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Comparison of molecular structure and selected physicochemical
properties of spelt wheat and common wheat starches

EWELINA NOWAK - LIDIA KRZEMINSKA-FIEDOROWICZ -
GOHAR KHACHATRYAN - MACIEJ FIEDOROWICZ

Summary

Molecular weight (Mw) and radii of gyration (Rg) of starch polysaccharide chains, distribution of amylopectin structural
units, crystallinity, thermal properties, pasting viscosity profiles, susceptibility to a-amylolysis, swelling power and solu-
bility of spelt and wheat starches isolated from commercially available spelt and wheat flours were studied. Average
molecular weight My of polysaccharide chains eluted under the whole complex peak from high-performance size
exclusion chromatography (HPSEC) column was found to be 0.829 x 107 g-mol-! for spelt starch and 2.307 x 107 g-mol-!
for wheat starch. Significant differences in amylopectin chain length distribution between spelt and wheat starch were
found. Shortest A type chains with My = 3.418 x 103 g'mol"! and Rg = 65.4 nm constituted 88.2% of total mass of
debranched spelt starch, whereas mass ratio of respective chains of wheat starch with My = 5.277 x 103 g'mol-! and
Rg = 88.2 nm was found to be 32.7%. Wheat starch was more susceptible to a-amylolysis than spelt starch. Enzymatic
hydrolysis, rate constant for the first stage of hydrolysis (k1 = 4.5 x 10-3 mg'ml-'min-1) and final hydrolysis extent (42.5%)
for wheat starch were significantly higher than the respective values for spelt starch (k1 = 2.3 x 103 mg'ml-!min1; 35%).
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Spelt (Triticum spelta) is a hexaploid species
of wheat (Triticum). Spelt is an ancient grain that
traces its heritage back long before many wheat
hybrids. It was widely cultivated in Europe since
bronze age up to medieval times. Nowadays, spelt
is cultivated only in limited regions (Eastern Eu-
rope and Spain mainly) where environmental con-
ditions prevent cultivation of wheat. However in
the last years, growing interest in the use of spelt
is observed. Spelt could be cultivated without the
application of fertilizers and is very resistant to
frosts [1] and to the crop diseases [2], therefore
grows quite successfully without the application of
herbicides, pesticides or fungicides. Additionally,
it offers a broader spectrum of nutrients compared
to many of its more inbred cousins in the Tiiticum
family.

Previous reports indicated that wild and primi-
tive wheat species, such as Triticum monococum,
Triticum dicoccon or Triticum dicocoides, were

found to accumulate in grain higher micronutrient
levels than those in cultivated wheat and advanced
lines [3-5]. Recently, GOMEZ-BECERRA et al. [6]
studied grain contents of protein and mineral nu-
trients in large number of spelt wheat genotypes,
identifying several spelt genotypes exhibiting very
high grain contents of protein and microelements,
especially Zn and Fe.

Starch is a main component of the endo-
sperm and starch molecular structure determines
functional properties of the end-use products.
In wheat kernel, starch constitutes 63-72% of
total mass [7]. Starch consists of two polysaccha-
rides, namely, amylopectin and amylose. Amylose
is a component with smaller molecular weight
and an essentially linear o-1,4-glucan molecule,
which contains only tiny amounts of a-1,6-branch
linkages. Amylopectin is a component with much
higher molecular weight and a branched o-1,4-
and o-1,6-glucan. Side chains of amylopectin
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molecule form left stranded double helix [8]. The
functional properties of starch granules are af-
fected by many factors e.g. amylose [9], lipid and
phospholipid [10, 11] content, starch granule size
distribution, crystalline structure and granule
structure [12]. According to the widely accepted
model of starch granule organization [13], mo-
lecular weight of amylopectin and distribution of
amylopectin structural units have a great impact
on crystallinity of starch granule, determining
granule structure and consequently its functional
properties. Moreover, JANE and CHEN [14] showed
that the amylopectin chain length distribution and
amylose molecular size have a great impact on
viscosity of starch paste. Molecular weight distri-
bution of amylose and amylopectin molecules to-
gether with amylopectin side chain length distri-
bution in starch from various wheat cultivars were
extensively studied [15-19].

