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ABSTRACT

Gravitation mass spectroscopy was used to investigate how the long-range
order (LRO) in biomatrix and starch of wheat grain (kind B, North Germany)
change during ripening. A strong change of the molecular cluster (domain)
ensembles in the biomatrix was concluded to take place at the time of fast
grain growth. The changing dynamics of the water cluster ensembles
containing from 12 to 1889 moleculesin ayoung biomatrix was given. The
micellar structure in the biomatrix, in which the polysaccharide synthesis
proceeds, shall be modelled. The molecular mass cluster distributions in
different starch types of adifferent grain ripe degree were analyzed. L RO of
molecular cluster ensembles up to 3.2 million Dalton and up to 4 billion
Dalton was concluded to be differently for different starch types. The
dynamics of the reverse cluster destruction in the temperature interval from
298 to 523 K was shown. The melting enthalpies for the smplest starch
clusters, which build micellar and super-micellar structures in LRO were
caculated. Starch types were found to be highly sensitive against heating
(selective influence on LRO) and mechanical (up to 516 Pa) influences.
Depending on the wheat ripening stage the starch types are different in the
polymerization degree in the amylopectin branches furthermore, they are
different at theLROleve ingranula. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

If we understand how water LRO in biomatrices
and starch nanostructuresin grain shall beformed then
it should be possibleto get an ideaabout the mecha-
nism of thewhest ripening processand then to devel op
aplan how the process can be steered and further to
look for aposs blestarch synthesis. At thistimethereis
no information concerning the dynamics of the struc-

turechangeinthegrain biomatrix and starch during the
whedt ripening process.

Structuredifferencesin starch of Smilar whest types
were previously investigated by calorimetry*! where
the thermic characteristics of melting of singlestarch
molecular fragmentswere determined and their struc-
turesgiven. Thesestructuresarelittledifferent fromthe
classic suggestion of Banksand Mairt?!.

Amylopectingranulaareassumedto beinthecrysd
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satehowever, XRD patternsaren’t distinctive and show
ahigh amorphoushalo, that isanindicationfor alow
structured polymert® 41, Ontheother sidefromthephysi-
cal chemistry of polymersit isknown that branched
polymersdon’t crystallize or only badly particularly then
if itisapolymer with very hard chainswhichin addition
has branchesto which bel ong polysaccharides. Crystal
structuresof these polymersare characteri zed by many
defects where the branches are thrown out from the
crysta lattice®!.

Itiswell known that thefold conformation of mac-
romolecul efragmentsinbranchesisthermodynamicaly
more favorabl e than the unfold one. The macromol-
ecules’ folding and the folding of their branches leads to
acluster structureformation®®?!, whichisdetermined by
gravitaionfieds, molecular clusters(domains) shdl be
built at the expense of energy clusters in physical
vacuum!’!, Thelast oneiscaused by the heterogeneity
of the physical vacuum at stationary gravitation wave
level®l, Additionaly, asit was shown earlier by theau-
thors, molecular clustersin biomatricesand starchin-
teract actively with gravitation radiationfrom celestia
bodies®! therefore, thisfact shouldn’t be ignored.

Theam of the present work wasto understand the
formation processof LRO in biomatricesand starch of
wheat grain during theripening.

