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The consumption of omega-3 polyunsaturated fatty acids (PUFAs), especially
eicosapentaenoic acid (EPA, 20:5n-3), have some therapeutic impacts on human
health. The combination of ionic liquids (ILs) with MAE revealed significant
attention in comparison to conventional toxic solvents for biomass lipid extraction.
Therefore, this study analyzes the suitable ILs for extracting EPA from microalgae,
Nannochloropsis oceanica. The scope of the study includes screening of ILs
solvents to be used using computational COSMO-RS, extracting the lipids from the
microalgae, evaluating the kinetics and the thermodynamics of the extraction
process as well as manipulating the extraction process for optimum EPA yield.

It was found that among the investigated ILs, a combination of tetramethyl
ammonium with SO4 or Cl was the best fit for EPA extraction. Three selected ILs,
namely [EMIM][CI1], [TMAm][CI], and [EMPyrro][Br], were empirically selected
based on results provided by COSMO-RS software. The validation results
pinpointed the good prediction capabilities of COSMO-RS.

Furthermore, the study investigates the effect of different extraction parameters of
MAE with ILs including solid-loading, irradiation time, irradiation power,
extraction temperature, and IL amount on the total lipid extraction yield and EPA
content from microalga Nannochloropsis oceanica. The results of the screening
study shown that the highest amount of total lipid yield and EPA content for all
examined ILs were extracted with examined ILs mediated in water-based
microwave irradiation at the ILs amount of 2 g, 25 min, 90 °C and 1 g of ILs amount,
25 min, 90 °C, respectively.



The optimum extraction conditions, the yield of total extracted lipids and the content
of EPA were found 19.58 wt% (gr/gr of total biomass) and 37.919 mg/g of total
biomass respectively, when the extraction process was accomplished in 24.69 min
at 88.18 °C and with 1.65 g of [TMAm][CI]. Furthermore, at similar condition, the
total lipid and EPA were extracted in the order of: [TMAm]|[Cl] > [EMPyrro][Br] >
[EMIM][CI].

Under these experimental conditions, total SFAs, MUFAs and PUFAs composition
after ILs based MAE were respectively 28.49 wt%, 27.99 wt% and 40.63 wt% for
[TMAm][CI], which the high percentage of PUFAs make it a potential feedstock
for pharmaceutical production. Also, [TMAm][CI] mediated in water medium based
microwave irradiation had improved the total lipid yield and EPA content around
2.53 times and 7.85 times at the optimum condition in comparison to the standard
extraction method of Soxhlet which was extracted total lipid around 7.75% and 4.83
mg/g of EPA.

Among the mathematical models used, Second-order rate law and Patricelli model
with highest R? of 0.9823 and 0.968 were recognized as the most suitable model for
explanation of extraction processes of [TMAm]|[CIl] based microwave irradiation of
EPA extraction.

The values of thermodynamic parameters such as Gibbs free energy change (AG),
enthalpy change (AH) of +403.0557 (kJ/mol.K), and entropy change (AS) of +
0.1485 (kJ/mol.K) indicate that this process is endothermic, irreversible, and
spontaneous, respectively. Overall, the IL-MAE method promises a cheaper,
greener, and faster extraction process for a high-quality lipid and EPA from
microalgae.
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Pengambilan omega-3 asid lemak tidak tepu (PUFA), seperti acid eicosapentaenoic
(EPA) dapat memberikan kesan terapeutik terhadap kesihatan manusia. Penggunaan
cecair ionik (IL) dengan ketuhar sinaran gelombang mikro (MAE) mendapat
perhatian yang signifikan berbanding dengan pengunaan pelarut toksik dalam
mengekstrak lipid dari mikroalga biojisim. Oleh kerana itu, kajian ini menganalisis
IL yang sesuai untuk digunakan dalam proses pengekstrakan EPA dari mikroalga
Nannochloropsis oceanica. Skop kajian ini merangkumi pengunaan perisian
komputer COSMO-RS dalam mengenalpasti pelarut IL yang sesuai digunakan
untuk mengekstrak lipid dari mikroalga, menganalisa kinetik dan termodinamik
untuk proses pengekstrakan serta memanipulasi proses pengekstrakan untuk
mendapatkan hasil EPA yang optimum.

Hasil kajian menunjukkan di antara IL yang diselidiki, gabungan di antara
tetramethyl ammonium dengan SOy atau Cl adalah gabungan yang paling sesuai
untuk mengekstrak EPA. Bedasarkan hasil penemuan daripada perisian COSMO-
RS, tiga IL, iaitu [EMIM][CI], [TMAm][CI], dan [EMPyrro][Br], telah dipilih
secara empirik. Hasil pengesahan juga menunjukkan kemampuan ramalan
COSMO-RS yang baik. Hasil daripada kajian saringan menunjukkan bahawa hasil
tertinggi lipid dan kandungan EPA untuk semua IL yang diselidiki adalah diekstrak
dengan IL yang yang dimediasi dalam penyinaran gelombang mikro berasaskan air
dengan menggunakan IL 2 g, 25 min, 90 ° C untuk lipid dan 1 g ILs, 25 min, 90 °
C untuk EPA.

Pada kondisi yang optimum, jumlah keseluruhan lipid dan EPA yang diekstrak ialah
19.58 wt% (gr/gr jumlah biojisim) dan 37.919 mg/g FAME. Proses pengekstrakan
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ini mengambil masa 24.69 min pada suhu 88.18 °C dengan menggunakan 1.65 g
[TMAm][CI]. Selanjutnya, pada keadaan yang sama, jumlah lipid dan EPA
diekstrak mengikut urutan IL ialah: [TMAm][CI]> [EMPyrro][Br]> [EMIM][CI].

Di bawah keadaan eksperimen ini, jumlah komposisi asid lemak tepu (SFA), asid
lemak tidak tepu mono (MUFA) dan asid lemak tidak tepu poli (PUFA) setelah
MAE menggunakan IL masing-masing adalah 28.49 wt%, 27.99 wt% dan 40.63
wt% untuk [TMAm][CI]. Peratusan tinggi PUFA yang dijumpai dalam kajian ini
menjadikannya bahan makanan berpotensi untuk produk farmasi.

Jumlah hasil lipid dan kandungan EPA yang diekstrak dengan menggunakan
[TMAm][CI] yang dimediasi dalam penyinaran gelombang mikro berasaskan
medium air pada keadaan optimum adalah 2.53 kali dan 7.85 kali lebih banyak
berbanding dengan kaedah pengekstrakan standard Soxhlet yang cuma mengekstrak
lipid sekitar 7.75% dan 4.83 mg/g EPA.

Di antara model matematik yang dikaji, model kinetic kedua dan model Patricelli
diiktiraf sebagai model yang paling sesuai untuk menerangkan mengenai proses
pengekstrakan menggunakan sinaran gelombang mikro berdasarkan [TMAm][CI].
dengan nilai R?0.9823 dan 0.968.

Nilai parameter termodinamik seperti perubahan tenaga bebas Gibbs (AG),
perubahan entalpi (AH) +403.0557 (kJ/mol.K), dan perubahan entropi (AS) +
0.1485 (kJ/mol.K) menunjukkan bahawa proses pengekstrakan ini bersifat
endotermik, tidak boleh kembali pada asal dan spontan. Secara keseluruhan, kaedah
IL-MAE menjanjikan proses pengekstrakan yang lebih murah, lebih hijau dan lebih
pantas untuk lipid dan EPA yang berkualiti tinggi dari mikroalga.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

The regular consumption of omega-3 polyunsaturated fatty acids (PUFAs) and
predominantly in its form of eicosapentaenoic acid (EPA, 20:5n-3) is crucial for
human body as it is proved to significantly mitigate the risk of heart diseases,
neurotic disorders, asthma, depression and inflammation (Shahidi & Ambigaipalan,
2018; Rezaei Motlagh et al., 2019; Arita, 2016; Chowdhury et al., 2012; Fabian, et
al., 2015). Fish is considered as the most abundant source of these PUFAs.
However, the intake of fish oil for months may cause a deficiency of vitamin E due
to the high level of vitamin A and D in fish lipids (Lenihan-Geels et al., 2013). The
presence of many harmful contaminants such as methyl mercury, copper and
organic pollutants as polychlorinated biphenyls (PCBs) or dioxins are also found in
some species of fish especially in salmon, sardine, anchovy, tuna which may impose
toxic effect to human health (Ryckebosch et al., 2012). Furthermore, the availability
of fish is seasonal, which may hamper the continuity of food (Handayania &
Ariyantib, 2012). Therefore an alternative source of omega-3 PUFAs is required to
overcome the issues. Fish do not produce omega-3; they will get it by eating
microalgae. This realization has turned microalgae into one of the most important
producers of omega-3 PUFA including ALA (C18:3), EPA (C20:5) and DHA
(C22:6) (Adarme-vega et al., 2012; Ryckebosch et al., 2012). When comparing to
fishery and associated food industries, microalgae cultivation offers some
undeniable advantages to be used as a sustainable source of omega-3 PUFA with
the ability to have a very high growth rate and low environmental impacts. They are
not only growing in briny, saline, and coastline seawater with little competition, but
wastewater also serves as their habitant to provide the nutrients necessary for their
survival.

Furthermore, environmental advantages can be obtained as they consume carbon
dioxide from effluent gases (Fajardo et al., 2007; Pragya et al., 2013). Thus,
microalgae, especially marine microalgae can be considered as crucial renewable
source of omega-3 PUFA. In spite of the current high cost of microalgae production,
this feedstock is viewed as a great attractive source due to the potential of high oil
yields (up to 100,000 L of oil/ha/year) which is about 16-70 times the oil
yield/ha/year achieved from palm, coconut, castor, and sunflower (Demirbas &
Demirbas, 2011). Some species of microalgae have high oil content (exceeding 80%
of their dry mass (Satyanarayana et al., 2011)) and it is desirable to extract this oil
effectively in a cost efficient manner. Figure 1.1 shows a comparison of six
Nannochloropsis sp. microalgae types in terms of lipid content (Radakovits et al.,
2012). Among the various types of microalgae, Nannochloropsis oceanica has the
highest quantity of lipid (mg.1"".d™").
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Figure 1.1: Comparison of Nannocloropsis sp. microalgae types in lipid
production rate (Radakovits et al., 2012)

Microalgal lipids are trapped inside the cell wall. A suitable extraction method is
the most crucial and vital process for the production of high microalgal lipids.
However, microalgal cells are challenging to disrupt due to the complex polymers
presence within the cell walls such as algaenan and sporopollenin. Solvents and
disruption devices are required to extract the target compounds out from the cells.
For many years, the conventional method of Soxhlet extraction using hexane has
been broadly used for lipid extraction from microalgal biomass however, a few
weaknesses has been attributed to this method and mostly associated with its
commercial viability. Typically, the walls of microalgae cells are comprised of a
complex structure of polysaccharides intercalated with proteins which makes the
microalgae chemically stable against the nonpolar solvents (Mubarak et al., 2015).
When in form of lipid droplets, the hexane as solvent, cannot act efficiently in
breaking down the protein bound, crossing through the polar phospholipid-
membrane and adequately extracting the lipids. To resolve this problem, the popular
Bligh & Dyer method is often used as an alternative in which the hexane is replaced
by a polar solvent such as methanol and chloroform. The polar solvent can diffuse
into the phospholipid matrix of the cell walls and therefore, facilitate the extraction
of lipid. Both methods of Soxhlet and Bligh & Dyer, despite being conventionally
used, are, however, are susceptible to be expensive, limited by low efficiencies and
un-ecofriendly.

Furthermore, microwave assisted extraction (MAE) shows a promising technique
for extracting biochemical components particularly microalgal lipids and omega-3.
It has many advantageous include reducing extraction times and improving
extraction yields and purity of products (Chemat & Cravotto, 2012). MAE is the
process by which microwave energy is used to heat solvents in contact with solid
samples and to partition compounds of interest from the sample into the solvent
(Flores, 2014). MAE can reduce both extraction time and solvent consumption as
compared to the conventional methods (Pan et al., 2016). Also, this method has
improved the extraction rate of a variety of compounds from biomass (Azmir et al.,
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2013). MAE, via applying the prompt heating and imposing pressure to the
biological substance, facilitates the transfer of target compounds from the
polysaccharide matrix of microalgae biomass into the solution medium hence
provides a high-quality extracts with efficient stage of recovery (Singh et al., 2017).
In MAE, through rapid increase of temperature, localized hot spot and regular
pressure gradient will appear in a microalgae cell leading to cellular wall
degradation thus increases the total rate of mass transfer (Kanitkar et al., 2011).
MAE may extract lipid with higher proficiencies when utilizing solvents rather than
applying mechanical oil expulsion techniques. Additionally, both polar and non-
polar solvents can be employed for extracting oils and other essential components
from biological materials. The choice of solvent (polar or non-polar) relies on the
polarity of the target compounds. It delivers mutual solubility; polar compounds are
better extracted using polar solvents and vice versa. For extracting the vegetable
oils, hexane has been widely utilized because of its inexpensive and boiling point,
despite of its dangerous nature (Routray & Orsat, 2012).

1.2  Problem Statement

Most organic solvents require effective recovery process for commercialization and
contribute to air pollution problems. This is due to their relatively high volatilities,
as well as they are vulnerable for being toxic, flammable, and relatively expensive
and sometimes for some particular compounds they may not work well due to their
low solubilizing ability. In the case of microalgae, lipids are typically trapped inside
the cell walls, comprising proteins, large and complicated polysaccharide
compounds that make them high chemically resistant to no-polar solvents (Le
Costaouéc et al., 2017). To extract the lipids while in the form of a droplet, hexane
is needed to cross the polar phospholipid-membrane (i.e. the protein band) which
seems hard to achieve. Nevertheless, polar/non-polar solvents such as methanol and
chloroform, which are regularly applied in Bligh and Dyer method, are cable of
crossing the phospholipid membrane through diffusion and henceforth extract the
lipids a result (Halim et al., 2012). Therefore, these conventional methods are either
time, solvent-consuming, and too environmentally unfriendly (Mercer & Armenta,
2011; Ranjith Kumar et al., 2015).

In recent times, ionic liquids (ILs) have been attained substantial attention in
comparison with the conventional toxic solvents e.g., hexane, chloroform and
methanol for biomass lipid extraction (Choi et al., 2019; Chua et al., 2018;
Kodolikar Kulkarni et al., 2018; Kumar et al., 2018; Wahidin et al., 2018). The
application of ILs as solvent extraction offers a number of advantages, such as
remarkably negligible vapor pressure, excellent solubility and high thermal
stability, making them appropriate for containment, recycling and regeneration of
products (Tan et al., 2012). The stability of ILs includes thermal, electrochemical,
radiolytic, and chemical types. Almost all the utilization of ILs relates to a relatively
high temperature, such as desorption, catalysis, and solvents. One of the most
important reasons for the boom of ILs lies on their high thermal stability, i.e.,
innerness to decomposition and evaporation. Thermal stability is the precondition
for the widespread industrial application of ILs. Additionally, ILs require lower
energy than organic solvents due to their special features to help the extraction by
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reducing the complexity of the process (Bahadur et al., 2016). Furthermore, ILs
were recognized as valuable tools for lignocellulose pretreatment since they could
disturb the hydrogen bonds and expose the lignocellulosic material to the cellulose
which improves the extraction process (Yang et al., 2013). High efficiency of lipid
extraction utilizing ILs based MAE is due to the high polarity and high dielectric
properties of ILs make it an efficient solvent under microwave irradiation. In which
the microwave transforms electromagnetic energy into heat based on two
mechanisms: dipole rotation and ionic conduction. The polar compounds realigning
in the direction of electric field (Pan et al., 2016). So, most of the ILs could reduce
the worries regarding toxicity and environmental issues in comparison to
conventional organic solvents. Therefore, this study assesses the suitable ILs to be
used in the extraction process of EPA from microalgae Nannochloropsis oceanica.
The scopes of the study includes the screening of suitable ILs solvents to be used
using computational COSMO-RS, evaluating the kinetics, and the thermodynamics
of the extraction process as well as manipulating the process for optimized total
lipid yield and EPA content.

1.3 Objectives

The main aim of the study is to assess the feasibility of ILs based microwave-
assisted extraction as the green extraction technology approach for lipid and
eicosapentaenoic acid (EPA) from Nannochloropsis oceanica biomass. The specific
objectives for this study include:

1. To select suitable ILs with high capacity values for the extraction of
eicosapentaenoic acid (EPA) from Nannochloropsis oceanica by solvent screening
via computational COSMO-RS.

