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Improvement of cost effectiveness of marine land-based aquaculture through use of Constructed Wetlands with Salicornia as an environmentally friendly biofilter and valuable byproduct
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Abstract
One of the main economic problems for SMEs operating land-based facilities is the cost of water treatment. The cost of this single item, approximately 0.5 Euro per kg feed consumed by the fish, can mean the difference between a profit-making enterprise and failure. Developing a cost-effective biofilter capable of removing the nutrients from the water and converting these nutrients into valuable products has the potential to solve both economic and environmental constraints. 

Protein is the most expensive component of fishmeal and the main source of nitrogenous pollution in aquaculture. In conventional mariculture, fish or shrimp assimilate only part of their diets; the rest is excreted into the water, mainly as dissolved inorganic or solid organic compounds. These effluents may pollute coastal ecosystems. According to international (EU) and national regulations, fish effluents must be treated before being discharged back into the sea. 
We propose the use of Constructed Wetlands (CW) planted with halophytes, which would take in the nutrient-rich wastewater and convert it into marketable plant biomass. The CW was evaluated in three prototypes:  cold, temperate and warm water conditions, representative of systems that may be applied in the prevailing climates of most European countries. 

CW is efficient in clearing water of nutrients and suspended solids, some materials being purified through incorporation into the plants and others attaching to the substrate or being broken down by bacteria living therein. CW has the benefit of being low cost, simple to operate, and can be given an aesthetically pleasing appearance to blend with the environment. 
Salicornia is a succulent halophyte which flourishes best in intertidal areas flooded by brackish and seawater from which it collects nutrients and salts. This plant has commercial value as a health food and is a potential candidate for the health, beauty and nutraceutical industries. The Salicornia market is presently based mostly on amateur gathering of branches from wild plants, which limits the market supply because most natural wetlands are protected areas where harvesting is limited or forbidden. Quality and quantity of the halophytes are inconstant and change throughout the year. The product is neither clean nor uniform, which is a disadvantage for commercial processing. Conversion of ‘expensive’ nitrogen from fishpond effluents into a valuable commodity as a raw product or source of extracts for the beauty and nutraceutical industries will diversify the fish farm products and increase the profitability of land-based facilities. The main objective of the project was to improve the cost-effectiveness of marine land-based facilities through use of Constructed Wetlands with Salicornia as an environmentally friendly biofilter and a valuable by-product for the health food, nutraceutical and beauty industries.

1. Summary description of the project objectives

The main objective of the project was the improvement of cost-effectiveness of marine land-based facilities through use of constructed wetlands with Salicornia as an environmentally friendly biofilter and a valuable by-product for the health food, nutraceutical and beauty industries.

Main Specific Objectives:

· To develop constructed wetlands with Salicornia sp. as an efficient and cost-effective biofilter for land-based fish farming facilities in warm, temperate and cold water conditions. The final target in the framework of the project was to show that it is feasible to remove up to 80% of the nutrients (pollutants) from the effluents.   

· To develop new agronomic management practices so as to improve Salicornia productivity (yields) using marine fishpond effluents. The final target in the framework of the project was the development of new agronomic strategies to double the yield per unit area. 
Secondary Specific Objectives:

· To increase cost-effectiveness of CW with Salicornia by enhancing the quality and thus the value of the unprocessed material to meet specifications of the health food markets. The final target in the framework of the project was to show that the production of a constant high quality product in terms of taste, texture and composition throughout the year was feasible.
· To improve the economic value of Salicornia by using the unprocessed material for production of specific extracts for high value applications (health, beauty and nutraceuticals industries). The final target in the framework of the project was to show that production of new active substances (phytonutrients) from Salicornia, suitable for immediate marketing on the nutraceutical and cosmetics markets, was possible.
· To analyse costs vs. benefits for constructed wetlands with Salicornia. including capital and operating costs and revenue benefits from products and waste water treatment with different scenarios for different climate conditions. An economic analysis was developed including potential value added to the final products. 

2. Contractors involved in the project:

	Participant no.
	
