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Abstract: Cucurbits are plants that have been used frequently as functional foods. This study includes
the extraction, isolation, and characterisation of the mesocarp polysaccharide of Cucurbita moschata.
The polysaccharide component was purified by gel filtration into three fractions (NJBTF1, NJBTF2,
and NJBTF3) of different molecular weights. Characterisation includes the hydrodynamic properties,
identification of monosaccharide composition, and bioactivity. Sedimentation velocity also indicated
the presence of small amounts of additional discrete higher molecular weight components even after
fractionation. Sedimentation equilibrium revealed respective weight average molecular weights of 90,
31, and 19 kDa, with the higher fractions (NJBTF1 and NJBTF2) indicating a tendency to self-associate.
Based on the limited amount of data (combinations of 3 sets of viscosity and sedimentation data
corresponding to the 3 fractions), HYDFIT indicates an extended, semi-flexible coil conformation.
Of all the fractions obtained, NJBTF1 showed the highest bioactivity. All fractions contained
galacturonic acid and variable amounts of neutral sugars. To probe further, the extent of glycosidic
linkages in NJBTF1 was estimated using gas chromatography–mass spectrometry (GCMS), yielding
a high galacturonic acid content (for pectin polysaccharide) and the presence of fructans—the first
evidence of fructans (levan) in the mesocarp. Our understanding of the size and structural flexibility
together with the high bioactivity suggests that the polysaccharide obtained from C. moschata has the
potential to be developed into a therapeutic agent.
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1. Introduction

Polysaccharides play crucial roles in the regulation of various biological processes [1]. They are
also used as a gelling, stabilising, or thickening agent in food products [2,3]. In the pharmaceutical
industry, polysaccharides are generally used as excipients during drug manufacture based on
their biophysical properties, such as hydrophilic properties, emulsification, and viscoelasticity [4].
Naturally-extracted polysaccharides are a preferred alternative over synthetic polymers during
the development of a controlled drug release system as well as food additives because of their
biocompatibility, biodegradability, low toxicity, and low cost [5,6]. However, the complexity in
constituents, and the isolation of the polysaccharide therein, proves to be a challenge in biomedical
and nutraceutical applications [7,8], and this is true for the bioactive polysaccharides from Curcurbita.

Cucurbita is a genus of plant reported to be rich in complex polyuronides (pectins) composed
chiefly of domains of homogalacturonan, rhamnogalacturonan-I, and -II [9]. The consumption of these
dietary glycans has been shown to control glycaemic levels and to promote biological activity directly
or by the activation of complex reaction cascades [10,11]. The higher complement activity is associated
with the ramified “hairy (branched) region” of pectin compared to the smooth backbone [12].

Polysaccharides from one species of Curcurbita, namely C. moschata, is particularly promising
with regards to control of the glycaemic index in humans. It is a medicinal plant with hypoglycaemic,
hypolipidaemic [13,14], antitussive [15], and immune-stimulating properties [16]. Despite this plethora
of literature, emphasising the health significance of cucurbit polysaccharides and their solution
structure (hydrodynamic behaviour), in addition to their full potential for inducing bioactivity, remains
unexplored. The study aimed to isolate, fractionate, and probe the structural properties and bioactivity
of polysaccharides extracted from C. moschata.

2. Methods

2.1. Isolation of Polysaccharide

Butternut squash was purchased from a local market in Nottingham, UK. Extraction methodology
of [17] was followed. The pulp from the fruit of C. moschata was chopped into pieces (1 cm3

