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Abstract: Brea gum (BG) is a hydrocolloid obtained as an exudate from the Cercidium praecox tree.
The physicochemical properties of brea gum are similar to those of the arabic gum and, in many cases,
the former can replace the latter. The brea gum was incorporated in 2013 into the Argentine Food Code
because of its ancestral background and its current food uses. Brea gum could be also used as additive
or excipient for pharmacological formulations. This work reports intrinsic viscosity, coil overlap,
and Mark–Houwink–Kuhn–Sakurada (MHKS) parameters of BG solutions. Partially hydrolyzed
BG solution was analyzed using intrinsic viscosity measurements, dynamic light scattering and
size-exclusion chromatography (SEC). The MHKS parameters, a and k, were determined for BG at
25 ◦C, with values of 0.4133 and 0.1347 cm3 g−1, respectively. The viscometric molecular weight of
BG was 1890 kg mol−1. The hydrodynamic parameters of BG were indicative of a hyperbranched
structure and spherical conformation. The knowledge obtained on the physicochemical properties of
brea gum favors its use in food and pharmaceutical applications.

Keywords: brea gum; intrinsic viscosity; Mark–Houwink–Kuhn–Sakurada parameters;
molecular weight

1. Introduction

Gums are polysaccharides that present the characteristics of modifying the rheological properties
of the solvent in which they are dissolved, usually water (as a universal solvent). Gums are used as
gelling agents, thickeners, emulsifiers and stabilizers. When gums are dissolved in water, there is
a change in the hydrodynamic volume of the high-molecular-weight biopolymers, as well as in the
interactions between the biopolymer chains (Wareing [1], Yaseen et al. [2]). These properties have been
developed for use in food production because of their functionality for modifying textural attributes
and mouth feel (Verbeken et al. [3]).

Brea gum (BG) is a biopolymer obtained as an exudate from the brea tree (Cercidium praecox
(Ruiz & Pavon)). The genus Cercidium belongs to the family Fabaceae and presents two very common
species in Argentina, Cercidium praecox (brea tree) and Cercidium australe (brea shrub). Thanks to their
root system, the brea trees can prosper in the phytogeographic region of the great Argentine Chaco
(semi-arid region). Their ecological importance derives from their ability to colonize degraded land

Colloids Interfaces 2018, 2, 72; doi:10.3390/colloids2040072 www.mdpi.com/journal/colloids

http://www.mdpi.com/journal/colloids
http://www.mdpi.com
https://orcid.org/0000-0003-4704-6551
https://orcid.org/0000-0001-8799-5132
http://www.mdpi.com/2504-5377/2/4/72?type=check_update&version=1
http://dx.doi.org/10.3390/colloids2040072
http://www.mdpi.com/journal/colloids


Colloids Interfaces 2018, 2, 72 2 of 13

and repopulate desert areas. Brea trees grow scattered in the wild, and the gum from these trees is
collected manually. The exudate is purified by a simple process of dissolution and drying, and is then
milled into a fine powder. BG has functional properties similar to those of other plant gums widely
used in the food industry, such as arabic gum (AG) (Bertuzzi et al. [4]). It is therefore likely that BG is
incorporated into food production as a thickening additive, and emulsifying and stabilizing agent.

The native populations of Argentina have traditionally used BG as a sweet since pre-Columbian
times. It does not produce harmful consequences for human and arboreal health (there is no
deforestation of Cercidium praecox). Ancestrally, BG was used as a type of candy, syrup, jam, lodge and
tea. Von Müller et al. [5] reported a toxicological evaluation of BG in mice, and evinced that feeding
BG to mice at levels of up to 5% does not cause any toxicological effects, which was used as support
for its authorization as a food additive.