	Participant organization 
	Organisation (short name)

	1 (coordinator)
	RTD
	Israel Oceanographic & Limnological Research, National Center for Mariculture, Eilat, Israel
	IOLR 

	2
	SME
	Ardag, Eilat , Israel 
	ARDAG

	3
	SME
	Aquamarim, Faro, Portugal
	AQUA

	4
	SME
	Lynn Aquaculture, Wales, UK.
	LYNN

	5
	SME
	Ichtyo Developpment Eau Environment, France
	IDEE

	6
	SME
	Bretagne Cosmétiques Marins, Plouguerneau, France
	BCM

	7
	SME
	AGRIMER, Plouguerneau, France
	AGRIMER

	8
	RTD
	Marine Plant Ecology Research Group, University of Algarve, Faro, Portugal
	CCMAR

	9
	RTD
	School of Ocean Sciences. University of Wales, Bangor, Wales, UK
	UWB

	10
	RTD
	Centre d’Etude et de Valorisation des Algues, Pleubian, France.
	CEVA

	11
	RTD 
	Ben Gurion University of the Negev, Be’er Sheva, Israel
	BGU


2.1 The consortium structure: 

For the execution of the project, a collaboration of producer-oriented SMEs (ARDAG, IDEE, AQUAMARIME, LYNN) and RTD performers specialising in wetlands and Salicornia (IOLR, BGU, CCMAR, UWB) concentrated on the performance of CW with Salicornia in three different climates (warm, temperate and cold water conditions) in order to optimise biofiltration and high productivity of Salicornia. The SME Salicornia producers (ARDAG, LYNN, AQUAMARIME) transferred unprocessed Salicornia to the SME processors (AGRIMER, BCM) and the RTD (CEVA) for evaluation of the Salicornia as a  gourmet or health food, and the RTD performers (AGRIMER and BCM) converted the Salicornia into extracts for the high-value nutraceuticals and beauty industries.
Collaboration of SMEs (BCM, AGRIMER) and RTDs (CEVA, BGU), used the Salicornia crop to develop high value products. AGRIMER processed the raw material into higher value extracts and BCM used these processed extracts in the beauty and health food industries.  Feedback from the Salicornia processors (BCM, AGRIMER) regarding the quality of the product at the end of the first phase of the project was transferred to the producers so that they could improve the final product in the CW.  
3. Work performed and end results.

3.1 Design, setup and optimisation of three CWs on the three study sites.
Partners involved: IDEE, IOLR, ARDAG, AQUAMARIME, LLYN, UWB.  
The following studies were carried out: design and setup of three constructed wetlands with Salicornia in three sites, and optimisation of conception, design and engineering of the constructed wetlands.
Final detailed engineering studies, including detailed CAD drawings and sections for CW implementation on all pilot sites, with technical specifications were carried out. The three pilot sites were then run with surface and subsurface flow regimes and worked on cultivation systems, agronomic, and management practices. The constructed wetlands developed in the project are ready to be scaled up for commercial application both for fish farm waste water treatment and for horticultural production of Salicornia. Further research will be aimed at developing better harvesting techniques to reduce labour costs. 
3.2 Evaluation of the three experimental sites: IOLR in Israel – warm water; CCMAR in Portugal – temperate water; and UWB/Llyn in Wales – cold water. 
Contractors involved: IOLR, ARDAG, AQUAMARIME, LLYN; IDEE, CCMAR, UWB, BGU.
The overall performance of constructed wetland as biofilter in Wales (cold water), Eilat (warm water) and Portugal (temperate water) was evaluated. This included the nutrient budgets (nitrogen, phosphate and carbon) of CW using two flow regimes (surface and subsurface), evaluation of the effect of nitrogen flux, environmental parameters, Salicornia performance (growth and yield) and biochemical composition, as well as management practices. 
We showed that constructed wetland in Wales (cold water) and Eilat (warm water) were very efficient (up to 90%) for removing nutrients from fish pond effluents from recirculated (UK) and semi-recirculated (Israel) pond systems. It was found in both countries that the subflow water regime was the most efficient system both for removing nutrients and for growing Salicornia. The treatment of flow-through farms in Portugal appears to be less efficient because of too low a concentration of nutrients and too high water flows to be treated by the CW.  Results included selection of optimal plant varieties based on growth performance, techniques for mass seed collection and germination, and optimal nutrient (N, P) and salinity levels for biofiltration, growth, yield, and product quality.   Effective cropping regimes were developed for the Constructed Wetlands, in which plants were trimmed every 3 weeks, generating around 20 kg m2 y-1 or around 10-12 kg m2 y-1 of edible products. No significant differences in biochemical composition were observed between the systems. However, differences were found between the parts of the plant. In general, the tips contain a higher level of protein (8-9% DW) compared to the roots (1.5-3% DW). Carbohydrate content was higher in the roots (19-22% DW) compared to the tips (9-11% DW). Lipid content was higher in the tips (3-4% DW) compared to the roots (1.1-1.4% DW). The tips contain 45ppt salinity (NaCl) compared to the shoots and the roots (37 and 8.7 ppt, respectively).

