1. Basics

1.1 Ecosystem Earth – Complex System Earth

Nowadays natural sciences and system theory take Ecosystem Earth as a Complex System (CS) [1-4] – however, not just intuitively 'complex', but complex as a well defined technical term (Fig.1.1) with a range of consequences on system-characteristics. CSs are dynamic process of ahuge number of components which internally interact on high level organization and functionality structures and need permanent and supercritical quantities of energy to maintain their performance. CSs form and transform borders which act as interfaces to system environment for import of energy, export of entropy and establishing / maintaining communication. Complex Systems are 'machines' 

· to manage permanent high-level energy input from system environment ( in case of eco-system earth: dominantely elctromagnetic radiation from the Sun (approx. 680 nm)

· which transform / devalute energy-input (e.g radiation in case of photosynthesis) into matter (trioses ( hexoses / pentoses), information (organization and functionality) and entropy which no longer can be transformed but must be exported (waste, trash, heat) ( permanent formation of renewable resources

· which need permanent high-level energy-input to establish and/or to keep established organization and functionality (e.g metabolism) by means of dynamic long-range interactions with significatn contributions of  higher than binary order interactions..

Different to nowadays technical machines, organization and functionality of CSs 

· is not hierarchically and not controlled by system environment,

· but a self-organizing process, dominated and controlled by the CS: a dynamic configurations of energetically / historically controlled material compounds [1].

System environment however, is integral feature of CSs, as minimum performance is required: permanent and supercritical level of enrgy for the CS. Thus, system enviroment rather stimulates CSs than controls their performance. However, to establish and to maintain their performance, components of ecosystem earth need certain qualities, in particular:

· high flexibility on molecular level;

· efficient sensor-quality for (varying) milieu conditions;

· appropriate 'intelligent' response-capability upon applied stress;

· capability of assembling and transformation by molecular tools and molecular-level library-based command-sequences.  

Many of the materials in Ecosystem Earth which meet the requirements for components of CSs, are macro​molecular compounds and due to their perpetual formation in life-cycles of CSs they are the major quantity of  biomass or renewable resources:

· polysaccharides / carbohydrates (  structurizing voluminous material; energy storage; 

· nucleic acids  (  genetic code: library (symbol-structures: information)

· proteins  (  catalytic active site;  carrier-compunds: organization / structure;  energy storage

· lipids ( interfaces / boundaries: structurizing compunds; energy storage;

By managing provided energy, CSs are factories which produce renewable resources, and at least from point of view of formed masses, dominantely form poly​saccharides. Such management includes:

· fixation of provided radiation-energy from system environment as matter (trioses), dominantely by photosynthesis, withn the CS;

· fixation of energy as new or maintained functionality within the CS;

· transformation of energy-input to lower levels by metabolic pathways - anytime correlated with production of entropy as efficiency of transformation always is less than 100%;

On the macroscopic / biological scale the energy managment power plants are microorganisms (bacteria fungii), maritime organisms, algae, crops, insects and animals/man. The major quantity of  annually assimilated biomass / renewable ressources are polysaccharides / carbohydrates (PS/CH) (Table 1.1). Each of these biological power plants within Ecosystem Earth produces PSs/CHs, however, for rather different applications / functionalities such as [5,6] 

· structurizing material, organized on multiple layers and levels (e.g cellulose)

· energy resource of plants, animal and man (e.g. starch, glycogen)

· protection against mechanical damage (e.g. chitin of insects and chitin / chitosan of maritim organisms)

· metabolic products (exopolysaccharides 'EPS' of bacteria)

· 'high-tech'-functionalities in mammals: e.g. basic material for bones and cartilages (e.g. chontroidin, dermatansulfate), lubricant synovia of animal and man (e.g. hyaluronic acid), decoration of blood vessels (e.g. heparin) specific surface pattern of glyco-conjugates, a major requirement for immuno​logical activity.