When BG is exuded by the tree, its colour is amber and has a semi-liquid consistency with a slightly
sweet flavour. BG is highly soluble in water and forms homogeneous and acid solutions with a pH = 4.
This gum contains residues of D-xylose, L-arabinose, D-glucuronic acid and 4-O-methyl-D-glucuronic
acid (Cerezo et al. [6]), with small amounts of proteins that favour the formation of foams and present
emulsifying properties. The BG structure presents a β-(1→ 4)-linked D-xylan backbone (possibly
containing some (1 → 2)-linkages) that is heavily 2-substituted by short branch-chains containing
residues of D-xylose, L-arabinose and D-glucuronic acid (Cerezo et al. [6]). It could be said that BG is
a polyxylose.

The steps in the purification process include: 1—grinding, 2—dissolution, 3—decantation,
4—filtration, 5—bleaching, and 6—drying. BG is insoluble in organic solvents, without components
comprising hydrolysable sugars. No presence of starch, dextrin or tannin was detected. It is notable
that BG collected from Argentina and Venezuela shows few changes in composition (galactose
and galacturonic acid content) (Ministerio de Agricultura, Ganaderia y Pesca, República Argentina,
2010, [7]). Leon de Pinto et al. [8,9] have reported detailed studies of the composition of BG exudate
from nine specimens of Cercidium praecox of Venezuela.

Other works have confirmed the existence of similarities between BG and arabic gum (AG),
but those similarities were focused on hydrodynamic behavior rather than chemical structure. AG
can be considered as a poly-arabinogalactan and BG as a polyxylose. AG has also been extensively
described by Verbeken et al. [3], Tischer et al. [10] and Qi Wang et al. [11]. The physicochemical and
functional properties of a BG solution were recently described by Bertuzzi et al. [4]. These authors
concluded that BG has adequate functional characteristics for use as an emulsifier, thickener
and stabilizer.

Castel et al. [12] worked on fractionating BG by using hydrophobic-interaction chromatography,
and fractions were analysed by size-exclusion chromatography. The first gum fraction was ≈ 84%
of the polysaccharides with molecular weight of 2790 kDa; the second fraction was ≈ 16% of the
polysaccharides–proteins with a molecular weight of 19,200 kDa; and the third fraction consisted of
protein species with a wide range of molecular weights ranging from 6.5 to 66 kDa, corroborated
by SDS-PAGE.

BG was used as film-forming and biodegradable food packaging material (Bertuzzi & Slavutsky
group [13–15], Spotti et al. [16], Mellinas et al. [17]). BG was used in food applications (Bertuzzi et al. [4]
and López & Jiménez [18], Castel et al. [19], Lopez & Goldner [20], Lopez et al. [21]).

Viscosity measurements determine the additional amount of local energy dissipation produced
when biopolymers are dissolved into a solvent. The intrinsic viscosity of a polysaccharide in a water
solution depends on its molecular characteristics, such as molecular weight, shape, size, volume,
surface charge, and ease of deformation; as well as on ambient factors, such as temperature, pH, ionic
strength, and solvent. Intrinsic viscosity is a parameter related to molecular conformation, although
it does not offer a high resolution in terms of molecular structure, as do other methods such as light
scattering, size-exclusion chromatography (SEC), osmometry, equilibrium sedimentation and so on.
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The measurement technique has good performance, it is very economical, and can be verified with
dynamic light scattering (DLS) and SEC.

The BG studies were performed in dilute aqueous solution using intrinsic viscosity, DLS, and SEC
using dextrans for calibration. The hydrodynamic properties of BG, in a dilute solution, were measured
in order to determine its conformational characteristics. Data on its intrinsic viscosity ([η]) and
viscometric molecular weight (Mv) were analyzed in order to obtain characteristic parameters such as
hydrodynamic radius (RH), Simha number (v(a-b)), Perrin parameter (P), hydration value (δ) and so on.
The viscometric molecular weight (Mv) was corroborated by determining the molecular weight by
DLS (MDLS) and by SEC (MGPC).

2. Materials and Methods

2.1. Brea Gum Extraction, Purification and Hydrolysis

The BG exudate from Cercidium praecox was collected in the form of small drops or tears from
the province of Salta, Argentina. The purification process included steps of grinding, dissolution,
decantation, filtration, and oven-drying at temperatures of 50 ◦C, then grinding again to a fine
powder (ASTM mesh 80). BG solutions of 0.1, 0.25, 0.5, 0.75 and 1.0 wt % were then prepared by
mixing the desired amount of BG powder with bi-distilled water. Arabic gum was provided by
Stanton (Argentina).