3.3 Developing new agronomic management practices to improve Salicornia productivity (yields) using marine fishpond effluents. 
Contractors involved: IOLR, ARDAG, AQUAMARIME, LLYN; IDEE, CCMAR, UWB, BGU.
The following studies were carried out: evaluation and selection of strain, sowing and germination technologies, optimal salinity and nutrients, light regimes, culturing and harvest techniques and growth medium evaluation. 
A new agronomic technique for the culture of Salicornia in the CW was developed. These include: selecting the appropriate strain, sowing technology using a lightweight floating system, germination protocol, and light regime, evaluation of strains, harvest protocols, optimal salinity, optimal nutrient and culturing techniques both before and after cropping.  Some of the techniques were found to be site specific.  Cultivation units, growth medium and agro-management practices are ready for application. Different Salicornia ecotypes can be chosen according the grower’s requirements. Growers using mariculture systems for fish or shrimp cultivation may use this system (a) as an additional source of income, and (b) as a way to reduce the cost required for water purification after fish culture. This system could be developed for additional crop plants using lower salinities adjusted to fish cultures growing in salt concentrations less than sea water level. Two to three years are needed to develop agro-techniques for a new leafy vegetable crop. 
3. 4 Characterisation and stabilisation of raw Salicornia.                                                                          

Contractors involved: AGRIMER, CEVA.

The following studies were carried out: evaluation of freshly harvested Salicornia for food compatibility and stabilisation of Salicornia samples for longer storage and use as a vegetable for processed food. In addition, fresh Salicornia quality was tested for the market. 

Certification of food and health compatibility of Salicornia from Israel and Wales was established based on quality control, sensory evaluation and results of submission to wholesaler or end-users. All samples tested were found to be of quality that meets the market demands and applicable regulations. Salicornia from Wales and Israel showed very good results in terms of physicochemical quality. In addition, bacterial examination both before and after delivery showed no coliforms and low bacterial counts, well below the maximum allowable standard. The taste and texture of the plants were greatly appreciated by wholesalers, especially for samples collected in late August when compared to wild plants collected at the same season. Sarcocornia from Portugal were also evaluated, but judged unsuitable for food use, mainly because of their bitterness, despite good results regarding physicochemical quality and shelf life. However, in terms of commercial use, these plants are useful for their high betaine content favourable for cosmetic applications. Brining and canning processes were applied successfully on samples from Israel and samples are available for submission to further potential customers. A wholesaler (import-export of fresh and canned Salicornia) is ready for an initial order to be delivered this winter and submitted to a larger panel of customers. 
3.5 Evaluation of Salicornia for high-value applications (food ingredients, nutraceutical and cosmetic industries).

Contractors involved: AGRIMER, BCM, CEVA. 

The following studies were carried out: A lipidic extract rich in phytosterols was obtained. Antioxidant activity of some extracts was tested. Development of an aqueous extract rich in betaine. Stability of Salicornia extracts. Determination of the safe and effective dose of Salicornia extracts, and compatibility of Salicornia extracts with nutraceutical and skin care formulas. 
We developed two Salicornia extracts possessing anti-oxidant properties, and four final cosmetic formulations have been developed based on them. A new ‘X’ bioactive compound in Salicornia was found that gives a new added value to the extracts.  Its most interesting properties appear to be: anti-oxidant activity, UVA and UVB absorption, anti-inflammatory effect, and melanogenesis regulation.  

The four types of cosmetics formulations developed from the Salicornia extracts are: 

An anti-ageing cream to detect possible incompatibilities between oil in water emulsion and Salicornia extract. Moreover, ‘X bioactive compound’ is highly effective in the treatment of fine lines, sunspots and photo ageing induced symptoms. This is perceived as an excellent claim. 

A shampoo enables us to detect the possibility to introduce our extracts in surfactant preparation. If efficacy tests are done, it will be interesting to evaluate their anti-oxidant and anti-inflammatory strength on hair and scalp.

