee husk
extract-agar (CHA) medium, which was prepared by cook-
ing 100 g (dry weight.) of coffee husk in 1-I distilled water
for 1 hour at 100°C. The resulting solution was then filtered
and after adjusting the pH as desired, was supplemente
with bacteriological agar (20 g/l). The medium was steril-
ized at 121°C for 20 min.

2.3. Slection of strains

All the strains were screened for their ability to grow on
CHA medium by observing their mycelial spreading rate
and biomass production. Twenty milliliters of CHA me-

2.7. SSF using P. chrysosporium

Fermentation was carried out by inoculating the substrate
(pH 5.0, adjusted with 3-N NaOH; moisture 70%) using
d1.29 X 10’ spores/g substrate and incubating at 35°C for 14
days. Experiments were conducted to optimize the initial pH
(4.5-5.5) and moisture (60—70%) of the substrate, and on the
addition of nutrient solution. This contained (g/l) KIPO, 1,
CaCl, - 2H,0 0.7, MgSQ - 7H,0 3.5, FeSQ- 7H,0 0.35,
ZnSQ, - 7H,0 0.23, MnSQ - 5H,0 0.17, and CuSg 5H,0
0.35 [24]. A total of 26 runs were made.

2.8. SSF using Aspergillussp.

dium was taken in Petri dishes (7.5 cm diameter) that were

inoculated in the center and incubated for 5 days at 28, 32
and 35°C forAspergillus, Rhizopus, and Phanerochaete

The best results on growth in CHA medium, and in the
initial studies on SSF using coffee husk were obtained with

strains, respectively. The mycelial growth was measured Aspergillus sp., so this was chosen for factorial design

ever 2 h for Rhizopus strains and every 12 h fdthanero-
chaete and Aspergillus strains. The biomass was measured

studies. The inoculum size was 1.% 10’ spores/g sub
strate.
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Table 1
Experimental design for the optimization of physical parameters on the
detoxification of coffee husk bjspergillus sp.

Parameters Low level Central point High level
Factorial design 1
pH 35 45 5.5
Temperature, °C 24 26 28
Moisture 60 65 70
Factorial design 2
pH 3.0 4.0 5.0
Temperature, °C 26 28 30

2.9. Factorial design 1

A 2379 factorial design based on the surface response Aspergillus sp.*

with three experimental factors at two levels and a medium
point was used to optimize the first step of conditions for pH
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Table 2
Growth of fungal strains on CHA medium

Strain Biomass (mg/plate)
P. chrysosporium HD 1.83* 0.56
P. chrysosporium BK* 221 +£0.76
Rhizopus sp. 2.80=* 0.20
R. formosa LPB 22 2.90+ 0.80
R. arrhizus LPB 82 3.20+ 0.20
R. oligosporus LPB 67 3.60= 0.20
R. arrhizus LPB-25 6.60+ 0.40
R. oryzae LPB 27 7.90= 0.04
R. oryzae LPB 95 8.70+ 0.57
R. circicans LPB 75 9.20+ 0.07
R. oryzae LPB 68 10.20= 0.02
R. delemar LPB 12 10.80+ 0.12
R. arrhizus LPB 79* 12.10+ 1.30
14.83+ 0.02

* Selected strains. Growth conditionRhizopus-temperature 32°C, pH
6.0, 32 h;P. chrysosporium temperature 35°C, pH 4.5, 92 Aspergillus

and moisture of the substrate, and temperature of fermen-sp. temperature 28°C, pH 4.5, 92 h.
tation to achieve the best detoxification rate (the response

variable). Table 1 shows the real and coded experimental

variables. A total of 22 runs were made.

2.10. Factorial design 2

11.98; lipids 1.5; fibers 31.86; ash 6.03; total sugars 26.5;
protein (total N x 6.25) 6.8; protein (Stutzer) 4.8; caffeine

1.2; and tannins 9.3. The chemical composition of the coffee
husk has not been extensively studied in comparison to the

To achieve the best parameters for kinetic studies, the coffee pulp, although they seem to have similarities in their

second experimental design was @ %Bthat involved the

compositions. It was interesting to note a difference be-

studies on the influence of pH and temperature that werefWeen the values obtained for protein (total N 6.25)
significant by the analysis of the first factorial design ex- deétermined by the Kjeldahl method and for true protein

periments at three levels. Table 1 shows the real and codeditermined by the Stutzer method, possibly due to the ni-

experimental variables.

