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Abstract

Pectin, an amphipathic polysaccharide, which is inherently found in plants, has gained tremendous
research interest in the development of novel biomaterials for applications in the food and
pharmaceutical systems. Consequently, this research study aimed to extract and assess the
characteristics of pectin from fresh and dried Hyphaene thebaica fruits. Pectin was extracted from the
pericarps and mesocarps of fresh and dried H. thebaica fruits using ammonium oxalate solution and a
deep eutectic mixture made up of 10% choline chloride and ethylene glycol (1:2). The results revealed
that the lyophilic H. thebaica fruit pectin extracts, exhibited thixotropic character and were unstable in
alkaline medium with physicochemical properties; yield (18.49%0.65-28.11+1.33 %), moisture content
(1.34£0.03-2.36£0.21 %), ash content (1.12+0.07-2.14£0.06 %), bulk density (0.04+0.02-0.18+0.05
gem3) and pH of point zero charge (4.2+0.4-6.4+0.2). The chemical components; methoxyl content
(6.58-8.83 %), anhydrouronic acid content (60.99-69.11 %) and degree of esterification (60.93-84.22
%) of the anionic polysaccharides were consistent with their intrinsic viscosities (1.23-2.14 cm3g1),
equivalent weights (549.91-883.19 gmol) and viscosity average molecular weights (675.0835-
1024.5369 gmol). Fresh mesocarp pectin extracted with ammonium oxalate (FMAMO) and dried
pericarp pectin extracted with deep eutectic mixture (DPCCE) showed maximum and minimum
swelling behaviors respectively. Dried pericarp pectin extracted with ammonium oxalate (DPAMO)
and fresh mesocarp pectin extracted with deep eutectic mixture (FMCCE) presented as slow and rapid
set-gel pectins. FMICCE and DPAMO pectin extracts demonstrated the lowest and highest syneresis
in protein stabilization respectively. The dried H. thebaica hydrocolloid pectin extracts were more
sensitive to calcium. The fresh H. thebaica pectin extracts showed lower retrogradation tendency. This
study did provide insights on the physicochemical properties of pectin implicit in H. thebaica fruit and
presented the fruit as an alternative source of food and pharmaceutical grade pectin.
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INTRODUCTION

Hyphaene thebaica is a member of the mint family Arecaceae palm plant, with rich distribution
in the arid and semi-arid regions and present in the mediterrain basin (Sabre et al., 2022; Inuwa
et al., 2024). Doum palm is a dioecious palm, that grows up to 17 m high, with girth trunk of
up to 90 cm and has tufts of large fan shaped leaves, which measure about 120 cm x 180 cm at
the ends of the branches (Sabre et al., 2022). The female trees produce oval large fibrous fruits
with gingerbread flavour, each with single seed, that remains on the tree and not readily
blown away by wind (Islam et al., 2022). H. thebaica plant thrives in rocky hillsides, wadis and
oasis; it disapproves of marshy soils and shows extreme resistance to destructive bushfires,
it's known by the Hausas in Northern-Nigeria and Southern Niger as “Goruba” and popular
among children, as they gnaw its glossy sweet pericarp with the sour fleshy pulp as a whole
(Inuwa et al., 2024).

Traditionally, its pulp is roasted with sugar and made into a cold summer drink or boiled in
excess water, to produce a flavored drink as a therapy for common cold and as laxative to
promote bowel movement (Sabre et al., 2022). In South-Eastern Niger, its fruit pulp is known
as “Bri” and a thin fried cake known as “Massan Bri” made from millet and the pulp of doum
palm fruit is a famous delicacy (Islam et al., 2022). H. thebaica fruit can be consumed fresh or
dried and the pericarp and mesocarp of the dried fruit processed as a whole into powder for
food admix or formulated in to a local beverage for regulation of blood sugar and body mass
index (Inuwa et al., 2024).

Pectin is a gargantuan complex anionic heteropolysaccharide, ubiquitous to plants;
structurally its backbone consists of methylated D-galacturonic acid, which can be altered by
extraction conditions and preliminary treatment of the parent plant biomass (Shahin et al.,
2023). The a-D-galacturonate units in this biopolymer are joined by a-(1-4) and p-(1-2), with
a-(1-4) linkages forming the primary chain (Inuwa et al., 2024). The linear stereochemistry of
this polyhydroaldehyde is attributed to the-(1-4) linkage, which occurs between vicinal
hydroxyl groups on C-1 and C-4 of the ring galacturonic acids monomers (Shamandy and
Saad, 2022; Karya et al., 2023). Based on the degree and type of substitution on the biopolymer
chains, pectin are grouped as; homogalacturonan, rhamnogalacturonan I and
rhamnogalacturonan II (Morales-Medina et al., 2022).

