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Abstract: The use of medicinal plants is a very common practice. Anacardium occidentale L. and Psidium 

guajava L. are widely used because of their antidiarrheal properties. This study aimed to perform phytochemical 

analyses and to evaluate cytotoxicity and antibacterial potential of the barks of A. occidentale L. and P. guajava 

L. The exsiccates were prepared and deposited at the Antônio Dalla Martha Herbarium, located at 

CEULJI/ULBRA. The ethanolic extracts were carried out by maceration and the aqueous extracts by decoction. 

The phytochemical prospection was performed through colorimetric and precipitant tests, Artemia salina was 

used to evaluate the cytotoxicity, and the antibacterial analyses were carried out by disc diffusion. In both plants 

was confirmed presence of secondary metabolites, the ethanolic extracts showed active against S. aureus and E. 

coli., and the aqueous extracts demonstrated antibacterial activity only against S. aureus. The preparations of A. 

occidentale and P. guajava did not demonstrate toxicity against A. salina. The bioassays executed demonstrated 

great therapeutical potentials. Investigative studies about medicinal plants are extremely important, since some 

constituents may present drug interactions or interfere in laboratory tests. Therefore, further studies about the 

chemical constituents of the species in question are suggested, this way is possible to infer the occurrence of 

possible potential interactions.  
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I. INTRODUCTION 
Since the origins of mankind, plant preparations were produced and used by healers in rituals, with the 

purpose of healing the evils that afflicted the body and soul [1]. The Emperor of China, Shan Nung (2838-2698 

BCE), had great importance in the history of medicinal plants for being the first to catalog a wide variety of 

herbs with medicinal and toxic effects [2]. In Brazil, the practice of the use of medicinal plants has indigenous, 

Portuguese and African origin, which allowed a vast culture of information about the preparation and use of 

herbs [3]. 

In 2006, Brazil inserted through the Portaria No. 971 the use of medicinal plants and phytotherapics in 

the National Policy of Integrative and Complementary Practices (NPICP) of the Sistema Único de Saúde (SUS) 

[4]. In this context, aiming to guarantee access and rational use of medicinal plants and phytotherapics was 

created the Decree No. 5813, of June 22, 2006, which beyond incorporation of more therapeutic options, 

brought back again a millenarian practice that covers both scientific and popular knowledge [5]. 

The use of medicinal plants by rural and distant communities from the great centers is very common 

due to the precariousness of access to the SUS, the high costs of industrialized medicines, the difficulties of 

transportation and the option for natural treatments [6, 7]. Among the several plants used with medicinal 

purposes, stands out Anacardium occidentale L. and Psidium guajava L., widely used due to their antidiarrheal 

properties [8, 9]. 

The Anacardium occidentale L., belonging to the family Anacardiaceae, popularly known as cashew 

tree, is originated from the northeastern region of Brazil, has a tortuous crown and soft accessory fruits, colored 

with yellow and/or red, and its fruit, the cashew nut is similar to a human kidney. The bark of the cashew tree is 

used as an astringent and tonic (anacardine), its branches produce a yellow resin able to replace the gum arabic, 

and its sap can be used to produce paints. It is widely used in the traditional medicine for presenting therapeutic 

effects such as: hypoglycemic, pain relief, arthritis, intestinal colic, bronchitis and asthma, anti-inflammatory 

activity and inhibition of the enzyme acetylcholinesterase [9, 10, 11, 12].  

The Psidium guajava L, from the Myrtaceae family, popularly known as guava tree, is native 

throughout America, except Canada and Mexico, being considered a weed in the United States. The tree 

presents tortuous trunks, its fruits are green and/or yellowish berries, with sweet-acidulated juicy pulp. Widely 
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used in the traditional medicine, it has therapeutic activities such as: antidiarrheal, antispasmodic, topical 

antibacterial, hypoglycemic and platelet aggregator [8, 13]. 

Because they are frequently used in association in the popular medicine, scientific investigation of the 

therapeutic potential of these plants is extremely relevant. Therefore, the present study aimed to perform 

phytochemical analyses, and to evaluate the cytotoxicity and the antibacterial potential of the barks of A. 

occidentale L. and P. guajava L.  

 

II. METHODOLOGY 
2.1 Collection of plant material and preparation of exsiccate 

The fertile samples of the plants were collected in June 2018, in the city of Ji-Paraná (RO). The 

following geographical coordinates identify the sites of collection of A. occidentale and P. guajava, 

respectively, 10.85'93.6" S 61.96'61.3" W and 10.85'93.5" S 61.96'59.7" W. 

The exsiccates were prepared in accordance with the methodology of Simões et al. (2010) [14], and 

subsequently deposited at the Antônio Dalla Martha Herbarium, located at the University Center of Ji-Paraná, 

CEULJI/ULBRA. The plants were properly identified according to Simões et al. (2017) [16], and registered 

under the codes JPCU 319 (P. guajava L.) and JPCU 320 (A. occidentale L.).  