approximately), dried, and ground to make a powder. The powdered pulp was dispersed in deionised
water (1 g in 20 mL) at 45 ◦C and centrifuged at 4800 rpm for 25 min at 20 ◦C using a Beckman centrifuge
Model J2-21M (Minneapolis, Minnesota, US). The supernatant was collected and concentrated in a
rotary evaporator (BUCHI Rotavapor™ R-100 Rotary Evaporator, Fisher Scientific, Loughborough,
UK) at 45 ◦C until the volume reduced to one fifth of the original volume. The concentrate was
filtered using 11mm Whatman filter paper (Whatman, Maidstone, UK). The filtrate was washed twice
with chilled 95% and absolute ethanol, respectively. Each washing was followed by centrifugation
at 4800 rpm at 4◦ C for 25 min and the pellet collected and freeze-dried using freeze drier (Super
Modulyo, ThermoSavant, Knutsford, UK). The freeze-dried pellet was dispersed in distilled water
(1 mg/20 mL) and dialysed against deionised water using a dialysis membrane (BioDesignDialysis
tubing D106, Fisher Scientific, Loughborough, UK) with 8000 molecular weight cut off for 72 h.

The dialysate was mixed and washed three times with Sevage reagent (butanol with chloroform
in a 5:1 (v/v ratio) to remove proteins from the polysaccharides [18]. The washed sample was later
mixed with absolute ethanol followed by centrifugation at 4800 rpm at 4 ◦C for 25 min. The pellet was
collected and freeze-dried for 48 h.

For confirmation of the presence of polysaccharides, methodology of [19] for the total sugar test
and uronic acid detection was adapted. The detection of protein was determined by the Biuret test [19].

2.2. Gel Chromatography

Sephacryl 400 column (2.1 × 50 cm2) was prepared using 0.1 M sodium acetate, 0.02 M EDTA pH
6.5 buffer. Next, 50 mg/mL of crude polysaccharide was loaded onto the column. Eluent was tested for
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the presence of polysaccharide using phenol-sulfuric acid assay. Polysaccharide-rich fractions were
divided into three groups (NJBTF1, NJBTF2, and NJBTF3) and freeze-dried for further analysis.

2.3. Hydrodynamic Characterisation

2.3.1. Sample Preparation

The stock solution was prepared by dissolving 100 mg of freeze-dried powder (of isolated and
fractionated polysaccharide) in 10 mL of water followed by dialysis in 0.1 M of phosphate buffer
saline (PBS: Na2HPO4.12H2O, KH2PO4, NaCl), pH 7.0 (Green, 1933). The sample concentration was
measured using an Atago DD-7 refractometer (Atago, Japan); dn/dc of 0.146 mL/g [20]. Stock solutions
at 2.0 mg/mL were prepared for analysis of each.

2.3.2. Intrinsic Viscosity

Relative viscosities of all samples in solution (relative to solvent) were measured using an Ostwald
viscometer. The flow times were recorded at 20.00 ± 0.05 ◦C. From the solution/solvent flow-time ratio,
the kinematic relative viscosity was obtained. Because of the low concentrations used, a correction
for density effects was deemed negligible and dynamic relative viscosities were approximated as
kinematic values: i.e., because of the low concentrations, a density correction was not necessary [21].
The intrinsic viscosity [η] was found by extrapolation to infinite dilution of the reduced and inherent
viscosities plotted against concentration to eliminate the effects of non-ideality using the Huggins and
Kraemer equations, respectively.

ηred = [η](1 + KH[η]c) (1)

(lnηrel)/c = [η](1−KK[η]c) (2)

where c is the concentration, KH and KK are the Huggins and Kraemer coefficients, repectively.
The Solomon-Ciuta equation was used as an additional check [21].

[η] =
[2(ηrel − 1) − 2ln(ηrel)]

1/2

c
(3)

2.3.3. Sedimentation Velocity

A Beckman Optima XL-I analytical ultracentrifuge (Indianapolis, Indiana, USA) was used to
perform sedimentation velocity experiments. Solutions were centrifuged at 40,000 rpm (~120,000 g)
at a temperature of 20.0 ± 0.1 ◦C for 12 h. Data were analysed using the c(s) algorithm of Dam and
Schuck [22], chosen over g(s) because of the low s-values (and poor resolution from the air/solvent
meniscus).