On the other hand, although the composition
and contents of essential nutrients of spelt grain
are widely documented, little or no data regard-
ing the structure and polysaccharide composition
of spelt starch granules are available in scientific
literature. Therefore, we decided to study mo-
lecular and selected physicochemical properties
of spelt and wheat starches isolated from spelt and
flour commercially available on Polish market.
For each starch studied, following properties were
examined: molecular weight (Mw) and radii of gy-
ration (Ry) of starch polysaccharide chains, distri-
bution of amylopectin structural units, crystallin-
ity, thermal properties, pasting viscosity profiles,
susceptibility to a-amylolysis, swelling power and
solubility.

MATERIALS AND METHODS

Starch isolation

Spelt and wheat starches were isolated from
spelt (Biopont, Budapest, Hungary) and wheat
(Polskie Zaklady Zbozowe, Krakow, Poland) flour,
respectively, by previously described methods [20].

Determination of molecular weight and radii of
gyration of starch polysaccharide molecules
by HPSEC-MALLS-RI

The high-performance size exclusion chroma-
tography (HPSEC) system consisted of a pump
(Ultimate 3000, Dionex, Palo Alto, California,
USA), an injection valve (model 7021, Rheo-
dyne, Palo Alto, California, USA), a guard column
(TSK PWH, Tosoh, Tokyo, Japan) and two con-
nected size exclusion columns TSKgel GMPWXL
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(300x7.8mm, Tosoh) and TSKgel 2500 PWXL
(300 % 7.8 mm, Tosoh).

A multiangle laser light scattering (MALLS)
detector (Dawn-DSP-E Wyatt Technology, Santa
Barbara, California, USA) and a differential re-
fractive index (RI) detector (model SE71, Shodex,
Tokyo, Japan) were connected to the columns.
The columns were maintained at 40 °C and the RI
detector at 35 °C. The mobile phase (0.15 molI-1
NaNO3 with sodium azide) was filtered through
0.2 um and 0.1 um cellulose acetate filters (What-
man, Maidstone, United Kingdom). The flow
rate of the mobile phase and the sample injection
volume were 0.4 mol-min-! and 500 ul, respective-
ly. The output voltage of RI and light scattering
(LS) at 18 angles was used for calculation of the
weight-average Mw and Rg using Astra 4.70 soft-
ware (Wyatt Technology). A Berry plot with third-
order polynomial fit was applied for the calcula-
tion of Mw and R, values [21-23].

HPSEC-MALLS-RI data analysis

The theory and principle of MALLS is de-
scribed in the literature [21]. The eluate from
the HPSEC column was measured in narrow in-
crements, slice by slice, by the MALLS and RI
detector. For each slice of the elution pattern,
corresponding to one elution volume (V5), concen-
tration (ci) was calculated from the differential re-
fractive index response. Following this determina-
tion, the measurement of the light scattered using
the 18 Dawn-DSP photodiodes allowed the deter-
mination of molecular weight (Myi) and radius of
gyration R of the polymer based on the following
equation:

Ry _ Mo 16m?
K*c; "' 312R%M,,;sin?(0/2) 1)

where Ry is the excess Rayleigh ratio of the solute

under angle 0, K* is instrumental optical constant

and A is the wavelength of the incident laser beam.
Rgwas defined by equation:

Ro = f(s/1o) )

where f is geometrical constant, [s is intensity of
scattered light and I is intensity of incident light.

Instrumental constant K* could be calculated
from the following equation:

B AN, (3)

where ng is the index of refraction of the solvent,
Na is Avogadro’s number, dn/dc is the differencial
refractive index increment of the polymer.

The MALLS data were evaluated through
a Debye plot, depicting a function of the excess
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Rayleigh scattering against sin?(6/2). My and R,
were obtained from the intercept and slope, re-
spectively, of the Debye plot extrapolated to 00. In
our case the Debye plot for eluted polysaccharides
was expressed by the Berry method (V(K*c/R) vs
sin2(6/2)) using a 3rd order polynomial fit to take
care of a curvature at the low angles.

Sample preparation for HPSEC

Starch (1g) moistened with water (10ml) was
suspended in dimethylsulphoxide (DMSO, 90ml)
and boiled for 2 h with agitation. Then, the starch
solution was agitated for 24 h at 25°C, followed
by precipitation of starch with ethanol (500 ml).
The precipitate was centrifuged (41.6 Hz, 20 min),
washed three times with ethanol and dried over-
night under vacuum at room temperature. The
purified starch (30mg) was suspended in 1ml of
0.15 mol-ll NaNO;3 in 10ml measuring flask.
Starch suspension was slowly agitated by magnetic
stirrer and 6ml of DMSO was gradually added
to the suspension. Temperature of the suspen-
sion was then increased to 80°C and the suspen-
sion was kept at this temperature, slowly mixed,
until complete dissolution of starch polysaccharide
chains was obtained. Clear solution was cooled
to 25°C and DMSO was added to the measuring
flask in order to obtain final volume of 10ml.

