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9 Polymer application for separation/filtration
of biological active compounds

Abstract: Membrane technology is an important part of the engineer’s toolbox.
This is especially true for industries that process food and other products with
their primary source from nature. This review is focused on ongoing develop-
ment work using membrane technologies for concentration and separation of
biologically active compounds, such as polyphenols and flavonoids. We provide
the readers not only with the last results achieve in this field but also, we
deliver detailed information about the membrane types and polymers used for
their preparation.
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9.1 Introduction

Bioactive compounds (BACs) from natural sources, extracted by appropriate
solvent and further treated by membrane operations, are promising and inten-
sively investigated area of scientific research in view of BAC separation or
concentration. Polymer membranes, as well as the newer class of mixed matrix
membranes (MMMs), are attractive for concentrating and/or selectively fractio-
nating BACs contained in aqueous as well as non-aqueous extracts from differ-
ent natural sources. A large number of potential applications are focused on
their solvent resistancy and the ways to improve it, as can be seen in several
review articles in the recent years [1–4]. Large areas for realization of these
membrane separation techniques are the food industry [5, 6], the concentration
and fractionation of value-added products from agro-industrial wastes [7] and
the purification of thermally sensitive compounds as active pharmaceutical
ingredients (APIs) and catalysts [8]. Among the numerous examples, important
ultrafiltration (UF) and nanofiltration (NF) implementations can be cited in the
recovery of polysaccharides and polyphenols from winery effluents [9, 10], or the
fractionation of olive mill wastewaters [11, 12], where almost all polyphenols
were recovered in the permeate solution from nanofiltration and subsequently
concentrated by osmotic distillation. The recovery of valuable compounds found
as subproducts in diluted effluents through membrane separation and concen-
tration makes them attractive for use in the food, cosmetic and pharmaceutical
industry.
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9.1.1 Membranes used for separation of biologically active compounds

Widely used membranes are asymmetric polymeric membranes, especially in
solvent-resistant applications. In general, they are inexpensive for fabrication
and easy to scale-up, but their typical drawbacks concern membrane compaction
and fouling, as well as thermal and chemical stability. Detailed reviews on the
polymeric materials used for membrane preparation could be found in [2, 3].
Their basic configuration of dense selective layer supported by microporous
structure, which can be of the same material (the integral type) or from a
different one (the thin-film composite type), is the focus of numerous investiga-
tions including new membrane materials or membrane modifications. Examples
can be found among the most commonly used polymers such as polyimide (PI)
[13, 14], polyamide (PA) [15], polyacrylonitrile (PAN) [16], polyphenylsulfone
(PPSU) [17, 18], polyether sulphone (PES) [19] and polypyrrole (PPy) [20], as
well as in new directions like polyarylene sulfide sulfone (PASS) [21] or cross-
linked polybenzimidazole membranes (PBIs) [22]. Enhancement of the membrane
performance is searched through improving the permeance of the membrane
after crosslinking [14], modulating the hydrophobic–hydrophilic behaviour of
the membrane in the search of high rejection and reasonable flux in aqueous
media [19], as well as membranes for use in organic media with enlarged ability
to withstand harsh chemical environment [22]. In order to obtain higher mem-
brane selectivity, able to serve specific separation needs, new membrane tech-
nologies involving molecular imprinting are used [23, 24] which overcome the
limitations of the conventional size-exclusion membranes. In the same time,
higher flux and preserved rejection values are observed with the molecularly
imprinted membranes. Concerning the separation and purification capability in
organic solvent medium, MMMs and metal−organic frameworks (MOFs) mem-
branes have a great potential for implementation.