 

2.2 Plant material preparation and extraction 

The barks used in the present study, were dried at 45±1°C in a circulating air oven, and subsequently 

ground in an electric mill [14, 17]. 

The maceration to obtain the ethanolic extract (EE) was performed through the blending of 300 mL of 

ethanol Chemco (99.5%) and 200g of plant material of each species. These preparations were kept in amber 

bottles at room temperature, for seven days, and after being filtered, a concentrate was made with the crude 

extracts with the aid of the rotary evaporator Quimis (Q344B1), under a pressure of -400 PSI at the temperature 

of 40°C [18]. 

The barks of A. occidentale L. and P. guajava L. were separately submitted to the decoction process, 

by adding 20 grams of them in 240 mL of boiling water to obtain the aqueous extract (AE) [14, 19]. 

To calculate the yield, the weight of each concentrate extract obtained was divided by the weight of the 

dried material (200g) and was multiplied by 100 [20]. 

 

2.3 Phytochemical prospection 

To be evaluated, the AE and EE were separately prepared in the concentrations of 83 mg/mL and 500 

mg/mL, respectively. All the samples were performed in triplicate. 

 

Table 1: Based in colorimetric, precipitant and foam tests. 

Secondary metabolites Tests and reagents Positive results 

Alkaloids 
Dragendorff and Mayer reagents; 

organic and inorganic acids. 
Precipitate formation. 

Coumarins 
Observation under ultravioleta light; 

diethyl ether. 
Bright green or blue fluorescence 

Flavonoids 
Cyanidin or Shinoda test; 

Hydrochloric acid and magnesium. 
Orange or red coloration. 

Phenols Ferric chloride Blue or bluish green coloration. 

Saponins Hemolytic reaction Formation of persistent foam. 

Tannins 
Reaction of 10% ferric chloride 

solution 
Blue and/or green coloration. 

Triterpenes 
Salkowski reaction; Chloroform and 

sulfuric acid. 
Red and/or steady yellow coloration. 

Source: Adapted from Who (1980) [21], Simões et al. (2010) [14], Radi (2007) [22] and Teixeira (2012) [23]. 

 

The phytochemical prospection to identify secondary metabolites was carried out through colorimetric, 

precipitant and foam tests, according to Table 1. 

 

2.4 Bioassay with Artemia salina 

In a flat bottom flask, a solution of sea salt (35g/L - pH 8.5) was prepared, and the cysts of A. salina 

were added. The eggs were kept under aeration, at the temperature of 25ºC (± 2) and 100 watts light, for 48 

hours to complete the hatching [24]. 
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The samples of the AE were prepared in the concentration of 83 mg/mL and the EE at 10 mg/mL. After 

that, a serial dilution was made (1:1, 1:2, 1:5, 1:10 and 1:20). Then, approximately 10 A. salina nauplii were 

transferred to each test tube containing the prepared dilutions. As negative control, the saline solution (35 g/L) 

was used, and as positive control was used 0.1% potassium dichromate [25]. 

Passed 24 hours, after the addition of the nauplii, the live specimens were counted and the percentage 

of mortality (LD50) was calculated [26]. The tests were performed in triplicates. 

 

2.5 Antibacterial activity analysis 

A. occidentale L. and P. guajava L. ethanolic extracts tested were prepared from the following samples: 

A. occidentale L. (3 mg/mL); P. guajava L. (2 mg/mL) and from the association of A. occidentale L. and P. 

guajava L. (2 mg/mL each). Three samples, prepared by barks' decoction, were also evaluated: A. occidentale L. 

(83 mg/mL); P. guajava L. (83 mg/mL); A. occidentale L. and P. guajava L. (83 mg/mL each). The disc 

diffusion technique was used according to the methodology standardized by the Clinical and Laboratory 

Standard Institute (CLSI, 2011) using the Mac Farland scale [18, 28]. 

The culture medium used was Mueller-Hinton agar [29], and the bacterial strains chosen were: 

Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923), obtained from the bacteria storage 

of CEULJI/ULBRA’s Microbiology Laboratory. 

The negative control was done with distilled water, and the positive control with Clindamycin (2μg) for 

S. aureus and Ceftriaxone (10μg) for E. coli. The plates were incubated in an oven (37°C/24h), then the 

inhibition halos were evaluated. The samples, whose inhibition halo was higher than 6mm, in diameter, were 

considered active [30]. All analyses were performed in triplicate. 

 

III. RESULTS AND DISCUSSION 
3.1 Phytochemical prospection 

The yield of the ethanolic extracts obtained were 6.32% (12.64g) and 5.6% (11.2 g) for A. occidentale 

L. and P. guajava L., respectively. 

The secondary metabolites found in the studied plant species are expressed in Table 1. 