In order to study BG fractions, acid hydrolysis was performed using HCl (Ciccarelli S.A.,
Argentina) in concentrations of 0.01, 0.05, 0.1 and 0.5 M, stirring for 1 hour at 80 ◦C. Polysaccharides
were separated and purified using three different ethanol–water mixtures (70/30, 80/20 and 90/10
v/v). After precipitation, the precipitate was washed with ethanol and dried at 40 ◦C. The fraction of
polysaccharide obtained was labeled as pure BG, and the hydrolysates were labeled as BG0.01, BG0.05,
BG0.1 and BG0.5.

2.2. Size-Exclusion Chromatography (SEC)

SEC was performed on Gilson (Middleton, WI, USA) equipment using a refractive index detector.
The column used was a PolySec-GFC-P5000, using bi-distilled water as mobile phase at 0.8 mL min−1.
Dextran solutions in a proportion of 0.1 wt % were used to produce the SEC calibration curve.

To carry out the intrinsic viscosity measurements and to perform SEC calibration curves, dextran
with molecular weights of 8.8, 40, 71.9, 110, 200, 580 and 2000 kg mol−1 were used. Dextran solutions
were prepared with bi-distilled water in proportions of 0.25–1.0 wt % for intrinsic viscosity and
0.1 wt % for SEC.

2.3. Dynamic Light Scattering

The determination of the size of the colloidal particles, as well as the particle size distribution of
polymers or biopolymers, can be carried out using the dynamic light scattering method (also known
as photon correlation spectroscopy), with the Delsa Nano C Instrument (Beckman Coulter, Brea, CA,
USA), equipped with a 658 nm diode laser, and using a 15◦ scatter angle. The measurements were
made in triplicate for all the samples, each one being the average of at least 10 executions at 25 ◦C.
These measurements were made in dispersions of 0.01 wt % in 0.01 mol L−1 of NaCl, in the absence
of particles with a size in the range of 1–1000 nm with a refractive index of 1.3328. The maximum
specification of the particle size range for the instrument is from 0.3 nm to 5 µm in diameter [22–24].

The phenomena of auto-aggregation of polysaccharides is well known, since they are susceptible
to produce it. The presence of these aggregates could be attributed to a specific fraction of the sample.
The aggregates can cause poor reproducibility of the hydrodynamic radius (RHDLS) obtained (errors
greater than 10%), and therefore they must be eliminated by filtration [22–24]. The samples were
filtered with Millipore Durapore® membranes with a nominal pore size of 0.45 and 0.2 µm to eliminate
large aggregates.
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The intensity autocorrelation function, G2(t), was measured at an angle of 15◦. The autocorrelation
function of the electric field g1(t) was determined from G2(t) using the Siegert relation,

G2(t) = A
{

1 + Bg2
1(t)

}
(1)

where B is an instrument parameter and A is the uncorrelated scattering intensity. For monodispersed
particles,

g1(t) = exp(−Γt) = exp
(
−Dq2t

)
(2)

q = (4πn/λ0) sin(θ/2) (3)

where q is the magnitude of the scattering vector, Γ is the average decay rate, D is the translational
diffusion coefficient, λ0 is the wavelength of the incident light, n is the refractive index of the solvent,
and θ is the angle of observation. The distribution of molar masses of the BG macromolecules leads to
exponential distributions. In these cases of superposition of exponentials functions, their distribution
can be obtained by inverse Laplace transformation of g1(t) using the CONTIN program (swMATH,
Berlin, Germany) [22–24].

The hydrodynamic radius RHDLS of the particles and macromolecules can be calculated from D
using the Stokes–Einstein equation [25]:

RHDLS =
kBT

6πDη
(4)

where kB is the Boltzmann constant, T is the temperature (K), η is the viscosity solution (poise), and D
is the diffusion coefficient (cm2 s−1).