Prior to HPSEC injection, the solution was
filtered through a filter (pore size 0.8 um; What-
man).

Determination of amylopectin chain length
distribution

Starch sample (20mg) was suspended in wa-
ter (6.5ml) and heated for 30 min at 95°C. After
cooling down, the starch solution was diluted with
water (2.5ml) and acetate buffer (pH 3.5, 1 ml).
An aliquot of the stock solution of Pseudomonas
amyloderamosa isoamylase (glycogen 6-glucano-
hydrolase EC.3.2.1.68; Sigma, Poznan, Poland) in
acetate buffer (pH 3.5, 0.100 cm3, 54000 U-ml-1)
was added and the solution was incubated for 24 h
at room temperature.

For a portion of the digest (2 ml), pH was in-
creased to 4.8 with acetate buffer (0.5ml, pH 4.8)
followed by addition of p-amylase (20mg,
29 U-mg-l). Incubation was completed after 24 h
by bringing the samples to boiling.

Unit chain distribution

High performance size exclusion chromato-
graphy was performed using HPSEC-MALLS-
RI system. Flow rate of the solvent (0.15 mol-l-1
NaNOj3) was 0.40 ml'min-! and injected volume
was 0.1000 ml.

X-ray diffractometry

X-ray powder diffractometry was performed
according to GERARD et al. [24]. Samples of spelt
and wheat starches were adjusted to 200g-kg!
water content. Equilibrated samples were sealed
between two tape foils to maintain a stable water
content throughout the measurement. Diffrac-
tion diagrams were recorded using X’pert-type
Phillips diffractometer (Phillips, Groeningen, The
Netherlands) with a cobalt lamp of A = 1.78896 °A
(30 mA and 40 kV) and in a scanning region of 20
from 5° to 60° in 0.02° intervals.

Susceptibility to a-amylolysis

o-Amylase from porcine pancreas (EC.3.2.1.1;
Merck, Darmstadt, Germany) was reconstituted
in 20 mmol‘l-! phosphate buffer (pH 6.5-7.0) con-
taining 2 mmolI'l NaCl and 0.25 mmol-l-! CaCl;
to obtain a stock solution with an enzyme activity
of 250 U-ml-1.

Native starch samples were precisely weighed
into Erlenmeyer flasks and suspended in the phos-
phate buffer (38 ml). Aliquots of the enzyme stock
solution (2ml) were added to achieve a 1 mg'ml-1
final concentration of starch and a final enzyme
activity of 12.5 U-mg-! substrate. The Erlenmeyer
flasks were incubated at 37°C. Aliquots (2ml)
were collected within different time intervals. The
amount of solubilized starch was determined by
the 3,5-dinitrosalicylic acid method [24]. Amylo-
lysis was performed at 37°C for 750 min. The ex-
tent of starch amylolysis was calculated as the ratio
of the amounts of hydrolysed starch and total dry
substrate.

The (1/c) versus time linear relationship
for subsequent stages of the enzymatic reac-
tion was plotted using linear regression method
(R = 0.97-0.99). Slopes of the plotted lines pro-
vided rate constants for both stages of the studied
reactions.

Swelling power and solubility

The swelling power and solubility of starches
were determined by the modified method of Sus-
RAMANIAN et al. [25]. A starch suspension (0.15g
dry weight basis) in water (8 ml) was agitated for
30 min at 75°C. Subsequently, it was immersed in
an ice bath for 1 min, equilibrated at 25°C, and
centrifuged at 2000 xg for 15 min. The superna-
tant was transferred to a preweighed dish and
dried overnight at 130°C. The swelling power was
calculated as the ratio of the weights of swelled
sediment and initial sample, and the solubility was
calculated as the percentage of starch dissolved in
water.
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Pasting properties

Pasting curves of spelt and wheat starches
(6%, wiw) were measured with a Rapid Visco-
analyzer (RVA, Newport Scientific, Newport,
Australia). The starch suspensions were heated
at a rate of 4.5°Cmin’! from 50°C up to 95°C,
maintained at this temperature for 10 min, cooled
down to 50°C at a rate of 4.5 °C-min-1, and held
for 10 min.

