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ABSTRACT: This study investigated pectin's functional properties and bioactivities derived from the peel and the pulp
of the mangrove apple fruit, further elucidating its prospective bioactivity against metabolic syndrome through in vitro
assessments. The study exhibited a discernible disparity in functional properties and bioactivity between the two pectins
(sig < 0.05). The peel and pulp-derived pectins were classified under the high methoxyl pectin category and enriched
with flavonoid and phenolic compounds, further showcasing anti-diabetic potential. Such findings underscore the
potential of these pectins as therapeutic agents in managing metabolic syndrome.
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1. INTRODUCTION

In this research, the mangrove apple -endemic to tidal regions of mangrove forests, has drawn
attention due to its medicinal potential. Its fruit boasts a rich composition of bioactive compounds,
encompassing 67.67 mg of phenolic compounds (GAE/g), 37.06 mg of flavonoids (RE/g), and 5.41 mg of
carotenoids (BC/100g). Moreover, its impressive antioxidant capacities are evidenced by its DPPH activity at
98.32%, FRAP at 67.72%, ABTS at 91.24 mg/g, and an inhibition of acetylcholinesterase enzyme activity at
47.18% when observed at a concentration of 250 pg/ml [1]. Beyond its pharmacological merits, the
mangrove apple fruit, characterized by its nutritional value, sour flavor, and distinct aroma, has been
deemed fit for consumption, finding its way into a myriad of culinary applications [2]. In most cases, its pulp
undergoes processing, with its peel, rich in polysaccharides like pectin, often overlooked.

Pectin, a complex polysaccharide originating from plant cell walls, serves pivotal roles in the realms of
food, medicine, and biomedicine, attributable to its multifaceted functionalities: gelling, thickening, and
emulsifying, to name a few. Its inherent bioactive compounds further bolster its reputation, offering anti-
inflammatory, immunomodulatory, and antidiabetic advantages [3]. Embracing its status as a dietary fiber,
pectin's therapeutic potential for metabolic ailments such as diabetes mellitus is noteworthy. It demonstrates
capabilities to modulate blood glucose, ameliorate hyperlipidemia, and enhance insulin responsiveness,
particularly by steering protein expression within the PI3K/Akt signaling pathway [4]. Indeed, its broad-
spectrum bioactivity, including wound healing, antibacterial, cardioprotective, and antidiabetic properties,
makes pectin an indispensable component of natural therapeutic arsenals [5].

Pectin's structural and biochemical attributes exhibit distinctive variations contingent upon the origin
of the primary material, facilitating its adaptability across a myriad of applications [6]. Recognizing the
pervasive and multifaceted utility of pectin in sectors spanning food, beverage, and pharmaceuticals, there
emerges a pressing demand for alternative sources for its production. Conventionally, commercial pectin
extraction predominantly relies on the peels of oranges and apples. The presence of pectin in the pulp of the
mangrove apple has been identified, with a notable yield of 7.30% [7]. Yet, scholarly literature remains silent
on the potential pectin content within the peel of this fruit. Furthermore, the bioactive properties of pectins
derived from both the peel and pulp of the mangrove apple remain uncharted. Augmenting our
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understanding of the functional attributes and bioactivity of pectin from various mangrove fruits, with a
spotlight on the mangrove apple species, is pivotal. Such advancements would bolster the sustainable
harnessing of mangrove resources, ensuring they attain their full economic and functional potential. In light
of these gaps, the present study endeavors to juxtapose the functional properties and bioactivity potential of
pectin extracted from the peel and pulp of the mangrove apple fruit.

2. RESULTS AND DISCUSSION
2.1. Functional properties of pectins
2.1.1. Yield

The yield plays a pivotal role in the realm of pectin production, serving as an indicator of the
efficiency of the production process. In this study, the yield ranged from 7.23 to 21.05 wt%. Upon analysis,
the fruit peel pectin demonstrated a superior yield, surpassing the yield of fruit pulp pectin (Table 1). Such
findings resonate with the observations on pectin derived from persimmon peel, which exhibited a higher
yield, ranging from 7.2 to 9.1 wt%, when juxtaposed with the pectin procured from the pulp, which was in
the range of 4.7 to 6.2 wt% [8]. It is noteworthy that the pectin yield from the mangrove apple fruit pulp in
the present investigation aligns closely with the previous findings, with a reported yield of 7.66 wt% [9].