2. To optimize the microwave-assisted extraction of lipid and EPA from
Nannochloropsis oceanica using ILs.

3. To evaluate the kinetics and thermodynamics properties of the extraction process
of EPA from microalgac Nannochloropsis oceanica via IL based microwave
irradiation.

1.4 Scope of the Study

1.4.1  Selection of suitable ILs via computational COSMO-RS

A screening evaluation using the COSMO-RS method to determine the capacity
values at infinite dilution of five different types of cation with 22 anions based ILs
(352 cations—anions combination) in order to identify the most suitable types to
apply to solid-liquid extraction of EPA from microalgae. Then, the predicted
extraction capacity of EPA for selected ILs from COSMO-RS were validated by the
experimental part.



1.4.2  Screening the process parameters

One factor at the time (OFAT) was performed to investigate the influence of main
operation parameters on the extraction of crude lipid and EPA quantity by studied
the effect of H,O volume (5 to 50 ml), extraction time (5 to 50 min), irradiation
power (300 to 800 watt), temperature (50 to 100 °C) and IL amount (0-3.5 g). Then,
the effect of ILs amount on the extracted total lipid, EPA content and fatty acids
profile were investigated by selected ILs from COSMO-RS study namely
[TMAm][CI] and [EMPyrro][Br] with [EMIM][CI].

1.4.3 Investigation and optimization of process parameters

The application of Response surface methodology (RSM) was employed to evaluate
the interaction of parameters with the method of central composite design (CCD).
The selected independent factors were reaction temperature (60 to 100 °C), reaction
time (5 to 30 min) and IL amount (0.5-2.5 g) and the respected responses were the
total lipid yield (% wt. of total biomass) and content of EPA (mg/g of total biomass).
An optimization method of “The desirability approach” was used to identify the
optimum operating conditions. The extraction yield of crude lipid and content of
EPA using ILs based MAE method was compared with the conventional method of
Soxhlet extraction. The selected ILs from COSMO-RS study ([EMIM][CI],
[TMAm][CI] and [EMPyrr][Br]) was compared at the optimum condition from
CCD study.

To support the experimental study, FTIR analysis was conducted on the solid
residual of samples after Soxhlet and [TMAm][CI] based microwave irradiation at
the optimum condition and compare with the raw microalgae.

1.44  Evaluation of kinetics and thermodynamics properties

The extraction kinetics of MAE of EPA content from microalgae Nannochloropsis
oceanica under the influence of temperature were examined by demonstrating the
extraction curves (yield vs. time) follows First-order rate law, Second-order rate law
and Patricelli models. The kinetic study conducted using [TMAm][CI] ILs which
selected from screening part using COSMO-RS.

The thermodynamic parameters of extracted EPA content from microalgae
Nannochloropsis oceanica under the influence of temperature and time was
investigated. The thermodynamic analysis is assessed to obtain the enthalpy,
entropy, and Gibbs free energy of the reaction.

1.5  Significant of Research

Firstly, it was found that none of the published article reported on the use of
COSMO-RS as a prediction tool to screen the appropriate ILs for the extraction of



EPA compounds. Therefore, this study's innovation is the use of COSMO-RS for
the prediction purpose as a part of solid-liquid extraction. Henceforth, this study is
significant not only for a researcher who works on EPA extraction but also it is a
new horizon for researchers seeking the extraction of short-chain and other long
chain fatty acids using ILs.

Secondly, this study focuses on developing the microwave irradiation technology
for enhancing the quantity and quality of lipid extraction and EPA from
Nannochloropsis oceanica microalgae using ILs by decreasing the overall energy
consumption and duration time.

The most important target of this study is that to overcome the limitation of ILs
regarding their relatively high price compared to other solvents, the lipid and EPA
were extracted on the IL in a water medium. It is not only beneficial for reducing
the IL amount but also to enhance the extraction efficiency of lipid and EPA in a
short period and lower temperature.

There is no literature available on the use of ILs in water medium with the aid of
microwave irradiation to extract lipid and EPA quantity. It is due to most of the
literature focus on the use of ILs and microwave to the production of total lipids for
biofuels. Moreover, the microalgae Nannochloropsis oceanica was chosen in this
study since it is known as EPA-rich species with thick cell walls. The extraction of
EPA quantitative data have not yet been described for this species.

Furthermore, EPA extraction has numerous profits in both pharmaceutical and
nutraceutical industries. The lipid and EPA obtained could alleviate the shortage of
EPA and omega-3 in the future, therefore confirmed the ability of microalgae as one
of the new lipid source and microwave irradiation as a feasible and environmentally
friendly system. The fatty acid profiling in this study could categorize the type of
fatty acids that are appropriate to be produced via the MAE process. The
optimization study could provide an optimum operating condition for high yield
lipids and EPA production. Last but not least, the result of the kinetic study is
valuable in helping us realize the mechanisms of total lipid and EPA production
from the microwave irradiation process by investigating the release of the
microalgae cell contents into the extraction solvent.

1.6  Structure of dissertation

The thesis comprise of five chapters following the structures. Chapter One
introduced the background about significance of EPA and the scope of current
research, furthermore emphasized on the objectives taken to overcome the research
problem. Chapter Two discusses the literature surrounding microalgae lipid
extraction and ionic liquids. The chapter additionally studies the extraction methods
applied in microalgae extraction particularly the MAE technique. Topics covered in
MAE involve the development of the technique in plant extraction, influencing
parameters of MAE, advantages and disadvantages related to other extraction
techniques and the kinetic study of lipid extraction was reviewed. Research
methodology has been comprehensively described in chapter Three. The final
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results have been presented and discussed in detail in chapter Four. Chapter Five is
the final conclusions to highlight the most noteworthy aspects and outcomes from
the study and recommends a new research area for future studies.



REFERENCES

A. D. Becke. (1988). Density-fnnctional exchange-energy approximation with
correct asymptotic behavior. The American Physical Society, 38(6),
3098-3100.

Abdel-Raouf, N., Al-Homaidan, A. A., & Ibraheem, 1. B. M. (2012).
Microalgae and wastewater treatment. Saudi Journal of Biological
Sciences, 19(3), 257-275.

Abramovitch, R. A. (1991). Applications of microwave energy in organic
chemistry. A review. Organic Preparations and Procedures International,
23(6), 683-711.

Achinivu, E. C., Howard, R. M., Li, G., Gracz, H., & Henderson, W. a. (2014).
Lignin extraction from biomass with protic ionic liquids. Green
Chemistry, 0(0), 1-6. https://doi.org/10.1039/c3gc42306a

Adarme-vega, T. C., Lim, D. K. Y., Timmins, M., Vernen, F., Li, Y., & Schenk,
P. M. (2012). Microalgal biofactories : a promising approach towards
sustainable omega-3 fatty acid production. 1-10.

Adarme-Vega, T. C., Thomas-Hall, S. R., & Schenk, P. M. (2014). Towards
sustainable sources for omega-3 fatty acids production. Current Opinion
in Biotechnology, 26, 14-18.
https://doi.org/10.1016/j.copbio.2013.08.003

Adeoti, I. A., & Hawboldt, K. (2014). A review of lipid extraction from fish
processing by-product for use as a biofuel. Biomass and Bioenergy, 63,
330-340.

Afolabi, H. K., Mudalip, S. K. A., & Alara, O. R. (2018). Microwave-assisted
extraction and characterization of fatty acid from eel fish (Monopterus
albus). Beni-Suef University Journal of Basic and Applied Sciences,
7(4), 465-470.

Ahlrichs, R., Bar, M., Marco, H., Horn, H., & Kolmel, C. (1989). Electronic
structure calculations on workstation computers: the program system
turbomole reinhart AHLRICHS, Michael BAR, Marco H;iSER, Hans
HORN and Christoph K4yLMEL. CHEMICAL PHYSICS LETTERS,
162(3).

Alupului, A., Calinescu, 1., & Lavric, V. (2012). Microwave extraction of
active principles from medicinal plants. UPB Science Bulletin, Series B,
74(2), 1454-2331.

Alupului, A., Calinescu, I., & Lavric, V. (2009). Ultrasonic vs. microwave
extraction intensification of active principles from medicinal plants.
AIDIC Conference Series, 9, 1-8.

Alviz, P. L. A., & Alvarez, A. J. (2017). Comparative life cycle assessment of
the use of an ionic liquid ([Bmim] Br) versus a volatile organic solvent

157



in the production of acetylsalicylic acid. Journal of Cleaner Production,
168, 1614-1624.

Amarni, F., & Kadi, H. (2010a). Kinetics study of microwave-assisted solvent
extraction of oil from olive cake using hexane: comparison with the
conventional extraction. Innovative Food Science & Emerging
Technologies, 11(2), 322-327.

Amarni, F., & Kadi, H. (2010b). Kinetics study of microwave-assisted solvent
extraction of oil from olive cake using hexane. Comparison with the
conventional extraction. Innovative Food Science and Emerging
Technologies, 11(2), 322-327.
https://doi.org/10.1016/j.ifset.2010.01.002

Anand, M., Hadfield, M., Viesca, J. L., Thomas, B., Hernandez Battez, A., &
Austen, S. (2015). Ionic liquids as tribological performance improving
additive for in-service and used fully-formulated diesel engine lubricants.
Wear, 334-335, 67-74. https://doi.org/10.1016/j.wear.2015.01.055

Anantharaj, R., & Banerjee, T. (2010). COSMO-RS-based screening of ionic
liquids as green solvents in denitrification studies. Industrial &
Engineering Chemistry Research, 49(18), 8705-8725.

Andreas Heintz, Sergey P. Verevkin, D. O. (2006). Thermodynamic Properties
of Mixtures Containing Ionic Liquids. 8. Activity Coefficients at Infinite
Dilution of Hydrocarbons, Alcohols, Esters, and Aldehydes in 1-Hexyl-
3-methylimidazolium Bis(trifluoromethylsulfonyl) Imide Using Gas -
Liquid Chromatograp. Chem. Eng, 51(1), 434—437.

Andrich, G., Zinnai, A., Nesti, U., & Venturi, F. (2006). Supercritical fluid
extraction of oil from microalga Spirulina (arthrospira) platensis. Acta
Alimentaria, B3(2), 195-203.
https://doi.org/10.1556/AAlim.35.2006.2.6

Anwar, J., Shafique, U., Rehman, R., Salman, M., Dar, A., Anzano, J. M.,
Ashraf, U., & Ashraf, S. (2015). Microwave chemistry: Effect of ions on
dielectric heating in microwave ovens. Arabian Journal of Chemistry,
8(1), 100-104.

Araujo, G. S., Matos, L. J. B. L., Fernandes, J. O., Cartaxo, S. J. M., Gongalves,
L. R. B, Fernandes, F. A. N., & Farias, W. R. L. (2013). Extraction of
lipids from microalgae by ultrasound application: Prospection of the
optimal extraction method. Ultrasonics Sonochemistry, 20(1), 95-98.
https://doi.org/10.1016/j.ultsonch.2012.07.027

Arita, M. (2016). Eosinophil polyunsaturated fatty acid metabolism and its
potential control of inflammation and allergy. Allergology International,
65, S2-S5. https://doi.org/10.1016/j.alit.2016.05.010

Axelsson, M., & Gentili, F. (2014). A single-step method for rapid extraction
of total lipids from green microalgae. PloS One, 9(2), €e89643.

Azwanida, N. N. (2015). A review on the extraction methods use in medicinal

158



plants, principle, strength and limitation. Med Aromat Plants, 4(196),
412-2167.

Badday, A. S., Abdullah, A. Z., Lee, K. T., & Khayoon, M. S. (2012).
Intensification of biodiesel production via ultrasonic-assisted process: a
critical review on fundamentals and recent development. Renewable and
Sustainable Energy Reviews, 16(7), 4574-4587.

Bagherian, H., Ashtiani, F. Z., Fouladitajar, A., & Mohtashamy, M. (2011).
Comparisons between conventional, microwave-and ultrasound-assisted
methods for extraction of pectin from grapefruit. Chemical Engineering
and Processing: Process Intensification, 50(11-12), 1237-1243.

Bahadur, 1., Naidoo, M., Naidoo, P., Ramdath, S., Ramjugernath, D., &
Ebenso, E. E. (2016). Screening of environmental friendly ionic liquid as
a solvent for the different types of separations problem: Insight from
activity coefficients at infinite dilution measurement using (gas+ liquid)
chromatography technique. The Journal of Chemical Thermodynamics,
92, 35-42.

Balasubramanian, R. K., Doan, T. T. Y., & Obbard, J. P. (2013). Factors
affecting cellular lipid extraction from marine microalgae. Chemical
Engineering Journal, 215, 929-936.

Balasubramanian, S., Allen, J. D., Kanitkar, A., & Boldor, D. (2011). Oil
extraction from Scenedesmus obliquus using a continuous microwave
system - design, optimization, and quality characterization. Bioresource
Technology, 102(3), 3396-3403.
https://doi.org/10.1016/j.biortech.2010.09.119

Barnard, T. M., Leadbeater, N. E., Boucher, M. B., Stencel, L. M., & Wilhite,
B. A. (2007). Continuous-flow preparation of biodiesel using microwave
heating. Energy & Fuels, 21(3), 1777-1781.

BASAK, K. D. A. (2019). A review on developments in oil extraction from
oilseeds. Journal of Crop and Weed, 15(1), 56—63.

Bermuadez Menéndez, J. M., Arenillas, A., Menéndez Diaz, J. A., Boffa, L.,
Mantegna, S., Binello, A., & Cravotto, G. (2014). Optimization of
microalgae oil extraction under ultrasound and microwave irradiation.
Journal of Chemical Technology & Biotechnology, 89(11), 1779-1784.

Berthod, A., Ruiz—Angel, M. J., & Carda-Broch, S. (2018). Recent advances on
ionic liquid uses in separation techniques. Journal of Chromatography A,
1559, 2-16.

Bi, Z., & He, B. B. (2013). Characterization of microalgae for the purpose of
biofuel production. Transactions of the ASABE, 56(4), 1529—-1539.

Biczak, R., Pawlowska, B., Batczewski, P., & Rychter, P. (2014). The role of
the anion in the toxicity of imidazolium ionic liquids. Journal of
Hazardous Materials, 274, 181-190.

159



Bilecka, 1., & Niederberger, M. (2010). Microwave chemistry for inorganic
nanomaterials synthesis. Nanoscale, 2(8), 1358—1374.

Bimakr, M., Rahman, R. A., Taip, F. S., Ganjloo, A., Salleh, L. M., Selamat,
J., Hamid, A., & Zaidul, I. S. M. (2011). Comparison of different
extraction methods for the extraction of major bioactive flavonoid
compounds from spearmint (Mentha spicata L.) leaves. Food and
Bioproducts Processing, 89(1), 67-72.
https://doi.org/10.1016/j.fbp.2010.03.002

Binner, E. R., Robinson, J. P., Silvester, S. A., Kingman, S. W., & Lester, E.
H. (2014). Investigation into the mechanisms by which microwave
heating enhances separation of water-in-oil emulsions. Fuel, 116, 516—
521.

Bishop, W. M., & Zubeck, H. M. (2012). Evaluation of microalgae for use as
nutraceuticals and nutritional supplements. J Nutr Food Sci, 2(5), 1-6.

Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid extraction and
purification. Canadian Journal of Biochemistry and Physiology, 37(8),
911-917.

Boldor, D., Kanitkar, A., Terigar, B. G., Leonardi, C., Lima, M., &
Breitenbeck, G. A. (2010). Microwave assisted extraction of biodiesel
feedstock from the seeds of invasive chinese tallow tree. Environmental
Science and Technology, 44(10), 4019-4025.
https://doi.org/10.1021/es100143z

Borowitzka, M. A. (2013). High-value products from microalgac—their
development and commercialisation. Journal of Applied Phycology,
25(3), 743-756.

Brachet, A., Christen, P., & Veuthey, J. (2002). Focused microwave-assisted
extraction of cocaine and benzoylecgonine from coca leaves.
Phytochemical Analysis: An International Journal of Plant Chemical and
Biochemical Techniques, 13(3), 162—169.

Brandt, A., Hallett, J. P, Leak, D. J., Murphy, R. J., & Welton, T. (2010). The
effect of the ionic liquid anion in the pretreatment of pine wood chips.
Green Chemistry, 12(4), 672—679.

