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Solution and Conformational Properties of Wheat p-p-Glucans
Studied by Light Scattering and Viscometry
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The solution properties of whegtglucan were investigated by light scattering and viscometric methods. The
hydrodynamic radiusR;), weight average molecular weightlg), radius of gyrationRy), and the second virial
coefficient Az) of wheats-glucan were determined by both dynamic and static light scattering methods, whereas
the critical concentrationgX) of the solution were derived frony] via viscometric method. The structure sensitive
parametersp (1.52-1.62), the conformation parameter0.62), and the Mark Houwink—Sakurada exponents

o (0.78) confirmed the random coil conformation of whBaglucan in 0.5 M NaOH solution. The characteristic

ratio (4.97) was obtained by the random flight model, and the statistical segment length (8.83 nm) was derived
from the wormlike cylinder model. It was found that the wormlike cylinder model could explain the chain stiffness
better than the random flight model, which suggested an extended random coil conformation ofsghezsn

in 0.5 M NaOH solution. The study also revealed that the structure feature of ydgdatan; that is, the higher
trisaccharide-to-tetrasaccharide ratio contributed to the stiffer chain conformation compared with other cereal
pB-glucans.

1. Introduction little information has been obtained on the structure-function
Mixed linked (1-3) (1—4)-B-p-glucans are found in cereal relatlonshlp of ceregB-glucans. Lazarldo_u et lstudied the_
effects of fine structure and molecular size on the rheological

endosperm cell walls. The main sourcegai-glucans are from . . )
oat barl)rley wheat, and rye, and the aﬁougts in oat and barley.pmpemes‘ while the mechanism of how the structuré-giucan

are more than in wheat and rye. Research interest in cereaIL?]fELuggﬁ?;r&saﬂgﬁifalrgmeﬁﬁgfipasoIresrgiénf;izgfsa?lev%?ég 'tr;%e
B-glucans is largely due to their beneficial physiological effects prop poly

on human health and important physical properties for the food %;&%rtgntw: réloztfgfrt,l;rfoggﬁ F;Qyzﬁ?elspﬁ%egtﬁg a(r)tfe gcl)%sfglr)-/
industry.5-p-Glucans are attributed to reducing serum choles- prop ' y

terol and glucose levels in humah43 Their rheological mational properties of ceregd-o-glucans are important to

properties, such as high viscosity and the ability to form a gel, understand their struc_théunctlon relat.lonshlp. .
made cereaB-glucans potentially useful in the food industry ~ One of the most important experimental techniques for
as natural hydrocolloids. determ_lnlng dilute s_olutlon behfe\wor of pc_)lysaccharld(_as is light
The primary structure off-p-glucan is a linear chain  Scattering. When light scattering techniques and viscometry
composed of onlp-glucopyranose, which is arranged as blocks Measurements are combined, weight average molecular weight,
of consecutive (+-4)-linked -p-glucosyl residues separated by radius of gyration, hydroqunamlc _radlus, anql intrinsic viscosity
single (:+3)-linkages. Thep-(1—3)-linked cellotriosyl and can be determlned, which prowde_ a basis for studying the
cellotetraosy! units are over 90% of the polymer chain; however, Solution properties of polysaccharides. Unfortunately, when
there is evidence for a minor amount®{1—4)-linked cellulose cerealf-p-glucan is d'550|\{ed In water, aggregates are |n¢V|tany
like blocks which have more than 4 residues and up t§ 14. Presentdue to the strong intermolecular hydrogen bonding. The
The presence of (+3)-linkages prevents crystallization of —aggregation phe.nomenon will lead 'Fo inaccurate determination
otherwise long cellulosic chain and bestows apparent water Of molecular weight and conformation parameters. A method
solubility on the ceregB-glucan? Significant structural differ- 0 eliminate aggregates of cergaglucan in dilute solutions
ences among cereftglucans are characterized by the trisac- Was developed by Li et 8lusing 0.5 M NaOH solutions, which
charide-to-tetrasaccharide ratios, which follows the order of allows a reliable measurement of conformational properties by
wheat (4.2-4.5), barley (2.8-3.3), and oat (2.62.4)7 Com- static and dynamic light scattering methods.
pared with other cereg-glucan, the higher tri/tetra ratio of Several studies on the conformational properties of oat and
wheat $-glucan gives it a higher structural regularity of its barley B-p-glucans have been reportet’ 14 However, no
backbone chain, which is believed to make it easier to form conformational information of whegg-p-glucan has been
ordered structures, such as junction zones, between moleculeseported, and the relationship between the structure and
and, hence, a higher possibility to form a gel. conformation of cerea#-n-glucans has not been discussed. To
The primary structure and physical properties of cereal our best knowledge, only one study was reported using the
B-glucans have been subjected to many investigations. However combination of static and dynamic light scattering and viscom-
* Corresponding Author. Tel.: 41) 519-780-8028. Fax:#1) 519-829- etry to determine SOIUtion pr-Operties- of cer@b-glucan‘?
2600, E-mail address: cuis@égr.gc.ca. et However: no conformatlongl mformaﬂon was derlvgd due to
t Agriculture and Agri-Food Canada. aggregation phenomenon in solutions. The objective of the
* University of Guelph. present study was to investigate the conformational properties
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Properties of Wheat $-b-Glucans

