Adsorption Studies of Interaction Between Water-Extractable
Nonstarch Polysaccharides and Prolaminsin Cereals

U. Elofsson,t A-C. Eliasson,?2 M. Wahlgren,! A.-M. A. Loosveld,® C. M. Courtin,® and J.A. Delcour®

ABSTRACT Cereal Chem. 77(5):679-684
Adsorption of cereal storage protein and nonstarch potysrides oxylan and wheat arabinogalactan peptide on top of gliadin ecalirs,

onto methylated silica surfaces, as measured by ellipsometry, was usedéspectively, indicated that an interaction occurred. As ionic strength and

study possible interactions between those components. All fractions, rygH influenced both the adsorption and the interaction of the components

secalin, wheat gliadin, rye arabinoxylan, and wheat moghiactan peptide, studied, these phenomena are believed to be of electrostatic nature.

were surface-active to some degree. Sequential adsorption of rye arabin-

Whest flour is unique in its ability to produce leavened products.
Such ability is related to properties of the wheat flour dough such
as its gas-holding capacity (Baker and Mize 1941) and viscoelas-
tic behavior (Bloksma 1990). Of the other ceredls, only rye shows
some breadmaking performance. Rye is grown almost exclusively
in the northern part of Europe and is used in many speciaty products
such as sourdough and crisp breads (Lampinen 1995). In Sweden es-
pecialy, wheat and rye flours are mixed for breadmaking purposes.

It is not totally clear why rye flour has (much) poorer bread-
making performance than wheat flour (He and Hoseney 1991).
Gas-holding capacity and viscoelastic behavior of dough, largely
responsible for a good breadmaking performance, are mainly con-
veyed on wheat flour doughs by wheat flour storage proteins. They
are able to form a large continuous gluten network during dough
formation. Although the rye storage proteins have been studied to
much lesser extent, the formation of large aggregates occurs not
only with wheat protein but also with certain rye proteins (Field et
a 1983). It has further been shown that certain rye protein fractions
have a behavior at the air-water interface that is very similar to that
of wheat proteins (Wannerberger et al 1997). In spite of comparable
protein properties, rye flour doughs have a much lower gas-holding
capacity than their wheat counterparts. Reasons for this could be
the lower protein content and less functional protein in rye flours
and the lack of aggregation by rye proteins because of interactions
with nonstarch polysaccharides (NSP). Such interactions have been

suggested in several studies (Amado and Neukom 1985, Ha
and Lichtendonk 1987, Weegels et al 1991). Based on the observatio
that the separation of gluten and starch is facilitated in the presen%
of hemicellulases, Weegels and coworkers (1991) argued that N
may prevent the aggregation of gluten proteins. If such an effect we
present in wheat, it would be expected to be of even greater imp
tance in rye, where the protein content usually is lower and tht

NSP content higher.

As rye proteins apparently do not form large aggregates in dough
other factors may play a role in conveying gas-holding capacity tﬁ"g
rye doughs. This suggests that NSP fractions such as arabinoxy
andp-glucan, through their high molecular weight and viscosity-
inducing properties, may partially make up for the absence of
gluten network. However, the literature concerning NSP functional
effects in breadmaking is confusing, probably as a result of diffef?,
ences in chemical composition of NSP fractions used in breadmakin
procedures and evaluation and definition of bread quality parameter.
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The present investigation was undertaken to study whether inter-
actions between water-extractable arabinoxylan or a second cereal
NSP, arabinogalactan peptide (Fincher and Stone 1974, Loosveld
et al 1997), and wheat gliadin or rye secalin exist. Interactions
were studied on a molecular level by adsorption of proteins on
methylated silica, and subsequent interactions with arabinoxylan
or arabinogalactan peptide in solution. Adsorption was monitored
with ellipsometry, a technique that has been used by several authors
to study the interfacial behavior of proteins (Wahlgren et al 1993,
Wannerberger et al 1996).

