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Lignocellulosic biomass, due to its composition rich in cellulose, hemicellulose and lignin, is of great interest for obtaining value-added products; these
processes can be included within the concept of biorefinery. The waste obtained from olive cultivation is an example of these materials; specifically this work
is focused on the use of olive stones (OS). The OS are located in the olive oil mills and olive pomace mills, as a waste of the process of olive oil production.

Maximise the use of the sugars contained in the olive stone in two stages:
 First acidic stage to solubilise hemicellulose.
 Second organosolv stage to improve the cellulose solubilisation yields in enzymatic hydrolysis.
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ACID HYDROLYSIS ORGANOSOLV DELIGNIFICATION

Box-Behnken design
Time  60 minutes

Temperature 120-130 °C 
Biomass loading  20-60%

H2SO4 concentration 7.5-17.5%
(g acid/100 g biomass)

Ethanol:water  50:50 (w/w)

Biomass loading  1/6 solid/liquid (w/w)

Temperature  190 °C

Time  0-150 min

ENZYMATIC HYDROLYSIS
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OLIVE STONES

RESULTS AND DISCUSSION

ACID HYDROLYSIS

Box-Behnken design optimization
Criterion:

• Maximizing xylose concentration

• Maximizing xylose recovery 

• Minimizing the furfural 
concentration

OPTIMAL 
CONDITIONS

• Temperature 128 °C

• Acid concentration  10.5%

• Solid concentration  33%

Interaction

 At high levels of temperature and acid concentration xylose concentration decreased and furfural

concentration increased.

 The pretreatment temperature had a positive influence at low solid loading on the xylose recovery but

at high solid loading, its influence was negative.

 The temperature at low acid concentration had a positive influence on xylose recovery, while at the

highest acid level this influence was negative.

ENZYMATIC HYDROLYSIS

Enzymatic hydrolysis:
 Glucose concentration: 25 g/L
 Glucose recovery: 83%

 The enzymatic hydrolysis yields increase significantly with

the implementation of the second organosolv stage.

 The enzymatic hydrolysis yield decreases over time due to

the degradation of glucose by the increased severity of

treatment that occurs in the organosolv stage.

Pretreatment liquor:
 Xylose concentration: 62 g/L
 Xylose recovery: 71%

Best condition for glucose solubilisation:
190 °C and 30 min

The use of a two-stage experimental methodology allows maximising the use of 
the sugars contained in the OS. 

The first acid stage was efficient for obtaining liquor with a high concentration of 
xylose, the main sugar in the hemicellulosic fraction of OS. 

A second organosolvent stage allowed an increase in the enzymatic hydrolysis 
yield, solubilising efficiently the cellulose contained in the solid. 

In the whole process, 41g of sugars per 100 g of OS were obtained, equivalent to 
82% total sugars recovery.

The authors want to acknowledge the financial support from Agencia Estatal de 
Investigación (MICINN, Spain) and Fondo Europeo de Desarrollo Regional, reference 
project ENE2017-85819-C2-1-R.
Carmen Padilla Rascón expresses her gratitude to the Universidad de Jaén for financial 
support grant R5/04/2017 and Acción 6 "Ayudas para estancias breves de Personal 
Investigador en Formación encaminadas a la obtención del título de Doctor con Mención 
Internacional".
This research has been carried out at the Biomass and Bioenergy Research Infrastructure 
(BBRI)-LISBOA-01-0145-FEDER-022059, supported by Operational Programme for 
Competitiveness and Internationalization (PORTUGAL2020), by Lisbon Portugal Regional 
Operational Programme (Lisboa 2020) and by North Portugal.

CONCLUSIONS ACKNOWLEDGEMENTS

Keywords: Olive stones, biorefinery, 
enzymatic hydrolysis, organosolv 

pretreatment

Organosolv


