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Abstract The objective of this study was to determine the chemical composition of eight vine 

shoot waste (VSW) varieties (Sauvignon Blanc, Pinot Noir, Feteasca Regala, Busuioaca 

de Bohotin, Muscat Ottonel, Cabernet Sauvignon, Feteasca Neagra and Feteasca Alba) 

regarding cellulose, hemicellulose, lignin, ash, moisture, mineral, protein, elemental 

analysis for the production of bioethanol. The highest cellulose and hemicellulose content 

(almost 65%) suggests that the VSW varieties can be used as raw material for bioethanol 

production. The most abundant minerals found in the VSW samples were Sr, Fe and  

Mn, which are indicators for vineyard production in Romania. The autohydrolysis 

fractionation method was applied for the separation of cellulosic and hemicellulosic 

sugars from the VSW varieties. 
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Introduction  

Wine growing regions in Romania have an ideal 
climate for the wine grape. Romania has a vineyard of 217 
thousand hectares and produces 6.0 million hl of wine per 
annum, being ranked 10th in the world and 7th place in 
Europe (DE SALVO & al [1]). Currently, there are 1,300 
companies in Romania that grow grapes and produce wine, 
mainly from Vrancea, Bucharest, Prahova, Arad and Iasi. 
Wine production leads to uncontrolled disposal of large 
quantities of wastes in the environment. Romania’s viticul-
ture is divided into 8 wine regions (Banat, Crisana and 
Maramures, Dobrogea, Moldova, Muntenia, Oltenia and 
Transilvania), and 37 production areas (33 red wines, 
and 67 white wines) (GEANA & al [2]).  

The vine shoot waste (VSW) is the residue resulted 
after the cutting of vineyard branches, which are usually 
burned, contributing to global warming by the emission of 
greenhouse gases (SPIGNO & al [3]; MANZONE & al 
[4]). The use of VSW for biofuel has not yet been studied 
and there are only few studies about similar biomass in 
literature data (BURATTI & al [5]; DÂVILA & al [6]). 

The European Directive 2008/98/EC on waste provides 
information on waste management, such as: waste type, 
recycling and recovery process with low impact on the 
environment.  

Currently, the VSW is not valorized, but can be 
recovered and used for the production of important biofuels, 
chemicals, and as precursors for food and pharmaceutical 
industries (DÂVILA & al [6]; PIZZI & al [7]). Cellulose, 
hemicellulose and lignin are the main compounds of VSW. 
Cellulose can be used for fiber production or it can be 
converted into bioethanol through the fermentation of glucose. 
Lignin can be hydrolyzed to polyphenolic compounds which 
are natural antioxidants and microbial growth inhibitors 
and hemicellulose can also be converted into bioethanol, or 
used for the production of important chemicals, such as: 
succinic acid, itaconic acid, levulinic acid, glucaric acid, 
aspartic acid, 3-hydroxi-propionic acid, sorbitol, 3-hydro-
xibutirolactone, xylitol, glycerol, 2,5-furandicarboxylic 
acid, glutamic acid, furfural etc. (CRABTREE & al [8]).  

In literature different separation methods of important 
components from woody biomass feedstock are presented, 
such as steam explosion, ammonia explosion, autohydrolysis, 
dilute and alkali pretreatment etc., each of them having 
advantages and disadvantages. Autohydrolysis is an ecological 
and environmental friendly method because it doesn’t 
involve the use of chemicals; it uses only water for the 
separation of important components at high temperatures 
and pressure. Autohydrolysis leads to a liquid fraction, rich in 
hemicellulose compounds and a solid fraction composed of 
cellulose and lignin (SANTOS & al [9]; SPIGNO & al [3]). 

Because the energy derived from fossil fuels is 
expensive, biomass is an alternative to fossil fuel 
(LLORENTE & al [10]; LAZAR & al [11]). The identi-
fication of metals from vineyards depends on the region’s 
wine species cultivated. (GEANA & al [2]). 

The objectives of this study were to: 
(a) Compare the chemical composition of eight VSW 

samples (Sauvignon Blanc, Pinot Noir, Feteasca 
Regala, Busuioaca de Bohotin, Muscat Ottonel, 

Cabernet Sauvignon, Feteasca Neagra and Feteasca 
Alba) regarding moisture, ash, extractible, cellulose, 
hemicellulose, lignin, minerals (Ti, V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Rb, Sr, Cd, Ba, Nd and Pb), elemental 
composition (C, H, O, N, S), in order to evaluate the 
possibility to obtain bioethanol; 

(b) Autohydrolysis of VSW samples in order to separate 
the cellulose, hemicellulose and lignin from the VSW 
structures. The chemical composition of solid and 
liquid fraction was determined and the obtained 
results were compared. 
 