Breil, C., Abert Vian, M., Zemb, T., Kunz, W., & Chemat, F. (2017). “Bligh
and Dyer” and Folch methods for solid—liquid-liquid extraction of lipids
from microorganisms. Comprehension of solvatation mechanisms and
towards substitution with alternative solvents. International Journal of

Molecular Sciences, 18(4), 1-21. https://doi.org/10.3390/ijms 18040708

Bubalo, M. C., Radosevi¢, K., Redovnikovi¢, I. R., Slivac, 1., & Sréek, V. G.
(2017). Toxicity mechanisms of ionic liquids. Archives of Industrial
Hygiene and Toxicology, 68(3), 171-179.

Buyel, J. F., Twyman, R. M., & Fischer, R. (2015). Extraction and downstream
processing of plant-derived recombinant proteins. Biotechnology

160



Advances, 33(6), 902-913.

Camel, V. (2000). Microwave-assisted solvent extraction of environmental
samples. TrAC Trends in Analytical Chemistry, 19(4), 229-248.

Cannon, D. (2009). From Fish Oil to Microalgae Oil ... A Win-Win Shift for
Humans and Our Habitat. Explore: The Journal of Science and Healing,
5(5), 299-303. https://doi.org/10.1016/j.explore.2009.07.001

Carcel, J. A., Garcia-Pérez, J. V, Mulet, A., Rodriguez, L., & Riera, E. (2010).
Ultrasonically assisted antioxidant extraction from grape stalks and olive
leaves. Physics Procedia, 3(1), 147-152.

Cardoso-Ugarte, G. A., Judrez-Becerra, G. P., SosaMorales, M. E., & Lopez-
Malo, A. (2013). Microwave-assisted extraction of essential oils from
herbs. Journal of Microwave Power and Electromagnetic Energy, 47(1),
63-72.

Casazza, A. A., Aliakbarian, B., Mantegna, S., Cravotto, G., & Perego, P.
(2010). Extraction of phenolics from Vitis vinifera wastes using non-
conventional techniques. Journal of Food Engineering, 100(1), 50-55.

Chan, C.-H., Yusoff, R., & Ngoh, G.-C. (2014). Modeling and kinetics study
of conventional and assisted batch solvent extraction. Chemical
Engineering Research and Design, 92(6), 1169—1186.

Chan, C.-H., Yusoff, R., Ngoh, G.-C., & Kung, F. W.-L. (2011). Microwave-
assisted extractions of active ingredients from plants. Journal of
Chromatography A, 1218(37), 6213-6225.

Chemat, F., & Cravotto, G. (2012). Microwave-assisted extraction for
bioactive compounds: theory and practice (Vol. 4). Springer Science &
Business Media.

Chemat, F., Rombaut, N., Sicaire, A.-G., Meullemiestre, A., Fabiano-Tixier,
A.-S., & Abert-Vian, M. (2017). Ultrasound assisted extraction of food
and natural products. Mechanisms, techniques, combinations, protocols
and applications. A review. Ultrasonics Sonochemistry, 34, 540-560.

Chemat, F., Tomao, V., & Virot, M. (2008). Ultrasound-assisted extraction in
food analysis. Handbook of Food Analysis Instruments, 85—103.

Chemat, S., Ait-Amar, H., Lagha, A., & Esveld, D. C. (2005). Microwave-
assisted extraction kinetics of terpenes from caraway seeds. Chemical
Engineering and Processing: Process Intensification, 44(12), 1320-1326.

Chen, C.-Y., Zhao, X.-Q., Yen, H.-W_, Ho, S.-H., Cheng, C.-L., Lee, D.-J., Bai,
F.-W., & Chang, J.-S. (2013). Microalgae-based carbohydrates for
biofuel production. Biochemical Engineering Journal, 78, 1-10.

Chen, L., Liu, T., Zhang, W., Chen, X., & Wang, J. (2012). Biodiesel
production from algae oil high in free fatty acids by two-step catalytic
conversion. Bioresource Technology, 111, 208-214.

161



Chen, Y. H., & Walker, T. H. (2012). Fed-batch fermentation and supercritical
fluid extraction of heterotrophic microalgal Chlorella protothecoides
lipids. Bioresource Technology, 114, 512-517.
https://doi.org/10.1016/j.biortech.2012.03.026

Cheng, C.-H., Du, T.-B., Pi, H.-C., Jang, S.-M., Lin, Y.-H., & Lee, H.-T.
(2011). Comparative study of lipid extraction from microalgae by

organic solvent and supercritical CO 2. Bioresource Technology,
102(21), 10151-10153.

Cheng, J., Huang, R., Li, T., Zhou, J., & Cen, K. (2014). Biodiesel from wet
microalgae: extraction with hexane after the microwave-assisted
transesterification of lipids. Bioresource Technology, 170, 69-75.

Cheng, J., Yu, T., Li, T., Zhou, J., & Cen, K. (2013). Using wet microalgae for
direct biodiesel production via microwave irradiation. Bioresource
Technology, 131, 531-535.

Cheong, L.-Z., Guo, Z., Yang, Z., Chua, S.-C., & Xu, X. (2011). Extraction
and enrichment of n-3 polyunsaturated fatty acids and ethyl esters
through reversible m—m complexation with aromatic rings containing
ionic liquids. Journal of Agricultural and Food Chemistry, 59(16), 8961—
8967.

Cheong, L., Guo, Z., Yang, Z., Chua, S., & Xu, X. (2011). Extraction and
Enrichment of n-3 Polyunsaturated Fatty Acids and Ethyl Esters through
Reversible 1 A m Complexation with Aromatic Rings Containing Ionic
Liquids. 8961-8967.

Cherbanski, R. (2011). Calculation of critical efficiency factors of microwave
energy conversion into heat. Chemical Engineering & Technology,
34(12), 2083-2090.

Chien, S. H., & Clayton, W. R. (1980). Application of Elovich equation to the
kinetics of phosphate release and sorption in soils 1. Soil Science Society
of America Journal, 44(2), 265-268.

Chiu, C.-C., Su, K.-P., Cheng, T.-C., Liu, H.-C., Chang, C.-J., Dewey, M. E.,
Stewart, R., & Huang, S.-Y. (2008). The effects of omega-3 fatty acids
monotherapy in Alzheimer’s disease and mild cognitive impairment: a
preliminary randomized double-blind placebo-controlled study. Progress
in Neuro-Psychopharmacology and Biological Psychiatry, 32(6), 1538—
1544.

Cho, H. S., Oh, Y. K., Park, S. C., Lee, J. W., & Park, J. Y. (2013). Effects of
enzymatic hydrolysis on lipid extraction from Chlorella wvulgaris.
Renewable Energy, 54, 156-160.
https://doi.org/10.1016/j.renene.2012.08.031

Choi, I. L., Choi, S. J., Chun, J. K., & Moon, T. W. (2006). Extraction yield of
soluble protein and microstructure of soybean affected by microwave
heating. Journal of Food Processing and Preservation, 30(4), 407—419.

162



Choi, S.-A., Jung, J.-Y., Kim, K., Kwon, J.-H., Lee, J.-S., Kim, S. W., Park, J.-
Y., & Yang, J.-W. (2014). Effects of molten-salt/ionic-liquid mixture on
extraction of docosahexaenoic acid (DHA)-rich lipids from
Aurantiochytrium sp. KRS101. Bioprocess and Biosystems Engineering,
37(11), 2199-2204.

Choi, S.-A., Lee, J.-S., Oh, Y.-K., Jeong, M.-J., Kim, S. W., & Park, J.-Y.
(2014). Lipid extraction from Chlorella vulgaris by molten-salt/ionic-
liquid mixtures. Algal Research, 3, 44-48.

Choi, S.-A., Oh, Y.-K., Jeong, M.-J., Kim, S. W., Lee, J.-S., & Park, J.-Y.
(2014). Effects of ionic liquid mixtures on lipid extraction from Chlorella
vulgaris. Renewable Energy, 65, 169—174.

Choi, S.-A., Oh, Y.-K., Lee, J., Sim, S. J., Hong, M. E., Park, J.-Y., Kim, M.-
S., Kim, S. W., & Lee, J.-S. (2019). High-efficiency cell disruption and
astaxanthin recovery from Haematococcus pluvialis cyst cells using
room-temperature imidazolium-based ionic liquid/water mixtures.
Bioresource Technology, 274, 120—126.

Choi, S. A., Lee, J. S.,0Oh, Y. K., Jeong, M. J., Kim, S. W., & Park, J. Y. (2014).
Lipid extraction from Chlorella vulgaris by molten-salt/ionic-liquid
mixtures. Algal Research, 3(1), 44-48.
https://doi.org/10.1016/j.algal.2013.11.013

Chowdhury, R., Stevens, S., Gorman, D., Pan, A., Warnakula, S., Chowdhury,
S., Ward, H., Johnson, L., Crowe, F., Hu, F. B., & Franco, O. H. (2012).
Association between fish consumption, long chain omega 3 fatty acids,
and risk of cerebrovascular disease: systematic review and meta-analysis.
Bmj, 345(oct30 3), e6698—e6698. https://doi.org/10.1136/bm;j.e6698

Christie, W. W. (1993). Preparation of lipid extracts from tissues. Advances in
Lipid Methodology, 2(1), 195-213.

Chua, E. T., Brunner, M., Atkin, R., Eltanahy, E., Thomas-Hall, S. R., &
Schenk, P. M. (2018). The Ionic Liquid Cholinium Arginate Is an
Efficient Solvent for Extracting High-Value Nannochloropsis sp. Lipids.
ACS Sustainable Chemistry & Engineering, 7(2), 2538-2544.

Ciriminna, R., Meneguzzo, F., Delisi, R., & Pagliaro, M. (2017). Enhancing
and improving the extraction of omega-3 from fish oil. Sustainable
Chemistry and Pharmacy, 5, 54-59.

Clark, D. E., Folz, D. C., & West, J. K. (2000). Processing materials with
microwave energy. Materials Science and Engineering: A, 287(2), 153—
158.

Collins, J. M., & Leadbeater, N. E. (2007). Microwave energy: a versatile tool
for the biosciences. Organic & Biomolecular Chemistry, 5(8), 1141—
1150.

Constantinescu, D., Herrmann, C., & Weingértner, H. (2010). Protein
denaturation by ionic liquids and the Hofmeister series. ACS

163



Publications.

Converti, A., Casazza, A. A., Ortiz, E. Y., Perego, P., & Del Borghi, M. (2009).
Effect of temperature and nitrogen concentration on the growth and lipid
content of Nannochloropsis oculata and Chlorella vulgaris for biodiesel
production. Chemical Engineering and Processing: Process
Intensification, 48(6), 1146—-1151.

Costa, N. R., & Pereira, Z. L. (2010). Multiple response optimization: a global
criterion-based method. Journal of Chemometrics, 24(6), 333-342.

Cravotto, G., Bicchi, C., Mantegna, S., Binello, A., Tomao, V., & Chemat, F.
(2011). Extraction of kiwi seed oil: Soxhlet versus four different non-
conventional techniques. Natural Product Research, 25(10), 974-981.

Cravotto, G., Boffa, L., Mantegna, S., Perego, P., Avogadro, M., & Cintas, P.
(2008). Improved extraction of vegetable oils under high-intensity
ultrasound and/or microwaves. Ultrasonics Sonochemistry, 15(5), 898—
902.

da Silva Vaz, B., Moreira, J. B., de Morais, M. G., & Costa, J. A. V. (2016).
Microalgae as a new source of bioactive compounds in food
supplements. Current Opinion in Food Science, 7, 73-77.

Dabiri, M., Salimi, S., Ghassempour, A., Rassouli, A., & Talebi, M. (2005).
Optimization of microwave-assisted extraction for alizarin and purpurin
in Rubiaceae plants and its comparison with conventional extraction
methods. Journal of Separation Science, 28(4), 387-396.

Dahmoune, F., Nayak, B., Moussi, K., Remini, H., & Madani, K. (2015).
Optimization of microwave-assisted extraction of polyphenols from
Myrtus communis L. leaves. Food Chemistry, 166, 585-595.

Dahmoune, F., Spigno, G., Moussi, K., Remini, H., Cherbal, A., & Madani, K.
(2014). Pistacia lentiscus leaves as a source of phenolic compounds:
Microwave-assisted extraction optimized and compared with ultrasound-
assisted and conventional solvent extraction. Industrial Crops and
Products, 61, 31-40.

Dai, Y.-M., Chen, K.-T., & Chen, C.-C. (2014). Study of the microwave lipid
extraction from microalgae for biodiesel production. Chemical
Engineering Journal, 250, 267-273.

de Jesus Raposo, M. F., de Morais, R. M. S. C., & de Morais, A. M. M. B.
(2013). Health applications of bioactive compounds from marine
microalgae. Life Sciences, 93(15), 479-486.

de la Hoz, A., Diaz-Ortiz, A., & Moreno, A. (2005). Microwaves in organic
synthesis. Thermal and non-thermal microwave effects. Chemical
Society Reviews, 34(2), 164—178.

de Moura, R. R., Etges, B. J., dos Santos, E. O., Martins, T. G., Roselet, F.,
Abreu, P. C., Primel, E. G., & D’Oca, M. G. M. (2018). Microwave-

164



Assisted Extraction of Lipids from Wet Microalgae Paste: A Quick and
Efficient Method. European Journal of Lipid Science and Technology,
120(7), 1700419.

Demirbas, A., & Demirbas, M. F. (2011). Importance of algae oil as a source
of biodiesel. Energy Conversion and Management, 52(1), 163—170.

Deng, Y. (2011). Physico-chemical properties and environmental impact of
ionic liquids.

Dey, S., & Rathod, V. K. (2013). Ultrasound assisted extraction of B-carotene
from Spirulina platensis. Ultrasonics Sonochemistry, 20(1), 271-276.

Domanska, U., & Marciniak, A. (2009). Activity coefficients at infinite dilution
measurements for organic solutes and water in the ionic liquid 4-methyl-
N-butyl-pyridinium bis (trifluoromethylsulfonyl)-imide. The Journal of
Chemical Thermodynamics, 41(12), 1350—1355.

Du, F.-Y., Xiao, X.-H., Luo, X.-J., & Li, G.-K. (2009). Application of ionic
liquids in the microwave-assisted extraction of polyphenolic compounds
from medicinal plants. Talanta, 78(3), 1177-1184.

Durga, G., & Mishra, A. (2011). Ionic liquids: industrial applications.
Encyclopedia of Inorganic and Bioinorganic Chemistry, 1—-13.

Eckert, F., Klamt, A., Gmbh, C., Kg, C., & Leverkusen, D.-. (2002). Fast
Solvent Screening via Quantum Chemistry: COSMO-RS Approach.
48(2), 369-385.

El Sherbiny, S. A., Refaat, A. A., & El Sheltawy, S. T. (2010). Production of
biodiesel using the microwave technique. Journal of Advanced Research,
1(4), 309-314. https://doi.org/10.1016/j.jare.2010.07.003

Esquivel-Hernandez, D., Lopez, V., Rodriguez-Rodriguez, J., Aleman-Nava,
G., Cuéllar-Bermudez, S., Rostro-Alanis, M., & Parra-Saldivar, R.
(2016). Supercritical carbon dioxide and microwave-assisted extraction
of functional lipophilic compounds from Arthrospira platensis.
International Journal of Molecular Sciences, 17(5), 658.

Esquivel-Hernandez, D. A., Ibarra-Garza, I. P., Rodriguez-Rodriguez, J.,
Cuéllar-Bermudez, S. P., Rostro-Alanis, M. de J., Aleman-Nava, G. S.,
Garcia-Pérez, J. S., & Parra-Saldivar, R. (2017). Green extraction
technologies for high-value metabolites from algae: a review. Biofuels,
Bioproducts and Biorefining, 11(1), 215-231.

Eycken, E. van der, & Kappe, C. O. (2006). Microwave-assisted synthesis of
heterocycles. Springer.

Fabian, C. J., Kimler, B. F., & Hursting, S. D. (2015). Omega-3 fatty acids for
breast cancer prevention and survivorship. Breast Cancer Research,
17(62), 1-11. https://doi.org/10.1186/s13058-015-0571-6

Fajardo, A. R., Cerdan, L. E., Medina, A. R, Fernandez, F. G. A., Moreno, P.
A. G., & Grima, E. M. (2007). Lipid extraction from the microalga

165



Phaeodactylum tricornutum. European Journal of Lipid Science and
Technology, 109(2), 120-126.

