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Abstract 
 
Supercritical fluid and ultrasound assisted extractions were applied as a first step in a complex processing of spruce bark in order 
to recover polyphenols compounds. The aim of the study was to compare the efficiency of these "green" processes with a 
conventional extraction technique (ethanolic extraction). Supercritical fluid extraction was carried out in two steps: (i) static 
extraction for 15 min at 1000 psi with pure CO2 and (ii) dynamic extraction for 45 min at 35, 40 and 50 0C, 1200, 2000 and 2500 
psi, with CO2 and 70% ethanol as co-solvent. UAE was carried out in an ultrasonic bath at 45, 50 and 60 0C for 5 to 75 minutes.  
The ethanolic extraction was performed using ethanol (70%) in a closed oven for 13 days. The extracts were characterized using 
Folin-Ciocalteu method for total phenolic content and quantified by high liquid performance chromatography (HPLC).  The 
study recommend SFE and UAE instead of traditional ethanolic techniques since these provide high extraction yields, pure 
extracts, with a large number of polyphenolic compounds extracted and are environmentally friendly. 
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1. Introduction 
 
One of the great challenges in the 21st century 

addresses the transition from an economy largely 
based on fossil origin raw materials to one based on 
renewable resources, processed according to 
sustainable development goals (Gravitis et al., 2008). 
Among all sustainable resources, only biomass 
represents an accessible source for chemicals, 
biomaterials, derivatives and products with energetic 
value (Herrero et al., 2013; Sheldon, 2011). The 
application of renewables based on biomass, the 
development of clean production and smart materials 
may provide the required solution for sustainability.  

The main challenge is to develop innovative 
methods for the efficient use of biomass as it is or as 
wastes (livestock, industrial, agri-food, agricultural 
and non-recyclable fraction proceeding from waste 
treatment plants), (Hidalgo et al., 2014). In order to 

be sustainable, biomass use will depend heavily on 
the successful deployment of innovative, green 
chemistry so as to avoid the use of toxic and/or 
hazardous reagents and solvents or eliminate wastes 
(Sheldon, 2011).  

From this point of view, the biorefinering 
concept embraces a wide range of technologies able 
to fractionate biomass resources into their building 
blocks (carbohydrates, lignin, extractives, proteins 
etc.), which can be converted to value added products 
(Cherubini, 2010). Many compounds resulting in 
complex biomass processing are recognized by their 
valuable biological properties (Bodîrlău et al., 2009; 
Popa, 2011; Popa, 2013). That is why, the extraction 
and purification processes of some biobased 
compounds resulted in this fractionation are essential, 
when they follow to be used in the preparation of 
dietary supplements, nutraceuticals, functional food 
ingredients (Volf et al., 2013), food additives, 
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pharmaceutical and cosmetic products, 
allelochemicals (Popa et al., 2008), chelating agents 
(Volf et al., 2012), modulators in heavy metal 
bioaccumulation (Stingu et al., 2011) and plant 
growth regulators (Tanase et al., 2013; Tanase et al., 
2014). The biomass extraction results depend on 
various factors such as, solvents, procedures, 
extraction time etc., to obtain bioactive components 
of high quality and quantity in the crude extracts. In 
addition, the nature of the sample matrix and the 
compounds to be extracted also substantially affect 
the efficiency of extraction. The optimal extraction 
method should be simple, rapid, economical and with 
a large applicability (Vongsak et al., 2013) 

Conventional separation techniques such as 
solvent extraction and distillation have the drawback 
of leaving trace amounts of solvents or to cause 
thermal degradation (Ahluwalia et al., 2013). Non-
conventional methods, which are more 
environmental friendly due to decreased use of 
chemicals, reduced operational time and better yield 
and quality of extracts, have been developed during 
the last years. Thus, ultrasound, pulsed electric field, 
enzyme digestion, extrusion, microwave heating, 
ohmic heating, supercritical fluids and accelerated 
solvents have been studied as nonconventional 
methods. The ultrasound-assisted extraction (UAE), 
microwave assisted extraction (MAE) and 
supercritical fluid extraction (SFE) are probably the 
most applicable at pilot or industrial scale and were 
critically reviewed by several researchers (Azmir et 
al., 2013; Khoddami et al., 2013; Martins et al., 2011; 
Roberto et al., 2010; Vilkhu et al., 2008). The 
conventional extraction methods, such as Soxhlet is 
still considered as one of the reference method to 
compare the success of newly methodology (Azmir 
et al., 2013).  