Although the primary interest might be focused on mammals the major production of polysaccharides derives from crops, sea organisms and insect and the most easy acccess on 'raw materials' in terms of  availability and costs for subsequent processing is on crops. The  most important native structurizing polysaccharides in plants and correlated abbreviations or common names are: 

· cellulose: (((1(4) glucan ((Glc)

· fucogalacto-xyloglucan (XyG)

· glucuroarabinoxylan (GAX)

· xylan (Xyl), mannan (Man), gluco-mannan, galacto-mannnan (hemicelluloses)

· callose ( ((1(3)D-Glc)

· mixed-linked Glc ((1(3),(1(4)Glc

· pectic polymers 

· different PSs combined with structural proteins

· different PSs combined with lignin (ligno-cellulose)  

· suberin  (cork cells) lignin-like core + ester-linked fatty acids

· cutin (cuticle layer = cutin embedded in wax) outside surface of epidermis: mix of fatty acids (mostly saturated hydroxylated C16 / C18) + fatty esters; extensively internaly esterified ( crosslink network; 

The most important storage polysaccharides in crops are: 

· glucans  ( starch (((1(4), ((1(6) glucans): non-branched (nb) / long-chain-branched (lcb) and short-chain branched (scb) molecules;  

· fructans ( inulin, sinistrin, phlein  (((2(1); ((2(6) non-branched / branched, pure /mixed type glycosidically linked fructans).

1.2  Profiling Crop Raw Materials - Analytical Approaches

Within the last decades many analytical approaches for identification and quantification of crop components have been published and standardized and evaluated techniques have been developed by gouvernmental and commercial organizations. To establish and improve the significance of obtained results, a number of accredited laboratories have been installed all over the world to run standardized analytical techniques. Additionally, round-robin tests are performed permanently to check laboratory performance and to guarantee secure high-quality products from analytical point of view.  An associated problem is the fact, that most of these standardized analytical techniques are rather sumptuous with respect to instrumental equipment and requested time. The problems even multiply if adjustements / modifications of applied techniques for each sample of a sequence of subsequently screened crop varieties are necessary.  

Polysaccharides are known to be heterogeneous in more or less any characteristic. At any time polysaccharides reprensent a mix of superimposed distributions controlled by two major classes of influences: 

· systematics of biology of living systems which form polysaccharides [14]: variety specific genetic background (modified by breeding or genetic engineering), individual and temporary active enzyme patterns, actual a(varying) environmental conditions;

· molecular level of polysaccharides with polymer-chemistry basics for hetero​geneities: molecular conformation (glycosidic linkages, oxidation status, substitutoin pattern, branching pattern), molecular dimensions (degree of polymerization, excluded volume, packing density), interactive potentials to form more or less stable supermolecular structures.   

Even slight variations in any characteristc affects macroscopic material qualities and, depending on amplification or damping mechanisms, might be responsible for huge fluctuation of raw material qualities (Fig.1.2). However, what on the one hand causes huge fluctuations on the other hand qualifies polysaccharides in native environment as high-performance materials:

· high flexibility on molecular level;

· efficient sensor-quality for (varying) milieu conditions;

· appropriate 'intelligent' response-capability upon applied stress;

· assembling and transformation by molecular tools and molecular-level library-based command-sequences.  

Analysis / Characterization of polysaccharides therefore needs to consider that hetero​geneities are generic qualities of these materials and requaires: 

· component analysis to obtain information about characteristics of individual fractions and distribution of each characteristic over the fractions

· and bulk investigations to obtain information about the interacting material components and the additional qualities derived from these interactions.

Any analytical result of is co-determined by stability [3, 15,16] of investigated polysaccharide systems upon applied (investigative) stress. Additionally to distributions of molecular dimensions and molecular composition from biosynthesis or applied processes, variations in stability of different components causes distributions:
· diffusion controlled distribution of components, where mobility in surrounding medium is the controlling parameter

· reaction-controlled distribution of components, with chemical equlibira and turnover velocities as controlling parameters

· distribution of components in local minima of electrochemical potential ((Min) , with material history and energy-tresholds as controlling parameters

· distribution of components in geometric / steric energy-minima with molecular level local conformation pecularities, substitution patterns, and branching patterns as controlling parameters..

