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Abstract
The objective of this work was to isolate a polysaccharide similar to pectin from Crataeva tapia leaves, not yet reported in 
the literature, and to evaluate its antioxidant, cytotoxic and immunomodulatory profile. Pectin was extracted from the leaves 
in three stages, organic solvent followed by acidified water and ethanol precipitation. With the pectin obtained, the physico-
chemical characterization of the molecule was carried out using high-performance liquid chromatography, Fourier-transform 
infrared spectroscopy, nuclear magnetic resonance (13C and 1H) and different thermal and elemental analysis. Furthermore, 
the antioxidant activities were evaluated in vitro, and using human peripheral blood mononuclear cell culture, cytotoxicity 
and immunostimulatory actions were investigated. Physical and chemical analyses showed characteristic signs of pectin. 
Antioxidant activity tests showed that pectin had moderate to low antioxidant activity. Furthermore, pectin did not affect the 
viability of erythrocytes and PBMC and induced an immunostimulatory state when it promoted the production of cytokines 
IL-6, IL-10 and TNF-α and increased the activation of CD8 + T lymphocytes. This study showed that pectin from Crataeva 
tapia is not cytotoxic and promoted a pro-inflammatory profile in peripheral blood mononuclear cell with application as an 
immunostimulating and emulsifying compound.
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Introduction

Crataeva tapia L., Capparaceae, popularly known as 
“trapiá”, “tapiá” or “cabaceira”, is a forest species belong-
ing to the Capparaceae or Capparidaceae family, native 
to Brazil, however, not endemic (Cornejo and Iltis 2008; 
Sharma et al. 2013). It is also distributed in different coun-
tries, namely: Mexico, Honduras, Guatemala, Ecuador, El 
Salvador, Nicaragua, Panama, Colombia, Venezuela, Peru 
and Argentina (Campos and Albuquerque 2021). It is a 
small- to medium-sized tree, between 5 and 12 m tall. It 
has trifoliate leaves, 8 cm leaflets, smooth, white flowers 
(Santos-Moura et al. 2014; Alves et al. 2017). Its fruits 
are rounded, 4 cm, smooth, turning yellow when ripe. Its 
pulp is white and involves the seeds (1 cm of brown color) 
(Cornejo and Iltis 2008; Sharma et al. 2013; Santos-Moura 
et al. 2014; Alves et al. 2017; Campos and Albuquerque 
2021).

This plant has been used in afforestation and restoration 
of degraded areas (Pratissoli et al. 2007; Araújo et al. 2012). 
Its wood has great versatility and can be used in the mak-
ing of canoes, musical instruments, houses, among others 
(Pratissoli et al. 2007). In folk medicine, its bark, flowers and 
fruits have been used to fight different infections (Guedes 
et al. 2011). In addition, its fruits can be eaten as a soft drink 
and a wine drink (Santos-Moura et al. 2014).

The biological potential of this plant is in its chemi-
cal composition, it has cellulose, polioses, lignin, extrac-
tives and mineral salts, which can be isolated and promote 
different biological activities (Araújo et al. 2012; Cabral 
et al. 2015; Xavier et al. 2019; Arruda et al. 2021). The 
extracts obtained from this species have different bioac-
tive molecules and can be used as an antioxidant, insec-
ticide, anti-tumor (Araújo et al. 2012), anti-inflammatory 
(Sharma et al. 2013), antimicrobial (Cabral et al. 2015) 
and herbicide (Xavier et al. 2019).

Much is known in relation to extracts; however, few 
works are found with the other constituents. The lignin from 
this plant, for example, can be used in cosmetic and phar-
maceutical formulations (Arruda et al. 2021). Mineral salts 
and polysaccharides of C. tapia can be used as functional 
foods in the preparation of flour (Souza 2014). Few studies 
are found with the polysaccharides obtained from Crateva 
tapia, among which we can highlight the one carried out by 
Santos-Moura et al. (2014) where the authors used different 
extraction methods to obtain mucilage. However, due to the 
diversity of polysaccharides present in plants, these, when 
isolated, can have different technological and pharmacologi-
cal applications. Among the polysaccharides, pectins have 
stood out for being easy to obtain and presenting nutritional 
and pharmacological potential (Amorim et al. 2016; Bayar 
et al. 2017; Kazemi et al. 2019a, b).

Pectins are polysaccharides present in plants found in the 
primary cell wall of plant cells and in the intercellular layers 
(middle lamella), contributing to the adhesion between cells, 
firmness and mechanical resistance of the tissue (Bayar et al. 
2017; Santos et al. 2021). These polysaccharides are formed 
by the skeleton of α-linked galacturonic acid (1 → 4) asso-
ciated with various degrees of esterified carboxyl methyl 
groups (Bayar et al. 2017). The main industrial process for 
obtaining pectin consists of slightly acidic and heated aque-
ous extraction (Yuliarti et al. 2015). Its application in the 
food industry is due to its gelling, thickening, emulsifying 
and stabilizing properties (Bayar et al. 2017). Pectins have 
also been used in the production of cosmetics and medicines 
(Lupi et al. 2015) and nanobiocomposites for biomedical 
applications (Govindaraj et al. 2018; Cortes et al. 2021; 
Devasvaran and Lim 2021). The benefits that this polysac-
charide can promote to human health are diverse, including 
intestinal immunoregulation (Langhout et al. 1999), cho-
lesterol reduction, decreased postprandial glucose concen-
trations (Topping and Clifton 2001), immunomodulation 
(Amorim et al. 2016) and antioxidant activity (Kazemi et al. 
2019a).

Therefore, the isolation of pectins and pectin-like pol-
ysaccharides from leaves is an attractive alternative from 
the point of view of plant preservation (Santos et al. 2021; 
Melo et al. 2022). This is because the leaves can be easily 
recovered during pruning, in addition to being produced in 
greater quantity and faster when compared to calculus and 
roots (Ranieri et al. 2018; Arruda et al. 2021; Santos et al. 
2021; Melo et al. 2022).

Different studies have demonstrated the importance of 
polysaccharides obtained from different leaves, among 
which we can mention the work carried out by Mzoughi 
et al., (2018) extracting pectin-like polysaccharide from 
the fructose leaves of Suaeda found that it was able to pro-
mote antioxidant, anti-inflammatory and analgesic activi-
ties. Tahmouzi and Nejat (2020) found that the pectin-like 
polysaccharide obtained from Althaea officinalis leaves was 
able to promote antioxidant and antimicrobial activity. Xia 
et al. (2020) evaluated a pectin-like polysaccharide obtained 
from leaves of Acanthopanax senticosus and observed that 
it could be used as an antioxidant agent.

Santos et al. (2021) isolated a pectin-like polysaccharide 
extracted from the leaves of Conocarpus erectus Linnaeus 
that was able to promote antioxidant activity, growth of pro-
biotic Lactobacillus microorganisms (L. paracasei and L. 
rhamnosus), stimulate immune cells through the mechanism 
of oxidation stress, stimulating the proliferation and activa-
tion of TCD4 + lymphocytes, reduction in the activation of 
TCD8 + lymphocytes, in addition to stimulating effectors 
through the production of cytokines and nitric oxide, mainly 
producing a pro-inflammatory response of the immune sys-
tem, without causing cell damage.
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Melo et al. (2022) evaluating a pectin-like polysaccharide 
obtained from the leaves of Caesalpinia pulcherrima found 
that the pectin obtained did not promote a cytotoxic effect 
(viability > 90%), increased a subpopulation of CD8 + T 
lymphocytes and monocytes. Furthermore, it promoted a 
mostly pro-inflammatory response confirmed by the pro-
duction of cytokines IL-2, -4, -6, IFN-γ and TNF-α. These 
studies show the potential of polysaccharides obtained from 
leaves.

Due to the relevance of the described biological activi-
ties, pectins have been used in emulsions as drug carriers 
for therapeutic applications, to increase the bioavailability 
of poorly water-soluble drugs in oral administration (Bura-
papadh et al. 2010; Sriamornsak 2011; Deshmukh 2020).