Fedorov, M. V, & Kornyshev, A. A. (2014). Ionic liquids at electrified
interfaces. Chemical Reviews, 114(5), 2978-3036.

Ferreira, A. R., Freire, M. G., Ribeiro, J. C., Lopes, F. M., Crespo, J. G., &
Coutinho, J. A. P. (2011). An overview of the liquid— liquid equilibria of
(ionic liquid+ hydrocarbon) binary systems and their modeling by the
conductor-like screening model for real solvents. Industrial &
Engineering Chemistry Research, 50(9), 5279-5294.

Ferreira, A. R., Freire, M. G., Ribeiro, J. C., Lopes, F. M., Crespo, J. G., &
Coutinho, J. A. P. (2012). Overview of the liquid-liquid equilibria of
ternary systems composed of ionic liquid and aromatic and aliphatic
hydrocarbons, and their modeling by COSMO-RS. Industrial &
Engineering Chemistry Research, 51(8), 3483-3507.

Florez, N., Conde, E., & Dominguez, H. (2015). Microwave assisted water
extraction of plant compounds. Journal of Chemical Technology &
Biotechnology, 90(4), 590-607.

Fu, H., Li, M., Ni, R., & Lo, Y. M. (2018). Enzymatic catalysis for sustainable
production of high omega-3 triglyceride oil using imidazolium-based
ionic  liquids. Food Science &  Nutrition, May, 1-8.
https://doi.org/10.1002/fsn3.733

Fuad, F. M., & Karim, K. A. (2017). Kinetics study of oil extraction from
Calophyllum inophyllum seeds using ultrasonic-assisted extraction
technique.  Journal  of  Physical Science, 28(2), 57-69.
https://doi.org/10.21315/jps2017.28.2.4

Fuller, A. J. B. (1979). Microwaves: an introduction to microwave theory and
techniques (Vol. 2). Pergamon Press.

Gabriel, C., Gabriel, S., Grant, E. H., Halstead, B. S. J., & Mingos, D. M. P.
(1998). Dielectric parameters relevant to microwave dielectric heating.
Chemical Society Reviews, 27(3), 213-224.

Gai, C., Zhang, Y., Chen, W.-T., Zhang, P., & Dong, Y. (2013).
Thermogravimetric and kinetic analysis of thermal decomposition
characteristics of low-lipid microalgae. Bioresource Technology, 150,
139-148.

Ganzler, K., Salgo, A., & Valkd, K. (1986). Microwave extraction: A novel
sample preparation method for chromatography. Journal of
Chromatography A, 371, 299-306.

Gaune-Escard, M., & Seddon, K. R. R. (2012). Molten Salts and Ionic Liquids.
Wiley Online Library.

Gebbie, M. A., Valtiner, M., Banquy, X., Fox, E. T., Henderson, W. A., &
Israelachvili, J. N. (2013). Ionic liquids behave as dilute electrolyte

166



solutions. Proceedings of the National Academy of Sciences, 110(24),
9674 LP —9679. https://doi.org/10.1073/pnas.1307871110

Ghasemi Naghdi, F., Gonzalez Gonzalez, L. M., Chan, W., & Schenk, P. M.
(2016). Progress on lipid extraction from wet algal biomass for biodiesel
production. Microbial Biotechnology, 9(6), 718-726.

Ghiaci, M., Aghabarari, B., Habibollahi, S., & Gil, A. (2011). Highly efficient
Br??nsted acidic ionic liquid-based catalysts for biodiesel synthesis from
vegetable oils. Bioresource Technology, 102(2), 1200-1204.
https://doi.org/10.1016/j.biortech.2010.09.095

Gonfa, G., Bustam, M. a, Murugesan, T., Man, Z., & Mutalib, M. I. A. (2012).
Thiocyanate Based Task-specific lonic Liquids for Separation of
Benzene and Cyclohexane. Chemical Engineering Transactions, 3,
1939-1944.

Gonzalez-Centeno, M. R., Comas-Serra, F., Femenia, A., Rossello, C., &
Simal, S. (2015). Effect of power ultrasound application on aqueous
extraction of phenolic compounds and antioxidant capacity from grape
pomace (Vitis vinifera L.): experimental kinetics and modeling.
Ultrasonics Sonochemistry, 22, 506-514.

Gonzalez-Miquel, M., Talreja, M., Ethier, A. L., Flack, K., Switzer, J. R.,
Biddinger, E. J., Pollet, P., Palomar, J., Rodriguez, F., & Eckert, C. A.
(2012). COSMO-RS studies: structure—property relationships for CO2
capture by reversible ionic liquids. Industrial & Engineering Chemistry
Research, 51(49), 16066—16073.

Goyens, P. L. L., Spilker, M. E., Zock, P. L., Katan, M. B., & Mensink, R. P.
(2005). Compartmental modeling to quantify a-linolenic acid conversion
after longer term intake of multiple tracer boluses. Journal of Lipid
Research, 46(7), 1474-1483.

Greaves, T. L., & Drummond, C. J. (2015). Protic ionic liquids: evolving
structure—property relationships and expanding applications. Chemical
Reviews, 115(20), 11379-11448.

Griffiths, M. J., Dicks, R. G., Richardson, C., & Harrison, S. T. L. (2011).
Advantages and challenges of microalgae as a source of oil for biodiesel.
InTechOpen.

Grobbelaar, J. U. (2010). Microalgal biomass production: challenges and
realities. Photosynthesis Research, 106(1-2), 135-144.

Grosso, C., Valentao, P., Ferreres, F., & Andrade, P. B. (2015). Alternative and
efficient extraction methods for marine-derived compounds. Marine
Drugs, 13(5), 3182—-3230. https://doi.org/10.3390/md 13053182

Guo, Z., Lue, B., Thomasen, K., Meyer, A. S., & Xu, X. (2007). Predictions of
flavonoid solubility in ionic liquids by COSMO-RS: experimental
verification , structural elucidation , and solvation characterization {.
1362—1373. https://doi.org/10.1039/b709786g

167



Ha, S. H., Mai, N. L., An, G., & Koo, Y.-M. (2011). Microwave-assisted
pretreatment of cellulose in ionic liquid for accelerated enzymatic
hydrolysis. Bioresource Technology, 102(2), 1214-1219.

Habib, U., Cecilia, D. W., & Maizatul, S. S. (2017). Ionic liquid based
ultrasonication-assisted extraction of essential oil from the leaves of
Persicaria minor and conductor-like screening model for realistic
solvents study. i, 35(6), 656-664.

Halim, R., Danquah, M. K., & Webley, P. A. (2012a). Extraction of oil from
microalgae for biodiesel production: a review. Biotechnology Advances,
30(3), 709-732.

Halim, R., Danquah, M. K., & Webley, P. A. (2012b). Extraction of oil from
microalgae for biodiesel production: A review. Biotechnology Advances,
30(3), 709—-732. https://doi.org/10.1016/j.biotechadv.2012.01.001

Halim, R., Gladman, B., Danquah, M. K., & Webley, P. A. (2011). Oil
extraction from microalgae for biodiesel production. Bioresource
Technology, 102(1), 178—185.

Hallett, J. P., & Welton, T. (2011). Room-temperature ionic liquids: Solvents
for synthesis and catalysis. 2. Chemical Reviews, 111(5), 3508-3576.
https://doi.org/10.1021/cr1003248

Handayania, N. A., & Ariyantib, D. (2012). Potential Production of
Polyunsaturated Fatty Acids from Microalgae. International Journal of
Science and Engineering, 1(2), 13-16.
https://doi.org/10.4172/scientificrep

Haque, K. E. (1999). Microwave energy for mineral treatment processes—a
brief review. International Journal of Mineral Processing, 57(1), 1-24.

Harouna-Oumarou, H. A., Fauduet, H., Porte, C., & Ho, Y. S. (2007).
Comparison of kinetic models for the aqueous solid-liquid extraction of
Tilia sapwood a continuous stirred tank reactor. Chemical Engineering
Communications, 194(4), 537-552.
https://doi.org/10.1080/00986440600992511

Harun, R., & Danquah, M. K. (2011). Influence of acid pre-treatment on
microalgal biomass for bioethanol production. Process Biochemistry,
46(1), 304-309.

Harun, R., Jason, W. S. Y., Cherrington, T., & Danquah, M. K. (2011).
Exploring alkaline pre-treatment of microalgal biomass for bioethanol
production. Applied Energy, 88(10), 3464-3467.

Hawker, R. R., Haines, R. S., & Harper, J. B. (2015). Variation of the Cation
of lonic Liquids: the Effects on Their Physicochemical Properties and
Reaction Outcome. Targets in Heterocyclic Systems-Chemistry and
Properties, 141-213.

Hayes, B. L. (2002). Microwave synthesis: chemistry at the speed of light (Vol.

168



1). CEM publishing Matthews, NC.

Hayes, R., Warr, G. G., & Atkin, R. (2015). Structure and nanostructure in
ionic liquids. Chemical Reviews, 115(13), 6357-6426.

Hernandez, D., Solana, M., Riaflo, B., Garcia-Gonzalez, M. C., & Bertucco, A.
(2014). Biofuels from microalgae: lipid extraction and methane
production from the residual biomass in a biorefinery approach.
Bioresource Technology, 170, 370-378.

Hibberd, D. J. (1981). Notes on the taxonomy and nomenclature of the algal
classes Eustigmatophyceae and Tribophyceae (synonym
Xanthophyceae). Botanical Journal of the Linnean Society, 82(2), 93—
119.

Ho, B. C. H. (2016). Extraction of Bioactive Compounds from
Nannochloropsis gaditana via Sub-critical Water Extraction (SWE).

Ho, B. C. H.,, Kamal, S. M. M., Danquah, M. K., & Harun, R. (2018).
Optimization of Subcritical Water Extraction (SWE) of Lipid and
Eicosapentaenoic Acid (EPA) from Nannochloropsis gaditana. BioMed
Research International, 2018. https://doi.org/10.1155/2018/8273581

Ho, Y., Harouna-oumarou, H. A., Fauduet, H., & Porte, C. (2005). Kinetics and
model building of leaching of water-soluble compounds of Tilia
sapwood. 45, 169—173. https://doi.org/10.1016/j.seppur.2005.03.007

Hoang, T. H., Sharma, R., Susanto, D., Di Maso, M., & Kwong, E. (2007).
Microwave-assisted extraction of active pharmaceutical ingredient from
solid dosage forms. Journal of Chromatography A, 1156(1-2 SPEC.
ISS.), 149—153. https://doi.org/10.1016/j.chroma.2007.02.060

Hong, L. K., & Cong, W. (2012). Enzyme-assisted aqueous extraction of lipid
from microalgae.

Hong, S. M., Park, J. K., & Lee, Y. O. (2004). Mechanisms of microwave
irradiation involved in the destruction of fecal coliforms from biosolids.
Water Research, 38(6), 1615-1625.

Horikoshi, S., Abe, H., Sumi, T., Torigoe, K., Sakai, H., Serpone, N., & Abe,
M. (2011). Microwave frequency effect in the formation of Au
nanocolloids in polar and non-polar solvents. Nanoscale, 3(4), 1697—
1702.

Hussain, J., Liu, Y., Lopes, W. A., Druzian, J. 1., Souza, C. O., Carvalho, G.
C., Nascimento, I. A., & Liao, W. (2015). Effects of different biomass
drying and lipid extraction methods on algal lipid yield, fatty acid profile,
and biodiesel quality. Applied Biochemistry and Biotechnology, 175(6),
3048-3057.

Hussein, N., Ah-Sing, E., Wilkinson, P., Leach, C., Griffin, B. A., & Millward,
D. J. (2005). Long-chain conversion of [13C] linoleic acid and a-
linolenic acid in response to marked changes in their dietary intake in

169



men. Journal of Lipid Research, 46(2), 269-280.

Inoue, T., Tsubaki, S., Ogawa, K., Onishi, K., & Azuma, J. (2010). Isolation of
hesperidin from peels of thinned Citrus unshiu fruits by microwave-
assisted extraction. Food Chemistry, 123(2), 542—-547.

Igbal, J., & Theegala, C. (2013). Microwave assisted lipid extraction from
microalgae using biodiesel as co-solvent. Algal Research, 2(1), 34—42.

Jain, T., Jain, V., Pandey, R., Vyas, A., & Shukla, S. S. (2009). Microwave
assisted extraction for phytoconstituents—an overview. Asian Journal of
Research in Chemistry, 2(1), 19-25.

Jia, X., Han, Y., Liu, X., Duan, T., & Chen, H. (2011). Speciation of mercury
in water samples by dispersive liquid-liquid microextraction combined
with high performance liquid chromatography-inductively coupled
plasma mass spectrometry. Spectrochimica Acta - Part B Atomic
Spectroscopy, 66(1), 88—92. https://doi.org/10.1016/j.sab.2010.12.003

Jones, D. A., Lelyveld, T. P., Mavrofidis, S. D., Kingman, S. W., & Miles, N.
J.  (2002). Microwave heating applications in environmental
engineering—a review. Resources, Conservation and Recycling, 34(2),
75-90.

Joshua, J., Magaret, S., Pranesh, M., Chellappan, K., Cecilia, W., & Mutalib,
M. L. A. (2018). Separation and Puri fi cation Technology Extractive
desulfurization of model fuel oil using ester functionalized imidazolium
ionic liquids. Separation and Purification Technology, 196(August
2017), 115-123. https://doi.org/10.1016/j.seppur.2017.08.050

Ju, Z. Y., Deng, D.-F., & Dominy, W. (2012). A defatted microalgae
(Haematococcus pluvialis) meal as a protein ingredient to partially
replace fishmeal in diets of Pacific white shrimp (Litopenaeus vannamei,
Boone, 1931). Aquaculture, 354, 50-55.

Kadi, H., & Fellag, H. (2001). Modeling of oil extraction from olive foot cake
using hexane. Grasas y Aceites, 52(6), 369-372.
https://doi.org/10.3989/gya.2001.v52.16.346

Kanitkar, A. V. (2010). Parameterization of microwave assisted oil extraction
and its transesterification to biodiesel.

Kapoore, R., Butler, T., Pandhal, J., & Vaidyanathan, S. (2018). Microwave-
assisted extraction for microalgae: from biofuels to biorefinery. Biology,
7(1), 18.

Kappe, C. O. (2002). High-speed combinatorial synthesis utilizing microwave
irradiation. Current Opinion in Chemical Biology, 6(3), 314-320.

Kappe, C. O. (2004). Controlled microwave heating in modern organic
synthesis. Angewandte Chemie International Edition, 43(46), 6250—
6284.

Kappe, C. O., & Dallinger, D. (2009). Controlled microwave heating in modern

170



organic synthesis: highlights from the 2004-2008 literature. Molecular
Diversity, 13(2), 71.

Kappe, C. O., Pieber, B., & Dallinger, D. (2013). Microwave effects in organic
synthesis: myth or reality? Angewandte Chemie International Edition,
52(4), 1088—1094.

Kappe, C. O., Stadler, A., & Dallinger, D. (2012). Microwaves in organic and
medicinal chemistry. John Wiley & Sons.

Karacabey, E., Bayindirli, L., Artik, N., & Mazza, G. (2013). MODELING
SOLID-LIQUID  EXTRACTION  KINETICS OF TRANS-
RESVERATROL AND TRANS-¢-VINIFERIN FROM GRAPE CANE.
Journal of Food Process Engineering, 36(1), 103—112.

Kennedy, M. J., Reader, S. L., & Davies, R. J. (1993). Fatty acid production
characteristics of fungi with particular emphasis on gamma linolenic acid
production. Biotechnology and Bioengineering, 42(5), 625-634.

Keshwani, Deepak R, & Cheng, J. J. (2010). Modeling changes in biomass
composition during microwave-based alkali pretreatment of switchgrass.
Biotechnology and Bioengineering, 105(1), 88-97.

Keshwani, Deepak Radhakrishin. (2009). Microwave pretreatment of
switchgrass for bioethanol production.

Keskin, S., Kayrak-Talay, D., Akman, U., & Hortagsu, 0. (2007). A review of
ionic liquids towards supercritical fluid applications. Journal of
Supercritical Fluids, 43(1), 150-180.
https://doi.org/10.1016/j.supflu.2007.05.013

Khajeh, M., & Sanchooli, E. (2010). Optimization of microwave-assisted
extraction procedure for zinc and iron determination in celery by Box—
Behnken design. Food Analytical Methods, 3(2), 75-79.