Materials and Methods  

1. Chemicals and reagent 
All chemicals used were of analytical reagent grade. 

Acetic acid, sulphuric acid (98%), sodium hydroxide, 
dichloromethane, methanol, ethanol, toluene, acetone, 
hydrochloric acid, suprapure nitric acid 65% and hydrogen 
peroxide 30% were purchased from Merck (Darmstadt, 
Germany). Sodium chlorite (80%) was purchased from Alfa 
Aesar GmbH & Co (Karlsruhe, Germany). The derivati-
zation agent N, O-bis (trimethylsilyl) trifluoroacetamide 
(BSTFA) was purchased from Sigma–Aldrich. All solutions 
were prepared using ultrapure water (18.2 MΩ/cm, 20oC) 
obtained from a Direct-Q3 UV Water Purification System 
(Millipore, France). 
 

2. Raw material 
The VSW variety samples (Sauvignon Blanc, Pinot 

Noir, Feteasca Regala, Busuioaca de Bohotin, Muscat Ottonel, 
Cabernet Sauvignon, Feteasca Neagra and Feteasca Alba) 
were procured from the Research Station of the University 
of Agricultural Sciences “Ion Ionescu de la Brad” from Iași, 
farm no. 3 “Vasile Adamachi” (Romania). The vine shoots 
were collected immediately after the pruning operations, 
oven dried at 60°C for 24 h, and then cutter-milled to pass 
through either a 2 or 0.2 mm pore size sieve.  
 

3. Autohydrolysis method on raw material  
Autohydrolysis of wood was carried out in a stainless 

steel pressure Parr reactor designed for reactions at a 
maximum pressure of 140 bars, equipped with a Parr 4523 
temperature controller (Parr Instruments, Illinois, USA) 
and 1 L reaction vessel. Water and VSW samples were 
mixed in 7/1 (w/w) liquid to solid ratio and were heated at 
150°C for 10 minutes residence time and 60 bar pressure. 
The pretreatment conditions were selected according to  
our previous work (DAN & al [12]).  
 

4. Analysis of the raw material 
The samples moisture was determined by drying in a 

universal oven (UFE 400, Memmert, Germany) at 105°C 
for 24 hours. The ash content was determined after the 
incineration of samples at 550°C according to ASTM 
D1102-84 (2007) [13]. The extractible content was deter-
mined as residue after the extraction of samples in a SMX 
Soxhlet extractor (Behr, Dusseldorf, Germany) with ethanol/ 
toluene 1/2 (v/v) for 6 hours and dried at 60°C for 24 hours.  

The cellulose, hemicellulose and lignin content, 
before and after pretreatment were determined according to 
TERAMOTO & al [14]. The cellulose and hemicellulose 
content was determined as holocellulose content by treating 
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biomass with NaClO2 in acetic acid solution (10%) 
(repeated for 4 times). The α-cellulose content was deter-
mined by treating the holocellulose with 17.5% NaOH 
solution. The hemicellulose content was calculated as  
the difference between the α-cellulose and holocellulose 
content. The lignin content was determined as the insoluble 
residue in 72% H2SO4 at 20°C for 4 hours. 

 

5. Mineral determination  
An amount of 1 g sample was digested with 5 mL 

HNO3 65% and 2 mL H2O2 30% in closed PTFE vessel 
using a microwave digestion system (Speedwave MWS-3+, 
Berghof, Germany) according to the method described by 
MICLEAN & al [15]. The digested samples were quantita-
tively transferred into 20 mL volumetric flasks and diluted 
to the mark with ultrapure water. The minor metals content 
was measured using Elan DRC II ICP-MS (Perkin Elmer, 
USA), while the major mineral content using ICP-OES 
Optima 5300D (Perkin Elmer, USA). The calibration stan-
dards were prepared from 1000 mg L-1 multi-element standard 
solutions (Merck, Germany) by appropriate dilutions.  

 

6. Elemental analysis and protein determination 
The elemental composition was determined by Flash 

EA 2000 CHNS/O analyzer (Thermo Fisher Scientific, 
USA) by means of combustion of 2-3 mg sample according 
to the following standards: ISO 10694:1995 [16], ISO 
13878:1998 [17] and ISO 15178:2000 [18]. The protein 
was calculated using the general factor (6.25). 