MATERIALSAND METHODS

Chemicals

Dextran (31391, Fluka, Buchs, Switzerland), a protein free poly-
saccharide, was dfeuconostoc origin, and had a molecular weight
of =110 kDa. Bovine serum albumin (BSA) series NR A-4503 Lot
99F0014 was obtained from Sigma (St. Louis, MO). Sodium acetate
and acetic acid (Merck, Darmstadt, Germany) were of analytical
grade (100%). 1-Butanol and 1-propanol were of analytical grade
(99.0% and 99.5% respectively) and purchased from Lab-Scan
(Dublin, Ireland). All other reagents were of at least analytical grade
unless otherwise specified.

Isolation and Purification of Water-Extractable Arabinoxylan
m%r}d Arabinogalactan Peptide from Flour
ﬁb\rabinoxylan from a European rye cultivar (Halo) was purified
d characterized by Delcour et al (1999). In the procedure, rye
ole meal is extracted with water; the starch in the extract is
drolyzed with thermamyl; and a precipitate is formed on addition
f ethanol to the resulting solution. Part of the crude arabinoxylan
-PrAX) obtained was then further deproteinized by clay-adsorption
featment and referred to as (R-AX).
The arabinogalactan peptide was isolated from the European
eat cultivar Skirlou according to the method by Loosveld et al
97). This method consisted of extracting inactivated flour (Fincher
and Stone 1974) with water; precipitation of protein material by a
geating step; hydrolyzing starch with thermamyl and amyloglu-
osidase; dialysis; and precipitation of wheat water-extractable
rabinogalactan peptide by a number of ethanol precipitation steps.
e arabinogalactan peptide was characterized as described by Loos-
%é‘ld et al (1998) and is referred to as (W-AGP). Sample composi-
ions are shown in Table I.

Preparation of Protein Samples

Gliadin was extracted from flour of the wheat cultivar Dragon
by 70% (v/v) ethanol as described by Wannerberger et al (1996),
yielding a material with 97.8% (dry basis) protein content (N x
5.7, according to the Kjeldahl method) and was kindly provided
by Lars Wannerberger, Lund University, Sweden. In one adsorp-
tion experiment, gliadin from the wheat cultivar Sport was used.
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The acohol-soluble secalins were extracted from a commercial nonreducing conditions, the secalin fraction gave streaking when
rye flour (Nord Mills AB, Malmd, Sweden) and purified according the electrophoresis was run.
to the procedure used by Shewry et al (1983) with some modi-
fications. Quantitative extraction was performed at room temperePreparation of Methylated Silica Surfaces
ture by stirring 200 g of flour with 2.8 L of water-saturated 1- Silica surfaces, with an oxide layer of 300-350 A obtained by
butanol for 3 x 60 min. Each suspension was centrifuged (MSEermal oxidation, were kindly provided by Stefan Welin-Klintstrom,
Mistral 4L centrifuge, London, England) in a screw-capped polyUniversity of Linkdping, Sweden.
propylene centrifuge tube at 1,700 x g (18°C, 20 min). The lipid The silica surfaces were first cleaned at 80°C for 5 min with
containing supernatants were discarded. The residues were stirfgti;, H,O,, and HO (1:1:5, v/v) and then with HCI, J,, and
with 2.4 L of 0.8 NaCl (2 x 60 min) to extract the water- H,O, (1:1:5, v/v). They were rinsed with twice-distilled water after
extractable proteins and centrifuged as described above. Final eeach step, and finally twice with ethanol followed by three times
tractions were with 2.8 L of 50% (v/v) 1-propanol (3 x 60 min).with trichloroethylene. The surfaces were methylated by 0.1% of
The supernatants were first rotary-evaporated at room temperatutiehlorodimethylsilane in trichloroethylene for 1 hr, after which
until =40% of 1-propanol had been removed, and then dialyzed fahey were rinsed three times with trichloroethylene and twice with
48 hr against several exchanges of distilled water. The retentatethanol. The methylated surfaces were stored in ethanol until used.
were lyophilized with a Hetosicc freeze dryer (Heto Birkerdd, Den- All the glassware was cleaned with 1:1 concentrated sulfuric and
mark). The Kjeldahl protein content (N x 5.7) in the secalin fractionsitric acid before use.
was determined by a Kjeltec Auto 1030 analyzer (Tecator, Sweden)
as 85% (dry basis). Ellipsometry