The chemical components of this dual nature heteropolysaccharide differs between plants and
within plants parts of a particular plant, and can be broken down by pectinase and esterase-
type enzymes during fruit ripening (Spenie and Oroian, 2022). Hydrocolloid pectin from
various sources differs in their gelling ability, molecular size and degree of esterification,
occasioned by extraneous factors especially; type of extraction medium, temperature and
pressure during extraction, which also determines their surface, emulsifying, stabilizing and
coating properties (Spenie and Oroian, 2022; Xie et al., 2023). This white or light brown
powdery hydrocolloid finds wider application in recipes for jam, jellies, marmalades, as a
gelling agent, removal of heavy metal from biological systems and for encapsulation of
thermo-labile ingredients in food and pharmaceutical formulations (Khider et al., 2022; Said
et al., 2023).

Scholarly, research reports on hydrocolloid pectin from agro-based biomass have been
documented; trends in green and novel methods of pectin extraction and modification (Basak
and Annapue, 2022), Hydrogel derived from water hyacinth and pectin from banana peel as
a membrane layer (Elma et al.,, 2023), extraction and characterization of pectin from citrus
fruits (Twinomuhwezi et al., 2023), recent advances in the extraction of pectin from various
sources (Riyamol et al., 2023) and optimization of microwave-ultrasound-assisted extraction
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(MUAE) of pectin from fruit peels using natural deep eutectic solvents (NADES) (Yuksel et
al., 2024). Technical grade pectin in the market comes in two variants; liquid form containing
4% pectin concentration and dry powdered pectin containing a mixture of pectin and sugar,
both with broad applications in pharmaceutical and food formulations (Basak and Annapue,
2022; Riyamol et al., 2023).

However, commercial sources of pectin have been limited to citrus peels and apple pomace
globally, notwithstanding the natural occurrence of this soluble gelatinous polysaccharide in
the tissues of a number of tropical and sub-tropical fruits. Consequent upon this and the ever-
increasing demand for high grade hydrocolloid pectin with distinctive features for new
applications, it's imperative to explore and valuate the worth of this polyhydroaldehyde-
based complex biopolymer implicit in non-conventional fruits. Accordingly, this research
study aimed to extract and characterize hydrocolloid pectin from the pericarps and mesocarps
of fresh and dried Hyphaene thebaica fruits.

MATERIALS AND METHODS

Reagents

Whey protein isolate (Sigma-Aldrich) was purchased, with manufacturer assay: 98.1 wt. %
protein, 1.5 wt. %, ash, 0.4 wt. % fat and 3.2 wt. % moisture. Other reagents/chemicals were
supplied by Merck and used without further purification.

Collection of Hyphaene thebaica fruit

Fresh H. thebaica fruits were collected from an orchard in Dabai, Zuru Local Government Area
of Kebbi State and transported in plastic containers to the chemistry laboratory, of the Federal
University of Agriculture, Zuru.

Pretreatment and preparation of H. thebaica fruit

The fruits were washed under a running tap to remove foreign matter and portioned into two
parts. The pericarp and mesocarp of the first portion (fresh fruit) was peeled off separately
with a stainless steel knife (previously steeped in methanol and rinsed with distilled water to
sterilized its blade), chopped in to smaller piece and blended with a binatone food blender
(BLG-650) (previously steeped in methanol and rinsed with excess distilled water to sterilized
its blade). The second portion of H. thebaica fruit was air-dried under shade for two weeks (14
days), after which the pericarp and mesocarp were peeled off separately with a stainless steel
knife, chopped in to smaller piece and blended with a food blender. All the samples were
treated with 85% isopropanol at 50°C for 15minutes (Riyamol ef al., 2023; Yuksel et al., 2024),
packed into plastic cups and stored in a refrigerator at -20°C (Inuwa et al., 2024) prior to pectin
extraction.

Extraction and characterization of H. thebaica fruits pectin

The methods described by (Basak and Annapue, 2022; Riyamol et al., 2023; Yuksel et al., 2024)
were used with slight modifications. Two extraction protocols were used; 2.0 g each of sample
was weighed into two 1 litre volumetric flasks respectively, to the first flask 500 ml 0.25%
ammonium oxalate solution was added and its pH adjusted to 3.0 with oxalic acid and to the
second flask, 500 mL 10% choline chloride with ethylene glycol (1:2) (deep eutectic solvents).
The flasks were mounted separately on a magnetic stirrer (stirred at 100 rpm), boiled at 80°C
for 90 minutes and allow to cool to ambient temperature. The mixtures were filtered with a
muslin bag and washed repeatedly with distilled water, until a whitish residue was left on
the cloth. The filtrate was further separated using a whatman No. 3 filter paper mounted on a
funnel; this secondary filtrate was coagulated with 95% ethanol to obtain precipitated pectin.
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The precipitate was washed thrice with acetone and isopropanol (2:1) and vacuum dried at
40°C. The pectin fractions were coded; FPAMO (pectin from fresh pericarp extracted with
ammonium oxalate), FPCCE (pectin from fresh pericarp extracted with deep eutectic
solvents), FMAMO (pectin from fresh mesocarp extracted with ammonium oxalate), FMCCE
(pectin from fresh mesocarp extracted with deep eutectic solvents), DPAMO (pectin from
dried pericarp extracted with ammonium oxalate), DPCCE (pectin from dried pericarp
extracted with deep eutectic solvents), DMAMO (pectin from dried mesocarp extracted with
ammonium oxalate) and DMCCE (pectin from dried mesocarp extracted with deep eutectic
solvents). The percentage yield of pectin for each extraction was evaluated as gram dried
pectin per gram experimental sample equation 1 (Yuksel et al., 2024);

