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ABSTRACT 

 
Anadenanthera colubrina (Vell.) Brenan, known popularly as angico is a tree founded in northeastern of Brazil, 

and has great economic and ecological interest. These trees are characterized by high levels of tannins. To 

evaluate the influence of gamma radiation in plant extracts of barks and leaves of angico, we got extracts of 

barks and leaves in 70% ethanol, which was filtered and evaporated until dryness. It were classified in four 

groups (non-irradiated, 5; 7.5 and 10 kGy). The total phenols were quantified by Folin-Ciocalteau method, and 

the tannins, using the precipitation of casein. The antimicrobial activity of extracts was observed using the paper 

disk diffusion methods against Gram-positive, Gram-negative, acid-alcohol-resistant bacteria: and yeasts. The 

halos greater than 10 mm were considered actives. It was also performed the Minimal Inhibitory Concentration 

(MIC) using Gram positive and alcohol-acid resistant bacteria. The results showed that tannins of A. colubrina, 

were 52 to 57% of total phenols, and leaves, 58 to 60%. The percentage of total phenols and tannins in the barks 

and leaves of A. colubrina have not statistically significant change when compared with the irradiated control. 

These results suggest that A. colubrina has antimicrobial activity against the Gram-positive and alcohol-acid -

resistant bacteria, confirmed by MIC. The extracts of leaves it was additionally actives against the Gram-

negative and against the yeast C. albicans. These results show that the gamma radiation has not influence about 

the antimicrobial activity of crude extracts of barks and leaves of A. colubrina. 

 

 

1. INTRODUCTION 

 

Gamma rays of natural or artificial radioactive sources (that appear in artificial nuclear 

reactions), have been widely used in science and the technology [1, 2]. One of irradiation 

uses is the prevention of microbiological contamination in vegetal sources. It was showed 
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that the exposition in determinated rate dose, does not promote alterations in the chemical 

and nutritionals constituent in these materials [1, 3, 4, 5, 6, 7]. However, studies with 

utilization of gamma radiation doses degree in vegetal extracts, suggest that this exposition 

can perform some physical-chemistry changes in the secondary metabolites of some species, 

mainly species that present flavone, total phenols and tannins. The levels were increased 

without dependent-dose relationship (1 to 10 kGy) [5, 8, 9, 10, 11]; or decreased the tannins 

contents between 0.5 to 10 kGy [12, 13, 14]. 

 

The plants often produce substances with antibiotic properties and can be used as a 

medicinal, cosmetic and other industrial source [15]. The phenolic compounds are related 

between the main groups of secondary metabolites as the most important group of substances 

used against bacteria or fungi contamination [16]. 

 

Phenolic compounds, known as total phenols, followed of tannins (polyphenol polymers) are 

widely studied by their distribution in plants and economic relevance, follow by studies about 

cellulose, hemicelulose and lignine [16, 17, 18, 19]. The tannins constituents contributed with 

the flavor, odor and coloration of diverse vegetables, being used as dye of foods and drinks 

[20, 21]. 

 

The “tannin” term is very old, have been introduced for Seguin, in 1796, form to describe the 

chemical vegetal constituent that perform the transformation of cool animal skin in leather 

[16, 22]. 

 

The Anadenanthera colubrina (Vell.) Brenan, known by “angico”, occur in the Northeastern 

region of Brazil. This specie is characterized by highest tannin content in barks and leaves, 

which allow its use on the tannery’s industry. However, the actual uncontrolled utilization of 

natural resource, can promote the possible extinction of some vegetal species [23, 24]. 

 

This work intends to evaluate the influence of the 
60

Co gamma radiation on dry crude extracts 

of Anadenanthera colubrina, verifying the action of radiation on total phenols and tannin 

contents, analyzing, before and after the exposition, the actions of these compounds as 

antimicrobials front the gram-positive, gram-negative, alcohol-acid-resistant and leavening 

bacteria. 

 

 

2. METHODOLOGY 

 

2.1. Botanical material 

 

The botanical material used (barks and leaves from Anadenanthera colubrina (Vell.) 

Brenan), collected in a region of “Caatinga” of about 20 hectares inside the Experimental 

Station of Caruaru, which belongs to the Agronomic Institute of Pernambuco (IPA). The 

station is situated in the micro region of Ipojuca Valley, one of the six pernambucano meso 

regions Wasteland (08º14'18.2” S and 35º54'57.1” W) [25]. The studied area was chosen 

considering the great number of units of the two species and because it presented good 

preservation conditions. 
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2.2. Preparation of vegetable extracts 

 

For obtaining crude extracts dried and triturated samples were used from barks and leaves of 

Anadenanthera colubrina (Vell.) Brenan, by maceration during 72 hours in 3 consecutive 

extrations in etanol/water (70%). Later, the hidroalcoholic extracts were filtered and 

evaporated in route evaporator (Model MA-120).  