MATERIALSAND METHODS

The wheat type B growing in North Germany
(Mecklenburg/Vorpommern) wasused asinvestigation
object wheregrainswere collected fromthelower ear
part (Figure 1, 20 pieces). The sensor of the Zubow
gravitation mass spectrometer (GMSZ, earlier called
as flicker noise spectroscopy!*® was placed directly
insidethegrain and LRO scanning in biomatrix was
carried out according to the method described in®9,
Remember, that thedividing of clustersin collgpsed and
expanded forms, wasinterpreted using theenergy state
of cluster interaction with surroundings. Starch was
obtained from 20 wheat ears. First the grains were
ground in distilled water, then the suspension was
squeezed out, and the liquid part was taken for
sedimentation where the precipitate of the second
decantation was washed with distilled water. The
obtained white powder wasdried at 298 K onair and
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findly over silicagd. Thegrain sampleswerecollected
from 20 random ears every second day (afternoon) on
the very same agricultural area. LRO analysis was
recorded not later than 15 minutesafter sampling. The
artemperature (T, K) intheagriculturd areaat sampling
timefrom July 11" toAugust 22™, 2010 was described
by the approximation T = 105t* - 1.5454t3 + 93584t?
- 3:10% + 3-10%3, where t — calendar data from July
11"to August 22, 2010. The summer in 2010 was
characterized by high temperaturesup to 310K (July
11") and dryness. Thethermd propertiesof sarchwere
andyzed using samplehegting under air-freeatmosphere
(6 K/min) and the pressureinfluencewasrecorded at
298 K.

RESULTSAND DISCUSSION

Thebase characteristicsfor the devel opment of the
wheat grain biomatrix are shown in Figure 1. Inthe
area of grain growth, there are two eventsin LRO,
which leads to a decreased cluster kinds’ number
(marked with horizontal bracket). Let’s discuss these
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Figurel. Changeof themaximal wheat grain sze(curvel, d,
meter) and number of cluster kindsin grain biomatrix (curve
2, N) during the ripening process. Diapason of cluster
ensemble masses up to 3.2 million Dalton. Active events of
grain growth aredescribed by horizontal bracket. Thewater
content in biomatrix after July 17", 2010 waslower than 50
wt. %. Thegrain to beanalyzed ismar ked with ahorizontal
bracket.

eventsindetall (Figure2).

Asshownin Figure 2 the GM SZ spectradiffer of
each other strongly. While the spectrum of June 17",
2010 showsadistribution of collapsed water clusters,
sub-micellar and micellar structures®? (-f) that are
typicaly for astablebiomatrix, the other spectracannot
be characterized in such a way. The grain size
enlargement wastherefore concluded toinfluence LRO
in biomatrix, which at thistime highly changed and
whoseclustersmainly consisted of expanded structures
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(+ ). After forced ripening and grain size stabilization
because of strong weather dryness at July 5", 2010,
LRO inbimatrix approached LRO of June 17", 2010
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Figure2. GM SZ spectra of wheat grain biomatrix at thetime
that ismar ked by arrowsin Figure 1.

Diapason of cluster ensemblemassesup to 3.2 million Dalton.
Weak shock waves. The Zubow constant amountsto 6.4-10-%
N/m. Theinterval of clusters, sub-micdlar and micellar struc-
turesbuilt by polysaccharidesand proteinsaremar ked by a
horizontal bracket.

—=> [ull Paper

Peon

5% ] ; = i T - -~ Fow
1610 16610 21640 26610 1710 6710 11740 16740 21710

Calendar date

Figure3. Therateof collapsed clusters(1, P_,) and signal
intensities (2, f) of the base water cluster in wheat grain
biomatrix during ripening.

and matched it at July 13", 2010 dmost.

To understand the processesin the biomatrix dur-
ing theripening period the datashownin Figure 3 shdl
bediscussed. At intensivegrain growth (Figure 1) a
strong decrease of thedensity of all clustersinanen-
sembleincluding the basewater cluster was observed.

(1,1) I getsapositivevauef, being anindication
for itsforced expansion.

Asvisiblefrom Figure 3 there are two events at
June 23 and June 27", 2010 which are seen asone
largeoverlapped signal. Theseeventswereidentified
by some water clusters too. They were assumed to
concern not only the basewater cluster but the com-
pletewater cluster ensemblein biomatrix. Thesetwo
earlier eventsare the beginning of LRO changingin
biomatrix aswell asthe start of theripening.