 

7. Analyses for solid and liquid fraction resulted 
after autohydrolysis  

The solids from autohydrolysis pretreatment were 
recovered by filtration, washed with water, dried and 

analyzed for solid yield, cellulose, hemicellulose and lignin 
content. The solids were analyzed using the same analytical 
methods as for the raw material. The liquid fraction resulted 
from autohydrolysis was analyzed for carbohydrates, acetic 
acid, furfural and 5-HMF content. 

The carbohydrates were determined from liquid 
fraction by using a gas chromatograph 6890N (Agilent 
Technologies) coupled with a mass spectrometer 5973N 
MSD (Agilent Technologies) and a capillary column HP-5 
MS (30m×0.25mm×0.25) according to our previous studies 
(SENILA & al [19]). The method used was liquid-liquid 
extraction with dichloromethane: methanol (2:1 v/v), 
oximation and silylation with BSTFA and GC-MS analysis. 
The furfural and 5-HMF contents were determined by  
GC-MS after liquid-liquid extraction with dichloromethane 
according to SENILA & al [20]).  

The concentration of acetic acid was determined  
by ion chromatography, using a Metrohm 761 Compact IC 
(Metrohm Ltd., Switzerland) system with suppressed 
conductivity detection and a Metrosep A Supp 5-100 
analytical column. For the IC system, a mixture of Na2CO3 
(0.0027 mole L-1) and NaHCO3 (0.001 mole L-1) was 
employed as eluent, with a flow rate of 1.2 ml min-1.  
 

8. Statistics  
All determinations were carried out in triplicate  

and the results were reported as mean value ± standard 
deviation (SD). 

 

Results and Discussion 

1. Chemical characterization of raw materials  
The composition of raw materials used in this study 

are presented in Table 1. 
 

 

Table 1. A comparison between the obtained chemical composition of vine shoot residue  

and those reported in other studies 

Sample 
Moisture (% 

w/w) 
Ash 

(% w/w) 
Extractible 

(% w/w) 
Lignin 

(% w/w) 
Cellulose 
(% w/w) 

Hemicellulos
e (% w/w) 

Reference 

Savignon 
Blanc 

8.19 ±0.01 5.92 ± 0.02 0.62 ± 0.03 28.96 ± 0.30 36.0 ± 0.23 28.0 ± 0.16 This work 

Pinot Noir 8.02 ± 0.02 5.83 ± 0.02 1.31 ± 0.02 28.36 ± 0.22 40.4 ± 0.14 20.1 ± 0.21 This work 

Feteasca 
Regala 

8.07 ± 0.03 6.48 ± 0.01 1.8 ± 0.01 32.62 ± 0.20 35.0 ± 0.31 23.4 ± 0.25 This work 

Busuioaca de 
Bohotin 

8.20 ± 0.01 2.69 ± 0.04 2.3 ± 0.04 30.36 ± 0.10 28.8 ± 0.25 24.5 ± 0.18 This work 

Muscat 
Ottonel 

7.89 ± 0.02 4.34 ± 0.06 5.6 ± 0.03 25.15 ± 0.40 34.0 ± 0.29 17.3 ± 0.11 This work 

Cabernet 
Sauvignon 

7.86 ± 0.01 4.93 ± 0.01 5.4 ± 0.02 24.13 ± 0.21 39.2 ± 0.19 25.4 ± 0.20 This work 

Feteasca 
Neagra 

7.78 ± 0.04 6.01 ± 0.02 
5.6 ± 0.01 

 
26.79 ± 0.35 29.2 ± 0.17 23.7 ± 0.16 This work 

Feteasca 
Alba 

8.01 ± 0.02 5.00 ± 0.03 6.0 ± 0.03 25.99 ± 0.38 29.1 ± 0.32 26.8 ± 0.17 This work 

Cabernet 
Sauvignon 

59 - 67 3.0 8.5 32.5 31.4 14.8 
(CORBIN 
& al [21]) 

Savignon 
Blanc 

59 - 67 1.2 3.5 10.5 20.1 43.0 
(CORBIN 
& al [21]) 

Grape stalks 
(Bonarda and 

Barbera) 
7.09 6.11 22.61 32.35 12.19 25.7 

(AMENDO
LA & al 

[22]) 

Pinot noir - 7.66 - 32.98 37.88 14.93 
(SPIGNO & 

al [3]) 
Grape stalks 

(Vitis vinifera L.) 
- 7.0 

2.3 

 
17.4 30.3 21.0 

(PROZIL & 
al [23]) 
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All the analyzed VSW samples contain cellulose, 
hemicellulose and lignin. The cellulose content varied in the 
following ranges 28.0-40.0%. All VSW samples contain high 
lignin (24.1-32.6%) and cellulose (28.8-40.4%) content which 
is in accordance with the literature (CORBIN & al [21]; 
AMENDOLA & al [22]; SPIGNO & al [3]; PROZIL & al 
[23]). The percentages obtained from the analysis of the 
Cabernet Sauvignon variety were lower compared with the 
results reported by CORBIN & al [21] and also in the case 
of Pinot Noir variety analysis; our results were higher than 
those reported by SPIGNO & al [3]. These differences can be 
attributed to the geographical origin. Essential components 
of VSW (cellulose and hemicellulose) represented almost 

