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ABSTRACT

In this paper, the efficiency of lipid extraction from macrophytes (Chaetomorpha linum, Ulva laetevirens, Valonia
aegagrophyla, Gracilariopsis longissima, Ruppia cirrhosa) for the biodiesel production is evaluated using four different
methods based on the Accelerated Solvent Extraction technique. Both wet and dried tissues are extracted and effects
induced on lipid recovery by the pressure and the solvent mixture selection are evaluated. Results evidenced that better
extraction performance is obtained using a polar/hydrophobic solvent mixture (1:1 v/v). Accelerate Solvent Extraction
technique significantly improves the total amount of lipid extracted from macrophytes tissues even if average values are
about 2% of the dry weight. Observed efficiencies are far from the productive standards required by the industrial proc-
ess; nevertheless, lipid extraction from macrophytes could represent an interesting step of a much more complex bio-
mass recycling process which could include, besides biodiesel, also, the production of other commercial materials as

well as pigments and biosorbents.
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1. Introduction

The possibility to produce renewable biofuels as well as
methane and biodiesel by the extraction of oils from
aquatic microalgae represents a target of particular scien-
tific [1], commercial [2,3] and environmental concern due
to the chance to substitute a meaningful share of fossil
fuels, reducing greenhouse gas emissions, achieving effi-
ciency and sustainability [4]. About the 78% of the en-
ergy production companies in America and the 13% in
Europe actually extract oils from microalgae [5]. Under
controlled culture conditions, the efficiency of oil pro-
duction by microalgae could represent a real alternative
to petrol [6]. Efficiency observed in uncontrolled natural
systems is low principally due to the high variability of

biomass quality and the total amount of oils extracted [7].

For this reason, researches were focalized on artificial
controlled ecosystems [5]. In spite of that, natural aquatic
and uncontrolled ecosystems (i.e. coastal lagoons and es-
tuaries) evidence a natural tendency to eutrophic condi-
tions and high primary productivity rates. In this ecosys-

Open Access

tem the biomass production does not require additional
energy supplies because it is naturally induced. Further-
more, to avoid possible alterations of the water quality,
macroalgae are mechanically harvested and these man-
agement actions need important human actions supported
by notable economic resources. As example, in the Orbe-
tello lagoon (Italy), between 2002 and 2006 on average
27098.02 tons of macroalgae have been harvested (6774
tons/year) [8] with an associated expense of about 600,000
euros/year [9]. In these ecosystems, the chance to trans-
form an actual important economic expense into a possi-
ble resource represents an interesting field for adminis-
trators and researchers. A recent research performed to
compare energetic and economic sustainability of oil ex-
traction yields evidenced that the production of oil from
sunflower seeds is feasible with respect to macroalgae.
Nevertheless, the same research demonstrates that with
improvements of oil extraction methodology, macroalgae
could be considered a good residual biomass usable for
biofuel production [9]. The aim of this study is to evalu-
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ate, in the Orbetello lagoon, oil extraction efficiency of
different extraction procedures also comparing results ob-
tained by the extraction of four different common macro-
algae (Chaetomorpha linum, Ulva laetevirens, Valonia
aegagrophyla, Gracilariopsis longissima) and one phan-
erogams species (Ruppia cirrhosa).