Therefore, we performed the extraction and chemical 
characterization of a polysaccharide similar to pectin from 
the leaves (which we call pectin) of Crataeva tapia, in addi-
tion to evaluating its antioxidant capacity, immunostimulat-
ing potential in human peripheral blood mononuclear cells 
and its properties as an emulsifying agent.

Materials and methods

Reagents

5-hydroxymethylfurfural (Merck, CAS 67-47-0), ABTS 
(Merck, CAS 28752-68-3), acetonitrile (Merck, CAS 
75-05-8), acetic acid (Merck, CAS: 64-19-7), ascorbic acid 
(Cewin), phosphoric acid (Merck, CAS 7664-38-2), galac-
turonic acid (Merck, CAS, 91510-62-2), gallic acid (Meta 
Química, CAS 149-91-7), sulfuric acid (Merck, CAS 7664-
93-9), trichloroacetic acid (Merck, CAS 76-03-9), anti-CD4-
PerCP-Cy5.5 and anti-CD8-FITC monoclonal antibodies 
(BD®), arabinose (Merck,CAS 5328-37-0), sodium carbon-
ate (Merck, CAS 497-19-8), deuterium oxide (Merck, CA 
S7789-20-0), DMSO (Sigma-aldrich CAS 67-68-5), DPPH 
(Merck, CAS 1898-66-4), ethanol (Merck, CAS 64-17-
5), Folin and Ciocalteu′s phenol reagent (Merck,), dibasic 
sodium phosphate (Metaquimica, CAS: 10028-24-7), fur-
fural (Merck, CAS 98-01-1), glucose (Merck, CAS 50-99-
7), sodium hydroxide (Merck, CAS1310-73-2), butylated 
hydroxytoluene (Merck, CAS128-37-0), propidium iodide 
(BD Biosciences), Cytometric Bead Array kit (CBA) Human 
Th1/Th2 Cytokine (BD Biosciences-USA®), RPMI 1640 
culture medium (Thermo Fisher Scientific), methanol (Merk, 
CAS 67-56-1), ammonium molybdate (Sigma-Aldrich, CAS 
12054-85-2), sodium nitrite (Merck, CAS 7632-00-0), soy 
oil (Lyza), potassium persulfate (Dinâmica Formula), Griess 
reagent (Merck,), rhamnoses (Merck, CAS 10030-85-0), tol-
uene (Merck, CAS 108-88-3), xylose (Merck, CAS 58-86-6), 
fetal bovine serum (Thermo Fisher Scientific), trypan blue 
(Merck, CAS 72-57-1), Cytofix (BD Biosciences), sodium 

chloride (Merck, CAS 7647-14-5), and calcium chloride 
(Merck, CAS 10043-52-4).

Plant

The leaves of Crataeva tapia (300 g) were collected in the 
garden of the Center for Biosciences of the Federal Univer-
sity of Pernambuco, Recife-PE, Brazil (8º 2′ 50.312 ʺ S, 
34º 56′ 58.364ʺ W). A voucher specimen was identified by 
Marlene Barbosa and deposited at the Herbarium Geraldo 
Mariz of the Federal University of Pernambuco, Recife-PE, 
Brazil under number 87511. For the study, green and healthy 
leaves were selected, that is, visually intact, free of pests, 
diseases or color changes. The plant material was dried in an 
oven (Tecnal, TE-393/1) at a temperature of 60 ± 2.0 °C for 
48 h. Then, it was ground in a knife mill (Fritsch-Pulverisette 
14) and sieved to 100 mesh granules.

Extraction of pectin from Crataeva tapia leaves

The extraction process was carried out according to the 
methodology proposed by Santos et al. (2021) and Melo 
et al. (2022) with few modifications. Thus, the pectin extrac-
tion took place in three stages. In step I, the 100 mesh dry 
sheets were subjected to extraction in a Soxhlet apparatus 
using the toluene/ethanol system 32:68 v/v for a period of 
6 h in order to remove compounds that interfere with the 
chemical structure of pectin (Habibi et al. 2005). Leaves 
free of extractives were dried in an oven at 60 ± 2.0 °C, until 
obtaining a constant mass. In step II, the solid fraction was 
extracted with water in a 2L stirred tank, under the follow-
ing conditions 60 ± 2 °C at 1200 rpm for 4 h. At the end of 
the extraction, the liquid fraction was separated by filtration. 
Finally, in step III, the liquid fraction obtained was subjected 
to precipitation with ethanol at a ratio of 1:4 (v/v) to obtain 
pectin. The material obtained was centrifuged at 11,000 rpm 
for 15 min and dried at 70 °C for approximately 24 h (Habibi 
et al. 2005). The pectin yield obtained in ethanol precipita-
tion was calculated using Eq. 1 proposed by Yuliarti et al. 
(2015).

Physical and chemical characterization of pectin 
obtained from Crataeva tapia leaves

Determination of pectin moisture and ash content

The moisture and total ash contents of pectin were deter-
mined according to the methodology proposed by Wathoni 
et al. (2019) and Hossein et al. (2020) with modifications. 

(1)Yield(%) =

(

dry pectin mass

dry leaf mass

)

∗ 100%.
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Initially, the dry matter (moisture) content of pectin was 
determined by drying the samples in an oven (Tecnal, 
TE-393/1) at 105 ± 2 ºC for 8 h. The total ash content of pec-
tin was determined by measuring the residue obtained after 
incineration in a muffle (Thermo Scientific) at 650 ± 5 ºC for 
4 h. The analyses were performed in triplicate and the results 
were obtained using Eqs. 2 and 3, respectively.

Elementary analysis

The carbon, hydrogen and oxygen contents were determined 
according to the methodology proposed by Waymack et al. 
(2004) and Coimbra et al. (2011) with few modifications. 
These were determined on the samples by microanalysis 
using the Perkin Elmer 2400 Series II CHNS/O Analyzer. 
The experiments were obtained in triplicate.

Determination of the composition of monosaccharides 
present in the pectin structure

The pectin was subjected to acid hydrolysis according to the 
conditions obtained by Lefsih et al. (2017) with modifica-
tions. Hydrolysis was performed at 100 ± 5 °C in a ther-
mostatic bath (Nova Instruments-NI 1246) with 2.5 mL of 
trifluoroacetic acid (4 M) to 25 mg of pectin for 8 h. After 
removal, the samples were neutralized with 2.5  mL of 
ammonium hydroxide (NH4OH—2 M), made up to 10 mL 
with distilled water and filtered through a microporous mem-
brane (0.22 µm).

The identification of monosaccharides (glucose, arab-
inose, galacturonic acid, xylose and rhamnose) released dur-
ing hydrolysis was performed using 5 mM H2SO4 as mobile 
phase, flow 0.6 mL/min, injection volume 5.0 µL, column 
Aminex HPX87H (Bio-Rad), temperature of 60 °C for 1 h. 
Monosaccharides were identified and quantified on HPLC 
(Agilent, series 1100) using a refractive index (IR) detec-
tor. The concentration of degradation products, furfural (for 
C5 monosaccharides) and 5-hydroxymethylfurfural (HMF) 
(for C6 monosaccharides) was determined using a reversed 
phase (C-18) column (Agilent Technologies) with a composite 
mobile compound phase by an 8% acetonitrile–water solution 
containing 1% acetic acid, flow 0.6 mL/min, injection volume 
5.0 µL using a UV/Vis detector (274 nm) at 25 °C on HPLC 
(Agilent, series 1100). The experiments were obtained in trip-
licate. From the results of the composition of the monosac-
charides, it was possible to determine the percentage of two 

(2)Moisture(%) =

(

1 −
dry mass of leaves

moist mass of leaves

)

∗100% ,

(3)Ashes(%) =

(

Total ash mass

dry mass of leaves

)

∗100% .

different polysaccharides present in the structure, these being 
homogalacturonan (HG) and rhamnogalacturonan-I (RG-I). 
The percentage of these polysaccharides was determined by 
Eqs. 4 and 5 proposed by Alba et al. (2015).