From analytical point of view chemistry - and biology-caused distributions are superimposed with distributions of dynamics: 

· long range / short range interactions causing temporary formation / destruction of supermolecular structures

· varying periods and decay of life-time of supermolecular structures

· individual and highly fluctuating resistance againts chemical, thermal and / or mechanical stress

· more or less pronounce re-organization capacity after applied stress

Bulk- and component analysis (Tab.1.2) are supposed to provide complemetary information about individual fraction characteristics and distribution of individual characteriscs on detected fractions, but even about interactive and dynamic qualities of the set of fractions for each sample. Mean values for each parameter will be obtained as well from bulk- as from component analysis, however, bulk analysis includes congributions from dynamic interaction of individual fractions.

On the other hand, characteristica-distributions correlated with specific sample fractions obtained from separation techniques informs about constituting component properties. However, whereas distribution-information from bulk analysis only may be obtained if (resonable) assumptions are introduced, mean values from component analysis need no additional assumjptions.  Typically, obtained mean values from bulk- and component analysis will differ significantely.  

Strategies for a utmost simple, however comprehensive analysis of different crop materials are compiled in schemes with particular focus on water soluble polysaccharides to obtain comprehensive information about molecular background of macroscopic material qualities. Obtained data according these schemes are supposed to be pieces of a puzzle in a profiling process of native crop raw materials and, finally, feature of a data base supportin decissions for optimum processing of these materials.

1.2.1 Identification / Classification of Cell Composition
Basic classification of crop raw materials may be achieved by different stainings of cellwalls and identification of components by bright-field microscopy (Table 1.3a) [7]. Discrimination of fiber forming polysaccharides and structurizing proteins in the cellwalls of crops may be achieved by means of staining and fluorescence microscopy (Table 1.3.b) [8]. Crystallinity, symmetry, order/disorder and packing characteristics of cell components may be identified by scanning electron microscopy (SEM) and atomic force microscopy (AFM) [9-12]. Molecular organization in starch granules, for instance, may be discussed based on 13C CP/MAS NMR data with respect to the packing of their long-chain branched (amylose-type) and short-chain-branched (amylopectin-type) glucans. All kinds of crystallinity within a starch granule represent more or less ordered structures on a more or less dominant amorphous background with amorphous single-chain and ordered double-helix glucans [13]. 

1.2.2  Element Analysis
Subsequent to isolation, purification, homogenization and drying of crop raw materials elementary analysis provides information about content of nitrogen (N), carbon (C) and sulfur (S). Content of macroelements may be obtained according TAPPI (Technical Association of the Pulp and Paper Industry)-method from ash by means of atomic absorption spectroscopy (AAS) which provides information about concentration of sodium (Na), calcium (Ca), magnesium (Mg), iron (Fe) and aluminum (Al) within investigated samples. Content of phosphorus (P) is determined from hydrochloric acid soluble components from ash, silica (Si) from insoluble residue of hydrochloric acid extraction. Finally, content of trace elements may be determined according established extractoin procedures combined with AAS and / or inductively coupled plasma - mass spectrometry (ICP-MS).

1.2.3   Non-starch containing crop materials

The most important strep in the processing of non-starch containing crop materials (Table 1.4) such as hemp, flax, millet and grasses is the careful  and representative selection and sampling of crop components. To be investigatd materials immediately need to be cleaned, pre-selected, weighted and stabilized at the location of harvesting for reproducible results. Additionally, homogenization and drying of sample components is needed for subsequent analyses.   