 

 

2.3. Irradiation of extracts 

 

The crude extracts of barks and leaves of Anadenanthera colubrina (Vell.) Brenan were 

separated in samples of 20g, placed in glass tubes and after this, insert in the gamma cell 

equipment to irradiation. 

 

The format of experimental delineation was: 9 samples of homogeneous material of barks, 

leaves and control and 3 employed doses of irradiation (5; 7.5 and 10 kGy), to obtain 56 

irradiated samples. 

 

For the gamma radiation, an irradiator with a Gammacell Co-60 source was used (model 220 

Excel-MDS Nordion; dose rate of 10.040 kGy/h), belonging to Department of Nuclear 

Energy of the Pernambuco Federal University. 

 

 

2.4. Quantification of phenol and tannin levels  

 

The complexation tests for the detection of tannin and verification of other potentially 

bioactive chemical groups were performed, following the described methodology by Matos 

[26].  

 

From crude extracts of barks and leaves of Anadenanthera colubrine, 500 mg were 

transferred to 50 volumetric balloons of 5mL using 80% methanol. All the analysis for the 

control and irradiated samples, were performed in triplicate.  

 

Physical-chemical analyses were carried out for extracts of total phenol determination using 

Folin-Ciocalteau method and tannin determination for the precipitation of casein method [27, 

28, 29, 30]. Alterations in the method were inserted aiming for the adequacy of phenolic 

compund contents and tannin found, as described to follow.  

 

The adaptation of the Folin-Ciocalteau method consisted of adding 0.20 mL of the extract in 

a volumetric balloon of 100 mL containing 50 mL of water, adding 5 mL of reagent Folin-

Ciocalteau (10% aqueous solution), 10 mL of sodium carbonate solution (7.5%) and volume 

completed with distilled water. This solution was mixed adequately and later kept at rest for 

30 minutes. After this period, the solutions were carrying out to Spectrophotometer - UV-

visible Hewlett Packard - HP-8453E and absorbance was read in the wave length of 760 nm. 

The same procedure was adopted for the standard-solution of tannic acid, in the following 

concentrations: 0.1; 0.5; 1.0; 2.5; and 3.75 μg.mL
-1

. The relationship between the 

concentrations and the absorbance measured allowed obtaining a calibration curve (Figure 1) 

which allowed determining the concentrations of total phenols by the photochemistry tests. 
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Figure 1. Calibrations curve of the tannic acid 

concentration in mg/mL
-1

. 

 

 

 

The tannin contents were determined by the method of the casein precipitation (using casein), 

that it consisted of adding to erlenmeyer 50 mL, 1g of casein dust and 5 mL aliquots of the 

extract diluted in 12 mL of water, that were kept under constant agitation for three hours in 

the enviromental temperature and luminosity. After, the samples were filtered in Whataman 

paper-filter of 9 cm and the volume of resultant filtered one, completed for 25 mL. Samples 

of 5 mL, were removed of this solution and residual phenols, determined by Folin-Ciocalteau 

method. The tannin amount is related to the difference between the experimental value and 

that of total phenol determination. The total phenols and tannins were expressed in 

percentages of mg of dry substance. 

 

The Kolmogorov-Smirnov test was used to analyze the normality of the data. The results 

were evaluated by Variance Analysis: following criteria of multiple comparisons of Tukey’s 

test. The statistical analyses were carry out with the BioEstat 5.0 program, the level of 

significance of 95% (p<0.05). 

 

Figure 1 shows to the relationship between concentrations and absorbance measures standard 

solution of tanic acid, in the following concentrations: 0.5; 1.0; 1.5; 2.0; 2.5; 3.0 and 3.5 

μg.mL
-1

. The graphic obtained is a calibration curve, where it was possible to determine the 

concentrations of total and residual phenols. The amount of tannins is related to the 

difference between the experimental values in two readings. Total phenols and tannins were 

expressed like “mg” of dry matter.  