Determination of viscosimetric molecular weight

The molecular mass of pectin was determined by viscosity 
using an Ostwald viscometer. According to the methodology 
proposed by Santos et al. (2021). The experimental determina-
tion was made by flow time. Pectin was solubilized at different 
concentrations (1.0–9.0 g/L) in water heated to 60 °C. The 
experiments were obtained in triplicate. The average visco-
simetric molecular mass (Mv) of pectin was calculated from 
the intrinsic viscosity value using the Empirical Mark–Hou-
wink–Sakurada equation (Eq. 6).

where [ƞ] is the intrinsic viscosity K and a are constants 
corresponding to 1.4 × 10–6 and 1.34, respectively, for pectin 
(Cheremisinoff 1989; Arslan 1995).

Attenuated total reflectance/Fourier‑transform infrared 
spectroscopy (ATR/FTIR)

ATR–FTIR analysis was used to identify the main functional 
groups, in addition to helping to determine the degree of esteri-
fication of pectin. The experimental procedure was carried 
out according to Santos et al. (2021) and Melo et al. (2022) 
with few modifications. For this, a Bruker Tensor 27 accessory 
spectrometer with attenuated total reflectance (Platinum ATR) 
was used. The spectra were recorded in the spectral range from 
4000 to 500 cm−1, with a resolution of 2 cm−1 and 20 scans. 
The experiments were obtained in triplicate.

The degree of esterification (DE) was determined according 
to Guillotin et al. (2007) and Santos et al. (2021) through the 
integration of the bands of the esterified carboxylic and non-
esterified carboxylic groups. The values of the areas under the 
curves were determined using the Origin 8.0® software and 
calculated using Eq. 7.

where Aest is the area of the bands of the esterified carboxylic 
groups and Anest is the area of the bands of non-esterified 
carboxylic groups.

(4)HG (%) = galacturonic acid (%) − rhamnose (%),

(5)
RGI (%) = 2 rhamnose (%) + Arabinose (%)

+ galacturonic acid (%).

(6)[�] = K(Mv)a,

(7)DE =

(

Aest

Anest + Aest

)

⋅ 100%,
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Nuclear magnetic resonance spectroscopy

The 1H and 13C NMR analysis was used to elucidate the 
presence of the main functional groups and chemical bonds 
present in the pectin structure. For this purpose, pectin 
(20 mg) was dissolved in D2O heated to 60 °C and analyzed 
in a Bruker Avance 300 spectrometer (Bruker AXS, Inc., 
Madison, WI, USA) operating at 400 MHz with a 5 mm 
probe. The experiments were obtained in triplicate.

Thermogravimetric analysis and differential scanning 
calorimetry

Thermogravimetric analysis (TGA) and differential thermal 
analysis (DTG) of pectin were performed in a thermogravi-
metric analyzer TGA-50, Shimadzu, Kyoto, Japan operated 
with a flow of 20 mL/min nitrogen and heating from 40 to 
400 °C, at a rate of 10 °C/min. Measurements were per-
formed in triplicate, using 20 mg of sample. Differential 
scanning calorimetry (DSC) analysis of pectin was per-
formed using a Perkin Elmer, STA 6000 thermogravimetric 
analyzer operating with a flow of 20 mL/min nitrogen and 
heating from 40 to 400 °C at a rate of 10 °C/min. Measure-
ments were performed in triplicate, using 20 mg of sample. 
The experiments were obtained in triplicate.

X‑ray diffraction analysis (DRX)

The DRX test was carried out according to the methodol-
ogy proposed by Santos et al., (2021) with few modifica-
tions, an automatic diffractometer (XRD-6000/Shimadzu) 
(operating at 40 kV and 40 mA) was used for this over the 
angular range of 5–70° 2θ (step size = 0.04 and time per 
step = 353 s) at room temperature. The experiments were 
obtained in triplicate.

Determination of total phenols

The content of total phenols was determined by the method 
described by Hosseini et al. (2019) with some modifications. 
A total of 2.0 mL of Folin and Ciocalteu solution (1:10 v/v) 
was added to 4.0 mL of pectin dissolved in distilled water 
(400 μg/mL). After incubation, the assays were protected 
from light for 3 min and 1.6 mL of 7.5% Na2CO3 was added. 
Then, the reaction systems were incubated again and pro-
tected from light at 25 ºC for 120 min. After the incubation 
time, they were analyzed in a spectrophotometer (Hewlett-
Packard, model 8453) at 765 nm. Distilled water was used as 
a blank equipment solution. An analytical absorbance curve 
was constructed as a function of the concentration of gal-
lic acid at concentrations ranging from 0.5 to 1000 μg/mL 
and presented the following Equation y = 0.0048x + 0.0016, 
R2 = 0.9999. Phenols were indicated in gallic acid equivalent 

(mg GAE/g pectin). The experiments were obtained in 
triplicate.

In vitro antioxidant activity

Phosphomolybdenum complex reduction assay (PCRA)

This method is based on the reduction of molybdenum (VI) 
to molybdenum (V), this reduction occurs in the presence of 
certain substances with antioxidant capacity, resulting in the 
formation of a green complex between phosphate/molybde-
num (V), at acidic pH, which is determined by spectropho-
tometer at 695 nm (Alam et al. 2013). The tests were carried 
out according to the methodology proposed by Cruz Filho 
et al. (2019) with modifications. The phosphomolybdenum 
complex is formed by the reaction of a solution of sodium 
phosphate (0.1 mol/L) with a solution of ammonium molyb-
date (0.03 mol/L) and a solution of sulfuric acid (3 mol/L), 
in an aqueous medium. In this methodology, the phospho-
molybdenum complex (3 mL) and distilled water (6.9 mL) 
were added to aliquots of pectins diluted in water (0.1 mL), 
in concentrations ranging from 3.12 400 μg/mL. The spec-
trophotometer blank was obtained using 0.1 mL of distilled 
water, 3 mL of the reagent and 6.9 mL of distilled water. All 
tubes were hermetically closed at 95 °C for 90 min, after 
cooling, absorbance at 695 nm was determined in a Hewlett-
Packard model 8453 spectrophotometer. All analyzes were 
performed in triplicate. A standard curve was drawn from 
the absorbance readings of ascorbic acid and butylated 
hydroxytoluene (BHT) at concentrations of 3.12–400 μg/
mL, used as a reference to analyze the antioxidant activity. 
The results of the evaluation of antioxidant activity were 
expressed as relative antioxidant activity and calculated as 
obtained by Eq. 8.

The determination of the IC50 (50% Inhibitory Concentra-
tion) was obtained by linear regression of the points plot-
ted graphically and through the equation of the straight line 
obtained the IC50 values.

2,2‑Diphenyl‑1‑picrylhydrazyl (DPPH) radical capture assay

The scavenging capacity of the stable DPPH radical was 
determined by the methodology described by Hosseini 
et al. (2019) and Santos et al. (2021) with modifications. 
For this, a volume of 0.32 mL of a pectin solution at differ-
ent concentrations (3.12–400 μg/mL) was added to 2.0 mL 
of a 1 mM DPPH methanol solution. The system was incu-
bated in the absence of light for a period of 25 min at room 
temperature. Absorbances were determined at 517 nm in 

(8)
PCRA(% ) =

(Control Absorbance − Sample Absorbance)

Control Absorbance
× 100% .
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a spectrophotometer (Hewlett-Packard, model 8453). The 
DPPH solution in methanol was used as a control, the blank 
was methanol. The experimental pattern used was ascorbic 
acid and butylated hydroxytoluene (BHT). The tests were 
carried out in quintuplicate. The scavenging of DPPH radi-
cals was calculated by Eq. 9.

To calculate the IC50, the equation of the straight line was 
used, replacing the value of y by 50 to obtain the concentra-
tion of the sample capable of reducing 50% of the DPPH.