The MMMs are composite organic–inorganic membranes which can be
designed to possess good chemical and mechanical stability, as well as rejection
and flux and to overcome drawbacks such as flux decline due to compaction of
polymeric membranes or their aging [4]. This is achieved by incorporating inor-
ganic nanoparticles into the membrane matrix, which can be visualized as discrete
particles in a continuous polymer phase. The connection between these two can be
through covalent bonds, van der Waals forces or hydrogen bonds. Various metal
oxide nanoparticles – TiO2, ZnO, Fe2O3, Al2O3, silica-containing (SiO2) or carbon
fillers – are used. In the area of solvent-resistant nanofiltration, examples can be
cited for embedding nanoparticles, containing Cu in PPSU-based membranes [25],
Ti in crosslinked PI membranes [26], Zn in PA network [27], as well as zeolites in
polydimethylsiloxane [28] or UZM-5 zeolite in PA [15], inorganic organosiloxane in
PI [29], etc.
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In all these cases, improved membrane compaction resistance was reported,
which results in enhanced fluxes and better or unchanged rejection performance as
compared to commercially available solvent-resistant polymeric nanomembranes
[29] (e. g. Duramem™ 300, Evonik Membrane Technology Ltd Milton Keynes, UK),
as well as in better chemical and thermomechanical properties.

Concerning flux decline and rejection with MMM, further development is
searched for improving the adhesion between the polymer and the inorganic
filler, thus avoiding a possible nonselective void formation. The latter is
achieved by using MOFs, i. e. porous crystalline material, containing metal
ions/clusters and organic linkers, which posses better affinity towards polymer
chains. This structure possesses flexibility and mechanical strength character-
istic of the polymer membranes, but incorporates the separation potential of
MOFs. Investigations with potential application in organic solvent nanofiltration
are directed to MOF–thin-film composite (TFC) membranes, as well as to inte-
grally skinned asymmetric membranes, examples being given in [30, 31]. The
TFC membrane structure – ultrathin selective layer and highly porous support –
suppose smaller resistance to solvent flux, which is an advantage to integrally-
skinned asymmetric membranes. Concerning the membrane morphology, an
even MOF distribution throughout the membrane and across the membrane
surface is achieved [32], and further possibilities are searched in the use of
MOFs with different pore sizes in view of the molecular weight cut-offs.
Successful applications of the MMMs are found in:
– In olive oil wastewater treatment [33], the hydrophobicity of the polyethersul-

fone membrane is modified by the concentration of functionalized multiwall
carbon nanotube (F-MWCNT) in the membrane structure, improved antifouling
properties were obtained, resulting in reduced flux decline and high rejections
through Chemical Oxygen Demand (COD) and total phenols in the olive oil
wastewater;

– API purification, employing PI-based membranes incorporating anorganic–
inorganic hybrid network (3-aminopropyl trimethoxysilane

– APTMS as crosslinking agent and organosilicone precursor). A review of organic
solvent membrane application in the pharmaceutical industry for solvent recov-
ery and API purification is given in [34] including peptide and oligonucleotide
production, removal of excess reagents and removal of APIs from organic
solvents.

9.1.2 Concentration and purification of bioactive compounds from natural extracts

An area of special interest to this chapter is the application of membrane
separations in organic solvents coupled with solid–liquid extraction for
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production of high-value products from natural plant extracts [35]. The latter are
multicomponent with complex chemical structure of the individual compounds
depending on the number of aromatic rings, hydroxyl, carboxylic groups, etc.,
and are characterized by a large molecular weight (MW) distribution and differ-
ent molecular polarity. Examples are the phenolic compounds and their numer-
ous non-flavonoid and flavonoid representatives, whose MW typically ranges
between 100 and over 600Da. Additional intermolecular solute or solute–solvent
interactions can result in bigger molecular structures, which determine the wider
use of ultrafiltration and nanofiltration membranes. Examples for such applica-
tions and analysis of the separation behaviour depending on the pore sizes of
the membrane are reviewed in [36] in order to distinguish the effects of mole-
cular sieving mechanism, polarity and solute–solvent interactions. The authors
discuss the possibilities to achieve better flexibility of the membrane or mem-
brane sequence (UF-NF) for particular separations taking into account the bio-
logical activity, for instance the removal of “heavier” phenolic classes without
affecting the overall antioxidant properties of the permeate. Examples are given
concerning successful UF separations of low and high MW: anthocyanins from
winery sludge extract; proanthocyanidins from grape seeds extract; pectin
from phenols in olive mill wastewater; hydroxycinnamic acids and flavanones
from blood orange juice etc. [36].

The multicomponent character and unique bioactive properties of the natural
extracts from different plants, sometimes with large MW distribution profile and very
different solubility, make them a challenge for membrane separation on a molecular
level exploring the potential of organic solvent nanofiltration (OSN).