SDS-PAGE of the protein fractions (data not shown) showed The principle of this optical method is based on the changes in
that the gliadin as well as the secalin fractions both containeellipticity of plane polarized light on the reflection at the interface
several bands in the molecular weight region 94-14.4 kDa. Und¢Azzam and Bashara 1977). A thin-film ellipsometer (type 43603-

200E, Rudolph Research, Fairfield, NJ), equipped with a 5mwW He-

TABLE|
M onosaccharide Composition; Arabinogalactan, Arabinoxylan,
B-Glucan, and Protein Content; Arabinose-to-Xylose Ratio;
Arabinose-to-Galactose Ratio; and Xylose Substitution Pattern
of R-AX, R-PrAX, and W-AGP

Ne laser (Melles Griot, Carlsbad, CA) was used. The mode was
null ellipsometry, and the equipment was automated according to
the principles of Cuypers (1976). From the changes in the ellip-
sometric angles/ andW), the thickness and the reflective index

of a protein layer were calculated according to McCrackin et al

R-PrAX R-AX W-AGP (1963), with the assumption of a homogeneous film at the surface.
Dry substance (% ds) 935 895 93.02 The calculations were performed using a three-phase model (surface,
Arabinose (% ds) 24.8 413 371 adsorbate, an_d_ ambn_ent) utlllz!ng the measured pseud_orefractlve
Xylose (% ds) 38.8 66.9 3.0 index for the silicon with the oxide layer. The concentration of the
Mannose (% ds) 1.0 0.6 15 substance in the film"( mg/n¥), was calculated from the values
gf"aﬁtose‘;’/(‘;ds) 18-2 é-g 5%-2 of the thickness and the refractive index. Because the adsorbed
Ar:g?:gx(yl"ansg% a9 542 934 70 mass can be determined more accurately at low surface coverage
Arabinose/xylose 0.59 059 ' than the film thickness and the refractive index (Cuypers et al

Unsubstituted xylose (% of xylose) 1983),T is the value presented in the current study. The values used

57.5 56.1 for the ratio between molar weight and molar refractivity and for the

3-Monosubstituted xylose (% of partial specific volume were 4.1 g/mL and 0.75 mL/g, respec-

xylose) 26.2 29.1 tively.
2,3-Disubstituted xylose (% of

xylose) 16.3 14.8 .
Arabinogalactan (% ds) 4.4 45 77.6 Adsorption M easurements _
Arabinose/galactose 0.69 The adsorption in 0.04 acetate buffer solution at pH 4.0 and
B-Glucan (% ds) 4.7 3.0 2.7 5.5, with or without 0. NaCl, was measured at 25°C with an
Protein (% ds) 21.7 0.0 111 agitation of 325 rpm. The pseudorefractive index of the bare sur-

a Values from estimated moisture content of 7%. face was first determined in buffer solution with the methylailézhs
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Fig. 1. Adsorbed amount (I") of nonstarch polysaccharides on hydrophobic silica surfaces vs. time. Measurements of 0.01M acetate buffer at 25°G25 rpm, 3.4
pg/mL protein concentration, 1.7 mg/mL polysaccharide concentration. R-YAR{AX (0), W-AGP (©),dextran Q).
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surface in the cuvette. The measurements started with addition of
40 pL of protein stock solution to the cuvette, giving a fina
concentration of =3.4 ug/mL. Adsorption was measured for 60 min.
The cuvette was then rinsed with buffer solution (5 min, 20 mL/
min). Desorption was measured for another 10 min before the next
sampl e solution was added for the sequential studies. For polysac-
charide adsorption, 0.5 mL of the stock solution was added to a
volume of 4.5 mL, giving a fina concentration of 1.7 mg/mL in
the cuvette. The rinsing procedure and the desorption measure-
ment were then repeated as above. The maximum variation in
these measurements was 0.6 mg/m?, which corresponds to =13%.

