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A B S T R A C T   

Pectins are complex heteropolysaccharides made up of a linear main chain of repeated units of galacturonic acid 
that can promote different biological activities. This work aimed to isolate and elucidate the chemical structure 
of a polysaccharide similar to pectin, obtained from C. erectus leaves. Furthermore, we evaluate the antioxidant 
and immunomodulatory potential promoted by this macromolecule. The physical-chemical analyzes showed that 
the pectin obtained showed low degree of esterification and low molecular weight. In addition, it presented in its 
structure galacturonic acid, glucose, xylose, rhamnose and arabinose. In antioxidant assays in vitro the pectin 
expressed high activity for the DPPH and ABTS methods. In addition, the pectin obtained was able to promote the 
growth of probiotic microorganisms in vitro. Immunological tests have shown that pectin was able to stimulate 
immune cells through the oxidative stress mechanism, promoting lymphocyte proliferation and activation 
TCD4+ and inhibit lymphocyte activation TCD8+ and stimulate its effector mechanisms through the production 
of cytokines and nitric oxide, mainly producing a pro-inflammatory immune response, without causing damage 
to cells. These results highlight the potential use of pectin extracted from C. erectus leaves as an antioxidant, 
prebiotic and immunomodulatory agent.   

1. Introduction 

Conocarpus erectus Linnaeus is a mangrove plant, popularly known as 
mangrove bud, found in Africa, Central and South America. This plant 
belongs to the family Combretaceae and has high resistance to the 
adverse conditions typically present in this environment (Linsingen 
et al., 2009). C. erectus is used in folk medicine to treat intestinal dis-
orders and infectious diseases, as well as being used as an 
anti-inflammatory agent (Sabi-Ur-Rehman et al., 2019). Studies with 
leaves and fruits of C. erectus demonstrated high content of phenolic 
compounds, mainly flavonoids and tannins (Sabi-Ur-Rehman et al., 
2019; Santos et al., 2018). Recently Santos et al. (2020), characterized 
the leaf lignin and verified its immunomodulatory potential. In another 
study Santos et al. (2018) featuring the C. erectus leaves verified the 
presence of different polyoses, among them a polysaccharide in which 
the authors named pectin. 

Pectins are water-soluble dietary fibers and represent one of the main 
components of plant cell walls. The structure and degree of methylation 
of pectins are different in each plant, and their biological properties are 
related to the conditions of extraction, sources and stage of maturation 
of the plant (Merheb et al., 2019; Nisar et al., 2018). Some studies have 
shown that pectins can be applied as a nutritional supplement (Cir-
iminna et al., 2016). Pectin has nutraceutical benefits, being used as a 
prebiotic potential that has shown favorable effects on human health 
(Amorim et al., 2016). As a source of dietary fiber, it is associated with 
gastrointestinal health, glucose tolerance, lipid digestion and conse-
quent weight control (Ciriminna et al., 2016; Lefsih et al., 2018). 

Pectins are described in the literature as immunomodulatory agents 
(Merheb et al., 2019), antioxidants (Nisar et al., 2018) and 
anti-inflammatory compounds (Ramachandran et al., 2017). We also 
point out that the absence of toxicity, the ability to gel and the presence 
of functional groups in its structure, which can be easily modified 
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(-COOH, -OH), allow its application as an excipient in drug delivery 
systems (Zhang et al., 2015). 

Immunomodulatory molecules are able to alter the activities of the 
immune system through the regulation of effector molecules such as 
cytokines, hormones, neurotransmitters and other peptides. In addition 
to activation, differentiation of immune cells (Nair et al., 2019). The 
search for better treatments for related diseases or immunological 
changes has increased, and the elucidation of the immunomodulatory 
effects of natural compounds as a way to discover new immunothera-
peutic strategies has increased (Ortuño-Sahagún et al., 2017). 

In this work, we report the isolation and partial elucidation of the 
chemical structure of the pectin obtained from C. erectus leaves. In 
addition, we sought to study in vitro the antioxidant and immunomod-
ulatory potential in order to propose it in the future as a low-cost ther-
apeutic agent. 

2. Results and discussion 

2.1. Physico-chemical characterization of pectin from leaves of C. erectus 

2.1.1. Yield of extraction and analysis of compositional pectin 
The yield of obtaining the pectin under study was 3.3 ± 0.2% (w/w 

dry matter). This value was close to those obtained by Yuliarti, Goh, 
Matia-Merino, Mawson, and Brennan (2015) for golden kiwi pectin 
(Actinidia chinensis) that was 3.62% (w/w), and by Chan and Choo 
(2013) who obtained extraction yields that varied from 3.38 ± 0.23 to 
3.92 ± 0.24 (w/w). When compared to that obtained by Liu et al. (2006) 
with orange peel pectins (2.2% w/w), the pectin yield of C. erectus leaves 
was considered greater. However, when compared to Santos et al. 
(2013) who obtained income that varied from 4.61 to 19.2% for pectins 
obtained from sisal residues, it was considered minor. The difference in 
the yield value is directly related to the extraction method and the 
source of obtaining the pectins (Chan & Choo, 2013; Santos et al., 2013). 

The pectin obtained from C. erectus leaves presented moisture con-
tent in its composition 81.4 ± 0.3% and total ash from 14.7 ± 0.5%. In 
addition, it was possible to determine the content of different mono-
saccharides present in the chemical structure, these being galacturonic 
acid (35.98 ± 0.03%), glucose (3.93 ± 0.01%), xylose (14.45 ± 0.06%), 
rhamnose (9.86 ± 0.1%) and arabinose (16.17 ± 0.5%). Furfural were 
also quantified (6.5 ± 0.6%) and 5-hydroxymethylfurfural (13.0 ±
0.07%). Degradation products of monosaccharides with five and six 
carbons, formed during acid hydrolysis with trifluoroacetic acid. The 
same behavior has been described in obtaining pectins in eggplant food 
processing (Kazemi et al., 2019), grapefruit peels (Wang et al., 2016), 
citrus peels (Jiang et al., 2012), pectin obtained from Tamarindus indica 
L. pulp (Sharma et al., 2015), artichoke by-products pectin (Sabater 
et al., 2020) and broccoli (Petkowicz & Williams, 2020). 

The results obtained in the composition of the monosaccharides 
allowed to determine the contents of two different polysaccharides 
present in the structure of the pectin, HG (Homogalacturonan) and RG-I 
(Rhamnogalacturonan-I). The values obtained for these polysaccharides 
were 71.8 ± 0.1% to (RG-I) and 26.1 ± 0.5% to (HG). Other authors 
have also determined the values of these polysaccharides. However, 
these levels may vary according to the method of extraction and quan-
tification of the monosaccharides, and the source of obtaining the 
pectin. (Jiang et al., 2012; Petkowicz & Williams, 2020; Sabater et al., 
2020; Sharma et al., 2015; Wang et al., 2016). 

2.1.2. Structural characterization by fourier transform infrared 
spectroscopy (FT-IR) 

Through FTIR analysis (Fig. 1) was possible to identify the main 
functional groups, the pectin extracted from C. erectus leaves. The bands 
found were previously assigned by Oberemko et al. (2019), Macial et al. 
(2015), Černá et al. (2003) and Gnanasambandam and Proctor (2000) 
for the characterization of different pectins. 

