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Determination of the Absolute Molecular Weight Averages and
Molecular Weight Distributions of Alginates Used as Ice Cream
Stabilizers by Using Multiangle Laser Light Scattering

Measurements

Tristan Turquois and Hugo Gloria*
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High-performance size exclusion chromatography with multiangle laser light scattering detection
(HPSEC—MALLS) was used for characterizing complete molecular weight distributions for a range
of commercial alginates used as ice cream stabilizers. For the samples investigated, molecular weight
averages were found to vary between 115 000 and 321 700 g/mol and polydispersity indexes varied
from 1.53 to 3.25. These samples displayed a high content of low molecular weights. Thus, the weight
percentage of material below 100 000 g/mol ranged between 6.9 and 54.4%.
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INTRODUCTION

Alginates occur as the major structural polysaccha-
rides of marine brown algae. They constitute a family
of unbranched binary copolymers of 1-4-linked j-p-
mannuronic acid (M) and a-L-guluronic acid (G) resi-
dues. The physical properties of alginates depend on
their uronic acid composition and on their molecular
weight averages and molecular weight distributions
(Gacesa, 1988).

The suppliers often propose alginates as ice cream
stabilizers. Such additives are incorporated in ice cream
formulations to improve the stability and eating texture
of the product. During distribution, storage in the retail
chain, and consumer use, ice cream products can be
exposed to considerable fluctuations in temperature.
Stabilizers are claimed to protect the ice cream from
such temperature shock by both retarding or reducing
ice crystal growth and maintaining product integrity by
inhibiting serum separation (whey off). Stabilizers can
confer structural integrity to the ice cream product and
thus minimize the changes of shape induced by tem-
perature variations. Furthermore, the use of stabilizers
gives a thick body to ice cream texture, and so contrib-
utes toward the creaminess of the product (Onsoyen,
1992).

To reach a better understanding of the relationship
between the structure and the functionality of alginates
as ice cream stabilizers, it was decided to carry out a
basic study. However, before investigating the function-
ality of alginates in ice cream products, structural
features needed to be established. The M/G ratio and
the monomer sequence distribution in the copolymer
were determined in a previous study (Grasdalen et al.,
1979). Molecular weight is another fundamental pa-
rameter characterizing such macromolecules. The knowl-
edge of the molecular weights of polysaccharides is of
fundamental importance for the understanding of the
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relationships between their structure and properties in
a large number of food applications (Sandford and Baird,
1983).

The most widespread technique of characterizing
these structural features is size exclusion chromatog-
raphy (SEC), whereby the sample molecules are sepa-
rated by size as they pass through the gel-filled column.
In general, the sample concentration as a function of
retention volume is measured using a concentration-
sensitive detector, such as a differential refractive index
detector (DRI), and a calibration curve for the chro-
matographic system is then used to derive the molecular
weight distribution of the sample. The calibration curve
for a given system is ideally found by injecting a series
of standard samples of known molecular weight distri-
bution. However, for the curve to be valid, the calibra-
tion standards used should have the same conformation
and chemical structure as the samples to be analyzed
(Yau et al., 1979). In many cases this is neither practical
nor possible, especially for new and unknown polymers.
As a result, the conversion of the sample distribution,
measured in terms of elution volume, to a molecular
weight distribution is at best an approximation and, at
worst, misleading. Light scattering provides a method
of determining absolute molecular weight and size
distributions directly (Debye, 1944).

In the present work, molecular weight averages and
molecular weight distributions of a set of commercial
alginates are investigated by using multiangle laser
light scattering (MALLS) measurements.

MATERIALS AND METHODS

Materials. The alginates were commercial samples ob-
tained from different suppliers: Pronova Biopolymer (Protanal
SP5H, SF 120 L, 10/40, LF 120 L, SF 120 M, LF 200, and MIA
95), The Nutrasweet Kelco Company (Mannucol DMF), Da-
nisco ingredients (Danisco 750), and SKW Biosystems (Satial-
gine S 1100).

Sample Preparation. Commercial alginates (3 mg/mL)
were dispersed in 0.1 M NaCl and stirred for 60 mn at room
temperature. Then, the samples were filtered through a 0.2
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um filter (Acrodisc LC13 PVDF—Gelman) before insertion into
the injector (70 uL).

