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ABSTRACT

Background: Galactomannans are the seed polysaccharides also known as
seed gums, mostly isolated from the lequme seed endosperm.
Galactomannans can easily mix with xanthans by physical association, exhibits
synergistic effect and form complex mixtures due to their entangle nature in
deferent ratios. Polysaccharides having these properties make them versatile
materials which are useful in different biomedical and food applications as
additives, thickening, gelling agents, emulsifiers and stiffeners. Biopolymer-
based colloidal particles have potential application in drug and gene delivery.

Methods: Galactomannans extracted from indigenous legume seed
endosperm from Adenanthera pavonna L and Mimosa pudica L. and
investigated during 2015-2021 for different aspects i.e. viscous behaviour and
interaction properties, complex formation with other polysaccharide like
xanthan and preparation and physical characterisation of galactomannan-
based nanoparticles obtained by covalent cross-linking with genipin.

Result: The intrinsic viscosity of A. pavonna and M. pudica measured also
compared with the commercial polysaccharide LBG (Locust Bean gum).
Prepared small spherical shaped nanoparticles of diameters ~33 to 67 nm and
negative zeta potential of ~-9.2 - 19.0 mV were obtained. We suggest that the
nanoparticles form due to the covalent crosslinking effect of genipin on the
residual protein fraction of both galactomannans. The biodegradable
nanoparticles offer to be a potential new platform for the oral delivery of drug
and nutraceuticals.

KEYWORDS

Emulsifier Endosperm Galactomannan Genipin LBG

Xanthan

INTRODUCTION

Galactomannans are the heterogeneous polysaccharides also known as seed
gums, mostly isolated from the legume seed endosperm (Anderson, 1949;
Kapoor, 1992; Srivastava and Kapoor, 2005). Because of their viscous
behaviour in aqueous media, emulsifying and gelling property, they are
preferred as hydrocolloids and they are cheap, eco-friendly and non-polluting
while production and in several applications (Smith and Montigomery, 1959).
They are also using in different ways for human consumption (Srivastava and
Kapoor, 2005). Legumes (sensu lato Legumnosae = Fabaceae family) seed
endosperm is the main source of galactomannans. The galactomannans
distribution in the plant kingdom is limited (Bailey et al., 1971).

Seed galactomannans have highly variable chemical structure in the nature. It
includes wide variation in the degree of galactose and mannose ratio, which
are commonly formed by a linear chain of -1, 4-Dmannopyranosides
branched with single unit of D galactopyranosides through a-1,6 linkages. Their
mannose/galactose ratios depend on their source. It varies from species to
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basically neutral polysaccharides (Reid and Bewley, 1979). The galactomannans
accumulate moisture at the early stage of seed swelling and play an important
role in seed imbibitions (Reid and Bewley, 1979), germination, when the
galactomannans are catabolised and transferred to the embryo as a carbon
and energy source and also in the protection of the seed.

The different chemical properties of these gums made them versatile materials
which are used for many different applications, they are largely used in
thermoplastic, rubber industries and preparation of food products additives ice
creams in food industries, pharmaceutical industry as a drug carrier and
emulsifier, cosmetics, pastes, toiletries industries, thickener in toothpastes,
conditioner in shampoos and textile industries. Also used for the sizing,
finishing in printing industries, in crude oil drilling and explosives (Schneider
and Soster-Turk, 2003; Sharma et al., 2008; Vendruscolo et al,, 2009; Williams
and Phillips, 2003). Recently come to know that these are also used in the
preparation of nano-particles (Soumya et al., 2010).