The pectin spectrum under study showed a wide absorption band 

between 3100 and 3500 cm− 1 attributed to axial deformation of hy-
droxyl groups in alcohol intermolecular hydrogen bonds, commonly 
found in polysaccharides (Černá et al., 2003). The band in 2929 cm− 1 

attributed to the axial strain of the connection C-H, found in the region 
between 3000 and 2840 cm− 1 (Oberemko et al., 2019). The band found 
in the region between 1790 and 1720 cm− 1 is associated with esterified 
carboxylic groups (-COOCH3) and bands between 1660 and 1590 cm− 1, 
associated with free carboxylic groups (-COOH) (Gnanasambandam & 
Proctor, 2000; Oberemko et al., 2019). The band in 1347 cm− 1 is 
attributed to the asymmetric deformation of C-O (Macial et al., 2015). 
The absorption bands between 1200 and 1000 cm− 1 are associated with 
connections COC and CC in the pectin molecules (Černá et al., 2003). 
Finally, bands in 1000 - 600 cm− 1 are assigned to connections β-glyco-
sides and α-glycosides (Gnanasambandam & Proctor, 2000; Oberemko 
et al., 2019; Černá et al., 2003). 

The pectin in this study showed a low degree of esterification (37.5 
± 0.3%), that is, the value obtained is less than 50% (Thakur et al., 
1997). This result of a low degree of esterification is similar to that found 
in other studies, such as sisal residue pectin (Agave sisalana) (44.35%) 
(Yang et al., 2018), dragon fruit peel pectin (34.78%) (Nguyen & Pirak, 
2019), common fig bark (Ficus carica) (39.42%) (Gharibzahedi et al., 
2019a), Common fig bark (33.65%) (Gharibzahedi et al., 2019b), 
Opuntia ficus indica cladodes (41.42%) (Bayar et al., 2017) and Suaeda 
fruticosa (33%) (Mzoughi et al., 2018). Low esterification pectins are 
characterized by forming gels in the presence of divalent cations such as 
calcium, in a pH range of 2.5–7, not requiring large amounts of sugars, 
which is ideal for the preparation of gels dietary (Thakur et al., 1997). 

2.1.3. Proton nuclear magnetic resonance spectroscopy analysis (1H NMR) 
Spectroscopy of 1H RMN was used to elucidate the chemical struc-

ture of pectin. The signals obtained in the spectrum of 1H NMR (Fig. 2) 
for the pectin in this study were previously assigned by Marcon et al. 
(2005), Cheng and Neiss (2012) and Shakhmatov et al. (2019) evalu-
ating different pectins. 

Through the spectrum presented in Fig. 2, it is possible to observe the 
signals related to the anomeric hydrogens H-1 and H-5 of methyl esters 
(-COOCH3), galacturonic acids are located in the region between 4.9 and 
5.25 ppm, respectively. The signal with chemical displacement in 4.60 
ppm is related to the pectin dissolving solvent D2O (deuterated water). O 
protons related to carbons two and three (H-2 and H-3) are related to the 
signals that appear around 3.7 ppm and 4.0 ppm (Marcon et al., 2005). 
Thus, the signals that appear in 3.72 ppm and 3.97 ppm, are assigned to 
protons H-2 and H-3, respectively (Shakhmatov et al., 2019). In 4.4 ppm 
there are protons of carbon four (H-4). The signal in 3.6 ppm was 

Fig. 1. FTIR spectrum of pectin leaves from C. erectus.  
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assigned to methoxyl groups linked to carboxylic groups of galacturonic 
acid. Around 2.0 ppm there are two signs refer to acetyl groups attached 
to the 2-O- e 3-O- Galacturonic acid and finally a signal in 1.14 ppm 
assigned to methyl groups (Cheng & Neiss, 2012; Marcon et al., 2005; 
Shakhmatov et al., 2019). 

2.1.4. Thermogravimetric analysis 
The thermogravimetric analysis (TGA) provided information on the 

loss of mass of the material (%) proportional to the increase in tem-
perature. Fig. 3 shows the mass loss curves (TGA) and the rate of mass 
loss represented by the first derivative (DTG) obtained for the pectin 
under this study. 

The TGA curve shows that degradation of pectin from C. erectus oc-
curs in three stages. This degradation profile has also been reported by 
other authors evaluating different pectins (Combo et al., 2013; Man-
giacapra et al., 2006; Wang et al., 2016; Zhou et al., 2011). The results 
show a first loss of mass between 30 ◦C and 180 ◦C, being attributed to 
the evaporation of the residual and structural water, a fact directly 
associated with the hydrophilic nature of the pectin functional groups. 
(Jiang et al., 2020). In this first phase of decomposition, a loss of mass of 
around 5,3% occurred. The second mass loss event is in the range of 
180 ◦C–370 ◦C and is associated with primary and secondary decar-
boxylation, breakdown of bonds or functional groups and breakdown of 
the main pectin chain, resulting in a 76.5% loss of mass (Wang et al., 
2016). And finally, a third event above 400 ◦C related to the degradation 

of decarboxylation by-products (Zhou et al., 2011). The residual mass 
value was 18.3%, a value close to that obtained for the total ash deter-
mined by the composition analysis. 

The DTG curve showed that the C. erectus pectin showed a maximum 
degradation temperature around 249 ◦C. In the literature we find results 
similar to ours. Qin et al. (2019) evaluated the effect of pre-drying 
methods on the structure and properties of the pectins extracted from 
the Chinese quince, showed a maximum degradation temperature 
ranging from 233 to 240 ◦C. Jiang et al. (2020) pectin extracted from 
persimmon obtained maximum temperature ranging from 236.91 to 
242.13 ◦C. Güzel and Akpinar (2019) evaluated pectins from fruit peels 
obtained maximum temperature of degradation in the range of 
210–250 ◦C. 

2.1.5. X-ray diffraction analysis and viscosimetric molecular weight 
Fig. 4 shows the diffractogram for the pectin of C. erectus leaves. This 

analysis was carried out with the objective of obtaining information 
about the structure of the pectin (amorphous or crystalline). The signals 
obtained in the 10 to 50◦ region are characteristic of polysaccharides 
and show that the pectin under study has a predominance of crystalline 
regions. Other pectins reported in the literature showed a predominance 
of crystalline regions. Among these we can mention: pectin obtained 
from eggplant food processing (Kazemi et al., 2019), those found in 
grapefruit peels (Wang et al., 2016), in citrus fruit peels (Jiang et al., 
2012) and that obtained from the Tamarindus indica pulp (Sharma et al., 
2015). However, not all pectins have a predominance of crystalline re-
gions. Chomto and Nunthanid (2017) featuring different citrus pectins, 
found they were an amorphous solid. The amorphous or crystalline 
behavior of pectins is directly related to the source of extraction and the 
types of extraction method (Jiang et al., 2012; Kazemi et al., 2019). 

The molecular mass of pectins also varies according to the parame-
ters cited. The pectin obtained from the C. erectus leaves presented 
molecular weight of 24.0 ± 0.2 kDa value close to those obtained by 
Morris et al. (2000) and Morris et al. (2008) for commercial pectins. 