Chromatography. The HPSEC system consisted of a
model 325 pump, a model 465 autosampler with 80 uL injector
loop, a model 3494 degasser (Kontron Instruments, Switzer-
land), an ERC-7515A differential refractive index detector
(Erma CR., Inc.), and three OHpak SB-800 HQ series (300 mm
x 8 mm) columns (Shodex, Japan). The column packing was
a strong polyhydroxymethylacrylate gel designed for the
separation of water-soluble polymers. Columns were connected
in the order SB-805 HQ, SB-804 HQ, SB-803 HQ with an
exclusion limit estimated with pullulan of 4 000 000, 1 000 000,
and 100 000 g/mol. The mobile phase consisted of 0.1 M NaCl
solution, which was made with purified water through the use
of a Milli-Q water purification system (Millipore). The flow rate
was 1.0 mL/min.

MALLS Instrumentation. The Dawn-DSP (Digital Signal
Processing) photometer from Wyatt Technology Corporation
measures the light scattered from a flowing sample up to 18
positions in the range 10 to 170°, depending upon the refractive
index of the solvent (Wyatt, 1997). The flow-through refraction
cell (type K5) allows the wide range of angular measurements
to be made on a relatively small scattering volume (1 uL)
without excess scattering from glass/solvent interfaces where
the laser enters and leaves the cell. The 5 mW He—Ne laser
emits a plane-polarized beam of nominal diameter 0.39 mm
at wavelengths of 632.8 nm. The 18 high-gain hybrid photo-
diodes are placed at the ends of narrow collimators in a circle
in the vertical plane relative to the incident beam with the
sample volume at the center. Additional photodiodes are used
to monitor the incident beam intensity. The instrument was
placed directly after the SEC columns and before the DRI in
order to avoid the possibility of back pressure on the DRI cell.

Prior to the measurements, the Dawn instrument was
calibrated and normalized using filtered HPLC quality toluene
and a 48 000 g/mol narrow pullulan standard in 0.1 M NacCl,
respectively (Jackson et al., 1989). The performance of the
SEC-MALLS system was checked using monodisperse pullulan
and dextran standards covering a wide range of molecular
weights (from 5800 to 853 000 g/mol, Polymer Laboratories).

Data Treatment. The application of light scattering theory
to measurements made on dilute polymer solutions was
developed during the 1940s by a number of workers, most
notably Zimm (1948) and Debye (1944). Well-presented sum-
maries of their work are available in the literature (Harding
et al., 1991).

Briefly, the relationship between the experimental data
(collected from the DAWN-DSP/DRI system and controlled by
Wyatt's ASTRA program) and the molecular parameters is
described by the following equation (Zimm, 1948; Jackson and
Barth, 1994):

KCIR(6) = 1/[M,, P(0)] + 2A, 1)

The excess Rayleigh ratio, R(#), which describes the scat-
tering after the contribution of the pure solvent is subtracted,
is the light scattered by the pure solution at an angle 6 in
excess of that scattered by the pure solvent, divided by the
incident light intensity; C is the molecular concentration; My,
is the weight average molar mass, A; is the second virial
coefficient; K is an optical constant function of the specific
refractive index increment dn/dc. Finally, P(0) is the form
factor which describes the scattered light's angular dependence
(P(0) ~ sin?(6/2)), from which the mean square radius of the
molecules, <r?>, may be determined.

According to eq 1, plotting R(0)/KC against sin?(6/2) will
yield values of My, and <r?> from the intercept and the slope.
Such a plot is called a first-order Debye plot. For molecules
that are sufficiently large, the angular dependence may no
longer be linear and an additional term in sin*(6/2) may be
added to the right-hand side of eq 1, and this fitted to a second-
order polynomial from which My, and <r?> can be extracted.
It can also be shown that plotting KC/R(#) against sin?(6/2)
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will yield values of My, and <r2> from the intercept and the
slope. This plot is called a Zimm plot.