of wheat -p-glucans using light scattering and viscometric
methods. The structureconformation relationship of cergaip-
glucans will be discussed by comparing our result to the results
of other cereals-p-glucans studies from the literature.

2. Experimental Section

2.1. Materials. Wheatg-p-glucan was extracted in alkaline condition
from white wheat bran powder 50 (50 mesh, Hayhoe Mills Ltd.,
Canada) using the procedure of Cui et®aand further purified by
repeated ammonium sulfate precipitation. Purified whatglucan
(91.58% purity) was fractionated into six fractions differing in molecular
weight using the gradient ammonium sulfate precipitation method
described previousty with some maodifications. Six fractions (from
F1 to F6) were precipitated from solutions at the ammonium sulfate
concentrations of 16.26%, 17.01%, 18.01%, 19.44%, 24%, and 40%.

2.2. Sample Preparation.To prevent aggregation of whegiglu-
cans, a 0.5 M NaOH solution was used as the solvent for light scattering
and viscometric measuremefit§Vheat 3-p-glucan NaOH solutions
(0.075%, w/v) were prepared by gentle stirring for 30 min at room
temperature. All of the solutions were filtered through a @riSylon
syringe filter (Chromatographic Specialties Inc, USA).

2.3. Apparatus of Light Scattering. A 35 mW helium neon laser
(Melles Griot Laser Group, Carlsbad, CA) with wavelength of 632.8
nm was focused on a precision scattering cell (diameter 25 mm)
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Figure 1. Angular dependence of the mean diameters of wheat
B-glucan fraction 1 measured in 0.5 M NaOH solution by DLS.

2.5. Dynamic Light Scattering (DLS). The measured intensity
autocorrelation functiols®?(z) is related to the electric field autocor-
relation functiong®(z) by the Siegert relation

Gr) = AlL + BIgP@) (4)

whereA is the baseline constant, is the coherence factor, which is
generally considered as an adjustable parameter in the data analysis
procedure, and is the correlation time. For continuous distribution of

containing a sample solution. Both static and dynamic measurementsdecay rate’

were conducted using a Brookhaven light scattering instrument includ-
ing a precision Goniometer, a photomultiplier, and a 128-channel BI-
9000AT digital autocorrelator (Brookhaven Instruments, Holtsvile, NY).
Total intensity light scattering measurements were conducted in the
angular range of 36-140 (for dynamic light scattering, at 9®nly).
Toluene was used as a reference with the Rayleigh ratio of 1398
105 cm™ in the static light scattering measurements. The refractive
index increment, /dc, was chosen as 0.146 miffor 5-p-glucan in
0.5M NaOH solutiort” The particle size distributions were calculated
by the constrained regularization (CONTIN) method using Brookhaven
dynamic light scattering software. All light scattering measurements
were performed at 25C.

2.4. Static Light Scattering (SLS).Static light scattering allows
the determination of weight average molecular weight radius of
gyration Ry, and the second virial coefficie#, using the following
equation:

Kc/Ry = 1M, + 13R,*M,)o + 2AC )
whereK is an optical contrast factoc, is the polymer concentration,
Ry is the Rayleigh ratio (normalized scattering intensity), and the
scattering vector is defined as

q= (4m/) sin6/2 2)
with 1 = A¢/no, the wavelength of the light in a medium of refractive
index no, 4o, the wavelength in a vacuum. The optical contrast factor
K is defined by

K = 272°n,2(dn/dc)? Ny ') 3)
where dv/dc is the refractive index increment of the solution asds
Avogadro’s number. The Zimm method is a graphical technique to
extrapolate simultaneouskc/R, to zero angle and infinite dilution.

In a Zimm plot,Kc/Ry is plotted as a function af? + kc, wherek is

an arbitrary chosen constant. The slope of the angular dependence at
= 0 corresponds to theaverage mean square radius of gyratigg?%

A; can be calculated from the slope of concentration dependertte at
=0, and 1M, is obtained from the intercept of both= 0 and6 =

0 extrapolated lines.

