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ABSTRACT

85 wt. % of the structured water and 100 wt. % of solvated ion pairs’ clusters
inegg yolk from free-range hens (FH) are at temperatures|ower than 298 K
in specia depositories where theese depositories shall be destroyed at
temperatures >300 K. Thesmall water clusters(H,0),,, interact differently
with the protein bases depending on the temperature of the eggs. The
influence of captive breeding (CB) on the eggs biomatrix was shown and
compared with that oneof FH. CB eggsdon’t have any maximum of collapsed
clustersat 300K (egg-white) and 305 K (egg yolk). Additional ly, the statistical
cluster ensembles in CB eggs are stable up to 357 K whereas in FH eggs
they depend on temperature. Comparing CB with FH it was found that for
the first one the number of the main protein coils after the quarantine was
highly reduced. The state of ovalbumin monomers, dimers and octamers
and the state of their surroundingsin biomatriceswas discussed. Information
about the water content in ovalbumin monomers and octamers and about
the interaction of these protein associates with the surroundings is given
too. The difference between the free-range and battery eggs biomatrices
could be helpful to later investigations concerning long time space flights.
© 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thestructureof egg-whiteand egg yolk at thelevel
of cluster ensemblesand micro domainsisn’t cleared
up completely hencethereisn’t any method for a fast
and safedetermination of statistical ensembles. Using
the Zubow gravitation mass spectroscopy (ZGMYS) it
ispossibletoinvestigatethelong-rangeorder (LRO) in

liquids, in protein coilsand protein coil associatesin
solutiong®2 3., By the German company “AIST Handels-
und Consulting GmbH?”, this method was suggested to
beapplied for the LRO andysisof liquids, clustersin
proteinsaswell asfor their interaction with the sur-
roundings*®l. Statigticad ensemblesinliquids, seed crys-
tals, clustersand protein coil associatesplay animpor-
tant roleinthe early stage of theembryo origin.
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Theam of thepresent work isto gpply themultidi-
mensiond digital signd processing® 7 totheinvestiga
tion of the biomatricesin hens’ eggs as well as to find
out whether therearedifferencesbetween theeggsfrom
free-range hensand battery hens (bird flu, quarantine
2005 in Germany).

MATERIALSAND METHOD

Toanayzeegg yolk and egg-white, fresh eggsfrom
free-range hens (10 pieces, June 2005) and battery hens
(10 pieces, 45 days after the beginning of the quaran-
tine, October ... December 2005) were chosen. The
egg yolk was separated from the egg-whiteand placed
inthe measurement cell of the ZGM S of the German
firm «Aist Handels- und Consulting GmbH where the
spectrawererecorded with ascanningtimeof 30 s.

Every measured signa was cleaned from gravita-
tion noisesraised by proton dissolving/condensationin
physica vacuum® and analysed. Theexperimentswere
repeated threetimes. Themeasuring error was 10+ 5
%, the temperature stability + 0.1 & and the ZGM-
sensor wasinstalled directly inthe egg yolk (invivo,
Figurel).

ZGMS

/ / x\'ﬂ.
|; D '|
\

~ Zubow mass
gravitation sensor
Figurel: Measur ement scheme.

Device calibration and measurement procedures
werecarried out asdescribed in'®. The ZGM S-spec-
troscopy isbased on known methods of the statistical
andysisof very weak gravitation signals*. Yamauchi®
suggested anew analogous analysis method for mol-
ecule oscillationswith intramol ecular and/or intermo-
lecular energy transfer that isgivenintime-frequency
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characteristics. Using thismethod, whichisbased on
short-time Fourier transformation, energy density fluc-
tuations can be detected too just likewithZGMS. In
thefollowing, it shall bedescribed how red cluster sg-
na swerecleaned from noisesof themeasurement cell®.