Scavenging activity of 2,2·‑azino‑bis 
(3‑ethylbenzothiazoline‑6‑sulfonic acid) (ABTS) radical 
cations

The ABTS radical cation scavenging activity was performed 
using the method reported by Cruz Filho et al. (2019) and 
Santos et al. (2021) with slight modifications. Briefly, a 
stock solution of ABTS (7 mM) in ethanol and a solution of 
potassium persulfate (140 mM) were prepared. The ABTS 
radical was prepared from the reaction of 5 mL of ABTS 
stock solution with 88 μL of potassium persulfate solution. 
The mixture was kept in the dark at room temperature for 
16 h. Then, 1 mL of this mixture was diluted in ethyl alco-
hol to an Absorbance of 0.70 nm ± 0.05 nm at 734 nm in a 
spectrophotometer (Hewlett-Packard, model 8453). Using 30 
μL of different pectin concentrations ranging from 3.12 and 
400 μg/mL and 3.0 mL of ABTS solution, the system was 
incubated in the absence of light at a temperature of 35 ºC 
for 5 min. The ABTS solution was used as a control. The 
blank used was ethanol. The experimental pattern used was 
ascorbic acid and butylated hydroxytoluene (BHT). Percent 
inhibition was calculated according to Eq. 10.

To calculate the IC50, the equation of the straight line was 
used, replacing the value of y by 50 to obtain the concentra-
tion of the sample capable of reducing 50% of the ABTS. 
The experiments were obtained in triplicate.

Nitric oxide (NO) radical scavenging activity

The scavenging test of NO radicals was carried out by the 
method of Cruz Filho et al. (2019). Pectin was diluted in 
distilled water at concentrations ranging from 3.12 to 
400 μg/mL and submitted to nitrite analysis by the Griess 

(9)
DPPH(% ) =

(Control Absorbance − Sample Absorbance)

Control Absorbance
× 100% .

(10)

ABTS (%)

=
(Control Absorbance − Sample Absorbance)

Control Absorbance
× 100% .

colorimetric method. The NO concentration was estimated 
using a standard curve (3.12–400.0 µM) reading at 595 nm 
in a microplate spectrophotometer (Thermo Scientific Mul-
tiskan GoW/Curvette, Waltham). The equation obtained was 
y = 0.0065x + 0.046 R2 = 0.9946. The blank used was dis-
tilled water. The control was the Griess reagent with nitrate 
solution. Percent inhibition was calculated according to 
Eq. 11. The experiments were obtained in triplicate.

In vitro cytotoxic and immunological assays

Hemolytic and hemagglutinating activity

Human erythrocytes were collected as the experimental 
protocols were approved by the Ethics Committee Protocol 
number 1.870,360 of the Federal University of Pernambuco, 
Recife—PE, Brazil. Blood samples were only collected after 
all health volunteers signed the “Free and Informed Con-
sent” Term.

The test was carried out in accordance with Amirian 
et al. (2021) with few modifications. Pectin was evaluated 
for hemolytic activity by assay performed in 96-well micro-
plates. Each well received 100 µL of a 0.85% NaCl solu-
tion containing 10 mM CaCl2. Samples (100 µL) of pectin 
were added to the first well of the respective treatment, from 
which 100 µL were transferred to the second to perform a 
serial dilution (100–1.56 µg/mL). Then, 100 µL of a 2% 
(v/v) suspension of hamster erythrocytes in saline contain-
ing 10 mM CaCl2 was added. The control used was 100 µL 
of saline solution plus 100 µL of erythrocyte suspension. 
After centrifugation for 1 h, followed by incubation for 
1 h at 27 °C, the supernatant was discarded and released 
hemoglobin was determined by absorbance at 540 nm. The 
results of hemolytic activity were expressed by the following 
Eq. 12. The experiments were obtained in triplicate.

where ABS sample = Sample absorbance; ABS 
blank = negative control absorbance; ABS saponin = posi-
tive control absorbance.

The hemagglutinating activity was performed according 
to Torralbo et al. (2012) with few modifications. In micro-
titer plates (96 wells), 50 µL of 0.15 M NaCl were added to 
each well of the plate and then 50 µL of pectin was added 
to the second well. After serial dilution (100–1.56 µg/mL), 
50 µL of the erythrocyte suspension (2.5% v/v) was added 
to all wells. The hemagglutinating activity corresponded 

(11)
NO(%) =

(Control Absorbance − Sample Absorbance)

Control Absorbance
× 100% .

(12)

Hemolysis (%) =

[(

ABS sample - ABS blank

ABS saponin - ABS blank

)]

∗ 100,
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to the inverse of the highest dilution (title−1) in which 
total agglutination of erythrocytes was still observed. The 
experiments were obtained in triplicate.

Preparation, culture and in vitro stimulation of PBMCs

The isolation of lymphocytes and monocytes from 
peripheral blood mononuclear cells (PBMC) was per-
formed according to Melo et al. (2011) and Santos et al. 
(2021). The experimental protocols were approved by 
the Ethics Committee Protocol number 1.870.360 of the 
Federal University of Pernambuco, Recife—PE, Brazil. 
Blood samples were only collected after all health vol-
unteers signed the Informed Consent Term. After three 
centrifugations, cells were counted in a Neubauer cham-
ber, using the trypan blue solution. Cells were used only 
when viability was > 95%. PBMCs were cultured in RPMI 
1640 medium supplemented with 10% (w/v) fetal bovine 
serum in 24-well plates at a density of 106 cells/well. For 
viability analysis, cells were treated with pectin at different 
concentrations and the stimulus was maintained for 24 h.

Cytotoxicity analysis in PBMC

PBMCs (106 cells/well) were treated with pectin 
(2.5–80 µg/mL). Cell viability assays were performed in 
24-well plates where cells were incubated for a period of 
24 h. The control used was culture medium and cells. After 
the incubation time, the cells were centrifuged at 2000 rpm 
at 25 °C for 10 min. After discarding the supernatant, 
1 mL of 1X PBS was added to the precipitate and centri-
fuged under the same experimental conditions mentioned 
above. At the end of centrifugation, the supernatant was 
discarded and the pellet was resuspended in a buffer solu-
tion containing Propidium iodide. Assays were analyzed 
in a FACS Calibur flow cytometer (Becton Dickinson Bio-
sciences). The experiments were carried out in sextupli-
cate. The results of the analysis were analyzed by dotplots 
(Dotplot) using Flowing Software 2.5.1®. Cell viability 
was determined in percentage using Eq. 13.

where VC is the number of viable cells at different con-
centrations of lignin, TC is the concentration of viable 
cells in the control (only cells and culture medium) that 
represents 100% viability.

(13)Cellular viability (%) =
(

VC

TC

)

*100% ,

Measurement of cytokines and nitrite production

Cytokines and NO were quantified in PBMC culture super-
natants (106 cells/well) treated with pectin (10 µg/mL) for 
24 h of incubation. Cytokine evaluation was performed 
with the Cytometric Bead Array (CBA) kit Human Th1/
Th2 Cytokine (BD Biosciences-USA®) for detection of 
interleukins IL-2 (y = 0.0057x + 6.2369; R2 = 0.996), IL-4 
(y = 0.0033x + 6.165; R2 = 0.9805), IL-6 (y = 0.0043x + 4.
4473/R2 = 0.9914), IL-10 (y = 0.0055x + 3.3736/R2 = 0.99
66), IL-17 (y = 0.0043x + 4.4473/R2 = 0.9914),TNF-α (y 
= 0.0036x + 4.0523/R2 = 0.9807) and IFN-γ (y = 0.0072x 
+ 5.1593/R2 = 0.9921) as described by the manufacturer 
and by Santos et al. (2020). Data were acquired on the 
FACS Calibur platform (BD Biosciences-USA®) and the 
results analyzed in Flowing 2.5.1® software, through their 
respective detection curves. The experiments were carried 
out in sextuplicate. In addition to the determination of 
cytokines in the PBMC culture supernatant, the levels of 
NO produced were determined using the Griess method 
(Ding et al. 1988). A standard curve for nitrite (y = 0.00
7x + 0.0256/R2 = 0.9978 /3.12–400 µmol) was performed 
for the assay. The reading was performed in a microplate 
spectrophotometer (Thermo Scientific Multiskan FC®, 
Waltham-USA) at 595 nm. The experiments were carried 
out in sextuplicate.