~+o00
g(1) = [ G(I') exp(-T'r) dT (5)
whereG(T') is a continuous distribution function of decay rates, which
is correlated withg®™(z) by a Laplace transformation. The decay rate
is defined ad” = K?D, whereD is the diffusion coefficient an is
the optical contrast factor. The hydrodynamic radi&s) (can be
calculated by applying the StokeEinstein relation
R, = KT/63D (6)
whereT is the absolute temperatuileis the Boltzmann constant, and
5 is the solvent viscosity. In the case of a polydisperse solute, the
distribution of the diffusion coefficient, and thus the hydrodynamic
diameter distribution function, is obtained frogiY(z) by inverse
Laplace transformation using constrained regularization method (CON-
TIN) method.

2.3. Intrinsic Viscosity Measurement.The intrinsic viscosities were
determined by dilute solution viscometry using a Cannon Ubbelohde
Dilution B glass viscometer (size 50, 6-8 cSt; Glass Artifact
Viscometers, Braintree, Essex, U.K.) immersed in water bath at a
constant temperature of Z&. WheatS-glucan concentrations were
selected in the range that the relative viscosjtywas kept from 1.2
to 2.0, so that no end effect correction is necessary. Intrinsic viscosity
[n] was calculated using the following relationship:

[1] = lim (n5c) = lim (in n,/c) )
wherec is the concentration of polymer;, is the relative viscosity,
and s is the specific viscosity, defined ag — 1. Huggins-Kramer
plots of nsf/c and Ing)/c versusc were then used to estimate the
intrinsic viscosity f] by extrapolation to zero concentration.

3. Results and Discussion

3.1. Results.

3.1.1. Dynamic Light Scattering. Figure 1 shows the
apparent mean diameters of whgaglucan fraction 1 in 0.5
M NaOH solution measured at different angles and analyzed
by both the CONTIN and the cumulants methods. The re%%
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Table 1. Experimental Data of Static and Dynamic Light Table 2. Intrinsic Viscosity of Wheat $-Glucans Measured by
Scattering of Wheat g-Glucan Fractions? Capillary Viscometer?
My (@/mol) A (cm3mol/g?) Ry (nm) Ry (nm)  Ry/Ry intrinsic viscosity (dL/g)
FO 328 700 1.04 x 1073 45.6 26.2 1.74 in water in 0.5 M NaOH solution
F1 591300 1.13 x 1073 59.5 36.7 1.62 Fo 455 + 0.07 3.47 + 017
F2 475200 1.17 x 1073 45.4 28.5 1.59 F1 6.50 + 0.00 5.50 + 0.39
F3 367900 1.24 x 1073 37.0 24.3 1.52 F2 6.10 + 0.14 471 + 017
F4 277800 1.43 x 1073 31.0 19.8 1.57 F3 5.15 + 0.21 3.93 + 0.10
F5 194200 1.42 x 1073 26.5 16.8 1.58 F4 3.70 + 0.14 269+ 0.17
F6 54 600 1.10 x 1073 12.6 7.8 1.61 F5 280 + 0.00 215 + 0.00
2F0 is unfractionated wheat f$-glucan. Molecular weight (M), the Fé 149 +0.01 0.88 + 0.06
second virial coefficient (Az), and radius of gyration (Ry) were measured P
by SLS; the hydrodynamic radius (R,) was measured by DLS. n=2.
6.0806 more close to the real intrinsic viscosities for th@se-glucan
fractions.
O 3.2. Discussion.
g 0B06 3.2.1. Data Analysis for DLS.Many interpretation methods
o for autocorrelation functions of DLS measurements have been
g 3.0E06 developed based on different algorithms, such as the cumulants
E method, histogram analysis, constrained regularization (CON-
2.0E-06 , TIN), nonnegatively constrained least-squares method (NNLS),
0.0E+00 2.0E01 4.0E01 6.0-01 8.0801 1.0E+00 etc. Each method was designed to solve a specific problem,
Sin(0/2) + 100 ¢ and thus, each has bo'Fh advantages_ and disadvantgges. The
Figure 2. Zimm plot of wheat $-glucan fraction 3 by SLS measure- results calculated b.y dlﬁerent. analytlc:_:ll meth.Ods might be
ment. different, and sometimes the difference is significant for some