2. Materials and Methods
2.1. Macroalgae System

The Orbetello lagoon is a meso-eutrophic [10] transitio-
nal ecosystem located along the Southern Tuscan coast
(42°25' - 42°29' Lat. North; 11°10' - 11°17"' Long. East) of
the Central Tyrrhenian Sea. It covers 25.25 km? (1.20 m
average depth ranging from 0.30 - 1.70 m); an artificial
dam divides the lagoon into two connected basins re-
ferred to as Western and Eastern, covering 15.25 and
10.00 km?, respectively. The presence of the dam reduces
water circulation and water exchanges between the two
basins, while not significant fluxes of floating macroal-
gae throughout the dam are reported by the literature [11].
The Orbetello lagoon is characterized by a high level of
human impact due to both historical and recent human
activities responsible for the bioavailable nutrient and
chemical distributions within the system [12]. Among
others, the major human activities producing environ-
mental impacts are: 1) summer tourism [13,14]; 2) runoff
from urban areas [15,16]; 3) debris and dusts from a fer-
tilizer production plant (no longer in operation) [17]; 4)
effluents from municipal wastewater treatment plants
[13]; and 5) discharges from fish farming activities [18,
19]. Although localized hot-spot sources of human origin
are significant, widespread natural ones (including in-
flows from the Albegna river) are also relevant [12]. Fre-
quent macrophyte fluctuations have been documented in
this ecosystem over time [20] with excessive macroalgae
production recorded in recent years [20,21]. Due to the
occurrence of frequent dystrophic crisis the Italian Gov-
ernment imposed a special Committee for the manage-
ment of this ecosystem founding exceptional actions to
prevent further ecological alterations. Among manage-
ment actions adopted by the special Committee for the
Orbetello lagoon management, the harvesting of floating
biomasses was adopted to reduce the risk of the dystro-
phy occurrence. Four macroalgae species are dominant in
Orbetello lagoon: Chaetomorpha linum (O.F. Mdller) [22],
Ulva laetevirens [23], Valonia aegagrophyla [22], and
Rhodophyta Gracilariopsis longissima (S.G. Gmelin) [24].
Concerning phanerogams, the highest diffused species is
represented by Ruppia cirrhosa [12]; dead leaves of R.
cirrhosa float in lagoon water and are mechanically har-
vested at the end of summer with macroalgae biomasses
by harvesting boats. Collected biomasses are locally stor-
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age, dried in a special structure and treated as organic po-
tentially highly polluted waste by the local management
Authority [8] with notable additional economical expens-
es for the Italian Government.

2.2. Macroalgae Collection and Oil Extraction

Biomass sampling was performed within March and Oc-
tober to consider biomass variability of each species and
natural oil content due to the season. Triplicate samples
were prepared for each algae species and lipids were ex-
tracted by the Accelerate Solvent Extraction (ASE) tech-
nigue using an ASE 200 purchased by the Dionex Com-
pany. The advantage evidenced by this technique is relat-
ed to the possibility of improving extraction efficiency
obtained by Soxhlet extractor or sonication techniques,
reducing both time occurring for the process and solvents
quantities. Furthermore, all the process occurs under high
pressure levels in a closed pressurized system reducing
solvent vaporization and releases in the environment.
This technique was chosen in this research because it is
suitable to represent an industrial extraction process for
the biodiesel production, during which quantities of sol-
vent used and wasted must be minimized. Four different
extraction procedures were tested both in dried and wet
tissues to evaluate the effect induced by pressure, solvent
mixture, and water content of tissues on the global effi-
ciency of the lipid extraction. Instrumental parameters set
for the extraction are reported in Table 1. The method n.
1 is the selective Dionex method proposed for the extrac-
tion of persistent organic pollutants from animal tissues
[25], while the others are opportune variations of the me-
thod n. 1. Some parameters were fixed during experi-
ments. In particular, heat-up time was set at 5 minutes,
static time was set at 5 minutes imposing 2 static cycle
for each sample, flush volume was 60%, purge time 90
seconds, and temperature of extraction was 100°C. Ex-
traction cells were filled with diatoms dust to minimize
solvent volume needed to fill and pressurized the cell.
Organic phase extracted from each sample was collected
in pre-weighted and pre-cleaned glass vial, evaporated to
dry and the total lipid content was determined as weight
percentage by double-weighting.

Table 1. Instrumental parameters set for the extractions.

Parameter ~ Pressure Solvent
psi Type percentage
Method 1 1500 Hexane 100
Method 2 2000 Hexane 100
Method 3 1500 Hexane-Dichloromethane 50 - 50
Method 4 1500 Hexane-Dichloromethane 30-70
1 psi = 6894.76 Pa.
JEP
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3. Results