Table 9.1 summarizes recently reported investigations, representative for the
application of polymeric membranes in separating/concentrating biologically
active compounds from natural extracts. The interest in combining membrane
filtration with solid-phase extraction is to improve the amount of BACs extracted
from plant materials provided that membranes with high rejections and reason-
able permeate fluxes are selected. By concentrating the extracts new potential
applications areas are offered for these natural extracts as preservatives and
functional ingredients for food, cosmetic, nutraceutical and medical uses.
Examples are the concentrated through NF rosemary extract [37]; the almost
100% retention of anthocyanins in roselle extract using a sequence of UF and
NF membranes [38]; the concentration of water–ethanolic extracts from propolis
with over 95% rejections towards flavones, flavonols, flavanones, dihydroflavo-
nols as well as total phenolic substances [39–41]. On the other hand, the
possibility for fractionating the extracts, thus obtaining fractions enriched in
target BACs, is another promising perspective, though it is more difficult for
realization. The reason is the complex mechanism involved in pressure-driven
membrane separations on a molecular level, where the molecular sieving
mechanism is not enough to explain the permeance of the solutes, but also
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component solubility, as well as membrane hydrophobicity, polarity resistance
and solute–solvent interactions have to be taken into account. An example
could be the phenolic compounds as solute and the hydroethanolic solvent
interacting with the nonpolar and polar sides within their molecules [36]
which leads to improved solubility and preservation of the antioxidant proper-
ties of the latter. Positive examples for fractionation of BACs from multicompo-
nent solutions originating from natural sources are also reported in the
literature using membranes with different molecular weight cut-off (MWCO)
[12, 42–45].

9.1.3 Recovery of extraction solvents

Successful concentration of the solutes supposes high membrane rejections and
possibility for recovery and direct solvent reuse. In this case, membrane separa-
tion replaces fully or to some extent distillation/evaporation processes, showing
improved environmental, safety and economical aspects. Applications of solvent
recovery by OSN are reported in the pharmaceutical and the oil industry [46].
Examples are the commercial polymeric OSN membranes (Starmem 122 and
Duramem 150), successfully tested for treating pharmaceutical/solvent mixtures
[1]; separation of oil from different solvents [2]; solvent recovery from ethanolic
extract of rosemary, lemon balm [37, 47] (Duramem 200) and Sideritis
(Duramem 300) [48–50] where the reuse of the permeate as solvent proved
equal and even better extraction capability and considerably reduced the
required solvent volume. This solvent recovery as compared to the traditional
distillation process has also the advantage of being a greener alternative for
separation of solvents, requesting mild conditions and providing reduced
volumes of toxic solvent effluents to the environment and lower energy con-
sumption (the effect being stronger for solvents with higher boiling point).
Further development of tighter membranes for removal of small solutes by
OSN is pointed out as important in view of solvent purification in fine chemistry
processing, in order to explore the potential of OSN as sustainable and compe-
titive to other purification technologies [46].

The use of natural and renewable sources of BACs combined with membrane
separation techniques that can be viewed as environmentally friendly makes the
whole process to be classified as a green one. In the scope of a green technology
also, the production of the polymer membranes has to be taken into account.
The latter has been in the focus of recent publications of leading groups in the
field of membrane technology and especially in organic media applications –
the OSN separation process [46–52]. The idea is to reduce the discharge of
hazardous chemicals as waste by replacing toxic solvents with environmentally
friendly ones without worsening the membrane performance. Investigations are
made with solvent-resistant PI membranes [51] as well as polyether ether ketone
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(PEEK) membranes [52] and performed on bench and industrial scales.
Concerning the membrane performance, the authors pointed out the need of
research and optimization work in scaling-up.

Funding: This chapter was prepared under the projects with financial supports from:
the National Science Fund at the Bulgarian Ministry of Education and Science,
Contract No DN 07/11/15.12.2016, as well as Incoming Marie Curie TECNIOspring
fellowship from People Programme (Marie Curies Actions) of the Seventh
Framework Programme of the European Union (FP7/2007-2013) under REA grant
agreement no. 600388 (TECNIOspring programme), and from the Agency for
Business Competitiveness of the Government of Catalonia, ACCIÓ, which are grate-
fully acknowledged by the authors.

