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Extraction of fungal polyketide pigments using ionic liquids

Keywords: fungal pigments, polyketides, ionic liquids, extraction th
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Filamentous fungi are well-known producers of a wide variety of biomolecules, such as bioactives compounds and pigments. Fungal red pigments are becoming a hot topic of research for food, cosmetics and textiles industries as no natural red colorant alternatives are available on the market, that could meet both consumer's organoleptic expectations and industrial processes requirements. Moreover, the natural pigments available from either plants, insects or fungal origin are, currently, being extracted by conventional liquid-liquid extraction requiring important volumes of various organic solvents and time. Thus, any large scale applications rise environmental concerns, as well as uncertainties about their economical viability [1].

Ionic liquids (IL) are a new kind of solvent gaining recognition for their potential as green solvents in addition to their tunable properties to the target products [2]. Here, we investigated the use of three different ammonium or imidazolium-based ionic liquids, [N4444]Br -, [C 4 MIM]Br -and [C 4 MIM]Cl -respectively, as new type of solvents in Aqueous Two-Phases System (IL-ATPS). IL-ATPS is formed by mixing together a soluble IL (chaotropic agent) and a salt with a kosmotropic profile (Na 2 CO 3 and Na 2 CH 3 CO 2 ). These systems allow the separation of two water soluble compounds into two immiscible aqueous-rich phases based. Effectiveness of the IL-based ATPS was tested on four filamentous fungal strains producing different azaphilones-like pigments: Talaromyces albobiverticillius (deep red), Emericella purpurea (red), Trichoderma harzanium (brown), and Penicillium marquandii (yellow) [3,[START_REF] Ventura | and co-workers[END_REF]. Selectivity of the extractive system for specific shade of pigments was also investigated. Lastly, the reverse extraction of the pigments from the IL-ATPS was carried out based on the ionisable profile of azaphilone-type molecules. In the end, the overall pigment recovery rate was determined.

Objective:

Methods:

The aim of this study is the development of more sustainable separation and purification techniques of fungal pigments to fully claim natural pigment alternatives.

Material & Strategy:

ILs

Buffer Structure 

[C4Mim]Br 1-Butyl-3- methylimidazolium bromide Na 2 CO 3 [C4Mim]Cl 1-Butyl-3- methylimidazolium chloride [N4444]Br Tetrabutylammonium bromide Na 2 CH 3 CO 2

Back extraction and overall efficiencies:

 Visual aspect (Fig. 5): reverse extractions remained limited.

 Increase of pH to 13 did not induce the recovery of any of the pigments tested under the experimental conditions.

 Overall efficiencies and recovery ability from the three IL-ATPS investigated were concluded as very poor under the experimental conditions (Fig. 6). The combination of ATPS extraction system using IL as solvent is a possible and powerful tool for effective extraction of pigmented molecules from fermentation broth from filamentous fungi. However, the recovery of the pigments from the IL-phase remains the bottleneck of this method, and this limitation has already been noticed in litterature.

Nevertheless, [C4MIM]Cl -showed the best extraction abilities of fungal pigments from the ILs tested here with putative higher affinity for red pigments [5]. It can be concluded as an promising solvent that is worth to further investigate using other types of buffers and pH. Additionally, other types of IL-based extraction methods would be interesting to compare, such as microemulsions using hydrophobic IL or IL extraction paired with microwave assisted extraction.