 

Table 2: Secondary metabolites evaluated in the Anacardium occidentale L. and Psidium guajava L. 

preparations. 

Secondary 

metabolites 

A. occidentale L. 

EE 

P. guajava L. 

 EE 

A. occidentale L.  

AE 

P. guajava L. 

 AE 

Alkaloids -- -- -- -- 

Coumarins -- -- -- -- 

Flavonoids + + + + 

Phenols + + + + 

Saponins + + + + 

Tannins + + + + 

Triterpenes + + + + 

Label: (AE) Aqueous Extract; (EE) Ethanolic Extract; (+) Present; (--) Absent. 

 

The results, of the phytochemical prospection of this work, are consistent with data found in the 

literature. Bouzada et al. (2009) [31], when performing the phytochemical analysis of the ethanolic extract of the 

leaves of A. occidentale L., confirmed the presence of triterpenes, tannin, flavonoids, alkaloids and 

anthraquinones. Santos and Rodrigues (2011) [32], confirmed the presence of tannins, phenols and alkaloids in 

the ethanolic extract of the barks of A. occidentale L. Related to P. guajava L., Silva et al. (2013) [33], found 

flavonoids, tannins and saponins in its leaves’ ethanolic extract. 

Many environmental factors may influence in the presence of secondary metabolites in plants [34]. It 

should be mentioned here, that the samples collected for this study originate from trees that grew in the midst of 

dense vegetation and were in the flowering period. 

The presence of flavonoids in plants is a mechanism of chemical defense against microorganisms, 

besides influence in the attraction of pollinators [14, 35, 36]. The flavonoids bind to glycoproteins present in 

viruses, and in some cell receptors, being able to trigger a significant antiviral activity already at the stage of 

virus' penetration into the cell [37]. Acacetin and amentoflavone are some examples of flavonoids with antiviral 

activity, while quercetin and rutin have antibacterial and anti-inflammatory activities [38]. 

The antibacterial activity of saponins and triterpenes, is related to their amphiphilic behavior and their 

ability to make complexes with proteins, steroids and membrane phospholipids, altering the cell permeability 

and damaging the functioning, by osmotic imbalance [39]. In relation to the tannins, the antibacterial activity 

occurs by three different mechanisms: inhibiting enzymes, through a tannin-protein complex, that prevents the 
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bacterial protein synthesis; modifying the metabolism in the microorganisms' cell membranes; and binding to 

metal ions, decreasing their availability for microbial metabolism [40, 41]. 

The presence of phenolic compounds was also evidenced in the studied preparations. It is known that 

some phenolic compounds are able to inhibit cyclooxygenase (COX) and lipoxygenase pathways, enzymes that 

are involved in inflammatory responses [38]. 

 

3.2 Bioassay with Artemia salina 

The median lethal dose (LD50) was obtained by the linear regression method based on the correlation of 

the concentrations’ log as a function of the percentages of the recorded mortalities. To the straight line equation 

obtained (y = a.x + b), it is attributed one half of the possible deaths to the value of y (ordinates) and, to the 

result x (abscissas), it was applied the antilogarithm to determine the concentration in μg/mL [26]. 

 

Table 3: Median lethal dose obtained from different preparations of the barks of Anacardium occidentale L. and 

Psidium guajava L. evaluated against Artemia salina. 

 Ways of samples preparation 

 AE DL50 R
2 

EE DL50 R
2 

A. occidentale L. 1425 µg/mL 0,966 4980 µg/mL 0,990 

P. guajava L. 3437 µg/mL 0,994 2500 µg/mL 0,981 

A. occidentale L. 

+ 

P. guajava L. 

1305 µg/mL 0,978 3360 µg/mL 0,994 

Label: (AE) Aqueous Extract; (EE) Ethanolic Extract. 

Figura 1: Linear mortality of A. salina depending on the logarithm of concentration of the ethanolic extracts 

(A) and aqueous extract (B) prepared by association of A. occidentale L. and P. guajava L. 
  

When evaluated according to the parameters described by Meyer et al. (1982) [24], the biological 

activity of the aqueous extracts was classified as non-toxic to A. salina. In other words, all samples had 

LD50>1000 μg/mL. The biological activity of the ethanolic extracts was also classified as non-toxic to A. salina, 

since all the samples had a LD50> 500 μg/mL [42]. 

Motti et al. (2015) [43], when evaluating the toxicity of a formulation, obtained from cashew nuts (A. 

occidentale L.), against A. salina, obtained DL50 of 3147 μg/mL. Durães et al. (2015) [44], obtained DL50 of 

1133 μg/mL, when investigating the leaves' toxicity of P. myrsinites DC against A. salina. These results 

corroborate to the present study. 