Obtained extracts produced by the application of describ-
ed methods are exemplified in Figure 1. A comparison
among extraction efficiencies obtained by the use of the
Method 3 for some of the tested species is reported in
Table 2; a comparison among values obtained extracting
both wet and dry tissues is, also, evidenced. In Figure 2,
lipid percentages extracted from dried tissues of all con-
sidered species are summarized. Maximum extracted lip-
ids value is 2.2% d.w. While minimum is 0.12% d.w (R.
cirrhosa). Results evidence as the major extraction effi-
ciency of lipids is observed using dried tissues. Further-
more, the extraction of dried tissues allowed to recovery
a larger amount of pigments than extraction performed
on wet tissues (Figure 1). Reproducibility of observed
performances is higher in dried samples than wet tissues
probably due to the water interference occurred during
the extraction procedure of the latter. Pressure affects the
extraction process determining, with only one exception
(V. aegagrophyla) better performance at 2000 psi rather
than at 1500 psi. Concerning species, the highest effi-

Figure 1. Extracts obtained by the ASE procedure using the
different tested Methods. Notes: 1 = V. aegagrophyla wet
tissues (w.w.); 2 = V. aegagrophyla dried tissues (d.w.); 3 =C.
linum (w.w.); 4 = C. linum (d.w.); 5 = R. cirrhosa (w.w.); 6 =
R. cirrhosa (d.w.); 7 = G. longissima (w.w.); 8 = G. longis-
sima (d.w.) extracted with the same method (Method 3).

Table 2. Reproducibility of replicated extractions (n = 5)
performed with the Method 3.

Dry tissues R1 R2 R3 R4 R5 Mean SD

V. aegagrophyla 148 152 145 161 157 153 0.07
C. linum 039 030 035 028 033 033 0.04

R. cirrhosa 0.12 015 016 019 012 0.15 0.03
G.longissima 0.21 025 0.27 031 020 025 0.04
Wet tissues R1 R2 R3 R4 R5 Mean SD
V. aegagrophyla 195 1.73 199 167 171 181 0.15
C. linum 030 0.09 023 005 015 0.16 0.10

R. cirrhosa 013 039 027 011 041 026 0.14
G.longissima  0.27 049 052 029 034 038 0.12
Control <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n.c.
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Figure 2. Average lipids (%) extracted from dried tissues of
tested species using different extraction methods.

ciency is recorded for R. cirrhosa (Method n. 3) while C.
linum evidences the lowest lipid content. Comparing test-
ed methods, with the exception of V. aegagrophyla, bet-
ter extraction methods is represented by the Method n. 3.
Average lipid percentage extracted in this study from dri-
ed G. longissima and C. linum tissues are higher than va-
lues reported by the literature (extracting wet tissues with
different methods) for the same species or genus [9,26,
27]. Comparing results obtained in this research by the
extraction of wet tissues, lipid percentages are on average
about two times higher in G. longissima and comparable
to those recorded in C. linum by Bastianoni et al. [9].

4. Discussion

The main sources of greenhouse gases due to human ac-
tivity are represented by burning of fossil fuels [28]. The
principal of the contributions to the total amount of fossil
fuel combustion (with percentage contributions for 2000-
2004) are represented by the liquid fuels (36%), solid
fuels (35%) and gaseous fuels (20%) [29]. In European
Union, transport activities and energy production consti-
tute respectively 20% and 60% of total emissions [3]. Bi-
ofuels production is expected to offer new opportunities
to diversify income and fuel supply sources, to promote
employment in rural areas, to develop long term replace-
ment of fossil fuels, and to reduce greenhouse gases
emissions, boosting the decarbonisation of transportation
fuels and increasing the security of energy supply [3]. Re-
search in energetic fields is focalized to the development
of possible alternatives to fossil fuels. The main alterna-
tive to diesel fuel in EU is biodiesel representing 82% of
total biofuels production [30] and is still growing in
Europe, Brazil, and United States, based on political and
economic objectives. Biodiesel produced in United States
is principally produced by the extraction of soybean even
if other sources as well as palm oil, maize or oil wastes
are used to produce biofuels with variable efficiencies in
terms of oil produced per hectare [6]. The use of palm oil
in the production of biodiesel has led to concern that