Pectin yeild (%) _ weight of dried pectin sample x 100 (1)

weight of sample biomass

The moisture content and ash content were determined as outlined by (Riyamol et al., 2023)
using equation 2 and 3 respectively; all determinations were done in triplicate

. weight of pectin before drying—weight of pectin after dryin
Moisture content (%) = —2 /P 2l Ying_wetght of p ! Y79 %100  (2)
weight of pectin before drying
weight of chared pectin (ash
Ash content (%) = =2 ! L @h) 100 3)

weight of sample pectin

Qualitative analysis of H. thebaica fruits pectin extracts

The pectin samples were assessed for their colour via spectrophotometric method by
measuring how much light is absorbed at wavelength (Amax = 712 nm) in a double beam UV-
Visible spectrophotometer (UV-1280, Shimadzu, Japan) and compared with colour matching
standard algorithm (Pholsin et al., 2023; Panwar et al., 2023). The pH of point zero charge
(pHpzc) and bulk density (measured in triplicate) of the pectin samples were determined as
described by (Samuel et al., 2023). The solubility of H. thebaica fruit pectin extracts in alkaline
solution, cold and warm water were determined as described by (Taokaew, 2023).

Determination of equivalent weight, methoxyl content, anhydrouronic acid and degree of
esterification

The methods as described by (Bu et al., 2022; Said et al., 2023; Feng et al., 2023; Popov et al.,
2023) were used with slight modifications. 1 g of pectin sample was weighed into a 250 mL
volumetric flask and moistened with 5ml 95% ethanol. 1 ml 95% NaCl solution, 100 mL
distilled water and three drops of phenol red indicator were added to the flask. The flask and
its content were swirled gently to obtain a finely colloidal solution, which was titrated slowly
with 0.1 M NaOH to a pink coloration which persisted for one minute (Said ef al., 2023). The

equivalent weight was determined using equation 4;
weight of pectin sample (4)

Equlvalent Wel‘ght (‘g/ml) - volume of NaOH x molarity of NaOH

Methoxyl content was determined by adding 30 m1 0.2 M NaOH to the above titrated solution,
the flask was stopped with aluminum foil, homogenized (100 rpm for 45 minutes) and
allowed to stand for 20 minutes at ambient temperature. 2 mL 0.2 M HCI was added and the
solution titrated with 0.1 M NaOH to a pink coloration which persisted for one minutes.
Methoxyl content was evaluated using equation 5;

meq NaOH x molar weight of methoxyl group

Methoxyl content (%) = weight of pectin sample (mg) x 100 )
Molar weight of methoxyl group (CH50) = 31 gmol~

Anhydrouronic acid content was evaluated using equation 6;

Anhydrouronic acid content (%) = 176% 100 (6)

z
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Where 176 gmol- is the molecular weight of anhydrouronic acid and z determined (equation

7);
weight of pectin sample (mg)

z= )

- meq of alkali for free acid+meq of alkali for methoxyl

Degree of Esterification (DE) was evaluated as;
DE (%) _ 176 x methyl content (%) x 100

molar weight of methoxyl group x anhydrouronic acid content (%)

®)

Viscometry of H. thebaica fruit pectin

The intrinsic viscosities of the pectin samples were determined by means of their relative
viscosities. Pectin solutions of concentrations; 0.1, 0.2, 0.3, 0.4 and 0.5 g/mL were prepared
from each sample, and their relative viscosities determined (Samuel et al., 2025), as
represented in equation 11. The viscometer (Ostwald viscometer) was rinsed with methanol
and dried. Pectin sample solution was aspirated into the upper bulb of the viscometer. The
flow time for the solution to flow from the upper to the lower bulb was recorded with a stop
watch. Similarly, the efflux time for equal volume of 1% sucrose solution (reference standard)
was measured. The relative viscosity (n.) was calculated;

M = T (11)
0

[nr] = cK[n]? +[n] (12)

A plot of the relative viscosity [1,] against concentration (c) (Huggins plots) of pectin solution
gave a straight line with slope K[n]?, from which the intrinsic viscosity [n] was deduced. K, t
and t, are the instrument constant, flow time for pectin sample solution and flow time for
reference solution respectively. The viscosity average molecular weights of the pectin samples
were determined from the measured values of their intrinsic viscosities using Mark-Houwink-
Sakurada equation;

[77]: KI(Mv)a (13)

Where M, is the viscosity average molecular weight, K and a are the Mark-Houwink-
Sakurada constants taking as 0.0226 cm3/ g and 0.8215 respectively, for Pectin-acetone at 30°C
(Popov et al., 2023).