In this perspective, the paper presents a 
comparative analysis regarding technical aspects 
related to the two innovative and environmental 
friendly techniques: ultrasound-assisted extraction 
(UAE) and supercritical fluid extraction (SFE) in 
comparison with a classic solvent extraction process 
(EthE). These techniques were applied to isolate, 
from spruce bark, bioactive compounds included in 
polyphenols group, which are one of the most widely 
occurring groups of phytochemicals, described in 
details elsewhere (Ignat et al., 2011; Ignat et al., 
2013).  

The analysis takes into account the total yield 
in polyphenolic concentration and the qualitative 
extracts content highlighted by high liquid pressure 
chromatographic profile. The approach is appropriate 
even more because in Romania large amounts of bark 
are released as residues from forestry and 
woodworking processes, mainly burnt for energy 
recovery, without considering that as an important 
source of valuable chemicals. More than this, even if 
the presented techniques are increasingly used at 
laboratory and industrial level, a comparative study 
regarding the polyphenolic compounds extraction 
from spruce bark doesn't exist.  

2. Materials and methods  
 
2.1. Materials 

 
Spruce (Picea abies) bark of industrial origin 

was provided as a waste from a wood processing 
Romanian company. The spruce bark was washed 
several times with doubly distilled water to remove 
impurities, dried at room temperature under normal 
aeration conditions and milled in a GRINDOMIX 
GM 2000 mill for 0.15-1.25 mm particle size. The 
material was stored in desiccators and was directly 
used without any pre-treatment. The raw material 
humidity was determined using a RADWARG MAX 
5011 thermo-balance. The FT-IR spectrometry was 
used to characterize the functional groups present in 
biomass. The FT-IR spectra were recorded with a Bio 
Rad FT-IR spectrometer in 400 – 4000 cm-1 spectral 
domain, with a 4 cm-1 resolution and 32 scans, by 
KBr pellet technique. 

Ethanol, Folin Ciocalteu’s phenol reagent, 
phenols standards and other chemicals used in 
experiments were provided by Sigma-Aldrich and 
Fluka. Carbon dioxide 5.3 for supercritical extraction 
procedure was purchased by Linde Group.  Distilled 
water was used for all experiments. 

 
2.2. Ethanolic extraction (Eth E) 

 
A classic ethanolic extraction was conducted 

using 50 mL ethanol/water mixture (70:30 mL, v/v) 
as solvent and 5 g of milled spruce bark. The 
extraction was performed at 40 0C in a closed 
reaction vessel during 13 days. The polyphenolic 
extraction was monitored every 24 hours in order to 
relieve the kinetics profile and to achieve the 
equilibrium (full extraction of polyphenols from 
biomass). The experiment was carried out in 
triplicate. 
 
2.3. Ultrasound assisted extraction (UAE) 

 
The ultrasound assisted extractions were 

performed in a ultrasonic bath, SONOREX RK type 
100 H, (35 kHz, 320 W) produced by Bandelin 
Electronic GmbH & Co.KG, Berlin, Germany using 
5 g of biomass in a glass vessel and 50 mL 
ethanol/water mixture (70%), biomass/solvent ratio 
of 1:10 w/v. Extractions were carried out at 45, 50 
and 60 0C for 5, 10, 20, 30, 45, 60 and 75 minutes. 
The obtained extracts were centrifuged at 4000 rpm 
for 4 min in a centrifuge Hettich Rotofix 32 A type.  
The supernatant was collected and analyzed and all 
experiments were carried out in triplicate.  
 
2.4. Supercritical fluid extraction (SFE) 

 
Extractions were performed using a SFT 100 

XW supercritical fluid extractor system in two steps: 
(I) static with pure CO2, 6 mL/min flow rate at 1000 
psi constant pressure for 15 min to allow contact 
between the samples and the supercritical solvent; 
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(II) dynamic for lipophilic extraction (in the first 10-
15 min at 1000 psi) followed by polyphenols 
extraction (30 min) with CO2 and ethanol (70%) as 
co-solvent with 10:1 mL/min flow rate ratio.  