To get afirst ideaon the mechanism of processes
proceeding in biomatricestheresultsfromFgure4 shdl
be discussed. Asshown theaverage molecular cluster
mass (I,.~X(ffm)) achieveditshighest valueat June
23, 2010 (filled point) which permitsto distinguish
earlier events by using the mechanism. Because the
cluster massesremained unchanged a thistimetherise
of M, hasto be ascribed to an increased absol ute
sum X(|f]). Thiseffect could beexplaned by areinforced
interaction of theclusterswith their surroundings onlyt.
Theaverage cluster massremains constant even then
when the part of collapsed clusters (Figure 3) and
number of cluster kinds (Figure 1) changestrongly asit
was the case on June 27", 2010 and July 3, 2010.
Theeventsof thistime should be connected lesswith
thesurroundings’ interaction but rather have been caused
by somedecreasing of cluster kinds’ number (Figure
1).

Thus, the hierarchy of the eventstaking placein
LRO of biomatrix could be represented as follows:
strengthening of dlusters’ interaction with surroundings,

——————, Natural Products
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destruction of somecluster kinds, rearrangement of dus-
tersinensembleand recovery of someearlier destroyed
clusters. Theprocessesin LRO of thegrowing grain
biomatrix were considered fromthepositionof micelle
structurein which therole of surfactants (SAS) was
played by smpleproteinsand lipids (Figure5).
Inthefirst event (Figure4, 1) inbiomatrix, thecluster
kinds’ numbers and the part of collapsed clusters
decreased whiletheinteraction of clusterswith their
surroundings rose. Here the water clusters were
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Figure4. Aver agecluster molecular mass(1,M ) and en-
ergy (2, E) of thecluster ensemble (up to 3.2 million Dalton)
in biomatrix. Thedevicecalibration wascarried out accord-
ing to the evaporation energy of water (44.1 kJ/mol).
(iGM ~X([f|'m)), wher e X is the mathematical symbol for sum
of all clusters(from N =1 up to N in thisinvestigated en-
semble), m— cluster mass in Dalton.

assumed to be destroyed under theinfluenceof SAS
which ledto theformation of thesmplest sub-micdlar
structures® in thegrain seed that then coagulated to a
micellar structureat June 27", 2010 (event |1, Figure
4). At thistimetheN valuedeclined alittle(Figure 1,
marked with arrow)**! whereasthe cluster interaction
with surroundingsremai ned unchanged.
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Figure5. M odelsfor the for mation mechanism of micellar
structuresin wheat grain biomatrix duringripening and for
starch synthesis.

in sub-micellar structures which were then,
depending on their filling degree with glucose,
transformed to micellar and later to super micellar
structures. Condensation of glucose into ordered
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micelles led to starch formation (granula) where
proteins, lipids, SAS and salts were concentrated on
themicdles’ surface; from what later a shell between
granulaforms.

To understand structural changesin starch during
wheat ripening, LRO of polysaccharides was
investigated under heating® and pressure*Y. Both by
heating and pressurethemovement of individua dusters
aswell asthe thermodynamic stability of all cluster
ensemblesasan unit can beinfluenced. First it shall be
discussed how theintegral characteristicsof thecluster
distribution in starch for different ripening stages

100%

4.07.2010

Wx

s | g 14.08.2010

323K

.
0% T T T T T T 1

0 5 10 15 20 25 30 35
m-10", Da

Figure®6. Integral curvesfor cluster fraction distributions
(W) in starch, extracted from wheat grain at July 4" and
August 14", 2010. Heating up to 323 K. where W = |f-m| +

ifemy,, +  +if-mj, m - cluster massin Dalton, i — cluster

number from1toN.

changed. Theintegral curvesfor thecluster fraction
distribution (W) in starch extracted fromwhesat grain
at July 4" and August 14™, 2010 appear to beidentical
hence supporting the cluster formation mechanismin
starch according to the grape bunch principle?®?!.
However, thereare somedifferencesin thecluster mass
ranges of 500,000 and 1,500,000 Dalton becoming

clearer at starch heating (Figure 6).
100%
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Figure7. Part of collapsed clusters(P_,, thepart of signals

with negativef value) in star ch extracted fromwheat grain at
July 2314, 2010.
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AsvisblefromtheFigure 6 thestarch cluster frac-
tions of variousripening grades are characterized by
different thermal stability. Inthefully ripegrain, starch
clusterswere more expanded though at heating up to
323 K they weretransformed to collapsed ones. The
part of collapsed clustersin starch at theripening stage
at July 23, 2010 shall bediscussed (Figure 7).