A statistical analysis employing the Independent Sample T-test revealed a discernible disparity
between the pectin yields from the peel and the pulp of the mangrove apple fruit (sig < 0.05). A plausible
rationale behind this difference might stem from the variation in the volume of the acid solution introduced
to the sample suspension to achieve an equal pH. As the sample suspension from the fruit's pulp had a
lower initial pH than its peel, it required less acid solution during the pH adjustment process, thus
predisposing the final volume of the extraction media. An inferior pectin yield might be attributed to
insufficient extraction media required to solubilize pectin compounds. The solid-to-liquid ratio in the pectin
extraction will have an impact on dissolution capacity, which ultimately determines the yield [10].

2.1.2. Ash content

Ash content serves as a pivotal quality marker for pectin, given its direct correlation with pectin's
purity. In this study, the ash content ranged from 0.87 to 1.45 wt%. A comparative assessment revealed that
fruit peel pectin registered the most elevated ash content, subsequently trailed by fruit pulp pectin (Table 1).
This analytical observation aligns with the previous findings, which documented an ash content of 1.45 wt%
in mandarin orange peel pectin [11].

Statistical scrutiny, utilizing the Independent Sample T-test, underscored a discernible discrepancy
between the ash content of pectin derived from the peel and the pulp of the mangrove apple fruit (sig <
0.05). This variation is conceivably attributable to the fruit peel's augmented concentration of inorganic
constituents relative to the pulp. The fruit peel, being the outermost protective layer, is inherently
predisposed to accumulate inorganic pollutants, thereby amplifying its ash content [12]. Echoing this
perspective, another posit articulated that the ash content serves as an indicator of the extent of inorganic
contaminants present in pectin. Such contaminants can potentially hinder the gelation process [13]. Notably,
the pectin evaluated in this study conforms to the standards set forth by the International Pectin Producers
Association, which stipulates an upper limit of 10% for ash content [14].

2.1.3. Water content

The water content of pectin stands as a crucial indicator of its quality, significantly influencing its shelf
life. In this study, the water content ranged from 16.55 to 20.25 wt%. Upon evaluation, the pectin derived
from fruit peels exhibited the most pronounced water content, while that from the fruit pulp (Table 1). In a
parallel vein, the substantial water content in bael fruit pectin, which was 16.66 wt%, has been identified
[15].

A statistical assessment conducted via the Independent Sample T-test discerned a notable variance in
the water content between pectin sourced from the peel and that from the pulp of the mangrove apple fruit,
(sig < 0.05). This discrepancy is arguably attributable to the differential volumes of acid solutions used
during extraction. Given that the fruit's pulp is intrinsically more acidic than its peel, the requisite volume of
acid solution to attain an equal pH would be comparatively reduced. Consequently, the amplified volume of
acid solution incorporated into the peel's sample suspension facilitates greater water retention within the
sample. It was reinforced by the fact that polysaccharides, endowed with hydrophilic hydroxyl groups,
manifest a robust propensity to bond with water [16].
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Regrettably, the pectin assessed in this investigation failed to align with the benchmarks stipulated by
the International Pectin Producers Association, which mandates a water content not exceeding 12% [14]. This
elevated water content can plausibly be ascribed to the suboptimal drying techniques employed.
Corroborating this, a present recorded a water content of 15.03% in orange peel pectin, hinting at the pivotal
role of the drying process's efficiency in determining pectin's final water content [17].

2.1.4. Equivalent weight

In this study, the equivalent weight ranged from 311.23-443.58 mg. The equivalent weight of pectin
from fruit peel was observed to be the higher than the pulp, as tabulated in Table 1. These findings surpass
the previous data reported, where the equivalent weight of pectin derived from pear skin oscillated between
119.73 mg and 155.00 mg. Such disparities in equivalent weights can be indicative of variations in pectin's
gelation capabilities [18].

A statistical analysis utilizing the Independent Sample T-test elucidated a significant difference in the
equivalent weights between pectin derived from the peel and the pulp of mangrove apple fruit, with a
significance level below 0.05. However, the pectin values from this study did not align with the stipulated
standards set by the International Pectin Producers Association, which prescribes an equivalent weight
ranging from 600-800 mg [14].