Molecular masses calculated from first- and second-order
Debye and first-order Zimm gave comparable results. There-
fore, the data were analyzed with the first-order Zimm
equation for consistency and to save time.

Two important parameters needed to obtain accurate mo-
lecular weight information are dn/dc and A,.The dn/dc is
necessary for determining the absolute quantities of material
eluting at each volume increment. This information is needed
for determining the weight fractions and for extrapolation of
the light-scattering data to zero concentration (eq 1, Zimm
plot). A, describes the interaction between the solvent and the
polymer chain. If the polymer—solvent interactions are large,
the polymer coil will expand and the solvent is considered good
(A2 is positive). If the solvent is poor, polymer—polymer forces
dominate causing the polymer chain to collapse either inter-
and/or intramolecularly. This parameter is especially impor-
tant when using polyelectrolytes where repulsive forces play
an important role. A; is important when calculating absolute
molecular weights by defining the slope of the extrapolation
in the Zimm plot from known concentration of polymer
(obtained from Rl measurement and dn/dc to zero concentra-
tion). The dn/dc used for alginate in 0.1 M NacCl is 0.150, as
reported by Mackie et al. (1980). The A; of alginate in 0.1 M
NaCl was taken from the literature as 7 x 1072 mL-mol-g~2
(Martinsen et al., 1991).

For polydispersed polymers, molecular weights and poly-
dispersity indexes are generally sensitive to the peak region
selected. The technique used to make peak selection consistent
was as follows:

«Make peak start and end marks at positions where the
signals from the concentration detector are 3—5 times that of
baseline noise.

«Keep peak start and end elution volumes constant under
conditions where the peak elution volumes are similar.

The reproducibility of data obtained was tested by multiple
injection of the same sample. The values for the number- (M,),
weight- (My), and Z- (M) average molecular weights, polydis-
persity index (Mw/M,), and peak M,, only varied from 5 to 9%
between the different runs. Finally, uncertainties were esti-
mated by the Wyatt's ASTRA program by determining the
statistical fluctuation in each detector’s signal, including all
photodiodes and the RI signals. For each sample, the uncer-
tainty was below 3%.

RESULTS AND DISCUSSION

Using HPSEC, alginate chains were separated ac-
cording to their hydrodynamic volume. This volume
depends on the hydration shell, polysaccharide struc-
ture, and conformation. Moreover, for polyelectrolytes
such as alginates, the chain extension largely depends
on polymer—solvent interactions. Therefore, the eluant
conditions used, 0.1 M NaCl at 25 °C, were chosen to
prevent aggregation, ensuring that M,, values of indi-
vidual chains only are measured.

Figure 1 shows chromatograms obtained from the
DAWN 90° detector and the refractometer for the
sample Protanal SF 120 L in 0.1 M NaCl at 25 °C. A
plot of molecular weight versus volume for the sample
Protanal SF 120 L in 0.1 M NaCl at 25 °C is shown in
Figure 2. As expected for a broad sample separated by
the HPSEC system, the molecular weight decreased
over the elution volume from ~16 to ~ 22.0 mL. The
amount of scatter in molecular weight data increased
considerably in the range of elution volumes between
~ 21.5 and ~ 24.0 mL. This phenomenon is probably
due to the combination of low sensitivity of MALLS
detector for small sized molecules, decreases in Rayleigh
scatter with particle size, and low quantity of material
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Figure 1. Chromatograms of sample Protanal SF 120 L in
0.1 M NaCl at 25 °C detected by differential refractive index
detector (RI) and MALLS at the 90 ° angle.
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Figure 2. Plot of molecular weight versus elution volume for
the sample Protanal SF 120 L in 0.1 M NaCl at 25 °C.

present, making the system too dilute to be measured
accurately (Fishman et al., 1996).

By combining RI data and the slope of the molecular
weight versus volume, the differential molecular weight
distribution was calculated for the sample Protanal SF
120 L in 0.1 M NaCl at 25 °C (Figure 3). This plot shows
how much material is contained in any molecular weight
interval. For the sample Protanal SF 120 L, the peak
M,y approaches 225 000 g/mol.

