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Abstract 

In the last years the decreasing availability and increasing price of fossil resources, 

as well as global climate changes, forced scientists to focus the attention on the 

biorefinery concept. Agriculture food processing wastes (AFWs) are potential 

feedstock for biorefinery processes. Pretreatment and enzymatic hydrolysis are 

required to reach an efficient recovery of monomeric fermentable sugars form the 

biomass feedstock. The first step concerns removal and potential valorization of 

non-fermentable lignin and is commonly called biomass pretreatment. Current 

research is focused on the selection of novel processes for biomass pretreatment 

able to provide extended lignin removal and cost saving with respect to 

conventional pretreatments (e.g. steam explosion). 

This contribution reports on the study of ultrasound-assisted acid pretreatment 

(USAAP) of the AFW coffee silverskin (CS). The effects of several pretreatment 

variables, such as time and power of sonication, biomass loading and acid 

concentration, were studied using Response Surface Methodology (RSM). 

 

1. Introduction 

Shifting society’s dependence from fossil resources to renewable biomass-based 

resources is generally viewed as the key to the development of a sustainable 

industrial society and to the effective management of greenhouse gas emissions [1]. 

With emerging research trends in the production of bio-based products, the 

biorefinery concept will continue to gain momentum. The overall goal of the 

biorefinery production approach is the generation of a variety of goods (including 

fuels and chemicals) from biomass feedstock by means of a combination of 

technology/processes aimed at the exploitation of all components of the biomass 

[2]. AFWs seem to be a valuable option for the production of marketable chemicals 

and/or biofuels, being economic and eco-friendly due to their unique chemical 

composition, large availability, sustainability and low costs [3]. These residues are 
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composed of large amounts of organic materials such as carbohydrate polymers 

(starch, cellulose and hemicellulose), proteins, lipids, lignin and organic acids [4]. 

Coffee silverskin (CS) is one of these residues. It is the remnant thin tegument that 

covers and protects the outer layer of green coffee bean, obtained from the roasting 

phase of green coffee beans [5]. Polysaccharides and lignin composition of CS is: 

23.77 % cellulose; 16.68 % hemicellulose; 28.58 % lignin (dry matter percentage) 

[7] and it can change with respect to the coffee plant. Since the global production 

of coffee beans is about 112 millions of 60 kilograms bags [8] and CS represents 

about 4.2 % (w/w) of coffee beans [7] , it is collected in large amounts from 

roasting factories, and this makes CS a residue easy to obtain and reuse for 

biorefinery applications. Like most of the lignocellulosic biomass, CS residues 

need pretreatment to be used in biorefinery processes.  

The goals of the pretreatment process are to remove lignin (cross-linked polymers 

of phenolic monomers), to reduce the crystallinity of cellulose, and to increase the 

porosity of the lignocellulosic materials in order to make cellulose and 

hemicellulose available for enzyme hydrolysis [9]. Different pretreatment 

strategies currently employed include acid, alkali, steam explosion, and wet 

oxidation [10] Most of the conventional pretreatments that are carried out at higher 

temperature lead to the generation of compounds which inhibit the subsequent 

fermentation step. Alternative pretreatments such as lignin extraction by green 

solvents and ultrasound assisted biomass pretreatment are currently investigated in 

order to obtain high sugars content and low inhibitors concentration. Among green 

solvent deep eutectic solvents have chemical properties similar to ionic liquids and 

they are biodegradable, safe and cheap [11]. Ultrasound assisted pretreatment   

exploits pressure differences created by ultrasound within the liquid phase to 

enhance physical (mechanoacoustic) and chemical (sonochemical) disruption of the 

lignocellulosic biomass providing the separation of structural polymers (cellulose, 

hemicellulose and lignin) [12].  

The aim of the present study was to investigate the application of ultrasonic 

irradiation in the acid pretreatment of coffee silverskin. The surface response 

methodology (RSM) was applied in order to assess the influence of the main 

operating parameters (time and specific power of sonication, biomass loading, acid 

concentration) on lignin removal. 

 

2. Materials and methods 

 

2.1. Feedstock 

Coffee silverskin (CS) was kindly supplied by Illycaffè SPA (Trieste, Italy). CS 

was oven dried for 48 h at 50 °C until a constant weight was achieved, then CS was 

manually ground in a mortar, sieved (50 U.S. mesh scale) and stored in a 

desiccator. The moisture content of CS was 35%, calculated on oven dry weight. 

The composition of CS was analyzed according to the US NREL (National 

Renewable Energy Laboratory) protocols [13], and found to be 23.52% cellulose, 
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7.67% hemicellulose and 34.3% lignin on dry weight basis.  