samples, but not for others. Therefore, it is critical to find a
uitable method analyzing the results of DLS measurements.
A comparison of these analytical methods was well studied
py Stock and Ray! The cumulants method was the most
commonly applied method for polydispersity analysis in the
early years for dynamic light scattering. It provides accurate
results when the cumulants series converges; therefore, it is
suitable for the distributions which only have small values of
high-order moments. The limitations are that the result is
sensitive to the initial guess and it does not provide the explicit
o ) ) i distribution of the diffusion coefficient. The CONTIN method
3.1.2. Static Light Scattering.The Zimm plot of a fraction ¢4 yield accurate values of the average and variance in most
of wheat -glucan (F3) measured by SLS in 0.5 M NaOH o565 because there is no initial guess required and dust is
sol_utlon is presented in Flgurt_a 2 as an example. The a_bsomteaccounted for. It is the most popular method at present.
weight average molecular weightlg), the radius of gyration o yever, when data have significant noise levels, the bimodal
(Ry), and the second virial coefficientf) for all of the samples istributions obtained tend to be overly smoothed. The nonne-
were calculated from the Zimm plots (Table 1). The molecular gaiively constrained least-squares method (NNLS) is best used
weight det_:reases_3|gn|f|cantly from FEG, and the values of ¢4 multimodal distributions with narrow, widely spaced peaks,
each fraction are in good agreement with the results measuredyhich gives accurate estimates of the average and variance.
by size exclusion chromatography.In the extreme dilute  pjisadvantages of this method are that it often obtains false peaks
solution, the second virial coefficienAf) is a quantitative and tends to overcompensate for dist.
indicator of the affinity between the polymer and the solvent, Wheatg-p-glucan fractions in 0.5 M NaOH solution are free
i.e., the thermod_ynamic _q_uality of the solvent for the _given of aggregates and have a narrow unimodal distribuiévs.
polymer?® The high positive value of\; for each fraction  giscussed above, the NNLS method is not preferred compared
suggests that the 0.5 M NaOH solution is a good solvent for 15 the CONTIN method in this case. However, when the
wheats-glucan. The radius of gyration, a geometrical parameter aggregation phenomenon of whe@ip-glucan in water is
of a polymer chain, is given by a sum over all distances of the jhyestigated, the NNLS method becomes the first chdiae.
scattering elements from the center of mass or the sum over allshown in Figure 1, the CONTIN and cumulants methods gave
intramolecular distances in the macromolectiighe values of  the consistent results. The cumulants method would fail in the
Ry increased with molecular weight and were higher than that presence of dust and the dust cannot be completely avoided for
of Ry. The relationship betweeR; andMy, or R, can be used  each sample even though special caution is taken for removing
to interpret the shape of whegiglucan chains in solutions.  qust during the sample preparation. Furthermore, the CONTIN
3.1.3. Intrinsic Viscosity. Intrinsic viscosity ] of wheat method fits the correlation functions best by giving smaller error
pB-glucans in water and in 0.5 M NaOH solution were estimated values (data not show). As a result, the CONTIN method was
from Huggins-Kramer plot by extrapolation to zero concentra- chosen to calculate the hydrodynamic radius of whgat
tion and the results are summarized in Table 2. The higher glucan samples.
values in aqueous solution indicate the presence of aggregates, 3.2.2. Influence of Fractionation Methods on Molecular
which gives higher apparent molecular weight of whiggtucan Structures. For studying conformational properties of cereal
fractions. The intrinsic viscosities obtained in 0.5 M NaOH are [-p-glucans, it is essential to obtg#p-glucan fractions WhicthV

analyzed by the cumulants method showed angular dependences,
whereas the CONTIN method did not. For the former approach,
when the angle was extrapolated to zero, the mean diamete
obtained is in good agreement with the result analyzed by the
CONTIN method (Figure 1). Fraction 1 is the sample of largest
size among the group. Other fractions showed either similar or
less angular dependence. By using the CONTIN method, the
hydrodynamic radius of each fraction of whegaglucan at a
specific angle 90was calculated and summarized in Table 1.
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have homogeneous structure but different molecular weight. Table 3. Critical Concentrations (c*, ¢**) of Wheat 5-Glucans
Reported fractionation methods include ultrasonic irradigifon, ~Calculated from Their Intrinsic Viscosities

acid hydrolysi€3 enzyme hydrolysis (lichena¥e&*and cellu- in water in 0.5 M NaOH solution
|§Sé1 degradation), and gradient ammonium sulfate precipita- ¢ (gldL) ¢ (g/dL) ¢ (g/dL) c (g/dL)
tion.1625 Most methods are based on the partial degradation

