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Parahancornia amapa is an Amazonian tree that produces an edible white exudate widely used in folk
medicine and food. Studies have found the presence of carbohydrates and bioactive compounds in its
composition. The riverside population of the Amazon reports the use of this exudate against respiratory
diseases and inflammation. This brief communication aimed to show the bioactive potential of the amapa
bitter latex. Samples obtained from four different cities were studied and microbiological, physicochemical,
mineral, and bioactive compounds were analyzed (Total Phenolic and antioxidant activity by ORAC and
FRAP methods). The results showed relevant physicochemical and mineral composition (Ca, Mg and Zn
values suggested by the RDA). Furthermore, we found good antioxidant activity throughout latex. The
sample from the city of Cameta-PA showed higher values for Total phenolics, and antioxidant activity ORAC
and FRAP, respectively. This study is important due to the interesting composition of Parahancornia amapa,
which has the potential to be applied in technological routes in the food area.

Keywords: antioxidant capacity, bioactive compounds, exudate.

Parahancornia amapa é uma arvore amazdnica que produz um exsudato branco comestivel amplamente
utilizado na medicina popular e na alimentacéo. Estudos constataram a presenca de carboidratos e compostos
bioativos em sua composi¢do. A populacdo ribeirinha da Amazonia relata 0 uso desse exsudato contra
doengas respiratorias e inflamages. Esta breve comunicacéao teve como objetivo mostrar o potencial bioativo
do latex amapa amargo. Foram estudadas amostras obtidas de quatro cidades diferentes sendo realizadas
analises microbiologicas, fisico-quimicos, minerais e 0s compostos bioativos (Fendlico Total e atividade
antioxidante pelos métodos ORAC e FRAP). Os resultados mostraram relevante composicéao fisico-quimica
e mineral (valores de Ca, Mg e Zn sugeridos pela RDA). Além disso, encontramos uma boa atividade
antioxidante em todo o latex. A amostra da cidade de Cameta-PA apresentou maiores valores para fendlicos
Totais, e atividade antioxidante ORAC e FRAP, respectivamente. Este estudo é importante devido a
interessante composicdo da Parahancornia amapa que possui potencial para ser aplicada em rotas
tecnoldgicas na area de alimentos.

Palavras-chave: capacidade antioxidante, compostos bioativos, exsudato.

1. INTRODUCAO

Plants are related as an important source of the bioactive compounds. The antioxidant potential
observed in different parts of the plants (leaves, seeds, exudate, shell) can bring innovating and
development to the industry of nutraceutical foods. Vegetable products from the Amazon rainforest
are sources of income for approximately one million people in the legal Amazon, representing more
than 6% of the population of this region [1, 2].

Parahancornia amapa (Huber) Ducke (Apocinaceae) is an amazonian tree that produces a white
edible exudate (latex) widely used in popular medicine. It can be consumed with honey or other
foods. Experimental studies have found the presence of acyl-lupeol esters and large amount of
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carbohydrates and phenylethanoids compounds in its composition, as well as pentacyclic
triterpenes, such as B-sitosterol, stigmasterol and p-sitosterone steroids and its derivatives, that give
latex biological activity [3, 4].

According to Dimki¢ et al. (2016) [5], the use of this raw material is very old, in addition to
being used as an alternative therapy against diseases of pulmonary origin, it is also used to feed
certain native communities in the region These plants have an expressive medicinal value. These
extracts produced by the plants, especially the bitter amapé latex (P. amapa) works as a response
for the injuries that can occur on the tree trunks (made with or without the aid of people). Such
compounds are rich in metabolites that could help to protect the trunk, due to the presence of certain
compounds (such as alkaloids, phenolic and terpenes), and also because some institutions as the
World Health Organization (WHO) attributes the importance of studies of medicinal plants for the
isolation of important substances that contribute to human health.

In Brazil there are a multitude of plants with medicinal properties, since, the country covers a
great number of vegetal riches. These plants have an expressive medicinal value and therefore, end
up assuming a social, biological, and cultural significance for the regions of their origin [6].

