
1 INTRODUCTION 
 
Olive oil is an important component of the Mediterranean diet and its extraction is one of the 
dominant economic activities in the southern regions Europe. There are three processes of ex-
tracting oil, traditional pressed, three-phase system and two-phase system. The two-phase sys-
tem,a recent process, allows the production of olive oil with economic and environmental bene-
fits because it dramatically reduces the water consumption during the process and the generation 
of wastewater. This system produces a semi-solid waste, termed two-phase olive mill waste 
(TPOMW) or olive pomace (OP). In Portugal, about 0.5 million of tons of OP was produced in 
2013 from the two-phase olive mills (INE, 2013). As a result of the processes of extraction, the 
oil industry generates large amounts of waste in a short period of time, and these become an in-
creasing problem of environmental pollution. 

Different studies have demonstrated that olive industry by-products are harmful to the envi-
ronment and that cause negative effects on soil microbial populations (Paredes et al., 1987), on 
aquatic ecosystems (Dellagreca et al.,2001) and even in air through phenol and sulfur dioxide 
emissions (Rana et al., 2007). The toxicity and antimicrobial activity of the olive phenols are 
major contributors to this pollution and hinder the biological treatment of wastes, needed to re-
duce their pollutant load. Therefore there is an urgent need to find ways of treating these liquid 
and solid residues from the olive oil industry (Demerche et al., 2013). The biological treatment 
by fungi can be an efficient use of these wastes to obtain enzymes with industrial interest as cel-
lulases and xylanases. 

Cellulases and xylanases are enzymes used to degrade lignocellulosic materials hydrolyzing 
cellulose and hemicellulose. Their main application is in the saccharification of lignocellulosic 
materials to obtain fermentable sugars to produce bioethanol. In addition, they have a wide 
range of applications, including detergents and textile industry, pulp and paper industry, animal 
feeding, extraction of fruit and vegetable juices, and starch processing (Dogaris et al., 2009). 
The solid-state fermentation is a technology that allows to produce these enzymes in low cost 
conditions, mainly due to the use of cheaper substrate such as olive pomace. Numerous fungi 
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have been identified as hydrolyzers of  cellulose and hemicellulose, however the filamentous 
fungi considered as strong cellulases and xylanases secreting strains, perform better using SSF 
(Ang et al., 2013). On an industrial scale, cellulases and xylanases are secreted mainly by As-
pergillus and Trichoderma spp. (Kulkarni et al., 1999). 

The physical pre-treatments can increase size of pores and accessible surface area, and de-
crease degrees of polymerization of cellulose and crystallinity, which can be used to improve 
the biodegradability or enzymatic hydrolysis of these residues (Taherzadeh et al., 2008). Ultra-
sound pre-treatment causes a cavitation bubbles formation in the liquid phase (Tiehm et al., 
2001), the bubbles grow and then violently collapse when they reach a critical size. Cavitational 
collapse produces turbulence, intense local heating and high pressure at the liquid-gas interface, 
high shearing phenomena in the liquid phase and formation of radicals (Atchley et al., 1988; 
Gonze et al., 1998). It was also proven that the degradation of excess sludge is more efficient 
when using low frequencies: mechanical effects facilitate particles solubilization (Tiehm et al., 
2001). 

The aim of the present work was to prepare olive pomace for solid-state fermentation by A. 
niger using ultrasounds pretreatment to improve the accessibility of fungi to hemicellulose and 
cellulose. Thus, the ultrasounds pretreatment was optimized by full factorial experimental de-
sign (32) to maximize the production of xylanases and cellulases varying the time of ultrasounds 
treatment and the liquid and solid ratio. 

2 MATERIALS AND METHODS 

2.1 Microorganisms 

The fungus used in this study was selected after previously screening, the fungus with higher 
capacity to degrade the lignocellulosic materials was Aspergillus niger CECT 2915 from the 
Spanish Type Culture Collection. The fungi was grown on MEA slants at 25 ºC for several days 
and stored at 4 ºC until used. 