Nanoparticles are the ultrafine solid particles with sizes ranging from 1 to 100
nm and have gained attention as potential carriers for drugs, immune
modulators, hormones, nucleic acids, proteins and antibodies (Akagi et al.,
2006). These nanoparticles can either be constituted by inorganic components
(e.g. metals, silica) or by synthetic or natural polymers. Due to their
physicochemical and bioactive properties of these materials have a broad
variety of applications in various fields such as medicine, food, cosmetics and
environment (Sathishkumar et al., 2014, Chaudhry and Castle 2011; Borase et
al, 2013, Pant et al., 2013; Zuas et al., 2014). There are several methods used
for the preparation of nanoparticles, namely by self-assembly by dialysis,
nanoprecipitation, ionic or covalent crosslinkling, spray drying, among other
(Gaucher et al,, 2005). Guar gum is an industrial galactomannan of high degree
of substitution (D-mannose/D-galactose molar ratio ~2.0) and it has been used
in drug-delivery, because of its low cost and other desirable functions (Cheng
etal, 2002). The formation of nhanoparticles depends on the molecular mass
of the galactomannans, crosslinking agents, solvent and surfactant (Soumya et
al., 2010). Nano precipitation is one of the major technique for the preparation
of nanoparticles (Becer et al., 2009).

Genipin is a natural dye extracted from the plant Gardenia jasminoides from
the family Rubiaceae. It is an intermediate of alkaloid synthesis, plays an
important role in alkaloid synthesis. It is an excellent cross-linking agent for
proteins, collagens and chitosan [Fujikawa et al., 1987, 1988], also used for
regulating agent in drug delivery [Zhang et al,, 2006; Djerassi et al., 1961]. To
the best of our knowledge, genipin has not so far been used to crosslink
galactomannans as an strategy to obtain small nanoparticles.

In a recent accompanying paper we have documented the extraction,
purification and characteristics of galactomannan sourced from Adenanthera
pavonia (Ceraqueira et al.,, 2009). Also, the galactomannan from Mimosa
pudica L. and Dichrostachys cineria L has been studied in our laboratories
(Harikrishna et al.,, 2017; 2018) and these legume trees are indigenous to
Southern India. In the present study we have investigated the potential
applications of these new galactomannans as building blocks of emulsifier,
nanoparticles with potential use in pharmacy and food industry.

MATERIALS AND METHODS

Galactomannans of Adenanthera pavonia (Ceraqueira et al., 2009) and Mimosa
pudica (MP) were extracted, purified and characterized as described in our
previous paper (Harikrishna et al., 2017). Work carried out in University of
Hyderabad, University of Munster and MVRDL ESIC, Hyderabad, during 2015-
2021. The galactomannan samples were designated as APG and MPG,
respectively. Genipin was purchased from Challenge Bioproducts (Taiwan) and
other chemicals were purchased from Sigma-Aldrich (Germany). Milli-Q water
was used throughout. All reagents were of analytical grade.

Preparation of galactomannan solutions for viscosity measurements

The highest possible concentrations of gum solution was prepared, by
dissolving in 5 mM NaCl, 5 mg/ml. Stirred under magnetic stirrer for overnight
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solutions were stored at 4° for viscosity measurements.

All other reagents and solvents (Sigma-Aldrich) were used without further
purification. Experiments were carried out with MilliQ water. The intrinsic
viscosity [h], of galactomannan solutions was measured as average values of
four runs for each samples at 25°C using an AMVn automated rolling ball
micro-viscometer (Anton paar, Ostfildern, Germany) with programmable tube
angle based on the principle of rolling ball time (the time that a steel ball needs
to roll through the mixture inside a calibrated 1.6 mm diameter capillary). This
was expressed as hrel with respect to water. All measurements were carried
out at angles of 50° using the following formulae.

Hrd = iz

Wep = (- 1) = el -1
fspic =[] + K [y]%c Eg..1
(I ma/e =[] + K
D] = {201~ 1n ) } e

The intrinsic viscosities of galactomannan samples was determined in water
from experimental measurements of the dynamic viscosity of solutions with
different concentrations of each component by the joint extrapolation of the
Huggins ( Eq 1), Kraemer (Eq 2) and single point (Eq 3) standard relationships
(Bohdanecky and Kovar, 1982). Where h and hss are the viscosities of the
solution and the solvent, hsrel and hssp are parameters of relative and specific
viscosity, ¢ is concentration and k" and k" are constants. Different ratios of
polysaccharides and xanthan were taken and mixed for the interaction studies
mentioned in the Table 1.