2.2. Determination of antioxidant potential and total phenol content in 
vitro 

The phenolic content found in pectins is directly related to the 
extraction method. These compounds during the process of obtaining 
can adhere to the pectin structure and promote an increase in antioxi-
dant activity (Hosseini et al., 2019; Khan et al., 2010). Furthermore, low 
phenolic values are indicative of purity (Hosseini et al., 2019). The 
C. erectus pectin presented a content of total phenolic compounds 
around 23 ± 0.7 mg GAE/g of pectin. In the works reported by Kazemi 

Fig. 2. 1H NMR spectrum of pectin leaves from C. erectus.  

Fig. 3. TGA and DTG curves for leave pectin from C. erectus.  Fig. 4. X-ray diffraction pattern of leaves pectin from C. erectus.  
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et al. (2019) for pistachio green shell pectin (18.18 mg GAE/g of pectin) 
and Hosseini et al. (2019) for Citrus aurantium bark pectin (39.95 ± 3.13 
mg GAE/g pectin) were approximately that obtained for the pectin 
under study. 

The phenolic content in the chemical structure of C. erectus pectin 
can promote greater antioxidant effect. However, this effect was 
enhanced due to the presence of free hydroxyl groups. Studies have 
shown that free hydroxyl groups can promote good antioxidant activity 
when the viscosity is not too high (Huang et al., 2017; Minzanova et al., 
2018; Ro et al., 2013). This fact was confirmed by the low viscosimetric 
mass found for the pectin in this study. In addition, the composition and 
arrangement of monosaccharides can also contribute to increased anti-
oxidant activity (Encalada et al., 2019; Eça et al., 2015; Nisar et al., 
2018; Ogutu & Um, 2016; Ramachandran et al., 2017). The mono-
saccharides present in pectin can act as reducing agents, as they can 
provide protons, which can react with radicals and form a stable com-
pound to eliminate the radical reaction (Eça et al., 2015; Ogutu & Um, 
2016). 

The C. erectus pectin showed high antioxidant potential (dose- 
dependent) in the concentration of 500 μg/mL in the ABTS test with 
percent inhibition of 86.02 ± 0.41% similar to the natural pattern, 
ascorbic acid (92.16 ± 0.25%) and with activity close to the standard 
synthetic BHT (95.55 ± 0.07%) with a difference of less than 10% 
(9.53%) according to Fig. 5A. Pectin also showed moderate activity 
(dose-dependent) in the concentration of 500 μg/mL (76.54 ± 0.14%) in 
the DPPH assay, when compared to the BHT and ascorbic acid standards 
(Fig. 5B). The values of IC50 calculated for C. erectus pectin in DPPH and 
ABTS assays can be seen in Table 1. 

The results presented in Table 1 show that pectin can act as a proton 
donor and can eliminate free radicals DPPH and ABTS. Similar to our 
results, modified citrus pectin (MCP), the association of pectin films with 
fruit extracts, sweet potato pectin and the association of citrus pectin 
films with clove essential oil showed potent antioxidant activities 
(Encalada et al., 2019; Eça et al., 2015; Nisar et al., 2018; Ogutu & Um, 
2016; Ramachandran et al., 2017). 

2.3. Immunomodulatory activity promoted by pectin from C. erectus 
leaves 

2.3.1. Cytotoxicity and proliferation assays 
Cytotoxicity assays showed that C. erectus pectin at the concentra-

tions under study (2.5–80.0 μg/mL) did not promote cell death of human 
PBMC (Fig. 6A). Hira et al. (2018) also found similar behavior investi-
gating human lymphocytes treated with pectin-guar-zinc oxide gum 
(PEC-GG-ZnO) in concentrations from 25 to 200 μg/mL. In addition, 

normal NIH-3T3 fibroblasts treated with water-soluble pectin of Opuntia 
ficus-indica at higher concentrations (0.1 a 2 mg/mL) also showed no 
significant increase in cell death (Lefsih et al., 2018). Pectin promoted 
the proliferation of immune cells in a non-significant way when 
compared to the negative control (Fig. 6B). Since no concentration had a 
cytotoxic effect, the lowest concentrations of pectin were chosen (2.5; 
5.0 e 10 μg/mL) to assess the proliferation index of immune cells. 

Common criteria for screening immunomodulatory molecules indi-
cate that lower doses should be sufficient to induce activity without 
producing toxicity (Liu et al., 2010; Northrup et al., 2016; Zheng et al., 
2016). In addition, these compounds in high concentration can cause 
immunosuppression, suggesting that lower doses are needed to induce 
immunological tolerance (Northrup et al., 2017; Wong et al., 2015). So, 
we chose the concentration of 10 μg/mL commonly used to assess the 
effects of cell activation and immunomodulation of natural products. 

2.3.2. Changes in the levels of reactive oxygen species, cytosolic calcium 
and in the mitochondrial membrane potential promoted by pectin in PBMCs 

Studies investigating the cellular immune response show that cal-
cium ions and reactive oxygen species contribute to lymphocyte acti-
vation, differentiation and effector functions (Feske, 2007; Lewis, 2001; 
Melo et al., 2010). In addition, mitochondrial signaling dependent on 
ROS levels controls numerous biological responses associated with the 
cell cycle and adaptation to stress (Martínez-Reyes et al., 2016). 

The C. erectus pectin did not cause changes in the levels of cytosolic 
ROS Figure 7A when compared to the negative control, however it was 
able to increase levels of mitochondrial ROS (Fig. 7B) and cytosolic 
[Ca2+] (Fig. 7C) In addition, it was able to promote a decrease in the 
mitochondrial membrane potential (ΔΨm) of immune cells treated with 
pectin (Fig. 7D). On the other hand, Con A lectin promoted increases in 
the membrane potential ΔΨm and in the concentration of cytosolic 
Ca2+, but did not interfere in the levels of mitochondrial and cytosolic 

Fig. 5. Percentage inhibition of free radicals assessed by ABTS (A) and DPPH (B) assay. Significance levels are represented as treated with C. erectus pectin vs treated 
groups with BHT and Ascorbic acid in the concentrations of 250 and 500 μg; *p < 0.02, ***p < 0.0001. The differences were considered significant when p < 0.05. 

Table 1 
Antioxidant activity was assessed by DPPH and ABTS assay. Significance levels 
are represented as treated with C. erectus pectin vs treated groups with BHT and 
Ascorbic acid, ***p < 0.0001.  

Sample DPPH ABTS Total phenolic content 

IC50 (μg/mL) IC50 (μg/mL) mg GAE/g 

Pectin 189.21 248.25 23 ± 0.7 
BHT 140.56 7.67 – 
Ascorbic acid 89.51 90.93 – 

DPPH – 2,2-diphenyl-1-picrylhydrazyl radical. 
ABTS – 2,2′-azino-bis(3-ethylbenzothiazoline)- 6-sulfonic acid radical. 
BHT – butylated hydroxytoluene. 
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ROS when compared to the negative control. Increased levels of mito-
chondrial ROS and cytosolic calcium associated with decreased mito-
chondrial membrane potential promoted by C. erectus pectin indicate a 
mechanism of lymphocyte activation. 