Sedimentation coefficients, s (in Svedberg units, 1 S = 10−13 seconds), were corrected to standard
solvent conditions (density and viscosity of water at 20.0 ◦C, van Holde, 1971), and then a plot of
1/s20,w vs. c (corrected for radial dilution) was plotted and fitted to the Gralen equation

(1/s20,w) = (1/so
20,w) (1 + ks c) (4)

where ks is the Gralen coefficient, to yield the non-ideality corrected so
20,w from the reciprocal of

the intercept.

2.3.4. Sedimentation Equilibrium

The Beckman Optima XL-I analytical ultracentrifuge was also used to perform sedimentation
equilibrium experiments to obtain the weight average molecular weights Mw (in kDa). The loading
amount of sample and reference solvent solutions was 80 µL. Solutions were centrifuged at 10,000 rpm
(~8000 g) at a temperature of 20.0 ± 0.1 ◦C for 72 h. Data acquired from the experiment were analysed
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using the SEDFIT-MSTAR program (Bethesda, Rockville, MD, USA) [23]. A partial specific volume
of 0.65 mL/g was used. To minimize the effects of thermodynamic non-ideality, the lowest possible
loading concentration was employed (0.4 mg/mL), and results for the apparent point weight average
molar masses Mw,app(r) as functions of radial position r in the ultracentrifuge extrapolated to zero
concentration c(r) = 0.

2.3.5. MSM Estimates

Estimates of the Scheraga-Mandelkern molecular weights, MSD, were also made from s20,w, and
[η]. This approximate transport-based method is based on the relative invariance with the shape of a
parameter β (2.1–2.5 for most conformations) and gives an average molar mass between that of the
number and weight averages [21,24].

MSM = [(NA.so
20,w·[η]1/3

·η0)/β(1 − υρ)·1001/3]3/2 (5)

where NA is Avogadro’s number, ηo is the viscosity of water at 20.0 ◦C, υ is the partial specific volume,
and ρo the density of water at 20.0 ◦C. A value for β of (2.3 ± 0.2) × 106 was taken.

2.3.6. Conformational Flexibility

For an estimate of chain flexibility, we can use the persistence length, Lp, which has theoretical
limits of 0 for a random coil and∞ for a stiff rod. Practically the limits are ~1–2 nm for a random coil
and ~200–300 nm for a very stiff rod-shaped macromolecule.

We use the MULTI-HYDFIT algorithm of Ortega and Garcia de la Torre (2007) [25,26] to estimate
Lp. The method combines the Bushin–Bohdanecky equation [27,28].

(
M2

w

[η]

)1/3

= A0MLφ
−1/3 + B0φ

−1/3
(

2Lp

ML

)−1/2

M1/2
w (6)

where φ is the Flory-Fox coefficient (2.86 × 1023 mol−1) and A0 and B0 are tabulated coefficients, and
the Yamakawa–Fujii equation [29]

s20, w0 =
(ML − vρ0)

3πη0NA
×

1.843
(

Mw

2MLLp

)1/2

+ A2 + A3

(
Mw

2MLLp

)−1/2

+ . . .

 (7)

where A2 is −ln(d/2Lp), with d as the chain diameter and A3 = 0.1382 [30]. MULTI-HYDFIT estimates
the best range of values of Lp and ML based on minimisation of a target function ∆. An estimate for the
chain diameter, d, is also required but extensive simulations have shown that the results returned for
Lp are relatively insensitive to the value chosen for d which was fixed at an average of ∼0.8 nm [30,31].

2.4. Complement Fixation

Complement fixation assay was carried out to identify the bioactivity of the fractionated
polysaccharide. Method B of Michaelson was followed [32].