Noneotie
sedes cmpobton &) o) @)

Table 1: Explaining the intrinsic
viscosities of different
galactomannan samples.

senerrers pavonns 50 28 e
Mimoss pucs 2578 7 wsr
o6+ ‘o5 7 sz

“oast bewn gum

Nano particle preparation

Galactomannan nanoparticles were prepared by covalent crosslinking with
genipin. To this end, galactomannan agueous solutions of 2 to 12 mg/ml were
made in milliQ water under magnetic stirring. Solutions were filtered through
0.22 im PES membranes (EMD Millipore, U.S.A.), then placed in a 5 mL glass
vials. Genipin stock solution was made in ethanol and subsequently diluted in
water (10 mg/mL). Aliquots of genipin aqueous solution of O to 48 pl were
added to the galactomannan solutions and incubated for 48 h at 37°C under
gentle shaking. Subsequently, the GMNPs were isolated by centrifugation at
10000 rpm, for 40 min, at 25°C in Eppendorf 1.5 mL vials containing a glycerol
bed (~30 mL, the supernatant was removed cautiously with a pipette and the
pellets were re-suspended in 100 iL of water. The optimal incubation
conditions for formation of galactomannan-genipin nanoparticles were
determined by visual inspection of turbidity and color formation in preliminary
trials (results not shown).

Physical characterization of nanoparticles

The particle size distribution of the GMNPs was analysed in water by dynamic
light scattering with non-invasive back scattering (DLS-NIBS) with an output 4
mW He/Ne laser beam operating at | = 633 nm at an angle of 173° with
automatic attenuator setting. The zeta potential was determined in 1 mM KCl
by mixed laser Doppler electrophoresis and phase analysis light scattering (M3-
PALS). Both measurements were carried out in a Malvern Zetasizer NANO-ZS,
(Malvern Instruments, Malvern, U.K.) at 25+0.2°C.

Yield of production
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were freeze-dried for three days and subsequently weighed. The yield

estimated relative to the total mass of added galactomannan and genipin (n=3).

Transmission electron microscopy (TEM)

The morphology of the GMNPs was characterized by TEM. The samples were

prepared by depositing a small drop of pure nanoparticle solution on a carbon-

coated copper grid and allowed to dry at room temperature with no
subsequent staining. The samples were analysed using accelerating voltage
100 kV using FEI transmission electron microscope (Model Tecnai G2 S Twin

200 kV).

RESULTS AND DISCUSSION

Intrinsic viscosity studies

The intrinsic viscosity of the Adenanthera pavonina galactomannan (APG) and
Mimosa pudica galactomannan by combined (MPG) were analyzed, Locust
Bean Gum (LBG) has taken as reference. The data on intrinsic viscosities of
APG, MPG and LBG were presented in Table 2 and Fig 1, 2 and 3 respectively.

Con in (ml)

Galactomannan in (ul)

0

02
03
04
06
0s
1

0
25
42
85

140

333
1000

Yorkhan in 84) Table 2: Showing different
] concentrations of galactomannan
958
i and xanthan gum.
60
687

0

Fig 1: Determination of intrinsic viscosity for
AP galactomannan (APG) by combined
Huggins (a), Kraemer (n) and single-point (p)
extrapolation of respectively, hsp/c,
In(hrel)/c and {2( hsp - In hrel)}1/2/c to zero
concentration.

Fig 2: Determination of intrinsic viscosity for
MP galactomannan by combined (MPG)
Huggins (a), Kraemer (n) and single-point (p)
extrapolation of respectively, hsp/c, In(hrel)/c
and {2( hsp - In hrel)}1/2/c to zero
concentration.

Fig 3: Determination of intrinsic viscosity for
Locust Bean Gum (LBG) by combined
Huggins (a), Kraemer (n) and single-point (p)
extrapolation of respectively, hsp/c,
In(hrel)/c and {2( hsp - In hrel)}1/2/c to zero
concentration.