Immunophenotyping assay

Lymphocyte immunophenotyping assays were performed 
according to Santos et al. (2020) and Santos et al. (2021). 
After 24 h of pectin treatment (10 µg/mL), cells were 
removed from the plates using ice-cold PBS and trans-
ferred to polypropylene tubes (BD Biosciences) with 6 mL 
PBS for centrifugation (400 × g, 10 min). After discarding 
the supernatant, cells were washed with 2 mL PBS and 
centrifuged (400 × g, 10 min). The supernatant was dis-
carded and the surface monoclonal antibodies were added 
to the tubes and incubated for 30 min. Then, two washing 
steps were performed with 1 mL of PBS followed by cen-
trifugation (400 × g, 5 min). Supernatants were discarded 
and cells were fixed for 15 min with 150 mL Cytofix solu-
tion (BD Biosciences) and then washed with 2 mL PBS 
followed by centrifugation (400 × g, 5 min). After discard-
ing the supernatant, 300 μL of PBS was added to each tube 
and 10.000 events were acquired on the FACS Calibur 
platform and the results were analyzed using Flowing-
Software version 2.5.1. As experimental control, control 
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cells treated with 1% DMSO were used. The monoclonal 
antibodies used were anti-CD4-PerCP-Cy5.5 and anti-
CD8-FITC (BD®). The experiments were carried out in 
sextuplicate.

Emulsifying properties

The emulsions were made according to the method used 
by Schmidt et al. (2017), Yang et al. (2018) and Deng et al. 
(2020) with some modifications. Pectin was dissolved in 
distilled water at different concentrations (2.5–80 µg/mL) 
in order to evaluate the effect of the concentration dur-
ing the emulsions. In addition to evaluating the effect of 
pectin concentration, the influence of pH variation (2, 
4, 6 and 8) (correction with sodium hydroxide and 3 M 
phosphoric acid) and of calcium ion concentration, using 
calcium chloride in different concentrations (0, 20, 40, 60, 
80 and 100 mg/g of pectin). The tests were carried out at a 
ratio of 1:1 (v/v), that is, test solution and soybean oil. As 
a control, distilled water was used. After that, the samples 
were homogenized (20,000 rpm for 90 s) and centrifuged 
at 1300G for 5 min. After centrifugation, the emulsifying 
activity was determined according to Eq. 14. The stability 
of the emulsion (Eq. 15) was determined under the same 
experimental conditions as the emulsifying activity, and 
for this assay the emulsions were preheated to 80 °C for 
3 min.

In the experimental condition that showed the high-
est emulsification activity (pectin concentration, pH 
and calcium concentration), the LT-87 molecule (Jacob 
et al. 2021) was added to the assay at a concentration of 
18.7 µM, a concentration capable of eliminating tumor 
cells by 50%. This molecule was synthesized and patented 
under the number BR-1020190145030 by our Research 
Group on Therapeutic Innovation—GPIT/LQIT/UFPE 
where the anti-inflammatory, COX2 inhibitors, analgesic 
and anti-tumor activities were described. For the assays, 
the molecule was dissolved in 1% DMSO. Finally, 1% 
DMSO solution and distilled water were used as controls. 
The experiments were carried out in triplicate.

Statistical analysis

The GraphPad Prim 7® software was used for statistical 
analysis. The Shapiro–Wilk test was applied to test the 

(14)EA(%) =

(

Height of the emulsifynig layer

Total fluid height

)

∗100%,

(15)ES(%) =

(

Emulsion height after heating

Total fluid height

)

∗100% .

normality of the hypothesis and the repetition means were 
analyzed by non-parametric tests. Statistical differences 
between groups were analyzed by one-way analysis of 
variance (ANOVA). Differences were considered signifi-
cant when p < 0.05.

Results and discussion

Physical and chemical characterization of pectin 
obtained from Crataeva tapia leaves

Physicochemical composition analysis

Table 1 presents the results of the physicochemical com-
position of pectin obtained from Crataeva tapia leaves, 
these being the ash contents, protein moisture, phenolics, 
molecular weight, pectin obtainment yield, elemental analy-
sis, percentage of monosaccharides present in the structure, 
degradation products obtained during the acid hydrolysis of 
pectin, in addition to the levels of HG and RGI.

The literature presents different values for the analysis of 
the physical and chemical composition of pectins. Yields, 
ash and moisture contents ranged from 1.2 to 32%, 1.0 to 
3.9% and 6.0 to 9.8%, respectively, for pectins from soybean 

Table 1   Results of the analysis of the physicochemical composition 
of pectin obtained from Crataeva tapia leaves

*Mean ± standard deviation

Physical and chemical composition

Ashes (%) 1.50 ± 0.0
Moisture (%) 6.75 ± 0.1
Yield of obtaining pectin (%) 2.3 ± 0.01
Molecular mass (Mw) (kDa) 37.2 ± 0.3
Total phenolics (mg GAE/g pectin) 1.87 ± 0.3
Elementary analysis %
Carbon 41.0 ± 0.1
Hydrogen 6.0 ± 0.4
Oxygen 53.0 ± 0.2
Monosaccharides and degradation products %
Rhamnose 2.85 ± 0.3
Arabinose 2.50 ± 0.4
Xylose 6.60 ± 0.1
Glucose 26.5 ± 0.0
Galacturonic acid 47.7 ± 0.3
5-Hydroxymethylfurfural 7.50 ± 0.3
Furfural 5.50 ± 0.0
Total 99.15 ± 0.3
Polymers present in pectin %
Homogalacturonan (HG) 44.8 ± 0.1
Rhamnogalacturonan I (RGI) 55.9 ± 0.1
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hulls (Kalapathy and Proctor 2001), mulberry branch bark 
(Liu et al. 2010), golden kiwi pomace (Yuliarti et al. 2015), 
Ubá mango husk (Oliveira et al. 2018), commercial (Oliveira 
et al. 2018), cocoa pod husks (Priyangini et al. 2018) of 
Indonesian mangosteen (Wathoni et al. 2019) and cherry 
pomace (Hosseini et al. 2020).

The molecular weight of pectins and different polysac-
charides is a highly variable parameter. Pectins have differ-
ent molecular weight values and these can vary between 20 
and 360 kDa (Gonzalez and Rosso 2011). Therefore, the 
pectin in this study is considered to have a low molecular 
weight. During the obtaining of pectin, different phenolic 
compounds are also extracted (since many of these are 
soluble in water or ethanol), these can be found adhered 
to the structure of pectin. The levels of phenolics present 
vary according to the method of extraction and obtaining 
the polysaccharide. The literature presents different values 
of total phenols for different pectins: Fractions of Parkia 
speciosa 74.5–382.8 mg of GAE/g. Gan et al. (2010), egg-
plant husks and stems 161 and 16 mg of GAE/g Kazemi 
et al. (2019b), aerial parts of Equisetum arvense L 0.23 mg 
of GAE/g, aerial parts of Equisetum sylvaticum 0.11 mg of 
GAE/g (Patova et al. 2019) and sour orange peel 39.9 mg 
GAE/g (Kazemi et al. 2019a). The content of total phenols 
present in pectin was 1.87 ± 0.3 mg of GAE/g. The low 
content of phenolics and ash are related to the purity of 
pectins. That is, the lower they indicate the greater purity 
of the polysaccharide.

The results of the elemental analysis obtained are close 
to those found for other pectins reported by several authors. 
Waymack et al. (2004) obtained contents of carbon (38.4%), 
hydrogen (5.80%) and oxygen (50.7%) (commercial cit-
rus pectin). Bae et al. (2009) obtained carbon (39.59%), 
hydrogen (6.05%) and oxygen (54.36%) and Coimbra et al. 
(2011) obtained carbon (40.8%), hydrogen (6.01%), oxygen 
(52.49%) and nitrogen (0.7%) contents for citrus pectin.

In addition to the carbon, hydrogen and oxygen contents, 
it was also possible to determine the presence of different 
monosaccharides present in the chemical structure. Other 
pectins also had these same monosaccharides identified in 
our study (rhamnose, arabinose, xylose, glucose and galac-
turonic acid). Among these we can mention pectins obtained 
from different pectic fractions of Mesembryanthenum crys-
tallinum fruits (M’Sakni et al. 2006), from the early har-
vested fruits of the golden kiwi and the main fruit harvested 
of the golden kiwi (Yuliarti et al. 2015), from okra pods 
obtained at different pHs (Alba et al. 2015), potato pulp 
(Yang et al. 2019) and gabiroba fruit pulp (Barbieri et al. 
2019).