2.11. Kinetics of caffeine and tannin degradation of coffee
husk by Aspergillussp.

trogen content present in caffeine and other nitrogenous
compounds present in the coffee husk. The high content of
tannins was probably because the coffee grains were sun
dried, which favored the production of these compounds in

the coffee husk. It has been reported that there could be a

The parameters used in the kinetics studies were: sub-difference in percent composition of the constituents, de-

strate pH and moisture 4.0 and 65%, respectively, temper-

ature 28°C, and inoculum size 1.78 10" spores/g of

pending on the processing mode and efficiency, crop vari-
ety, and cultivation conditions such as soil type, etc. [29].

substrate. Samples were collect every 18 h and analyzed forT € content of nutrients of the coffee husk compares favor-

pH, caffeine, and tannins.
2.12. Analytical methods

Lipids, ash, and caffeine assays were carried out follow-
ing the methodology described by Instituto Adolpho Lutz
[25]. Tannins were determined by Lowenthal method [26]
and proteins by Stutzer method [27] (total proteins as N x
6.25 by Kjeldahl method). Total and reducing sugars were
analyzed by Somogyi method [28].

3. Results and discussion

3.1. Chemical composition of coffee husk

Results of chemical analysis showed that the experimen-

tal sample of coffee husk contained (% w/w): moisture,

ably with other agricultural products such as oats, rice meal,
rice bran, and wheat bran, all of which are increasingly
being used in the diet of man [30]; however, due to the
presence of caffeine and tannins, it cannot compete with
these residues.

3.2. Strains selection

The results obtained in biomass production for all 14
fungal strains are shown in Table 2. The spreading rate of
Rhizopus strains ranged from 0.94 mm/h to 2.19 mm/h (data
not shown here). It was found that the straindRbfzopus,
which produced a higher quantity of biomass, corresponded
to those showing higher spreading rate. Among FRhan-
erochaete strains,P. chrysosporium BK showed better per-
formance. Although the strain dhspergillus sp. showed
lower mycelial spreading rate (data not shown here), its
overall growth was best among all the strains tested. Based
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Paretc Chart of Standardized Effects
2"*(3-0) design
p=05
Curvature 11.22435
{2)Temperature
1by3
(eH |
(3)Moisture
1by2
2by3

14

Effect Estimate (Absolute Values)

Fig. 1. Pareto chart of effects foP 2 experimental design for SSF of coffee huskAspergillus sp.

on best biomass production, three straRsarrhizus LPB-
79, P. chrysosporium BK, and Aspergillus sp. were chosen
for fermentation studies.

fermentation medium with nutrient solution showed neither
any influence on the detoxification rate of caffeine and/or
tannins, nor better growth of the fungal culture (data not

shown here). This showed that it was not necessary to enrich
the coffee husk medium with such nutrients. This could be
perhaps due to the fact that coffee husk itself contains
several minerals as indicated by its high ash content. In view
of the earlier results [31], describing that the addition of

3.3. SSF using R. arrhizws LPB-79

During SSF usindR. arrhizus, it was observed that the
pH was the parameter with most influence on the metabo-*~" > ! . ]
lism of the mold (data not shown here). Substrate moisture Nitrogen to a coffee pulp medium interfered with caffeine
in the experimental range had little influence on detoxifica- Metabolism by the fungal culture, we did not provide any
tion. The best results on the degradation of caffeine (87%) additional nitrogen source in the medium
and tannins (65%) were obtained with pH 6.0 and moisture
60% for 6 days (data not shown here). Soccol [23], while 3.4. SSF using P. chrysosporiunBK
studying production of fumaric acid from cassava wastes,
found that a pH of 6.0 was most suitable for the activity of During SSF usingP. chrysosporium it was found that
this strain. Coffee husk binds a larger amount of moisture alhough both the pH and moisture content affected the
than starchy materials, and therefore needs more water todegradation rate of caffeine and tannins, the pH had more
allow the level of available water required for the mold effect (data not shown here). Best results on the degradation
growth. [21]. In the present study, supplementation of the of caffeine (70.8%) and tannins (45%) were obtained with

Table 3

ANOVA for the experimental responses of detoxification of coffee husk (factorial design A¥deygillus sp.