Khoeyi, Z. A., Seyfabadi, J., & Ramezanpour, Z. (2012). Effect of light
intensity and photoperiod on biomass and fatty acid composition of the
microalgae, Chlorella vulgaris. Aquaculture International, 20(1), 41—49.

Kilulya, K. F., Msagati, T. A. M., & Mamba, B. B. (2014). lonic liquid-based
extraction of fatty acids from blue-green algal cells enhanced by direct

transesterification and determination using GCx GC-TOFMS.
Chromatographia, 77(5-6), 479-486.

Kim, T., Lee, J., & Lee, K.-H. (2014). Microwave heating of carbon-based
solid materials. Carbon Letters, 15(1), 15-24.

Kim, Y.-H., Choi, Y.-K., Park, J., Lee, S., Yang, Y.-H., Kim, H. J., Park, T.-J.,
Kim, Y. H., & Lee, S. H. (2012). Ionic liquid-mediated extraction of
lipids from algal biomass. Bioresource Technology, 109, 312-315.

Kim, Y.-H., Park, S., Kim, M. H., Choi, Y.-K., Yang, Y.-H., Kim, H. J., Kim,
H., Kim, H.-S., Song, K.-G., & Lee, S. H. (2013). Ultrasound-assisted
extraction of lipids from Chlorella vulgaris using [Bmim][MeSO4].

171



Biomass and Bioenergy, 56, 99-103.

Kim, Y., Choi, Y., Park, J., Lee, S., Yang, Y., Joo, H., Park, T., Hwan, Y., &
Hyun, S. (2012). Ionic liquid-mediated extraction of lipids from algal
biomass. Bioresource Technology, 109, 312-315.
https://doi.org/10.1016/j.biortech.2011.04.064

Kim, Y. H., Choi, Y. K., Park, J., Lee, S., Yang, Y. H., Kim, H. J., Park, T. J.,
Hwan Kim, Y., & Lee, S. H. (2012). Ionic liquid-mediated extraction of
lipids from algal biomass. Bioresource Technology, 109, 312-315.
https://doi.org/10.1016/j.biortech.2011.04.064

Kitanovi¢, S., Milenovi¢, D., & Veljkovi¢, V. B. (2008). Empirical kinetic
models for the resinoid extraction from aerial parts of St. John’s wort
(Hypericum perforatum L.). Biochemical Engineering Journal, 41(1), 1—
11.

Klamt, A. (1995). Conductor-like Screening Model for Real Solvents : A New
Approach to the Quantitative Calculation of Solvation Phenomena.
2224-2235.

Klamt, A. (2011). The COSMO and COSMO-RS solvation models. Wiley
Interdisciplinary Reviews: Computational Molecular Science, 1(5), 699—
709.

Klamt, A., Eckert, F., & Arlt, W. (2010). COSMO-RS: an alternative to
simulation for calculating thermodynamic properties of liquid mixtures.
Annual Review of Chemical and Biomolecular Engineering, 1, 101-122.

Koberg, M., Cohen, M., Ben-Amotz, A., & Gedanken, A. (2011). Bio-diesel
production directly from the microalgae biomass of Nannochloropsis by
microwave and ultrasound radiation. Bioresource Technology, 102(5),
4265-4269.

Kodolikar Kulkarni, S. P., Bhatkhande, D. S., Pangarkar, V., & Kulkarni, P.
(2018). Extraction of toluene and n-heptane mixture using ionic liquid
Aliquat 336 and mathematical modeling for solvent selection. Separation
Science and Technology, 53(1), 61-70.

Koller, M., Muhr, A., & Braunegg, G. (2014). Microalgae as versatile cellular
factories for valued products. Algal Research, 6, 52—63.

Kostas, E. T., Beneroso, D., & Robinson, J. P. (2017). The application of
microwave heating in bioenergy: A review on the microwave pre-
treatment and upgrading technologies for biomass. Renewable and
Sustainable Energy Reviews, 77, 12-27.

Kowalski, S. J., Musielak, G., & Banaszak, J. (2010). Heat and mass transfer
during microwave-convective drying. AIChE Journal, 56(1), 24-35.

Krishnan. S. (2017). Microwave Assisted Lipid Extraction from Chlorella
vulgaris with Octyl-Methyl Imidazolium based Ionic Liquid as Additive.

Krishnan, R. Y., & Rajan, K. S. (2016). Microwave assisted extraction of

172



flavonoids from Terminalia bellerica: study of kinetics and
thermodynamics. Separation and Purification Technology, 157, 169—
178.

Krishnan, S., Ghani, N. A., Aminuddin, N. F., Quraishi, K. S., Azman, N. S.,
Cravotto, G., & Leveque, J. M. (2020). Microwave-assisted lipid
extraction from Chlorella vulgaris in water with 0.5%-2.5% of
imidazolium based ionic liquid as additive. Renewable Energy, 149,
244-252. https://doi.org/10.1016/j.renene.2019.12.063

Kumar, A. A. P., & Banerjee, T. (2009). Thiophene separation with ionic
liquids for desulphurization: A quantum chemical approach. Fluid Phase
Equilibria, 278(1-2), 1-8.

Kumar, A., Thakur, A., & Panesar, P. S. (2018). Lactic acid extraction using
environmentally benign green emulsion ionic liquid membrane. Journal
of Cleaner Production, 181, 574-583.

Kumar, L., Banerjee, T., & Mohanty, K. (2011). Prediction of selective
extraction of cresols from aqueous solutions by ionic liquids using
theoretical approach. Separation Science and Technology, 46(13), 2075—
2087.

Kurosawa, K., Boccazzi, P., de Almeida, N. M., & Sinskey, A. J. (2010). High-
cell-density batch fermentation of Rhodococcus opacus PD630 using a
high glucose concentration for triacylglycerol production. Journal of
Biotechnology, 147(3-4), 212-218.

Kushwaha, R., Kumar, V., Vyas, G., & Kaur, J. (2018). Optimization of
different variable for eco-friendly extraction of betalains and
phytochemicals from beetroot pomace. Waste and Biomass Valorization,
9(9), 1485-1494.

Kusuma, H. S., & Mahfud, M. (2017). Comparison of kinetic models of oil
extraction from sandalwood by microwave-assisted hydrodistillation.
International Food Research Journal, 24(August), 1697—-1702.

Lazar, L., Talmaciu, A. L., Volf, 1., & Popa, V. I. (2016). Kinetic modeling of
the ultrasound-assisted extraction of polyphenols from Picea abies bark.
Ultrasonics Sonochemistry, 32, 191-197.

Lazo, M., Manzano-patin, A., Cortez-lugo, M., Romieu, 1., Te, M. M.,
Hernandez-avila, M., Holguin, F., Julien, P., & Be, M. C. (2005). Omega-
3 Fatty Acid Prevents Heart Rate Variability Reductions Associated with
Particulate Matter. https://doi.org/10.1164/rccm.200503-3720C

Le Costaouéc, T., Unamunzaga, C., Mantecon, L., & Helbert, W. (2017). New
structural insights into the cell-wall polysaccharide of the diatom
Phaeodactylum tricornutum. Algal Research, 26, 172—179.

Lee, A. K., Lewis, D. M., & Ashman, P. J. (2012). Disruption of microalgal
cells for the extraction of lipids for biofuels: processes and specific
energy requirements. Biomass and Bioenergy, 46, 89—101.

173



Lee, A. K., Lewis, D. M., & Ashman, P. J. (2013). Force and energy
requirement for microalgal cell disruption: an atomic force microscope
evaluation. Bioresource Technology, 128, 199-206.

Lee, J.-Y., Yoo, C., Jun, S.-Y., Ahn, C.-Y., & Oh, H.-M. (2010). Comparison
of several methods for effective lipid extraction from microalgae.
Bioresource Technology, 101(1), S75-S77.

Lee,J. Y., Yoo, C, Jun, S. Y., Ahn, C. Y., & Oh, H. M. (2010). Comparison
of several methods for effective lipid extraction from microalgae.
Bioresource Technology, 101(1 SUPPL.), S75-S77.
https://doi.org/10.1016/j.biortech.2009.03.058

Lee, J., Yoo, C., Jun, S., Ahn, C., & Oh, H. (2010). Bioresource Technology
Comparison of several methods for effective lipid extraction from
microalgae. Bioresource Technology, 101(1), S75-S77.
https://doi.org/10.1016/j.biortech.2009.03.058

Lei, Zhigang, Arlt, W., & Wasserscheid, P. (2006). Separation of 1-hexene and
n-hexane with ionic liquids. Fluid Phase Equilibria, 241(1-2), 290-299.

Lei, Zhigang, Arlt, W., & Wasserscheid, P. (2007). Selection of entrainers in
the 1-hexene/n-hexane system with a limited solubility. Fluid Phase
Equilibria, 260(1), 29-35.

Lei, Zhiping, Wu, L., Zhang, Y., Shui, H., Wang, Z., Pan, C., Li, H., Ren, S.,
& Kang, S. (2012). Microwave-assisted extraction of Xianfeng lignite in
1-butyl-3-methyl-imidazolium chloride. Fuel, 95, 630—633.

Lenihan-Geels, G., Bishop, K., & Ferguson, L. (2013). Alternative sources of
omega-3 fats: can we find a sustainable substitute for fish? Nutrients,
5(4), 1301-1315.

Leontidis, E., Aroti, A., & Belloni, L. (2009). Liquid expanded monolayers of
lipids as model systems to understand the anionic Hofmeister series: 1.
A tale of models. The Journal of Physical Chemistry B, 113(5), 1447—
1459.

Lewis, T., Nichols, P. D., & McMeekin, T. A. (2000). Evaluation of extraction
methods for recovery of fatty acids from lipid-producing
microheterotrophs. Journal of Microbiological Methods, 43(2), 107-116.
https://doi.org/10.1016/S0167-7012(00)00217-7

Li, H., Pordesimo, L., & Weiss, J. (2004). High intensity ultrasound-assisted
extraction of oil from soybeans. Food Research International, 37(7),
731-738.

Li, M., Pham, P. J., Wang, T., Jr, C. U. P., & Li, T. (2009). Selective extraction
and enrichment of polyunsaturated fatty acid methyl esters from fish oil
by novel O -complexing sorbents. 66, 1-8.
https://doi.org/10.1016/j.seppur.2008.12.009

Li, M., Pittman Jr, C. U., & Li, T. (2009). Extraction of polyunsaturated fatty

174



acid methyl esters by imidazolium-based ionic liquids containing silver
tetrafluoroborate—Extraction equilibrium studies. Talanta, 78(4-5),
1364-1370.
https://doi.org/http://dx.doi.org/10.1016/j.talanta.2009.02.011

Li, Yan, Naghdi, F. G., Garg, S., Adarme-Vega, T. C., Thurecht, K. J., Ghafor,
W. A., Tannock, S., & Schenk, P. M. (2014). A comparative study: the
impact of different lipid extraction methods on current microalgal lipid
research. Microbial Cell Factories, 13(1), 14.

Li, Yanshuo, & Yang, W. (2008). Microwave synthesis of zeolite membranes:
A review. Journal of Membrane Science, 316(1-2), 3—17.

Li, Ying, Radoiu, M., Fabiano-Tixier, A.-S., & Chemat, F. (2012). From
laboratory to industry: scale-up, quality, and safety consideration for
microwave-assisted extraction. In Microwave-assisted extraction for
bioactive compounds (pp. 207-229). Springer.

Lidstrom, P., Tierney, J., Watheyb, B., & Westmana, J. (2001). Microwave
assisted organic synthesisPa review. Tetrahedron, 57, 9225-9283.

Liu, J., Sun, Z., & Gerken, H. (2015). Recent Advances in Microalgal
Biotechnology Omega-3 Polyunsaturated Fatty Acids from Algae.
Biotechnology Advances, 8(4), 709—727. https://doi.org/10.4172/978-1-
63278-066-9-67

Liu, T., Sui, X., Zhang, R., Yang, L., Zu, Y., Zhang, L., Zhang, Y., & Zhang,
Z. (2011). Application of ionic liquids based microwave-assisted
simultaneous extraction of carnosic acid, rosmarinic acid and essential

oil from Rosmarinus officinalis. Journal of Chromatography A,
1218(47), 8480—-8489.

Loupy, A., & Varma, R. S. (2006). Microwave effects in organic synthesis.
Chimica Oggi* Chemistry Today, 24(3), 36.

Lu, W, & Qi, B. (2002). Use of ionic liquids for pi-conjugated polymer
electochemical devices.

Lu, Y., & Xu, J. (2015). Phytohormones in microalgae: a new opportunity for
microalgal biotechnology? Trends in Plant Science, 20(5), 273-282.

Lubian, L. M., Montero, O., Moreno-Garrido, 1., Huertas, 1. E., Sobrino, C.,
Gonzalez-del Valle, M., & Parés, G. (2000). Nannochloropsis
(Eustigmatophyceae) as source of commercially valuable pigments.
Journal of Applied Phycology, 12(3-5), 249-255.

Luska, K. L., Migowski, P., & Leitner, W. (2015). Ionic liquid-stabilized
nanoparticles as catalysts for the conversion of biomass. Green
Chemistry, 17(6), 3195-3206.

Ly, M., Margaritis, A., & Jajuee, B. (2007). Effect of solvent concentration on
the extraction kinetics and diffusivity of Cyclosporin A in the fungus
Tolypocladium inflatum. Biotechnology and Bioengineering, 96(1), 67—

175



79.

Lynam, J. G., Chow, G. I, Hyland, P. L., & Coronella, C. J. (2016). Corn stover
pretreatment by ionic liquid and glycerol mixtures with their density,
viscosity, and thermogravimetric properties. ACS Sustainable Chemistry
and Engineering, 4(7), 3786-3793.
https://doi.org/10.1021/acssuschemeng.6b00480

Lynden-Bell, R. M., Atamas, N. A., Vasilyuk, A., & Hanke, C. G. (2002).
Chemical potentials of water and organic solutes in imidazolium ionic
liquids: a simulation study. Molecular Physics, 100(20), 3225-3229.

Maity, J. P., Bundschuh, J., Chen, C.-Y., & Bhattacharya, P. (2014).
Microalgae for third generation biofuel production, mitigation of
greenhouse gas emissions and wastewater treatment: Present and future
perspectives—A mini review. Energy, 78, 104—113.

Maiki-Arvela, P., Anugwom, L., Virtanen, P., Sjoholm, R., & Mikkola, J.-P.
(2010). Dissolution of lignocellulosic materials and its constituents using
ionic liquids—a review. Industrial Crops and Products, 32(3), 175-201.

Man, M. S., Abdullah, M. A. M., Abdullah, S. B., & Yaacob, Z. (2017).
Screening Cation and Anion of lonic Liquid for Dissolution of Silicon
Dioxide using COSMO-RS. 10(February).
https://doi.org/10.17485/ijst/2017/v10i6/111218

Mandal, V., Mohan, Y., & Hemalatha, S. (2007). Microwave assisted
extraction—an innovative and promising extraction tool for medicinal
plant research. Pharmacognosy Reviews, 1(1), 7—18.

Manirafasha, E., Ndikubwimana, T., Zeng, X., Lu, Y., & Jing, K. (2016).
Phycobiliprotein: potential microalgae derived pharmaceutical and
biological reagent. Biochemical Engineering Journal, 109, 282-296.

Marciniak, A., & Letcher, T. M. (2014). Activity Coefficients at Infinite
Dilution and Physicochemical Properties for Organic Solutes and Water
in the Tonic Liquid 1-Ethyl-3-methylimidazolium.
https://doi.org/10.1007/s10953-014-0274-0

Marik, P. E., & Varon, J. (2009). Omega-3 dietary supplements and the risk of
cardiovascular events: A systematic review. Clinical Cardiology, 32(7),
365-372. https://doi.org/10.1002/clc.20604

Marrucho, I. M., Branco, L. C., & Rebelo, L. P. N. (2014). Ionic liquids in
pharmaceutical applications. Annual Review of Chemical and
Biomolecular Engineering, 5, 527-546.

Martinez-Guerra, E., Gude, V. G., Mondala, A., Holmes, W., & Hernandez, R.
(2014). Extractive-transesterification of algal lipids under microwave
irradiation with hexane as solvent. Bioresource Technology, 156, 240—
247.

Martinez-Palou, R. (2010). Microwave-assisted synthesis using ionic liquids.

176



Molecular Diversity, 14(1), 3-25.