2.3.3. Immunophenotyping assays and production of cytokines and nitric 
oxide 

The immunomodulatory effects of pectins are directly related to their 
chemical structure. Studies have shown that pectins that have gal-
acturonic acid levels below 75% and molecular weight below 100 kDa 
have high antioxidant and immunostimulatory potential. In addition, 
these pectins are characterized by a large branched portion, represented 
by rhamnogalacturonan -I (RG-I) (Ho et al., 2016; Klosterhoff et al., 
2018). 

Immunophenotyping assays for lymphocytes and monocytes showed 
that C. erectus pectin promoted the proliferation and activation of 
TCD4+ lymphocytes (Fig. 8A) This result was confirmed by the inhibi-
tion assay since pectin is not able to stimulate inhibition of TCD4+

(Fig. 8B). The pectin did not stimulate the activation of TCD8+ lym-
phocytes (Fig. 8C) result confirmed by inhibition tests (Fig. 8D). 
Regarding monocytes, there was no stimulus for the proliferation of 
CD14+, CD14+/CD80+, CD14+/CD86+ e CD14+/HLADR+. The Con A, 
in turn, promoted only the proliferation of monocytes (CD14+) (Fig. 8E). 

The evaluation of cytokine production showed that cells treated with 
pectin produced higher levels of all investigated cytokines compared to 
the negative control. As shown Fig. 9, the pectin stimulates the pro-
duction de IL-2 with concentration of 124.14 ± 16.55 pg/mL (Fig. 9A), 
IL-4 with 525.79 ± 23.90 pg/mL (Fig. 9B), IL-6 with 4202.89 ± 330.72 
pg/mL (Fig. 9C), IL-10 with 970.96 ± 263.45 pg/mL (Fig. 9D), TNF- α 

with 2734.17 ± 965,69 pg/mL (Fig. 9E) and IFN-γ with 1478,30 ±
67,19 pg/mL (Fig. 9F). 

When analyzing the relationships IFN-γ: IL-4 (ca. 3: 1) and TNF- α: IL- 
10 (ca. 3: 1), it can be seen that the Th1 response was more prevalent 
compared to Th2. High nitrite production (Fig. 9G) is also an indicator of 
a prevalent Th1 response. Different cytokines were produced by cells 
treated with C. erectus pectin. 

The results showed the prevalence of a Th1 response associated with 
high stimulation of TCD4+ lymphocytes. Similar to our results, Merheb 
et al. (2019) investigating the insertion of natural (CP) and modified 
(MCP) citrus pectins in the diet of Balb/c mice, they found increased 
levels of IL-17, IFN-γ and TNF-α, also suggesting a Th1 response stim-
ulus. Pectin-guar-zinc oxide gum (PEC-GG-ZnO) induced a significant 
increase in cytokines IFN-γ, IL-2 and TNF-α in lymphocytes CD3, CD8 
and CD56 (Hira et al., 2018). The water-soluble heteropolysaccharide of 
Plnatago asiatica L. leaves stimulated the production of 
pro-inflammatory cytokines, including TNF-α and IL-1β in macrophage 
RAW264.7 cells (Yin et al., 2019). And a pectic edible jambo arabino-
galactan (Fruits of Syzygium jambos) showed immunomodulatory 
properties with intrinsic activation capacity to induce cytokine secretion 
(TNF-α, IL-1β and IL-10) by THP-1 macrophages (Tamiello et al., 2018). 

Galactose-rich pectins have modulating effects on the cellular and 
humoral immune response (Hira et al., 2018). Studies have shown that 
these molecules influence macrophage activity by stimulating phago-
cytic activity and increasing the secretion of cytokines that mediate 
innate immunity (Merheb et al., 2019; Yamassaki et al., 2015). The 
cellular modulation mechanisms of these molecules are based on the 
possibility that this polymer binds to the same cell receptors for bacterial 
polymers due to its structural similarity (Riede et al., 2013). Therefore, 

Fig. 6. Effects of C. erectus leave pectin on the viability and proliferation of human peripheral blood mononuclear cells (PBMCs) in 24 h of incubation. A – Cytotoxic 
effect of pectin in human PBMC. B – Proliferation induction by pectin in PBMC. In negative control, cells were incubated only in culture medium while in positive 
control cells were treated with concanavalin A (5 μg/mL). The bars represent the average of the experiment performed in quintuplicate. The differences were 
considered significant when p < 0.05. 

Fig. 7. Evaluation of the effects of C. erectus leave pectin (10 μg/mL) treatment on (A) cytosolic and (B) mitochondrial reactive oxygen species (ROS) levels, (C) 
cytosolic calcium concentration [Ca2+]cyt, and (D) membrane mitochondrial potential (ΔΨm) (D) on human peripheral blood mononuclear cells (PBMCs) after 
incubation for 24 h. In negative control, cells were incubated only in culture medium while in positive control cells were treated with concanavalin A (5 μg/mL). The 
bars represent the average of the experiment performed in quintuplicate. The differences were considered significant when p < 0.05. 
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considering that plant polysaccharides have low toxicity and do not 
cause significant side effects (Seyfried et al., 2016), pectins are potential 
candidates for the development of new therapeutic agents with immu-
nomodulating properties. 

2.3.4. In vitro tests of prebiotic activity 
Prebiotics are defined as non-digestible food ingredients that bene-

ficially affect the host by selectively stimulating the growth and/or ac-
tivity of one or some microorganisms in the intestinal colon (Caleffi 
et al., 2015; Huebner et al., 2008; Kalidas et al., 2017). During growth, 
prebiotics are hydrolyzed to monomers by bacterial glycosidases to 
monomers which during microbial metabolism are degraded to 
short-chain fatty acids (acetic, lactic butyric and propionic acids) and 
different gases (Ho et al., 2016). Different pectic polysaccharides have 
been isolated and their effects as prebiotics evaluated (Ho et al., 2017; 
Zhang et al., 2018). Fig. 10 shows the results of growth in individual 
cultures of Lactobacillus (L. paracasei and L. rhamnosus) in culture media 
with the carbon source of inulin (commercial probiotic) and the 
C. erectus pectin at 0, 24 and 48 h. 

Inulin-based culture media promoted the growth of L. paracasei 
(Fig. 10 A, B, C) and L. rhamnosus (Fig. 10 D, E, F) as expected. The 
C. erectus pectin (low degree of esterification, < 50%) was also able to 
promote the growth of the cited lactobacilli. Similar results were ob-
tained by Li et al. (2016) evaluating the prebiotic potential of pectin 
oligosaccharides found that low degrees of esterification favor microbial 
growth. 

Different studies evaluating pectin polysaccharides as prebiotics 
have shown that in addition to promoting the growth of beneficial 
bacteria, they act directly on the immune system. Van Doan et al. (2018) 
and Van Doan et al. (2019) using orange peel pectins as prebiotics they 

found that they positively stimulated the immune system favoring the 
growth of tilapia fish. Similar results have recently been obtained by 
Hoseinifar et al. (2021) adding dietary pectin derived from apple peel to 
carp fish feed. Homogalacturonan oligomers also demonstrated a pro-
biotic effect and were able to stimulate human peripheral blood 
mononuclear cells producing IL-10 anti-inflammatory cytokine in in 
vitro assays (Chung et al., 2017). Singh et al. (2020) found that linear 
and branched oligosaccharides of different types of pectin, had immuno- 
and bacterio-modulatory effects. These results indicate that the pectin 
obtained can promote beneficial effects on human and animal health. 