 

2.2. Pretreatment 

Pretreatment tests were performed in FalconTM 50 mL conical centrifuge tubes. A 

proper quantity of CS powder and 15 mL of H2SO4  solution were mixed in the 

tube. The tube was then placed in an ice bath to prevent temperature increase 

during sonication. The ultrasound irradiation was performed using a probe type 

ultrasonic processor (VCX500, 20kHz, Sonics & Materials Inc, USA), equipped 

with a Epishear™ 1/4” (6.4 mm) sonicator probe (Active Motif, USA). Table 1 

presents the set-up condition for the ultrasound-assisted acid pretreatment and low 

(-1), center (0) and high value (1) for design of experiments (DOE).  

 

Table 1. Set-up conditions and DOE coded values 

Parameters Factor 
Low value 

(-1) 

Center value 

(0) 

 High 

value (1) 

Time  (min) T 5 15 25 

Power (W/gDM) P 100 200 300 

Biomass loading 

(gDM/mL) 
B 0.03 0.05 0.1 

Acid concentration 

(%v/v) 
A 1 3 5 

       DM = dry matter 

 

After pretreatment, the slurry was extensively washed with deionized water until 

pH of supernatant increased up to 7 at least, then the the solid residue was 

recovered and oven dried at 50 °C until a constant weight was achieved. The 

neutralized and dried solid residue was then analyzed. 

 

2.3. Analysis 

Components of the untreated and pretreated CS were identified according to 

Laboratory Analytical Procedures from the US NREL [137]. Sugar concentration 

was determined by high performance liquid chromatography (HPLC) using an 

Agilent 1260 system (Agilent Technology, Palo Alto, USA). The sugars were 

separated on a 8 μm Hi-Plex H, 30 cm 7.7 mm column at room temperature and 

detected with a refractive index detector. The mobile phase was 5mM H2SO4 

solution pumped to the column at a flow rate of 0.6 mL/min. The remaining solid 

residue was filtered and dried at 105°C until a constant weight was achieved for the 

analysis of lignin content. 

Delignification ratio (D) was calculated using equation (1): 

                                                             
where U and P are the percentage of lignin of the untreated and pretreated samples, 

respectively. 

 

(1) 
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2.4. Design of experiments 

Response surface methodology (RSM) was employed to select optimal 

pretreatment conditions that allow to maximize the delignification ratio and 

carbohydrates percentage in the pretreated sample. To this end, four factors (time 

of sonication (T), power of sonication (P), biomass loading (B), and acid 

concentration (A)) at three levels were studied. The statistical software Minitab®17 

(Minitab Inc., USA) was used for the design of experiments (DOE). A total of 19 

experimental runs with varied values of the four variables were carried out by 2-

level full factorial design.  

 

3. Results and discussion 

 

A 2-level full factorial design was employed for optimizing process parameters of 

the ultrasound-assisted acid pretreatment of CS. The entire set of experimental data 

resulting from the analysis of pretreated samples are reported in Table 2.  

 

Table 2. Levels of four different factors (time of sonication (T), power of 

sonication (P), biomass loading (B), and acid concentration (A)), resulting 

composition of the pretreated biomass and corresponding delignification ratio D. 

Run 

order 

Factors 

 T         P          B          A 

Cellulose 

(%DM) 

Hemicellulose 

(%DM) 

Cellulose& 
Hemicellulose 

(%DM) 

Lignin 

(%DM) 

Delignification 

(%) 

1 0 0 0 0 24.27 8.2 32.47 33.23 3.12 

2 -1 1 1 1 24.17 8.60 32.77 32.33 5.74 

3 1 -1 1 1 21.83 8.42 30.25 34.20 0.29 

4 1 -1 -1 -1 24.76 10.79 35.25 30.56 10.9 

5 1 1 -1 1 24.64 7.77 32.41 33.29 2.94 

6 -1 1 -1 1 24.59 8.80 33.39 31.59 7.90 

7 1 1 -1 -1 22.89 8.43 31.29 32.06 6.53 

8 0 0 0 0 22.92 7.92 30.84 33.93 1.08 

9 -1 1 -1 -1 23.89 9.06 32.95 29.02 15.39 

10 1 -1 -1 1 22.33 6.29 28.62 34.24 0.17 

11 -1 -1 -1 1 24.75 8.63 33.38 31.29 8.78 

12 1 -1 1 -1 23.08 8.01 31.09 34.10 0.58 

13 1 1 1 -1 23.80 9.02 32.82 31.93 6.91 

14 -1 -1 1 1 22.97 8.73 31.70 32.30 5.83 

15 -1 1 1 -1 24.74 9.14 33.88 32.67 4.75 

16 1 1 1 1 23.47 8.12 31.59 31.10 9.33 

17 -1 -1 1 -1 22.06 8.40 30.46 30.8 10.20 

18 -1 -1 -1 -1 22.03 8.64 30.67 31.16 9.15 

19 0 0 0 0 22.56 8.72 31.28 34.25 0.15 

 