Martins, S., Aguilar, C. N., Garza-Rodriguez, 1. de la, Mussatto, S. 1., &
Teixeira, J. A. (2010). Kinetic study of nordihydroguaiaretic acid
recovery from Larrea tridentata by microwave-assisted extraction.
Journal of Chemical Technology & Biotechnology, 85(8), 1142—-1147.

McKendry, P. (2002). Energy production from biomass (part 2): conversion
technologies. Bioresource Technology, 83(1), 47-54.

Meindersma, G. W., & De Haan, A. B. (2012). Cyano-containing ionic liquids
for the extraction of aromatic hydrocarbons from an aromatic/aliphatic
mixture. Science China Chemistry, 55(8), 1488—1499.

Mellery, J., Geay, F., Tocher, D. R., Kestemont, P., Debier, C., Rollin, X., &
Larondelle, Y. (2016). Temperature increase negatively affects the fatty
acid bioconversion capacity of rainbow trout (Oncorhynchus mykiss) fed
a linseed oil-based diet. PloS One, 11(10).

Mendes, R. L., Nobre, B. P., Cardoso, M. T., Pereira, A. P., & Palavra, A. F.
(2003). Supercritical carbon dioxide extraction of compounds with
pharmaceutical importance from microalgae. Inorganica Chimica Acta,
356, 328-334.

Mercer, P., & Armenta, R. E. (2011). Developments in oil extraction from
microalgae. European Journal of Lipid Science and Technology, 113(5),
539-547. https://doi.org/10.1002/¢j1t.201000455

Meullemiestre, A., Breil, C., Abert-Vian, M., & Chemat, F. (2016).
Microwave, ultrasound, thermal treatments, and bead milling as
intensification techniques for extraction of lipids from oleaginous
Yarrowia lipolytica yeast for a biojetfuel application. Bioresource
Technology, 211, 190-199.

MH, D., JH, B., PV, S., ME, C., & KB, D. (1991). Marine oil capsule therapy
for the treatment of hyperlipidemia. Archives of Internal Medicine,
151(9), 1732-1740.

Miadonye, A., & Lin, S. (2015). Investigation on enhanced microwave
demulsification using inorganic salts. Eur. Chem. Bull, 4, 414—419.

Miazek, K., Kratky, L., Sulc, R., Jirout, T., Aguedo, M., Richel, A., & Goffin,
D. (2017). Effect of organic solvents on microalgae growth, metabolism
and industrial bioproduct extraction: a review. International Journal of
Molecular Sciences, 18(7), 1429.

Michalak, 1., & Chojnacka, K. (2014). Algal extracts: Technology and
advances. Engineering in Life Sciences, 14(6), 581-591.

Michalak, I., & Chojnacka, K. (2015). Algae as production systems of
bioactive compounds. Engineering in Life Sciences, 15(2), 160—176.

Mimouni, V., Ulmann, L., Pasquet, V., Mathieu, M., Picot, L., Bougaran, G.,
Cadoret, J.-P., Morant-Manceau, A., & Schoefs, B. (2012). The potential

177



of microalgae for the production of bioactive molecules of
pharmaceutical interest. Current Pharmaceutical Biotechnology, 13(15),
2733-2750.

Mishra, R. R., & Sharma, A. K. (2016). Microwave—material interaction
phenomena: heating mechanisms, challenges and opportunities in
material processing. Composites Part A: Applied Science and
Manufacturing, 81, 78-97.

Mitra, S. (2004). Sample preparation techniques in analytical chemistry (Vol.
237). John Wiley & Sons.

Moazami, N., Ashori, A., Ranjbar, R., Tangestani, M., Eghtesadi, R., & Nejad,
A. S.(2012). Large-scale biodiesel production using microalgae biomass
of Nannochloropsis. Biomass and Bioenergy, 39, 449-453.

Mohammad, A. (2012). Green solvents II: properties and applications of ionic
liquids (Vol. 2). Springer Science & Business Media.

Mohan, N., & Suresh, C. H. (2014). A Molecular Electrostatic Potential
Analysis of Hydrogen, Halogen, and Dihydrogen Bonds.

Mohanty, S., Banerjee, T., & Mohanty, K. (2010). Quantum chemical based
screening of ionic liquids for the extraction of phenol from aqueous
solution. Industrial & Engineering Chemistry Research, 49(6), 2916—
2925.

Molins, C., Hogendoorn, E. A., Heusinkveld, H. A. G., Van Harten, D. C., Van
Zoonen, P., & Baumann, R. A. (1996). Microwave assisted solvent
extraction (MASE) for the efficient determination of triazines in soil
samples with aged residues. Chromatographia, 43(9—10), 527-532.

Moreno, A. O., Dorantes, L., Galindez, J., & Guzman, R. 1. (2003). Effect of
different extraction methods on fatty acids, volatile compounds, and
physical and chemical properties of avocado (Persea americana Mill.) oil.
Journal of Agricultural and Food Chemistry, 51(8), 2216-2221.

Mourelle, M. L., Gémez, C. P., & Legido, J. L. (2017). The potential use of
marine microalgae and cyanobacteria in cosmetics and thalassotherapy.
Cosmetics, 4(4), 46.

Mu, X., Jiang, N., Liu, C., & Zhang, D. (2017). New Insight into the Formation
Mechanism of Imidazolium-Based Ionic Liquids from N-Alkyl
Imidazoles and Halogenated Hydrocarbons: A Polar Microenvironment
Induced and Autopromoted Process. The Journal of Physical Chemistry
A, 121(5), 1133-1139.

Mubarak, M., Shaija, A., & Suchithra, T. V. (2015). A review on the extraction
of lipid from microalgae for biodiesel production. Algal Research, 7,
117-123. https://doi.org/10.1016/j.algal.2014.10.008

Muralidharan, N. G., & Ranjitha, J. (2015). Microwave assisted biodiesel
production from dairy waste scum oil using alkali catalysts. International

178



Journal of ChemTech Research, 8(8), 167-174.

Mustapa, A. N., Martin, A., Gallego, J. R., Mato, R. B., & Cocero, M. J.
(2015a). Microwave-assisted extraction of polyphenols from
Clinacanthus nutans Lindau medicinal plant: Energy perspective and
kinetics modeling. Chemical Engineering and Processing: Process
Intensification, 97(September), 66-74.
https://doi.org/10.1016/j.cep.2015.08.013

Mustapa, A. N., Martin, A., Gallego, J. R., Mato, R. B., & Cocero, M. J.
(2015b). Microwave-assisted extraction of polyphenols from
Clinacanthus nutans Lindau medicinal plant: Energy perspective and
kinetics modelling. Elsevier B.V.
https://doi.org/10.1016/j.cep.2015.08.013

Mutyala, S., Fairbridge, C., Paré, J. R. J., Bélanger, J. M. R., Ng, S., &
Hawkins, R. (2010). Microwave applications to oil sands and petroleum:
A review. Fuel Processing Technology, 91(2), 127-135.

Nazari, S., Cameron, S., Johnson, M. B., & Ghandi, K. (2013).
Physicochemical properties of imidazo-pyridine protic ionic liquids.
Journal of Materials Chemistry A, 1(38), 11570—11579.

Nichols, P. D., McManus, A., Krail, K., Sinclair, A. J., & Miller, M. (2014).
Recent advances in omega-3: Health benefits, Sources, Products and
bioavailability. Nutrients, 6(9), 3727-3733.
https://doi.org/10.3390/nu6093727

Norsker, N.-H., Barbosa, M. J., Vermué, M. H., & Wijffels, R. H. (2011).
Microalgal production—a close look at the economics. Biotechnology
Advances, 29(1), 24-27.

Odjadjare, E. C., Mutanda, T., & Olaniran, A. O. (2017). Potential
biotechnological application of microalgae: a critical review. Critical
Reviews in Biotechnology, 37(1), 37-52.

Oghbaei, M., & Mirzaee, O. (2010). Microwave versus conventional sintering:
A review of fundamentals, advantages and applications. Journal of
Alloys and Compounds, 494(1-2), 175-189.

Olkiewicz, M., Caporgno, M. P., Font, J., Legrand, J., Lepine, O., Plechkova,
N. V, Pruvost, J., Seddon, K. R., & Bengoa, C. (2015). A novel recovery
process for lipids from microalgae for biodiesel production using a
hydrated phosphonium ionic liquid. Green Chemistry, 17(5), 2813-2824.

Olkiewicz, M., Plechkova, N. V, Earle, M. J., Fabregat, A., Stiiber, F., Fortuny,
A., Font, J., & Bengoa, C. (2016). Biodiesel production from sewage
sludge lipids catalysed by Brensted acidic ionic liquids. Applied
Catalysis B: Environmental, 181, 738-746.

Ondruschka, B., & Asghari, J. (2006). Microwave-Assisted Extraction—A
State-of-the-Art Overview of Varieties. CHIMIA International Journal
for Chemistry, 60(6), 321-325.

179



Orawiec, M. (2016). Activity Coe ffi cients at In fi nite Dilution of Organic
Solutes and Water in Tributylethylphosphonium Diethylphosphate Using
Gas — Liquid Chromatography: Thermodynamic Properties of Mixtures
Containing lonic Liquids. https://doi.org/10.1021/acs.jced.5b00980

Orr, V. C. A., Plechkova, N. V., Seddon, K. R., & Rehmann, L. (2016).
Disruption and Wet Extraction of the Microalgae Chlorella vulgaris
Using Room-Temperature lonic Liquids. ACS Sustainable Chemistry
and Engineering, 4(2), 591-600.
https://doi.org/10.1021/acssuschemeng.5b00967

Orr, V. C. A., Plechkova, N. V, Seddon, K. R., & Rehmann, L. (2015a).
Disruption and wet extraction of the microalgae Chlorella vulgaris using
room-temperature ionic liquids. ACS Sustainable Chemistry &
Engineering, 4(2), 591-600.

Orr, V. C. A., Plechkova, N. V, Seddon, K. R., & Rehmann, L. (2015b).
Disruption and Wet Extraction of the Microalgae Chlorella vulgaris
Using Room-Temperature Ionic Liquids.
https://doi.org/10.1021/acssuschemeng.5600967

Orr, V. C. A., & Rehmann, L. (2016). Ionic liquids for the fractionation of
microalgae biomass. Current Opinion in Green and Sustainable
Chemistry, 2(October), 22-27.
https://doi.org/10.1016/j.cogsc.2016.09.006

Ozkal, S. G., Yener, M. E., & Baymdirli, L. (2005). Response surfaces of
apricot kernel oil yield in supercritical carbon dioxide. LWT-Food
Science and Technology, 38(6), 611-616.

Ozogul, Y., Simsek, A., Balik¢i, E., & Kenar, M. (2012). The effects of
extraction methods on the contents of fatty acids, especially EPA and
DHA in marine lipids. International Journal of Food Sciences and
Nutrition, 63(3), 326-331.
https://doi.org/10.3109/09637486.2011.627844

Paduszynski, K. (2017). An overview of the performance of the COSMO-RS
approach in predicting the activity coefficients of molecular solutes in
ionic liquids and derived properties at infinite dilution. Physical
Chemistry Chemical Physics, 19(19), 11835-11850.

Pan, J., Muppaneni, T., Sun, Y., Reddy, H. K., Fu, J., Lu, X., & Deng, S.
(2016a). Microwave-assisted extraction of lipids from microalgae using
an ionic liquid solvent [BMIM][HSO4]. Fuel, 178, 49-55.
https://doi.org/10.1016/j.fuel.2016.03.037

Pan, J., Muppaneni, T., Sun, Y., Reddy, H. K., Fu, J., Lu, X., & Deng, S.
(2016b). Microwave-assisted extraction of lipids from microalgae using
an ionic liquid solvent [BMIM][HSO4]. Fuel, 178, 49-55.

Pan, K., Qin, J., Li, S., Dai, W., Zhu, B., Jin, Y., Yu, W,, Yang, G., & Li, D.
(2011). NUCLEAR MONOPLOIDY AND ASEXUAL
PROPAGATION OF NANNOCHLOROPSIS OCEANICA

180



(EUSTIGMATOPHYCEAE) AS REVEALED BY ITS GENOME
SEQUENCE 1. Journal of Phycology, 47(6), 1425-1432.

Pasquet, V., Chérouvrier, J.-R., Farhat, F., Thiéry, V., Piot, J.-M., Bérard, J.-
B., Kaas, R., Serive, B., Patrice, T., & Cadoret, J.-P. (2011). Study on the
microalgal pigments extraction process: Performance of microwave
assisted extraction. Process Biochemistry, 46(1), 59—67.

Patel, D., & Patel, B. (2011). Microwave assisted organic synthesis: an
overview. J. Pharm. Res, 4(7), 2090-2092.

Patil, D. M., & Akamanchi, K. G. (2017). Microwave assisted process
intensification and kinetic modelling: Extraction of camptothecin from
Nothapodytes nimmoniana plant. Industrial Crops and Products, 98, 60—
67.

Patil, P. D., Gude, V. G., Mannarswamy, A., Cooke, P., Munson-McGee, S.,
Nirmalakhandan, N., Lammers, P., & Deng, S. (2011a). Optimization of
microwave-assisted transesterification of dry algal biomass using
response surface methodology. Bioresource Technology, 102(2), 1399—
1405.

Patil, P. D., Gude, V. G., Mannarswamy, A., Cooke, P., Munson-McGee, S.,
Nirmalakhandan, N., Lammers, P., & Deng, S. (2011b). Optimization of
microwave-assisted transesterification of dry algal biomass using
response surface methodology. Bioresource Technology, 102(2), 1399—
1405. https://doi.org/10.1016/j.biortech.2010.09.046

Patricelli, A., Assogna, A., Casalaina, A., Emmi, E., & Sodini, G. (1979).
Fattori che influenzano I’estrazione dei lipidi da semi decorticati di
girasole. Rivista [taliana Delle Sostanze Grasse.

Perdew, J. P. (1986). Density-functional approximation for the correlation
energy of the inhomogeneous electron gas. The American Physical
Society, 33(June), 8822—8824.

Pereira, C. G., & Meireles, M. A. A. (2010). Supercritical fluid extraction of
bioactive compounds: fundamentals, applications and economic
perspectives. Food and Bioprocess Technology, 3(3), 340-372.

Pereiro, A. B., Aragjo, J. M. M., Esperanga, J., Marrucho, I. M., & Rebelo, L.
P. N. (2012). Ionic liquids in separations of azeotropic systems—A
review. The Journal of Chemical Thermodynamics, 46, 2-28.

Pereiro, A. B., Deive, F. J., Esperanca, J., & Rodriguez, A. (2010).
Alkylsulfate-based ionic liquids to separate azeotropic mixtures. Fluid
Phase Equilibria, 291(1), 13—17.

Perez, E. E., Carelli, A. A., & Crapiste, G. H. (2011). Temperature-dependent
diffusion coefficient of oil from different sunflower seeds during
extraction with hexane. Journal of Food Engineering, 105(1), 180—185.

Peric, B., Sierra, J., Marti, E., Cruafas, R., & Garau, M. A. (2014). A

181



comparative study of the terrestrial ecotoxicity of selected protic and
aprotic ionic liquids. Chemosphere, 108, 418—425.

Périno-Issartier, S., Ginies, C., Cravotto, G., & Chemat, F. (2013). A
comparison of essential oils obtained from lavandin via different
extraction processes: Ultrasound, microwave, turbohydrodistillation,
steam and hydrodistillation. Journal of Chromatography A, 1305, 41-47.
https://doi.org/10.1016/j.chroma.2013.07.024

Piasecka, A., Krzeminska, 1., & Tys, J. (2014). Physical methods of microalgal
biomass pretreatment. International Agrophysics, 28(3), 341-348.

Pico, Y. (2013). Ultrasound-assisted extraction for food and environmental
samples. TrAC Trends in Analytical Chemistry, 43, 84-99.

Pieber, S., Schober, S., & Mittelbach, M. (2012). Pressurized fluid extraction
of polyunsaturated fatty acids from the microalga Nannochloropsis
oculata.  Biomass and  Bioenergy, 47(August), 474-482.
https://doi.org/10.1016/j.biombioe.2012.10.019

Pinkert, A. (2011). Investigations on the use of ionic liquids for superior
biomass processing.

Potangale, M., Das, A., Kapoor, S., & Tiwari, S. (2017). Effect of anion and
alkyl chain length on the structure and interactions of N-alkyl pyridinium
ionic liquids. Journal of Molecular Liquids, 240, 694-707.