3. Conclusion 

In the present work, a water-soluble polysaccharide was isolated and 
purified from the Conocarpus erectus leaves. Structural elucidation 
studies, as well as the antioxidant and immunostimulant potentials were 
investigated for the first time. The results of the chemical character-
ization showed that the polysaccharide obtained had a heterogeneous 
and quite complex structure with a predominance of galacturonic acid, 
which allowed it to be compared to the pectin. In vitro assays signifi-
cantly promoted DPPH and ABTS radical sequestration in a dose 
dependent manner within the tested concentration range. The pectin 
obtained favored the growth of probiotic microorganisms and can be 
considered as prebiotic agents. In addition to promoting microbial 
proliferation, he was able to exhibit immunomodulatory effects pro-
moting cell activation, lymphocyte proliferation and increased produc-
tion of pro-inflammatory cytokines. These results provide a scientific 
basis for further studies on the use of this natural molecule which can be 
used as an adjuvant in immunological therapies and functional food. 
Thus promoting benefits to human and animal health. 

Fig. 8. Immunophenotyping of T lymphocytes and monocytes in cultures treated with C. erectus pectin (10 μg/mL). In negative control, cells were incubated only in 
culture medium while in positive control cells were treated with concanavalin A (5 μg/mL). Vertical bars represent the average of one experiment performed in 
quintuplicate. The differences were considered significant when p < 0.05. 
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4. Experimental 

4.1. Plant material 

The Conocarpus erectus Linnaeus leaves were obtained from man-
groves located on Itamaracá Island, Pernambuco, Brazil (S 7◦ 48′43.249 
′′, W 34◦ 51′15.896′′). A voucher sample is deposited at the Herbário 
Geraldo Mariz of Universidade Federal de Pernambuco under the 
number 75457. Access was registered (AC84C40) in the National System 
of Management of Genetic Heritage and Associated Traditional Knowl-
edge (SisGen). 

4.2. Extraction of pectin from leaves of C. erectus 

Only visually intact green leaves were selected, free from pests and 

diseases. These were dried at 60 ◦C in an oven, ground in a knife mill 
(Fritsch-pulverisette 14) and sieved in 100 mesh granulations. The 
material obtained was subjected to extraction in a Soxhlet apparatus, 
using toluene/absolute ethanol 38:62 v/v (Merck Millipore, CAS108-88- 
3, Merck Millipore, CAS 64-17-5) as an extractor system for 8 h. The 
purpose of this step was to reduce the number of phenolic molecules and 
other constituents present in the leaves. Then, the resulting solid was 
subjected to an aqueous extraction in 2 L Erlenmeyer flasks under the 
following conditions: ratio 1:10 solid: liquid (g/L) at 60 ◦C, 1200 rpm for 
4 h. After aqueous extraction, the system was filtered and the liquid 
fraction was subjected to a 1: 2 precipitation in ethanol (soluble frac-
tion/ethanol). The precipitate obtained was dried at 70 ◦C for approxi-
mately 24 h. The pectin yield was calculated using Equation (1) 
proposed by Yuliarti et al. (2015).  

Yield (%) = (pectin mass / dry leaf mass) * 100%.                                (1) 

Fig. 9. Cytokine (A–F) and nitric oxide (G) levels in supernatants of PBMCs cultures treated with C. erectus pectin for 24 h. In negative control, cells were incubated 
only in culture medium while in positive control cells were treated with concanavalin A (5 μg/mL). Vertical bars represent the average of the experiment performed 
in quintuplicate. The differences were considered significant when p < 0.05. 
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4.3. Physicochemical characterization of pectin 

4.3.1. Determination of humidity and ash content of pectin 
The moisture content of the pectin obtained after precipitation in 

absolute ethanol was determined by gravimetry after drying the pectin 
in an oven at 105 ◦C for 8 h. The ash content present in the pectin was 
also determined in a gravimetric way by measuring the residue obtained 
after incineration in a muffle at 650 ◦C for 4 h. All tests were performed 
in triplicate. 

4.3.2. Determination of monosaccharides and galacturonic acid content 
present in pectin 

Pectin (25 mg) was subjected to acid hydrolysis carried out at 100 ±
5 ◦C in a thermostatic bath (Nova Instruments - NI 1246) using 2.5 mL of 
trifluoroacetic acid (Merck Millipore, CAS 76-05) (4 M) for 8 h. After 
hydrolysis, the samples were filtered through a microporous membrane 
(0,22 μm). 

The neutralized hydrolyzate was analyzed in a high-performance 
liquid chromatograph (Agilent, series 1100). The identification and 
quantification of monosaccharides (glucose, arabinose, galacturonic 
acid, xylose and rhamnose) were performed using the following oper-
ating system: mobile phase (H2SO4 5 mM), injection volume (5 μL), flow 
of 0.6 mL/min, at 60 ◦C, column Aminex HPX87H (Bio-Rad) and 
refractive index (IR) detector. The identification and quantification of 
furfural and 5-hydroxymethylfurfural (HMF) degradation products were 
performed using a reverse phase column (C-18) (Agilent Technologies), 
with a mobile phase composed of a 1:8 solution of acetonitrile-water 
containing 1% acetic acid, injection volume (5 μL), flow of 0.5 mL/ 
min and detector UV/Vis (274 nm) at 25 ◦C. 

Through the results obtained by the quantification of mono-
saccharides present in the hydrolyzate it was possible to determine the 

percentage of polysaccharides such as Homogalacturonan (HG) and 
Rhamnogalacturonan-I (RG-I). This percentage was previously deter-
mined by Alba et al. (2015) using Equations (2) and (3).  

HG (% molar) = Galacturonic acid (%) - Rhamnose (%)                        (2)  

RG - I (%) = 2 Rhamnose (%) + Arabinose (%) + Galactose (%)            (3)  

4.3.3. Fourier transform infrared spectroscopy with attenuated total 
reflectance (ATR-FTIR) 

The FT-IR analysis of C. erectus pectin was performed on a spec-
trometer Bruker Tensor 27 (Bruker AXS, Inc., Madison, WI, EUA), using 
attenuated full reflectance accessory (Platinum ATR). 

4.3.4. Determination of the degree of esterification by FTIR 
The determination of the degree of pectin esterification was carried 

out by integrating the bands of the infrared spectrum using the meth-
odology proposed by Monsoor et al. (2001). His studies compared the 
determination of the degree of esterification by gas chromatography 
with the results obtained by integrating the areas of the bands of 
esterified carboxylic groups (between 1844 and 1682 cm− 1), attributed 
to the axial deformation of the carbonyl group, C = O, and non-esterified 
carboxylic groups, attributed to the axial deformation of the carboxylate 
ions, COO-, (between 1682 and 1532 cm− 1) in the infrared spectrum 
through Equation (4): 

DE = (
Aest

Anest + Aest
) × 100% (4)  

where: DE the degree of esterification (%); Aest, the peak area of the 
esterified carboxylic groups; Anest, the peak area of non-esterified car-
boxylic groups. 