The investigated conditions for the 
polyphenols extraction were 1200, 2000, 2500 psi at 
35, 40 and 500C. An amount of 2 g of spruce bark 
was used for all the experiments that were carried out 
in triplicate. Some inert glass balls (4 mm in 
diameter) were added to fill the extraction reactor. 
 
2.5. Total phenolic content (TPC) 

 
The total phenolic content was determined 

using the Folin-Ciocalteu method, based on the 
oxidation/reduction proprieties of phenols occurring 
in contact with Folin-Ciocalteu reagent. For analyses, 
1 mL of diluted extract (1%) was mixed with 0.5 mL 
Folin-Ciocalteu reagent, 2 mL sodium carbonate for 
pH adjustment (10% concentration) and 5 mL 
distilled water.  

The reaction mixture was left at rest protected 
from light, at room temperature for 90 min. The 
absorbance was measured at 765 nm using a GBS 
AVANTA UV-Vis spectrophotometer.  

TPC was determined based on the calibration 
curve using gallic acid, the results being expressed as 
milligrams of gallic acid equivalents (GAE) per 
spruce bark gram (mg GAE g-1), using a CINTRA 
software.    
 
2.6. HPLC procedure 

 
The extracts were fractionated by liquid-liquid 

extraction using ethyl acetate, then mixed with 5 mL 
of ultra pure methanol and filtered by a 0.45 µm 
diameter filter before injection in the column. The 
phenolic acids separation was carried out using a 
DIONEX Ultimate 3000 chromatographic system 
equipped with a DDA UV-VIS detector, at 280 nm, 
on a  Zorbax RX C18 (4.6×250 mm, particle size 5 
µm) column, using 1% acetic acid in ultra pure water 
as mobile phase (A) and ultra pure methanol as 
stationary phase (B).  

The operation conditions were 300C 
temperature, 1.2 mL min-1 flow rate with a gradient 
of 10-40% B in 40 minutes. Compounds were 
identified by comparing their fragmentation profiles 
with references, run under the same experimental 
conditions.  
 
2.7. Statistical analysis 

 
All the results are expressed as mean ± 

standard error where n = 3. Comparison of the means 
was performed by the Fisher least significant 
difference (LSD) test (p ≤ 0.05) after Statistica 
(Statsoft version 10.0) analysis. Sampling and 
chemical analyses were examined in triplicate, in 
order to decrease the experimental errors and to 
increase the experimental reproducibility. 
 

3. Results and discussion  
 
3.1. Chemical characterization of the biomass 

 
Spruce bark biomass was characterized from 

the dry mater content, humidity and structure point of 
view. FTIR spectroscopy was used as tool and the 
spectrum (Fig. 1) displays a large number of 
absorption bands indicating the complex structure of 
the investigated biomass. 

According to Chupin et al. (2013) the bands at 
3400-3300 cm−1 could be assigned to OH stretch 
vibration in phenolic and aliphatic structures. Small 
peaks at 2930 and 2850 cm−1 originate from CH 
stretch vibration in aromatic methoxyl groups and in 
methyl and methylene groups of side chain. Peaks 
between 1400 and 2000 cm−1 show the aromatic 
nature of the structure. 

The wavelengths situated between 1300 and 
1450 cm-1 corresponds to the stretching vibrations of 
carbonyl groups and the deformation vibration of the 
C–C bonds in the phenolic groups absorb in the 
region 1500–1400 cm-1. Signals between 1500 and 
1700 cm-1 may be assigned to aromatic nucleus 
vibrations. The signals from 1070 and 1092 cm-1 are 
indicative for alcohol functional group, while the 
1338 cm-1 absorption band can be attributed to the 
O–H in plane deformation in polyphenols. It is a 
good concordance between this result and other 
structural characterization of spruce bark of other 
origin made in our research group (Ghitescu et al., 
2015). The biomass used in all experiments had 
10.27 % humidity. 
 
3.2. TPC assessment of extraction procedures 
 
3.2.1. Eth E extraction 

Ethanolic extractions were performed in a 
closed oven at 400C for 13 days. The equilibrium 
concentration was reached after 6 days when a 
maximum concentration of TPC by 87.15 mg GAE g-

1 was attend (Fig. 2). After that, a slight decrease 
(11.2 %) of the total polyphenolic content was 
recorded. The decrease can be explained by the fact 
that after attending the equilibrium between phases, 
polyphenols are re-adsorbed by the biomass. 
 