The molecular weight is calculated using the following equation [25]:

MD =

(
D

KD

)− 1/aD

(5)

where KD and aD are the constants of the solvent–polysaccharide system, with KD = 0.0016157 cm2/s
and aD = 0.5413.

2.4. Intrinsic Viscosity Measurement

Solutions were analyzed using an Ubbelohde 1B viscometer (IVA, Buenos Aires, Argentina).
The temperature was controlled using a thermostatic bath (Haake 1C, Karlsruhe, Germany).
The capillary viscometer was filled with an aliquot of each sample solution and the temperature
was equilibrated for 20 min. Flow times were taken as the average of four readings.

For a Newtonian fluid, viscosity (η, poise) can be calculated based on Poiseuille’s law (Matsuoka
and Cowman [26]):

η = Aρt (6)

where ρ is the density of the solution (g cm−3), A is the calibration constant (cm2 s−2), and t is the
draining time or flow time of the solution (s). The Hagenbach-Couette method of time correction is
used to correct errors in the viscosity measurements, with the tH calculated as 0.82 s.

The ηr (relative viscosity) is the ratio of the viscosity of the solution and the viscosity of the solvent:

η =
ρt

ρ0t0
(7)

where ρ0 and t0 are the density and flow time of pure water, respectively.
The specific viscosity (ηsp) is obtained from the relative viscosity: ηsp = ηr − 1.
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The intrinsic viscosity, denoted by [η], is defined as

[η] = lim
c→0

ηsp

c
= lim

c→0

1
c

lnηr (8)

where c is the biopolymer concentration (g cm−3). The plot of ηsp/c versus c or 1/c ln ηr versus c often
yields a straight line with the intercept being [η].

The Huggins equation is
ηsp

c
= [η] + kH [η]

2c (9)

where kH is the dimensionless Huggins constant (Sun, [27]). Some other equations used for
determination of [η] are:

Kraemer
1
c

lnηr = [η] + kK[η]
2c (10)

Schulz-Blaschke
ηsp

c
= [η] + kS−B[η]ηsp (11)

Martin
ηsp

c
= [η]ekMc[η] (12)

The Mark–Houwink–Kuhn–Sakurada (MHKS) equation gives the relation between intrinsic
viscosity and molecular weight:

[η] = kMa
v (13)

where k and a are both constants. The MHKS equation is applicable to many polymers and
biopolymers, and it is extensively used for determining molecular weight. The constants k and
a both vary depending on the polymer and solvent, as well as upon the temperature of the
viscometric determination. The MHKS exponent is related to the three-dimensional conformation of a
macromolecule in a given solvent. The values of a of 0.5 represent a sphere in an ideal solvent; 0.5–0.8
a random coil in a good solvent; and 0.8–2 a rod-like conformation (Harding [28,29]; Masuelli [30]).

The corresponding value of “hydration” (δ) is defined by

δ =
(
vsp − v

)
ρ0 (14)

where vsp is the specific volume (cm3 g−1) and is defined as

vsp ∼=
3MvH

4π
(15)

where vH is hydrodynamic volume (cm3) from measured RH, and M is the molecular weight (Da or
g mol−1) (Masuelli [31]). The magnitude of v can be determined by density measurements varying the
biopolymer–water ratio as

v =

1− ∂ρ
∂ρ

ρ0

 (16)

There are two molecular contributions to the intrinsic viscosity: one from the shape and the other
from the size or volume, as summarized by the equation

va−b =
[η]

vsp
(17)

The viscosity increment va-b is a universal shape function or Simha number, and it is related to the
particle shape. For its experimental measurement, it requires the measurement of vsp, v, δ, ρ0 and [η]
(García de la Torre and Carrasco [32], Ortega and García de la Torre [33]).
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3. Results and Discussion

A three-dimensional representation of the schematic structure proposed by Cerezo et al. [6] is
shown in Figure 1. The polysaccharide is mainly a polyxylose chain.Colloids Interfaces 2018, 2, x 6 of 13 
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Figure 1. (a) Three-dimensional schematic representation of chemical structure of BG (chain portion:
black = carbon; red = oxygen; gray = hydrogen); (b) two-dimensional structure.