Fig. 10. Evaluation of prebiotic activity in vitro over a 48 h period. Growth of L. paracasei (A, B and C) and L. rhamnosus (D, E and F) in inulin and pectin in C. erectus 
respectively. The differences were considered significant when p < 0.05. 
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4.3.5. Nuclear magnetic resonance spectroscopy (1H NMR) 
The pectin dissolved in D2O heated to 60 ◦C was subjected to Nuclear 

magnetic resonance spectroscopy (1H NMR) on a Bruker Avance 300 
spectrometer (Bruker AXS, Inc., Madison, WI, USA) according to Cheng 
and Neiss (2012), Marcon et al. (2005) and Shakhmatov et al. (2019). 

4.3.6. Thermogravimetric analysis 
The thermogravimetric analysis of the pectin was performed in a 

nitrogen atmosphere using a thermogravimetric analyzer (TGA-50, 
Shimadzu, Kyoto, Japão). For the test, 20 mg of pectin were placed in a 
crucible, then the sample was heated from 25 ◦C to 600 ◦C at a linear rate 
of 10 ◦C/min. The test was performed in triplicate. 

4.3.7. X-ray diffraction (XRD) 
To obtain information about the structure of the pectin (amorphous 

or crystalline), the X-ray diffraction technique was performed. Tests 
were performed on an automatic diffractometer (XRD-6000/Shimadzu) 
(operating at 40 kV and 40 mA) in the angular range of 5–45◦ (2θ) (step 
size = 0.04 and time per step = 353 s) at a temperature of 30 ◦C. 

4.3.8. Average viscosimetric molecular mass 
The average molecular weight of pectin at different concentrations 

(1.0–9.0 g/L) was estimated through viscosity in water. For this, an 
Ostwald viscometer was used, applying the methodology proposed by 
Arslan (1995). The pectin was dissolved in water heated to 60 ◦C. 

4.4. Tests of antioxidant activity and determination of total phenols 

The antioxidant activity of pectin was determined based on the 
DPPH and ABTS radical scavenging activity. The tests were carried out 
according to the methodology proposed by Santos et al. (2020) with 
modifications. Pectin was tested in different concentrations (3.9; 7.8; 
15.6; 31.25; 62.5; 125; 200 and 500 μg/mL), the ascorbic acid and the 
butylated hydroxytoluene (BHT) were used as standard molecules in the 
same concentrations of pectin. Absorbances were measured on a 
Hewlett-Packard spectrophotometer, model 8453. And all tests were 
performed in triplicate. The total phenolic content was measured ac-
cording to the protocol described by Santos et al. (2020) through the 
Folin-Ciocalteu method. A calibration curve resulted in the linear 
equation (y = 0.0023x + 0.014; R2 = 0.9858). The test was carried out in 
triplicate and the phenol contents were expressed in gallic acid equiv-
alent (mg/g GAE). 

4.5. Evaluation of cytotoxicity and immunomodulatory activity 

4.5.1. Culture of human peripheral blood mononuclear cells (PBMC) 
Experimental protocols for isolation of human PBMC lymphocytes 

and monocytes were approved by the Ethics Committee of the Federal 
University of Pernambuco (number 1.870.360/2016). The procedure for 
obtaining the cells was described by Santos et al. (2020) and with these, 
the cytotoxicity, proliferation, oxidative stress, and evaluation of 
immunomodulatory activity tests were carried out. 

4.5.2. Cell viability analysis 
PBMCs were treated with pectin (2.5; 5.0; 10.0; 20.0; 40.0 and 80.0 

μg/mL) or concanavalin A (5 μg/mL; Sigma-Aldrich®) for cell viability 
analysis according to Santos et al. (2020), using BD Biosciences FITC 
Annexin V Apoptosis Detection Kit I (Franklin Lakes, NJ, EUA). 

4.5.3. Immunomodulatory activity 
Assays to assess the immunomodulatory potential promoted by 

C. erectus pectin were performed according to Santos et al. (2020) with 
few modifications. The analysis of cell proliferation was performed by 
the CFSE method (succinimidyl ester carboxyfluorescein). The immu-
nophenotyping assays of lymphocytes and monocytes were performed 
by means of analyzes with monoclonal antibodies (anti-CD4-PerCP, 

anti-CD8-FITC, anti-CD-28-PE, anti-CTLA-4-APC, anti-CD14-FITC, 
anti-CD80-PE, anti-CD-86-APC and anti-HLA-DR-PerCP (BD Bio-
sciences®). Cytosolic Ca2+ levels ([Ca2 +] cit) were determined using the 
fluo-3AM probe (Thermo Fisher Scientific®), the levels of reactive ox-
ygen species (ROS) cytosolic and mitochondrial were determined by 
flow cytometry, using dihydroethide probes (DHE) (Sigma Aldrich®) 
and red MitoSox (Thermo Fisher Scientific®), respectively. Changes in 
transmembrane mitochondrial potential (ΔΨm) were determined using 
the MitoStatus probe (BD Biosciences®). To evaluate cytokine produc-
tion, the Human Th1/Th2 Cytokine Cytokine (BD Biosciences) Bead 
Array (CBA) kit was used. The cytokines determined were: interleukins 
IL-2, IL-4, IL-6, IL-10, TNF-α and IFN-γ. Finally, the production of nitric 
oxide (NO) produced by the cells was also determined using the Griess 
method (Ding et al., 1988). The levels of NO produced were determined 
using a standard sodium nitrite curve (y = 0.007x + 0.0256; R2 =

0.9978). All tests were carried out in five independent experiments. 

4.6. Evaluation of prebiotic activity in vitro 

A polysaccharide is considered prebiotic when it is able to stimulate 
the growth and activity of beneficial bacteria in the intestinal micro-
biota, resulting in improved health (Huebner et al., 2008). To evaluate 
the prebiotic activity of the pectin obtained in this study, a methodology 
proposed by Kalidas et al. (2017) with few modifications. Two probiotic 
strains of Lactobacillus (L. paracasei and L. rhamnosus) were grown in 
MRS broth (Man, Rogosa and Sharpe) and incubated at 37 ◦C for a 
period of 24 h. After the incubation period, the broth containing the 
bacteria was centrifuged at 11000 rpm for 20 min at 4 ◦C. The cell 
precipitate was suspended in 0.85% saline and standardized to a cell 
concentration of 107 CFU/mL. The pectin and inulin samples (positive 
control) were filtered through a membrane (0,22 μm, Millipore) and 
added to 100 mL of MRS broth to obtain a 0.25% (w/v) solution. The 
initial cell concentration in the assay was 106 CFU/mL. The assays were 
incubated at 37 ◦C for 24 in 48 h. After cultivation, aliquots were 
removed and diluted from 10− 1 to 10− 6, in tubes containing sterile 
distilled water. Then 10 μL rates were plated in Petri dishes containing 
MRS agar medium and were again incubated at 35 ◦C for 24 h the 
growth results were expressed in CFU (colony forming unit)/mL. 