Thermal properties

Differential scanning calorimetry (DSC) ex-
periments were performed in Mettler-Toledo
821e calorimeter (Mettler — Toledo, Greiffeisen,
Switzerland) equipped with an intracooler
Haake (Haake, Vreden, Germany) in 40 ul alu-
minium crucibles under constant flow of argon
(80 mI'min!) in a temperature range of 25-125°C.
Starch (1.5-2.0mg) was sealed in an aluminium
pan with water in a ratio of 1:4 (starch/water, w/w
ratio). Pans were sealed and kept for 1 h at room
temperature before heating in DSC. An empty
pan was used as reference.

RESULTS AND DISCUSSION

Molecular weight and radii of gyration distribution

Superimposed chromatograms of wheat starch
taken with RI detector and LS detector diode
at a 90° angle, are given in Fig. 1. Based on the
pattern, the peak was arbitrarily divided into
three regions attributed to amylopectin, interme-
diate and amylose fractions. Chromatograms of
spelt starch resembled those of the wheat starch.
Therefore, the same approach was applied for all
samples. Mw and R values were calculated for the
whole complex peak of the eluate and for each of
its regions.

My, Rg and polydispersity index (PDI) values
for spelt and wheat samples are given in Tab. 1.
It can be clearly seen that polysaccharide chains
from wheat starch exhibited higher values My and
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Fig. 1. Superimposed chromatograms of Rl and LS
at 90° detector outputs for spelt starch eluted from
size exclusion columns.

Regions |, Il and Il were established for amylopectin, inter-
mediate and amylose fractions, respectively.

Differential weight fraction
w
1

T NT R R —
0 1x107 2x107 3x107 4x107
Molar mass [g-mol-1]

Fig. 2. Plots of differential weight fraction
versus elution volume for spelt and wheat starches.

R, than spelt polysaccharide chains for all regions
established in the chromatogram. Data from both
RI and LS detectors facilitated calculations of
differential molar mass distribution with the As-
tra 4.73.04 software. Plot of differential weight
fraction versus elution volume for both starches

Tab. 1. Characteristics of spelt and wheat starch polysaccharides.

Spelt Wheat
Mw [g-mol] PDI Rg [nm] Mw [g-mol] PDI Rg [nm]
Whole peak | (0.829+0.24) x 107 | 1.820 (2.307£0.35) x 107 | 2.150
Fraction | (2.078 = 0.15) x 107 1.251 101.0£3.4 | (3.953+0.17) x 107 1.510 82.0+4.8
Fraction Il (0.893 +0.37) x 107 1.120 61.1+5.1 | (2.074+0.40) x 107 1.210 742+47
Fraction Il (0.433+0.17) x 107 | 1.085 77135 | (1.795%0.4) x 107 1.162 83.2+3.2

Values are mean of three independent experiments = standard deviation.
Mw — molecular weight, PDI — polydispersity index (PDI = Mw/Mn, where Mn is number average molecular weight), Rg — radius

of gyration.
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Tab. 2. Characteristics of amylopectin structural units of spelt and wheat amylopectin chains.

Fraction 1lI nd nd nd

Spelt Wheat
My [g'mol] PDI Rg [nm] m [%] Mw [g'mol-] PDI Rg [nm] m [%]
Fraction | (8.546+0.15) x 105 | 1.506 46.7 3.5 0.4 (1.691+0.25) x 105 | 1.800 63.3+4.0 28.9
Fraction Il (6.808 =0.12) x 103 1.096 90.5+4.2 11.4 (17.35+0.10) x 108 1.020 95.6+2.5 9.7

Fraction IV (3.418+0.35) x 108 | 1.730 65.4+3.0

)
nd | (8.214+0.40) x 103 | 1.064
882 | (5.277+0.22)x 103 | 1.005

118.4 £4.1 28.8
88.2+25 32.8

Mean of three independent experiments = standard deviation.