The molecular weight of a biopolymer is very important, since it defines many of its
physicochemical properties. Some examples of these properties include transitional temperatures
in the different polymer phases, and mechanical properties such as strength, stiffness, toughness,
viscoelasticity and electroviscosity.

3.1. SEC Determination

Retention times for BG as determined by SEC are A = 7.31, B = 9.45, C = 11.75 and D = 12.71 min,
with the contributions of each one being 90.14%, 0.04%, 0.18% and 9.64%, respectively (Figure 2),
and where A is the distribution of polysaccharide molecular weight produced by BG. The retention
times of molecular weight distribution A vary from 6.75 to 8 min, which translates to a molecular
weight distribution of 1300–2550 kg mol−1. The retention time of arabic gum was 7.56 minutes with an
Mwv of 687 kg mol−1 by the viscometric method [34].
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Figure 2. Chromatogram of BG and AG.

Variation in the hydrolysis caused displacement to higher retention times. The yields from
purification of the polysaccharide, calculated from the areas under the curve, were 99.47% for BG 0.01,
93.81% for BG 0.05, 90.20% for BG 0.1, and 16.08% for BG 0.5.

Equation (18) shows a linear relationship between retention time (tr, min) and molecular weight
of BG hydrolysates, with a standard deviation of 0.9949:

lnMw = −42.208lntr + 98.822 (18)

Figure 3 shows a shift to lower retention times as the hydrolysis becomes stronger. A remarkable
rupture takes place in the higher-molecular-weight polysaccharide when hydrolysis is performed
with a hydrochloric acid concentration of 0.5 M, and the molecular weight shifts to approximately to
700 g/mol.
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3.2. Intrinsic Viscosity and Density

Intrinsic viscosity is a measurement of the hydrodynamic volume occupied by a macromolecule,
which is closely related to the size and configuration of the macromolecular chain. Table 1 shows the
flow times as a function of BG concentration, measured using a capillary viscometer. The densities and
relative viscosities of the solutions are also reported.
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Table 1. Relative viscosity and density data as a function of BG concentration.

c (g cm−3) t (s) ρ (g cm−3) ηr

0.0010 46.44 0.9988 1.052451
0.0025 49.79 0.9992 1.128822
0.0050 55.11 1.0002 1.250686
0.0075 60.15 1.0011 1.366294
0.0100 64.92 1.0020 1.475969

Intrinsic viscosity was estimated through a plot of specific viscosity, or a related value, versus
concentration, depending upon the method used (Equations (4)–(7)). The plot gives a straight line
with the intercept being [η] (Morris et al. [35]).

Table 2 shows the intrinsic viscosity values obtained for BG solutions at 25 ◦C through a variety of
correlations. All of the intrinsic viscosity values calculated using the various methods were compared
against the Huggins value (Equation (4)), normally used as a reference. It is noteworthy that all of the
methods showed a low relative error (RE%).

Table 2. Intrinsic viscosity obtained with different methods.

Huggins Kraemer Schulz-Blaschke Martin

[η] (cm3/g) 52.91 51.99 53.02 52.96
RE% - 1.7388 0.2079 0.0908

The Huggins coefficient is a decreasing function of the viscosity radius expansion factor
αη = [η]/[η]0, where ([η]0) is the intrinsic viscosity for chains unperturbed by the excluded volume
effect in the theta state, and ([η]) for chains perturbed by this effect in good solvent systems.
As the expansion factor for these systems is an increasing function of the molecular weight and
the strength of the polymer–solvent interaction, the Huggins coefficient should be lower in good
solvents and when molecular weight is high. In polyvinyl-alcohol solutions, the Huggins coefficient
values obtained are attributed to the association of chains of the polymers through hydrogen bonds
(Lawandowska et al. [36]). BG adopts a spherical conformation with very strong internal interactions
due mainly to intramolecular hydrogen bonds. Interaction with the solvent takes place through
polar groups accessible at the molecular surface, and is modified by salts and pH. The highly polar
characteristics in polysaccharides or polyelectrolytes generate atypical behavior in relation to water.
The complexity of the inter- and intramolecular interactions presents in the BG–water system makes
a simple interpretation for the values of hydrodynamic parameters rather impossible to elaborate.
Although the results displayed of kH do not match this value, they are similar to many others reported
in the literature, such as by Curvale et al. [37] for bovine serum albumin, and Chenlo et al. [38] for
tragacanth, guar gum and methylcellulose.