4.7. Statistical analysis 

GraphPad Prim 7® software was used to perform the statistical 
analysis. To test the normality of the hypothesis, the Shapiro-Wilk test 
and non-parametric tests were used to analyze the mean of the repeti-
tions. The unilateral analysis of variance (ANOVA) was performed to 
analyze the statistical differences between the groups. The differences 
were considered significant when p < 0.05. 
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combretaceae R. Brown na Região Sul do Brasil. Acta Botanica Brasilica, 23, 738–750. 
https://doi.org/10.1590/S0102-33062009000300013 

Liu, B., Bian, H. J., & Bao, J. K. (2010). Plant lectins: Potential antineoplastic drugs from 
bench to clinic. Cancer Letters, 287, 1–12. https://doi.org/10.1016/j. 
canlet.2009.05.013 

Liu, Y., Shi, J., & Langrish, T. A. G. (2006). Water-based extraction of pectin from flavedo 
and albedo of orange peels. Chemical Engineering Journal, 120(3), 203–209. https:// 
doi.org/10.1016/j.cej.2006.02.015 

Li, P. J., Xia, J. L., Nie, Z. Y., & Shan, Y. (2016). Pectic oligosaccharides hydrolyzed from 
orange peel by fungal multi-enzyme complexes and their prebiotic and antibacterial 
potentials. LWT-Food Science and Technology, 69, 203–210. https://doi.org/10.1016/ 
j.lwt.2016.01.042 

Macial, V. B. V., Yoshida, C. M. P., & Franco, T. T. (2015). Chitosan/pectin 
polyelectrolyte complex as a pH indicator. Carbohydrate Polymers, 132, 537–545. 
https://doi.org/10.1016/j.carbpol.2015.06.047 

Mangiacapra, P., Gorrasi, G., Sorrentino, A., & Vittoria, V. (2006). Biodegradable 
nanocomposites obtained by ball milling of pectin and montmorillonites. 
Carbohydrate Polymers, 64, 516–523. https://doi.org/10.1016/j. 
carbpol.2005.11.003 

D.K.D.N. Santos et al.                                                                                                                                                                                                                         

https://doi.org/10.1016/j.foodhyd.2014.08.003
https://doi.org/10.1016/j.ijbiomac.2016.08.015
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref3
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref3
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref3
https://doi.org/10.1016/j.foodchem.2017.05.029
https://doi.org/10.1016/j.foodchem.2017.05.029
https://doi.org/10.1016/j.ijbiomac.2015.06.053
https://doi.org/10.1016/S0144-861702.00259-X
https://doi.org/10.1016/S0144-861702.00259-X
https://doi.org/10.1016/j.foodchem.2013.06.097
https://doi.org/10.1080/15583724.2012.668154
https://doi.org/10.1016/j.carbpol.2017.06.049
https://doi.org/10.1093/femsec/fix127
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref11
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref11
https://doi.org/10.1016/j.ijbiomac.2012.09.006
https://doi.org/10.1016/j.ijbiomac.2012.09.006
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref13
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref13
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref13
http://refhub.elsevier.com/S2212-6198(21)00003-6/sref13
https://doi.org/10.1016/j.foodchem.2019.03.078
https://doi.org/10.1016/j.foodchem.2019.03.078
https://doi.org/10.1111/1750-3841.13074
https://doi.org/10.1111/1750-3841.13074
https://doi.org/10.1038/nri2152
https://doi.org/10.1016/j.ijbiomac.2019.06.040
https://doi.org/10.1016/j.carbpol.2019.114992
https://doi.org/10.1016/j.carbpol.2019.114992
https://doi.org/10.1021/jf0009448
https://doi.org/10.1021/jf0009448
https://doi.org/10.1016/j.fbp.2019.03.009
https://doi.org/10.1016/j.msec.2018.04.085
https://doi.org/10.1016/j.msec.2018.04.085
https://doi.org/10.1016/j.jfda.2016.11.014
https://doi.org/10.1016/j.jfda.2016.11.014
https://doi.org/10.1016/j.aquaculture.2020.736311
https://doi.org/10.1016/j.aquaculture.2020.736311
https://doi.org/10.1016/j.ijbiomac.2018.12.096
https://doi.org/10.1016/j.ijbiomac.2018.12.096
https://doi.org/10.1016/j.ijbiomac.2016.07.090
https://doi.org/10.1016/j.ijbiomac.2016.07.090
https://doi.org/10.1016/j.carbpol.2017.06.122
https://doi.org/10.1016/j.idairyj.2007.08.013
https://doi.org/10.1016/j.carbpol.2011.09.064
https://doi.org/10.1016/j.carbpol.2011.09.064
https://doi.org/10.1016/j.foodhyd.2019.105561
https://doi.org/10.1016/j.foodchem.2017.04.159
https://doi.org/10.1016/j.foodchem.2019.05.063
https://doi.org/10.1016/j.foodchem.2009.08.046
https://doi.org/10.1016/j.foodchem.2009.08.046
https://doi.org/10.1016/j.ijbiomac.2017.08.032
https://doi.org/10.1016/j.ijbiomac.2017.08.032
https://doi.org/10.1016/j.phytochem.2018.06.015
https://doi.org/10.1016/j.phytochem.2018.06.015
https://doi.org/10.1146/annurev.immunol.19.1.497
https://doi.org/10.1590/S0102-33062009000300013
https://doi.org/10.1016/j.canlet.2009.05.013
https://doi.org/10.1016/j.canlet.2009.05.013
https://doi.org/10.1016/j.cej.2006.02.015
https://doi.org/10.1016/j.cej.2006.02.015
https://doi.org/10.1016/j.lwt.2016.01.042
https://doi.org/10.1016/j.lwt.2016.01.042
https://doi.org/10.1016/j.carbpol.2015.06.047
https://doi.org/10.1016/j.carbpol.2005.11.003
https://doi.org/10.1016/j.carbpol.2005.11.003


Bioactive Carbohydrates and Dietary Fibre 26 (2021) 100263

11

Marcon, M. V., Carneiro, P. I. B., Wosiacki, G., Beleski-Carneiro, E., & Petkowicz, C. L. O. 
(2005). Pectins from pomace–characterization by 13C and 1H NMR spectroscopy. 
Annals of Magnetic Resonance, 4, 56–63. https://doi.org/10.1155/2017/7529408 

Martínez-Reyes, I., Diebold, L. P., Kong, H., Schieber, M., Huang, H., Hensley, C. T., 
Mehta, M. M., Wang, T., Santos, J. H., Woychik, R., Dufour, E., Spelbrink, J. N., 
Weinberg, S. E., Zhao, Y., DeBerardinis, R. J., & Chandel, N. S. (2016). TCA cycle and 
mitochondrial membrane potential are necessary for diverse biological functions. 
Molecular Cell, 61, 199–209. https://doi.org/10.1016/j.molcel.2015.12.002 

Melo, C. M. L., Paim, B. A., Zecchin, K. G., Morari, J., Chiaratti, M. R., Correia, M. T., 
Barroso Coelho, L. C., & Paiva, P. M. (2010). Cramoll 1,4 lectin increases ROS 
production, calcium levels, and cytokine expression in treated spleen cells of rats. 
Molecular and Cellular Biochemistry, 342, 163–169. https://doi.org/10.1007/s11010- 
010-0480-z 