RESULTSAND DISCUSSION

AsshowninFigure2, themain clustersarerepre-
sented as solvated clustersof ion pairs (SCIP) inegg
yolk at 289 K[®, Sincethe SCIP signalsare consider-
ably stronger than those of the other oscillatorsthey
overlap these. The presence of high molecular SCIPs
could beanindication for that these clustersare con-
finedinlimited spaces. At hegting theegg yolk, the SCIP
signa sdisappeared however new signalstypically for
organic clustersappeared”. Probably, cations (metds,
ammonium) in SCIP participatein theformation of new
oscillatorson thebase of proteinsand they could act as
catalyst in the beginning biochemical reactionsof the
embryo growth. Theoscillator signal of thesmall ex-
panded water cluster (H,0),, ., isobserved to bere-
duced by dmost six fold (http://mwww.lsbu.ac.uk/water/
index.htm1%), Before heeting, water clustersand SCIPs
are in an intermolecular hydrophilic space of the
biomatrix, with heating the surroundings has been
changed from hydrophilic moleculesto hydrophobic
ones. Thecontact of water clusterswith the hydropho-
biclipidsleadsto aweskened interaction with surround-
ingsand thewater clustersimplodein the collapsed
form. Now, withincreas ng temperature, the structured
water and SCIP gart to participate actively in biochemi-
cal reactionsof theembryo growth. Therefore, at low
temperatures, the salts of egg yolk are deposited in
SClIPsand water gppearsmainly assmdl clusters. The
nano emulsion in egg yolk seemsto be destroyed at
temperatureincrease and itsdestruction productstake
part in biochemical processesof the embryo growth.

AsshownintheFigures2 and 3the ZGM S-spec-
traof egg-white and egg yolk are strongly different.
Oneseesthisparticularly at the ZGM S-spectrum of
egg yolk at 289 K, whichistypical for SCIP®. Ac-
cording to Bdlitz'? thesalt content in egg yolk and egg-
white amountsto 0.6 and 1.1 wt. %, respectively. If
sdtsareavailable as oscillating SCIPs then the SCIP
sgna scouldinfluencethecomplete spectrum and over-
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Figure2: ZGM S-spectra of egg yolk at different tempera-
tures. Free-rangeeggs. Srong shock waves. Zubow constant
6.4-10° N/mi*4, Thevaluef reflectstheener gy char acteris-

ticsof an oscillator.
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lap the other signals. With temperaturerisethesesig-
nal s disappeared and consequently the SCIPs. Thesig-
nal of (H,0),,,, isrecorded as expanded oscillator in
egg yolk (Figure2) and it disappeared at 329 K only,
explained either by that the small water clusterswere
included in biochemical processesor by that anew ther-
modynamic balance with the collapsed clusterswas
achieved. In contrary, in egg-white, thesewater clus-
terswerefound to bein the collapsed form that was
transformed to theexpanded oneat 335K (Figure 3).
The concentration of the basewater cluster (H,0),,,,
isvery low at 289 K in egg-white; water could bein
non-oscillating structures, for example asadsorption
water on protein molecules. Water desorption from
protein moleculesat low heating (299.3K) leadstothe
formation of collapsed water clusters near to the pro-
teins(scheme, Figure 3). At 335K, the hydrogen bonds
between the nitrogen baseswere destroyed because of
abeginning protein denaturation. Thisprocessgivesnew
possibilitiesfor new hydrogen bondswith these col -
lapsed water clusters, accompanied with their immedi-
atetrangition to the expanded state (scheme, themodel
of thebasewater cluster isgivenwith kind permission
of prof. Lenz A.[*¥). Thus, the evolution of thewater
clugter structureand itsimportant roleinbiologica sys-
temscan bestudied.
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Aswefound out earlier, thecluster structure de-
pends on temperature, pressure, mechanical fields,
chemical/biochemical substancesaswell as onweak
gravitational fields®. Furthermore, ensemblesof clus-
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tersinliquidswereobservedtoinfluencebiologica pro-
cesses, particularly under space conditions (space
station) and under theorigin of thelifeon other planets,
webeieve.

The other ZGM S-signalsin the Figures2 and 3
reflect the oscillationsof domains, macromoleculecoils
and coil associates.
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Figure4: Temperaturedependenceof the sum (Z(abs(-f))) of
collapsed oscillatorsin eggs. (0.2 £/min.). 1 - egg-white, 2 -
egg yolk.

In Figure4, thesum of collapsed clustersin free-
range eggsversustemperatureisgiven. The concentra:
tion of collapsed clusters in both eggs components
changesdifferently a heating. At 300K thereisamaxi-
mum for egg-white sincethemaximumfor eggyolk is
shifted to 305 K, which could be caused by alarge
number of collapsed clustersat thetemperature near
the embryo formation (310 K). Thishigh sum of col-
lapsed clusters can be seen asapreliminary stagefor
theegg yolk protection from temperature fluctuations.