The MHKS parameters obtained were a = 0.4133 and k = 0.1347 cm3 g−1; these values indicate
that BG shows ideal behavior in water and that it takes spherical conformation. The a value indicates
that the biopolymer adopts a spherical conformation in aqueous solution. This is due to a highly
branched structure or intramolecular interactions. The k parameter depends predominantly on the
geometry of the inter-residue linkages within the biopolymer chain. The polysaccharides, in which
the bonds to and from each residue are directly opposite each other across the sugar ring, generally
have highly expanded coil dimensions and high values for k. Similar examples include guar gum,
chitin and chitosan, pectin, cellulose and its derivatives, alginate, and locust bean gum (Lapasin and
Pricl, [39]).

Anderson and Rahman [40] studied the intrinsic viscosity as a function of molecular weight for
acacia gums and found the following MHKS parameters: k = 0.013 cm3 g−1 and a = 0.54. These values
were used by Idris et al. [41], and more recently by Al-Assaf et al. [42–44] and Savary et al. [45] for
different acacia tree exudates. Sanchez et al. [46,47] reported k = 5.9 × 10−4 cm3 g−1 and a = 0.46.
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These data demonstrate poorly differentiated behavior between arabic gum and brea gum, meaning
that both gums are spherical in shape but differ little in their hydrodynamic properties.

The hydrodynamic values of v, RH, vsp, va-b, p and δ obtained for BG are shown in Table 3.

Table 3. Hydrodynamics data of BG solutions (v, RH, vsp, va-b, p, δ, and p).

v (cm3/g) RH (nm) δ (g/g)

0.6424 32.49 20.5483

vsp (cm3/g) va-b p

21.1640 2.5031 1.0524

The Simha and Perrin numbers confirm that this biopolymer has a spherical shape with
RH = 32.49 nm. In turn, the values of δ support the idea that BG is a hyperbranched biopolymer
(Morris et al. [35]). The hydrophilicity of this biopolymer is responsible for the large hydration value.
The parameter commonly used to explain such unusual phenomena is the coefficient of expansion
(αη), which, in this case, presents a value of 1.0443. This confirms that the BG–water system is ideal,
and that BG is presented as a nonextended macromolecule. These results also explain the findings of
Bertuzzi et al. [4], since the BG presented low viscosity even at high concentrations of polysaccharide,
due to its spherical and compact shape.

Table 4 shows that acid hydrolysis degrades this polysaccharide. The BG hydrolysates showed a
decrease in the molecular weight of the polysaccharide (molecular weight determined by SEC), along
with a consequent decrease in the intrinsic viscosity.

Table 4. Molecular weight determinates for intrinsic viscosity by BG hydrolysis.

BG Hydrolyzed ts (s) ηr ηsp [η] (cm3/g) RH (nm)

BG 0.01 53.09 1.2416 0.24158 44.8958 25.12
BG 0.05 45.79 1.0709 0.07086 13.8506 6.58
BG 0.10 44.69 1.0451 0.04513 8.8948 4.00
BG 0.50 42.96 1.0047 0.00467 1.9340 0.70

The physicochemical parameter, theta temperature (θ), is related to a specific polymer/solvent
system and is determined using a second virial coefficient (at a θ temperature, A2 = 0) (Guner, [48]),
phase separation/cloud point measurements, and the long-range interaction–temperature relationship
(not measured in this work). These methods previously mentioned, in addition to the unperturbed
dimensions, also allow determination of the long-range interaction parameter for viscometric–density
studies. It is commonly known that the unperturbed dimension parameter depends only on the
interactions between the polymer segments, and is completely independent of the molecular weight of
the polymer, the temperature and the solvent (Guner & Kibarer [49]). Theta temperature is determined
by intrinsic viscosities at different temperatures using extrapolation methods.