Determination of swelling capacity of H. thebaica fruit pectin

The method outlined by (Samuel et al., 2025) with slight modification was used to determine
the swelling capacity of the pectin samples. 0.5 g pectin sample was weighed into a 50 mL
previously weighed volumetric flask containing 10 mL distilled water and stopped with
aluminum foil. The flask was swirled gently, heated in a thermostatic oil bath at 85°C for 40
minutes, allowed to cool to room temperature and homogenized (100 rpm for 5 minutes) with
a magnetic stirrer. The experimental protocol was repeated at 45, 50, 55, 60, 65, 70, 75, 80 and
85 minutes. The swelling capacity was evaluated (equation 9);

Swelling capacity (%) = sz;lvlﬁ x100 )

W1 = weight of experimental pectin sample, W> = weight of sample after homogenization.

Determination of gelling capacity of H. thebaica fruit pectin

50 mL 95 wt. % pectin sample solution was used for each determination. The pectin solution
was measured into a 250 mL conical flask and stopped. The flask and its content was placed
on a magnetic stirrer set at 40°C and homogenized at 100 rpm. The viscosity of the solution
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increases with time, the time at which the magnetic ball became stationary, was recorded with
a stop clock as the gel time (Samuel et al., 2023). The determination was repeated at 50, 60, 70,
80, 90,100, 110 and 120°C.

Stabilization of protein by H. thebaica fruit pectin

0.5 wt. % of whey protein solution was prepared with milli-Q-water (Du et al., 2022) and the
pH adjusted to 4.0 with 0.2 M HCI. 50 mL of the protein solution was added to 50 mL 0.1 wt.
% pectin solution contained in a 250 mL volumetric flask and stopped. The mixture was
homogenized (1000 rpm for 30 minutes), pasteurized at 75°C for 10 minutes (Taokaew, 2023;
Ma et al., 2023) and stored in a refrigerator at 4°C for 24 h. The weight of the sediment as
percentage of the total weight was recorded. The experiment was repeated for 0.15, 0.2, 0.25
and 0.3 wt. % pectin solutions.

Measurement of calcium sensitivity of H. thebaica fruit pectin

The calcium sensitivity of H. thebaica fruit pectin samples were measured as described by
(Humerez-Flores et al., 2022) with slight modification. 50 mL of sample pectin solution was
measured each into two different 250 mL conical flasks and the pH adjusted to 2.0 with 0.2 M
HCI solution. 20 mL 0.2 M CaCl; solution was added to the first flask (experimental pectin
sample) and 20 mL NaO1sPs was added to the second flask (reference sample). 10.0 mL 1 M
NaOAC buffer (pH 4.7) was added to each flask and shaken vigorously for 5 minutes.
Viscosities of the experimental and reference samples were measured (Twinomuhwezi et al.,

2023) and calcium sensitivity was evaluated;
viscosity of pectin test sample

Calcium sensitivity = (10)

viscosity of pectinreference sample
Determination of freeze-thaw stability of H. thebaica fruit pectin
The freeze-thaw stability was measured as described by (Yuksel et al., 2024). 5 wt.% of H.
thebaica fruit pectin colloidal sample was heated in a PerkinElmer Rapid ViscoAnalyer
machine (RVA 4800) to 80°C at a rate of 4°C/min, held at this temperature for 10 minutes, then
cooled to 40°C at a rate of 4°C/min, and finally held at 40°C for another 10 minutes. 0.5 g each
of the pectin paste was weight into ten tubes, and the tubes were frozen in a refrigerator for
12 h. the tubes and their content was thawed at ambient temperature (28+2°C) for 4 h. The
water released from the thawed pectic polysaccharide was weighed after vortexing for 15
seconds and homogenized (2,500 for 5 minutes). Five cycles were accomplished and stability
of the pectin sample expressed as percentages of water separated.

Results and Discussion
Table 1: Yield and Physicochemical properties of H. thebaica fruit pectin

Pectin Properties
sample Yield (%) Moisture Ash content Bulk (pHpzc) Colour
content (%) (%) density
(g/cm’)
FPAMO 20.68+0.21 1.58+0.02 1.86+0.05 0.11+0.02 5.4+0.3 Dark brown
FPCCE 21.55+0.32 1.66+0.04 1.71+0.08 0.12+0.01 5.0£0.2 Brown
FMAMO 26.14+1.04 1.34+0.03 1.44+0.04 0.14+0.06 4.8+0.1 Sunset yellow
FMCCE 28.11£1.33 1.75+0.08 1.12+0.07 0.18+0.05 42104 Pale yellow
DPAMO 18.49+0.65 1.86+0.07 2.14+0.06 0.07+0.02 6.4+0.2 Dark Brown
DPCCE 19.82+0.75 2.36£0.21 2.08+0.09 0.08+0.01 6.0£0.5 Brown
DMAMO 24.11+1.81 1.94+0.09 1.48+0.05 0.05+0.01 5.9+0.4 Sunset yellow
DMCCE 25.7741.96 2.03+0.08 1.23+0.09 0.04+0.02 5.3+£0.5 Pale yellow