Mw — molecular weight, PDI — polydispersity index (PDI = Mw/Mn, where Mn is number average molecular weight)), Rg — radius

of gyration, m — mass ratio, nd — not detected.

studied is shown in Fig. 2. Wheat starch polysac-
charides exhibited much broader molecular weight
distribution than polysaccharide chains originat-
ing from spelt starch. Values of PDI calculated for
whole eluted peak and for each region also sup-
ported this observation.x

Amylopectin chain length distribution
Chromatograms of the isoamylase-debranched
amylopectin chains for spelt and wheat starches
were divided arbitrarily into four fractions based
on the shape of traces of both detectors (LS and
RI). Average Mw, R, and mass ratio of eluted
molecules belonging to each peak were calculated
(Tab. 2). According to HizUKURI [26, 27], chains
eluted in fraction IV could be classified as small-
est A—type chains, whereas Fractions III and Frac-
tion II represented B1 chains and larger B chains
(B>2), respectively. Molecules eluted in Frac-
tion I could be regarded as amylose chains. Sur-
prisingly, the presented data showed that, in the
case of spelt starch, majority of amylopectin struc-
tural units consisted of the smallest A-type chains.
Mass ratio of such chains was found to be twice as
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Fig. 3. X-ray diffraction patterns
of spelt and wheat starches.

high as the mass ratio of A-type chains obtained
for wheat amylopectin. Values of My and Ry of
spelt amylopectin A and B> chains were signifi-
cantly lower as compared with respective values of
molecular moments of the same type chains found
for wheat amylopectin. It is worthy of note that
B1 chains were not detectable by HPSEC of deb-
ranched spelt amylopectin chains.

X-ray diffractometry

X-ray diffractograms of wheat and spelt
starches showed a typical A-type pattern of ce-
real starch (Fig. 3). The starches showed strong
reflections at 20 = 15°, 17°, 18°, and 23°. Intensity
of the peaks on the spelt starch diffractogram was
higher as compared with intensity of peaks record-
ed for wheat starch, suggesting higher crystallin-
ity of spelt starch granule. On the diffractograms
of both starches, additional peak at 20 = 20° was
observed, indicating presence of crystalline V-type
amylose-lipid complexes [18]. The intensity of
amylose-lipid peak was observed to be higher in
spelt starch than in wheat starch.

0.5

0.4

0.3

0.2 1

Hydrolysis extent

0.1+ --O--  Spelt
=~ Wheat

0 T T T T T T T T
0 100 200 300 400 500 600 700 800

Time [min]

Fig. 4. Course of enzymatic hydrolysis
of spelt and wheat starches.
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Tab. 3. Rate constants of a-amylolysis
of spelt and wheat starches.

Spelt Wheat
(2.3+0.1)x 103 | (35=0.1) x 103
(45+02) x 104 | (4.6=0.1) x 10

Mean of three independent experiments + standard devia-
tion.

k1 [mg-mlI-'min-1]

k2 [mg-mlI-'min-1]

Tab. 4. Swelling power, solubility and pasting
properties of spelt and wheat starches.

Spelt Wheat
Swelling power [g-g-'] 6.64+0.2 7.20+0.3
Solubility [%] 1.6=0.1 23+0.1
Pasting temperature [°C] 87.7+0.58 | 86.2+0.58
Peak viscosity [mPa s] 280 +3.21 192 +3.21
Trough viscosity [mPa s] 235+3.46 | 170x1.73
Breakdown viscosity [mPa s] 45+1.23 22+1.13
Final viscosity [mPa s] 496 +2.83 | 360+3.53

Mean of three independent experiments + standard devia-
tion.
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Fig. 5. Pasting profiles of spelt and wheat starches.

Susceptibility to a-amylolysis

The course enzymatic hydrolysis of wheat and
spelt starch samples is presented in Fig. 4. A clas-
sical two-stage hydrolysis was observed for both
starches. Rate constants as calculated for each of
the two stages of enzymatic hydrolysis, together
with the final extent of reaction for wheat and spelt
starches, are presented in Tab. 3. Due to the much
lower rate constant for the first stage of hydrolysis
and the lower final extent of reaction, spelt starch
could be regarded as less susceptible to o—amy-
lolysis than wheat starch. Granule size [28], crys-
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talline organization [29], amylose/amylopectin
ratio [30], and the possibility of the formation of
lipid-amylose complexes [31, 32] are the main fac-
tors influencing susceptibility of granular starches
to amylolysis. Susceptibility of cereal starches ex-
hibiting A-type cystallinity to a-amylolysis is much
higher than that of tuber starches with B-type crys-
tallinity. Amylopectin molecules of the A-granule
starch consist of more long chains but less short
chains, while those of B-granule starch consist of
more short chains but less long chains. Therefore,
one could assume that the lower susceptibility of
the spelt starch granules to o-amylolysis could be
related to the higher number of small chains con-
stituting spelt amylopectin, together with forma-
tion of stronger amylose lipid, as compared with
wheat starch.