References

[1] Darvishmanesh S, Firoozpour L, Vanneste J, Luis P, Degreve J, van der Bruggen B. Performance
of solvent resistant nanofiltration membranes for purification of residual solvent in the
pharmaceutical industry: experiments and simulation. Green Chem. 2011;13:3476–3483.

[2] Vandezande P, Gevers LEM, Vankelecom IFJ. Solvent resistant nanofiltration: separating on a
molecular level. Chem Soc Rev. 2008;37:365–405.

[3] Cheng XQ, Zhang YL, Wang ZX, Guo ZH, Bai YP, Shao L. Recent advances in polymeric solvent-
resistant nanofiltration membranes. Adv Polymer Technol. 2014;33(S1) E1-E24.

[4] Marchetti P, Solomon MFJ, Szekely GY, Livingston AG. Molecular separation with organic
solvent nanofiltration: a critical review. Chem Rev. 2014;114 10735−10806.

[5] Salehi F. Current and future applications for nanofiltration technology in the food processing.
Food Bioprod Process. 2014;92:161–177.

[6] Ilame SA, Satyavir VS. Application of membrane separation in fruit and vegetable juice
processing: a review. Crit Rev Food Sci Nutr. 2015;55(7):964–987.

[7] Galanakis CM. Emerging technologies for the production of nutraceuticals from agricultural
by-products: a viewpoint of opportunities and challenges. Food Bioprod Process. 2013;91:
575–579.

[8] Kim JF, Székely G, Valtcheva IB, Livingston AG. Increasing the sustainability of membrane
processes through cascade approach and solvent recovery – pharmaceutical purification case
study. Green Chem. 2014;16:133–145.

[9] Giacobbo A, Oliveira M, Duarte ECNF, Mira HMC, Bernardes AM, de Pinho MN. Ultrafiltration
based process for the recovery of polysaccharides and polyphenols from winery effluents. Sep
Sci Technol. 2013;48:438–444.

[10] Giacobbo A, Bernardes AM, de Pinho MN. Nanofiltration for the recovery of low molecular
weight polysaccharides and polyphenols from winery effluents. Sep Sci Technol. 2013;48:
2524–2530.

[11] Garcia-Castello E, Cassano A, Criscuoli A, Conidi C, Drioli E. Recovery and concentration of
polyphenols from olive mill wastewaters by integrated membrane system. Water Res. 2010;44:
3883–3892.

[12] Cassano A, Conidi C, Giorno L, Drioli E. Fractionation of olive mill wastewaters by membrane
separation techniques. J Hazard Mater. 2013;248–249:185–193.

288 9 Polymer application of biological active compounds



[13] Soroko I, Sairam M, Livingston AG. The effect of membrane formation parameters on
performance of polyimide membranes for organic solvent nanofiltration (OSN). Part C. Effect of
polyimide characteristics. J Membr Sci. 2011;381:172–182.

[14] Xu YC, Cheng XQ, Long J, Shao L. A novel monoamine modification strategy toward high-
performance organic solvent nanofiltration (OSN) membrane for sustainable molecular
separations. J Membr Sci. 2016;497:77–89.

[15] Namvar-Mahboub M, Pakizeh M, Davari S. Preparation and characterization of UZM-5/
polyamide thin film nanocomposite membrane for dewaxing solvent recovery. J Membr Sci.
2014;459:22–32.

[16] Wang J, Yue Z, Ince JS, Economy J. Preparation of nanofiltration membranes from
polyacrylonitrile ultrafiltration membranes. J Membr Sci. 2006;286:333–341.

[17] Sani NAA, Lau WJ, Ismail AF. Influence of polymer concentration in casting solution and
solvent–solute–membrane interactions on performance of polyphenylsulfone (PPSU)
nanofiltration membrane in alcohol solvents. J Polym Eng. 2014;34:489–500.

[18] Darvishmanesh S, Jansen JC, Tasselli F, Tocci E, Luis P, Degreve J, et al. Novel polyphenylsulfone
membrane for potential use in solvent nanofiltration. J Membr Sci. 2011;379:60–68.

[19] Shahmirzadi MAA, Hosseini SS, Ruan G, Tan NR. Tailoring PES nanofiltration membranes
through systematic investigations of prominent design, fabrication and operational
parameters. RSC Adv. 2015;5:49080–49097.