2.2 Characterization of solid substrate 

Two types of olive wastes (crude olive pomace and exhausted olive pomace) were provide by a 
Portuguese olive oil industrial plant. After olive oil extraction, crude olive pomace (COP) was 
recovered and stored at -20ºC. The exhausted olive pomace (EOP) was obtained after recovery 
residual olive oil and dried, then it was stored at room temperature in dry conditions. 

Both wastes were analysed in terms of physical and chemical characteristics, including cellu-
lose, hemicellulose and lignin by quantitative acid hydrolysis (Salgado et al., 2014) . The mois-
ture content and total solids content of wastes was obtained by drying in an oven at 105 ºC dur-
ing 24 h to a constant weight. Solid wastes were ovendried to constant weight at 550 ºC to 
analyse the ashes content. Total nitrogen and organic carbon were determined by a Thermo Fin-
ningan Flash Elemental Analyzer 1112 series, San Jose,CA(USA) meanwhile Ca, Mg, Zn, Cu, 
Fe, Mn, Cr, Ni, Pb, Na, K were analyzed in ashes using Flame Atomic Absorption and Atomic 
Emission Spectrometry (FFAS/FAES) FAAS/FAES (Rodríguez-Solana et al., 2013). Reduction 
sugars, total phenols and protein was analysed in the liquid obtained after extraction process 
with water (ratio solid:liquid, 1:5 w/v). Reduction sugars was analysed by dinitrosalicylic acid 
method, protein was determined by Bradford method, total phenols were determined by the Fo-
lin–Ciocalteau method using caffeic acid as a standard. Lipids were extracted with diethyl eter 
and extracts were extracted with ethanol in a Soxtec System HT2 1045 extraction unit.  

2.3 Solid state fermentation 

SSF were carried out in Erlenmeyer flasks with 10 g of dried solid substrate, moisture was ad-
justed with water and nutrient solution (5 g/L Peptone, 5 g/L yeast extract and 0.2 g/L KH2PO4). 
The solid substrates were COP and EOP for previous fermentation, then EOP was used in fer-
mentions for the optimization of ultrasound treatments. In all experiments, the initial moisture, 
temperature and inoculated spores were 75% (wet basis), 30 ºC and 107 spores/mL, respectively. 
Erlenmeyers flasks with substrates were sterilized at 121 ºC and 15 min, cooled and inoculated 



with 1 mL of spore solution. The experiments were incubated 6 days, and then enzymes were 
extracted. All experiments were carried out in duplicate and a control without inoculum was al-
so performed. Enzyme were extracted at fermentation end (6 days) as described by Salgado et 
al. (2014). 

2.4 Ultrasounds treatment 

The sonication of EOP was carried out with an high intensity ultrasonic processor Cole-Parmer 
750 model (Illinois, USA) operating at 750 W and 20 kHz. The solid waste was added to vessel 
and mixed with water. Different solid and liquid ratios and time of treatment were studied in an 
experimental design. The vessel was placed in a protective box and the tip (diameter 1/2 “) allo-
cated into the vessel. After treatment, the solid was recovered by vacuum filtration and used as 
solid substrate in SSF.  

2.5 Experimental design 

For evaluation of sonication effect of EOP in xylanases and cellulases production by SSF a full 
factorial design 32 was carried out. The two studied variables were the time of treatment and the 
ratio liquid:solid (v/w), the dependent variables studied were xylanase and cellulase activity. 
The independent variables considered and their variations ranges are shown in Table 1. The cor-
respondence between coded and uncoded variables was established by linear equations deduced 
from their respective variation limits. This design allowed the estimation of the significance of 
the parameters and their interaction using Student’s t-test. A second order polynomial model of 
the form shown in Eq. 1 was used to fit the data: 

y = b0+b1·x1+b11·x1
2+b2·x2+b22·x2

2+b12·x1·x2+b112·x1
2·x2+b122· x1 · x2

2+b1122·x1
2·x2

2       (1) 
where y represents the dependent variable, b denotes the regression coefficients (calculated 
from experimental data by multiple regression using the least-squares method), and x denotes 
the independent variables. All experiments were carried out in triplicate and in randomized run 
order. 
The experimental data were evaluated by response surface methodology using Statistica 5.0 
software. Dependent variables were optimized using an application of commercial software 
(Solver,Microsoft Excel 2007, Redmon,WA, USA). 
  