The yield and physicochemical parameters for H. thebaica fruits pectin are represented in Table
1. The results showed that the pectin yield (19.77£1.96-28.55+0.32%) for eutectic solvent,
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exceeded (18.11+1.81-26.68+0.21%) for ammonium oxalate, irrespective of the fruit part. This
suggests the hydrogen bonds donor and acceptor synergetic effects of the quaternary
ammonium salt and the alcohol respectively (Riyamol ef al., 2023), in the former solvent
admix, outrank the polyvalent character (Wu ef al.,, 2022), of the latter in extracting this
naturally occurring anionic polysaccharide present in the primary cell wall of H. thebaica fruit.
In addition, the respective pectin yields indicates the fresh H. thebaica fruit with higher value,
which may be attributed to the following; most plausible the proto-pectin implicit in the dried
matter, requires more time, for it hydrolysis, thermal scission of its bonds with co-solutes and
solubilization in the extraction medium as well, the drying protocol, may have aided the
ripening of H. thebaica fruit and later hydrolysis of this pectic polysaccharides present in the
pectin network of the cell wall owing to production of reductase pectinase enzymes. The
highest pectin yield (28.55%), in this study is higher than (24.38-26.75%) reported by other
researchers (Elma et al., 2023; Panwar et al., 2023), but lower than 37.1% reported by (Fangwei
et al., 2023). The lower moisture content for fresh H. thebaica fruit pectin extracts is suggestive
of better storage characteristics, as it could inhibit the readily degradation of the pectic
polysaccharide (Wu et al., 2022; Casalini and Giacinti-Baschetti, 2023). The marginal increase
in moisture content, recorded for dried H. thebaica fruit hydrocolloid pectin may be ascribed
to more water imbibitions of the hydrophilic moieties in the cellulose, hemicelluloses and
lignin-containing elements that coexist with the biopolymer, during the extraction process.
The lower ash content and higher bulk density as exhibited by pectin extracts from fresh H.
thebaica fruit indicate purer pectin with less inorganic matter. The lower pH at point zero
charge shown by pectin extracted from the mesocarps of dried and fresh H. thebaica fruits,
relative to their pericarps may be attributed to the elevated content of ascorbic acid residues
in the pulp of H. thebaica fruit (Inuwa et al., 2024), dissociation of this monoprotic acid in
aqueous phase, contributed to hydrogen ion concentration of the heteropolysaccharide
colloidal solutions. The colour of H. thebaica fruits pectin extracts, in variant with the
conventional white or light brown coloration for commercial pectin (Khider et al., 2022), may
be adduced to the presence of plastids and chromophores compounds (Zhang et al., 2022;
Pholsin et al., 2023) concomitantly extracted along with this biopolymer, thereby necessitate
further analytical seperatory techniques for sample purification.

Table 2: Constituent substance of H. thebaica fruit pectin

Pectin sample Chemical component
Equivalent weight =~ Methoxyl content Anhydrouronic Degree of
(g/ml) (%) acid content (%) Esterification (%)
FPAMO 809.81 7.16 65.89 78.71
FPCCE 854.22 7.26 66.49 80.18
FMAMO 872.15 8.51 67.81 82.02
FMCCE 883.19 8.83 69.11 84.22
DPAMO 549.91 6.58 60.99 60.93
DPCCE 598.04 6.84 61.44 61.66
DMAMO 639.04 6.92 62.52 62.62
DMCCE 678.22 7.02 63.04 67.11

The chemical components of H. thebaica fruits pectin are presented in Table 2. The equivalent
weights of the pectic macromolecules obtained from the mesocarps were higher than those
from the pericarps. Generally, the fresh fruits showed remarkable higher values compared to
the dried H. thebaica fruits pectin. Besides, the equivalent weight for H. thebaica fruits pectin
extracted with the eutectic solvent were greater than those for ammonium oxalate, which
suggest the chemical stability of the former was more effective in the extraction of higher
degree polygalacturonide kinetic chain. Moreover, the lower intrinsic pH of the deep eutectic
solvents extraction medium (Riyamol et al., 2023), facilitated the condensation of
oligosaccharides to a longer and more branched heteropolysaccharide chain, with reduced
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free acid content. The equivalent weights from this study are higher than those reported by
(Bu et al., 2022; Twinomuhwezi et al., 2023). Methoxyl (CHs;O) group, largely influenced
dispersibility of pectin in water, natural tendency for it to form gel and reduce the setting time
for this anionic polysaccharide (Mendez et al., 2023; Horvat et al., 2023). The methoxyl content
for H. thebaica fruits pectin (6.58-7.02%) and (7.16-8.83%) for the dried and fresh H. thebaica
fruits respectively, are lower than the range 10-12% for extracted pectin from some
conventional fruit peels (Riyamol et al., 2023). However, the lowest methoxyl value of 6.58 for
DPAMO pectin marginally greater than 6.50 for citrus limetta peels (Khider et al., 2022),
implies this H. thebaica fruit pectin is endowed with the lowest methylated linear
homogalacturonans chain (Humerez-Flores et al., 2022; Zhang et al., 2022; Riyamol et al., 2023),
and could find application as matrix for encapsulation of thermo-labile ingredients in the food
industry and as a promising benign biocompatible molecule for nasal medicine in
pharmaceuticals. The anhydrouronic acid content for H. thebaica fruit pectin varies between
(60.99-63.04%) and (65.89-69.11%) for dried and fresh fruits respectively. The component of
anhydrouronic acid is an index factor (Panwar et al., 2023), as a higher value indicates a better
quality pectin (Yuksel et al., 2024). In addition, the redox character, low volatility, low vapour
pressure, chemical stability and intrinsic catalytic effect (Riyamol et al., 2023), of the deep
eutectic solvents owing to the synergetic effect of the quarternary ammonium salt and alcohol
was more effective in the extraction of purer pectic polysaccharide from H. thebaica fruits.