Apolar extraction is the initial step in analysis of homogenized powdry and dry crop-materials to eliminate low molecular phenolic compounds and, in particular, chlorophyll. Subsequent polar extraction by different concentration ratios of alcohol and water dissolves step-by step the mono-, di-, oligo- and polysaccharides. The remaining residue consists of hemicellulose, cellulose, lignin and other aqueous insoluble cellwall components. Identification and quantification of these materials may be achieved by TAPPI (Technical Association of the Pulp and Paper Industry)-methods with respect to investigated crop variety and available sample quantity. 
Alkaline extracted hemicelluloses, which dominantely consist of pentoses xylose and arabinose, are identified / quantified by means of chromatography after acidic total hydrolysis. Fast identification of monomers may be achieved by thin layer chromatography (TLC), quantification by reversed-phase HPLC, anionic exchange chromato​graphy combined with pulsed amperometric detection (HPAEC-PAD; Dionex) or gas-liquid chromatography (GLC) after previous derivatization. Characterization of lignin requires total hydrolysis of cellulose from lignocellulose (holocellulose) which is achieved by 72% w/w sulfuric acid (H2 SO4). This process degrades cellulose completly to glucose and forms ligning sulfates  (Clason-lignin)  which s cleaned with hot water from excess of sulfuric acid, dried and quantified gravi​metrically. An optional approach to obtain information about the cellulose matrix is oxidative elimination of phenolic compounds (treatment with sodium hyperchlorit or peracetic acid) and gravimetric quantification of remainig residue.
1.2.4   Fructan containing crop materials

Fructans are known as reserve polysaccharide in approx. 25% of known crop varieties. The most interesting from nowadays industrial point of view are composite varieties such as chickory or Jerusalem artichoke for production of ((2(1)-fructan inulin. As the tuber components easily can be fermented they are perfect raw materials for alcohol production. However, even grasses and agaves provide fructans with varying banching characteristics and, thus, maybe new perspectives for industrial applications. 

An analytical approach to fructan containing crop materials is provided in Table 1.5. An initial hexane / aceton extraction from dried and homogenized crop materials eliminates apolar components from samples of leaves and stems. Subsequent  hot water extraction at 80°C dissolves aqueous soluble components, in particular carbohydrates. These mono-, di-, oligo- and polysaccharides may be identified by enzymatic test kits after prior total hydrolysis. Degree of polymerization of high molecular polysaccharides is determined by means of size-exclusion chromatogrpahy (SEC). Structural  information with respect to polymer-constituting glycosidic linkages can be achieved by reductive methylation anylsis combined with gas-liquid chromatography (GLC) coupled with flame ionization detection (FID) or mass spectrocopy (MS).
1.2.5  Starch containing crop materials 

There are many approaches to obtain starch from crop raw materials, however, all of them have aqueous processing of tubers, roots or seeds as basic treatment in common. Nevertheless, individual processes are established for industrial handling of potato, maize and wheat which provide starch in good yield and high purity from these raw materials. Additionally, there are worldwide efforts to improve quality of starch containig crops for industrial processing as well by breeding as by genetic modifications. 

As well processing as improving efforts need qualified and comprehensive analysis to check obtained results either by continuous screening or by analysis of individual samples wich may be applied on two ends: either on samples which already passed industrial processing or on samples which have been taken directly from crop source materials at the location of breeding and / or harvesting. Independent on their origin, careful sample preparation for subsequent analysis is is the first step in laboratory analysis. For raw materials with high lipid-content, such as starch granules from wheat, rye, oat or barley defatting is a pre-requirement before carbohydrate and polysaccharide analysis can be started. Extracted co-materials such as lipids, proteins and salts are supposed to be identified and quantified according standardized methods. 

Optimum stability of starch granules depend on source and water content: cereal starch granules show optimum stability with 10-12% water content, whereas potato starch  granules need 14-18%. Size and shape of starch granules is characteristic for different crop varieties and thus, classification starch according geometry  of granules by microscopy is a simple but well working first approach.

Air-dried starch granules swell rather fast in water by increasing their diameter for 30-40% which corresponds to more than double their initial volume. Irreversible modifications of the starch granules may be achieved by elevating the temperature of such suspensions as re-organization of supermolecular structures, gelatinization, is induced. 