3.2.2. UAE extraction  

Ultrasound assisted extraction is one of the 
upcoming extraction techniques offering high 
reproducibility in shorter times, simplified procedure 
and reduced energy and solvent consumption (Khan 
et al., 2010) based on the cavitation process involved 
during sonication which intensify and improve mass 
transfer, solvent penetration into plant tissue and 
capillary effects (Da Porto et al., 2013). In recent 
studies UAE has been applied to obtain bioactive 
compounds from different materials (Adam et al., 
2012; Chavan et al., 2013; Dey et al., 2013; Sun et 
al., 2011). Time and temperature are the most 
important factors that have influence on UAE 
processes.  
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In this context preliminary tests were carried 
out at different temperatures (45, 50 and 600C) for 5, 
10, 20, 30, 45, 60 and 75 min to establish the effect 
of time and temperatures on polyphenols extraction. 
The data show a very clear influence of temperature 
on the extraction of polyphenols from spruce bark 
(Fig. 3). At 600C the TPCs were greatly increased 
(42.5 mg GAE g-1) comparing to the TPCs obtained 
at 450C (33.48 mg GAE g-1). This behavior can be 
explained by the higher solubility of polyphenols in 
the solvent, the higher diffusivities of the extracted 
molecules and the improved mass transfer at higher 
temperatures.  

A rise in extraction temperature could also 
break the phenolic matrix bonds and influence the 
membrane structure of plant cells and therefore 
facilitate the extraction process (d’Alessandro et al., 
2012). Also, it was observed that the initial rate of 
polyphenols extraction was faster in the first 5 to 20 
min, followed by slower extraction rate approaching 
to an equilibrium concentration. The experiment was 
carried out in triplicate. 
 
3.2.3. SFE extraction 

SFE was applied for some advantages such 
low temperatures use, reduced energy consumption 
and higher product quality due to the absence of 
solvent in final solute phase. SFE uses the properties 
of fluids over their critical points to selectively 
extract soluble components from biomass. 
Supercritical carbon dioxide is recognized as an ideal 
solvent to extract bioactive compounds being 
nontoxic, non-explosive, readily available, easy to 
remove from the final extract, does not cause major 
disruptions in bio-compounds, and its biological 
properties can be preserved (Espinosa-Pardo et al., 
2014).  

A two-step SFE was performed, in triplicate, 
at 35, 40 and 500C and at 1200, 2000 and 2500 psi. 
Experiments carried out at 350C help us to clarify the 
fact that under near critical conditions lower content 
of polyphenols were achieved (Fig. 4). At 1200 and 
2000 psi, a raising extraction temperature produced a 
decrease on the TPC extracted, which varied from 
122.41 mg GAE g-1, at 400C, 60.12 mg GAE g-1 

at500C,  due to the reduction in solvent density. On 
the other hand, at higher pressures 2500 psi, TPC 
slowly increase at 35 and 500C despite of solvent 
density reduction. This behavior could be caused by 
the enhancement in the solute (spruce bark) of the 
vapor pressure with temperature, which was more 
significant than the reduction in the solvent density, 
increasing consequently the overall extraction yield 
as Benelli et al. (2010) reported. 
 
3.3. Chromatographic profile of the polyphenolic 
extracts 

 
Spruce bark polyphenolic extracts obtained by 

all three procedures were analyzed by HPLC in order 
to achieve a qualitative and complete 
characterization. The method allowed identification 
of seven phenolic acids (Table 1) as: catechin, gallic, 
vanillic, syringic, p-coumaric, ferulic and synapic 
acids. Their presence in spruce bark extracts was also 
reported in works of our research group (Hainal et 
al., 2011). The chromatographic profiles of spruce 
bark are presented in Fig. 5. The most important 
compounds identified in spruce bark extracts, based 
on their recovered amount were p-coumaric acid with 
values of 260.4073 mg L-1 of extract in the case of 
SFE extraction and 99.4731 mg L-1 of extract in 
UAE, followed by catechin with 171.1765 mg L-1 of 
extract (SFE) and 112.084 mg L-1 of extract (UAE), 
and synapic acid with 35.0534 mg L-1 of extract for 
SFE and 13.3618 mg L-1 of extract for UAE 
respectively. In relation to the extracts composition 
the retention times, peak areas and the recovered 
amount of each identified compound varies from an 
extraction technique to other.  