Moreover, the substantial differences in anhydrouronic acid content for the dried and fresh
H. thebaica fruits emphasized, the importance of residual moisture in the biomass as a
contributory factor to the solubility of this complex heteropolysaccharide in the extraction
medium. The degree of esterification presents H. thebaica fruits pectin as high- methoxyl
pectin, attributed to greater than 50% methylated galacturonic acid unit (Song et al., 2023) on
the homogalacturonans chains albeit highest for FMCCE, which implies this pectic
polysaccharide has the highest degree of methylation and its stereochemistry consist of spatial
distributions of longer homogalacturonans chains with D-galacturonic acid monomer units
and branched xylogalacturonan, apiogalacturonan, rhamnogalacturonan 1 and
rhamnogalacturonan II (Khider et al., 2022; Riyamol et al., 2023). The presences of these
heterogeneous bounded natural sugars and a higher ratio of esterification of the
polygalacturonide, qualifies it more as an emulsifying agent and rich source of dietary fibre
(Du et al., 2022). Furthermore, the higher chemical components of pectin extracts recorded for
the deep eutectic solvents, relative to those for the polyvalent aluminum oxalate could be
ascribed to predispositions of the latter solvent to complexation with chromophore molecules
(Riyamol et al., 2023; Pholsin et al., 2023) and chelation of calcium present in the primary cell
wall of H. thebaica fruit (Zhang et al., 2022), as evidenced from the colour distinction of the
extracts (table 1).

Table 3: Intrinsic viscosity and viscosity average molecular weight of H. thebaica fruit
pectin

Pectin sample Parameter
Intrinsic viscosity (cm3/g) Viscosity average molecular
weight (g/mol)
FPAMO 1.45 983.3679
FPCCE 1.53 994.6755
FMAMO 1.88 1008.9604
FMCCE 214 1024.5369
DPAMO 1.23 675.0835
DPCCE 1.27 699.1527
DMAMO 1.31 716.3450
DMCCE 1.36 754.1680
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The viscometry (intrinsic viscosity and viscosity average molecular weight) of H. thebaica
fruits pectin are presented in table 3. The study presents FMCCE pectin extract with the
highest viscosity measurements, indicative of the presence of more longer
heteropolysaccharide chains, which contributed significantly to the solution viscosity,
coherent with its equivalent weight. This consistency, underscores the biopolymer with
inflexible molecular chains and proliferated intra-molecular hydrogen bonds, orchestrated by
adjacent CH;0 groups on the multimodal branched homogalacturonans chain, which resulted
in increased internal friction and molecular drag (Samuel et al., 2023), of the colloidal solution
to rheological flow. The intrinsic viscosity (1.45-2.14 cm3g) and viscosity average molecular
weight (983.3679-1,024.5369 gmol?) for the fresh H. thebaica fruit pectin are higher than 1.43
cmdgl and 981.6264 gmol! respectively, reported for pectin extract from citrus fruit
(Twinomuhwezi et al., 2023), but in range with 1.76 cm3g- and 1, 146.1521 gmol-! respectively,

for commercial pectin (Riyamol et al., 2023; Panwar et al., 2023).

Table 4: Qualitative assessment of H. thebaica fruit pectin

Pectin sample Parameter
Addition of Warming in water ~ Addition of 0.1M  Warming at 90°C
distilled water at at 90°C for 30 NaOH at room with 0.1 M NaOH
room temperature minutes temperature solution for 30
minutes
FPAMO Showed thixotropic ~ The colloidal Dark brown Precipitate
character suspension precipitate was dissolved with
dissolved with mild obtained creamy bubbles
effervescent
FPCCE Showed thixotropic ~ The colloidal Dark brown Precipitate
character suspension precipitate was dissolved with
dissolved with mild obtained creamy bubbles
effervescent
FMAMO Showed thixotropic  The colloidal Yellow precipitate  Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent
FMCCE Showed thixotropic ~ The colloidal Yellow precipitate  Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent
DPAMO Showed thixotropic = The colloidal Brown precipitate  Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent
DPCCE Showed thixotropic ~ The colloidal Brown precipitate  Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent
DMAMO Showed thixotropic ~ The colloidal Orange precipitate ~ Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent
DMCCE Showed thixotropic = The colloidal Orange precipitate  Precipitate
character suspension was obtained dissolved with
dissolved with mild creamy bubbles
effervescent