Gelatinization temperature is an individual characteristic for different crop varieties. Further elevation of temperature yields optical transparency of starch suspensions and subsequent formation of opalescent solutions. At these conditions granules disintegrate and parallel with extreme uptake of water (20-40g/g) a colloidal solution will be obtained. Continued thermal stress finally provides more and more homogeneous suspensions, a fact which may be monitored by decreasing viscosity. Gelatinization characteristics of starch suspensions typically are monitored applying standardized temperature and time-programs by means of a Brabender Visoamylograph

As the basics of technological starch-properties are supposed to be located in molecular characteristics a number of 'molecular'-techniques such as physico-chemical approaches pure-chemical and enzymatically supported techniques may supply valuable information about starch-polysaccharides. Table 1.6 provides a scheme for the steps of an analytical approach to starch-containing crop materials.

1.2.6  Molecular and Supermolecular characteristics of polysaccharides

There is manyfold (published) evidence of extreme figures of molecular characteristics of polysaccharides if nowadays modern 'absolute' techniques are applied in polysaccharide characterization. Apart from problems due to impurities, the reason for these extreme figures is the pronounced tendency of polysaccharides to form more or less stable supermolecular structures. Any analytical technique which refers to mass or volume-controlled parameters primarily will report about such supermolecular structures and not about the constituting molecules. In particular, any data based on signals from light scattering and rheology primarily refer to more or less stable and dynamically formed / destructed supermolecular structures. Even for only minor amounts of these structures, i.e. ppm in terms of mass contribution, as the sensitivity of scattering thechenques is higly reciprocial non-linear with respect to dimensions of observed structures. 

Basically, polysaccharides fill up volume (Ve) in a more or less structurized way - however, although highly flexible, any time in a very characteristic way by slight modifications of either molecular dimensions (md), molecular conformation (mc) and / or interactive potentials (ip) of constituting components. These contributions how volume Ve is filled (excluded for other components), are correlated in a simple scaling law (Eq.1.1). Excluded volume (Ve) increases if molecular dimension (md), e..g degree of polymerization increases. However, an increase of degree of polymerization which would increase Ve might be compensated or even overcompensated by introduction of branches which on the other hand typically increase packing density and intra-molecular stabilization.   
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For analysis / characterization of polysaccharides, analysis of polar macro​molecules with more or less 'amorphous' contributions of water, the general parameters in the scaling law of eq.1.1 turn into parameters which need to be identified and, as far as possible, to be quantified:  

· molecular conformation: kind of building blocks / oxidation status of building blocks / chemical composition (repeating units), more or less pronounced symmetries in terms of helices, beta-sheets, kind of branching pattern (short-chain, long-chain branches, number and positions of branching points); configuration and location of hydrophobic/hydrophilic domains; kind of glyosidic linkages; inter- and intramolecular stabilization by H-bonds; cross-linking characteristics; substitution pattern characteristics; presence of compatibility structures (e.g to proteins or lipids); 

· molecular dimension: molecular weight / degree of polymerization / excluded volume; transition states between geometric molecular dimensions and dynamic 'coherence lengths' of temporarily formed supermolecular structures; mobility of constituting macromolecules and supermolecular structures; packing density within excluded volume;

· interactive properties: dynamics of aggregation / association; gel-formation; visco-elasticity; response qualities on applied stress (mechanical, thermal, chemical) / re-organization capability after applied stress.

1.2.7   Polysaccharide / Carbohydrate Analytics: Experimental Approach

Modern analysis / characterization of polysaccharides  considers multiple and superimposed hetero​geneities of polysaccharides as generic qualities of these materials. Therefore, appropriate strategies include component analysis by means of separation technqiues such as chromatography to obtain information about distribution of individual characteristics with respect to mass- and molar sample fractions. Additionally, bulk-investigations are supposed to provide information about sample qualities which reflect properties due to dynamic interactions between individual fractions. Table 1.7 contains an overview on experimental approaches to polysaccharide analysis: several chromatographic techniques to obtain information about specific fraction properties, destructive techniques to gain information about building blocks and branching characteristics, rheological and visosimetric experiments to obtain information about elasitic and visous contributions at specifically applied stress and mobility inestigations to gain information about molecular and supermolecular organization of investigated materials. 
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Tables