. L FO 0.13 0.46 0.17 0.86
mechanism off-p-glucan molecules to obtain different molec- F1 0.09 0.49 011 0.54
ular weight fractions, except the gradient ammonium sulfate F2 0:10 0:58 0:13 0:63
precipitation method, which is based on molecular weight effect 011 0.66 015 0.76
of cereals-p-glucans on their solubility. Fractionation methods -, 0.16 0.81 0.22 111
may cause the structural changes of cefiealglucans, which 5 0.21 1.07 0.27 1.39
may influence their conformational properties. For example, the ¢ 0.22 1.42 0.38 241

degradation method may change the primary structuyg mf
glucans especially for the small molecular weight fractions. The
changes include change of tri/tetra ratio, loss of long cellulose Determination ot* via rheological measurements requires large
like segments, etc. The degradation methods usually lead to aduantities of samples and it is extremely time-consuming to
high value of polydispersity index @fb-glucan fractions. The ~ Prepare fractions in such quantities. Moffisuggested that*
theoretical value of the polydispersity index is given as 2.0 for =~ 4/[] for most polysaccharides, based on the result of
random degradation of infinite chai&Although the reported ~ Robinson et at? in a study of guar galactomannans. Doublier
values of degraded fractions are lower than the theoretical valueand Wood?® studied the solution behavior of ogiglucan and
(1.4-1.9)11.2427qata derived from SLS and DLS measurements gavec* ~ 2.5/7]. These two formulas were compared by
on highly polydisperse fractions are not appropriate for the Burkus and Temeffit on the study of barleg-glucan, and they
prediction of molecular conformation. The degradation of Suggested that the formula of ~ 2.5/[;] was more suitable
ultrasonic irradiation and acid hydrolysis likely occurs at the for predicting the critical concentration @kglucan based on
weak points of3-p-glucan chains rather than at random points; the fact that viscosity at* is about 10 mPa s in all cases.
however, the exact cleaving positions in the polymer chains are However, there are two concerns when applying the formula
difficult to determine. Thus, even though these two degradation of ¢* ~ 2.5/[] to wheatf-glucan. First, the intrinsic viscosity
methods may cause preferred structural changes of gémal ysed by Doublier and Wodgiwas not mea}sured directly, mstea}d
glucan, the detailed structural changes remain unknown. En-it was calculated from the Mark-Houwink-Sakurada equation
zymatic degradations attack the specific sites of the substratePy assumingx = 0.723. Second, the molecular weight of oat
according to the affinity of the enzyme. For example, cellunase A-glucan used by Doublier and WoSdvas 1 200 000 g/mol,
prefers to attack the consecutive{4)-linkagesi which leads ~ Which'is much higher than those of wh@aglucan in the present

to a decrease in the long cellulose like segments and cellotet-Study. When the molecular size decreases to a certain level,
raosyl segments, which may cause the increase of cellotriosyl®Nly considering the volume occupancy to predict the critical
unit proportion. The higher trisaccharide proportion increases concentration of polymers may not be adequate due to the
the chances of forming the consecutive cellotriosyl segments, INcréasing mob|llty of small molecules in solution. The results
which could result in a rigid chain conformation. Therefore, Of Vaikousi et af? on the study of barleys-glucan and
the molecular chains of fractions obtained by partial cellulase -@zaridou et al. on the study of odiglucan revealed that the
degradation could be stiffer than that of the origial-glucans. ~ Value ofc*[ 7] decreased when the molecular weight was less

This theory is supported by the results of Roubroeks et al. on than 150 000 but kept the same value for the larger molecules
oat 8-p-glucant! (Mw > 150 000). Lazaridou et &lreportedc*[#] ~ 0.59 and

c**[ 5] ~ 2.99 for wheap-glucan M,, = 209 000), which was
consistent with the values of oat and barley samfi€%The

the major components alogigp-glucan chains, i.e., trisaccharide ;econd cri_tical concent_ration*(‘) _is defined as t_he concentra-
segments, tetrasaccharide segments ana .Io.ﬁg cellulose lik tion at whlc_h the solution transits f_rom senr_1|d|lute to concen-