An anti-ageing mask which is a hydro-alcoholic gel. It allows us to check the compatibility of Salicornia extract with alcohol and carbomer. The Salicornia extract could precipitate in presence of alcohol. If the extract contains too many electrolyte compounds, it will break down the carbomer gel.

A sun lotion to evaluate the compatibilities with UV filters and with “extreme” formula. This formulation contains a large amount of oil phase. This type of formula contains many charges due to the presence of organic filters in the water and in the oil phase. If we succeed in correctly introducing Salicornia extract, it will be the proof of high achievement with difficult cosmetic products. 

3.6 Bioeconomic evaluation and exploitation of CW and the final products.
Contractors involved: IOLR, ARDAG, AQUAMARIME, LLYN, IDEE, CCMAR, AGRIMER, CEVA.
The following studies were carried out: Economic evaluation of the CW with Salicornia as a biofilter for fishpond effluents. Economic evaluation of the raw Salicornia from the CW. Economic evaluation of the processed Salicornia from the CW 

Water treatment efficiencies and Salicornia production were studied and analysed, together with identification of the technical limitations.  The results indicate that Constructed Wetlands are well adaptable to marine hatcheries and land based recirculated fish farms, which have limited water flows and sufficient nutrient concentrations, resulting in around 90% efficiency in nitrogen removal. However, Constructed Wetlands appear to be less promising for flow-through fish farms with high flow rates and low nutrient loads.  Figures regarding Salicornia potential revenues from its marketing look promising, leading to a profitable effluent treatment. This not only offsets treatment costs, but can offer a nice profit margin.  Up-scaled pilot sites will be needed in order to confirm the data acquired from the small-scale Envirophyte pilot sites. Technical efficiencies, water management, Salicornia harvesting and Salicornia marketing will need to be up-scaled and tested on a commercial scale (above 20 m3/h treated water, more than 1500 m2 of Constructed Wetland).
To summarise, we developed CW with Salicornia as an efficient and cost effective biofilter. We developed agronomic techniques to grow Salicornia from germination to harvest size. We found that Salicornia from CW is a valid commercial product and a source of revenue both as an unprocessed product (gourmet and health food) and as a valuable source of extracts for the beauty and nutraceutical industries. Bioeconomic evaluations indicate this system to be cost-effective. On the basis of the results so far obtained, our SMEs (Ardag, Lynn, AGRIMER, BCM and IDEE) are planning to further develop their respective products.

4. Current relation to the state of the art

Natural wetlands are an important component of marine and freshwater ecosystems. Their major functions are holding and recycling nutrients, providing wildlife habitat and breeding and nursery grounds, and controlling and buffering natural floods (Hughes et al., 1998). In addition, wetlands can efficiently remove organic matter, suspended solids and excess nutrients (N, C, P) through various processes including filtration, sedimentation, biological and microbiological absorption and assimilation (Hammer and Bastian, 1989; Delaune, 1996). 
Protein is the most expensive component in marine organism feed and the main source of nitrogenous pollution in aquaculture. In conventional mariculture, fish or shrimp assimilate only 25-30% of the nitrogen and phosphate in their diets (Lupatsch & Kissil, 1998); the rest is excreted into the water as dissolved inorganic or solid organic compounds. These effluents pollute coastal ecosystems and must be treated before being returned to the sea. Biological water treatment can be done mechanically, by bacteria (nitrification and denitrification; Van Rijn 1996), by macroalgae, and by microalgae (Shpigel & Neori 1996; Neori et al., 2004). However, such treatments are expensive and only partially reduce pollution.  

We therefore proposed the use of constructed wetlands (CW) with halophytes which take in the nutrient-rich wastewater and convert it into plant biomass. In addition to dissolved nutrients removal, CW is able to remove suspended solids and BOD as well from land-based mariculture systems (Schwartz & Boyd, 1995; Delaune, 1996 Linn et al., 2002). CW was expected to be cost effective compared to mechanical or biological treatments, since it involves only moderate capital cost, low energy consumption and low maintenance requirements (Lin et al., 1996).