Fractions (NJBTF1, NJBTF2, and NJBTF3) were incubated with human serum (the complement
source) in order to identify their influence on the human complement system. It was expected that the
addition of polysaccharide fractions could either inhibit or activate the complement factors. In both
conditions (activation/inhibition), complement activity was depleted and inhibition of lysis occured.
Inhibition of the lysis induced by the polysaccharide sample in the haemolysis inhibition system was
used to measure the ICH50 (the concentration of the polysaccharide samples required to induce 50%
lysis). BPII, a polysaccharide fraction from Biophytum petersianum, was used as a positive control.
The inhibition of lysis was calculated using the formula [(Acontrol −Atest)/A control] × 100% [12]. A plot
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of the inhibition of lysis (%) against the concentration (µg/mL) of sample was constructed to identify
the concentration of the sample able to give 50% inhibition.

2.5. Methanolysis for Monosaccharide Composition Determination Using Gas Chromatography

The monosaccharide compositions were determined by gas chromatography of the trimethylsilylated
derivatives of the methyl glycosides obtained by methanolysis of the samples using 4 M HCl in anhydrous
methanol at 80.0 ◦C for 24 h [33]. Instrument used was Thermo scientific focus GC with Resttek–Rxi 5MS
(length: 30 m, diameter: 23 mm, thickness: 0.25µm) columns. Flow rate details are: Flow mode: pressure
control, Flow value: 1.4 mL/min, Flow nominal: 0.01 mL/min. The instrument had flame ionization
detector with H2 and splitt/splittles Injector (Split ratio 1:10). Helium gas (flow 0.70 bar with constant
pressure) was used.

2.6. GCMS and Linkage Determination

Derivatisation of polysaccharide was carried out [34]. Analysis (of the partly acetylated, partly
methylated alditols) was performed using 1 µL of aliquots by GC-MS (GC-8000 series instrument;
detector: fission instruments, MD800; column: factor FOUR™, VF-1 ms, injection temperature:
250.0 ◦C) [12]. The compounds at each peak were characterised by an interpretation of the retention
times and the characteristic mass spectra. The estimation of the relative amounts of each linkage type
was related to the total amount of each monosaccharide type as determined by methanolysis.

3. Results and Discussion

3.1. Intrinsic Viscosities

The results for the NJBTF fractions are compared in Figure 1 and Table 1. Encouragingly, consistent
results are obtained from the Huggins and Kraemer extrapolations and also from the Solomon-Ciuta
equation, with values of ~54, 34, and 23 mL/g for NJBTF1, NJBTF2, and NJBTF3 respectively, typical
for pectic types of polysaccharides although somewhat higher compared with those obtained from
other preparations [35,36].

Table 1. Intrinsic viscosity of C. moschata polysaccharide fractions.

[η]H (mL/g) [η]K (mL/g) [η]SC (mL/g)

NJBTF1 53.6 ± 1.3 53.6 ± 1.2 53.6 ± 1.3
NJBTF2 33.9 ± 0.6 34.0 ± 0.5 34.0 ± 0.6
NJBTF3 23.0 ± 0.7 23.0 ± 0.7 23.0 ± 0.7

± = standard error (and in other Tables below). [η]H: from Huggins extrapolation; [η]K: from Kramer extrapolation;
[η]SC: from Solomon-Ciuta equation. Obtained at a temperature of 20.0 ◦C, in M buffer (pH = 7.0, I = 0.1).
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Figure 1. Intrinsic viscosity plots of Curcurbita moschata polysaccharides (a) NJBTF1, (b) NJBTF2,
(c) NJBTF3. �: reduced viscosities, ηred, fitted by the Huggins equation; ∆: inherent viscosities, ηinh,
fitted by the Kraemer equation; •: Solomon-Ciuta estimates ([η]sc) with a linear extrapolation to c = 0.
Solvent: phosphate chloride buffer (pH 7.0, I = 0.1 M), temperature = 20.0 ◦C.

3.2. Sedimentation Coefficients and Distributions

The c(s) vs. s distributions are shown in Figure 2. It is clear that two (NJBTF1, 3) or three (NJBTF2)
discrete components are seen in the fractions, a feature commonly seen in preparations of some classes
of polysaccharide, even after fractionation [37].