Amapa latex is extracted from two species and has 2 types: sweet amapa latex (Brosimum
parinarioides spp. parinarioides Ducke), and bitter amapa latex (Parahancornia amapa). These
products are used in the feeding of native population and in popular medicine, since both species
(sweet and bitter) show pharmacological properties due to the presence of coumarins and other
bioactive compounds [7].

The consumption of forest foods was researched as source of new ingredient and bioactive
compound [8]. Amapa latex is one of the most important forest products sold in open markets,
herbalists and pharmacies, in cities such as Belém, Igarapé-Miri, Abaetetuba and Barcarena. The
municipalities of Ponta de Pedras and Portel, cities located in the Marajé archipelago, supply the
consumer market for amapa latex in the city of Belém-PA [9]. In order to evaluate the importance
of the latex of amapa in the riverside communities it is necessary to have a more detailed study
about this raw material, since the bitter amapa latex presents high bioactive potential. Thus, the
present work aimed to carry out physical-chemical, microbiological and antioxidant analyzes of the
exudate to verify its potential bioactive capacity, which showed as an interesting alternative in the
diet of the population from the Northern region of Brazil.

2. MATERIAL AND METHODS

2.1 Reagents

Gallic acid (>98.0%), Folin-Ciocalteau reagent (>98.0%), Trolox (Ci4H18Q0a), 2,4,6-Tris(2-
pyridyl)-s-triazine T1253 (>98.0%) and DPPH (2, 2-diphenyl-1-picryl-hydrazil) (>99.0%) were
acquired from Sigma-Aldrich Brazil Ltda. (Sdo Paulo, Brazil). Na,COs, FeCl; and methanol
solvents (>99.0%), acetone (>99.0%), ethyl alcohol (=98.0%), acetic acid (=99.0%), were acquired
from Dindmica Quimica Contemporanea Ltda. (Recreio Campestre Jdia, Indaiatuba, SP, Brazil).

2.2 Sample collection and preparation

The raw materials were purchased in free markets of four municipalities in the state of Par4,
Brazil: Cameta (2°14'30.15"S 49°29'55.00"W), Mocajuba (02°35°04.57”S e 49°30°21.91”W),
Marajo (0°55°19.25°’S € 49°38°51.99” W) and Belém (1°27°21.89"S ¢ 48°29°20.86"W). There was
the monitoring the collection process of the amapa latex in all locations. Samples were conditioned
in glass bottles, after they were transferred to 100 mL polyethylene packages hermetically sealed.
All samples were maintained at refrigeration temperature (4°C) until they were analyzed. Figure 1
shows the appearence of the amapa latex used in the present work.

The collection of all samples was within the terms of art. 41 of Decree n° 8.772/2016, that the
register of access to genetic heritage or associated traditional knowledge, identified by A1D98C4.
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Figure 1: Appearance of amapa latex.

2.3 Microbiological analysis

Microbiological analyzes were performed according the da Silva et al. (2018) [10], to
filamentous fungi and yeasts (CFU/g), Bacillus cereus (CFU/g), mesophyll aerobes and
thermotolerant coliforms [11] and Salmonella spp. governed by 1SO 6579 [11].

2.4 Physical-chemical Analysis

The physical-chemical analysis was carried out following the method of Adolf Lutz [12]
Samples were analyzed in triplicate, the performed determinations were pH, total titratable acidity
(TTA), moisture, ash, density, soluble solids (°Brix), fixed mineral residue, and proteins (nitrogen
conversion factor used was 0.6).

For the quantification of total reducing sugars (TRS), the 3.5 dinitrosalicylic acid (DNS)
methodology was used, as described by Maldonade et al. (2013) [13]. Moreover, fat was measured
by the method described by Bligh and Dyer (1959) [14]. The total carbohydrate content was
calculated according to Resolution RDC 360/2003, by weight difference (100 g - total grams of
moisture, proteins, lipids and ashes). The total energy value (TEV) was calculated through amounts
of proteins, carbohydrates and lipids, according to the resolution RDC 360/03 food labels [15].