’ L ) . “Srated domain. The presence of the intermediate zone (semidilute

segments etc., remain intact after lichenase degradation. It 'Sdomain) between the dilute (< ¢*) and concentratedc(>

likely that the changes in structural features after lichenase ) domains suggested a rigid rodlike conformation of
degradation could be the least compared with other degradationpolymer§4 Therefore, the formulas af[#] ~ 0.59 andc*-

methOd_S' ] ) ) o 7] ~ 2.99 were used for whegi-glucan and its fractions
Fractionation by the gradient ammonium sulfate precipitation (except F6). Due to high mobility of fraction 6, a specific
method is based on the solubility differences in ammonium formuyla with a value of*[5] ~ 0.33 andc*[ ] ~ 2.12 was
sulfate solutions of different molecular weigfitp-glucans. adapted from barleg-glucan fraction, BGL7@3 which had a
Because there are no chemical reactions and physical degradagimilar molecular weight to F6 of whegglucan. Based on
tion occurred during the fractionation process, Wang éf al.  these equations, the critical concentrations of wifleglucans
and Li et al:® proved that fractions obtained by this method jn pure water and in 0.5 M NaOH solution were calculated and
exhibited the same structure features as the original sample.symmarized in Table 3. These predicted data provide a useful
However, the reported values of the polydispersity index for reference for studying the solution and gelation properties of
fractions obtained by gradient ammonium sulfate precipitation \yheats-glucans.
method were much lower (F1, 1.26; F2, 1.19:#%, <1.1)1¢ 3.2.3. Determination of the Shape of Wheap-p-Glucan
This allows us to obtain more precise results for conformation in Solutions. The study of the relationship between the radius
studies of CereaIG-D-glucanS. Thel’efore, this fractionation of gyration, intrinsic Viscosity, hydrodynamic radiUS, and

Lichenase specifically cleaves the+¢2)-linkage of the 3-O-
substituted glucose unit jfi-p-glucans?® As a result, most of

method was chosen in the present study. molecular weight could provide some general information about
3.2.3. Prediction of Critical Concentration. Intrinsic viscos- the shape and conformation of polysaccharide chains. The
ity can be used to estimate the critical concentratindefined structure sensitive parametgrconformation parameter, and

as the concentration at which molecular entanglement begins.the Mark-Houwink—Sakurada exponent were obtained a%:DV
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Figure 3. Double logarithmic plot of [] against M, of wheat 5-glucan Log M,)
in 0.5 M NaOH solution. Figure 4. Double logarithmic plot of the molecular weight vs the

radius of gyration of wheat $-glucan in 0.5 M NaOH solution.

described below. These three parameters are good indicators . -
. ! where the exponent is a characteristic parameter for a
of the molecular shape of whegtglucans in solutions.

3.2.3.1. Structure Sensitive Parametep. By combining the molecular architecture. The gxponeman vary from 0.33 for
static and dynamic light scattering results= Ry/R, can be ha_rd _spheres up to 1.0 for rigid rod_s. Thezalue for r_andom
calculated.p is an important parameter for characterizing coils IS between 0.5 and 0.6. Fofa Ilnea_lr_ rang)om ocdquals
. ; ; 0.60 in good solvent and 0.50 i conditionsz®° The double

polymers and colloids It depends on the chain architecture

conformation and polydispersity, but not on the molar n#ss. , Iogarithmic plot of the molgcular we.ight. versus the radius of
For linear, flexible chains in an unperturbed state, i.e.fin gyration of whea]_B-qucan is shown in Figure 4. The_value
solvent, the KirkwooeRiseman theory gives a value of of 0.62 was obtained from the slope of the correlation curve,

s 7 i . which indicates wheajs-p-glucan exhibits a random coil
1.503° Burchard suggested more explicit values: for monodis- g .
S99 ; _ . conformation in good solvent. The higher value than 0.6 of
perse random coilgy = 1.50 in af solvent, angp = 1.78 in a

good solvent® The p values of each fraction of whegtglucan wheatf-glucans implies the stiffer conformations than that of

are in the range of 1.521.62, which are lower than that of the the typical random coil Thl'f value is consistent with that of
g - S oat 5-p-glucan (0.56-0.70):
original wheats-glucan sampleg = 1.74). This is expected, — . .
. . . Lo 3.2.4. Estimation of Macromolecular DimensionsBased
since the fractions have a much narrower size distribution L .
. ) - on two macromolecular models, the results of intrinsic viscosity
(polydispersity, 1.031.26) compared to the original sample . . )
. , s ) ; and molecular weight were used to characterize the chain
(polydispersity, 1.65)8 Comparing the» values of each fraction

. . ) stiffness of wheaf-p-glucan by calculating the unperturbed
W'th. the suggested value_by Burcha?Pda_ran_dom CQII confor dimensions of the chains in the random flight model and the
mation of wheaf3-glucan in dilute solution is confirmed.