It can be notice that by SFE and UAE 
extractions the numbers of the identified compounds 
in spruce bark tested extracts were higher compared 
with EthE. However, it can be observed that the 
extracts obtained by SFE present larger amounts of 
phenolic compounds in some cases (260.4073 mg L-1 
of extract compared to 99.4731 mg L-1 of extract for 
p-coumaric acid) and lower in other (12.9180 mg L-1 
of extract compared to 5.1224 mg L-1 of extract for 
syringic acid)  comparing to UAE.   

 

 
 

Fig. 1. FTIR spectrum of spruce bark 
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Fig. 2. Total polyphenolic content obtained by Eth E 
 

 
 

Fig. 3. Total polyphenolic content obtained by UAE 
 

 
 

Fig. 4. Total polyphenolic content obtained by SFE 
 

3.4. Comparative analysis 
 
The different extraction processes applied in 

this study had significant effect on the TPCs 
extracted from spruce bark. As it was reported, the 
ethanolic extraction has the biggest disadvantage of a 
longer extraction time. To improve performances of 
the Eth E, ultrasounds waves and supercritical 
pressure of CO2 were used to intensify the extraction 
process. Using UAE the total polyphenolic content 
increase from 14.38 mg GAE g-1 spruce bark 

(ethanolic extraction, 60 min) to 33.48 mg GAE g-1 
spruce bark and to 122.41 mg GAE g-1 spruce bark in 
case of supercritical extraction (Fig. 6).  

Increasing of phenolic compounds recover 
degree using ultrasound assisted extraction was also 
reported in the literature. d'Alessandro et al. (2012) 
reported a positive effect of ultrasounds on the 
polyphenols extraction from chokeberry 
(d’Alessandro et al., 2012). Also Wang et al. (2013) 
notice that ultrasounds are important in improving 
the extraction yields of polyphenols from Sparganii 
rhizoma (Wang et al., 2013). 

Beyond being a green technique, supercritical 
extraction provided extracts with better activity than 
the conventional extraction methods (Kazan et al., 
2014) and even ultrasound assisted extraction 
(Roseiro et al., 2013). Data from literature sustain our 
research results which show that SFE offer higher 
total polyphenolic content extracted from spruce 
bark, compared with ethanolic and ultrasound 
assisted extraction. This can be due to the fact that 
SFE processes use critical points of fluids to increase 
the extraction yields of polyphenols from biomass 
(Roberto et al., 2010).  

Though it is important to underline that 
working with mixture of solvents, in our case CO2 - 
ethanol - water, the supercritical operational 
conditions change each one having different critical 
points, so the experiments could be achieved in near-
supercritical conditions. Based on this study, a 
comparative analysis between conventional (EthE) 
and nonconventional extraction methods (SFE and 
UAE) reporting to: extraction time, quantity of 
solvent and biomass, total polyphenolic content and 
HPLC was done (Table 2). The comparison of yields 
(reported as mg GAE g-1), times required for the 
extraction, volumes of solvent and selectivity for the 
phenolic acids (shown by HPLC) demonstrated that 
SFE technique is more efficient than Eth E and UAE. 

The supercritical CO2 has a higher diffusion 
coefficient, lower viscosity and surface tension than 
the liquid solvents used in UAE and Eth E, leading to 
easier penetration to sample matrix and favorable 
mass transfer. 
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Table 1. HPLC analysis of spruce bark polyphenolic extracts obtained by SFE, UAE and Eth E 

 

Peak name Parameters 
SFE 

60 min, 400C, 1200 psi 
UAE 

60 min, 400C 
Eth E 

60 min, 400C 
Retention time (min) 3.010 2.998 
Area (mAU min) 0.0635 0.0626 

 
Gallic acid 

Amount (mg L-1) 5.4676 5.454 

 
- 

Retention time (min) 9.528 9.358 
Area (mAU min) 3.3499 2.165 

Catechin 

Amount (mg L-1) 171.1765 112.084 

 
- 

Retention time (min) 13.512 13.668 12.957 
Area (mAU  min) 0.1514 0.532 0.403 

Vanillic acid 

Amount (mg L-1) 7.8771 15.2019 2.321 
Retention time (min) 15.888 15.775 
Area (mAU min) 0.0758 0.7544 