Investigations of galactomannans of A. pavonia (AP) and M. pudica (MP)
interaction with xanthan gum
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of 0.2% solution of xanthan and APG, MPG respectively (Table 1), mixed in
different proportions is shown in Fig 4. APG exhibited considerable synergism
with xanthan gum and the highest viscosity was reached for a proportion
20/80 (APG/xanthan). The synergistic action of APG is lower. This can be
explained by the lower M/G ratio of APG and MPG. Galactomannans exhibits
synergistic effect by mixing with xanthan gum, it is because of physical
association between xanthan molecules and galactomannan side chain, which
is widely useful in the food industries (Fernandes, 1995). Synergistic effects
depend on their structure and M/G ratio. Tara and guar gums are the best
examples of this phenomenon. Galactomannans can interact with other
polysaccharides, this behavior make them useful in industries (Milas et al.,
1990). It has already proved that LBG, tara and fenugreek gums forms gels even
small additions of agarose, carrageenan and xanthan gum, which is expensive
(Fernandes and Figueiredo, 1995). Interaction studies explained the formation
of complex mixtures with other polysaccharides like xanthan. It was concluded
that galactomannanas would work as a good thickening and gelling agent and
modifier in food industries.

Fig 4: Specific viscosity (measured at 20°C)
for dilute solution of AP and MP in
combination with xanthan in 10 mM KCl;
the concentrations (% w/w) of the individual
polymer solutions were: 0.025 AP, 0.475
xanthan.

pobsaccharidecon (i)

Preparation of galactomannan nanoparticles

The addition of genipin to galactomannan solutions and subsequent
incubation during 48 h at 37°C, resulted in the change in colour of the
solutions that turned slightly dark blue shown in Fig 5. This change was more
intensified as the concentration of polysaccharide increased from 4 to 12
mg/mL (Fig 6). Also, in the case of the solutions of MPG galactomannan the
solutions of 8 and 12 mg/mL seem to have developed turbidity. The solutions
turned into a teneous blue colour, diagnostic evidence of the reaction of
genipin and galactomannan. Genipin is known to interact only with polymers
that contain primary amino groups e.g. chitosan and gelatin (Sung et al., 1998).
To explain the development of blue coloration and turbidity in galactomannan
solutions, we propose that it is the residual protein of the galactomannan
sample what reacts with genipin. To the best of our knowledge, this is the best
account of the use of genipin to crosslink galactomannans.

ﬁ Fig 5: Apperance of galactomannan-

genipin solutions of AP (left frames) and
MP (right frames) at varying

; polysaccharide concentrations (as shown

””” : on labels) and genipin/ polysaccharide

crosslinking ratios (increasing from left to
right), upon incubation during 48 h at
37°C. Blueish coloration and turbidity are
clearly observed at high crosslinking
ratios.

Fig 6: Yield of production of
nanoparticles of galactomannan-genipin
solutions of AP and MP (galactomannan
concentration 8 mg/mL) at varying
genipin/galactomannan crosslinking ratio

% alyield
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Isolation of the various solutions by centrifugation enabled to quantify the yield
of production of the sedimentable fraction after genipin crosslinking. Fig 6
shows that when increasing concentrations of genipin were added to a fixed
amount of galactomannan (8 mg.mL) the amount of sedimentable fraction
increased with respect to the corresponding controls (i.e., the solutions
without added genipin) up to a genipin concentration of 24 ug/mL. These
experiments revealed that even in the absence of added genipin, both
galactomannans contain a fraction of sedimentable polysaccharide of ~19.5%.
Interestingly, when the concentration of genipin was greater than 16 ug/mlL,
the yield values decreased in both galactomannans. The initital increase in yield
of the sedimentable fraction of putative nanoparticles upon addition of genipin,
can be taken as direct evidence of the crosslinking effect. A possible offered
explanation to account for decrease in yield at the highest concentration could
be that in this case, a tenuous gel network starts to be formed. This would
increase the viscosity of the solution and hence prevent the fraction of
particles to sediment during the centrifugation process. The results, therefore,
indicate that there is an optimal degree of crosslinking that maximizes the yield
of nanoparticles production (hence, the greatest sedimentable fraction) after
addition of genipin to the galactomannan aqueous solutions.