65% of the raw material. Other fractions present in the 
VSW samples, such as ash (2.69-6.48%) and extractives 
(0.62-6.0%) were determined for a complete characte-
rization of biomass. The major elements such as Al, Ca,  
Fe, K, Mg, Na, P, Si and Ti and minor elements, such as 
As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Tl, V and 
Zn can form inorganic ash (VARGAS-MORENO & al 
[24]). The ash content in the samples was found in the range 
2.0-6.0% and our results are comparable with the results 
reported by MEDIAVILLA & al [25]). Generally, the high 
ash content reduced the heating value of the biomass 
(VARGAS-MORENO & al [24]). The elemental analysis 
of VSW samples were evaluated and presented in Table 2.  

 

 

Table 2. The elemental compositions and protein content of VSW samples 

VSW sample  N (%) C (%) H (%) O (%) S (%) Protein (%) 

Savignon Blanc 1.60 ± 0.01 43.1 ± 0.55 6.23 ± 0.03 45.6 ± 0.20 < 0.01 10.0 ± 0.04 

Pinot Noir 0.85 ± 0.02 43.9 ± 0.23 5.83 ± 0.02 46.0 ± 0.32 < 0.01 5.3 ± 0.03 

Feteasca 
Regala 

0.87 ± 0.05 44.0 ± 0.30 5.66 ± 0.01 46.2 ± 0.21 < 0.01 5.5 ± 0.05 

Busuioaca de 
Bohotin 

0.84 ± 0.03 43.6 ± 0.67 5.89 ± 0.06 45.9 ± 0.09 < 0.01 5.2 ± 0.09 

Muscat Ottonel 0.90 ± 0.05 44.1 ± 0.32 6.05 ± 0.09 45.6 ± 0.16 < 0.01 5.6 ± 0.10 

Cabernet 
Sauvignon 

0.90 ± 0.01 43.9 ± 0.21 5.98 ± 0.05 46.2 ± 0.25 < 0.01 5.6 ± 0.03 

Feteasca 
Neagra 

1.00 ± 0.02 43.8 ± 0.33 5.84 ± 0.06 45.3 ± 0.31 < 0.01 6.2 ± 0.01 

Feteasca Alba 1.00 ± 0.06 44.6 ± 0.90 6.14 ± 0.03 45.2 ± 0.20 < 0.01 6.3 ± 0.05 

 

 

The results presented in Table 2 show that all samples 
have high carbon (C) and oxygen (O) contents, which are 
in accordance with data reported by EL ACHABY & al 
[26] for the elemental analysis of vine shoots from the 
SupAgro region from Montpellier (France). The elemental 
analysis showed that carbon varied from 43.1% in Savignon 
Blanc to 44.6% in Feteasca Alba, while hydrogen content 

ranged from 5.66% in Feteasca Regala to 6.23% in 
Sauvignoin Blanc sample. The VSW is rich in organic 
carbon, but poor in nitrogen.  

All samples contain protein (Sauvignon Blanc has  

the highest protein content, 10%). The S content was under 

the detection limit (< 0.01%) in all the analyzed samples. 

 

 

 

Figure 1. Metal composition in VSW samples 
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The presence of inorganic compounds and metals in 

VSW depend on several factors, such as: grape types, soil 

characteristics, areas of production and environmental 

conditions (SIRÉN & al [27]). The metal content in the 

analyzed VSW samples varied in the following ranges 

(mg kg-1): 15.76-31.51 (Sr), 13.5-31.65 (Fe), 8.02-15.95 (Mn), 

5.62-9.95 (Ba), 4.26-6.74 (Zn), 0.15-7.77 (Ti), 1.11-2.69 (Rb), 

1.77-2.54 (Cu) (Figure 1). The content of V, Cr, Co, Ni, Cd, 

Nd and Pb was < 1.0 mg kg-1. SPIGNO & al [3] reported 

the content of Cu, Fe and Zn from Pinot Noir from Italy to 

be: 36.2 g kg-1 (Cu), 49.7 g kg-1 (Fe) and 8.7 g kg-1 (Zn) 