The diminished equivalent weights observed in both specimens can be attributed to an overly acidic
pH coupled with an extended extraction duration. A report posited that the equivalent weight corresponds
to the quantity of non-esterified galacturonic acid groups. A surge in acid concentration can precipitate a
decline in the equivalent weight. Furthermore, an overly prolonged extraction process might result in
decreased equivalent weight, stemming from the esterification of pectin [19]. Myriad factors can modulate
the equivalent weight of pectin. Elements such as pH, inherent acidity, and the quantum of free acid
inherent in pectin are instrumental, and these tend to diverge based on the provenance of the raw materials
[20].

Table 1. Functional properties of pectins from peel and pulp of mangrove apple fruit

Functional properties Peel Pulp
Yield 21.052 7.23b
Ash 1.50a 0.87v
Water 20.25a 16.55b
Equivalent weight 443.582 311.23b
Methoxyl 29.662 13.54b
Galacturonic acid 167.672 170.65b
Degree of esterification 80.862 57.51b

Different superscript letters following the numbers indicate significant differences (a<0.05)

2.1.5. Methoxyl content

In this study, the methoxyl content ranged from 13.54-29.66%. The methoxyl content in pectin sourced
from fruit peel was notably higher that the fruit pulp, as delineated in Table 1. These values notably exceed
the previous findings, which discerned that the methoxyl content in pectin derived from pumpkin skin
ranged from 6.20% to 7.23% [21]. An elevated methoxyl content is emblematic of enhanced thickening
capabilities [17].

A statistical evaluation utilizing the Independent Sample T-test revealed a significant disparity in the
methoxyl content between the pectin sourced from the peel and that from the pulp of the mangrove apple
fruit, achieving a significance level below 0.05. The pectin methoxyl content in this investigation conforms to
the benchmarks set by the International Pectin Producers Association, which mandates a methoxyl content
in excess of 7.12% for high methoxyl pectin [14]. This is corroborated by previous research, highlighting that
pectin extracted from mangrove apple fruit boasted a substantial methoxyl content, quantified at 10.64% [7].

High methoxyl pectin uniquely gels under conditions of pH less than 3.5, accompanied by sugar
concentrations exceeding 55%. In contrast, its low methoxyl counterpart achieves gelation within a pH
spectrum of 2-6, and interestingly, its gelling capacity remains unaffected by the presence or absence of
sugar [22]. In addition, high methoxyl pectin has etched its relevance in the food processing domain,
particularly within the confines of jam and jelly manufacturing, owing to its multifaceted functionality as a
gelling, emulsifying, stabilizing, and thickening agent [23].
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2.1.6. Galacturonic acid

In this study, the galacturonic acid ranged from 167.67-170.64%. The galacturonic acid content was
notably lower in the peel pectin, while the pulp manifested a slightly greater, as tabulated in Table 1. This
data resonates with the previous findings, which discerned that the galacturonic acid concentration in
mangrove apple fruit pectin oscillated between 111.14% and 311.07%. The provenance of the raw materials
plays a pivotal role in determining the variability of galacturonic acid content within pectin. Elevated
glucuronate levels are often a consequence of the intensified hydrolysis of protopectin into pectin. This
transition is modulated by an array of determinants encompassing pH, temperature, and the duration of
extraction [19].

A meticulous analysis using the Independent Sample T-test illuminated a significant discrepancy in
the galacturonic acid content between the pectin derived from the peel and that from the pulp of the
mangrove apple fruit, registering a significance value of less than 0.05. The pectin's galacturonic acid
concentration in this study met the threshold delineated by the International Pectin Producers Association,
which mandates a minimum of 35% [14]. The integrity and purity of pectin are intrinsically linked to its
galacturonic acid content, a factor of paramount significance when considering its applications in the
formulation of jams and jellies. For optimum performance, the galacturonic acid concentration in pectin is
advocated to be no less than 65% [24].

2.1.7. Degree of esterification

In this study, the degree of esterification ranged from 57.51-80.86%. The degree of esterification was
higher in pectin sourced from fruit peel than the pulp, as evidenced in Table 1. These findings are in
congruence with previous research, which reported a degree of esterification of 67.32% in pectin derived
from mangrove apple fruit [7]. The heterogeneity in the degree of esterification of pectin can be attributed to
myriad factors, including the habitat of the source, the botanical classification, and the specifics of the
extraction protocol [25].