2.5 Mineralogical analysis

The micronutrient (Fe, Zn, Cu, and Mn) and macronutrient (N, P, K, Na, Ca, and Mg) analyzes
of the bitter amapé latex were carried out, according to the methodology of Soares et al. (2004)
[16]. Samples of amapa latex were submitted to a digestion system (in the sample digestion, nitric
acid, and perchloric acid were used, in the proportion of 3:1), Followed by the digestion phase,
Calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn), were
determined by microwave plasma atomic emission spectrometry (MP-AES - Agilent Technologies
- 4200). In the case of sodium (Na) and potassium (K), they were quantified by flame photometry
(Quimis - Q498M2), while phosphorus (P), by spectrophotometry, with vanadate yellow
(Biospectro - SP - 220).

2.6 Analysis of phenolic compounds and antioxidant activity (DPPH, ABTS, FRAP and
ORAC)

To the extracts preparation, sample was weighed (g) in test tubes and extracted sequentially with
40 mL of methanol/water (50:50, v/v) at room temperature for 1 h. The tubes were centrifuged at
1,120 G for 20 min and the supernatant was recovered. Then, 40 mL of acetone/water (70:30, v/v)
was added to the residue and extracted for 1 h, after that both were centrifuged. The extracts of
methanol and acetone were combined, filtered using Whatman filter paper No. 6, made up to 100
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mL with distilled water and used to determine the analyzes described below. All samples were
analyzed for phenolic compounds and antioxidant activity through FRAP and ORAC pathways.

The content of phenolic compounds was determined by the Folin-Ciocalteu method [17]. The
results were calculated from an analytical curve of gallic acid and the result expressed in
micrograms equivalent/ milligram sample (GAE.mg™?).

The Ferric Reducing Antioxidant Power (FRAP) assay [18] is related to the ability of
polyphenols to reduce Fe* to Fe?*. Samples were incubated at 37 °C and absorbance were detected
at 593 nm. The antioxidant capacity was calculated from an analytical curve of Trolox and
expressed in pmol equivalent/mL sample (TE.mL™).

ORAC analysis was determined according to the protocol of Cao et al. (1993) [19]. The samples
were incubated at 37° C and fluorescence from the extracts was detected at the wavelengths of 485
nm (excitation) and 520 nm (emission). The antioxidant capacity was calculated from an analytical
curve of Trolox and expressed in umol equivalent/mL sample (TE.mL™).

2.7 Statistical Analysis

The results of the analysis of composition and bioactive compounds of the bitter amapa latex,
together with the physical-chemical, mineralogical and microbiological analyzes were submitted
to analysis of variance (ANOVA) and the calculations of the averages by the Tukey test at 5%
probability with the aid of the statistical software Past [20].

3. RESULTS AND DISCUSSION

3.1 Microbiological analysis

Table 1 shows the microbiological tests for the different samples of latex from amapa. From
these results, it is possible to identify the absence of aerobic mesophilic microorganisms, total and
thermotolerant coliforms, Bacillus cereus and Salmonella spp., however, there was the presence of
filamentous fungi and yeasts.

Table 1: Microbiological analysis for latex from amapé collected in different cities in the State of Para.

Determination Cameta Belém Mocajuba Marajé
Total mesophilic aerobic count (UFC/g) Absent Absent Absent Absent
Total and thermotolerant coliforms (UFC/g) Absent Absent Absent Absent
Filamentous fungi and yeasts (UFC/g) 2.5x10° 1.7x10° 2.33x10% 2.5x10°
Bacillus cereus (UFC/g) Absent Absent Absent Absent
Salmonella spp. (UFC/g) Absent Absent Absent Absent

The extraction of latex is conducted in a rudimentary way where the collectors themselves have
no notion of hygiene with the utensils used to make the cracks in the trees, which increases the
chances of contamination of the raw material. According to Hobbs and Roberts (1999) [21], the
importance of personal and instrumental hygiene awareness must be obeyed and from these
standards, one can arrive at the almost total inhibition or absence of microorganisms that cause the
degradation of food.