Filamentous fungi have been widely recognized as promising sources of various types of biomolecules and are therefore highly investigated. The production of fungal pigments is one intensively studied domain in order to respond to the growing demand for natural colorants as substitutes to synthetic dyes used in food, cosmetics, pharmaceutical and textile industries. Such interest in the natural origins of the pigments is driving the search for new and greener extraction systems. It is desired to develop extraction processes that would use less organic solvents and milder conditions, allow higher and quicker extraction yields, as well as improved selectivity and better recovery. Over the last two decades, ionic liquids (ILs) have caught attention as novel green solvents, and have already been applied in various separation systems (membranes separation, additives in mobile phase and surface-bonded stationary phases in chromatography) [1]. ILs are molten salts that can display a vast variety of chemical properties based on the specific association of a bulky and asymmetric organic cation with an organic or inorganic anion. The use of an aqueous two-phase systems (ATPS) based on ionic liquids allows to tailor the extraction system to the pigmented molecule of interest, here fungal pigmented polyketides. In this study, several ATPS based on quaternary ammonium ([N4444]Br-) and immidazolium ([C4Mim]Cl-and [C4Mim]Br-) ionic liquids were investigated for the efficient extraction and recovery of soluble polyketides pigments from the fermented broth of four fungal strains: Talaromyces albobiverticillius, Emericella purpurea, Penicillium marquandii, Trichoderma harzianum. These four families are known to produce mainly polyketides pigments such as azaphilone and hydroxyanthraquinone pigments, which are the main targets in the field of fungal pigments research [2,3]. The extraction efficiency of red, orange and yellow hues was investigated with a particular focus on the soluble red pigments extraction efficiency and recovery from the three different ATPS tested. The results showed that extraction yields of extracellular pigments of all hues from all strains are greater than 80%, with [N4444]Br-and [C4Mim]Cl-reaching between 90 and 100% extraction efficiencies. Moreover, these two IL-based ATPS tend to preferably isolate red pigments under alkaline conditions, which is in agreement with previous studies [START_REF] Ventura | and co-workers[END_REF]. The second step of this study, which focused on the recovery of the different pigments from the ILs, remains under investigation as the affinity of the IL for the pigmented molecules seems high and difficult to reverse.

Nevertheless, the initial results of this study bring novel strategies for the selective extraction of extracellular fungal pigments. As a next step, further investigation would be required in determining the specific solubility of azaphilones and hydroxyanthraquinones-like molecules in the different ILs. The program includes 5 plenary lectures and 7 keynote lectures by best international experts in the field, as well as 20 oral presentations and more than 65 poster contributions. An important aim of PIF2016 is also represented by the opportunity of meeting and discussion for scientists dealing with different aspects of pigments, such as chemists, food chemists, food technologists, biotechnologists, nutritionists, but also industry representatives.

BOOK of ABSTRACTS

A comprehensive scientific program, adapted to the new approaches and trends in this scientific area was designed and realized -such approach had a particularly strategic aim, to demonstrate that and how pigments and colored food bringhealth benefits.

We are delighted to offer you, meanwhile, the opportunity to visit the historical city of Cluj-Napoca, to enjoy the traditional food and life in the beautiful Transylvanian landscape and to discover our cultural and academic heritage! 



  Presentation of ILs selected and the kosmotropic salt buffer enabling a diphasic system Results & Discussions: Coefficients of partition of pigments (K pigment ):  3 wavelengths followed: yellow (400nm), orange (470nm) and red (490nm)  Dilution factor of the IL phase sample (FD IL ) K red = (A 490 IL * FD IL )/(A 490 salt * FD salt ) K orange = (A 470 IL * FD IL )/(A 470 salt * FD salt ) K yellow = (A 400 IL * FD IL )/(A 400 salt * FD salt ) Phase ratio (R) and Selectivity of type of pigments ratio (S pigment ):  R = V IL /V salt phase  Express higher selectivty of IL tested against red, yellow or orange pigments: S red/yellow = K red / K yellow S red/orange = K red / K orange Extraction efficiencies (Eff%): Direct extraction efficiency: Eff D % = 100 x [K pigment /(1+(1/R))] Overall extraction efficiency: Eff tot % = m back extraction salt phase /m o Partition coefficients of pigments (K pigment ) and selectivity of pigment: [C4MIM]Cl -showed the best efficiency values (~99,9%) for all three sorts of pigments tested in the first extraction step.

Fig. 2 :Fig. 1 :

 21 Fig. 2: Samples preparation and description of the extraction steps

Fig. 3 :

 3 Fig. 3: Visual aspect of the first step of extraction from the different IL-ATPS tested and their extraction abilities on fermentation broth and pure pigment control (alizarine).

Fig. 4 :

 4 Fig. 4: Partition coefficients of red (A), orange (B) and yellow (C) pigments for each strain in the 4 IL-ATPS tested.

Fig. 6 :Fig. 5 :

 65 Fig. 6: Overall efficiency of red pigments extraction for each strain in the 4 IL-ATPS tested.

PIF2016 a great opportunity

  to visit the old academic city Cluj-Napoca, to enjoy the traditional food and life in the beautiful Transylvanian landscape and to discover its cultural heritage!
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