A rigorous analysis utilizing the Independent Sample T-test revealed a statistically significant
disparity in the degree of esterification between the pectin derived from the peel and pulp of the mangrove
apple fruit, with a significance value below 0.05. The pronounced esterification levels observed in both
samples can likely be ascribed to an overly protracted extraction process. Fundamentally, the degree of
esterification offers insights into the abundance of methyl ester groupings within the pectin molecular
structure. Pectin boasting an esterification degree below 50% falls under the category of low methoxyl
pectin, whereas pectin with a degree surpassing 50% is typified as high methoxyl pectin. Intriguingly, the
maturation phase of the fruit plays a pivotal role in influencing the degree of esterification, with a more
mature fruit generally manifesting a diminishing degree of esterification [6]. It is heartening to note that the
pectin evaluated in this study comfortably meets the stringent benchmarks of the International Pectin
Producers Association, requiring a degree of esterification exceeding 50% for high ester pectin [14].

2.1.8. Functional group

The Fourier-transform infrared (FTIR) spectra derived from the peel and pulp of mangrove apple fruit
pectin are delineated in Figure 1. The absorption peaks evident in both pectin samples underscore the
stretching modes of O-H bonds inherent in the galacturonic acid polymer, manifesting prominently at a
wavenumber of 3425 cm™. This observation was corroborated by a report, which posited that vibrations
within the 3600-3400 cm™ range are indicative of the hydroxyl groups (-OH) in both sampled and
commercial pectin [26]. Simultaneously, the pectins exhibited stretching vibrations of -CH, at wavenumbers
2934 cm™ and 2922 cm. The finding was congruent with the previous report which stated that wavenumber
spanning 3000-2900 cm in pectin signal the C-H groups, elicited by the symmetric stretching vibrations of
CH, [27].

Further spectral analysis revealed the presence of free carbonyl ester groups (C=0) and COO at
wavenumbers 1745 cm™ and 1632 cm, respectively. A pronounced intensity within the absorption band
proximate to 1739 cm! corresponds to the asymmetric tension of the methyl ester carbonyl. Conversely, the
absorption band circling 1637 cm- mirrors alterations in the methoxylation degree, as deciphered from
symmetric tension vibrations in the carboxylate ion [8]. These observations resonate with the previous
findings, which identified absorption bands ranging between 1760-1745 cm™ and 1640-1620 cm™ in both
sampled and commercial pectin [28].
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Figure 1. FTIR spectrums of pectins from peel and pulp of mangrove apple fruit: A- fruit peel pectin; B-
fruit pulp pectin

Peaks discerned at 1458 cm™ and 1443 cm in the pectin from the mangrove apple fruit's peel and
pulp signify the CH3 methyl group. A previous present pinpointed -CHj stretching vibrations within the
1443 cm! absorption band in commercial pectin [29]. The absorption bands appearing at 1263 cm?, 1111 cm-
1, and 1012 cm? potentially signify the presence of -CH-O-CH- linkages in both pectin samples. The
stretching vibrations of C-O ester bonds are manifest within the spectral range of 1300-1000 cm! [30]. Lastly,
vibrations within the absorption band region proximate to 719 cm likely represent characteristic chemical
groupings in pectin. Absorption bands of medium intensity falling below 920 cm™ are emblematic of the
galacturonic acid molecule's structure, engendered by the vibrations of the C-O-C bond [31].

2.2. Bioactivities of pectins
2.2.1. Total flavonoid content

In this study, the total flavonoid content (TFC) ranged from 17.46-34.37 pg EQ/g. TFC was observed
to be the most abundant in fruit peel pectin. In contrast, the fruit's pulp exhibited a considerably lower TFC
value, as delineated in Table 2. This disparity suggests that the fruit's peel possesses a richer flavonoid
compounds reservoir than its pulp. In a corroborative study, citrus fruit peels harbor a heightened
concentration of flavonoid compounds relative to the pulp, which is instrumental in endowing them with
robust antioxidant properties [32].