Prabakaran, P., & Ravindran, A. D. (2011). A comparative study on effective
cell disruption methods for lipid extraction from microalgae. Letters in
Applied Microbiology, 53(2), 150—154.

Pragya, N., Pandey, K. K., & Sahoo, P. K. (2013). A review on harvesting, oil
extraction and biofuels production technologies from microalgae.
Renewable and Sustainable Energy Reviews, 24, 159-171.

Praveenkumar, R., Lee, K., Lee, J., & Oh, Y.-K. (2015). Breaking dormancy:
an energy-efficient means of recovering astaxanthin from microalgae.
Green Chemistry, 17(2), 1226-1234.

Priego-Capote, F., & de Castro, M. D. L. (2005). Focused microwave-assisted
Soxhlet extraction: a convincing alternative for total fat isolation from
bakery products. Talanta, 65(1), 81-86.

Priyadarshani, I., & Rath, B. (2012). Commercial and industrial applications of
micro algae — A review. Journal of Algal Biomass Utilization, 3(4), 89—
100.

Qiu, B., Lin, B., & Yan, F. (2013). Ionic liquid/poly (ionic liquid)-based
electrolytes for energy devices. Polymer International, 62(3), 335-337.

Qiu, Z., Aita, G. M., & Walker, M. S. (2012). Effect of ionic liquid pretreatment
on the chemical composition, structure and enzymatic hydrolysis of
energy cane bagasse. Bioresource Technology, 117, 251-256.
https://doi.org/10.1016/j.biortech.2012.04.070

182



Qu, Y., Luo, H.,Li, H., & Xu, J. (2015). Comparison on structural modification
of industrial lignin by wet ball milling and ionic liquid pretreatment.
Biotechnology Reports, 6, 1-7.

Qv, X., Zhou, Q., & Jiang, J. (2014). Ultrasound-enhanced and microwave-
assisted extraction of lipid from Dunaliella tertiolecta and fatty acid
profile analysis. Journal of Separation Science, 37(20), 2991-2999.

Radakovits, R., Jinkerson, R. E., Fuerstenberg, S. 1., Tae, H., Settlage, R. E.,
Boore, J. L., & Posewitz, M. C. (2012). Draft genome sequence and
genetic transformation of the oleaginous alga Nannochloropis gaditana.
Nature Communications, 3, 610-686.
https://doi.org/10.1038/ncomms 1688

Rahimi, M. A., Omar, R., Ethaib, S., Siti Mazlina, M. K., Awang Biak, D. R.,
& Nor Aisyah, R. (2017). Microwave-assisted extraction of lipid from
fish waste. IOP Conference Series: Materials Science and Engineering,
206(1). https://doi.org/10.1088/1757-899X/206/1/012096

Rakesh, S., Dhar, D. W., Prasanna, R., Saxena, A. K., Saha, S., Shukla, M., &
Sharma, K. (2015). Cell disruption methods for improving lipid
extraction efficiency in unicellular microalgae. Engineering in Life
Sciences, 15(4), 443—447. https://doi.org/10.1002/elsc.201400222

Rakovec, O., Hill, M. C., Clark, M. P., Weerts, A. H., Teuling, A. J., &
Uijlenhoet, R. (2014). Distributed Evaluation of Local Sensitivity
Analysis (DELSA), with application to hydrologic models. Water
Resources Research, 50(1), 409—426.

Ramluckan, K., Moodley, K. G., & Bux, F. (2014). An evaluation of the
efficacy of using selected solvents for the extraction of lipids from algal
biomass by the soxhlet extraction method. Fuel, 116, 103—108.

Ranitha, M., Nour, A. H., Ziad, A. S., Azhari, H. N., & ThanaRaj, S. (2014).
Optimization of microwave assisted hydrodistillation of Lemongrass
(Cymbopogon citratus) using response surface methodology. Int. J. Res.
Eng. Technol, 3, 5-14.

Ranjith Kumar, R., Hanumantha Rao, P., & Arumugam, M. (2015a). Lipid
extraction methods from microalgae: a comprehensive review. Frontiers
in Energy Research, 2, 61.

Ranjith Kumar, R., Hanumantha Rao, P., & Arumugam, M. (2015b). Lipid
Extraction Methods from Microalgae: A Comprehensive Review.
Frontiers in Energy Research, 2(January 2015).
https://doi.org/10.3389/fenrg.2014.00061

Ranjith Kumar, R., Hanumantha Rao, P., & Arumugam, M. (2015c). Lipid
Extraction Methods from Microalgae: A Comprehensive Review.
Frontiers in Energy Research, 2(January).
https://doi.org/10.3389/fenrg.2014.00061

Rashid, Z., Wilfred, C. D., Gnanasundaram, N., Arunagiri, A., & Murugesan,

183



T. (2018). Screening of ionic liquids as green oilfield solvents for the
potential removal of asphaltene from simulated oil: COSMO-RS model
approach. Journal of Molecular Liquids, 255, 492-503.
https://doi.org/10.1016/j.molliq.2018.01.023

Rawat, 1., Kumar, R. R., Mutanda, T., & Bux, F. (2011). Dual role of
microalgae: phycoremediation of domestic wastewater and biomass
production for sustainable biofuels production. Applied Energy, 88(10),
3411-3424.

Reddy, H. K., Muppaneni, T., Sun, Y., Li, Y., Ponnusamy, S., Patil, P. D.,
Dailey, P., Schaub, T., Holguin, F. O., & Dungan, B. (2014). Subcritical
water extraction of lipids from wet algae for biodiesel production. Fuel,
133, 73-81.

Rezaei Motlagh, S., Harun, R., Biak, A., Radiah, D., Hussain, S. A., Wan Ab
Karim Ghani, W. A., Khezri, R., Wilfred, C. D., & Elgharbawy, A. A.
M. (2019). Screening of Suitable Ionic Liquids as Green Solvents for
Extraction of Eicosapentaenoic Acid (EPA) from Microalgae Biomass
Using COSMO-RS Model. Molecules, 24(4), 713.

Rios, S. D., Torres, C. M., Torras, C., Salvado, J., Mateo-Sanz, J. M., &
Jiménez, L. (2013). Microalgae-based biodiesel: economic analysis of
downstream process realistic scenarios. Bioresource Technology, 136,
617-625.

Ritchie, A. G. (1977). Alternative to the Elovich equation for the kinetics of
adsorption of gases on solids. Journal of the Chemical Society, Faraday
Transactions 1: Physical Chemistry in Condensed Phases, 73, 1650—
1653.

Rodriguez-Meizoso, 1., Jaime, L., Santoyo, S., Seforans, F. J., Cifuentes, A.,
& Ibanez, E. (2010). Subcritical water extraction and characterization of
bioactive compounds from Haematococcus pluvialis microalga. Journal
of Pharmaceutical and Biomedical Analysis, 51(2), 456—463.

Rogers, R. D., Seddon, K. R., & Volkov, S. (2012). Green industrial
applications of ionic liquids (Vol. 92). Springer Science & Business
Media.

Rohman, A., Man, C., & Yaakob, B. (2011). The optimization of FTIR
spectroscopy combined with partial least square for analysis of animal
fats in quartenary mixtures. Journal of Spectroscopy, 25(3—4), 169-176.

Routray, W., & Orsat, V. (2012). Microwave-assisted extraction of flavonoids:
a review. Food and Bioprocess Technology, 5(2), 409—424.

Rubio-Rodriguez, N., Beltran, S., Jaime, 1., de Diego, S. M., Sanz, M. T., &
Carballido, J. R. (2010). Production of omega-3 polyunsaturated fatty
acid concentrates: A review. Innovative Food Science and Emerging
Technologies, 11(1), 1-12. https://doi.org/10.1016/j.ifset.2009.10.006

Ruxton, C. H. S., Reed, S. C., Simpson, M. J. A., & Millington, K. J. (2004).

184



The health benefits of omega-3 polyunsaturated fatty acids: a review of
the evidence. Journal of Human Nutrition and Dietetics, 17(5), 449-459.
https://doi.org/10.1111/j.1365-277X.2004.00552.x

Ryckebosch, E., Bermudez, S. P. C., Termote-Verhalle, R., Bruneel, C.,,
Muylaert, K., Parra-Saldivar, R., & Foubert, 1. (2014). Influence of
extraction solvent system on the extractability of lipid components from
the biomass of Nannochloropsis gaditana. Journal of Applied Phycology,
26(3), 1501-1510.

Ryckebosch, E., Bruneel, C., Muylaert, K., & Foubert, 1. (2012). Microalgae
as an alternative source of omega-3 long chain polyunsaturated fatty
acids. Lipid Technology, 24(0), 128-130.
https://doi.org/10.1002/1ite.201200197

Ryu, H., Lee, H., Iwata, S., Choi, S., Kim, M. K., Kim, Y.-R., Maruta, S., Kim,
S. M., & Jeon, T.-J. (2015). Investigation of ion channel activities of
gramicidin a in the presence of ionic liquids using model cell membranes.
Scientific Reports, 5, 11935.

Sanchez-Camargo, A. P., Martinez-Correa, H. A., Paviani, L. C., & Cabral, F.
A. (2011). Supercritical CO2 extraction of lipids and astaxanthin from
Brazilian redspotted shrimp waste (Farfantepenacus paulensis). The
Journal of Supercritical Fluids, 56(2), 164—173.

Santana, A., Jesus, S., Larrayoz, M. A., & Filho, R. M. (2012). Supercritical
carbon dioxide extraction of algal lipids for the biodiesel production.
Procedia Engineering, 42(August), 1755-1761.
https://doi.org/10.1016/j.proeng.2012.07.569

Santana, I., dos Reis, L. M. F., Torres, A. G., Cabral, L. M. C., & Freitas, S. P.
(2015). Avocado (Persea americana Mill.) oil produced by microwave
drying and expeller pressing exhibits low acidity and high oxidative
stability. European Journal of Lipid Science and Technology, 117(7),
999-1007.

Saravanan, P., Davidson, N. C., Schmidt, E. B., & Calder, P. C. (2010).
Cardiovascular effects of marine omega-3 fatty acids. The Lancet,
376(9740), 540-550. https://doi.org/10.1016/S0140-6736(10)60445-X

Satyanarayana, K. G., Mariano, A. B., & Vargas, J. V. C. (2011). A review on
microalgae, a versatile source for sustainable energy and materials.
International Journal of Energy Research, 35(4), 291-311.

Schifer, A., Huber, C., & Ahlrichs, R. (1994). Fully optimized contracted
Gaussian basis sets of triple zeta valence quality for atoms Li to Kr. The
Journal of Chemical Physics, 100(8), 5829-5835.

Scheffczyk, J., Fleitmann, L., Schwarz, A., Lampe, M., Bardow, A., &
Leonhard, K. (2017). COSMO-CAMD: A framework for optimization-
based computer-aided molecular design using COSMO-RS. Chemical
Engineering Science, 159, 84-92.

185



Seddon, K. R., Stark, A., & Torres, M.-J. (2000). Influence of chloride, water,
and organic solvents on the physical properties of ionic liquids. Pure
Appl. Chem., 72(12), 2275-2287.
https://doi.org/10.1351/pac200072122275

Severa, G., Kumar, G., Troung, M., Young, G., & Cooney, M. J. (2013).
Simultaneous extraction and separation of phorbol esters and bio-oil
from Jatropha biomass using ionic liquid-methanol co-solvents.
Separation and  Purification = Technology, 116,  265-270.
https://doi.org/10.1016/j.seppur.2013.06.001

Shahidi, F. (2008). Omega-3 oils: sources, applications, and health effects.
Marine Nutraceuticals and Functional Foods, 23-61.

Shahidi, F., & Ambigaipalan, P. (2018a). Omega-3 Polyunsaturated Fatty
Acids and Their Health Benefits. Annual Review of Food Science and
Technology, 9(1), annurev-food-111317-095850.
https://doi.org/10.1146/annurev-food-111317-095850

Shahidi, F., & Ambigaipalan, P. (2018b). Omega-3 Polyunsaturated Fatty
Acids and Their Health Benefits. Annual Review of Food Science and
Technology, 9(1), annurev-food-111317-095850.
https://doi.org/10.1146/annurev-food-111317-095850

Shahriari, S., Neves, C. M. S. S., Freire, M. G., & Coutinho, J. A. P. (2012).
Role of the Hofmeister series in the formation of ionic-liquid-based
aqueous biphasic systems. Journal of Physical Chemistry B, 116(24),
7252-7258. https://doi.org/10.1021/jp300874u

Shakya, R., Adhikari, S., Mahadevan, R., Shanmugam, S. R., Nam, H., &
Dempster, T. A. (2017). Influence of biochemical composition during
hydrothermal liquefaction of algae on product yields and fuel properties.
Bioresource Technology, 243, 1112-1120.

Shankar, M., Chhotaray, P. K., Agrawal, A., Gardas, R. L., Tamilarasan, K., &
Rajesh, M. (2017). Protic ionic liquid-assisted cell disruption and lipid
extraction from fresh water Chlorella and Chlorococcum microalgae.
Algal Research, 25, 228-236.

Shu, Y. Y., Ko, M. Y., & Chang, Y. S. (2003). Microwave-assisted extraction
of ginsenosides from ginseng root. Microchemical Journal, 74(2), 131—
139.

Silvester, D. S. (2011). Recent advances in the use of ionic liquids for
electrochemical sensing. Analyst, 136(23), 4871-4882.

Simas-Rodrigues, C., Villela, H. D. M., Martins, A. P., Marques, L. G.,
Colepicolo, P., & Tonon, A. P. (2015). Microalgae for economic
applications: advantages and perspectives for bioethanol. Journal of
Experimental Botany, 66(14), 4097-4108.

Simon, C. J., Dupuy, D. E., & Mayo-Smith, W. W. (2005). Microwave
ablation: principles and applications. Radiographics, 25(suppl_1), S69—

186



S83.

Singh, S., Gupta, D., & Jain, V. (2016). Recent applications of microwaves in
materials joining and surface coatings. Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture,
230(4), 603—617. https://doi.org/10.1177/0954405414560778

So, G. C., & MacDonald, D. G. (1986). Kinetics of oil extraction from canola
(rapeseed). The Canadian Journal of Chemical Engineering, 64(1), 80—
86.

Sobota, M., & Vrbka, P. (2009). 1-Ethyl-3-methyl-imidazolium Nitrate. 4323—
4332.

Soh, L., & Zimmerman, J. (2011). Biodiesel production: the potential of algal
lipids extracted with supercritical carbon dioxide. Green Chemistry,
13(6), 1422-1429.

Sokoto, M. A., Hassan, L. G., Dangoggo, S. M., Ahmad, H. G., & Uba, A.
(2011). Influence of fatty acid methyl esters on fuel properties of
biodiesel produced from the seeds oil of Curcubita pepo. Nigerian
Journal of Basic and Applied Sciences, 19(1).

Song, J., Li, D., Liu, C., & Zhang, Y. (2011). Optimized microwave-assisted
extraction of total phenolics (TP) from Ipomoea batatas leaves and its
antioxidant activity. Innovative Food Science & Emerging Technologies,
12(3), 282-287.

Spark, D. L. (1986). Kinetics of Reaction in pure and mixed system in soil
physical chemistry. CRC. Press, Boca Raton.

Stansell, G. R., Gray, V. M., & Sym, S. D. (2012). Microalgal fatty acid
composition: implications for biodiesel quality. Journal of Applied
Phycology, 24(4), 791-801.

Sulaiman, S., Aziz, A. R. A., & Aroua, M. K. (2013). Optimization and
modeling of extraction of solid coconut waste oil. Journal of Food
Engineering, 114(2), 228-234.

Surati, M. A., Jauhari, S., & Desai, K. R. (2012). A brief review: Microwave
assisted organic reaction. Archives of Applied Science Research, 4(1),
645-661.

Swatloski, R. P., Spear, S. K., Holbrey, J. D., & Rogers, R. D. (2002).
Dissolution of cellose with ionic liquids. Journal of the American
Chemical Society, 124(18), 4974—4975.

Szentmihalyi, K., Vinkler, P., Lakatos, B., Illés, V., & Then, M. (2002). Rose
hip (Rosa canina L.) oil obtained from waste hip seeds by different
extraction methods. Bioresource Technology, 82(2), 195-201.