[20] Shao L, Cheng X, Wang Z, Ma J, Guo Z. Tuning the performance of polypyrrole-based solvent-
resistant composite nanofiltration membranes by optimizing polymerization conditions and
incorporating grapheme oxide. J Membr Sci. 2014;452:82–89.

[21] Liu L, Wang X, Wang Y, Li L, Pan K, Yang J, et al. Preparation and characterization of asymmetric
polyarylene sulfide sulfone (PASS) solvent-resistant nanofiltration membranes. Mater Lett.
2014;132:11–14.

[22] Valtcheva IB, Kumbharkar SC, Kim JF, Bhole Y, Livingston AG. Beyond polyimide: crosslinked
polybenzimidazole membranes for organic solvent nanofiltration (OSN) in harsh environments.
J Membr Sci. 2014;457:62–72.

[23] Szekely G, Valtcheva IB, Kim JF, Livingston AG. Molecularly imprinted organic solvent
nanofiltration membranes – revealing molecular recognition and solute rejection behavior.
React Funct Polym. 2015;86:215–224.

[24] Valtcheva IB, Marchetti P, Livingston AG. Crosslinked polybenzimidazole membranes for
organic solvent nanofiltration (OSN): analysis of crosslinking reaction mechanism and effects
of reaction parameters. J Membr Sci. 2015;493:568–579.

[25] Sani NAA, Lau WJ, Ismail AF. Polyphenylsulfone-based solvent resistant nanofiltration (SRNF)
membrane incorporated with copper-1,3,5-benzenetricarboxylate (Cu-BTC) nanoparticles for
methanol separation. RSC Adv. 2015;5:13000–13010.

[26] Soroko I, Livingston A. Impact of TiO2 nanoparticles on morphology and performance of
crosslinked polyimide organic solvent nanofiltration (OSN) membranes. J Membr Sci.
2009;343:189–198.

[27] Pal A, Dey TK, Singhal A, Bindala RC, Tewaria PK. Nano-ZnO impregnated inorganic–polymer
hybrid thinfilm nanocomposite nanofiltration membranes: an investigation of variation in
structure, morphology and transport properties. RSC Adv. 2015;5:34134–34151.

[28] Gevers LEM, Vankelecom IFJ, Jacobs PA. Zeolite filled polydimethylsiloxane (PDMS) as an
improved membrane for solvent-resistant nanofiltration (SRNF). Chem Commun. 2005;19:
2500–2502.

[29] Siddique H, Rundquist E, Bhole Y, Peeva LG, Livingston AG. Mixed matrix membranes for
organic solvent nanofiltration. J Membr Sci. 2014;452:354–366.

References 289



[30] Zhu L, Yu H, Zhang H, Shen J, Xue L, Gaob C, et al. Mixed matrix membranes containing
MIL-53(Al) for potential application in organic solvent nanofiltration. RSC Adv. 2015;5:
73068–73076.

[31] Campbell J, Davies RP, Braddock DC, Livingston AG. Improving the permeance of hybrid polymer/
metal–organic framework (MOF) membranes for organic solvent nanofiltration (OSN) –
development of MOF thin films via interfacial synthesis. J Mater Chem A. 2015;3:9668–9674.

[32] Campbell J, Szekely G, Davies RP, Braddock DC, Livingston AG. Fabrication of hybrid polymer/
metal organic framework membranes: mixed matrix membranes versus in situ growth. J Mater
Chem A. 2014;2:9260–9271.

[33] Zirehpour A, Rahimpour A, Jahanshahi M, Peyravi M. Mixed matrix membrane application for
olive oil waste water. J Env Manag. 2014;132:113–120.

[34] Buonomenna MG, Bae J. Organic solvent nanofiltration in pharmaceutical industry. Sep Pur
Rev. 2015;44(2):157–182.

[35] Tsibranska I, Tylkowski B. Concentration of polyphenols by integrated membrane
operations. (DOI (Chapter 11): https://doi.org/10.1515/9783110285666.269) In: Cassano A,
Drioli E, editors. Integrated membrane operations in the food production. De Gruyter,
2014:269–294.

[36] Galanakis CM. Separation of functional macromolecules and micromolecules: from
ultrafiltration to the border of nanofiltration. Trends Food Sci Technol. 2015;42:44–63.