An Independent Sample T-test discerned a statistically significant variance in the TFC of pectin
derived from the peel and the pulp of the mangrove apple fruit, with a significance level below 0.05.
Intriguingly, while pectin and flavonoids are distinct molecular entities, the flavonoids' presence within
pectin can be attributed to their interplay during the fruit's processing phase. Flavonoids are endogenously
present within plant cellular structures and do not typically associate with pectin compounds under natural
conditions. However, upon fruit processing, these flavonoid compounds are extricated from their cellular
confines, enabling them to associate with other molecular entities, including pectin. This association is
facilitated through a myriad of bonds such as noncovalent, hydrogen, hydrophobic, and ionic interactions
[33].

Elucidating this phenomenon further, a report revealed that pectin, when extracted utilizing the
acoustic cavitation technique, contains flavonoids and phenolic acids. These compounds predominantly
adhere to the pectin's surface, conferring upon it heightened biological activity [34]. It's pertinent to note that
the flavonoid content within pectin can be modulated by the presence of intermediary compounds, which
foster the bond between flavonoids and pectin. To exemplify, pectin samples infused with iron showcased
an enhanced affinity for binding to quercetin compared to their non-iron counterparts [35].

Table 2. Bioactivities of pectins from peel and pulp of mangrove apple fruit

Parameters Peel Pulp
Total flavonoid content (ug EQ/ g) 34.37a 17.46>
Total phenolic content (ug GAE/g) 694.452 583.33b
Antidiabetic activity (%) 28.832 80.38b

Different superscript letters following the numbers indicate significant differences (a<0.05)
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2.2.2. Total phenolic content

In this study, the total phenolic content (TPC) ranged from 583.33-694.45 ng GAE/g. The TPC in fruit
peel pectin was higher than the pulp (Table 2). These findings exceed a report, which underscored that
pectin derived from fruit waste exhibited a phenolic range of 2.08-4.67 ng GAE/g, encompassing
compounds such as gallic acid, benzoic acid, caffeic acid, and coumaric acid. The inherent antioxidant
prowess of phenolic compounds, capable of mitigating free radical activity, underscores their significance.
Even in diminutive quantities, the phenolic compounds encapsulated within pectin remain invaluable owing
to their potent biological activity [28]. An Independent Sample T-test has further discerned a statistically
significant discrepancy in the TPC of pectin obtained from both the peel and the pulp of the mangrove apple
fruit, with a significance level less than 0.05.

The observed diminished TPC in both types of pectin may be attributed to the suboptimal pH levels
during the extraction process. This hypothesis is substantiated by previous findings, which delineate that
pectin extracted from apple pomace under pH 2.5 conditions demonstrated a peak TPC of 12.98 mg GAE/g.
In stark contrast, a more acidic environment, pH 1.5, yielded a meager TPC of 2.16 mg GAE/g [36].
Furthermore, the pectin's molecular weight can significantly modulate its phenolic content. Pectin
characterized by a high molecular weight boasts an enhanced capacity to retain phenolic antioxidants within
its intricate matrix. A pronounced phenolic content in pectin can also manifest due to the simultaneous
extraction of phenolic compounds during pectin production [37].

2.2.3. Antidiabetic activity

Both peel and pulp-derived pectins exhibited antidiabetic activity (AA) at a concentration of 10
mg/ml, ranged 28.83-80.38%, as delineated in Table 2. Specifically, the pectin from the fruit pulp manifested
strong inhibition of a-glucosidase, whereas its counterpart from the peel demonstrated a comparatively
moderate inhibition. This pronounced difference in inhibitory capacity in the pulp pectin can likely be
attributed to the inherent variations in its chemical makeup and structural intricacies. An Independent
Sample T-test elucidated a statistically significant variance in the AA of the pectins sourced from the peel
versus the pulp of the mangrove apple fruit, as evidenced by a significance level of less than 0.05.

Pectin's constitution can be diverse, encompassing galacturonic acid and an ensemble of up to 16
distinct monosaccharides. The composition and structural arrangements of these elements hinge critically on
their source, ambient conditions, and the methods employed in processing. Such disparities invariably cast a
profound influence on the physiological and physicochemical attributes of pectin [38].
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Figure 2. The correlation between the concentration of pectin from mangrove apple fruit pulp and the
percentage of a-glucosidase inhibition and the correlation between the concentration of acarbose and the
percentage of a-glucosidase inhibition