Swelling power and solubility

Swelling power and solubility of spelt and
wheat starches are given in Tab. 4. Spelt starch
showed slightly lower, though statistically signifi-
cant, values of both swelling power and solubil-
ity than wheat starch. Swelling power and solubil-
ity could be used, to some extent, as a measure
of the magnitude of interaction between starch
chains within amorphous and crystalline domains.
Swelling power and solubility of starches could be
affected by the amylose/amylopectin ratio, amy-
lopectin degree of branching and by the length
of amylopectin side chains. Formation of strong
amylose lipid complexes have an restricting impact
on swelling and solubility. Therefore, lower swell-
ing power and solubility of spelt starch could be
attributed to the formation of a stronger amylose
lipid complex and to higher crystallinity degree of
spelt starch granules than in wheat starch.

Pasting properties

The RVA amylograms of spelt and wheat
starches are presented in Fig. 5 and pasting
properties are given in Tab. 4. All pasting pa-
rameters derived from spelt starch amylograms
were found to be significantly higher than the re-
spective values obtained for wheat starch. The
pasting properties of starches, characterized by
amylograms, seem to be related to complex fac-
tors as amylose content, branching architecture
of amylopectin, ratio of amylose/amylopectin, and
the presence of lipids that can form a complex
with amylose [33]. On the other hand, SHIBANUMA
et al. [34] suggests that the molecular structure of
amylose and amylopectin appears to be the main
factor influencing pasting properties of starches.
TAKEDA et al. [35] showed that starches with high
molecular weight amylose and amylopectins con-
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tained a lower amount of long branch chains as
well as lower degree of branching in amylopectins,
which resulted in an increase in the peak viscosity
and breakdown, while decreasing the setback and
final viscosity. Spelt starch amylopectin side chains
contained much more short chains than wheat
starch amylopectin structural units. Additionally,
X-ray data indicated that amylose/lipid complex-
es formed in spelt starch are stronger than com-
plexes formed in wheat starch. This could explain
the fact that spelt starch pasting parameters were
higher than the corresponding pasting parameters
of wheat starch.

Thermal properties

Thermograms of spelt and wheat starches are
presented in Fig. 6. Tab. 5 gives the onset (7o),
peak (Tp), conclusion (7¢) and transition enthalpy
(AH) for melting of spelt and wheat starches. No
significant differences between melting tempera-
tures and melting enthalpies for spelt and wheat
starches were found. These findings correspond
well with already published data regarding thermal
properties of several spelt cultivars [36].

.........

Endothermic heat flow
‘—

30 40 50 60 70 80 90
Heating temperature [°C]

Fig. 6. Thermograms of spelt and wheat starches

Tab. 5. Thermal properties
of spelt and wheat starches.

Spelt Wheat
To [°C] 56.79 +0.91 54.71+0.78
Tp [°C] 61.00 = 0.47 59.46 = 0.63
Tc [°C] 65.07 =0.85 63.19+1.23
AH [J-g] 8.11+£0.55 6.80+0.79

Mean of three independent experiments + standard devia-
tion.

To, Tp, Tc — onset, peak and conclusion temperature respec-
tively; AH — enthalpy change.

CONCLUSIONS

The present study indicates that molecular
structures of spelt and common wheat starch
polysaccharide chains are significantly different,
with wheat starch polysaccharide molecules ex-
hibiting much higher My values than spelt starch
chains. Distribution of amylopectin side chains of
spelt starch indicates that spelt amylopectin con-
tains twice as much of the shortest, A-type chains
than wheat amylopectin. Results obtained clear-
ly show that spelt and common wheat starches
significantly differ from each other, especially
in values of molecular moments of polysaccha-
ride chains and in the distribution of amylopectin
structural units.

Further research including more spelt varieties
is needed to correlate molecular structure of spelt
starch polysaccharide molecules with certain phys-
icochemical and functional properties, especially
pasting profiles and susceptibility to a—amylolysis
of spelt starch.
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