JEP



Biofuel Production from the Orbetello Lagoon Macrophytes: Efficiency of 1227
Lipid Extraction Using Accelerate Solvent Extraction Technique

the need for fuel is being placed ahead of the need for
food, leading to malnourishment in developing nations.
This is known as the food versus fuel debate [31]. The
need to improve eco-sustainability of the energy produc-
tion process stimulates researches on biofuels production
from wastes and renewal biomasses as well as algae. A
lot of experiences have been performed on the evaluation
of energetic efficiency of the oil extraction process from
microalgal artificial cultures [3] due to the high percent-
age of lipids content in unicellular species ranging within
4% - 22% d.w. [32]. On the contrary, few data have been
collected on the efficiency obtained by the extraction of
macroalgae and phanerogams species. In spite of that,
macroalgae are naturally growing in coastal eutrophic
ecosystems producing great quantities of biomasses with
any human effort [9,12,20]. The advantages obtainable
from the use of such resources are twice: 1) the possibil-
ity to avoid ecological, economical and energetic costs
comes from the cultivation of biomasses; 2) the chance to
transform a notable cost (the management of macroalgal
biomasses) in resource. Furthermore, algae are biodegra-
dable, relatively harmless to the environment if spilled
and, differently than maize and palm, do not require the
use of pesticides and can be produced without subtract-
ing lands for food productions.

The great part of extractable oils from macroalgae bio-

masses are utilizable for the production of biodiesel [1,6].

A great advantage coming from the use of macroalgae
for the production of biodiesel is represented by the ab-
sence of sulfur and, consequently, by the energy conver-
sion efficiency similar to petrol. Furthermore, the absence
of sulfur reduces particulates, hydrocarbons, carbon mo-
noxides and sulfur dioxides production during combus-
tion processes [33]. An important limit for the extraction
of biodiesel by macroalgae is represented by the lower
efficiency of lipids extractions by tissues.

Results obtained in this paper evidence that Accelerate
Solvent Extraction technique could significantly improve
the total amount of lipid extracted from macrophytes tis-
sues compared to results reported by the literature for other
methods [9,26,27]. Better performances are associated to
the extraction of dried tissues due to the fact that intra-
cellular water reduces the extraction efficiency of hydro-
phobic solvents as well as hexane. Pressure improves re-
coveries probably to the better solvent penetration within
the macrophytes structure and the cell wall. The mixture
of hexane Dichloromethane (DCM) with the highest per-
centage of DCM represents the better method for the ex-
traction of species characterized by a high water content
in tissues as well as V. aegagrophyla. In spite of results
obtained in this research are notably higher than values
recorded by further experiments performed using Soxhlet
extraction procedures or sonication methods, lipids re-
covery percentages are notably lower than values obtain-
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ed by the extraction of microalgae (on average 1.5% d.w.).
Considering average recovery rates recorded in this study
and an annual production of 6774 tons of macrophytes
[8], in the Orbetello lagoon, an industrial plant based on
ASE extraction process could produce 135.48 tons of li-
pids and 6.7 x 10’ m® of hazardous solvents to manage.

The economical sustainability of this practice could re-
present some industrial interest only if included into a
multi-step procedure. In fact, biomass production is not
expensive but harvesting, drying, and extraction process-
es represent important costs that have to be overcome by
the sale of obtained products. First of all, volumes of ex-
traction solvents have to be notably reduced to reduce
costs associated to their disposal. Probably a useful stra-
tegy is to develop a productive industrial plant able to
obtained by a multi-step procedure not only lipids for the
biofuel production but, also, other interesting commercial
products as well as pigments [32]. Furthermore, macro-
algae residues obtained at the end of the multi-step ex-
traction process, could be suitable as biosorbent for the
removal of metal or metalloid species, compounds and
particulates for the treatment of high volume low-con-
centration complex wastewaters [34].

5. Conclusion

Accelerate Solvent Extraction technique evidences a no-
tably better extraction performance than other methods
tested by the literature as well as Soxhlet or sonication
even if observed average values are close to 2% d.w.
This extraction efficiency is far to be encouraging to de-
velop a sustainable industrial process on an economic
point of view. In spite of that some results are interesting
and could be useful for further researches on macrophytes
and biodiesel production. To the best of our knowledge, for
the first time, the lipid content of some of tested macro-
phytes (Ulva laetevirens, Valonia aegagrophyla, Ruppia
cirrhosa) has been measured. Water content in tissue re-
duces extraction efficiency whereas pressure and higher
percentages of polar solvents increase lipids recoveries.
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