Figure 2 graphically represents the correlation between the concentration of pulp pectin and the
corresponding percentage of a-glucosidase inhibition. Concurrently, it illustrates the relationship between
acarbose concentration and its inhibitory impact on a-glucosidase. With escalating concentrations of pulp
pectin, there was a commensurate surge in the inhibitory percentage, culminating in the curve equation y =
14.427 In(x) - 50.545. This trend mirrored that observed in acarbose, which yielded the equation y =
11.315In(x) + 73.917. Evaluating the antidiabetic potency of pulp pectin across a spectrum of concentrations
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yielded an ICsp value of 1.06 mg/ml. This inhibitory potential aligns with previous report, which spotlighted
the orange peel pectin's dual capabilities: glucose absorption and mixed-type non-competitive a-glucosidase
inhibition. During their in vitro antidiabetic evaluation, the pectin registered an ICsy value spanning 1.18-
2.52 mg/ml [39]. In stark contrast, the benchmark control acarbose showcased a more formidable ICsy,
pegged at 0.12 pg/ml. These revelations underscore the somewhat diminished antidiabetic prowess of
mangrove apple fruit pulp pectin vis-a-vis acarbose. Nonetheless, acarbose's effectiveness aligns with
adverse side effects in human gastrointestinal systems, so discovering alternative a-glucosidase inhibitors is
crucial [40]. It has been presented that pectins from mangrove apple fruit at a concentration of 10 mg/ml
exhibited a-glucosidase inhibition activity from moderate to strong. Thus, using pectin as a food additive
will provide additional benefits for human health, especially in managing metabolic syndrome.

3. CONCLUSION

The present study has effectively elucidated pectin's functional attributes and bioactivity derived from
the peel and pulp of mangrove apple fruit. It was ascertained that the peel-derived pectin has a higher
content than its pulp counterpart. Furthermore, salient differences in functional characteristics and
bioactivity profiles were evident between the two pectin varieties. However, when assessed against IPPA
benchmarks, the water content and the equivalent weight of the pectin fell short of the prescribed criteria.
Despite these limitations, the study discerned that both pectin specimens belong to the high methoxyl pectin
classification. Consequently, they hold promise as potential gelling agents, emulsifiers, stabilizers, and
thickeners in various applications. Additionally, the presence of bioactive compounds such as flavonoids,
phenols, and inherent antidiabetic activity suggests that they could be harnessed for therapeutic
interventions targeting metabolic syndrome. To realize pectin of superior quality and augmented biological
relevance, further investigative endeavors are warranted to refine the production process.

4. MATERIALS AND METHODS
4.1. Materials

In this study, mangrove apple fruits sourced from North Kalimantan, Indonesia, were utilized as raw
materials. Upon collection, the fruits were meticulously washed to ensure cleanliness. Subsequently, they
were dissected to segregate the peel (designated as A) and the pulp (designated to as B). To facilitate further
analysis, the specimens were minimally sized, subjected to oven-drying at a temperature of 60°C, and
subsequently pulverized using a blender. The resultant powdered material was then sieved through a 60-
mesh sieve to achieve uniformity.

4.2, Methods
4.2.1. Pectin production

In a modified procedure, pectin was produced as follows: Initially, the powdered sample was
combined with distilled water at a 1:40 weight-to-volume (w/v) ratio and agitated continuously for 30
minutes. To adjust the solution to a pH of 1.7, a 2N oxalic acid solution was introduced. The mixture was
then subjected to a temperature of 70°C and maintained at this heat for two hours. Subsequent to this
heating, the mixture underwent a filtration process using filter paper to obtain the filtrate. This filtrate was
transferred to a beaker and heated to 95°C until its volume reduced to half of its original measure. Once
cooled, ethanol (with a concentration of 96%) was added at a 1:3 (w/v) ratio. The resulting solution was
allowed to precipitate for a full day. After this period, the formed pectin gel underwent a drying process in
an oven at 60°C for six hours. Once dried, this pectin gel was pulverized and set aside, ready for subsequent
analytical procedures [41].