CW for aquaculture is a relatively new technology, started in the 1970s (Kadlec & Knight, 1996), and was used for crayfish and commercial fish species using mainly freshwater deriving from agriculture and urban development (Schwartz & Boyd, 1995; Sauceda-Perez, 1998; Brown et al., 1999; Lin et al., 2002, 2003; Tilley et al., 2002; Schluz et al., 2003). The application of CW containing Salicornia as a dual biofilter system in mariculture is an innovative approach.  

In the CW proposed we used a halophyte of the Chenopodiaceae family, Salicornia sp., which converts nutrient-rich wastewater into plant biomass, contributing to preservation of the environment while creating a new, economically viable cash-crop vegetable for the mariculture farmers. Salicornia L. (Chenopodiaceae) is a genus of annual, apparently leafless halophytic herbs that have articulated, succulent stems. The taxonomic status of the genus is complex, and has numerous species aggregates, species and microspecies (Davey et al 2001). Salicornia is found around most of the coastline of Europe from the Arctic to the Mediterranean, as well as on the shores of both the Black Sea and Caspian Sea; it is also present in some inland saline areas. The S. europea aggregate is present over most of this range. Members of the S. procumbens group are recorded from the North Sea, the English Channel, the Atlantic coasts of France and Portugal, and the Mediterranean coast of France. S. pusilla occurs only in Britain and on the northern and western coasts of France. Salicornia spp. have a very wide range of climatic tolerances. The northern limit of Salicornia corresponds with the 10 °C July isotherm (Jefferies et al., 1983) where it is generally limited to unshaded sites with relatively high daily radiant energy availability during the growing season. At the other extreme Salicornia spp. have recently been discovered in Saudi Arabia, in salt marshes on the Arabian Gulf coast and in the sabkha of Al-Aushaziya, some 400 km from the coast (Al-Turki, 1992). Local-scale distribution of species may depend on shoreline topography and differences in salinity tolerance. Populations low in the tidal frame need to be more tolerant to prolonged submergence whereas those at high elevations may experience hypersalinity in summer (Jefferies et al., 1979). S. dolichostachya, for example, better tolerates frequent immersion at the lower tidal limit, S. europaea is characteristic of large areas of low marsh, whereas S. ramosissima is more typical of the upper marsh and S. pusilla is restricted to low hummocks and the landward margin where it is often inundated only by spring tides (Davy & Smith, 1988). 
Salicornia excels in evapotranspiration of water, is vigorous under saline irrigation, and shows efficient nutrient removal at seawater salinity (Brown et al., 1999). It is the most promising of all halophytes currently under R&D and commercial cultivation. Known as sea asparagus, pickelweed, glasswort, and samphire, Salicornia can be eaten raw, cooked, or pickled and it commands a high price in the gourmet food markets of USA ($8-10 /kg), Europe (4-10 Euro/kg) and in Great Britain (8 and 20 GB£ kg-1 http://www.thefishsociety.co.uk). Current demand for Salicornia is greater than the supply; therefore it is imported to Europe year round, especially during the winter when no local supply is available. 
Conversion of ‘expensive’ nitrogen from fishpond effluents into a valuable commodity as a raw product or source of extract for the beauty and nutraceutical industries was expected to diversify the fish farm products and increase the profitability of land-based facilities aquaculture. This is the first time to combine marine constructed wetlands with Salicornia as a raw product and to convert it into a saleable product for the nutraceutical and cosmetics markets. The goal of the project was to develop cost-effectiveness of marine land-based facilities through use of Constructed Wetlands with Salicornia as an environmentally friendly biofilter and a valuable by-product for the health food, nutraceutical and beauty industries.

5. The impact of the project on its industry

This innovative water treatment technology is of great worldwide interest for treating fish farm effluents. With stricter future regulations on water quality at farm outlets, fish farmers can expect to pay taxes/fines as per the pollution generated by their farms (mainly nitrogen and phosphates). Innovative technologies like those developed in the Envirophyte systems are able to provide a profitable "green" alternative, as its water treatment efficiency approaches the same level as those of “standard” technology, with the added benefit that Constructed Wetlands can provide a profitable, saleable product. Potential clients are mainly land-based marine farmers, including on-growing facilities, pre-growing facilities, and also marine hatcheries (more than 100 commercial hatcheries are active in Europe). 