RESULTS

Adsorption of NSP-Fractionsto Methylated Silica Surfaces
The adsorptions of R-PrAX, R-AX, and W-AGP in 0.01M
acetate buffer at pH 5.5 are shown in Fig. 1. The fractions with
high protein content (R-PrAX and W-AGP) (Table |) adsorbed to
relatively high and similar plateau levels of =2.5 mg/m? after 60
min of adsorption. In contrast, the adsorbed plateau levels of the

protein-free R-AX were considerably lower after 60 min of adsorp-
tion (=1.0 mg/m?). The initial adsorption for W-AGP was very
fast, and the adsorbed level was close to the plateau value within 5
min, whereas the adsorption of both the arabinoxylan fractions was
significantly slower. The adsorption under the same conditions of
dextran is also shown in Fig. 1 for comparison. Under these con-
ditions, dextran did not adsorb at al. No effect on the adsorption
of either R-PrAX or R-AX was found when the pH was lowered
to pH 4.0 (data not shown).

Adsor ption of Cereal Storage Proteins and NSP-Fractions

Adsorption of secalin or gliadin followed by each of the NSP
fractions was performed in 0.01M acetate buffer at pH 4.0 and 5.5
on methylated silica surfaces.

As seen in Fig. 2, under the conditions used, the adsorption
behavior of both proteins was very similar. The adsorbed levels
after 60 min were =2.0 and 4.0 mg/m? at pH 4.0 and 5.5, res-
pectively. At higher ionic strength (0.01M acetate buffer with 0.1M
NaCl), the plateau value for the adsorption of secalin increased to
5.0 mg/m? at both pH levels (Figs. 3 and 4). For gliadin, the
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Fig. 2. Adsorbed amount of secalin (left) and gliadin (right) on hydrophobic silica surfaces vs. time, followed by adsorption of crude arabinoxylan (R-

PrAX) at pH 4.0 (O) and pH 5.5 (O). Measurements of 0.01M acetate buffer at 25°@25 rpm, 3.4ug/mL protein concentration, 1.7 mg/ mL poly-
saccharide concentration. Adsorption was measured for 60 min, followed by rinsing for 5 min. Desorption was measuredoigiot€ thensecond sample

solution was added. Solid arrows indicate change to rinsing buffer; open arrows indicate change to the second sample solution.
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Fig. 3. Adsorbed amount ofesalin (left) and gliadin (right) onto hydshbobic dica surfaces vs. time, followed by adsorption of R-AX. Measurements of
0.0IM acetate buffer at 25°G25 rpm, 3.4ug/mL protein concentration, 1.7 mg/ mL polysaccharide concentration. Adsorption was measured for 60 min,
followed by rinsing for 5 min; measurements of desorption made during 10 min before the second sample solution was acddexlvsSoliicate
change to rinsing buffer; open arrow indicates change to the second sample solution. Gliadin sample in this experimerthevagh&ratrcultivaSport.