 

3.3 Antibacterial activity analysis 

The LD50, obtained from the bioassay with A. salina, was used as a parameter, to perform the analysis 

of the EE's antibacterial activity of the barks of A. occidentale L. and P. guajava L. The obtained results are 

expressed in Table 2, and demonstrate that there was antibacterial activity in different concentrations. In the 

positive control, the inhibition halo was of 28 mm for S. aureus and 25 mm for E. coli, and in the negative 

control, no halo formation was observed. 

The separated EE, as well as their association, are shown to be active against S. aureus starting from 

0.5 mg/mL, once they presented inhibition halo greater than 0.6 mm. But for E. coli, only the EE association 

presented to be active at this concentration, however, when tested separately, both were active in a concentration 

of 1.5 mg/mL. 
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Table 4: Antibacterial activity of the barks of Anacardium occidentale L. and Psidium guajava L. evaluated 

against strains of Staphylococcus aureus and Escherichia coli in different dilutions. 

 Tested concentrations and inhibition halos 

 3,0 mg/mL 2,0 mg/mL 1,5 mg/mL 1,0 mg/mL 0,5 mg/mL 0,25 mg/mL 

 A. occidentale L. EE 

Staphylococcus aureus 16 mm 14 mm 13 mm 11 mm 09 mm 04 mm 

Escherichia coli 13 mm 11 mm 08 mm 04 mm -- -- 

 P. guajava L. EE 

Staphylococcus aureus ** 13 mm 10 mm 09 mm 06 mm -- 

Escherichia coli ** 11 mm 09 mm 05 mm -- -- 

 A. occidentale L and P. guajava L. EE 

Staphylococcus aureus ** 16 mm 13 mm 11 mm 08 mm 05 mm 

Escherichia coli ** 13 mm 11 mm 09 mm 06 mm -- 

Label: (EE) Ethanolic Extract, (**) Concentration not tested, (--) There was no inhibition halo. 
 

In 2006, Konan [45] reported in a study that the hydroethanolic extract of the leaves of A. occidentale 

L. showed antibacterial activity for S. aureus strains in the concentration of 0.320 mg/mL, these results are close 

to those found in the present study, which was 0.500 mg/mL. In another study, the hydroethanolic extract of P. 

guajava L. 0.100 mg/mL demonstrated activity against S. aureus, but not against E. coli [46]. According to the 

classification by Holetz et al. (2002) [47], the extracts of the present study showed weak antibacterial activity. 

The AE of the barks were also evaluated, and they showed up antibacterial activity against S. aureus, a 

gram-positive bacterium. It was checked, inhibition halos of 12, 11 and 13 mm, respectively, for A. occidentale 

L., P. guajava L. and their association. On the other hand, the AE were inactive against E. coli, a gram-negative 

bacterium. It is known that the gram-positive bacteria’s sensitivity is more common to verify, since the plants 

secondary metabolites are more active against this type of bacteria [48,49], which confirms the results obtained 

in this study. 

The antibacterial activity of the studied plants is related to the presence of the following secondary 

metabolites: phenols, flavonoids, saponins, tannins and triterpenes, that were identified in the aqueous and 

ethanolic extracts. In this way, the antibacterial activity could have occurred by many different mechanisms of 

action, such as: the amphiphilic behavior of saponins and triterpenes in the cell membranes, that causes cellular 

apoptosis by osmotic imbalance [18, 39]; phenols and flavonoids, that can cause nuclear fragmentation and 

chromatin condensation, due to the block of the tyrosine kinase enzyme, unleashing the process of cellular 

apoptosis [36, 37, 38]; and tannins blocking the protein synthesis and decreasing the availability of essential 

ions to the bacterial metabolism [40]. 

When carrying out a search in the literature about the antibacterial activities of the studied plants, 

different results can be observed according to each study. This difference can be explained due to the number of 

phytochemical constituents that may vary according to climatic changes, soil differences, plants development 

stage, collection and preparation ways, part of the studied plant, among others [50]. 

 

IV. CONCLUSION 
The preparations of the studied plants, Anacardium occidentale L. and Psidium guajava L., presented 

great phytochemical potential, which was proved by the bioassays performed. About the toxicity test made with 

A. salina L., the different preparations analyzed showed to be non-toxic. 

The bacteriological studies, allowed to conclude that the samples obtained by aqueous extracts were 

active against S. aureus, but inactivate against E. coli. On the other hand, the ethanolic extracts, demonstrated 

activity against both bacteria studied, being observed better results over S. aureus. 

Investigative studies about the different substances present in medicinal plants are extremely important, 

once some constituents can present drug interactions or can interfere in laboratory tests. Thus, new studies about 

the chemical constituents of the species in question are suggested, this way it is possible to infer the occurrence 

of possible potential interactions. 
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