Values of the weight average sedimentation coefficients for each component, s20,w (normalised to
standard solvent conditions, namely the density and viscosity of water at 20.0 ◦C), were obtained for
each component from SEDFIT [38] and shown in Table 2, along with the relative proportions of each
discrete component. These species were generally present at all concentrations and at the same weight
percentage (Table 2).

Extrapolation of the series of the reciprocal s20,w values, obtained at a series of concentrations of
the sample up to zero concentration, gave the weight average s 0

20,w for the polysaccharide (Figure 3).

Table 2. Sedimentation coefficients of C. moschata polysaccharide fractions.

Peak 1 Peak 2 Peak 3 Weight Average

so
20,w (S) wt frac (%) so

20,w (S) wt frac (%) so
20,w (S) wt frac (%) so

20,w (S)

NJBTF1 1.3 ± 0.1 81 3.5 ± 0.2 19 - - 1.7 ± 0.2
NJBTF2 1.3 + 0.1 93 2.9 ± 0.6 5 4.1 ± 0.8 2 1.4 ± 0.2
NJBTF3 1.2 + 0.2 83 1.7 ± 0.7 17 - - 1.3 ± 0.2

Samples in 0.1 M PBS, pH 7.0.
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3.3. Molecular Weights

Figure 4 shows the point weight average Mw,app(r) vs. c(r) plots from SEDFIT-MSTAR for the three
fractions. The lowest molecular weight fraction shows almost no change of Mw,app with concentration,
but the higher one shows an increase with c(r), indicative of some degree of self-association.
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(~0.8 fringes in the long path-length cells) was employed. Plots of point weight average molecular
weights Mw,app(r) in kDa vs. local concentration c(r) (in Rayleigh fringe units) as functions of radial
displacement, r, from the centre of rotation. Squares NJBTF1, Circles NJBTF2, Triangles NJBTF3.
Mw values (Mw,app) extrapolated to zero concentration = 92 ± 5 kDa (NJBTF1), 31 ± 2 kDa (NJBTF2),
and 19 ± 1 kDa (NJBTF3). Solvent: phosphate chloride buffer (pH 7.0, I = 0.1 M), temperature = 20.0 ◦C.

Table 3 shows the values extrapolated to zero concentration and are in the range of 19–90 kDa,
which are as expected from the corresponding intrinsic viscosity values (Table 1). This table also
compares the approximate MSM values obtained from the Scheraga-Mandelkern equation (Equation (5))
with Mw,app. As expected for a polydisperse system, the Mw values from sedimentation equilibrium
are > MSM [39].

Table 3. Molecular weights of fractions of the C. moschata polysaccharide.

Mw (kDa) MSM (kDa)

NJBTF1 90 ± 5 30 ± 4
NJBTF2 30 ± 2 20 ± 2
NJBTF3 19 ± 2 12 ± 2

Samples in 0.1 M PBS, pH 7.0. Weight average molecular weights, Mw , from sedimentation equilibrium. Loading
concentration is 0.4 mg/mL. Values extrapolated to c = 0, Scheraga-Mandelkern estimates MSM (<Mw for
polydisperse systems).



Polymers 2020, 12, 1650 10 of 16

3.4. Persistence Length

It is possible to combine the sets of viscosity-molecular weight values for each fraction with
sedimentation-molecular weight values for each fraction to obtain an indication of conformational
flexibility using the MULTI-HYDRO algorithm [26]: this algorithm is derived from a combination of
the Bushin-Bohdanecky (viscosity) and Yamakawa-Fujita (sedimentation) relations. Figure 5 shows
the results of the minimisation plot of the target function ∆ (values shown in the panel on the right),
which yields a value of Lp = 30 ± 20 nm. The large uncertainty is due to the (unavoidable) small
number of data points (3 sets of intrinsic viscosity-sedimentation, coefficient-molecular weight data,
corresponding to the 3 fractions, all of which are assumed to be part of a conformation series).
Despite this limitation, the data appears consistent with a semi-flexible conformation, typical for pectic
types of molecules [31]. For more precise conformation information, further data are required.
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3.5. Complement Fixation