Syringic acid 

Amount (mg L-1) 5.1224 12.9180 

 
- 

Retention time (min) 20.290 19.938 20.278 
Area (mAU min) 35.7026 13.2957 0.2142 

p-Coumaric acid 

Amount (mg L-1) 260.4073 99.4731 5.5174 
Retention time (min) 22.898 23.592 23.370 
Area (mAU min) 0.3081 0.5722 0.339 

Ferulic acid 

Amount (mg L-1) 6.6290 9.7051 6.9942 
Retention time (min) 23.782 23.773 
Area (mAU min) 1.1934 0.3361 

Synapic acid 

Amount (mg L-1) 35.0534 13.3618 

 
- 

 

 
 

a) 
 

 
 

b) 
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c) 
 

Fig. 5. Chromatographic profile of: a) Eth E polyphenolic extract; b) UAE polyphenolic extract; 
 c) SFE polyphenolic extract 

 

 
Fig. 6. Total polyphenolic content obtained by conventional and nonconventional extraction methods 

 
Table 2. Comparative analysis between classical and non-conventional extraction techniques applied for polyphenols extraction 

from spruce bark. 
 

Method 
Parameters 

Eth E UAE SFE 

Extraction time till maximum concentration (h) 144 1 1 
Grams of spruce bark (g) 5 5 2 

Volume of solvent (ethanol),(mL) 50 50 20 
Total phenolic content 

(mg GAE g-1 spruce bark) 
14.38* 33.48 122.41 

 Total phenolic amount by HPLC (mg L-1) 14.83 269.20 491.73 
* Concentration of TPC after one hour of extraction  

 
4. Conclusions  

 
In this study different extraction techniques 

were used to extract polyphenolic compounds from 
spruce bark coming as a waste from forestry industry.  

It was reported that applying supercritical CO2 
the total phenolic content extracted has a significant 
increasing from 14.38 mg GAE g-1 spruce bark 
(ethanolic extraction, 60 min) to 33.48 mg GAE g-1 
spruce bark (UAE extraction) and to 122.41 mg GAE 
g-1 spruce bark in case of supercritical extraction. 
Although SFE gives better extraction yields, allows 
obtaining high purity extracts and rich in terms of 

polyphenolic compounds recovered, in a relatively 
short time extraction. This is a very important factor 
on operating with this technique because of the high 
running cost comparing with the conventional 
techniques and even UAE. 

UAE it's also a rapid extraction technique (5-
60 min), simple to operate, provides extracts with a 
composition similar to those obtained by SFE and 
have the most important advantage of a much lower 
operating costs. 

The study recommend SFE and UAE instead 
of traditional ethanolic techniques, both at laboratory 
and pilot scale, since these provide high extraction 
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yields, pure extracts, with a large number of 
polyphenolic compounds extracted and are 
environmentally friendly. 
 
References 
 
Adam F., Abert-Vian M., Peltier G., Chemat F., (2012), 

“Solvent-free” ultrasound-assisted extraction of lipids 
from fresh microalgae cells: a green, clean and 
scalable process, Bioresource Technology, 114, 457- 
465.  

Ahluwalia S., Shivhare U.S., Basu S., (2013), Supercritical 
CO2 extraction of compounds with antioxidant activity 
from fruits and vegetables waste -a review, Focusing 
on Modern Food Industry, 2, 42-62. 

Azmir J., Zaidul I.S.M., Rahman M.M., Sharif K.M., 
Mohamed A., Sahena F., Omar K.M., (2013), 
Techniques for extraction of bioactive compounds 
from plant materials: A review, Journal of Food 
Engineering, 117, 426-436.  

Benelli P., Riehl C., Smânia A., Smânia E.F., Ferreira, 
S.R.S., (2010), Bioactive extracts of orange (Citrus 
sinensis L. Osbeck) pomace obtained by SFE and low 
pressure techniques: Mathematical modeling and 
extract composition, The Journal of Supercritical 
Fluids, 55, 132-141.  