At 325K the part of collapsed clustersin starch
risesstrongly and thenfall sfast again, however (Figure
7) After cooling down the samplefrom 523t0 298K,

P, areeswith P_ at the beginning of the heating
process. This behavl or couldindicateonareversibly
destroyed cluster interactionwith the surroundings pro-
ceeding at meting of specificfractionsof the hard poly-
mer chains. Thelower thecluster interaction with their
surroundingsthemore densethey are, and conversaly
that meanstheinteraction with surroundingscausesmore
expanded structures. However, the GMSZ spectra
aren’tidentical completely before and after heating, some
differencesare detectablewith integral characteristics,
only.

Ontheother side, unknown melting processesin
starch were described at 325 K4, Thenature of these
processesisn’t clear up completely yet, endothermic
reconstruction processesintertia structuresof starch
at LROleve could proceed at theselow temperatures,
however. The melting entha py of starch chains’ frag-
ments (2.6 k¥mol) from Kozlovi™ used for the calibra-

E. kJ/mol

2.5
1.5 4
0.5 1
0.5+
-1.5 4 3

25 : : % : .

273 323 373 423 473 523
TK

Figure8. Thermal effectsof different starch typesextracted
fromwheat grain at different ripening stagesat heating. 1
July 4, 2010, 2 — July 13, 2010, 3 — July 239, 2010, 4 —
August 4™, 2010, 5— August 14", 2010.

tion of the GM SZ spectrometer, rel ated to the highest
point inthecurve (Figure7). Severd heating effects’
curvesfor sarch at different ripening stagesare shown

—=> [ull Paper

inFgure8. Duringripening, aL RO reconstruction was
observed to proceed in starch of the grain biomatrix
which leadsto the domination of somemdting/crystal-
lizing structuresat different temperatures.

,» Young® starch (curves 1 and 2) is characterized
by an exothermic crystallization process (clusters’ den-
sification and ordering) at 373K (I, curve 1), that has
been shifted to 348K (I1) on July 13", 2010. Besides,
thereisan endothermic effect at 425K (l11) that hasto
be seen only asmelting of polymer chains’ fragments,
because upto 523 K polymer destructionsweren’t ob-
served by TG/DTARS 141, At July 23, 2010 extracted
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Figure9. Changeof cluster signalsin star ch extracted from
wheat grain at July 237, 2010. On theright sdethemodel of
thebasestarch cluster (12 units’ spiral of a-D-glycopyranose,
2 meanders) isshown**¥9, Cluster ensemble up to 3.2 mil-
lion Dalton, 6 K/min. Zubow constant isequal to 6.8:10-° N/
m. Weak shock wave (8 < 1 N/m?). The number of a-D-
glycopyranoseunitsinacluster isgiven over thesignal. Low
pressured powder in air-freeatmosphere.
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starch is described by one endo effect at 325K (1V,
curve 3), only. In starch from old wheat grain (August
4" 2010), thereareonly low exothermic effectsof crys-
tallization at 325 and 373 K, that were observed in
starch of much older grains (curve5) too. Though the
|atter shows astrong endothermic peak at 423 K as-
cribed to melting.

The GM SZ spectraof starch extracted from wheat
grainat uly 23¢9 2010 aregivenin Figure9. Already a
temperatureincrease by 25 K leadsto aradical rear-
rangement of LRO inthe polysaccharide. Themain part
of thesmplest clustersand somesub-micellar clusters
(up to log m = 5.5) became free of their interaction
with surroundingsand got collapsed whilethemicdlar
structures (log m>5.8) remained unchanged. Thein-
tegral cluster parts’ distribution (Figure 10) is charac-
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Figure10. Integral cluster parts’ distribution in starch ex-
tracted from wheat grain at July 237, 2010 at 298, 323 and
373K.

terized by domination of super micdlar Sructuresinthe
massinterval marked by ahorizonta bracketin Figure
9, whichiscaused by melting of sub-micellesand mi-
cdles. Thestateremained unchanged up to 373 K. After
that and because of anincreased cluster interactionwith
surroundingsthe collgpsed clusterswere destroyed to
expanded forms.