Table 1.1    Annually assimilated biomass with details on carbohydrate / polysaccharide fraction

	annually 
assimilated biomass
	
	109 tons (Gt) 
dry matter annually
	

	lignin
	
	( 20 – 80
	( 20 %

	lipids
	
	( 2 – 8
	( 2 %

	proteins
	
	( 2 – 8
	( 2 %

	others
	
	( 2 – 8
	( 1 %

	carbohydrates / 

polysaccharides
	
	( 75 – 300
	( 75 %

	
	non branched b(1(4) linked glucan
	cellulose 50 - 200
	( 45%
of  75%

	
	
	hemicellulose

20 – 100
	( 20-25% 

of  75%

	
	a(1(4) linked + a(1(6) branched glucan
others
	starch

1 - 5 ( 0.02  (  industrial utilization
	( 2-5%

of  75%

	
	
	mannan, galactan, fructans, xylans, ...
	

	compared to annual yield of petroleum
	(  2
	

	annually produced synthetic polymers based on petroleum
	( 0.1 - 0.2
	( 5-10 %


Table 1.2    Annually assimilated biomass with details on carbohydrate / polysaccharide fraction

	BULK-analysis
	COMPONENT-analysis

	analysis from BULK-solutions / suspensions or solid body
	component analysis from fractions of SEPARATION / FRACTIONATION techniques

	primary result:
mean values ( component qualities + synergistic phenomena

e.g: number average molecular weight: Mn
        weight average molecular weight: Mw
	primary result:

mean values of narrow-distributed fractions ( distribution of component qualities;

e.g.: distribution of exluded molecule volumes

	secondary result:

mean values + assumptions  ( distributions

e.g:   Flory/Schulz distribution of components

         asymmetric log-normal distribution

          symmetric Gaussian distribution 
	secondary result:

mean values in terms of moments of obtained distributions ( sum of component properites without synergistic phenomena


Table 132a  Cellwall staining for bright-field microscopy analysis

	component
	stain
	color

	cellulose
	thionin
	violet

	protein
	light green
	green

	lignin
	phloroglucinol
	red

	pectin
	ruthenium red
	rose


Table 1.3b  Cellwall stainig for fluorescence microscopy analysis

	component
	stain
	color

	mixed linked (-glucans
	calcofluor
	white / blue

	
	congo red
	red

	
	immuno staining
	green

	arabino xylans
	immuno staining
	green

	proteins
	acid fuchsin
	red


Table 1.4   Analyticyal Strategy for non-Starch-containing Crop Material

	non-starch containing crop material

	
	sampling
	selection of plant components

determination of dry matter content

determination of moisture 

	freezing / drying / cooling

milling / sieving

deactivation of enzymatic activities

storge conditions
	(pre) treatment
	

	
	homogenized

dry material
	

	
	apolar extraction
	in hexane / aceton:

identification / quantification  / analysis

of dissolved

lipids, phenolic compounds, chlorophyll

elimination of rest moisture

	in alcohol / aqueous media:

identification / quantification / analysis

of dissolved

mono- / di- / oligo-saccharides

peptides / proteins

salts
	polar extraction
	

	
	insoluble residues
	identification / analysis:

solid body / surface spectroscopy

	alkaline treatment


	acidic treatment



	
	