which are much higher values compared with our results 

(0.0018 g kg-1 - Cu, 0.014 g kg-1 for Fe and 0.0066 g kg-1 

for Zn). The most abundant minerals found in the VSW 

samples were Sr, Fe and Mn. The highest Sr concentration 

(31.5 mg kg-1) was found in Busuioaca de Bohotin and the 

highest Fe content (31.65 mg kg-1) was found in Feteasca 

Neagra. According to literature, for Romanian wines, Mn 

and Sr are elements that show the difference between 

various wine species. Also, Ba, Ca, Mg are metals specific 

for France and USA regions, Mn, P, Ag, Ni and Cr for 

Hungary and Rb, Na and Fe for Germany (SUHAJ & al 

[28]). The results obtained show that Mn and Sr were found 

in high concentration in all the analyzed samples.  

The Cu content is found in low concentration in all the 

samples (1.88-2.77 mg kg-1) which complies to the maxi-

mum allowed Cu levels (Commission Regulation (EC) No. 

1410/2003, 2003): 6 kg ha-1 year-1 and maximum residue 

limits in vineyard soil (140 mg kg-1), in grapes (30 mg kg-1) 

and wine (1 mg L-1) (SUN & al [29]). The concentrations 

of Zn (4.26-6.74 mg kg-1), Cu (1.77-2.54 mg kg-1) and Pb 

(0.01-0.04 mg kg-1) found in VSW samples were lower 

than those reported by VYSTAVAN & al [30] in leaves 

(Chardonnay and Muscat samples cultivated in southern 

Ukraine): average content 28 mg kg-1 (Zn), 9.91 mg kg-1 

(Cu) and 0.99 mg kg-1 (Pb).  
  

2. Autohydrolysis pretreatment  
The VSW samples were subjected to autohydrolysis 

at 150°C for 10 min and 60 bar pressure. The procedure 

was based on our previous experience (DAN & al [12]). 

The liquid phase and the amount of solid fraction were 

measured and analyzed. The solid fraction was analyzed for 

cellulose, hemicellulose and lignin content and the liquid 

fraction was analyzed for carbohydrates, furfural, 5-HMF 

content and acetic acid content. Figure 2 shows the data 

obtained after the analysis of solids resulted from the 

autohydrolysis pretreatment.  

 

 

 

Figure 2. The solid yield and composition of solid fraction of different VSW varieties after autohydrolysis. 
 

 

The results presented in Figure 2 show that the solid 

yield of solid recovered after autohydrolysis ranges between 

60.5-75.0%. The highest yield of autohydrolyzed VSW was 

obtained for the Feteasca Regala variety and the smallest 

yield was obtained for Muscat Ottonel. In the solid fraction, 

cellulose ranges between 38.3-47.3% and lignin ranges bet-

ween 22.3-35.2%. A very small content of hemicellulose 

was found in the solid fraction (1.58-2.9%), which proves 

that the autohydrolysis method can separate the cellulose  

in solid fraction and hemicellulose in liquid fraction.  

The method is based on cellulose and hemicellulose 

solubility in water at high temperatures and pressure.  

The composition of the liquid fraction resulted after the 

autohydrolysis method is shown in Figure 3. 

The pentose’s (xylose and arabinose) from hemicel-

lulose structure can be degraded into furfural and hexoses 

(galactose, mannose and glucose) can be degraded into  

5-HMF (SENILA & al [31]). The results presented in 
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Figure 3 suggest that the autohydrolysis of VSW varieties 

separated almost all the hemicellulose fraction in the liquid 

phase and recovered it as carbohydrates, furfural, 5-HMF 

and acetic acid. The carbohydrates content from the liquid 

fraction varied in the following order: Pinot Noir > 

Feteasca Regala > Feteasca Neagra > Feteasca Alba > 

Cabernet Sauvignon > Busuioaca de Bohotin > Muscat 

Ottonel > Savignon Blanc. Acetic acid was found in all 

samples, in the range of 0.98 - 2.29%. The analyzed liquid 

fraction also contains furfural and 5-HMF, but their 

content was below 0.1%. 

 

 

 

Figure 3. Composition of liquid fraction resulted after autohydrolysis pretreatment. 
 

 

 

Conclusion 

A preliminary investigation on the influence of 

autohydrolysis pretreatment on bioethanol production from 

VSW was performed. Overall, the results obtained (highest 

cellulose and hemicellulose content, almost 65%) in this 

study suggest the possibility of using VSW as a potential 

source for bioethanol. Regarding the chemical composi-

tions, there were no major differences observed between 

the different varieties. Sr, Fe and Mn are the abundant 

minerals found in all samples which are indicators for 

vineyard production in Romania. 
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