The hydrodynamic radius of BG was found to decrease as the degree of hydrolysis increased,
indicating a loss of chain stiffness or extension during hydrolysis. This finding is quite consistent
with the noted changes in the exponent a value of the MHKS equation (a value of 0.4133), leading
to the conclusion that: 1) the chain stiffness, extension and steric hindrance of the backbone of the
BG polysaccharide can be reduced due to the decrease in molecular weight with increasing degree of
hydrolysis, and 2) BG is a hyperbranched macromolecule (with a certain polyelectrolyte characteristic).

Acid hydrolysis of BG causes the links in the chain of the polysaccharide to break down and a
consequent decrease in molecular weight. The increase in acid concentration decreases the molecular
weight substantially. This situation is explained since it has been used to obtain the molecular
weight of BG and its hydrolysates, as well as to obtain the MHKS parameters through intrinsic
viscosity measurements.
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3.3. Dynamic Light Scattering Determination

For over four decades, dynamic light scattering procedures have provided powerful tools for
elucidating the size and conformation of macromolecular systems in solution. These procedures are
particularly well suited for the analysis of relatively large, fairly monodisperse systems, and indeed
we have extensively applied these techniques to systems of inorganic and organic nanoparticles, metal
organic frameworks, polymers, proteins, polysaccharides, DNA, RNA, genes, prions, viruses and
bacterial spores.

Figure 4 shows the size distribution of BG and its hydrolysates. RHDLS decreases with increasing
hydrolysis degree, as this takes place using higher acid concentrations. An adequate response with
MD was observed (see Table 5). When these data are compared with those obtained from the intrinsic
viscosity measurements, it is observed that both present values with the same order.
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Figure 4. Size distribution of BG and its hydrolysates.

Table 5. RHDLS(max), RHDLS(mean), and MD for BG and its hydrolysates.

Sample RHDLS(max) (nm) RHDLS(mean) (nm) MD (g mol−1) Mw (g mol−1) Mv (g mol−1)

BG 34.89 40.43 2,134,000 2,320,000 1,890,000
BG 0.01 25.14 30.21 1,245,000 1,249,000 1,268,000
BG 0.05 8.21 8.08 109,000 72,600 73,500
BG 0.10 3.11 3.16 19,200 25,500 26,000
BG 0.50 2.02 2.23 1000 700 622

When Gaussian distributions are monodisperse, molecular weights of the biopolymer calculated
are similar. For a monodisperse biopolymer, all molecular weight averages are the same and are equal
to the unique molecular weight. Historically, this fact was not always recognized and thus it was
sometimes difficult to reconcile conflicting experimental results, due to different concepts. When
measuring the average molecular weight by intrinsic viscosity, the molecular weight is Mv (and it
is apparent); and when dynamic light scattering is used, the molecular weight is MDLS. Until it was
recognized that Mv 6= MDLS, it was difficult to explain differing experimental results for the same
biopolymer solution (Lee et al. [50]).

4. Conclusions

The Mark–Houwink–Kuhn–Sakurada parameters show that the BG polysaccharide acquires
a spherical form in an ideal solvent such as water. The molecular weight calculated for BG was
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1,890,000 g mol−1 by intrinsic viscosity, 2,320,000 g mol−1 by SEC, and 2,134,000 g mol−1 by DLS.
The shape and size of the BG biopolymer are similar to arabic gum; although the Mw of AG is lower
and the composition and hydrodynamic properties are slightly different. Acid hydrolysis experiments
showed that the polysaccharide is easily degraded and its molecular weight decreases. Data of
molecular weight values were used to obtain their hydrodynamic properties. The chain stiffness and
steric hindrance of the backbone of the BG polysaccharide can be reduced with increasing degree of
hydrolysis. BG is a hyperbranched and compact biopolymer. This knowledge justifies the rheological
behavior of BG solutions and is important to define applications.
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