The stalks of Salicornia are popular in various countries as a fresh vegetable, steamed or pickled, and as a gourmet and health food. Salicornia is a relatively new product in Europe and is presently based mostly on amateur gathering of branches from wild plants, which limits the market supply due to the following reasons: 1) most natural wetlands are protected areas. 2) Quality and quantity of the halophytes are not constant and change throughout the year, a considerable disadvantage for commercial processing. 3) The product is neither clean nor uniform and must be cleaned of epiphytes and other organisms before processing. 4) From September through May there is no supply of Salicornia to the market at all because this plant does not grow in cold temperatures, a fact that hints at the potential for marketing from warmer countries, particularly in the Mediterranean (Israel and Portugal), where it can be grown all year around. In the UK, a greenhouse technology will be tested to extend production from early spring to late autumn.  The Envirophyte project has also shown Salicornia to be a viable source of extracts for the cosmetics and nutraceutical industries, an important advantage in products seeking to appeal to the rapidly expanding ‘green’ and ‘natural’ markets.  
Other potential impact: Fish and subsequent Salicornia cultivation on constructed wetlands can be carried out in marginal and underdeveloped regions with access to the sea or any other salty water resources (like brackish aquifers, desalination brine, saline springs or lakes) where conventional agriculture has its limits. Growing Salicornia in those marginal areas, where conventional agriculture is difficult or impossible, may provide additional income sources for farmers as well as creating additional jobs and making use of otherwise unarable lands.  
Diagrams and photos

Figure 1: The constructed land based in Israel, UK and Portugal.
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Figure 2: Salicornia growing (A), delivery of raw Salicornia (B), extraction processes,                               (C) and production (D).
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Figure 3:  CW simulation, experimental design in floating Polystyrene culture systems 

	
	
	Average Salicornia Yield

Kg m-2 y-1

	Lynn

UK
	subsurface
	*5.93                                                                     * for 21 week summer growing season.

	ARDAG

Israel
	surface
	21.2± 1.5

	
	subsurface
	20.4± 1.2

	AQUAMARIM

Portugal
	surface
	0.50± 0.21*

* Sarcocornia fruticosa

	
	subsurface
	0.57± 0.18*

* Sarcocornia fruticosa


Table 1: Average Salicornia/Sarcocornia annual yield

	Low inflow


	
	N input

g d-1 m-2
	N output

g d-1 m-2
	Removal

g d-1 m-2
	Removal 

Effi. (%)

	Lynn

UK
	subsurface
	0.105 ±0.01
	0.002±0.001
	0.103±0.002
	98.2 ± 1.0

	ARDAG

Israel
	surface
	0.144 ±0.04
	0
	0.144 ±0.04
	100 

	
	subsurface
	0.148 ±0.04
	0.098 ±0.02
	0.05 ±0.04
	   34± 2.5

	AQUAM.

Portugal
	surface
	1.074 ±0.06
	1.071±0.058
	0.0029±0.0011
	0.27±0.10

	
	subsurface
	1.074 ±0.06
	1.072±0.058
	0.0023±0.0009
	0.19±0.08

	High inflow


	
	N input

g d-1 m-2
	N output

g d-1 m-2
	Removal

g d-1 m-2
	Removal 

Effi. (%)

	Lynn

UK
	subsurface
	2.738±0.12
	1.626±0.112
	1.112±.091
	40.6 ±0.92

	ARDAG

Israel
	surface
	10.5 ±2.08
	4.9 ±2.04
	5.6 ±2.04
	54±7

	
	subsurface
	11.1 ±2.5
	3.2 ±0.32
	7.9 ±2.3
	71±11

	AQUAM.

Portugal
	
	n.a.
	n.a.
	n.a.
	n.a.


Table 2: Nitrogen budget in the three locations.
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                       Table 3: Chemical and biochemical composition of Salicornia in the three locations. 
2. DISSEMINATION AND USE. 

The consortium consisted of two groups of SMEs. First group (the aquaculturists): ARDAG, Lynn, Aquamarime and IDEE have been using the CW as biofilter and the Salicornia crop as a by-product. Their project was divided into three main tasks: 

1. Designing and setting up CW with Salicornia as a biofilter to treat fish pond effluents. 

2. Developing agro-technologies to produce Salicornia within the CW.  

3. Evaluating the Bioeconomics of the CW with Salicornia.
The second SMEs group, AGRIMER and BCM, are the Salicornia processors to high value products. Their project was divided into two main tasks: 
a.   Evaluating Salicornia from the CW as a raw product.

b.   Processing Salicornia from the CW as a product for the neutraceutical and cosmetic industries.