Effect Sum of squares Degrees of freedom Mean square F ratio p value
Curvature 1512.061 1 1512.061 125.986 0

(1) pH 75.69 1 75.69 6.3065 0.02892
(2) Temperature 344.103 1 344.103 28.6709 0.000232
(3) Initial moisture 45.563 1 45.563 3.7963 0.077327
1By?2 40.96 1 40.96 3.4128 0.091741
1By3 79.21 1 79.21 6.5998 0.026096
2By3 12.602 1 12.602 1.05 0.327503
Lack of fit 12.96 1 12.96 1.0798 0.321037
Pure error 132.02 11 12.002 — —

Total 2255.168 19

R? = 0.93571
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Table 4
ANOVA for the experimental responses of detoxification of coffee husk (factorial design 2¥deygillus sp.
Effect Sum of squares Degrees of freedom Mean square F ratio p value
(1) pH 306.2433 2 153.1217 3.417174 0.078685
(2) Temperature 100.27 2 50.135 1.118849 0.368166
Lack of fit 647.1667 14 161.7917 3.61066 0.050778
Pure error 403.285 9 44.80944
Total 1456.965 17

R? = 0.90211

substrate having 65% moisture and 5.5 pH in 14 days.to ANOVA (see Table 4). Variation of the pH led to an
Jeffries et al. [32] reported pH 5.5 as the optimum for the increase in the degradation rate at level of 5%. Fig. 2 shows
growth of P. chrysosporium. The culture, however, took a the surface response for the degradation of caffeine and
longer time to achieve the best degradation level. Supple-tannins as a function of pH of the substrate and temperature
mentation of fermentation medium with nutrients did not of fermentation. Apparently variation of experimental tem-

improve the results. perature range used in this step did not cause a significant
effect on degradation rate, although best results were ob-
3.5. SSF using Aspergillussp tained at 28°C. The pH of the substrate showed its positive

influence on degradation of these compounds. Best results

The first step of SSF usingspergillus sp. for the detox- ~ on the degradation of caffeine (91%) and tannins (70%)
ification of coffee husk consisted in the use of &2 were obtained at pH 4.0 and 28°C.
factorial design with three factors studied: pH and moisture  Kinetic studies of SSF at the best conditions of pH and
of the substrate and temperature of fermentation. Resultstemperature showed that as the pH increased, the caffeine
(Fig. 1) were submitted to analysis of variance (ANOVA, and tannin contents decreased, possibly due to degradation
see Table 3) and by eliminating no significant effects; the (Fig. 3). There are a few reports describing the metabolic
data obtained for detoxification of coffee husk showed that pathway of caffeine degradation by bacterial and fungal
the significant factors at the confidence level of 5% were the cultures, with urea as the final product [33,34]. In fungal
pH of the substrate and the temperature of fermentation. Themetabolism, the intermediates formed were theobromine,
best pH and temperature were 4.5 and 26°C, respectively,paraxanthine, and 3-methyl xanthine [34], which were dif-
resulting in about 89% degradation of caffeine and 56% of ferent from those of bacterial fermentation [33]. In present
tannins. studies, SSF was characterized by a lag phase of 18 h. Then

In the second step of optimization, only two factors the pH started to increase as the degradation of caffeine and
varied: the pH of the substrate (3.0-5.0) and the tempera-tannins began. It was observed that the rate of the degrada-
ture of fermentation (26 -30°C). The results were submitted tion of tannins was slower than that for caffeine. After 54 h,

Fitted Surface
2 3-level factors, 1 Block, 18 Runs
305

225 e :

28,5
[ 6654

[ 68,543
[ 70.547
o 7255

[ 74,554
[ 78.557 Tige-)
I 78,561 265 | S
[ 80,564 e

B 82568 o e o

I 84,571 255 e, =5

Bl =bove 28 32 36 40 44 48 52

pH

275

Temperature

Fig. 2. Surface response fof3 experimental design for SSF of coffee huskAspergillus sp.
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