Sub-micellar and micdlar structureswerefoundto
partially disappear at heating the polysaccharideupto
323K (massinterval from 0.5 millionto 2.5million
Ddton) whileafurther heating upto 373K recovered
thedistribution stateat 298 K. Themeting of clusters
seemsto beaccompanied with their partial destruction
wheresome clustersshould berebuilt whichisthebase
for theformation of new LRO at higher temperatures.
Thesuper micellar structuresthat aremarked with a
horizontal bracket in Figure 9 are characterized to be

unstabl etoo and they were destroyed to new sub-mi-
cdllar andmicdlar Sructuresat temperatureshigher 373
K. Herethesignals of a-D-glycopyranose members
showed aninteresting behavior (1, Figure9) they are
represented inthewholetemperaturerange asexpanded
structures besides at 323 and 348 K. At these tem-
peratures, the signals seem to be a super position of
sgnasreflectingtheunits’ state both in small and super
molecular clusters.

Inthenext the GM SZ spectraof “young” starch in
acluster ensembleup to 4 billion Datonshdl bedis-
cussed (Figure 11). Asvisiblehuge clusters of defined
molecular masseswere cut from the mass ensemble
after heating. In the base polysaccharide, at 298K in
theareaof super micellar structures>11gm=6.5, the
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Figure1l. Changeof cluster signalsin ,,young* starch ex-
tracted from wheat grain at July 4*, 2010.

Clugter ensembleup to4 billion Dalton, 6 K/min. Zubow con-
stant isequal t0 6.8-10*> N/m. L ow pressured powder in air-
freeatmosphere. Weak shock wave (8 <1 N/m?).

signasarerandomly, at thefirst glance, indicatingon
poorly organized clusters expanded as well as col-
lapsed. However, they were destroyed at heating and
recovered at cooling. Here a melting process of
nanostructures proceedsthat hasto be understood as
breakup of clustersindependently ontheir formorin-
teractionwith surroundings. How theseregul aritiesshal
befor starch fromwheat grain of different ripening?
Besidethe spectraof July 4", 2010 (Figure 11) the
analogue spectraat July 23, 2010 aregivenin Figure
12. Mélting processesin the polymer proceed in the
areaof super micellar structuresthough; the sample
heating didn’t lead to cluster destruction in the range of
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large massesasfound for “young” starch (Figure 11).
Ontheother sde, thecluster distributioninthe areaof
super micellar structures was found to be more uni-
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Figure12. Changeof cluster signalsin ,,young* starch ex-
tracted fromwheat grain at July 239, 2010. Cluster ensemble
up to4 billion Dalton, 6 K/min. Zubow constant isequal to
6.8:10">N/m. Low pressured powder in air-freeatmosphere.
Weak shock wave (8 <1 N/m?).
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Figure 13. Changeof cluster signalsin ,,young*“ starch ex-
tracted from wheat grain at August 14", 2010. Cluster en-
semble up to 4 billion Dalton, 6 K/min. Zubow constant is
equal t06.8:10-*> N/m. L ow pressured powder in air-freeat-
mosphere. Weak shock wave (8 <1N/m?).

formly thanin “young” starch.

Thefind starch analysiswas madeonAugust 14",
2010 (Figure 13). Asshown the heating processis ac-
companied with strong L RO recongtructionsespecidly,
inthe super micellar region though, the processesin
“old” starch strongly differ from those in “young” one.
Thisdifference can beagpplied for aquditative polysac-
charideanays sfurthermore, for understandingthe LRO

—=> [ull Paper

formation mechanism.