Inhibition of red blood cell lysis induced by the polysaccharide fractions was used to measure the
ICH50 (which is the concentration of the polysaccharide samples required to inhibit 50% lysis) for all
polysaccharide fractions to detect biological activity against human serum.

The ICH50 of the control, NJBTF1, F2, and F3 were 4.3, 73, 270, and 469µg/mL, respectively, from the
plot of the fraction number against the concentration (µg/mL) (Figure 6). It was observed that all
fractions generated an immune response, and higher molecular weight fractions had higher bioactivity.
Fraction 1, with the highest molecular weight (MW), was the most active sample, followed by fraction
2, and 3 with the least. These results suggest that the bioactivity of the cucurbit polysaccharide is
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linked to their molecular weight. Similar association of molecular weight of dextran polysaccharide
and its immune response has been reported [40].

Polymers 2020, 12, x FOR PEER REVIEW 11 of 16 

 

BPII (control) NJBTF1 NJBTF2 NJBTF30

100

200

300

400

500

0 50 100 150 200 250-100

-50

0

50

100

150
 BPII
  Fraction 1
  Fraction 2
  Fraction 3

Pe
rc

en
ta

ge
 in

hi
bi

tio
n 

of
 h

em
ol

ys
is 

(%
)

Concentration (μg/ml)

 

 

C
on

ce
nt

ra
tio

n 
(μ

g/
m

l)

Fraction number

 

 

 

Figure 6. Dose-dependent activities of the C. moschata polysaccharide fractions (NJBTF1, 2, and 3) in 
the complement assay. BPII (Biophytum petersianum) was used as a positive control. Insert: includes 
the plot between percentage inhibition of hemolysis and concentration in µg for ICH50 calculation of 
BPII and NJBTF1, 2, and 3. 

3.6. Monosaccharide Composition and Linkages 

After extraction, fractionation, and collection of three respective fractions of the C. moschata 
polysaccharide, the monosaccharide composition of each fraction was determined using GC of the 
derived TMS-derivatives of the methylglycosides. This was followed by linkage analysis for the 
highest molecular weight fraction. The linkages were determined using GCMS on the alditols, which 
were partly acetylated and methylated. Monosaccharide analysis showed the major component of all 
fractions was an acidic monosaccharide, galacturonic acid (Table 4). NJBTF1 had glucuronic acid and 
a high proportion of neutral monosaccharides, including glucose and rhamnose. 

Table 4. Percentage of a SINGLE sugar related to the total amount of sugar obtained through gas 
chromatography. Tr = trace amount. 

  NJBTF 1 NJBTF 2 NJBTF3 

Neutral monosaccharides 

Arabinose 3.6 4.4 2.8 
Rhamnose 11.7 4.8 2.8 

Fucose tr 1.2 1.3 
Xylose - 0.4 0.2 

Galactose 5.0 5.4 5.0 
Glucose 11.4 8.8 13.1 

Acidic monosaccharides 
Glucuronic acid 7.3 - - 

Galacturonic acid 61.0 75.0 74.8 

In addition to galacturonic acid, NJBTF2 and NJBTF3 also contained neutral sugars. Glucuronic 
acid was not detected in these two fractions. The monosaccharide composition is in contrast with 
other studies performed on the unfractionated C. moschata polysaccharide [41,42]. The differences 
could be attributed to sensitivities in detection, as well as growing conditions and cultivation. 