Fig 7a shows the results of the Z-average hydrodynamic diameter and z-
potential of the isolated nanoparticles, as a function of the concentration of
added genipin to the aqueous solutions of both systems 8-24 ug/mL, after
incubation for 48 h at 37°C. Notice that even in the absence of genipin, there
is a fraction of particles of average diameter 900 or 250 nm for MPG and APG,
respectively. Upon addition of genipin, the particle size of APG increases
almost linearly up to 24.0 ug/mL, however, beyond this concentration, the
particle size rises exponentially up to ~3000 nm. Overall, smaller sizes were
recorded for the particles of MPG galactomannan. In this case, also an increase
in size was evident as the concentration of genipin increases beyond 24.0
pug/mL, albeit much less pronounced as for APG galactomannan particles. The
accompanying data for z-potential for these same systems are shown in Fig 7b.
Notice that for APG galactomannan particles, the addition of genipin resulted
in a slight increase in z-potential, ranging from an initial value of ~-12 up to
~-16 mV. By contrast, MPG galactomannan particles attained overall greater z-
potential values ~-20 mV. However, in this case, within experimental error, the
values did not change with the addition of genipin. Table 3 summarizes the
characteristics of selected nanoparticle systems from both galactomannans of
the smallest size in each case. The corresponding size distribution curves
revealed bimodal distributions. The presence of more than one size distribution
peak, can be explained as the consequence of the crosslinking reaction that
occurs at varying extent dictated by the polydispersity of the galactomannan
polymers themselves. The furnished nanoparticles had an average size,
polydispersity index (PDI) and zeta potential concordant with those found in
previous studies that documented the formation of nanoparticles of
chitosan/galactomannan, in which the M/G ratio (1.1-5.3) of the seed
polysaccharide was similar to APG and MPG (Il'ina et al., 2011).

Fig 7: Variation of (a) Z-average diameter (mean+SD;

i n=3) and (b) z-potential (mean values+minimum and
5 |2 = maximum, n=2) of AP and MP galactomannan-
genipin nanoparticles on the concentration of genipin
T (48 h, 37°C).

]

Representative TEM images of the APG and MPG nanoparticles are shown in
Fig 8. The figure reveals the morphology of the nanoparticles is spherical and
in the size range of ~30 - ~60 nm, with few larger particles and clusters in the
size range of ~100-~300 nm, which can be attributed to aggregates.
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galactomannan-genipin
nanoparticles (galactomannan
concentration 8 mg/mL;
genipin 16 pg/mL): A) AP and B)
MP.

CONCLUSION

The Intrinsic viscosity values of the galactomannans extracted from
Adenanthera pavonia and Mimosa pudica were similar with commercial gums
which are available in the market (Locust bean gum and Tara gum) and natural
galactomannan Dichrostachys cineria Galactomannans can be easily interacts
by physical attachments with xanthan in different ratios and form complex
mixtures with xanthans. The combination of the polysaccharide with xanthan
could be effective gelling, thickening agent, stiffener and modifiers in food
industries and it is a very good alternative for different applications in various
fields, this behaviour make them useful in industrial applications.

Galactomannans were used to prepare nanoparticles in the size range of ~30
to 60 nm by covalent crosslinking using genipin. The two galactomannans,
having a 3-5% of residual proteins, react with genipin via the well-known
reaction of primary amino groups of the protein and genipin, as evidenced by
the formation of blue colouration, in a similar way as it occurs with other
biopolymers (e.g. chitosan). The potential of these unprecedented systems as
drug delivery carriers will be explored in future studies that could exploit the
presence of galactose substituents of the galactomannan, for example, for
targeting hepatic asialoglycoprotein receptors.
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