A, R-AX at pH 4.0 ©) and pH 5.5[(); B, R-AX at pH 4.0 without©) and with (0) 0.1IM NaCl.
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higher ionic strength resulted in an adsorption increase from 2.0 to acetate buffer at pH 5.5 are shown in Fig. 1. Generally, nonprotein
4.0 mg/m? only at pH 4.0, whereas at pH 5.5, no significant containing carbohydrates are not surface active, which, as seen in
difference was found. Fig. 1, was confirmed for dextran. It is therefore interesting that a
The addition of R-PrAX, R-AX, and W-AGP to a preadsorbed rather high amount (1.0 mg#rof the R-AX fraction, which did not
protein layer (secdin or gliadin) is illustrated in Figs. 2-5. Gen-  contain any protein (Table 1), still adsorbed to a methylated silica
erally, the polysaccharide fractions adsorbed in a manner similaurface. In agreement with the present findings, arabinoxylan has pre-
to that of a preadsorbed layer of protein, regardless of whether th®usly been found to reduce the surface tension of water (Izod-
protein was secalin or gliadin. The sequential adsorption was pewsrczyk et al 1991, Sarker et al 1998).
formed at two different pH levels (pH 4.0 and pH 5.5). At pH 4.0, Although R-PrAX and W-AGP both contain proteins, it must be
a small increase (<0.5 mgiyin the adsorbed level was observed assumed that their protein fractions differ substantially. As an arabin-
after sequential addition of the R-PrAX and R-AX fractions (Figs.ogalactan peptide in general contaiis-8% of protein covalently
2 and 3), while an increase of as much as 1.4 fwgés found for embedded in its structure (Fincher and Stone 1974), almost all
W-AGP (Fig. 5). In contrast, at pH 5.5, R-PrAX showed the highesprotein in the W-AGP fraction is an integral part of the arabino-
adsorption to protein layers (Fig. 2), followed by W-AGP (Fig. 4).galactan peptide itself. Arabinoxylan, on the contrary, does not
The R-AX fraction (Fig. 3A) did not adsorb at all (gliadin) or to acontain covalently bound protein. This means that the protein present
very low extent (secalin) to protein layers under these circumstancesthe R-Pr-AX fraction is a contaminant.
(at pH 5.5). At increased ionic strength, no adsorption of either W- While the adsorption kinetics were similar, the R-PrAX adsorp-
AGP or R-AX fractions occurred on top of the adsorbed proteinsion plateau value was 2.5 mginmore than twice that of R-AX.
for both pH 4.0 (Fig. 3B and 5) and pH 5.5 (Fig. 4). No, or veryThis increase is clearly to be ascribed to the residual protein presence
limited, desorption occurred upon dilution of either the proteins oin the R-Pr-AX sample. W-AGP adsorbed with a considerable
the polysaccharide fractions under these conditions (Figs. 2-5). faster kinetic to the silica surface than the arabinoxylan fractions,
The results obtained for the sequential adsorption of the cerellit to the same plateau value (2.5 nfy/as the R-Pr-AX. One
proteins and the polysaccharide fractions can be compared wigfhould not assume that because the adsorbed amount is the same
those obtained for the sequential adsorption of dextran and bovifier R-Pr-AX and W-AGP, that the layer compositions are similar.
serum albumin (BSA), a globular protein. At pH 5.5, dextran didDue to the covalent linkage between peptide and carbohydrate, the
not adsorb to a bare methylated silica surface (Fig. 1), and it dadsorbed layer could, for example, contain more carbohydrates for
not adsorb to a cereal protein (secalin) layer in sequential adsomdsorption from W-AGP than from R-Pr-AX. The difference in kin-
tion measurements (results not shown). On the other hand, the stics also indicates that different types of chemical entities are
guential adsorption of BSA to a preadsorbed secalin layer was aflsorbing in the two cases.

the same order as the adsorption of R-PrAX (Fig. 2). The adsorbed amounts of both secalins and gliadins increased
with pH (Fig. 2). This behavior may be caused by a decreased
DISCUSSION lateral electrostatic repulsion between the proteins at the interface