Table 1. Levels of independent variables and dimensionless coded variables definition (xi) i. 

  Levels 

xi Independent variables Units -1 0 1 

Time (X1) min 5 10 15 (X1-10/5) 
Ratio L/S (X2) g/g 3 7 11 (X2-7/4) 

Dependent variables Units   

Xylanase activity U/g solid substrate   

Cellulase activity U/g solid substrate   

2.6 Enzymatic assays 

Cellulase (endo-1,4-β-glucanase) activity was analysed using an enzymatic kit Azo-CM-
Cellulase S-ACMC 04/07 (Megazyme International, Ireland). One unit of enzyme activity was 
defined as the amount of enzyme required  to release 1 µmol of glucose reducing sugars equiva-
lents from CM-cellulose in 1 min and pH 4.5. 
Xylanase (endo-1,4- β-xylanase) activity was analysed using an enzymatic kit Azo wheat arabi-
noxylan AWX 10/2002 (Megazyme International, Ireland). One unit of enzyme activity was de-
fined as the amount of enzyme required to release 1 µmol of xylose reducing sugar equivalents 
from wheat arabinoxylan in 1 min and pH 4.5. 



3 RESULTS  

3.1 Characterization of EOP and COP 

The solids wastes from olive mill wastes were characterized to evaluate their potential as solid 
substrate in SSF. The crude olive pomace (COP) was directly collected after olive oil extraction 
obtaining a wet solid waste, however the exhausted olive pomace (EOP) was recovered after ex-
traction of residual olive oil and dried, these processes were carried out to use the solid waste in 
combustion processes. As can be observed in Table 2 the moisture content and total solids were 
very different due to the dried processes. The free reduction sugars, protein were higher in COP, 
these compounds could have been extracted in the recovered of residual olive oil. This effect is 
clear in reduction of lipids content which were reduced from 16.65 % to 3.93%. 
 
Table 2. Characterization of olive mill wastes 

Parameter Crude olive pomace Exhausted olive pomace

Humidity (% fresh weight) 73.5 ± 0.4 9.86 ± 0.12 

Total solids (%) 26.5 ± 0.4 90.12 ± 0.12 

Extracts (%) 2 ± 0.7 4.19 ± 0.86 

Lignin (%) 34.6 ± 1.1 37.16 ± 0.32 

Hemicellulose (%) 39.1 ± 4.5 36.98 ± 4,07 

Cellulose (%) 33.5 ± 1.1 30.03 ± 3,28 

Lipids (%) 16.6 ± 0.1 3.93 ± 1.94 

Reducing sugars (mg/g) 97.5 ± 7.1 41.49 ± 2.12 

Proteins (mg/g) 3.6 ± 1.4 2.55 ± 0.26 

Phenols (mg/g) 8.3 ± 0.3 8.77 ± 0.23 

Ash (%) 6.6 ± 0.5  3.36 ± 0.18 

N (%) 0.60 ± 0.10  1.27 ± 0.07 

C (%) 49.72 ± 0.68 46.07 ± 1.29 

Ca (g/kg) 1.16 ± 0.04 1.75 ± 0.18 

K (g/kg) 16.86 ± 1.00 14.17 ± 0.72 

Mg (mg/kg) 473.50 ± 21.92 473.00 ± 56.57 

Zn (mg/kg) 12.00 ± 0.00 10.50 ± 0.71 

Cu (mg/kg) 11.50 ± 0.71 11.00 ± 1.41 

Fe (mg/kg) 41.50 ± 2.12 146.50 ± 33.23 

Mn (mg/kg) 8.60 ± 0.14 10.20 ± 0.42 

Cr (mg/kg) <22 <22 

Ni (mg/kg) <22 <22 

Pb (mg/kg) <22 <22 

Na (mg/kg) 373.00 ± 35.36 91.50 ± 4.95 
 
The content in cellulose, hemicellulose and lignin were similar in both residues and other res-

idues studied in literature (Roig et al., 2006), the higher content of hemicelluloses and lignin in-
dicated that these wastes have potential to be used as solid substrate in solid-state fermentation. 