For linkage determination (Table 5), the higher molecular weight fraction (NJBTF1) was selected 
based on the observation that this fraction had the highest bioactivity. The linkages observed in the 

Figure 6. Dose-dependent activities of the C. moschata polysaccharide fractions (NJBTF1, 2, and 3) in
the complement assay. BPII (Biophytum petersianum) was used as a positive control. Insert: includes the
plot between percentage inhibition of hemolysis and concentration in µg for ICH50 calculation of BPII
and NJBTF1, 2, and 3.

3.6. Monosaccharide Composition and Linkages

After extraction, fractionation, and collection of three respective fractions of the C. moschata
polysaccharide, the monosaccharide composition of each fraction was determined using GC of the
derived TMS-derivatives of the methylglycosides. This was followed by linkage analysis for the highest
molecular weight fraction. The linkages were determined using GCMS on the alditols, which were
partly acetylated and methylated. Monosaccharide analysis showed the major component of all
fractions was an acidic monosaccharide, galacturonic acid (Table 4). NJBTF1 had glucuronic acid and a
high proportion of neutral monosaccharides, including glucose and rhamnose.

Table 4. Percentage of a SINGLE sugar related to the total amount of sugar obtained through gas
chromatography. Tr = trace amount.

NJBTF 1 NJBTF 2 NJBTF3

Neutral
monosaccharides

Arabinose 3.6 4.4 2.8
Rhamnose 11.7 4.8 2.8

Fucose tr 1.2 1.3
Xylose - 0.4 0.2

Galactose 5.0 5.4 5.0
Glucose 11.4 8.8 13.1

Acidic
monosaccharides

Glucuronic acid 7.3 - -
Galacturonic acid 61.0 75.0 74.8

In addition to galacturonic acid, NJBTF2 and NJBTF3 also contained neutral sugars. Glucuronic acid
was not detected in these two fractions. The monosaccharide composition is in contrast with other studies
performed on the unfractionated C. moschata polysaccharide [41,42]. The differences could be attributed
to sensitivities in detection, as well as growing conditions and cultivation.
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For linkage determination (Table 5), the higher molecular weight fraction (NJBTF1) was selected
based on the observation that this fraction had the highest bioactivity. The linkages observed in the
polysaccharide during this study contained (1→4) linked galacturonic acid and (1→2) linked rhamnose.
The basic structure was pectin-like [43].

Table 5. Pectic and levan linkages obtained from GC-MS from the cucurbit polysaccharide fractions.
Retention time is the elution time of the partly acetylated, partly methylated alditol acetates, obtained
during the methylation process. “T” refers to the terminal monosaccharide.

Polymer Retention
Time (min)

Primary Fragments-Mass
to Charge Ratio (m/z) Identity of Origin Relative Amount

PECTIN

12.99 45, 118, 161 T-Araf 3.0
13.91 118, 131, 162, 175 T-Rha 1.8
14.64 118, 131, 162, 175 T-Fuc Tr.
15.34 45, 190, 161 1,2 Araf 0.3
15.40 45, 118, 233 1,3-Araf 0.5
16.19 118, 189 1,5-Araf Tr.
16.23 131, 190, 1,2-Rha 7.7
17.28 47, 118, 162, 163, 207 T-GlcA 1.0
17.83 47, 118, 162, 163, 207 T-GalA 2.0
18,37 131, 262 1,2,3-Rha 1.8
18.47 118 1,3,5-Araf 0.4
18.58 190, 203 1,2,4-Rha 2.0
19.73 47, 118, 162, 235 1,4 GalA 65.9
19.89 47, 118, 162, 235 1,4 GlcA 1.8
20.13 45, 118, 161, 234, 277 1,3-Gal 3.0
21.07 118, 162, 189, 233 1,6-Gal 0.3
21.88 47, 190 235 1,2,4-GalA 0.8
23.33 118, 189, 2234 1,3,6-Gal 2.3