	

	soluble

components
	insoluble

components
	

	analysis / quantification

of dissolved hemi-celluloses
	ligno-celluloses
	

	
	acidic treatment
	

	
	analysis / quantification

of degradative dissolved cellulose
	

	
	residue:  lignin
	residue: lignin


Table 1.5   Analyticyal Strategy for Fructan-containing Crop Material

	fructan containing crop material

tubers / roots / leaves / stem: Jerusalem Artichoke, chikory



	smashing / suspending in water

separation from fibers by sedimentaion

freeze-drying

storage conditions
	(pre) treatment
	

	
	homogenized

dry material
	identification / analysis:

solid body / surface spectroscopy

	
	apolar extraction

(defatting)
	dissolution in hexane / aceton:

lipids, phenolic compounds, chlorophyll;

elimination of rest moisture 

(in particular for leaves and stem)

	identification / quantification / analysis

dissolution in aqueous media @ 80°C:
mono- / di- / oligo-/ polysaccharides

peptides / proteins

salts
	polar extraction
	

	
	insoluble residues
	

	dissolution in polar media

dissolved components + insoluble residues



	acidic / enzymatic

hydrolysis
	enzymatic test on 

Glc + Fru + Suc
	analytical fractionation:

size-exclusion chromatography

	enzymatic + chemical

Glc + Fru - analysis
	ligno-celluloses
	

	quantification of

Glc + Fru + fructans
	quantification of

Glc + Fru + fructans
	non-destructive molecular analysis:

dimension, conformation, interactive properties


Table 1.6   Analyticyal Strategy for Starch-containing Crop Material

	starch containing crop material

tubers / roots ( potato;   seeds: cereals;



	smashing / suspending in water

separation from fibers by sedimentaion

drying

storage conditions
	(pre) treatment
	

	
	homogenized

dry material
	identification / analysis:

solid body / surface spectroscopy

	
	apolar extraction

(defatting)
	dissolution in propanol:

lipids;

elimination of rest moisture

	
	dissolution in polar media
	insoluble residues

	technological treatment:

suspending ion pure water

steam processing 
	dissolved / suspended in polar medium
	dissolution for analysis:

aqueous solution @ elevated temperature

alkaline (Na OH)

dimethyl sulfoxide (DMSO)

	analysis / quantification:

short-chain branched (scb)

long-chain-branched (lcb)

non-branched (nb)
	
	

	acidic / enzymatic

hydrolysis
	physico-chemical analysis of technological characteristics 


	(semi-) preparative fractionation


	analytical fractionation: SEC

	enzymatic + chemical

Glc - analysis
	visco-elasticity: rheology

disintegration / re-organization: DSC

thermal resistance: swelling, gelatinization

order / crystallinity: X-ray

. . . . . . . . . . .
	fractionation of aqueous soluble glucans according differences in excluded vlume
	

	quantification:

Glc + glucans
	
	destructive / non-destructive

branching analysis:

chain-lenghts distribution
	non-destructive molecular analysis:

dimension, conformation, interactive properties




Table 1.7  Survey on experimental approaches for carbohydrate / polysaccharide analysis

	experimental approach
	obtained information / parameters

	Microscopy  on solid body (e.g. cell wall, starch granula, fibers):

bright field, fluorescence;

scanning electron microscopy (SEM);

atomic force microscopy  (AFM)
	classification of components;

classification of structurizing polysaccharides; crystallinity, symmetry, packing characteristics

	X-ray diffraction  / wide angle X-ray scattering


	(-spectrum - crystallinty index;  

symmetries / packing: characteristics;

molecular weight

	polar / apolar  separation systems:

TLC, enzymatic, rpHPLC,  HPAEC-PAD
	monomer-, dimer-, oligomer-  identification & quantification:  Rf-value , signal (Vret)

	preparative SEC; purification + pooling and subsequent off-line total hydrolysis + building-block quantification for each pool;
	distribution of mass fractions

distribution of molar fractions 

	step by step fragmentation:
pure chemical or  enzymatically catalyzed;
fragment analysis: MALDI / TOF

GC/FID - GC/MS
	fragment identification; 

quantification of fragments: mol, mass 

	semi-preparative SEC: 
in-line: elution profile (DRI); 

off-line complexing + subsequent spectroscopic quantification
	SEC-elution profiles:

mol(Vret), mass (Vret),  e.g.: E640 / E525 (Vret) in case of starch glucans

	analytical SEC + DRI mass-detection  +  molecular weight calibration
	SEC-elution profle: mass (Vret)
total sample concentration, specific refractive index increment (dn/dc); mass fractions distribution;
distribution of mass fractions;
recovery;  preferential dissolution (Y/N);

calibrated molecualr weight distribution + mean values of molecular weight 

	analytical SEC +  DRI mass-detectoin +  LALLS scattering detection
	SEC-elution profiles:

DRI ( mass_ev /  LALLS ( LS_5_EV

Excess Rayleigh Factor profile: R( (Vret);

molecular weight calibration: M (Vret);

apparent absolute molecular weight calibration (lg(M) vs Vret):  

molecular weigh  / degree of polymerization averages: Mn, dpn  /  Mw, dpw
molecular weight distributions: 

mass fractions:  m_MWD_d,   m_dpD_d
molar fractions: n_MWD_d,   n_dpD_d

	analytical SEC + DRI mass-detection +   viscosimeter specific viscosity-detection
	SEC-elution profiles:

DRI ( mass_ev /  visc ( eta_spec

intrinsic vicosity profile:  [(] (Vret)
excluded volume profile: Ve (Vret)

excluded volume Ve distribution
mass + molar fractions:  m_VeD_d, n_VeD_d

	analytical SEC + DRI mass-detection  +  fluorescence molar  detection

prior to analytical SEC: quantitative and selective derivatization for fluorescence detectoin;
	SEC-elution profiles:

DRI ( mass_ev /  UV / VIS / fluorescence ( elution profile of molar fractions: mol_ev / mol (Vret);

elution profile of molecualr weights: M (Vret);

absolute molecular weight distribution
mean values: of molecualr weight, degree of polymerization distribuion: Mn, dpn  /  Mw, dpw
molecular weight distribution: 

massfractions:  m_MWD_d,   m_dpD_d

	analytical SEC:+  mass / LS / visc detection
	SEC - elution profiles:

mass fraction profile: mass (Vret)

Excess Rayleigh factor profle: R( (Vret)

molecular weight profle: M (Vret)
intrinsic viscosity profile: [(] (Vret)
excluded volume profile: Ve (Vret);

universal SEC-calibration: distribution of mass fractions for excluded volume profile: m_VeD_d 

	bulk viscosity ( below overlapping conc c*
	((c(0) ( [(]av
c*av  = 1/[(]av

mean value of  excluded volume [(]av
overlapping concentration c*av;

	bulk vicosity ( @ varying mechanical stress (shear def D)
	complex viscosity at  varying shear deformation;
for dissolution periods:   (*(D)     (*(D)  (t)

viso-elastic properties of polysaccharide solutions:
(  Newtonian / non-Newtonian

	bulk viscosity ( exceeding overlapping conc c*
@ varying thermal stress (T)
	Tdis ,  (Tdis

conformational stability;
gelatinization temperature;

disintegration temperature;

	bulk viscosity ( exceedding c* @ varying therm. stress   +  const. mech. stress
	viscosity as function of  temperature, deformation and application time: ((T,D,t):

stability / resistance towards applied energy (T, D, t):
disintegration characteristics,  re-organization capacities;

	Photon Correlation Spectroscopy  (PCS)
	translational diffusion coefficient DT, sphere equivalent radii of diffusing molecular objects RH ; coherence length of molecular and supermolecular segments:  DT ( RH ( lcoh  

distribution of mass fractions ( m_DT D 

distribution of  LS-intensity fractions (  int_DT D


Legend to Figures / Schemes

Fig.1.1 Ecosystem Earth - a Complex System  ( Dynamic Process consitituted by:

· a huge number of material components;

· long-range interaction between constituting components;

· selectively permeable system borders for communication with system environment via Structural Coupling;

· system environment which permanently provides energy (E) in supercritical quantities;

· permanent production of entropy (S) which constitutes any aspects of time (history, age, turnover, time horizon, irreversibility ( vector of time); 

entropy (S) export from system to environment;
Fig. 1.2  Influences and mutual dependencies of  different classes of influences causing multiple and superimposed heterogeneities of polysaccharides
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