3.2.3.2. Mark—Houwink —Sakurada Exponento. Intrinsic statistic segment Ien_gth qf the ma_lcromolecule in the wormlike
. S . cylinder model (semi-flexible chain model).
viscosity is usually related to molecular weight by the Mark . .
i . 3.2.4.1. Random Flight Model.In the random flight model,
Houwink—Sakurada equation L . . :
a polymer chain is considered as a collection of stiff rods
« connected by totally flexible universal joil&The average root-
[7] = KMy, ) mean-square end to end distant8 (s given as

wherea is the Mark-Houwink—Sakurada exponent. In par- L'=n"3 (20)
ticular, if a polymer is a rodo is ~1.8, whereas, for a random . .

flight flexible coil, it is usually assumed to lie in the range of Wheren is the number of rod antlis the length of each rod.
0.5-0.830 Teraokd® suggested that the value afwas around ~ 1he measured value of end to end distarigeat unperturbed
0.7-0.8 for flexible chains in a good solvent, and exceeds 1 condition is always greater thad due to the energetically

for rigid chains. In a@ solvent, a flexible chain has = 0.5. constrained joints (dihedral angl¢gy for polysaccharides) and
Apparently, a. is higher for a more extended conformation, the exclyded volume effect, namely, two or more segments along
because a polymer molecule with a greater dimension for a giventh€ chain cannot occupy the same volume element at the same

contour length will experience more friction to move in the time. .
solvent3® In a good solvent, polymersolvent interaction is The random flight treatment neglects the excluded volume

preferred in solution, which favors the extension of polymer €ffect, because this effect becomes small with decrease in
chains to interact with solvent resulting in a more rigid molecular size. The characteristic rati@., a measure of the

conformation. From the double logarithmic plot of] fagainst restriction of chain flexibility, is defined as

My (Figure 3), the value ok for wheats-p-glucan was obtained 2 2

as 0.78 in 0.5 M NaOH solution. This result again confirms C,=L7L (11)

the random coil conformation of whegatglucan in solution.

The value ofa for wheat/-glucan is in good agreement with

o= 0.71 for barley3-glucan!?37a = 0.72 for/3-glucan isolated

from beer® anda = 0.82 and 0.73, for ogé-glucan!®13 3
3.2.3.3. Conformation Parameten. The dependence of the [7] = ®LM (12)

radius of gyration on the molecular weight is described by a \ypered is a constant& 2.6 x 1021 mol-1 for random coils).
power-law behavigP From egs 11 and 12, we have

The intrinsic viscosity (§]), molecular weight 1), andL'
can be related by the FlorFox equation

= KM’ 9 L2=C_°n=C_I*M/m 13
Ry ) (13) cOV



Properties of Wheat $-b-Glucans Biomacromolecules, Vol. 7, No. 2, 2006 451

0.008 5000
L] 4
0.006 | .
o [] =} |
E G 3000
£ 0.004 - =
£ y = 7E-06x + 0.002 S 2000 y = 4.5733x + 517.27
0.002 R?=0.9515 1000 4 R? = 0.9913
0 . . . . . ‘ 0 ; ; ; . . .
200 300 400 500 600 700 800 200 300 400 500 600 700 800
MlIZ Ml/2
Figure 5. BSF plot of wheat -glucan in 0.5 M NaOH solution. Figure 6. Bohdanecky plot of wheat 5-glucan in 0.5 M NaOH solution.

whereM/m is the ratio of the polymer molecular weight to the equations ofA; and B¢*® can be used
residue molecular weightr). Combine egs 12 and 13
A,= 0.46— 0.53 log@/l), and

— 3 3/2p g1/2 __ 1/2
(7] = PIH(C/mM)~ M= K,M (14) B, = 1.00— 0.0367 log@/!,)

Experiment data were plotted in a form eff{MY/2 versusm2
in order to obtainKy, the value of §]/M¥2 in 6 conditions

(Burchard-Stockmayer-Fixman or BSF plot, Figure 5). This ) , )
is the simplest extrapolation for estimating unperturbed coil _ Figure 6 shows the Bohdanecklot of whea{-b-glucan in

dimensions from perturbed dimensions. The valu&gfvas 0.5 M NaOH solution. The_ st_atistk_:al segment I_ength, persistent
found to be 0.0020 in 0.5 M NaOH solution. The residue length length, and the characteristic ratio were obtained as 8.83 nm,

| was obtained by averaging 0\4@{(1_,4) Iinkages aan-(l—*B) 4.42 nm, and 16.88, reSpectiVE'Y. The Val-UeORf = 1688 o
linkages with a 7/3 proportion between them by the following means that around 17 glucosyl residues are involved in a statistic
equationt4 segment, which is considered to be rigid. The higher the

statistical segment length (or persistent length) and the char-
12 = P3I32 + P4I42 (15) acteristic ratio, the more rigid the chains will be. Compared to

barley and oaf3-p-glucans in aqueous soluti&iO (fractions
were obtained by lichenase degradation), the values of persistent
length for-p-glucans follow the order of wheat (4.42 nrm)
barley (3.47 nm)y> oat (2.30 nm) indicating the same order of

molecular weight of residum = 162 and the residue length the chain stiffness of cereg@ip-glucans. The order of persistent