It would beof interest to investigate how the clus-
tersbehaveinthe eggsfrom battery hens. Thispossi-
bility wasgiven during theworldwidebird flu epidemic
in 2005 when all henswerelocked in (quarantinein
North Germany). To comparetheegg quality of free-
range hens (June 2005) and battery hens (November
2005, after 45 quarantine days) asmall group of iso-
lated hensfrom aprivate hensgrower (1 hen per m?)
was chosen. During the quarantinemany lesseggshave
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beenlaid, at the samefeeding around 30-fold less. Af-
ter thequarantinetheeggsproductionwasnorma again.
AsshowninFigures5and 6 theZGM S-spectraof egg
yolk and egg-white are generaly smilar, however, they
strongly differ from those of thefree-range eggs (Fig-
ures 2 and 3). Furthermore, they arevery near to the
spectrumof 0.9wt. % NaCl solution® containing SCIPs
and to that one of egg yolk at 289 K (Figure 2). The
SCIP sgnalsaremuch stronger than those of the other
oscillatorsand they overlgp them, therefore. The super
molecular structurein the egg yolk and egg-white has
been strongly changed. Thisstatewasobserved for free-
range eggsat low temperaturesonly (Figure 2, 289 K)
whereasit appearsat all temperaturesfor theembryo
originin battery eggsto explained with aninsufficient
movement and stressof the hens. It standsout that for
battery eggstherearesignalsintheareaof high oscil-
lating masses (Figures5 and 6), which aren’t available
for free-range eggs. Thiscould beanindication for that
the battery eggsare structured not only in the area of
small seed crystalsbut also in that one of large poly-
mersprobably, at theleve of protein associatesand of
large SCIPS%, Some differencesare observed for ex-
panded clusters, inthe spectrathey aremarked withan
arrow. To our opinion these signalscan only partialy
be assigned to SCIPsthey rather characterize protein
oscillators. Unlikefree-rangeeggsthe SCIP oscillations
don’t disappear at heating (Figures 5 and 6). There-
fore, the embryo growth after the nano emulsion de-
structionin egg yolk startsaccordingto different sce-
nariosof protein-SCIPS’ interaction which influences
theeggs’ quality. The stable presence of SCIPs in eggs
could be caused by stress and hypo dynamicsduring
the quarantine, that led to asalt enrichmentineggsd-
thoughtherearen’t any differences between free-range
and battery eggsvisually.

Asshownin Figure 6 at heating battery egg-white,
changesintheZGM S-spectraarelittlewherethesignas
of the small water clusters (H,0),,,, and (H,0),,
remain stable. In contrary to free-range eggsthe super
molecular structurein egg-whitehaslogtitstemperature
dependence, it is dominated by SCIP signals. The
“island” of cluster signals (indicated with arrow), moves
to highmassesasaresult of association and coagulation
processes at warming, probably.

TheZGM S-spectraof egg-whitefrom free-range
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Figure6: ZGM S-spectra of egg-whiteat different tempera-
turesafter 45 quarantinedays.

—=== Regular Paper

and battery eggsgivenintheFgures3and 6 arestrongly
different from each other. The detailed understanding
of these differences could be the object of a special
investigation. Thestressfactorsof thequarantinethere-
foreinfluenced the super molecular structureformation
inegg-whiteand finally theegg quality generdly. Psy-
chological pressure, lack of light, room, movement and
quiet arethemain stressfactorsthat led to anincreased
production of stresshormonesin thehens” body and
accelerate ageing and destruction processes of
biomatrices. Possi bly, these hormones prevent the par-
ticipation of SCIPsin biochemica processesof theegg-
white synthes sand embryo growth.

Thechangeof collapsed clustersineggsafter 1.5
month quarantineisshowninFgure7. At warming, the
concentration of collgpsed dustersin egg-whitereduced
monotonously however with alittleincreasingin the
temperature interval 305...315 K. This behavior is
srongly different fromthat oneof free-rangeeggs(Figure
4). The biomatrix super molecular structures were
concluded to be strongly different in free-range and
battery eggs, therefore. These differences should be
explained with that hensin small closed rooms are
permanently under psychological stress.