In relation to the frequency of filamentous fungi found in this research, this may be related to
the sensitivity of the method used and the quantity of microorganisms present at the time of
collection. As for the absence of bacterial isolation, it can be inferred that latex pH is a limiting
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factor for the growth of these microorganisms, since they develop at a pH close to neutrality, while
fungi develop at pH 5.6 [21].

There is also a need for legislation for this product, it does not have any certification for its
quality control.

3.2 Physical-chemical analysis

The results of the physical-chemical analyzes (wet basis) carried out for the bitter amapa latex
collected in different cities in the state of Par4 are shown in Table 2. Samples had a high moisture
content, which affects the amounts of soluble solids, and within this fact, we can see a low sugar
content that constitute these samples. Free water that is not combined with intrinsic food molecules
is automatically available for the processes of chemical reactions, microbiological growth, and
enzymatic reactions.

Table 2: Physical-chemical analysis of amapa latex from different cities in the State of Para.

Determination Cameta Mocajuba Belém Marajé
Density (g/cm3) 1.01+0.00? 0.99+0.00? 0.460.00P 0.7440.00¢
SST (Brix) 1.00£0.00? 2.00+0.00P 1.20+0.00° 1.60+0.00°
Moisture (g/100g) 89.00 +0.012 90.00+0.012 92.00+0.002 91.00+0.012
Ashes (g/100g) 0.14+0.0142 0.17+0.00° 0.27+0.028° 0.30+0.00¢
pH 2.48 £0.07@ 3.98 +0.02° 4.18+0.05° 4.50+0.11¢
Lipids (g/100g) 4.37+0.112 1.31+0.10° 0.8+0.05° 2.77 +0.25¢
TRS (g/100g) 1.83+0.05% 5.01+0.34° 1.69+0.09°¢ 4.58+0.05¢
Proteins (g/100g) 2.41+0.142 1.40 +0.02° 0.61+0.13¢ 0.51+0.14°¢
Carbohydrates (g/100g) 4.08 7.12 6.32 5.42
TEV (kcal) 65.29 46.51 34.92 49.83

TTA - Total Titratable Acidity; TSS - Total Soluble Solids, TRS -Total Reducing Sugars TEV = total energy
value.
Same letters on the same line do not differ significantly by Tukey test (p> 0.05).

The amount of total soluble solids (Brix) that the samples presented provides almost
insignificant values. The content of TSS (Brix) is a relevant factor, because the higher the value of
this parameter, the sweeter the food is, presenting a considerable carbohydrate source, as well as
an energy source for the metabolic processes for the organism [22]. The latex collected in Mocajuba
and Maraj6 obtained the highest content of °Brix and therefore higher amounts of reducing sugars
in relation to the others.

Regarding the content of lipids, we can identify a much-diversified content of lipid matter,
varying from 0.8 - 4.37% among the studied samples.

TTA and pH analyzes are extremely important, as they can assist in the control of
microorganism growth and protein precipitation. Its identification can be based on the parameters
of qualities and conservation of the material exposed in study. The sample referring to the city of
Cametad, presented the lowest pH in relation to the others.

It is worth mentioning that there are few works in the literature about bitter amapé latex, there
are only reports of the species of latex from sweet amapa (Brosimum parinarioides) mentioned by
the authors [2, 23]. The first author found moisture values from 54.85 to 63.32; ash from 0.40 to
0.44%; pH from 5.37 to 5.42; 0.8 to 0.10% for ATT; 23.33 to 26.03°Brix. In addition, the second
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author found moisture components of 54.99%, lipids of 34.64%, proteins of 2.14%, carbohydrates
of 5.72%, ash of 2.41%, fibers of 2.04% and energy of 343.2 kcal.

According to Palheta et al. (2015) [2], the nutritional characteristics of sweet amapé latex show
that it is an energetic food, which probably justifies its use as a milk substitute when added for
breakfast by the Amazonian population from the Northern of Brazil.