Figure 4 displays the cumulative molecular weight
distribution. This distribution gives, for each molecular
weight, the weight fraction of material having molecular
weight less than the given weight. Thus, the cumulative
distribution approaches zero at low molecular weights,
and unity at high molecular weights. This plot is
particularly useful in determining what molecular
weights are contained in the high and low molecular
tails of the sample.
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Figure 3. Differential molecular weight distribution for the
sample Protanal SF 120 L in 0.1 M NaCl at 25 °C.
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Figure 4. Cumulative molecular weight distribution for the
sample Protanal SF 120 L in 0.1 M NaCl at 25 °C.

For sample Protanal SF 120 L (Figure 4), the low 10%
weight fraction is below 53 600 g/mol, while the high
10% fraction is above 404 000 g/mol.

The molecular weight distributions of several com-
mercial alginates currently used as ice cream stabilizers
were investigated using the HPSEC—MALLS system.
Relevant molecular parameters are given in Table 1,
and molecular weight distribution plots (Figures 5 and
6) were calculated. These results correlate well with
published data (Martinsen et al., 1991; Horton et al.,
1991). As shown in Table 1 and Figures 5 and 6, My
averages (from 115000 to 321 700 g/mol) and My
distributions of commercial alginates vary to a large
extent. These variations can be due to the natural algal
source or can be induced by seasonal, environmental,
and/or post-harvesting effects or by process conditions.

Figures 5 and 6 show the wide molecular weight
distributions of these samples and the large amount of
low molecular weight tails. The large molecular weight
distributions were corroborated by polydispersity in-

Table 1. Relevant Molecular Parameters of Several Commercial Alginates

Danisco Protanal Mannucol Protanal Protanal Protanal Protanal Protanal Protanal Satialgine

750 LF 200 DMF SP5H SF120 L 10/40 LF120L SF120M MIA 95 S 1100
Mn 1073 132.4 139.2 93.9 106.7 110.5 61.9 169.6 103.6 56.9 200.6
M, 1073 219.5 212.6 182.7 187.9 204.6 115.0 287.7 2211 184.9 321.7
M 103 303.9 285.1 278.3 276.1 304.4 157.9 402.6 335.2 289.5 429.5
Mw/Mp 1.66 1.53 1.95 1.76 1.86 1.86 1.70 2.14 3.25 1.60
Peak My, 102 265.0 254.4 209.5 205.8 225.1 110.0 3345 281.7 266.1 363.0
%<100 000 20.4 19.0 31.9 29.2 26.8 54.4 14.4 26.0 39.9 6.9
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Figure 5. Differential molecular weight distribution for
commercial alginates Danisco 750 (#1), Mannucol DMF (#3),
Protanal 10/40 (#6), Protanal SF 120 M (#8), and Satialgine S
1100 (#10) in 0.1 M NacCl at 25 °C.
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Figure 6. Differential molecular weight distribution for
commercial alginates Protanal LF 200 (#2), Protanal SP5H
(#4), Protanal SF 120 L (#5), Protanal LF 120 L (#7), and
Protanal MIA 95 (#9) in 0.1 M NacCl at 25 °C.

dexes ranging from 1.53 to 3.25. Low molecular weight
tails were characterized by a weight percentage material
below 100 000 g/mol varying between 6.9 and 54.4%
(Table 1). Peak M, values ranged from 110 000 to
363 000 g/mol.

The high content of low molecular weight tails has
been shown to strongly affect the rheological properties
of pectins and alginates (Launay et al., 1986). Therefore,
this aspect should not be neglected.

CONCLUSIONS

It was surprising, but not completely unexpected that
the commercial alginates provided as ice cream stabiliz-
ers by various suppliers displayed very different struc-
tural features. In an unpublished paper, the M/G ratio
and the monomer sequence distribution of these algi-
nates varied widely. In the present work, the alginates
exhibited molecular weight averages ranging from
115000 to 321 700 g/mol and polydispersity indexes
ranging from 1.53 to 3.25. Low molecular weight
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molecules were characterized by a weight percentage
material below 100 000 g/mol varying between 6.9 and
54.4%. The next step of this study will attempt to
establish the existing relationships between the struc-
tural features of the alginates and their ability to
stabilize ice cream products.
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