Through this compositional result, it was possible to 
determine the percentage of different fragments of the pol-
ysaccharides HG (44.8%) and RGI (55.9%) present in the 
pectin structure.

The differences found for the physical and chemical 
composition of pectins are directly related to the different 
extraction methods, maturation stage and extraction source 
(Kalapathy and Proctor 2001; Liu et al. 2010; Yuliarti et al. 
2015; Priyangini et al 2018; Oliveira et al. 2018; Wathoni 
et al. 2019; Hosseini et al. 2020).

Attenuated total reflectance/Fourier‑transform infrared 
spectroscopy (ATR/FTIR)

The functional groups found by the spectroscopic analysis of 
ATR/FTIR for pectin obtained from Crataeva tapia leaves 
are also reported by different pectins which we can cite 
those extracted from orange, passion fruit mesocarp, broc-
coli, carrot, sugar beet, tomato, mango, apple and pectin-
like polysaccharide obtained from the leaves of Conocarpus 
erectus (Lima et al. 2010; Kyomugasho et al. 2015; Santos 
et al. 2021). The chemical behavior of pectins depends on 
the number of ionic groups attached and their distribution 
along the main chain (Santos et al. 2021). Figure 1 shows the 
ATR/FTIR spectrum for pectin from Crataeva tapia leaves 
in the regions 4000–500 cm−1.

Through the spectrum, it was possible to observe a broad 
and strong intensity band at 3398 cm−1 referring to the elon-
gation of the hydroxyl groups (OH), associated with the 
presence of water, as well as the inter and intramolecular 
hydrogen interactions. The bands at 2925 cm−1 correspond-
ing to the C–H stretch of the CH2 groups. The vibrational 
bands at 1745 and 1637 cm−1 are attributed to stretches of 
esterified carboxylic methyl groups (C=O) and carboxylate 
groups (COO–), respectively. The bands at 1630 cm−1 were 
accompanied by the signals at 1440 cm−1 corresponding to 
the asymmetric and symmetrical stretches of the carboxyl 
group. Vibrational bands, attributed to the pyranoside ring, 
were found in the regions of 1149, 1078 and 1028 cm−1, and 

Fig. 1   FTIR spectrum by pectin from Crataeva tapia leaves
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refer to the region called “fingerprint” of the polysaccharide 
(below 2000 cm−1).

Pectins are subdivided according to the degree of esteri-
fication into two groups. Those with high methoxylation 
content present (DE) greater than 50% and are character-
ized by the ease of gel formation in the presence of sugar 
and low pH (2.5–3.8). Pectins with (DE) values below 50% 
are classified as low in methoxylation and gel-forming 
capacity in the presence of divalent cations, such as cal-
cium (Ca2+), over a wider pH range (from 2.5 to 7) with-
out the need for large amounts of sugars (Guillotin et al. 
2007). The degree of pectin esterification in this study 
was 25.7 ± 0.2%. Here, pectin is classified as low-esterifi-
cation pectin. The literature presents different values for 
the degree of pectin esterification and these differences 
are related to the form of extraction, characterization and 
source of obtainment (Lima et al. 2010; Kyomugasho et al. 
2015; Kazemi et al. 2019a, b).

Commercial pectin showed a degree of esterification 
ranging from 63 to 92% (Guillotin et al. 2007), that of 
passion fruit mesocarps from 20 to 69% (Lima et al. 2010; 

Kyomugasho et al. 2015), that of Opuntia ficus-indica 
41.4% (Bayar et al. 2017), those obtained from eggplant 
stem and skin showed a degree of esterification of 60.74 
and 68.18% respectively (Kazemi et al. 2019a, b) and pec-
tin polysaccharide similar to Conocarpus leaves erectus 
presented 37.5 ± 0.3% (Santos et al. 2021).

Nuclear magnetic resonance spectroscopy (1H and 13C NMR)

The 1H and 13C NMR spectrum for pectin from C. tapia 
showed characteristic signals present in different pectins, 
these being apple pomace pectins (Marcon et al. 2005), 
Comarum palustre L. pectin (Ovodova et al. 2005), isolated 
from Bergenia crassifolia leaves (Golovchenko et al. 2007), 
pectin extracted from the pulp of Tamarindus indica L. 
(Sharma et al. 2013), from cherry pomace (Hosseini et al. 
2019), eggplant peel and stem pectin (Kazemi et al. 2019a, 
b). Figure 2 shows the proton (1H) NMR spectra for C. tapia 
pectin.

The 1H NMR spectrum (Fig. 2) showed a signal rela-
tive to the solvent (D2O) in the region between 4.68 and 
5.23 ppm. The H-3 hydrogen specific signal for arabinose 
residues was 4.02 ppm. Signals at 3.67 ppm and 3.87 ppm 
correspond to protons H-2 and H-3 of methyl groups of 
esterified galacturonic acids, respectively. It is also observed 
in Fig. 2 at 4.40 ppm a signal referring to the H-4 proton. 
The signal at 1.14 ppm refers to methylated L-Ramnose 
groups. Around 2.1 ppm, both signs refer to galacturonic 
acid units that can be acetylated to O-2 or O-3 or esterified 
with methyl at the carboxyl groups. The intense signal at 
3.70 ppm relative to methyl groups attached to carboxylic 
groups of galacturonic acid. Figure 3 shows the 13C NMR 
spectrum of the pectin under study.

Through the 13C NMR spectrum of Fig. 3, it was pos-
sible to observe the chemical shifts corresponding to the 
anomeric region of d-α-galacturonic acid, evidenced by the 
signs at δ 99.69 ppm and δ 104.39 ppm equivalent to C-1 
carbon of esterified and non-esterified units, and a very low 

Fig. 2   Spectrum of 1H NMR by pectin extracted from Crataeva tapia 
leaves

Fig. 3   Spectrum of 13C NMR 
by pectin extracted from Cra-
taeva tapia leaves
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field signal at δ 170.74 ppm corresponding to the C-6 of the 
methylesterified and free carboxylic groups, respectively. At 
δ 52.9 ppm it is assigned to the C-6 O-methyl ester (OMe) 
group of the pyranoside ring. The signals at δ 60.78, 67.93, 
70. 58, δ 71.86, 74.54, 73.34, 77.69 and 78.64 ppm are rela-
tive to carbons C-2, C-3, C-5 and C-4 of galacturonic acid, 
respectively.

Thermogravimetric analysis and differential scanning 
calorimetry

Figure 4 shows the results of thermal analysis for pectin 
extracted from Crataeva tapia leaves. Figure 4A and B show 
the results of thermogravimetry (TGA), derived thermo-
gravimetry (DTG) and Fig. 4C shows the differential scan-
ning calorimetry curve.

The TGA/DTG pectin curve (Fig. 4A and B) showed 
three stages of mass loss. The first step, in the temperature 
range of 50–100 °C (mass loss of 6.0%); the second, in the 
temperature range of 100–210 °C (mass loss around 65%) 
and the third in the range from 210 to 400 °C, with mass loss 
around 5%, resulting in an ash content of 23%. The sample 
mass loss in nitrogen atmosphere was studied to investigate 
the main stages of thermal degradation of pectin (Tan et al. 

2020). The pectin obtained from C. tapia leaves showed 
thermal degradation in three stages, which was also reported 
by other authors, Einhorn-Stoll et al. (2007), Wang et al. 
(2016) and Tan et al. (2020). The first stage of degradation 
is related to water loss. The second referent of pectin which 
is due to primary and secondary decarboxylation involving 
the acid side group and a ring carbon. This step is confirmed 
by the DTG curve that shows a more intense peak indicating 
a higher rate of pectin decomposition. Finally, the third step 
involves degrading the entire exposure to ash.

Figure 4C shows the results of the DSC analysis between 
40 and 400  °C. The results of the DSC curves show 
an endothermic peak (around 50  °C) with an enthalpy 
of + 12.4 ± 0.1 J/g characteristic of water scavenging and an 
exothermic peak that suggests pectin degradation (around 
200 °C) with an enthalpy of − 301 ± 0.5 J/g. The results of 
the DSC curves showed two peaks, the first endothermic, 
corresponding to the dehydration process and the second, 
exothermic, corresponding to the decomposition process. 
The two events are consistent with the events observed in the 
TGA curve and agree with what was observed by Iijima et al. 
(2000), Einhorn-Stoll et al. (2007) and Nisar et al. (2018) 
who described two thermal events for pectin samples under 
N2 in DSC curves.