In the Figures 8 and 9 the ZGM S-spectra of the
clusters’ signal ratios in egg yolk and egg-white of free-
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Figure7: Temper aturedependence of the sum of collapsed
oscillator s(Z(abs(-f))) in egg- white (1) and egg yolk (2) dur-
ing thequarantinein North Germany in 2005. 0.2 K/min.
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range and battery eggs are given, the absol ute signal
intensitiesof Figure 3weredivided by thosefrom Fig-
ure6 a the sametemperaturefor what. The same pro-
cedurewas madefor thesignal intensitiesof the Fig-
ures2and 5. By thesemeasures, it wasmoresmply to
andyzethechangesintheliquid Sructureat theleve of
ostillating clusters, domains, protein coilsandtheir as-
sociatesinaddition, itispossibleto seehow thesesig-
nal sdevel opsat heating. Large oscillatorschanged most
strongly; concerning both coilsand their associates.
Comparingthesigna intensitiesof free-rangeand bat-
tery eggsit wasfound that they arefor thefirst ones
considerably higher. From the other sideitisknown,
that thesignal intensity primarily dependsontheinter-
action of an oscillator with the surroundings and then
ontheoscillator concentration™®. Thehighsignd inten-
gty infree-rangeeggsisthereforedescribed to awesker
interaction of the coilsand their associateswith the sur-
roundingswhichisonly possiblewhen protein coilsare
ordered in amore dense structure. With temperature
increasefrom 287t0 311 K (Figure 8) thesignal ratio
isreduced from40...70to 10...15, however, it rises
upto 100 above 311 K. At 311 K the highest number
of signalswas measured, that describethedifferences
between thetwo egg types. Theoscillator signal with
themassof 5.3 kDaisascribed to themain domainin
lysozym(*7, but those with 153 and 371 kDato the
conabumin dimer (76 kDa*?) and ova bumin octamer
(44.5kDd*¥), accordingly. The oscillator with themass
of 1520 kDaal so seemsto be part of the associate of
protein coils, which decomposes at heating.
Thestrongest changestakeplacein egg yolk (Fig-
ure 9) where the signal ratios can achieve 200. The
oscillationswith masses of 390 kDashould belongto
lipovitellinedimers (400 kDa'd) they disappear asos-
cillatorsat 287 and 295 K and appear at 311 K.
Inthefollowing wewant to andyzetheoscillations
of ovalbuminin egg-white (see Table), that appearsas
amonomer with different water contents: 6.3 wt. % for
free-rangeeggsand 1.5 wt. % for battery eggs (Figure
9). Additiondly, ovabuminwas observed asoctamers
too. Thefirst octamer type, containing 4.3 wt. % water
(expanded oscillator), was found for both egg types
whereasthelast onewith 9.2 wt. % water (collapsed
oscillator) for free-range eggsonly (Figure 10). The
water concentration inova buminwas determined by
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(6.3wt. % water), 2—battery eggs (1.5 wt. % water).

subtracting themassfor ovalbumin (44.5 kDa'?) from
theexperimentally observed oscillating mass.

Asvisiblein Figure 10 the oscillating ovalbumin
monomersinfree-rangeeggsactively interact with the
surroundings whereas those in battery eggsarein a
“frozen” state. The loss of elasticity in the interaction
with the surroundings could be an indication for a
permanent stress the hens exposed. At 305 K the
ova bumin monomer isthemost mobileinitsvibrations
and at thistemperatureaminimumisavailableinthe
curvethemonomer coilsarein thecollgpsed formwith
aminimal interactionwith the surroundings.

Differently fromfree-rangeeggsin battery eggsthere
was found only one octamer type, which could be
caused by permanent stressthe hensexposed (Figure
11). Theoctamersin battery eggsaresmilarly to mono-
mersina‘“frozen” state (ordered SCIPs shell like wa-
ter ontheprote n surface*®, scheme), thoseinteraction
with thesurroundingsis constant. Thissurroundingsof
the octamer preventsitsnormal interaction with the
neighbours or the octamer isnow surrounded by other
neighboursthan usual, perhaps. Thelower water con-
tent inthe ova bumin coilsof battery eggsin compari-
son with that one of free-range eggs (Table) and the
large number of SCIPs(Figure6) could givean answer
onthemonomer surroundings. Thus, theova bumin coils
arein egg-white (battery eggs) inacagethat isformed
by SCIPs. SCIPsstrongly limit theoscillation possibili-
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tiesof coilsand their associatesand consequently their
interactionwith thesurroundings.

