Title of the suggested Action:
HEALTHY SWEETENERS FROM AGRICULTURAL AND FOREST WASTES 

Subtitle (or short description in one sentence):
Xylitol and Sorbitol for Healthy Human Nutrition Including People Suffering from Diabetes and Pharmaceutical Sweeteners 
Description of the Action (approx. 1 page):

The objective of the proposal (Contribution to the Action Plan) is the development of a cost- and energy- effective technology for the conversion of forest and agricultural residues and wastes to added-value biological products, using as the primary core process the electrochemical (electrocatalytic) or heterogeneous catalytic production of sweeteners xylitol and sorbitol, and any other polyol, from xylose and glucose, respectively. Bioconversion of lignocellulosic biomass (cellulose, hemicellulose, and lignin) is typically subjected to an acid hydrolysis pretreatment to open up the tight crystalline structure of cellulose and to release some of the constituent sugars (mostly pentoses). Hemicellulose is an irregular branched polymer of pentose sugars, primarily xylose, with modest amounts of arabinose and some hexoses with acetylation of these chains, the latter being the source of acetic acid in hydrolysates. This is usually followed by an enzymatic hydrolysis, which is the rate-limiting step, to produce free sugars (mostly hexoses) that are usable to microorganisms. Lignocellulosic biomass wastes could be used for the production of food products, animal feed, added value chemicals and ethanol, as a higher grade, easily transportable liquid fuel through its microbial processing, while the focus of the present proposal is imposed upon healthy sweeteners, mostly xylitol and sorbitol, though the whole project might be broader, more versatile and more complete.   
Healthy nutrition primarily implies the replacement of highly caloric sugars (saccharose, sucrose) by remarkably less caloric (9.6 versus 15 in ratio) sugar-alcohols or polyols (xylitol, sorbitol, lactitol, mannitol, erythritol, mantitol), US brand named ‘ultimate sweeteners’ or ‘safe sweeteners’, UN recommended for people suffering from diabetics, since they do not impact insulin. In such a respect, whereas the global sugar confectionery market reaches 2 – 3% annual progression, the demand for sucrose-free polyol products exhibits an order of magnitude faster growth. Sorbitol, also known as glucitol is the second significant natural and main pharmaceutical sweetener, sugar alcohol, usually produced by reduction or hydrogenation of glucose, after hydrolysis of starch, and referred to as a nutritive sweetener because it provides dietary energy 11 kJ/g (2.6 kcal/g) versus 17 kJ/g (4 kcal/g) of sugar and starch. 

Main task of the study is the development of optimal methods of lignocellulosic biomass pre-treatment, hydrolysis to monosacchrides, xylose and glucose isolation and purification, their (electro)catalytic hydrogenation to final sweetener products (xylitol and sorbitol or glucitol), side-products utilization and eventually glucose syrup bioconversion to ethanol. The raw material is available all over the world and almost free of charge (various waste materials, like the rest in wood technology), which undergoes simple hydrolysis to get extracted monosaccharide xylose or glucose, and brings all states and nations worldwide in equal independent position and relations.
After simple hydrolysis of various agricultural and wood residues and wastes, followed by the thorough separation step and cleaning of monosaccharides, xylose and/or glucose, there follow two different technological procedures to get desired sweeteners: (i) Heterogeneous catalytic hydrogenation of the latter in suitable reactors at elevated pressure and temperature to produce and crystallize pure sweeteners, xylitol and/or sorbitol as final products, or (ii) Electrochemical selective cathodic (electrocatalytic) hydrogenation of the former monosaccharides to get the latter and proceed with the separation and crystallization of the same sweeteners. Meanwhile, electrochemical process in addition always has the corresponding accompanying anodic oxidation reactions and enables production of gluconic and xylonic acids, or their alkaline salts, gluconates and xylonates, which are used as best detergents for glass bottles and other glass surfaces washing, for rust and other oxides removal from metallic surfaces and in so called expanded (up to 10%) concrete production. All these broadly useful products result from agricultural wastes with high selectivity, corresponding purity and greater Faradaic yields, as usually in electrochemical processes. The main task of the proposed project would be engineering and technological embodiment of these catalytic and electrocatalytic processes from initial hydrolysis to the final sweetener products purification.
References to running activities, lessons learnt from other regions, 

etc. (one paragraph): Contacts with Russian scientific centers which developed hydrolysis of wood wastes in Siberia to perfections. The applicant has been for more than two decades now carrying out the basic electrochemical investigations in xylitol production and published series of corresponding scientific papers and even made a small industrial plant in Serbia (Subotica) for gluconate production (see, please, selected reference papers of the authors):
59) A. Jokic, N. Ristic, M. M. Jaksic, M. Spasojevic, N. Krstajic, 'Simultaneous Electrolytic Production of Xylitol and Xylonic Acid from Xylose', Journal of Applied Electrochemistry, 21 (1991) 321 - 326.

64) N. Ristic, A. Jokic, N. Krstajic, M. Spasojevic, M. M. Jaksic, 'Simultaneous Electrolytic Production of Sorbitol and Gluconic Acid from Glucose', Bulletin of Electrochemistry, India, 7 (1991) 461 - 465.

86) N. M. Ristic, C. M. Lacnjevac, A. M. Jokic, D. Tsiplakides, M. M. Jaksic, 'Certain Specific Electrochemical Behaviour of Some Aledhydes', Russian Journal of Electrochemistry, 33 (7) (1997) 714-725; Elektrokhimiya, 33 (1997) 777-789.

98) N. M. Ristic, M. Kotorcevic, C. M. Lacnjevac, A. M. Jokic, M. M. Jaksic, Some Specific Potentiodynamic Behaviour of Certain Aldehydes and Monosaccharides. 1. Some Simple and Some Specific Aldehydes, Electrochimica Acta, 45, (2000) 2973- ​ 2989.

Actors to be involved in the implementation and their roles (max. half a page): Faculty of Agriculture with other faculties of University of Belgrade, in collaboration with corresponding Labs ICEHT/FORTH, Paras, Greece, Universities of Zagreb and Split, Croatia; University of Skopje, FYR Makedonia, University of Sofia, Bulgaria. With these centers the applicant already had very useful collaboration in electrocatalysis and on EU INCO Copernicus project.
Expected impact (one paragraph): Experimental confirmation of theory for technological sweeteners production at laboratory and pilot plant level; Basic engineering parameters for reactor’s design, scale-up and projecting of the whole equipment and industrial plant of production.

Relevance to the WBC region (one paragraph): All Balkan countries are in general agricultural and forest area and all have the interest for healthy sweeteners production. Before the war in Bosnia, at Draksenic place, already existed catalytic production of sorbitol from starch.
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