[37] Peshev D, Peeva L, Peev G, Baptista I, Boam A. Application of organic solvent nanofiltration for
concentration of antioxidant extracts of rosemary (Rosmarinus officiallis L.). Chem Eng Res Des.
2011;89(3):318–327.

[38] Cissé M, Vaillant F, Pallet D, Dornier M. Selecting ultrafiltration and nanofiltration membranes
to concentrate anthocyanins from roselle extract (Hibiscus sabdariffa L.). Food Res Int. 2011;
44(9):2607–2614.

[39] Tylkowski B, Trusheva B, Bankova V, Giamberini M, Peev G, Nikolova A. Extraction of
biologically active compounds from propolis and concentration of extract by nanofiltration. J
Membr Sci. 2010;348(1):124–130.

[40] Mello B, Petrus J, Hubinger M. Concentration of flavonoids and phenolic compounds in aqueous
and ethanolic propolis extracts through nanofiltration. J Food Eng. 2010;96(4):533–539.

[41] Mello B, Petrus J, Hubinger M. Nanofiltration of aqueous propolis extracts and the effects of
temperature, pressure and ph in the concentrated product. Stud Chem Technol (SCPT). 2013;1(4):
55–65.

[42] Santamaría B, Salazar G, Beltrán S, Cabezas JL. Membrane sequences for fractionation
of polyphenolic extracts from defatted milled grape seeds. Desalination. 2002;148(1):
103–109.

[43] Tsibranska IH, Peev GA, Tylkowski B. Fractionation of biologically active compounds extracted
from propolis by nanofiltration. J Membr Sci Technol. 1:2012;2011 .

[44] Donelian A, de Oliveira PF, Rodrigues AE, Mata VG, Machado RA. Performance of reverse
osmosis and nanofiltration membranes in the fractionation and retention of patchouli essential
oil. J Supercrit Fluids. 2016;107:639–648.

[45] Cassano A, Cabri W, Mombelli G, Peterlongo F, Giorno L. Recovery of bioactive compounds from
artichoke brines by nanofiltration. Food Bioprod Process. 2016;98:257–265.

[46] Szekely G, Jimenez-Solomon MF, Marchetti P, Kim JF, Livingston AG. Sustainability
assessment of organic solvent nanofiltration: from fabrication to application. Green Chem.
2014;16:4440–4473.

[47] Peev G, Penchev P, Peshev D, Angelov G. Solvent extraction of rosmarinic acid from lemon balm
and concentration of extracts by nanofiltration: effect of plant pre-treatment by supercritical
carbon dioxide. Chem Eng Res Des. 2011;89(11):2236–2243.

290 9 Polymer application of biological active compounds



[48] Tylkowski B, Tsibranska I, Kochanov R, Peev G, Giamberini M. Concentration of biologically
active compounds extracted from Sideritis ssp. L. by nanofiltration. Food Bioprod Process.
2011;89(4):307–314.

[49] Tsibranska I, Tylkowski B. Concentration of ethanolic extracts from Sideritis ssp. L. by
nanofiltration: comparison of dead-end and cross-flow modes. Food Bioprod Process.
2013;91(2):169–174.

[50] Tsibranska I, Saykova I, Tylkowski B. Flux and rejection behavior in nanofiltration of
polyphenols and flavonoids from plant extracts. Sci Works Univ. of Food Technol. 2015;
LXII:514–518.

[51] Soroko I, Bhole Y, Livingston A. Environmentally friendly route for the preparation of solvent
resistant polyimide nanofiltration membranes. Green Chem. 2011;13:162–168.

[52] da Silva Burgal J, Peeva L, Livingston A. Towards improved membrane production: using low–
toxicity solvents for the preparation of PEEK nanofiltration membranes. Green Chem 2016;18:
2374–2384.

[53] Liu D, Vorobiev E, Savoire R, Lanoisellé JL. Intensification of polyphenols extraction from grape
seeds by high voltage electrical discharges and extract concentration by dead-end
ultrafiltration. Sep Pur Technol. 2011;81(2):134–140.

[54] Balyan U, Sarkar B. Integrated membrane process for purification and concentration of
aqueous Syzygium cumini (L.) seed extract. Food Bioprod Process. 2016;98:29–43.