Merheb, R., Abdel-Massih, R. M., & Karam, M. C. (2019). Immunomodulatory effect of 
natural and modified Citrus pectin on cytokine levels in the spleen of BALB/c mice. 
International Journal of Biological Macromolecules, 121, 1–5. https://doi.org/ 
10.1016/j.ijbiomac.2018.09.189 

Minzanova, S. T., Mironov, V. F., Arkhipova, D. M., Khabibullina, A. V., Mironova, L. G., 
Zakirova, Y. M., & Milyukov, V. A. (2018). Biological activity and pharmacological 
application of pectic polysaccharides: A review. Polymers, 1012(1407). https://doi. 
org/10.3390/polym10121407 

Monsoor, M. A., Kalapathy, U., & Proctor, A. (2001). Improved method for determination 
of pectin degree of esterification by diffuse reflectance fourier transform infrared 
spectroscopy. Journal of Agricultural and Food Chemistry, 49, 2756–2760. https://doi. 
org/10.1021/jf0009448 

Morris, G. A., Foster, T. J., & Harding, S. E. (2000). The effect of the degree of 
esterification on the hydrodynamic properties of citrus pectin. Food Hydrocolloids, 
14, 227–235. https://doi.org/10.1016/S0268-005X(00)00007-2 

Morris, G. A., Torre, J. G., Ortega, A., Castile, J., Smith, A., & Harding, S. E. (2008). 
Molecular flexibility of citrus pectins by combined sedimentation and viscosity 
analysis. Food Hydrocolloids, 22, 1435–1442. https://doi.org/10.1016/j. 
foodhyd.2007.09.005 

Mzoughi, Z., Abdelhamid, A., Rihouey, C., Le, C. D., Bouraoui, A., & Majdoub, H. (2018). 
Optimized extraction of pectin-like polysaccharide from Suaeda fruticosa leaves: 
Characterization, antioxidant, anti-inflammatory and analgesic activities. 
Carbohydrate Polymers, 185, 127–137. https://doi.org/10.1016/j. 
carbpol.2018.01.022 

Nair, A., Chattopadhyay, D., & Saha, B. (2019). Chapter 17-plant-derived 
immunomodulators. New Look to Phytomedicine, 435–499. https://doi.org/10.1016/ 
B978-0-12-814619-4.00018-5 

Nguyen, B. M. N., & Pirak, T. (2019). Physicochemical properties and antioxidant 
activities of white dragon fruit peel pectin extracted with conventional and 
ultrasound-assisted extraction. Cogent Food & Agriculture, 229, 405–447. https://doi. 
org/10.1080/23311932.2019.1633076 

Nisar, T., Wang, Z. C., Yang, X., Tian, Y., Iqbal, M., & Guo, Y. (2018). Characterization of 
citrus pectin films integrated with clove bud essential oil: Physical, thermal, barrier, 
antioxidant and antibacterial properties. International Journal of Biological 
Macromolecules, 106, 670–680. https://doi.org/10.1016/j.ijbiomac.2017.08.068 

Northrup, L., Sullivan, B. P., Hartwell, B. L., Garza, A., & Berkland, C. (2017). Screening 
immunomodulators to skew the antigen-specific autoimmune response. Molecular 
Pharmaceutics, 14, 66–80. https://doi.org/10.1021/acs.molpharmaceut.6b00725 

Oberemko, A., Salaberria, A. M., Saule, R., Saulis, G., Kaya, M., Labidi, J., & Baublys, V. 
(2019). Physicochemical and in vitro cytotoxic properties of chitosan from 
mushroom species Boletus bovinus and. Laccaria laccata. Carbohydrate Polymers, 221, 
1–9. https://doi.org/10.1016/j.carbpol.2019.05.073 

Ogutu, F. O., & Um, T. (2016). Ultrasonic degradation of sweet potato pectin and its 
antioxidant activity. Ultrasonics Sonochemistry, 38, 726–734. https://doi.org/ 
10.1016/j.ultsonch.2016.08.014 

Ortuño-Sahagún, D., Zänker, K., Rawat, A. K. S., Kaveri, S. V., & Hegde, P. (2017). 
Natural immunomodulators. Journal of Immunology Research. https://doi.org/ 
10.1155/2017/7529408 

Petkowicz, C. L. O., & Williams, P. A. (2020). Pectins from food waste: Characterization 
and functional properties of a pectin extracted from broccoli stalk. Food 
Hydrocolloids, 107, 105930. https://doi.org/10.1016/j.foodhyd.2020.105930 

Qin, Z., Liu, H. M., Cheng, X. C., & Wang, X. D. (2019). Effect of drying pretreatment 
methods on structure and properties of pectins extracted from Chinese quince fruit. 
International Journal of Biological Macromolecules, 137, 801–808. https://doi.org/ 
10.1016/j.ijbiomac.2019.06.209 

Ramachandran, C., Wilk, B., Melnick, S. J., & Eliaz, I. (2017). Synergistic antioxidant and 
anti-inflammatory effects between modified citrus pectin and honokiol. Evidence- 
based Complementary and Alternative Medicine, 9. https://doi.org/10.1155/2017/ 
8379843 

Riede, L., Grube, B., & Gruenwald, J. (2013). Larch arabinogalactan effects on reducing 
incidence of upper respiratory infections. Current Medical Research and Opinion, 29, 
251–258. https://doi.org/10.1185/03007995.2013.765837 

Ro, J., Kim, Y., Kim, H., Jang, S. B., Lee, H. J., Chakma, S., & Lee, J. (2013). Anti- 
oxidative activity of pectin and its stabilizing effect on retinyl palmitate. KOREAN 
JOURNAL OF PHYSIOLOGY and PHARMACOLOGY, 17, 197–201. https://doi.org/ 
10.4196/kjpp.2013.17.3.197 

Sabater, C., Sabater, V., Olano, A., Montilla, A., & Corzo, N. (2020). Ultrasound-assisted 
extraction of pectin from artichoke by-products. An artificial neural network 
approach to pectin characterisation. Food Hydrocolloids, 98(105238). https://doi. 
org/10.1016/j.foodhyd.2019.105238 

Sabi-Ur-Rehman, F. A., Azam, F., Ur Rehman, S., Ur Rahman, T., Mehmood, A., 
Gohar, A., & Samad, A. (2019). A review on botanical, phytochemical and 

pharmacological reports of. Conocarpus erectus. Pakistan Journal of Agricultural 
Research, 32, 212–217. https://doi.org/10.17582/journal.pjar/2019/32.1.212.217 

Santos, D. K. D. N., Melo, W. H. O., Lima, A. M. N. O., Cruz Filho, I. J., Lima, G. M. S., 
Silva, T. D., Moura, M. C., Nascimento, M. S., Maior, A. M. S., Napoleão, T. H., & 
Melo, C. M. (2018). Conocarpus erectus L., a plant with a high content of structural 
sugars, ions and phenolic compounds, shows antioxidant and antimicrobial 
properties promoted by different organic fractions. Asian Pacific Journal of Tropical 
Biomedicine, 8, 463–470. https://doi.org/10.4103/2221-1691.242292 

Santos, B. H. C. D., Ribeiro, R. C. F., Xavier, A. A., Santos Neto, J. A. D., & Mota, V. J. G. 
(2013). Controle de Meloidogyne javanica em mudas de bananeira’prata-anã’por 
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