The analysis of C and N showed an increase of N content and decrease of C after extraction 
of residual oil, in the mineral content the values was not different, except to the Fe content that 
was higher in EOP and the content of Na that was higher in COP. 

3.2 Solid-state fermentation of EOP and COP 

The solid wastes EOP and COP were evaluated as solid substrate for cellulases and xylanases 
production in SSF by A. niger. Table 3 shows the cellulase and xylanase activities achieved. A. 



niger showed higher cellulase and xylanase activity using exhausted olive pomade. This solid 
was selected to evaluate the effect of ultrasounds treatment on cellulase and xylanase production 
by A. niger in SSF.   
 
Table 3. Enzymatic activity of extracts from solid-state fermentation of olive mill wastes 

CELLULASES  XYLANASES 

COP EOP  COP EOP 

A. uvarum 0.47 ± 0.03 16.70 ± 0.97  0.13 ± 0.06 7.80 ± 0.37 

A. ibericus 2.12 ± 0.66 18.87 ± 4.74  0.42 ± 0.19 7.22 ± 1.35 
A. niger 1.22 ± 0.26 47.55 ± 1.79  0.81 ± 0.53 25.89 ± 2.72 

3.3 Effect of ultrasounds pretreatment on enzymes production by SSF 

EOP was selected to study the effect of its sonication. Thus, two variables of ultrasound treat-
ment were evaluated in a full factorial design 32. r. Table 4 depicts the corresponding experi-
mental matrix and the results obtained. The two responses studied were cellulase and xylanase 
activity. As can be observed, the ultrasounds treatment had a positive effect in xylanase produc-
tion, however the cellulase activity decreased after ultrasound treatment. The positive effect of 
ultrasounds pretreatment on xylanase production by SSF of rice hull was also observed by Yang 
et al. (2011). 

 
Table 4. Design matrix and response values.  

Run 
Time 
(min) 

Ratio L/S 
(mL/g) 

Cellulases 
(U/g) 

Xylanases 
(U/g) 

1 5 3 28.94 27.351  

2 5 7 18.31  28.839  

3 5 11 37.28  7.533  

4 10 3 16.59  11.463  

5 10 7 7.49  69.107  

6 10 11 8.40  26.881  

7 15 3 20.96  55.518  

8 15 7 18.13  69.863  

9 15 11 17.30  48.639  

10 10 7 8.58  70.862  

11 10 7 7.91  70.166 
 
The optimal conditions that led to maximum xylanase activity (75.32 U/g) were calculated 

with Solver tool showing 12.41 min and 7.27 of liquid and solid ratio as optimal parameters of 
ultrasound treatment. Figure 1 displays the estimated response surface obtained from the data 
analysis of the matrix.  



Figure 1. Estimated response surface from the full factorial design 32. 
 
An optimal clear zone can be seen at intermediate liquid and solid ratios and maximum time 

studied. The validation of the model was performed in the optimal conditions, the xylanase ac-
tivity achieved was close to the maximum value predicted by the model. 

4 CONCLUSIONS 

Olive mill wastes showed to be a suitable solid substrate for cellulase and xylanase production. 
The maximum cellulase and xylanase activities  were achieved using exhausted olive pomace as 
solid substrate.  
The ultrasounds treatment of exhausted olive pomace improved xylanase production by SSF us-
ing A. niger. The optimal conditions of treatment were 12.41 min and a liquid and solid ratio of 
7.27.  Ultrasounds treatment showed a negative effect on cellulase production. Thus the soni-
cation can be an effective treatment to induce the production of xylanases by SSF. In future 
works, it will be studied other treatments in combination with sonication to improve cellulase 
production. 
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