X‑Ray diffraction analysis (DRX)

DRX analysis was used to provide more information about 
the structure of pectin (amorphous and crystalline) (Kazemi 
et al. 2019a, b; Misra and Yadav 2020). Pectins have peaks 
at different angles. Nisar et al. (2018) obtained peaks for cit-
rus pectin in the range 12.72º–40.14º. Kazemi et al. (2019a, 
b) characterizing eggplant food processing residues as a 
source of pectin obtained peaks in a range from 13.4 º to 
44.8º. Misra and Yadav (2020) evaluating carrot pectins they 
obtained peaks in the range from 14.3 º to 51.6º.

Figure 5 shows the DRX spectrum for pectin extracted 
from Crataeva tapia leaves. The pectin X-ray diffractogram 
shows the 2θ peaks equal to 16.2 and 23, 25, 30 and 40. The 
pectin under study showed an amorphous structure. This 
characteristic was observed in other pectins, among which 
we can mention the pectins extracted from Akebia trifoliata 
var. australis bark (Jiang et al. 2012), Indonesian mangosteen 
pectins and commercial pectin (Wathoni et al. 2019), pec-
tin-like polysaccharide from leaves of Conocarpus erectus 
(Santos et al. 2021). The amorphous or crystalline behavior 
of different pectins is related to the origin and extraction 
methods (Wathoni et al. 2019; Kazemi et al. 2019a, b; Misra 
and Yadav 2020; Santos et al. 2021).

Fig. 4   Thermogravimetric analysis (TGA) (A), derived thermogravi-
metric curves (DTG) (B) and differential scanning calorimetry (DSC) 
thermogram (C) for pectin extracted from Crataeva tapia leaves
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In vitro antioxidant activity

The antioxidant activity promoted by different pectins is 
directly related to their chemical structure, that is, monosac-
charide composition, galacturonic acid content, molecular 
weight, type of glycosidic link in the main chain, degree 
of esterification and flexibility of the configurations of the 
chains associated with the presence of phenolic compounds 
due to the extraction process (Chen et al. 2019; Wathoni 

et al. 2019; Kazemi et al. 2019a, b; Hosseini et al. 2019; 
Santos et al. 2021). The results of antioxidant activity are 
shown in Fig. 6.

The curves obtained for each assay showed an increase 
in antioxidant activity with increasing concentration for 
all assays. A similar profile was obtained by Wathoni et al. 
(2019) evaluating Indonesian mangosteen pectin for the 
DPPH assay. Chen et al. (2019) evaluating hawthorn pectin 
obtained an increase in antioxidant activity with increasing 
concentration for DPPH, OH and reducing power elimina-
tion assays. Santos et al. (2021) evaluating the antioxidant 
activity of a pectin-like polysaccharide obtained from leaves 
of Conocarpus erectus, the authors performed the ABTS 
and DPPH assays.

Table 2 presents the results in percentage of antioxidant 
activity for pectin in this study compared to ascorbic acid 
and BHT standards. In none of the test’s pectin showed IC50 
(50% capture/reduction concentration).

The results show that the antioxidant activity promoted 
by pectin was higher for the ABTS assays, followed by 
DPPH, PCRA and NO and that this polysaccharide pre-
sents moderate to low antioxidant activity when compared 
to the standards used (ascorbic acid and BHT). Similar 
to our results, pectin isolated from eggplant and sour 
orange peel showed antioxidant potential at concentra-
tions above 400 µg/mL (Kazemi et al. 2019a, b; Hosseini 
et al. 2019). The studies by Patova et al. (2019) which 
showed that pectins isolated from the leaves of Equisetum 
arvense L. and Equisetum sylvaticum L. were efficient in 
scavenging the hydroxide peroxide radical and inhibiting 
the hydroxyl radical in concentrations above 400 µg/mL. 
Thus, the antioxidant activity is directly associated with 
the chemical structure of pectin, concentration and phe-
nolic content associated with the structure (Kazemi et al. 
2019a, b; Hosseini et al. 2019; Patova et al. 2019; Misra 
and Yadav 2020; Santos et al. 2021).

Fig. 5   XRD spectra for extracted from Crataeva tapia leaves

Fig. 6   Results of antioxidant activity in percentage promoted by pec-
tin obtained from Crataeva tapia leaves in different assays of ABTS, 
DPPH, PCRA and NO

Table 2   Antioxidant activities of Crataeva tapia pectin compared to 
ascorbic acid and BHT standards at a concentration of 400 µg/mL

Mean ± Standard deviation
DPPH 2,2-diphenyl-1-picrylhydrazyl radical, ABTS 2,2′-azino-bis(3-
ethylbenzothiazoline)-6-sulfonic acid radical, PCRA​ Total antioxidant 
activity, NO nitric oxide

Antioxidant assays C. tapia pectin Ascorbic acid BHT

ABTS 41.16 ± 0.30 90.47 ± 0.34 95.01 ± 0.1
DPPH 25.9 ± 0.01 91.05 ± 0.17 92.41 ± 0.4
PCRA​ 20.4 ± 0.20 100 ± 0.00 99 ± 0.2
NO 7.6 ± 1.95 95.42 ± 0.80 73.1 ± 0.5
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Cytotoxicity assessment, cytokine production 
and immunophenotyping investigation

Cytotoxicity assays on polysaccharides is an important step 
for their biomedical and pharmaceutical application (Chen 
et al. 2016a, b; Ktari et al. 2017; Slima et al. 2019). In vitro 
hemolysis assays have been routinely used in toxicity studies 
of different polysaccharides (Ktari et al. 2017; Slima et al. 
2019). Therefore, this study aimed to evaluate the cytotoxic 
capacity of C. tapia pectin against erythrocyte cells. Hemol-
ysis is characterized by rupture of the erythrocyte with the 
release of hemoglobin, as erythrocytes are simple cells, their 
interaction with different bioactive molecules is carried out 
by the plasma membrane (Kumar et al. 2011; Jeswani et al. 
2015). Figure 7 shows the results of hemolytic activity in 
percentage (A) and hemagglutination (B) promoted by the 
pectin under study.

The results showed that pectin was not able to promote 
hemolytic activity at high concentrations. As well as the 
pectins from Cola cordifolia obtained by Austarheim et al. 
(2014) were also not toxic in erythrocytes. Kothandaraman 
et al. (2017), evaluating this activity for citrus pectin con-
jugated to different drugs, at concentrations ranging from 
50 to 500 µg/mL, they obtained percentage of hemolysis 
lower than 20%. Kodoth et al. (2019) evaluating the cyto-
toxic effect of pectin-based silver nanocomposite film also 
verified that the material associated with pectin also did not 
promote cytotoxic effect against erythrocytes. Regarding 
hemagglutinating activity, the pectin in our study was not 
able to promote hematoagglutination when compared to the 
control, that is, the ability to unite erythrocytes in the form 
of bridges, promoting loss of cell function, the hemagglu-
tinate activity was recently observed by the PgTeL protein 
(Silva et al. 2021).

In parallel, assays with erythrocytes were performed with 
assays with peripheral blood mononuclear cells (PBMC). 
The viability of pectin-treated PBMC was investigated by 
flow cytometry, using as propidium iodide a fluorescent 
agent used to show cell damage (Melo et al. 2011; Santos 
et al. 2021). Figure 8 shows the results in percentage for the 
viability of PBMC, after incubation with different concentra-
tions of pectin (2.5–80 µg/mL) for a period of 24 h.