The exploitatable knowledge of the consortium is as follow (Table 1): 

Engineering design of CWs for recirculated and flow-through systems in cold and warm water   conditions. 

Techniques for operation of CW and Salicornia production, with optimal nutrient flux, water flow, salinity, and harvesting strategies.  

Techniques for seed production, germination, and optimal sowing densities. 

Techniques for growing Salicornia in the CW, including densities, light regimes, harvesting methods, use of fertilizers. 

Screening methods for: anti-elastase, anti-hyaluronase, anti-tyrosinase activities.

Protocol to evaluate the antioxidant activity of Salicornia extracts. 

Bioeconomic model to evaluate CW performances.

The exploitation products of the consortium are: 

1. CW in cold and warm water conditions in Israel and UK.

2. High quality Salicornia as a raw product from the CW in the local Israeli and UK markets.

3. Salicornia as a processed product.

4. Salicornia extracts as a source of bio-active compounds.

5. Four Salicornia-derived cosmetic products (sun lotion, anti-ageing mask, shampoo, anti- ageing cream).

6. Salicornia aqueous extracts with antioxidant activity.

7. A computer programme to evaluate CW performances.
Exploitations by the CW users:

For the SMES of the constructed wetland users (IDEE, ARDAG, AQUAMARIME, and LLYN) the exploitation results will be CW with commercial farming of Salicornia (for both the fresh product markets and industrial products) as an additional source of income for fish farmers. This will include all the techniques for operating the constructed wetland and produce Salicornia profitably.   

Exploitation results:

1. Engineering design of constructed wetlands for recirculated and flow-through systems in cold and warm water conditions. 

2. Techniques for operation of constructed wetland and Salicornia production, including optimal nutrient flux, water flow, salinity, and harvesting strategies.  

3. Techniques for seed production, germination, and optimal sowing densities. 

4. Techniques for cultivating Salicornia in the CW, including densities, light regimes, harvesting, and use of fertilizers.

5. A computer programme to evaluate CW performances in real time.

6. CW in cold and warm water conditions in Israel and UK.

7. High quality Salicornia as a raw product from the CW for the local Israeli and UK markets.

8. Salicornia as a processed product.

The results of the project may be exploited directly by the following:

1.  Sale of product to fresh and processed food markets including distribution and further marketing to local restaurants and food retailers. Salicornia is a seasonal product, fetching high prices during the winter and relatively low prices during the summer as a food. Summer production is best directed at the cosmetics industry. 

2.  Sale of Salicornia seeds.

3.  Sale of the know-how for start-up operations.

4. Conversion of the nutrients into a Salicornia biomass, production of a saleable product, while saving money on water treatment and meeting environmental regulations bound to become more and more strict.

  Exploitation by the Salicornia processors 

The second SMEs group, AGRIMER and BCM, are the Salicornia processors to high value products. Their project was divided into two main tasks: 

1.   Evaluating the Salicornia from the CW as a raw product.

2.   Processing Salicornia from the CW as a product for the neutraceutical and the cosmetic industries.

 Exploitation results:

1.   Screening methods for anti-elastase, anti-hyaluronase, anti-tyrosinase activities.

2.   Protocol to evaluate the antioxidant activity of aqueous and non-aqueous (glycerol) extracts. 

3.   Four Salicornia-derived cosmetic products (sun lotion, anti-ageing mask, shampoo, anti-ageing cream).

4.   Method for betaine analysis in plants.

1. The results of the project may be exploited directly by the following :
2. Four Salicornia-derived cosmetic products (sun lotion, anti-ageing mask, shampoo, anti-ageing cream) will soon be ready for sale.

3. Method for betaine analysis in plants and screening methods will be exploited directly in CEVA for further research projects. 