At starch samples’ heating up to 523 K and to adapt
to the new thermodynamic conditions, somereorgani-
zation processesin LRO take place. However because
of an unstable LRO the processes cannot always be
interpreted definitely. For example, the GM SZ spectra
sequence of starchon July 13", 2010 (period of inten-
sivegrain growth, Figure 1) showsfor the heating tem-
peratures from 298 to 523 K strong changesin the
cluster ensembl e but without selective cluster reaction
ontemperaturelikefor “young” and “old” starches. It
could be aspecia case of astructure not organized
completely here.

The polymerization degree (PD) of starch branches
(amylopectin) can beagpproximately estimated by using
theaveragecluster molecular massand number of cluster
kindsthe clustersdecomposesinto a heating. The po-
lymerization degreefor starch extracted from wheat
granof different ripeningisgivenin Figure14. A corre-
|ation between PD and temperature of wheet grainsam-
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A N F 300 T.K

PD / 3 N ]
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Figure14. Changesof thepolymerization degreein branches
of starch (1) extracted from wheat grain of different ripening
stagesand change of theair temperature(2) at grain sam-
plingfromtheagricultural field.

pling was observed after July 13", 2010, only. Before
thistime, the PD issmdler, what isexplained with abe-
ginning growth of amyl opectin branches. Hereinyoung
gran, thebranches’ growth in amylopectin seems to domi-
nateover fdlingtemperature. ThePD dediningafter July
13", 2010 was explained to be connected with atem-
perature debranching proceeding at temperatureshigher
298 K¥ and leading to rapid polymer ageing.

At hesting starch extracted from grainsof different
ripening stagesit was observed that both someold clus-
tersdisappeared and new onesarose. The dynamicsof
theseprocesses at starch heating from 29810 323K is
showninFigure15.

New clusters’ arising and old ones’ disappearance
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hasto be understood astheresult of adestroyed clus-
ters’ interaction with their surroundings comparable with
coagulation/melting. Asvisiblefrom Figure 15 arising
of new clustersand disappearance of old onesdon’t
proceed synchronoudy especidly explicitly for “young”
starch. However, for ripe wheat grain (August 14™,

45 ~

P T

30 A

; N
\ - 7
= } \
”u / // \\gx i
15 4 Y ) A{/\’ |

1.7.10

21.7.10 31.7.10 10.8.10 20.8.10

Calendar date
Figure15. Clugter kinds’ dynamics in starch extracted from
wheat grain of different ripening. Heating from 298t0 323K.
1-arising of new cluster kinds(n,) and 2 - disappear ance of
old ones(n,).

11.7.10

2010), the number of disappearing clustersisnearly
equal tothat oneof arising clustersin starch. Thiscase
occurstoo, when the curves 1 and 2 cross each other
on July 26", 2010. The highest number of new cluster
kinds on August 4™, 2010 was assumed as LRO re-
construction. After heating up to 523K thedifferences
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Figure 16. Whole number of mobilecluster kinds(S(M)) in
star ch of differently ripened wheat grain. Polymer heating
from 29810523 K. Cluster ensembleup to 3.2 million Dalton.

T
11.7.10

between the curves 1 and 2 became marginal for all
starch types.

It would be of interest to see how change the dy-
namicsof thewholenumber (S(m)) of mobiledudter kinds
(sum of appearing (S,) and disappearing (S,) cluster
kindsinan narrow temperatureinterval, 25K) instarch
from differently ripened whest grain (Figure 16).

Thewholenumber of mobileduster kindsin“young”
and ““old” starch seems to be nearly equally though, for
theremaining starch types, it reduced by 40 %. These
events were assumed as dynamics of two processes:
intensdy growing polymer chainsin “young” starch and

chains’ debranching in “old” starch. Here the
debranchingin solid granulaislesscaused by enzymes
but itisrather theresult of mechanica disintegration
because of risinginternetensionsin thebranched poly-
mer. Themobility of enzymesinasolid and dry granule
ishighly limited. Many unlinked clustersor & least clus-
tersthat are weskly linked with surroundings seemto
bein“young” starch however, they are in “old” starch
too, astheresult of mechanica decomposition of amy-
lopectin branches (curves1and 5in Figure 8). This
conclusion proofsthemodd for thestarch nanostructure
asgrapes’ bunch.