The amphipathic macromolecules, extracted from H. thebaica fruits, demonstrated thixotropic
behaviors indicative of rearrangements of the hydrophilic and hydrophobic groups on the
dual nature polyhydroxaldehyde chains in aqueous medium. The dissolution of these
hydrocolloids in water, with effervescence after 30 minutes, on warming at 90°C, suggest the
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thermal stress and pectic acid residue formed in situ (Wu et al.,, 2022; Song et al., 2023),
facilitated the fragmentation of the hygroscopic heteropolysacharide, which resulted in the
suspension of oligosaccharides, as evidenced by the turbid gel-like material. Furthermore,
the creamy gaseous bubbles librated, on heating the pectic polysaccharide in caustic soda
solution, could be ascribed to nucleophilic acyl substitution (Riyamol et al., 2023), whereby the
OH- from caustic soda solution act as a nucleophile, attacking the carbonyl carbon and
hydrolyzed the ester groups on the polygalacturonide to produced CO, (Twinomuhwezi et
al., 2023), consistent with the instability of this anionic complex polysaccharide in alkaline
medium.
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Figure 1: swelling capacity of H. thebaica fruit pectin

The swelling characteristics of H. thebaica fruit pectin extracts, irrespective of their extraction
medium increases with time. However, the pectin from fresh H. thebaica fruit showed higher
values accentuated for FMAMO, and indicate the preponderance of hydrophilic moieties in
this amphipathic polysaccharide, which readily form polyelectrolyte and weak organic acid
solution in aqueous media (Basak and Annapue, 2022; Twinomuhwezi et al., 2023), as the
residence time increases. Besides, this pectic polysaccharide will be more suitable for
compounding with other gum based polysaccharides to form hydrogel (Feng et al., 2023), right
for purpose as membrane for drug releases in a controlled manner. The lowest swelling
demonstrated by DPCCE, is instructive as it suggests the spatial distributions of hydrophobic
moieties in this heteropolysaccharide and revealed the biopolymer as a pliable biomaterial for
heavy metal sorption from aqueous media and an ideal bioresource for compounding with
polyunsaturated triglyceride molecules to produce oleogel as fat replacers or meat analogues
in the food industry. The increase in swelling with time for all the polyhydroxyl aldehyde
molecules is attributed to hydrogen-bond scission of vicinal groups (Basak and Annapue,
2022), which resulted in increased entropy of the biopolymer chain and more interaction of
their hydrophilic moieties with the aqueous phase. However, at 75 minutes the pectic
macromolecules attained equilibrium saturation after, which the swelling capacity decreases,

indicative of the biopolymer degradation via inversion reaction of the anionic polyelectrolyte
(Said et al., 2023).
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Figure 2: Gel time for H. thebaica fruit pectin

The gel time-temperature plots for the H. thebaica fruit pectin extracts are shown in figure 2;
the anionic polysaccharide showed a gel time largely dependent on temperature. Relatively,
the hydrocolloid pectin extracts from the fresh fruit showed lower gel-time albeit noteworthy
for FMCCE, which substantiate this biopolymer with a comparative higher viscosity average
molecular weight and the presence of more interlocked esterified heteropolysacharide chains
(Manzoor et al., 2022). Moreover, the molecular adducts in this pectic polysaccharide, is
largely made of xyloglucan polysaccharides consisting of linear chains of 1, 4-p-D-glucan
(Riyamol et al., 2023), which plays essential role by reducing the water content and stabilizing
the junction zones through hydrophobic interaction of D-galacturonic acid units (Manzoor et
al., 2022; Said et al., 2023). The remarkable decrease of 51.79 % in gel-time for FMCCE
compared to 12.54 % for DPAMO as temperature increases from 60°C to 70°C, connotes the
fresh mesocarp pectic polysaccharides extracted with deep eutectic solvents as rapid-set
proto-pectin (Said et al.,, 2023), thus endowed this polysaccharide with better spreading
quality and sugar binding capacity (Twinomuhwezi et al., 2023) and could find application as
matrix for uniform dispersal of ingredient in the preparation of marmalade. The highest gel
time for DPAMO implies slow gelation set-time for this heteromacromolcule, which suggest
the entrapped air-bubbles in this hydrocolloid rises to the surface of the colloidal solution
before gelation, indicative of a higher surface tension and present this polyelectrolyte as a
slow-set elastic gel (Manzoor et al., 2022; Said et al., 2023), suitable as pectin-based aerogels for
application in clear jellies and biosurfactants.
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Figure 3: Stabilization of H. thebaica fruit pectin by Whey protein

Stabilization of H. thebaica fruit pectin extracts are represented in figure 3, the dual nature
polysaccharides from the fresh fruit were more stabilized by whey protein molecules judging
from their low sedimentation recorded for the pectin-protein conjugates, consistent with the
experimental pH less than the isoelectric point (4.5) for whey protein (Du et al., 2022). This
suggest the H. thebaica pectin derived from the fresh fruit absorbs more onto the surface of the
charged protein molecules, occasioned by electrostatic interactions between this gargantuan
anionic polysaccharide and the positive charge whey protein molecules (Du et al., 2022; Popov
et al., 2023). The lowest percentage sediment for FMCCE at 0.15 wt. % H. thebaica pectin
concentration substantiate the composition of this amphipathic polysaccharide molecule with
less unesterified carboxyl groups and a greater tendency for this carbohydrate to form a
macromolecular loop with enhanced spatial stabilization (Said et al., 2023) and a
corresponding increase in viscosity of the lyophilic colloidal solution, as the hydrophilic and
hydrophobic groups self-assemble in water, forming micelles structures (Karya et al., 2023).