3% 1

0% N

-3% 1

% 4 \

0% A
TK

Figure11: Temperaturedependenceof theoscillationscaused

by ovalbumin octamer s(f) in egg-whitefromfree-rangeeggs:

4.3wt. % water (1) and 9.2wt. % water (2). For comparison
battery eggswith 1.5wt. % water (3).

Oscillations of ovalbumin dimersand tetramers
wereasofoundintheZGM S-spectra(Table), possible
structures of ovalbumin with the surroundingsfor both
eggtypesshall begiveninFigure 12. Accordingtothis
modd theovalbumin coilsfrom battery eggsarealittle
compressed and smaller compared with those of free-
rangeegas.

The oscillations of monomersand their associates
arelimited by the surface of thesurroundingsand by an
interaction with surfacesfragments (Figures1and 12)
andthey can beidentified with the ZGM S-spectroscopy
too. For both egg types, thefollowing mode sconcerning
the state of the coils and their interaction with the
surroundings have been suggested (Figure 12).

TABLE : Thecontent of included water (wt. %) in ovalbumin
coils.

Oscillator (ovalbumin) free-rangeeggs battery eggs

289K 285K
monomer 6.3 85
dimer 4.1 4.3
tetramer 0 17
octamer | 4.3 4.3
octamer 11 9.2 -

"For the dimers the signals lie thick besides each other.

BIOCHEMISTRY (mm—

Ovalbumin coil : :
Surroundings

N\
| /

\ = N /
/ \“ /- \—/

o

1 2 3 4
Figure12: M odesdescribing ovalbumin coilsand their in-
teraction with thesurroundingsin egg-white. 1, 2 monomers,
3,4 octamers. 1, 3—free-range eggs, 2, 4 - battery eggs. The
ordered shell of SCIPsisshownin grey.

Differently fromtheovabumindimersof free-range
eggsthose of battery eggs show awide spectrum of
dimer signal swith almost the same masses.

Based on the data of the table and Figure 12 the
following model sfor theformation of protein associ-
ates can berepresented.

S ©

Monomer in free-rangeeggs monomer in battery eggs
(6.3wt. % included water) (8.5wt. % included water)

Theovabumin coilswithasymmetrica hydrophilic
groups are solvated with water molecules (drawn as
lines) wherethe hydrophilic groupsarelocdised onthe
protein surface (ordered shelli*9).

M odel of an ovalbumin dimer fromfree-rangeeggs
(4.1wt. % included water)

h!
% - o
, ~ Y
- -
>
\\

M odelsof ovalbumin dimer sfrom battery eggs
(4.3wt. % included water)

Both thewater content and the number of possible
combinationsfor ova bumin dimersfrom battery eggs
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should be higher around something accordingto this
modd.

Ovalbumin tetramer model from free-rangeeggs
(Owt. % included water)
Tothismodd, the surface hydrophilic groupsof the
coilsinteract with themselvesonly and thetetramer is
“dry”, therefore.

Ovalbumintetramer mode from battery eggs
(1.7wt. % included water)

For thisova bumin tetramer from battery eggs, the
hydrophilic groups are partial unordered and the tet-
ramer isnolonger “dry”.

Stressfor henswasthereforefoundto changethecails’
conformation and super molecular structure in the
biomatricesaswdl asto changethesurroundingsof the
protencoilsandthar interactionwith neighbour molecules

CONCLUSIONS

The ZGM S method can be applied for fast con-
trolling (0.5...30 s) the eggs” quality at the level of the
super molecular structurein egg yolk and egg-white
biomatrices. Stress and captive breeding destructed the
biomatricesof eggsat thelevel of cluster ensembles,
changed the surroundings of proteinsand protein con-
formations. The obtained resultsa so would beinter-
esting for the solution of other problemsfor example,
for the devel opment of bio-cosmic technologiesfor
spaceflightsand space stations.
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