Tadesse, H., & Luque, R. (2011). Advances on biomass pretreatment using
ionic liquids: An overview. Energy & Environmental Science, 4(10),
3913. https://doi.org/10.1039/c0ee00667]

187



Taher, H., Al-Zuhair, S., Al-Marzougqi, A. H., Haik, Y., Farid, M., & Tariq, S.
(2014). Supercritical carbon dioxide extraction of microalgae lipid:
process optimization and laboratory scale-up. The Journal of
Supercritical Fluids, 86, 57-66.

Talebi, A. F., Mohtashami, S. K., Tabatabaei, M., Tohidfar, M., Bagheri, A.,
Zeinalabedini, M., Mirzaei, H. H., Mirzajanzadeh, M., Shafaroudi, S. M.,
& Bakhtiari, S. (2013). Fatty acids profiling: a selective criterion for
screening microalgae strains for biodiesel production. Algal Research,
2(3), 258-267.

Tan, Z., Liu, J., & Pang, L. (2012). Advances in analytical chemistry using the
unique properties of ionic liquids. TrAC Trends in Analytical Chemistry,
39, 218-227.

Tatke, P., & Jaiswal, Y. (2011). An overview of microwave assisted extraction
and its applications in herbal drug research. Research Journal of
Medicinal Plant, 5(1), 21-31.

Teo, C. L., & Idris, A. (2014). Enhancing the various solvent extraction method
via microwave irradiation for extraction of lipids from marine microalgae
in biodiesel production. Bioresource Technology, 171, 477-481.

Thamke, V. R., & Kodam, K. M. (2016). Toxicity study ofionic liquid, 1-butyl-
3-methylimidazolium bromide on guppy fish, Poecilia reticulata and its
biodegradation by soil bacterium Rhodococcus hoagii VRT1. Journal of
Hazardous Materials, 320, 408-416.

Thiruvenkadam, S., Izhar, S., Hiroyuki, Y., & Harun, R. (2019). One-step
microalgal biodiesel production from Chlorella pyrenoidosa using
subcritical methanol extraction (SCM) technology. Biomass and
Bioenergy, 120, 265-272.

Thostenson, E. T., & Chou, T.-W. (1999). Microwave processing:
fundamentals and applications. Composites Part A: Applied Science and
Manufacturing, 30(9), 1055-1071.

To, T. Q., Procter, K., Simmons, B. A., Subashchandrabose, S., & Atkin, R.
(2017). Low cost ionic liquid—water mixtures for effective extraction of
carbohydrate and lipid from algae. Faraday Discussions, 206, 93—112.

Topare, N. S., Raut, S. J., Renge, V. C., Khedkar, S. V, Chavanand, Y. P., &
Bhagat, S. L. (2011). Extraction of oil from algae by solvent extraction
and oil expeller method. International Journal of Chemical Sciences,
9(4), 1746-1750.

Troter, D. Z., Todorovié¢, Z. B., Pokié-Stojanovi¢, D. R., Stamenkovi¢, O. S.,
& Veljkovi¢, V. B. (2016). Application of ionic liquids and deep eutectic
solvents in biodiesel production: A review. Renewable and Sustainable
Energy Reviews, 61, 473-500.
https://doi.org/10.1016/j.rser.2016.04.011

Turpin, C. H., & Hoese, T. C. (1980). Microwave heating package and method.

188



Google Patents.

Tyagi, V. K., & Vasishtha, A. K. (1996). Changes in the characteristics and
composition of oils during deep-fat frying. Journal of the American Oil
Chemists’ Society, 73(4), 499-506.

Ullah, H., Wilfred, C. D., & Shaharun, M. S. (2017). Comparative assessment
of various extraction approaches for the isolation of essential oil from
polygonum minus using ionic liquids. Journal of King Saud University-
Science, 31(2), 230-239.

Um, B. H., & Kim, Y. S. (2009). Review: A chance for Korea to advance algal-
biodiesel technology. Journal of Industrial and Engineering Chemistry,
15(1), 1-7. https://doi.org/10.1016/j.jiec.2008.08.002

van Ginneken, V. J. T., Helsper, J. P. F. G., de Visser, W., van Keulen, H., &
Brandenburg, W. A. (2011). Polyunsaturated fatty acids in various
macroalgal species from north Atlantic and tropical seas. Lipids in Health
and Disease, 10(1), 104.

Veggi, P. C., Martinez, J., & Meireles, M. A. A. (2012). Fundamentals of
microwave extraction. In Microwave-assisted extraction for bioactive
compounds (pp. 15-52). Springer.

Venkatesh, M. S., & Raghavan, G. S. V. (2004). An overview of microwave
processing and dielectric properties of agri-food materials. Biosystems
Engineering, 88(1), 1-18.

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(2), 161—
169.

Vinatoru, M. (2001). An overview of the ultrasonically assisted extraction of
bioactive principles from herbs. Ultrasonics Sonochemistry, 8(3), 303—
313. https://doi.org/10.1016/S1350-4177(01)00071-2

Virot, M., Tomao, V., Ginies, C., Visinoni, F., & Chemat, F. (2008).
Microwave-integrated extraction of total fats and oils. Journal of
Chromatography A, 1196-1197(1-2), 57-64.
https://doi.org/10.1016/j.chroma.2008.05.023

Wahidin, S., Idris, A., & Shaleh, S. R. M. (2014a). Rapid biodiesel production
using wet microalgae via microwave irradiation. Energy Conversion and
Management, 84, 227-233.
https://doi.org/10.1016/j.enconman.2014.04.034

Wahidin, S., Idris, A., & Shaleh, S. R. M. (2014b). Rapid biodiesel production
using wet microalgae via microwave irradiation. Energy Conversion and
Management, 84, 227-233.

Wahidin, S., Idris, A., & Shaleh, S. R. M. (2014c). Rapid biodiesel production
using wet microalgae via microwave irradiation. Energy Conversion and

189



Management, 84, 227-233.
https://doi.org/10.1016/j.enconman.2014.04.034

Wabhidin, S., Idris, A., Yusof, N. M., Kamis, N. H. H., & Shaleh, S. R. M.
(2018). Optimization of the ionic liquid-microwave assisted one-step
biodiesel production process from wet microalgal biomass. Energy
Conversion and Management, 171, 1397—-1404.

Wang, L., & Weller, C. L. (2006). Recent advances in extraction of
nutraceuticals from plants. Trends in Food Science and Technology,
17(6), 300-312. https://doi.org/10.1016/j.tifs.2005.12.004

Wang, Y. G., Yue, S., Li, D. Q., Jin, M. J., & Li, C. Z. (2002). Kinetics and
mechanism of Y (IIT) extraction with CA-100 using a constant interfacial
cell with laminar flow. Solvent Extraction and lon Exchange, 20(3), 345—
358.

Wasserscheid, P., van Hal, R., & Bdsmann, A. (2002). [-n-Butyl-3-
methylimidazolium ([bmim]) octylsulfate—an even ‘greener’ionic
liquid. Green Chemistry, 4(4), 400—404.

Wasserscheid, P., & Welton, T. (2008). Ionic liquids in synthesis (Vol. 1).
Wiley Online Library.

Wei, W., Shao, Z., Zhang, Y., Qiao, R., & Gao, J. (2019). Fundamentals and
applications of microwave energy in rock and concrete processing-a
review. Applied Thermal Engineering, 113751.

Weis, D. C., & MacFarlane, D. R. (2012). Computer-aided molecular design
of ionic liquids: an overview. Australian Journal of Chemistry, 65(11),
1478-1486.

Welton, T. (2011). lonic liquids in green chemistry. Green Chemistry, 13(2),
225.

Wijffels, R. H., Kruse, O., & Hellingwerf, K. J. (2013). Potential of industrial
biotechnology with cyanobacteria and eukaryotic microalgae. Current
Opinion in Biotechnology, 24(3), 405—413.

Xia, L.-X., Lu, S.-W., & CAO, G.-Y. (2004). Salt-assisted microwave
demulsification. Chemical Engineering Communications, 191(8), 1053—
1063.

Xu, D. P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng, J., Zhang, J. J., & Li,
H. Bin. (2017). Natural antioxidants in foods and medicinal plants:
Extraction, assessment and resources. International Journal of Molecular
Sciences, 18(1), 20-31. https://doi.org/10.3390/ijms 18010096

Xu, F., Hu, H., Cong, W, Cai, Z., & Ouyang, F. (2004). Growth characteristics
and eicosapentaenoic acid production by Nannochloropsis sp. in
mixotrophic conditions. Biotechnology Letters, 26(1), 51-53.

Xu, W., Chu, K., Li, H., Zhang, Y., Zheng, H., Chen, R., & Chen, L. (2012).
Ionic liquid-based microwave-assisted extraction of flavonoids from

190



Bauhinia championii (Benth.) Benth. Molecules, 17(12), 14323—-14335.

Xue, Z., Mu, T., & Gmehling, J. (2012). Comparison of the a priori COSMO-
RS models and group contribution methods: original UNIFAC, modified
UNIFAC (Do), and modified UNIFAC (Do) consortium. Industrial &
Engineering Chemistry Research, 51(36), 11809—-11817.

Yaakob, Z., Ali, E., Zainal, A., Mohamad, M., & Takriff, M. S. (2014). An
overview: biomolecules from microalgae for animal feed and
aquaculture. Journal of Biological Research-Thessaloniki, 21(1), 6.

Yang, D., Zhong, L.-X., Yuan, T.-Q., Peng, X.-W., & Sun, R.-C. (2013).
Studies on the structural characterization of lignin, hemicelluloses and
cellulose fractionated by ionic liquid followed by alkaline extraction
from bamboo. Industrial Crops and Products, 43, 141-149.

Yedhu Krishnan, R., & Rajan, K. S. (2016). Microwave assisted extraction of
flavonoids from Terminalia bellerica: Study of kinetics and
thermodynamics. Separation and Purification Technology, 157, 169—
178. https://doi.org/10.1016/j.seppur.2015.11.035

Yongmanitchai, W., & Ward, O. P. (1991). Growth of and omega-3 fatty acid
production by Phaeodactylum tricornutum under different culture
conditions. Appl. Environ. Microbiol., 57(2), 419-425.

Young, G., Nippgen, F., Titterbrandt, S., & Cooney, M. J. (2010). Lipid
extraction from biomass using co-solvent mixtures of ionic liquids and
polar covalent molecules. Separation and Purification Technology,
72(1), 118—121. https://doi.org/10.1016/j.seppur.2010.01.009

Yu, X., Yang, J., Lu, H., Tu, S.-T., & Yan, J. (2015). Energy-efficient
extraction of fuel from Chlorella vulgaris by ionic liquid combined with
CO2 capture. Applied Energy, 160, 648—655.

Zakaria, S. M., & Kamal, S. M. M. (2016). Subcritical Water Extraction of
Bioactive Compounds from Plants and Algae: Applications in
Pharmaceutical and Food Ingredients. Food Engineering Reviews, 8(1),
23-34. https://doi.org/10.1007/s12393-015-9119-x

Zghaibi, N., Omar, R., Kamal, S. M. M., Biak, D. R. A., & Harun, R. (2019).
Microwave-assisted brine extraction for enhancement of the quantity and
quality of lipid production from microalgae nannochloropsis sp.
Molecules, 24(19). https://doi.org/10.3390/molecules24193581

Zghaibi, N., Omar, R., Kamal, S. M. M., Biak, D. R. A., & Harun, R. (2020).
Kinetics Study of Microwave-Assisted Brine Extraction of Lipid from
the Microalgae Nannochloropsis sp. Molecules, 25(4), 784.

Zhang, H.-F., Yang, X.-H., & Wang, Y. (2011). Microwave assisted extraction
of secondary metabolites from plants: Current status and future
directions. Trends in Food Science & Technology, 22(12), 672—688.

Zhang, H.-F., Yang, X.-H., Zhao, L.-D., & Wang, Y. (2009). Ultrasonic-

191



assisted extraction of epimedin C from fresh leaves of Epimedium and
extraction mechanism. Innovative Food Science & Emerging
Technologies, 10(1), 54—60.

Zhang, J., Zhang, H., Wu, J., Zhang, J., He, J., & Xiang, J. (2010). NMR
spectroscopic studies of cellobiose solvation in EmimAc aimed to
understand the dissolution mechanism of cellulose in ionic liquids.
Physical Chemistry Chemical Physics, 12(8), 1941-1947.

Zhang, P., Dong, S.-J., Ma, H.-H., Zhang, B.-X., Wang, Y.-F., & Hu, X.-M.
(2015). Fractionation of corn stover into cellulose, hemicellulose and
lignin using a series of ionic liquids. Industrial Crops and Products, 76,
688-696.

Zhang, Q. G., Wang, N. N., & Yu, Z. W. (2010). The hydrogen bonding
interactions between the ionic liquid 1-Ethyl-3-methylimidazolium ethyl
sulfate and water. Journal of Physical Chemistry B, 114(14), 4747-4754.
https://doi.org/10.1021/jp1009498

Zhang, Yanjie, & Cremer, P. S. (20006). Interactions between macromolecules
and ions: the Hofmeister series. Current Opinion in Chemical Biology,
10(6), 658—663.

Zhang, Yujie, Ward, V., Dennis, D., Plechkova, N., Armenta, R., & Rehmann,
L. (2018). Efficient Extraction of a Docosahexaenoic Acid (DHA)-Rich
Lipid Fraction from Thraustochytrium sp. Using Ionic Liquids.
Materials, 11(10), 1986.

Zhang, Z., & Zhao, Z. K. (2010). Microwave-assisted conversion of
lignocellulosic biomass into furans in ionic liquid. Bioresource
Technology, 101(3), 1111-1114.

Zhao, L., Chen, G., Zhao, G., & Hu, X. (2009). Optimization of microwave-
assisted extraction of astaxanthin from Haematococcus pluvialis by
response surface methodology and antioxidant activities of the extracts.
Separation Science and Technology, 44(1), 243-262.

Zhao, X., Xu, X., Su, R., Zhang, H., & Wang, Z. (2012). An application of new
microwave absorption tube in non-polar solvent microwave-assisted
extraction of organophosphorus pesticides from fresh vegetable samples.
Journal of Chromatography A, 1229, 6—12.

Zhao, Y., Liu, X., Wang, J., & Zhang, S. (2013). Insight into the cosolvent
effect of cellulose dissolution in imidazolium-based ionic liquid systems.
The Journal of Physical Chemistry B, 117(30), 9042—9049.

Zheng, H., Yin, J., Gao, Z., Huang, H., Ji, X., & Dou, C. (2011). Disruption of
Chlorella vulgaris cells for the release of biodiesel-producing lipids: a
comparison of grinding, ultrasonication, bead milling, enzymatic lysis,
and microwaves. Applied Biochemistry and Biotechnology, 164(7),
1215-1224.

Zhou, D., Zhu, B., Tong, L., Wu, H., Qin, L., Tan, H., Chi, Y., Qu, J., & Murata,

192



Y. (2010). Extraction of lipid from scallop (Patinopecten yessoensis)
viscera by enzyme-assisted solvent and supercritical carbon dioxide
methods. International Journal of Food Science & Technology, 45(9),
1787-1793.

Zhou, F., Liang, Y., & Liu, W. (2009). Ionic liquid lubricants: designed
chemistry for engineering applications.
https://doi.org/10.1039/b817899m

Zhou, T., Wang, Z., Ye, Y., Chen, L., Xu, J., & Qi, Z. (2012). Deep separation
of benzene from cyclohexane by liquid extraction using ionic liquids as
the solvent. Industrial & Engineering Chemistry Research, 51(15), 5559—
5564.

Zhou, W., Wang, Z., Alam, M., Xu, J., Zhu, S., Yuan, Z., Huo, S., Guo, Y.,
Qin, L., & Ma, L. (2019). Repeated Utilization of Ionic Liquid to Extract
Lipid from Algal Biomass. International Journal of Polymer Science,
2019.

Zhu, B.-W., Qin, L., Zhou, D.-Y., Wu, H.-T., Wu, J., Yang, J.-F., Li, D.-M.,
Dong, X.-P., & Murata, Y. (2010). Extraction of lipid from sea urchin
(Strongylocentrotus nudus) gonad by enzyme-assisted aqueous and
supercritical carbon dioxide methods. European Food Research and
Technology, 230(5), 737-743.

Zullaikah, S., Jessinia, M. C. P., Yasmin, M., Rachimoellah, M., & Wu, D. W.
(2019). Lipids Extraction from Wet and Unbroken Microalgae Chlorella
vulgaris Using Subcritical Water. Materials Science Forum, 964, 103—
108.

193