If we compare the composition of amapé latex with commonly consumed bovine milk, we can
see that there is an interesting physicochemical composition, since the composition of cattle milk
is composed on average of 4.14% fat, 3.62 % of proteins, 13.53% of Brix [25], thus, the
consumption of amapa latex to replace bovine milk, presents itself as a product with low fat content
and high content of bioactive compounds.

Galuppo (2004) [24] carried out the physical and chemical tests were also carried out to assess
the nutritional value of amapé latex when compared to compared to cow's milk and soy extract (soy
“milk”™), all related to the recommended daily dose. As a result, the sweet amapa latex had 58%
moisture and a good amount of some minerals in its composition. It should also be emphasized that
factors such as soil nutrition, climate and geographical differences can cause differences in the
composition of vegetables [24].

3.3 Mineralogical analysis

Table 3 shows the results of macro and micronutrients from latex samples from different cities
in Para. The analysis of minerals was carried out in order to determine the main elements contained
in the samples and which may be necessary for human nutrition, based on RDC resolution No. 269,
of September 22, 2005 DOU 9/23/05 [26] on Recommended Dietary Allowance (RDA) for each
inorganic factor.

Table 3: Mineralogical analysis of the bitter amapd latex from different cities in the state of Para.

Mineral Samples
Cameté Marajo Mocajuba Belém

N (g/kg) 3.87+0.242 2.25+0.04° 1.00+0.00°¢ 1.07+0.10°¢
P (g/kg) ND 0.15 + 0.01° 0.14 +0.00° 0.14 + 0.01°
K (g/kg) 0.21+0.072 0.09 + 0.00° 0.01 +0.00° 0.08 + 0.00°
Na (g/kg) 0.10+0.002 2.04 +0.01° 0.94 +0.02¢ 0.98 + 0.04¢
Ca(g/kg) 0.11 £ 0.002 0.71+0.01° 0.65+ 0.00° 0.78+0.00P
Mg (g/kg) 0.03 + 0.00? 0.11+0.01° 0.10+0.00° 0.12+0.00°
Fe (mg/kg) 3.03+0.20? 21.49+0.38° 6.83+0.08¢ 9.48 +0.10¢
Zn (mg/kg) 6.19+0.192 3.75+0.33" 5.96+0.45? 3.45+0.46°
Cu (mg/kg) 1.11+0.03? 1.67+0.12° 1.61+0.15° 1.55+0.14°
Mn (mg/kg) 0.71+0.022 0.68+0.022 0.58+0.01° 0.86+0.01¢

ND = Non detected.
Same letters on the same line do not differ significantly in the Tukey test (p> 0.05).

The samples from Marajé, Mocajuba and Belém showed a calcium profile very close to that
suggested by the RDA (1g/Kg). Therefore, the calcium in the bitter amapé latex can be an important
source in the combat of bone diseases, hypocalcemia and women in the menopause period 9].

The amount of Mg in the sample exceeds the amount required by daily intake (0.26 g/kg) for
this element. The samples have a good profile of this mineral, therefore. According to Fiorini (2008)
[27], magnesium has several functions when metabolized and absorbed in the body, one of the most
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important is that this compound is able to regulate more than 300 enzymatic reactions that occur
constantly in human beings.

The “Zn” zinc was also found in considerable quantities in the samples of bitter amapa latex,
considering the daily intake (0.7 g/kg) as a reference, it can be highlighted that this raw material is
a source of this mineral.

Fiorini (2008) [27] points out the Zn present in food has an action in over 100 enzymes so that
reactions present in the body occur, and a portion of those enzymes assisting with an enzymatic
cofactor in the synthesis and degradation of macromolecules. The same author highlights those
foods of plant origin have factors that can inhibit the absorption of this element in the body, factors
such as tannins, alcohol, fibres, antibiotics, and oral contraceptives. The lack of this component
brings delayed sexual development, body development and deficiency in immunity.