Bodîrlău R., Spiridon I., Teacă C.A., Anghel N., Ichim M., 
Colceru S., Armatu A., (2009), Anti-inflammatory 
constituents from different plant species, 
Environmental Engineering and Management Journal, 
8, 785-792.   

Chavan Y., Singhal R.S., (2013), Ultrasound-assisted 
extraction (UAE) of bioactives from arecanut (Areca 
catechu L.) and optimization study using response 
surface methodology, Innovative Food Science & 
Emerging Technologies, 17, 106–113.  

Cherubini F., (2010), The biorefinery concept: Using 
biomass instead of oil for producing energy and 
chemicals, Energy Conversion and Management, 51, 
1412–1421. 

Chupin L., Motillon C., Charrier-El Bouhtoury F., Pizzi A., 
Charrier B., (2013), Characterization of maritime pine 
(Pinus pinaster) bark tannins extracted under different 
conditions by spectroscopic methods, FTIR and 
HPLC, Industrial Crops and Products, 49, 897–903.  

d’Alessandro L.G., Kriaa K., Nikov I., Dimitrov K., 
(2012), Ultrasound assisted extraction of polyphenols 
from black chokeberry, Separation and Purification 
Technology, 93, 42 - 47.  

Da Porto C., Porretto E., Decorti D., (2013), Comparison 
of ultrasound-assisted extraction with conventional 
extraction methods of oil and polyphenols from grape 
(Vitis vinifera L.) seeds, Ultrasonics Sonochemistry, 
20, 1076– 1080.  

Dey S., Rathod V.K., (2013), Ultrasound assisted 
extraction of β-carotene from Spirulina platensis, 
Ultrasonics Sonochemistry, 20, 271–6.  

Espinosa-Pardo F., Martinez J., Martinez-Correa H., 
(2014), Extraction of bioactive compounds from peach 
palm pulp (Bactris gasipaes) using supercritical CO2, 
The Journal of Supercritical Fluids, 93, 2-6. 

Gravitis J., Abolins J., Kokorevics A., (2008), Integration 
of biorefinery clusters towards zero emissions, 
Environmental Engineering and Management Journal, 
7, 569–577. 

Ghitescu R.-E., Volf I., Carausu C., Bühlmann A.-M., 
Gilca I.A., Popa V.I., (2015), Optimization of 
ultrasound-assisted extraction of polyphenols from 

spruce wood bark, Ultrasonics Sonochemistry, 22, 
535–41.  

Hainal A., Ignat I., Volf I., Popa V.I., (2011), 
Transformation of polyphenols from biomass by some 
yeast species, Cellulose Chemistry and Technology, 
45, 211–219. 

Herrero M., Castro-Puyana M., Mendiola J., Ibañez E., 
(2013), Compressed fluids for the extraction of 
bioactive compounds, Trends in Analytical Chemistry, 
43, 67–83.  

Hidalgo D., Corona F., Martin-Marroquin J., Gomez M., 
Aguado A., Antolin G., (2014), Integrated and 
sustainable system for multi-waste valorization, 
Environmental Engineering and Management Journal, 
13, 2467-2475.   

Ignat I., Volf I., Popa V.I., (2011), A critical review of the 
method characterisation of polyphenolic compounds  
in fruits and vegetables, Food Chemistry, 126, 1821-
1835. 

Ignat I., Volf I., Popa V.I., (2013), Analytical Methods of 
Phenolic Compounds, In: Natural Products, 
Phytochemistry, Botany and Metabolism of Alkaloids, 
Phenolics and Terpenes, Ramawat K.G., Merillon 
J.M. (Eds.), Springer-Verlag, Berlin Heidelberg, 2061-
2092. 

Kazan A., Koyu H., Turu I. C., Yesil-Celiktas O., (2014), 
Supercritical fluid extraction of Prunus persica leaves 
and utilization possibilities as a source of phenolic 
compounds, The Journal of Supercritical Fluids, 92, 
55–59.  

Khan M. K., Abert-Vian M., Fabiano-Tixier A.-S., Dangles 
O., Chemat F., (2010), Ultrasound-assisted extraction 
of polyphenols (flavanone glycosides) from orange 
(Citrus sinensis L.) peel, Food Chemistry, 119, 851–
858.  