= 0.523 nm, the characteristic ratio was calculated as 4.97 for [€ngth for cereafj-b-glucans is also coincident with the tri/
samples in 0.5 M NaOH solution. The values of 9.2 and 4.7 of tétra ratio of cerea-p-glucans, which has an order of wheat
the characteristic ratio for oftglucan in water before and after ~(4-2-4.5) > barley (2.8-3.3) > oat (2.0-2.4) It is believed
autoclaving were given by Wang et @I The later value was that_the h|g_her tri/tetra ratio leads to higher regularity of polymer
claimed for aggregate-free solution. @ez et all2 reported a chalns or hlgher percentage (_)f the regular segments (consecutive
characteristic ratio of 7 for barleg-glucan. Theoretical and ~ tfisaccharide units). The stiffness of whe@p-glucan also
experimental calculations for barlgyglucan chains by Buliga ~ C2USes its lower SO!UbIlIty and hlghe'r gelation ability. Compared
and Brant yield a result ofC,, = 11.7 and 18, respectively, with the random_ fI|ght_mod_eI, the !nfluenc_e of the structural
which were higher than all of the values above from different [€atures on their chain stiffness is well interpreted by the
materials. These results show a wide rang€ofvalues and wormllke.cyllnder quel._ Therefore, this model is more s.ur.[able
no correlations between their stiffness and structural featuresfr studying the chain stn‘fngss of cergiplucans, which is in
of cerealg-glucans. The discrepancies@f values are mainly ~ agreement W|th0Gmez et af? based on barleg-p-glucan and
due to the different experimental conditions, which result in ROubroeks et al®for oat-p-glucan. The present study implies
the samples with the different degree of aggregation. that Whea_tﬁ-g]ucan c_haln exhibits an extended random coil
3.2.4.2. Wormlike Cylinder Model. The wormlike cylinder ~ conformation in solution.
model is used for studying the stiffness of semiflexible chains.
There are several parameters to describe the dimensions of a 4. Conclusions
polymer chain. The statistical segment length or Kuhn length
(Ik) is defined as a length of segment which is sufficiently long ~ Molecular parametersly, Ry, Rn, and fy] of six fractions of
so that two adjacent segments could move independently of eachwheat3-glucan were obtained from static and dynamic light
other: Ix = 2lp, wherelp is the persistent length. The contour scattering and viscometric methods. Critical concentratiof)s (
length () is the end to end distance when the polymer is pulled were predicted by applying the empirical relations betweten
to its full extension. In this model, intrinsic viscosity and the and [7]. The structure parametgr (Ry/Ry) is in the range of
characteristic ratioQ.) are given by 1.52-1.62; the conformation parameteriofs 0.62. The Mark-
Houwink-Sakurada exponents)(were obtained as 0.78 in 0.5
[7] = (1, /M MYAB, + A1 /L)YH 2 (16) M NaOH solution. All three structure parameters suggested a
random coil conformation of wheg@tglucan in solutions. Two
C, =/ 17) models were used to characterize the chain stiffness. The
characteristic raticC. = 4.97 was calculated for samples in
The Bohdaneckyplot of (M2/[5])¥? vs M2 is applied for 0.5 M NaOH solution using the random flight model. By using
calculation. The slope of the plot is equalBgd ~Y3(M/LIk)2, the wormlike cylinder model, the statistical segment lenfyth (
and the intercept gives a value fag®d~3M/L. The approximate persistent length, and the characteristic ratio were obtaineéiD%?

whered is the cross-section diameter or the thickness of the
molecule.

whereP3; andP, are the mole fraction g8-(1—3) linkages and
B-(1—4) linkages, and; = 0.48 nm and, = 0.54 nm are the
corresponding residue length, respectiv@lysing the average
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8.83 nm, 4.42 nm, and 16.88, respectively, in 0.5 M NaOH

solution, which suggested the extended random coil conforma-

tion of wheat3-glucans. The chain stiffness of cergafjlucans
was well interpreted by the wormlike cylinder model. The study
of conformation-structure relationship suggested that higher
tri/tetra ratio corresponds to a stiffer chain of cergajlucans.
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