[55] Prudêncio APA, Prudêncio ES, Amboni RDC, Murakami ANN, Maraschin M, Petrus JCC, et al.
Phenolic composition and antioxidant activity of the aqueous extract of bark from residues
from mate tree (Ilex paraguariensis St. Hil.) bark harvesting concentrated by nanofiltration.
Food Bioprod Process. 2012;90(3):399–405.

[56] Murakami ANN, Amboni RDC, Prudêncio ES, Amante ER, de Moraes Zanotta L, Maraschin M,
et al. Concentration of phenolic compounds in aqueous mate (Ilex paraguariensis A. St. Hil)
extract through nanofiltration. LWT Food Sci Technol. 2011;44(10):2211–2216.

[57] Benedetti S, Prudêncio ES, Mandarino JMG, Rezzadori K, Petrus JCC. Concentration of soybean
isoflavones by nanofiltration and the effects of thermal treatments on the concentrate. Food
Res Int. 2013;50(2):625–632.

[58] Dias-Reinoso B, Moure A, Domínguez H, Parajó JC. Membrane concentration of antioxidants
from Castanea sativa leaves aqueous extracts. Chem Eng J. 2011;175:95–102.

[59] Munekata PES, Franco D, TrindadeMA, Lorenzo JM. Characterization of phenolic composition in
chestnut leaves and beer residue by LC-DAD-ESI-MS. LWT Food Sci Technol. 2016;68:52–58.

[60] Danmark I, Neves MA, Nabetani H, Isoda H, Sayadi S, Nakajima M. Transport properties of
oleuropein through nanofiltration membranes. Food Bioprod Process. 2015;94:342–353.

[61] Machado MT, Mello BC, Hubinger MD. Study of alcoholic and aqueous extraction of pequi
(Caryocar brasiliense Camb.) natural antioxidants and extracts concentration by nanofiltration.
J Food Eng. 2013;117(4):450–457.

[62] Koleva V, Simeonov E. Solid liquid extraction of phenolic and flavonoid compounds from
Cotinus coggygria and concentration by nanofiltration. Chem Biochem Eng Quart. 2015;28(4):
545–551.

[63] Gu HF, Li CM, Xu YJ, Hu WF, Chen MH, Wan QH. Structural features and antioxidant activity of
tannin from persimmon pulp. Food Res Int. 2008;41(2):208–217.

[64] Roman GP, Neagu E, Radu GL. Antiradical activities of salvia officinalis and viscum album L.
extracts concentrated by ultrafiltration process. Acta Sci Pol Technol Aliment. 2009;8(3):
47–58.

[65] Zagklis DP, Paraskeva CA. Purification of grape marc phenolic compounds through solvent
extraction, membrane filtration and resin adsorption/desorption. Sep Pur Technol. 2015;156:
328–335.

References 291



[66] Sarmento LA, Machado RA, Petrus JC, Tamanini TR, Bolzan A. Extraction of polyphenols from
cocoa seeds and concentration through polymeric membranes. J Supercrit Fluids. 2008;45(1):
64–69.

[67] Achour S, Khelifi E, Attia Y, Ferjani E, Noureddine Hellal A. Concentration of antioxidant
polyphenols from Thymus capitatus extracts by membrane process technology. J Food Sci.
2012;77(6) C703-C709.

[68] Rabelo RS, Machado MT, Martínez J, Hubinger MD. Ultrasound assisted extraction and
nanofiltration of phenolic compounds from artichoke solid wastes. J Food Eng. 2016;178:
170–180.

[69] Nwuha V. Novel studies on membrane extraction of bioactive components of green tea in
organic solvents: part I. J Food Eng. 2000;44(4):233–238.

[70] Baptista EA, Pinto PCR, Mota IF, Loureiro JM, Rodrigues AE. Ultrafiltration of ethanol/water
extract of Eucalyptus globulus bark: resistance and cake build up analysis. Sep Pur Technol.
2015;144:256–266.

[71] Tsibranska I, Karabojikova V, Jeliazkov J. Concentration of flavonoids in ethanolic extracts from
tobacco leaves through nanofiltration. Bulg Chem Commun 2016;48(4):232.

292 9 Polymer application of biological active compounds