Khoddami A., Wilkes M., Roberts T.H., (2013), 
Techniques for analysis of plant phenolic compounds, 
Molecules (Basel, Switzerland), 18, 2328–75.  

Martins S., Mussatto S.I., Martínez-Avila G., Montañez-
Saenz J., Aguilar C.N., Teixeira J., (2011), Bioactive 
phenolic compounds: production and extraction by 
solid-state fermentation. A review, Biotechnology 
Advances, 29, 365–73.  

Popa V.I., Dumitru M., Volf I., Anghel N., (2008), Lignin 
and polyphenols as allelochemicals, Industrial Crops 
and Products, 27, 144–149.  

Popa V.I., (2011), Hemicelluloses in Pharmacy and 
Medicene, In:  Polysaccharides in Medicinal and 
Pharmaceutical Applications, Popa V.I. (Ed.), 
iSmithers, U.K., 57-87. 

Popa V.I., (2013), Lignin in Biological System, In: 
Polymeric Biomaterials, Structure and function (I), 
Dumitriu S., Popa V.I. (Eds.), CRC Press, U.S.A., 
709-738. 

Roberto M., Junior M., Leite A.V., Romanelli N., Dragano 
V., (2010), Supercritical Fluid Extraction and 
Stabilization of Phenolic Compounds From Natural 
Sources – Review (Supercritical Extraction and 
Stabilization of Phenolic Compounds), The Open 
Chemical Engineering Journal, 4, 51-60. 

Roseiro L.B., Duarte L.C., Oliveira D.L., Roque R., 
Bernardo-Gil M.G., Martins A.I., Rauter A.P., (2013), 
Supercritical, ultrasound and conventional extracts 
from carob (Ceratonia siliqua L.) biomass: Effect on 
the phenolic profile and antiproliferative activity, 
Industrial Crops and Products, 47, 132–138.  

Sheldon R., (2011), Utilization of biomass for sustainable 
fuels and chemicals: Molecules, methods and metrics, 
Catalysis Today, 167, 3–13.  



 
Supercritical fluids and ultrasound assisted extractions applied to spruce bark conversion 

 

 623

Stingu A., Volf I., Popa V.I., (2011), Spruce bark extract as 
modulator in rape plant, Cellulose Chemistry and 
Technology, 45, 281–286. 

Sun Y., Liu Z., Wang J., (2011), Ultrasound-assisted 
extraction of five isoflavones from Iris tectorum 
Maxim, Separation and Purification Technology, 78, 
49–54.  

Tanase C., Volf I., Popa V.I., (2013), Assessment of 
synergic regulatory actions of spruce bark extract and 
deuterium depleted water on maize (Zea mays L.) 
crops, Enviromnetal Engineering and Management 
Journal, 12, 1287–1294. 

Tanase C., Boz I., Stingu A., Volf I., Popa V.I., (2014), 
Physiological and biochemical responses induced by 
spruce bark aqueous extract and deuterium depleted 
water with synergistic action in sunflower (Helianthus 
annuus L.) plants, Industrial Crops and Products, 60, 
160-167. 

Vilkhu K., Mawson R., Simons L., Bates D., (2008), 
Applications and opportunities for ultrasound assisted 
extraction in the food industry - A review, Innovative 
Food Science & Emerging Technologies, 9, 161–169.  

Volf I., Stîngu A., Popa V.I., (2012), New natural chelating 
agents with modulator effects on copper 
phytoextraction, Environmental Engineering and 
Management Journal, 11, 487– 491. 

Volf I., Ignat I., Neamtu M., Popa V.I., (2013), Thermal 
stability, antioxidant activity, and photo-oxidation of 
natural polyphenols, Chemical Papers, 68, 121–129.  

Vongsak B., Sithisarn P., Mangmool S., Thongpraditchote 
S., Wongkrajang Y., Gritsanapan W., (2013), 
Maximizing total phenolics, total flavonoids contents 
and antioxidant activity of Moringa oleifera leaf 
extract by the appropriate extraction method, 
Industrial Crops and Products, 44, 566–571. 

Wang X., Wu Y., Chen G., Yue W., Liang Q., Wu Q., 
(2013), Optimisation of ultrasound assisted extraction 
of phenolic compounds from Sparganii rhizoma with 
response surface methodology, Ultrasonics 
Sonochemistry, 20, 846–854. 

 
  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