The data in Table 2 were worked out with Minitab®17. The resulting surface plot 

showing the interaction between a pair of variables on the delignification ratio of 

CS are given in Fig. 1a–b. 
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Figure 1. Contour plots showing the combined effect of power and time of 

sonication (a) and acid concentration and biomass loading (b) on the delignification 

ratio of CS.  

 

The effects of sonication time (T) and specific power (P) on the delignification of 

CS are shown in Fig.1a. The maximum value of %D can be obtained at T lower 

than 6 min and P lower than 200 W/gDM. Increasing T seems to negatively 

influence the %D ratio of CS in the time range 5-18 min, the effect is the opposite 

at T ranging between 18 and 25 min. The %D ratio is poorly influenced by 

increasing P; at fixed T the %Ddelignification slightly decrease when P ranges 

between 100 and 300 W/gDM. The effects of biomass loading (B) and acid 

concentration (A) on delignification are shown in Fig.1b. As expected, increasing 

B negatively influence %D, so that the maximum %D ratio (larger than 13.5%) can 

be obtained at B=0.03 g/mL. On the contrary, the larger the acid concentration the 

lower the delignification extent. Analysis of the control samples pretreated with 

only dilute acid (1, 3, and 5%v/v) or sonication (100W/gDM) showed negligible %D 

(data not shown). Results suggest that, within the range of operating conditions 

investigated, the only combination of dilute acid solvent and sonication is effective 

for biomass delignification purposes. Moreover, the comparison of data on control 

samples and Fig. 1b suggest that the effect of acid concentration is likely related 

with the irradiation of the ultrasonic wave into the liquid phase.  

 

4. Conclusion 

 

In this work RSM was applied to study USAAP of coffee silverskin. This strategy 

allows to determine the optimum set of operating parameters to maximize the 

delignification of CS.  

. The reported preliminary results encourages further efforts to the development of 

an industrial upstream process of AFWs based on USAAP, further investigation are 

required to clarify the effect of the duration of the pretreatment and the combined 

effect of specific power and acid concentration on the delignification ratio. 
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[5]  Esquivel, P.; Jiménez, V. M., “Functional properties of coffee and coffee by-

products” Food Res. Int., 46, 488−495 (2012) 

[6] Borrelli, R. C., Esposito, F., Napolitano, A., Ritieni, A., Fogliano, V., 

“Characterization of a new potential functional ingredient: coffee silverskin” 

Journal of Agricultural and Food Chemistry, 52, 1338–1343 (2004) 

[7]  Ballesteros, L.F., Teixeira, J.A., Mussatto, S.I., “Chemical, functional, and 

structural properties of spent coffee grounds and coffee silverskin” Food 

Bioprocess Technology ,7, 3493–3503 (2014) 

[8]   International Coffee Organization (ICO), http://www.ico.org/  

[9] Kumar, P.; Barrett, D. M.; Delwiche, M., J.; Stroeve, P., “Methods for 

Pretreatment of Lignocellulosic Biomass for Efficient Hydrolysis and Biofuel 

Production” Ind. Eng. Chem. Res., 48, 3713–3729 (2009) 

[10] Velmurugan, R., Muthukumar, K. “Utilization of sugarcane bagassefor 

bioethanol production: Sono-assisted acid hydrolysis approachBioresour. 

Technol. 102, 7119–7123 (2011) 

 [11] Procentese, A., Johnson, E., Orr, V., Campanile, A., G., Wood, J., A., 

Marzocchella, A., Rehnamm, L., “Deep eutectic solvent pretreatment and 

subsequent saccharification of corncob” Bioresour. Technol. 132, 31-36 (2015) 

[12] Bussemaker, M., J., Zhang, D., “Effect of ultrasound on lignocellulosic 

biomass as a pretreatment for biorefinery and biofuel applications”, Ind. Eng. 

Chem. Res., 52, 3563−3580 (2013) 
[13]  Sluiter, A., Hames, B., Ruiz, R., Scarlata, C., Sluiter, J., Templeton, D., Crocker, D., 

NREL Technical Report, NREL/TP-510-42618 (2008) 

http://www.ico.org/