Thus, theageing of starchinripewhesat grain was
assumed as a potential energy minimizing of
polysaccharide chains and as formation of compact
ordered nanostructures in LRO where the polymer
chainspartially shdl berdeased fromthecrystallizing
starch structures®. Logical, from July 11* to July 31¢,
2010 themost compact L RO structuresmust be built
ingtarchgranula

Let’s return to the results of Figure 11. The inversion
of expanded clusters (+ f) into collapsed ones (- f) in
thewholemassinterva of theduster ensembleindicates
on the clusters’ dependency of each other in this
ensembl e additionally, on theformation of an unique
energy fiddinwhich every duster must subordinateitsdf
to the other onesas aconsistent energy pendulum(®., If
an ensembleisforced to changeinto another energy
state e. g. at heating or under pressure then a
corresponding reactioninform of LRO reconstruction
hasto beexpected. Asvisiblein Figure 11 after heating
up to 323 K the cluster ensemble changed precisely,
small clustersand large ones partially became more
individudly withlesssurroundings’ interactions whereas
another group of very large clusters(super micellesin
expanded form) kept hold of their interaction with
surroundings. The “melting” in starch as ascribed by
Kozlovt¥ is less the result of the double spiral
decomposition but rather that one of an endothermic
cluster reconstruction in the ensemble. Processes of
forced LRO reconstruction in starch at heating from
29810523 K were observed to be accompanied by at
least two endothermic effects of “pseudo melting” at
323...348 K and 448+ 10 K, which strongly depends
ontheripening grade of whest grain. These properties
of starchtypescan beapplied for their identification,
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probably; however, it needsfurther investigations.
Starchwasfound to be sengitively to low pressure
e. g. compression*y, Shear forces were observed to
destroy the polymer clusters’ interaction with their
surroundings which influences the whol e oscillator
ensemble. For understanding this phenomenon the
GM SZ spectraof starch at different pressuresaregiven
in Figure 17. Asvisible the starch cluster ensemble
remains stable to 18.4 Pa the following pressure
increase changeshighly the LRO structure, though. Here
the changes are more strongly than those found for
hesting. Strikingly, a 23 Pathe a-D-glycopyranoseunits
(1) and the spird of two meanders (12 polymer units)
darted tointeract actively with surroundings. Thisevent
wasinterpreted asexpanded state of molecular clusters.
Onthe other side, the cluster of 33 unitsremainedin
the collgpsed gateand larger clusterseither disgppeared
or changed to a new thermodynamic balance
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Figure17. Influenceof pressureon LRO in starch extracted
from wheat grain on August 14", 2010. Zubow constant is
equal t06.8-10-** N/m. Weak shock wave (8 <1N/m?), 298K .

(expanded- collgpsed). Theexpanded cluster with mass
equally to 527 a-D- glycopyranose units was
characterized by only onehigh signd at 23 Pathat was
interpreted asrd ative stability to thispressure. It seems
to belong to skeletal clusters of this starch cluster
ensembl ],

—=> [y|| Paper
CONCLUSIONS

Theresultsof thisstudy showed that:

LRO in biomatrix of growing wheat grain is
represented asmolecular clustersthat areinadynamic
baancewith gravitation fieldsof surroundings, growing/
ageing processesaswell asweather conditions

The polysaccharide synthesisin thewheat grain
biomatrix wasfound to proceed inmicell structuresthat
weretransformed into large starch-containing super
micell structuresduringripening and ageing

LRO in starch was characterized to change during
whest ripening.

Starch samplesextracted from wheat grain of dif-
ferent ripening gradesare differently concerning their
physicochemica properties

It should bepossiblein principleto synthesizestarch
during oneto two weeks under laboratory conditions.
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