Therefore, it can be observed that bitter amapa latex has truly relevant mineralogical properties
in comparison to other foods and values awfully close to IDR making it a food with mineralogical
potential.

3.4 Phenolic compounds and antioxidant activity

The amapa latex is a natural plant polymer containing a complex mixture of secondary
metabolites, including phenolic compounds, secreted by laticiferous cells and exudated by various
parts of the plant after suffering a minor tissue injury [28]. The total phenolic content of amapéa
latex from Belém, Marajé, Cameta and Mocajuba was 127.92 + 4.89; 127.92 + 10.74; 192.01 +
13.43 and 121.04 + 9.51 pug GAE.mL™ latex, respectively. Among the different locations, sample
from Cametéa had a significantly higher TP content (p <0.05) than the other samples (Figure 2).
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Figure 2: Analysis of phenolic total (TP) e antioxidant activity (ORAC and FRAP) of bitter amapa latex.
Samples with their respective means of three replicates, standard deviation and equal letters on the same
line do not differ significantly in the Tukey test (p> 0.05).

All amapa latex samples showed antioxidant activity against the peroxyl radical and by the
reduction of the iron ion. The sample obtained from the municipality of Belém had the highest PT
content and, consequently, the best antioxidant activity compared to the ORAC and FRAP method,
when compared with the other samples. Regarding the types of tests to assess antioxidant capacity
(Figure 2), samples showed greater activity in the ORAC method than in the FRAP method. This
supposes that the compounds present in the latex showed a greater transfer of hydrogen atoms than
electrons, having a good competition in relation to the peroxyl radical generated in the test [29].
These results are highlighted by the correlation of phenolic compounds with the methods of
determining antioxidant capacity, presenting a positive and significant correlation (p <0.05) for all
methods, being stronger for FRAP (r = 0.938) than for the ORAC method (r = 0.885). Therefore,
amapa milk has a potential to play an action in the prevention of oxidative stress, identified as the
cause of some diseases, such as arteriosclerosis, diabetes and neurodegenerative diseases [29].

It is important to note that amapa latex showed good mineral composition (Table 3), and this
can be interesting when associated with its bioactive compounds. Mistry and Williams (2011) [30],
pointed that mineral content can influence the antioxidant capacity of foods, among which stand
out, zinc (helps in the absorption of fat-soluble vitamins and it is an important cofactor for the
superoxide dismutase enzyme, which participates in reactions against free radicals), copper



A.C.V. Novaes et al., Scientia Plena 17, 061501 (2021) 8

(participates in the synthesis of proteins that can bind to metals, such as copper, preventing the
formation of free radicals) and magnesium (the deficiency of this mineral is related to the increase
in lipid peroxidation, inflammatory response and decrease of the antioxidant action).

Galuppo (2004) [25] evidenced the presence of the following compounds in the tested fractions
of lyophilized amapa latex (Brosimum parinarioides), such as alkaloids, anthraquinones, coumarin
derivatives, steroids and triterpenoids, and purines.

Regarding antioxidant activity, research shows that they are related to amounts of tannins and
flavonoids present in sweet amapa latex (Brosimum parinarioides DUCKE), together with
biological activity (antioxidant and antimicrobial). Several authors claim that the beneficial
properties of these antioxidants are related to their ability to scavenge free radicals, the molecules
responsible for aging in humans [23].

4. CONCLUSION

Samples of bitter amapa latex analyzed from different cities in Brazilian Amazon showed
relevant antioxidant activity. The city of Cameta-PA showed the raw material that stood out in
relation to the ones from others studied cities. Even though Cameta showed higher bioactive
compounds concentration in relation to the samples from other cities (that was well elucidated by
Tukey analysis), all of them presented the bioactive potential to be applied in the chemical,
pharmaceutical, and food industries. The study of the composition and antioxidant activity of the
bitter amapa latex sample is an important data in the literature because it has a great nutraceutical
potential composition. However, a toxicological analysis must be carried out on this raw material
to consolidate its use as food for the human population.
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