4. Dry Salicornia from AGRIMER is ready as a saleable product.  

Table 1. Overview table of the project Exploitable: 
	Exploitable Knowledge (description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	Design of CW with Salicornia in different flow regimes
	CW in two SMEs location
	Industry
	2-3 years
	none 
	IDEE

	Techniques for seed production, germination, and optimal sowing densities.
	protocol
	Agriculture
	immediately
	ARDAG, Lynn, Aquamarime, BGU, IOLR
	ARDAG, Lynn, Aquamarime, BGU

	Salicornia cultivation for food and cosmetics
	protocol
	Agriculture 
	2-3 years
	none
	ARDAG, Lynn, Aquamarime

	Use of molybdate for improved Salicornia biomass production
	protocol
	Agriculture
	immediately
	none
	ARDAG, Lynn, Aquamarime, BGU

	Use of photoperiod for the cultivation of specific Salicornia 
	protocol
	Agriculture 
	immediately
	none
	ARDAG, Lynn, Aquamarime, BGU

	Method for betaine analysis in plants
	protocol
	Food, cosmetic, health, agriculture market
	2009
	none
	CEVA, 

	Screening method for anti-elastase,  and anti-hyaluronase activities
	protocol
	Cosmetic industry
	2009
	none
	CEVA BCM

AGRIMER

	Screening method for anti-tyrosinase activity
	protocol
	Cosmetic industry
	2009
	none
	CEVA BCM

AGRIMER

	Screening method for anti-elastase activity
	protocol
	Cosmetic industry
	2009
	none
	CEVA

	Antioxidant activity of Salicornia
	Extracts with antioxidant activity
	Cosmetic industry
	2009
	NO
	BCM, AGRIMER

	Extraction methods from Salicornia for cosmetics
	4 cosmetic formulas (sun lotion, anti-ageing mask, shampoo, anti-ageing cream)
	Cosmetic industry
	End of 2009
	NO
	BCM

AGRIMER


4. Contact details

	4.1 Aquaculture Sector

ISRAEL:
IOLR                                                                                                                                                                               Dr. Muki Shpigel
Senior Scientist
Marine Biologist
Israel Oceanographic & Limnological Research
National Center for Mariculture
P.O.Box 1212 Eilat 88112-Israel
Tel : +972 8 6361441
Fax : +972 8 6375761                                                                                                                             shpigelm@agri.huji.ac.il
ARDAG                                                                                                                                                                         Mr. Dov “Dubi” Helman                                                                                                                                                Red Sea Mariculture Ltd.                                                                                                                                                   P.O. Box 742                                                                                                                                                                      Eilat                                                                                                                                                                                                       Israel   88116Tel: 972-8-6303200                                   

Fax: 942-8-6377901            

helman@ardag.co.il
BGU

The Jacob Blaustein Institute for Desert Research

The Albert Katz Department of  Dryland Biotechnologies

Ben-Gurion University

Prof. Moshe Sagi

P.O.B. 653, Beer Sheva 84105, Israel

Phone: 972 8 6563469

Fax:     972 8 6596742

Email: gizi@bgu.ac.il 

UK
Llyn Aquaculture Ltd

Dr Mark Rigby

Afonwen Farm

Chwilog, Pwllheli

Wales

LL53 6TX

Tel / Fax: +44 1766512559

UWB

School of Ocean Sciences,  Bangor University

Dr Lewis Le Vay

Menai Bridge LL59 5AB 

Wales UK

Tel:. +44 1248 388115

Fax: +44 1248 716367

 l.levay@bangor.ac.uk
  
	4.2 Industry sector
France

IDEE

Mr. Benoit Husson

39, Rue jean Giroux

Parc Euromédecine II

34080 MONTPELLIER

Tel : +33 (0)4 99 23 31 60

Fax : +33 (0)4 99 23 31 70

Mail : bhusson@ideeaquaculture.com
Bretagne Cosmétiques Marins.

Cécile Ferot

Prat Menan BP29

29880 Plouguerneau

FRANCE

02 98 04 59 69 

contact@bretagne-cosmetiques
AGRIMER
Mr. Eric Guivarch                                                                                                                                        

Prat Menan   BP 29

Plouguerneau   29880

France

Tel: 33 2 98 04 54 11

eguivarch@AGRIMER.com

www.AGRIMER.com
CEVA

Seaweed Manufacturing Technology Centre
Ms. Anne Menguy

BP 3   Presqu’ile de Pen Ian

Pleubian,  22610

France

Tel: + 33296229350 
anne.menguy@ceva.fr
Portugal

Centro de Ciencias do Mar do Algarve 

Prof. Rui O. P. Santos                                                                                                                                                    

Faculdade de Ciencias do Mar e do Ambiente

Faro,  Portugal

Tel: 351 289 800973

rosantos@ualg.pt
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