LEVAN

16.16; 16.32 45, 161, 162 T-Fruf 18
17.28 45, 118, 161, 162, 205 T-Glc 1

19.37; 19.55 45, 162, 189 2,6-Fruf 245
22.61 189, 190 1,2,6-Fruf 16

The alternating (1→4) linked galacturonic acid forms the smooth region or the linear backbone
of the pectin and (1→2,4) linked rhamnose may form the hairy region of the pectin (type 1
rhamnogalacturonan). The presence of (1→3,6) linked galactose and arabinose suggests the presence of
the arabinogalactan type II (AGII) side chain. These neutral sugars may be attached to RG-I as complex
neutral side chains of arabinogalactans on position 4 of rhamnose and give rise to the so-called “hairy”
region. A trace amount of xylose, another neutral sugar found in pectins [44,45], is also present.

Detection of a high amount of 2,6-Fruf and 1,2,6-Fruf indicated the presence of levan in the
cucurbit with a highly branched structure (Table 5). It was not possible to identify the presence of
fructans by GC using methanolysis. Methanolysis would have destroyed the fructan, and thus fructose
could not have been detected with this method; only the glucose present in the fructan would be found.
Methylation, on the other hand, does not have this limitation, hence the GCMS results revealing the
undetected fructan and the type of linkages present.

Bacterial levan has been reported to elicit a bioactive response [46]: explicitly antidiabetic
responses [47]. However, the presence of naturally occurring fructans in angiospermic plants is
uncommon [48], and mostly only transgenic angiosperms contain fructans [49]. Nevertheless, in the
present study, we have identified the presence of this rare non-pectin sugar along with pectin in the
C. moschata polysaccharide. Hence, we propose that the presence of levan and pectin-like ingredients
together could have contributed to the elevated level of bioactivity of NJBTF1 not seen to such a level
in other fractions. In order to confirm the presence and proportion of levan in the total sample, further
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characterisation studies will be carried out using complementary methods such as NMR and FTIR in
our laboratory.

4. Conclusions

The polysaccharide from C. moschata was extracted and analysed in unfractionated and
fractionated samples.

Sedimentation velocity and equilibrium methods identified structural changes in the polysaccharide
of C. moschata before and after fractionation. Changes observed in S, M, and [η] reflected variations
in conformation upon fractionation. It is predicted that the polysaccharide from C. moschata has a
semi-flexible coil conformation, although further data are necessary to confirm this prediction.

It was observed that the C. moschata polysaccharide was rich in galacturonic acid, rhamnose,
and arabinose, as well as fructans. The highest molecular weight fraction (NJBTF1) also exhibited
the highest bioactivity. Based on the immunogenic responses obtained as part of this study, it is
anticipated that the polysaccharide obtained from C. moschata has the potential to be developed into a
therapeutic agent.

It was revealed through GCMS analysis only that the levans (2,6-Fruf and 1,2,6-Fruf ) are also
present in NJBTF1 in addition to pectin. Our study confirms for the first time that levans, detected
through GCMS, have been isolated from the pulp of cucurbit family. This finding offers a new horizon
for levan-based phylogenetic research.
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Abbreviations

C (g/mL or Rayleigh fringe units), concentration
ICH50 concentration of the polysaccharide samples required to inhibit 50% lysis
Lp persistence length (measure of flexibility) (cm)
Mw,app, apparent weight-average molecular weight (Da)
Mw weight average molecular weight (Da)
MSM Scheraga-Mandelkern molecular weight (Da)
ML mass per unit length (Da. cm−1)
NJBTF1 fraction 1 (high molecular weight fraction)
NJBTF2 fraction 2 (medium molecular weight fraction)
NJBTF3 fraction 3 (low molecular weight fraction)
H viscosity (Poise)
[η] intrinsic viscosity (ml/g)
υ partial specific volume

s20,w
weight average sedimentation coefficient, normalised to standard solvent conditions
(density and viscosity of water at 20.0 ◦C)

so
20,w, s20,w corrected for non-ideality (extrapolation to c = 0)
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