as the pH approaches the isoelectrical interval (Norde 1986), which
The levels of the R-PrAX, R-AX, W-AGP, and dextran adsorbedor prolamins in general often is between pH 5.0 and 9.0 and for
to methylated silica surfaces as a function of time in N0.01 gliadins is between pH 6.5 and 8.1 (Shewry and Miflin 1985, Lindahl
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Fig. 4. Adsorbed amount of secalin (left) and gliadin (right) onto hydrophobic silica surfaces vs. time, followed by adsorption of W-AGP at pH 5.5
without (O) and with (O0) 0.1M NaCl. Measurements of 0.01M acetate buffer at 25°G25 rpm, 3.41g/mL protein concentration, 1.7 mg/ mL polysaccharide
concentration. Adsorption was measured for 60 min, followed by rinsing for 5 min; measurements of desorption made durivefd@ ttie second
sample solution was added. Solid arrows indicate change to rinsing buffer; open arrow indicates change to the secondti&smple sol
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Fig. 5. Adsorbed amount ofegalin (left) and gliadin (right) onto hydrophobitic& surfaces vs. time, followed by adsorption of W-AGP at pH 4.0
without (O) and with 0) 0.IM NaCl. Measurements of ORIl acetate buffer at 25°G325 rpm, 3.4ug/mL protein concentration, 1.7 mg/
polysaccharide concentration. Adsorption was measured for 60 min, followed by rinsing for 5 min; measurements of desaptionnmd® min
before the second sample solution was added. Solid arrows indiaateedb rinsing buffer; open arrow indicates change to the second sample solution.
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1990). A similar trend has been found at the air-water interface as
measured with the surface balance technique (Wannerberger et al
1997). A further confirmation of the relevance of eectrostatic phen-
omenafor the interactions was the higher adsorbed amounts found
at pH 4.0 when 0.1M NaCl was added to the 0.01M acetate buffer
(Fig. 3B). For gliadins, the plateau value at pH 4.0 at the higher
ionic strength was similar to the values at pH 5.5, both with and
without sdt. Thisisin contrast to the secalins, where the presence of
sdt led to an increase in the adsorbed amount both at pH 4.0 and at
pH 5.5 (Figs. 3B and 4). A difference in the isoelectric point of the
proteins in the adsorbed layers may explain this observation. The
adsorbed gliadins may contain a smaller fraction of proteins that
are charged at pH 5.5. The adsorption then becomes less sensitive
to the influence of ion concentration and electrostatic screening. The
difference in the plateau value between secalin and gliadin at high
ionic strength, pH 5.5 could thus be due to a difference in close
packing of the proteins at the surface caused by a difference in lateral
dectrostatic repulsion. However, the discrepancy may also suggest
ahigher degree of globular structure in the adsorbed secalins.
Sequential addition of different surface active fractions can give
rise to several adsorption phenomena. Preferential adsorption of one
of the fractions can result either in blocking from further adsorp-
tion or in exchange reactions, depending on the order in which the
fractions are added. Such behaviors have been found for severa
proteins and protein fractions (Arnebrant and Nylander 1986, Wan-
nerberger et a 1996, Elofsson et a 1997). Adsorption onto pre-
adsorbed layers has also been observed, as in the sequential adsorp-
tion of B-lactoglobulin followed by lactoferrin (Wahigren et al
1993). The arabinoxylan fractions R-PrAX and R-AX behaved simi-
larly in the sequential adsorption to gliadins and secalins at pH 4.0
(Figs. 2 and 3). The increase in adsorbed amount was =0.25 mg/n,
while for the W-AGP fraction, the corresponding increase was 1.4
mg/m? on both secalins and gliadins (Fig. 5). The final adsorbed
amount after sequential addition of R-AX and R-Pr-AX is =2-3

mg/n?. Note that the increase is similar for both these fractions,
especially as the adsorption of these fractions to clean silica sur-

trostatic interactions in the sequential adsorption at pH 5.5 as
suggested above. Furthermore, it also implies that electrostatic
interactions are involved in the adsorption of the polysaccharide
fractions to preadsorbed protein layers at pH 4.0.

Although the air-water interface differ in several aspects from a
methylated silica surface, such as mobility for molecules, surface
energy, etc., the interactions observed in this study might very well
also influence the behavior of the components at this interface.

CONCLUSIONS

All NSP-fractions studied here, rye arabinoxylan with and without
a protein fraction (R-PrAX and R-AX, respectively), and a wheat
arabinogalactan peptide (W-AGP), are surface-active as shown by
adsorption to a methylated silica surface in aqueoudVDdketic
acid buffered solution of pH 4.0-5.5. Cereal storage proteins from
rye and wheat, secalins and gliadins, displayed similar adsorption
behaviors under the same conditions. However, higher adsorbed
amounts were found for secalins when the ionic strength was
increased. Sequential adsorption of NSP-fractions implied an inter-
action between cereal storage proteins and both rye arabinoxylans
as well as the wheat arabinogalactan peptide. This interaction was
independent of the protein content in the polysaccharide fraction
and seemed to be of electrostatic origin.
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