Pectin from Crataeva tapia leaves was not cytotoxic (via-
bility > 95%) at the concentrations studied. Behavior similar 
to that observed by Salman et al. (2008) and Merheb et al. 
(2019) investigating citrus pectin cytotoxicity in PBMC and 
mouse splenocytes, respectively. Wang et al. (2005) investi-
gating Centella asiatica pectin, Amorim et al. (2016), study-
ing the effects of three pectin fractions (OP, MOP and PG) 
extracted from Theobroma cacao at different concentrations 
(25, 50, 100, 200 and 400 μg/mL) against macrophage cells. 
Lefsih et al. (2017), with water-soluble pectin from Opuntia 

Fig. 7   Hemolytic and hemagglutination activity promoted by pectin from Crataeva tapia at different concentrations

Fig. 8   Viability of human PBMCs treated with C. tapia pectin at dif-
ferent concentrations. Pectin did not promote significant cell death. 
Vertical bars represent the mean of two independent experiments per-
formed in triplicate
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ficus-indica in NIH-3T3 cells, and Santos et al. (2021), eval-
uating the cytotoxic effect of a pectin-like polysaccharide 
obtained from Conocarpus erectus leaves against PBMC 
cells, found that the evaluated pectins did not present cyto-
toxic effects against the evaluated cells.

Immunomodulation assays were performed with 
pectin at a low, non-toxic concentration of 10 μg/mL. 
A study has shown that this concentration is capable of 
immunostimulating different cells (Nergard et al. 2005; 
Merheb et al. 2019; Santos et al. 2021). Figure 9 shows 
the profile of cytokines produced and lymphocyte acti-
vation. Pectin was able to induce a high production of 
IL-6 (275 ± 0.1 pg/mL) (Fig. 9A), IL-10 (38.7 ± 0.3 pg/
mL) (Fig. 9B) and TNF-α (44.7 ± 1.0 pg/mL) (Fig. 9C). 
The other immunological mediators, such as NO levels, 
IFN production, IL-2 IL-4 and IL-17 cytokines, did not 
show significant results. Furthermore, elevated levels of 
CD8 + T lymphocytes were found in pectin-stimulated 
cells (Fig. 9D).

The immunomodulatory potential of pectins is also 
related to the presence of methyl or acetyl groups and 
the content of galacturonic acid (< 75%). Thus, pectins 
obtained by different methods and sources promote dif-
ferent stimuli in cells (Popov and Ovodov 2013; Amorim 
et al. 2016; Merheb et al. 2019).

This fact was also observed by Santos et al. (2021) 
evaluating a pectin-like polysaccharide from leaves of 
Conocarpus erectus. Similar to our results, pectins from 
Lycium ruthenicum (Peng et al. 2014), Sambuci fructus L 
(Ho et al. 2015), Hovenia dulcis (Wang et al. 2017) and 
Punica granatum L. (Gavlighi et al. 2018) also were able 
to promote immunostimulation in animal cells (Seyfried 
et al. 2016). Furthermore, results from C. tapia pectin 
suggest its use as a pro-inflammatory agent (Khan et al. 
2017).

The pectin from our study proliferation and acti-
vation of TCD8 + lymphocytes reduced activation of 

TCD4 + lymphocytes. Santos et  al. (2021) obtained 
results contrary to our proliferation and activation 
of TCD4 + lymphocytes, reduction of activation of 
TCD8 + lymphocytes for the pectin-like polysaccharide 
of Conocarpus erectus leaves. According to Lim et al. 
(1997, 2003), apple pectin increased the proportion of 
CD4 + and CD8 + T lymphocytes in the mesenteric lymph 
node. Yaneva et al. (2002) evaluated the immunomodula-
tory activity of Aronia in combination with apple pec-
tin in breast cancer patients undergoing postoperative 
radiotherapy and showed that CD4 + and CD8 + T cell 
counts increased significantly. These results show that 
the chemical structure directly interferes with the immu-
nomodulatory activity (Popov and Ovodov 2013; Amorim 
et al. 2016; Merheb et al. 2019).

Emulsifying activity

The emulsifying properties of pectins are related to the 
methyl ester (hydrophobic) groups present in the chains of 
this polysaccharide. Generally, the greater the number of 
hydrophobic groups, the greater the results of emulsifica-
tion (Chen et al. 2016a, b). The pectin obtained in this work 
was subjected to different emulsion tests that evaluated the 
influence of variation in pectin concentration, pH and cal-
cium ion concentration. The results of this study are shown 
in Fig. 10.

Figure 10A shows that both the activity and stability 
of the emulsion did not differ significantly, but increasing 
the concentration leads to better results. Pectin showed 
low emulsification activity at a concentration of 80 µg/
mL (12.9 ± 0.06%) and stability of (9.33 ± 0.06%). This 
low activity and stability result may be associated with a 
low degree of esterification, since the methyl ester groups 
are responsible for these properties (Chen et al. 2016a, b; 
Schmidt et al. 2017; Yang et al. 2018).

Fig. 9   Production of cytokines IL-6 (A), TNF-α (B), IL-10 (C) and activation of CD8 + T lymphocytes (D) in cultures of human PBMCs stimu-
lated for 24 h with C. tapia pectin. Vertical bars represent the mean of two independent experiments performed in triplicate
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A limiting factor in choosing the best concentration 
for emulsion testing is viscosity (Chen et al. 2016a, b). At 
higher concentrations, there is a higher viscosity resulting in 
less sample homogenization (Yang et al. 2018). Therefore, 
for this study, the concentration of 10 µg/mL equivalent to 
1% was chosen. This concentration has already been used 
by other authors studying different pectins (Schmidt et al. 
2017; Yang et al. 2018; Deng et al. 2020). In addition to 
being a non-cytotoxic concentration, it was able to stimulate 
immune system cells.

Figure 10B shows the results of emulsifying the pectin 
solution (1%) at different pHs. The activity and stability of 
the emulsion did not show significant differences; however, 
it increased with increasing pH (2 to 6) having greater activ-
ity (8.0 ± 0.01%) and emulsion stability (2.89 ± 0.03%) at pH 
6.0. Values of pH above this value decrease the activity and 
stability of the emulsion. Similar results were found by Yang 
et al. (2018) found that stability and emulsifying activity 
decrease at pH above 8. Guzey et al. (2004) observed loss 
of stability at basic pHs.

Figure 10C shows the effect of calcium chloride concen-
tration with a pectin solution (1%) and pH 6.0. The values 
show that with the increase in the concentration of calcium 
ions there was an increase in the activity and stability of 
the emulsion. These properties did not show significant 

differences. Low esterification pectins form gels more eas-
ily in the presence of calcium ions by Guillotin et al. (2007). 
Similar behavior was observed by Yang et al. (2018), Zhao 
et al. (2018) and Ren et al. (2020) where they found that the 
emulsifying capacity was relatively stable, with an increase 
in the concentration of calcium chloride.

The condition used for the activity and stability of the 
emulsion was: pectin solution (1%), pH 6.0 and calcium 
ion concentration (100 mg/g) and the results were shown 
in Fig. 10D. The results showed that the insertion of the 
LT-87 molecule in the emulsion test promoted greater 
activity and stability (35.5 ± 0.0%; 30.4 ± 0.06%) when 
compared to the test that presented only pectin (32 ± 0.1%); 
21.33 ± 0.01%). The experiments showed a significant dif-
ference of p < 0.0001.

Emulsions are procedures used in the pharmaceutical 
industry to facilitate the transport of drugs to increase the 
oral bioavailability of poorly water-soluble drugs (Burapa-
padh et al. 2010; Sriamornsak 2011). The literature reports 
different studies using pectin-based emulsions as carriers of 
different drugs, including Itraconazole (Burapapadh et al. 
2010), Metformin hydrochloride (Banerjee et al. 2012), 
Metronidazole (Vaidya et al. 2015). Thus, emulsions with 
greater activity and stability promote better solubilization of 

Fig. 10   Emulsion tests varying the concentration (A), pH (B), calcium concentration (C) and evaluation of the emulsion properties with the 
insertion of the drug LT-87 (D). Vertical bars represent the average of two independent experiments performed in triplicate
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the molecule to be transported, in addition to increasing the 
shelf life of the product (Xiang et al. 2015).

Conclusion

The pectin extracted from Crataeva tapia leaves did not 
show in vitro toxicity in blood cells and promoted a pro-
inflammatory and antioxidant immune response. Its physico-
chemical properties allow its application as an emulsifying 
agent, that is, acting as supporting vehicles in pharmaceuti-
cal manipulations.
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