4.2.2. Functional properties analysis

The yield of pectin was ascertained using the formula:

(Eq. 1) % Yield = —malwelght , 45004

Initial weight

To determine the water content, the method was employed as follow: A sample, approximately
weighing 1 gram, was placed in a pre-weighed porcelain cup. This was subjected to drying in an oven set at
105°C for three hours. Afterward, the sample was allowed to cool in a desiccator and then reweighed. This
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drying and weighing process was iteratively conducted until a constant weight was achieved. The water
content was then computed as [42]:

(Eq 2) % Water = Initial weight—Final weight x 100%

Initial weight

The ash content was determined using method as follow: About 1 gram of the sample was
positioned in a pre-weighed porcelain cup, which was then transferred to a furnace. It was incinerated at
550°C until a light ash hue was observed. After cooling in a desiccator for an hour, it was reweighed. The ash
content was then deduced using the relation [42]:

(Eq. 3) % Ash = —malwelght 4600y,

Initial weight

The equivalent weight was discerned based on the method as follow: Roughly 0.1 gram of the sample
was amalgamated with 1 ml of ethanol and 20 ml of distilled water, followed by an hour-long stirring. The
mixture was then enhanced with 0.2 grams of NaCl and a few drops of PP indicator. Titration was
subsequently performed with 0.1 N NaOH. The equivalent weight was calculated as [43]:

sample weight (mg)
Volume of NaOH (ml)x Normality of NaOH

(Eqg. 4) Equivalent weight =

In determining the methoxyl content, a method was adhered to as follow: To the titrated sample
(from the equivalent weight determination), 10 ml of 0.25 N NaOH was added and stirred for an hour. Later,
10 ml of 0.25 N HCI was integrated and titrated using 0.1 N NaOH. The methoxyl content was derived using
[44]:

Volume of NaOH x Normality of NaOH x 31
sample weight (mg)

x 100%

(Eq. 5) % Methoxyl =

For the quantification of galacturonic acid, an approach was followed [44]:

_ 176 [100—(meq of NaOH at initial titration+meq of NaOH at final titration)]

(o)
(Eq. 6) % AGA sample weight (mg) x 100%
The degree of esterification, was ascertained using [20]:
(Eq 7) % DE = Volume of NaoH at final titration x 100%

Volume of NaOH at initial titration+Volume of NaOH at final titration

The functional groups were profiled using the Fourier Transform Infrared Spectroscopy (FTIR)
instrument (Bruker Tensor 37, US), specifically in the spectral range of 4,000 to 400 cm-™.

4.2.3. Bioactivities analysis

The quantification of total flavonoid content was executed employing the Colorimetric technique
(AICI3). An aliquot of the sample (1 ml, 0.5 mg/ml) was combined with 1 ml of a 2% aluminum chloride
solution and 8 ml of 5% acetic acid. Following vigorous agitation, the mixture underwent a 30-minute
incubation. Absorbance readings were taken at 410 nm, using a calibration curve established with quercetin
[45], as delineated in Figure 3.

The total phenolic content was assessed utilizing the Follin Ciocalteau approach. A sample volume of
0.2 ml (1 mg/ml) was amalgamated with 15.8 ml of distilled water and 1 ml of Follin Ciocalteu reagent. The
blend was agitated and set aside for 8 minutes, post which 3 ml of 10% Na>COs was integrated. Following a
2-hour incubation, absorbance was measured at 765 nm. For reference and calibration, gallic acid was
employed to establish a calibration curve [46], as delineated in Figure 3.
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Figure 3. Calibration curve of quercetin standard and calibration curve of gallic acid standard

The antidiabetic potential was evaluated via the a-glucosidase inhibitory assay. Initially, 10 mg of the
sample was solubilized in a blend of DMSO and a 0.1 M phosphate buffer at pH 6.9, resulting in various
concentrations. Subsequently, 25 pl of a 0.04 U/ml a-glucosidase enzyme was dispersed in the
aforementioned buffer. The assay mixture encompassed 50 pl of the 0.1 M phosphate buffer (pH 6.9), 25 pl of
p-nitrophenyl-a-D-glucopyranoside solution (also in the 0.1 M phosphate buffer at pH 6.9), and 10 pl of the
sample. After incubating this concoction at 37°C for 30 minutes, the reaction was quenched with 100 pl of a
0.2 M sodium carbonate solution. Absorbance was registered at 410 nm. The inhibitory concentration (ICso)
was deduced from a linear regression, yielding the equation y = a(x) + b [47].

4.2.4. Statistical analysis

An Independent T-test was employed, using SPSS version 25, to juxtapose the functional properties
and bioactivities of the pectins. Functional groups were descriptively appraised. The functional attributes of
the pectins were measured against quality benchmarks set by the International Pectin Producers Association
(IPPA). The outcomes were depicted using graphs and tables.
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