Furthermore, molecular recognition and interactions between the hydrophobic amino acid
residues of whey protein and the preponderant methoxyl group (Du et al., 2022) of the purer
polygalacturonide stretches with enhanced esterification (Table 2) provided better
thermodynamic compatibility and stability to this protein-polysaccharide complex
coacervate. Clearly, this colloidal stability demonstrated by the polyhydroxyaldehyde extracts
from fresh H. thebaica fruit, ascribed to the glycation of protonated a-aminocarboxylic group
of whey protein amino acids residue and the reducing end carboxyl group (Du et al., 2022),
from a technical point; stand them in good stead to preventing syneresis in acidified milk
drink and as superior candidates for pectin-protein stabilizers for oil-in-water (O/W), water-
in-oil (W/O) and multiple emulsion systems in food and pharmaceuticals formulations. In
contrast, the highest sedimentation recorded for DPAMO pectin within the H. thebaica pectin
concentration range, could be attributed to the reduced electrostatic attraction and greater
repulsive force (Du et al., 2022) between charged DPAMO pectic stretches, surrounding the
whey protein micelles. Generally, the lower methoxylated homogalacturonans chain and
higher percentage sediments shown by the dried H. thebaica fruit pectin extracts, characterized
this pectic polysaccharides as lyophilic colloid with psuedoplastic behavior (Karya et al., 2023),
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which brings to bear their utilization as suitable biomaterial to improve texture for low-fat
food products.

Table 5: Calcium sensitivity of H. thebaica fruit pectin

Pectin | FPAMO | FPCCE | FMAMO | FMCCE DPAMO | DPCCE | DMAMO | DMCCE
Sample

Value 1.13 0.76 0.69 0.61 1.41 1.34 1.28 1.22

The calcium sensitivity for the pectin extracts are shown in table 5, the higher sensitivity of
dried H. thebaica fruit pectin to the metal ion albeit greater for DPAMO shows that the
polyhydroxy aldehyde backbone in these pectic polysaccharides is more endowed with
anionic carboxylate groups, which interacted with the divalent metal ion (Ca2*) to form a more
crosslinked structure (Riyamol et al., 2023), with reduced pendant polyhydroxyaldehyde
chains jut out in to the aqueous phase and increase viscosity. Overall, the low values of
chemical components recorded for the heteropolysaccharides derived from dried H. thebaica
fruit (Table 2) and their higher moisture contents (Table 1), suggest these hydrocolloids are
more susceptible to partial degradation and production of labile hydrogen ion in-situ (Lee et
al., 2023), with the latter chemical specie as a catalyst (Du et al., 2022), responsible for the
substantial coordination of the alkaline metal ion on to these anionic amphipathic

olysaccharides.
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Figure 4: Freeze-thaw stabilities of H. thebaica fruit pectin

The freeze-thaw stabilities of the hydrocolloid pectin from H. thebaica fruit after five cycles are
shown in figure 4. The pectic carbohydrate extracts from the fresh fruit showed lower
percentage of water released, attributed to lower retrogradaton behaviors of these
biopolymers (Wang et al., 2023). This suggest, these anionic polysaccharides can readily
conjugate with low-density lipoprotein (Ma et al., 2023; Song et al., 2023), to produce hydrogels
applicable for regulated release of encapsulated bioactive molecules or production of xerogels
(Casalini and Giacinti-Baschetti, 2023), to maintain desirable texture, control rheological flow
and sensory properties in food products. The elevated content of water released from the
dried H. thebaica fruit derived pectin, is instructive, as it corroborate the porous and open
network structure of these dual nature biopolymers (Wang et al., 2023), which on
lyophilization could find application as cryogel (Said et al., 2023), or readily fabricated into an
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aerogel through a drying protocol (Song et al., 2023), which replaces the liquid within the
polymer matrix with air mass (Ma et al., 2023; Casalini and Giacinti-Baschetti, 2023). These
modifications could enhance the polymer surface area for rapid transfer of matter and credit
the polymer as an absolute thin porous material for drug delivery and wound dressing
applications.

CONCLUSION

The physicochemical properties of Hyphaene thebaica fruit pectin extracts from this study are
empirical and compare well with those for commercial hydrocolloid pectin. Consequent upon
the fact that the extraction conditions notably; temperature, time and pH are technically
attainable and the quaternary ammonium salt and alcohol solvent admix, a benign and
greener alternative with tunable properties, effectively extracted more refreshingly new
lyophilic pectin from fresh and dried H. thebaica fruits with auspicious potential. H. thebaica
fruit could serve as an alternative bioresource material to developing natural hydrocolloid
pectin with unique attributes for immense applications in food and pharmaceutical industries.
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