 

 

2.5. Antimicrobial activity evaluation 

 

The qualitative antimicrobial activity was verified in vitro, using the method of paper disc 

diffusion [31] and the quantitative evaluation it was performed by the successive dilutions 

technique to determine the MIC (Minimum Inhibitory Concentration) [32].  
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2.5.1. Method of Paper Disc diffusion 
 

The barks and leaves extracts of A. colubrina were tested against nine representative 

microorganisms from Gram positive, Gram negative and Alcohol acid bacteria and yeasts, 

from the culture collection of Antibiotic’s Department of the Pernambuco Federal University. 

The used microorganisms are: Gram-positive bacteria: Staphylococcus aureus, Bacillus 

subtilis, Enterococcus faecalis, Micrococcus luteus; Gram-negative bacteria: Escherichia 

coli, aeruginosa Pseudomonas, Serratia marcescens; Alcohol-acid resistant bacteria: 

Mycobacterium smegmatis; Yeast: Candida albicans. The microorganisms tests were 

standardized for the equivalent to 0.5 McFarland’s scale in physiological solution [33, 34], 

correspondent to approximately concentration of 10
7
UFC/mL for yeast and 10

8
 UFC/mL for 

bacteria.  

 

The culture media were: Mueller Hinton Agar (S. aureus, B. subtilis, M. luteus, E. coli, 

aeruiginosa P. and S. marcescens); glucose extract of leavening (smegmatis E. faecalis and 

M.) and Sabouraud (C. albicans), the paper discs had 6 mm of diameter and were added 10 

μL of respective extract solution, until 200.000 μg/mL for each disc. The Petri dishes 

containing the discs were incubated in 30ºC - 37ºC by 24 h - 48 h. The extracts were tested 

six times and the halo diameters were expressed for the average ± standard deviation of 

results of the six repetitions. The halos equal or superior to 10 mm were considered 

significant for the antimicrobial activity [35, 36, 37, 38, 39, 40, 41, 42]. 

 

 

2.5.2. Microdilution in Petri dishes 
 

The MIC of barks and leaves extracts of A. colubrina it was obtained by the microdilution 

series in semisolid media, determined for the most sensitive bacteria: Staphylococcus aureus, 

Micrococcus luteus (Gram-positive) and Mycobacterium smegmatis (Alcohol-acid-resistant), 

presenting halos ≥ 14 mm in the diffusion plates method [32]. Different sample volumes (1.0, 

0.5, 0.25, 0.125, 0.06 and 0.03 mL) of a solution 20.000 μg/mL of each extract were placed in 

Petri dishes and homogenized until 10 mL of respective culture medium. 

 

The tested microorganisms have been inoculated in stripes, over surface of medium and the 

dishes were incubated in 30ºC for 24 h. The values equal or superior of 1000 μg/mL were 

considered as a satisfactory MIC [43]. 

 

 

3. RESULTS AND DISCUSSION 

 

The average values of the amount of total phenols and tannins of the barks and leaves of the 

A. colubrina are presented in Table 1. 

 

The percentage variation in barks was between 7.81 ± 0.35 and 8.18 ± 0.34 (total phenols), 

and between 4.07 ± 0.23 and 4.64 ± 0.33 (tannins). For leaves extracts, the percentages 

presented range between 5.16 ± 0.23 and 5.57 ± 0.15 (total phenols) and between 3.02 ± 0.28 

and 3.33 ± 0.15 (tannins). These results confirmed the predominance of tannins between the 

constituent of total phenols, totalizing 52 to 57% for the barks and 58 to 60% for the leaves 

(Table 1). 
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Table 1. Total phenols and tannin contents in barks and 

leaves of Anadenanthera colubrina (Vell.) Brenan, for the 

control and irradiated samples (5; 7.5 and 10 kGy) and 

statistical analysis (different letters: significant statistic 

difference between data). 

 
 Bark Leaves 

Dose 

(kGy) 

Total phenols 

(%) 

Relative 

percentual of 

taning
**

 (%) 

Total phenols 

(%) 

Relative 

percentual of 

taning
**

 (%) 

0 8.18 ± 0.34* a 4.64 ± 0.33* a 5.16 ± 0.23* a 3.02 ± 0.26* a 

5 8.10 ± 0.21* a 4.47 ± 0.34* a 5.18 ± 0.24* a 3.02 ± 0.28* a 

7.5 8.02 ± 0.54* a 4.49 ± 0.68* a 5.16 ± 0.06* a 3.09 ± 0.09* a 

10 7.81 ± 0.35* a 4.07 ± 0.23* a 5.57 ± 0.15* a 3.33 ± 0.15* a 

* Shunting line standard deviations referring to the average of six repetitions. 

** To Total phenol contents. 

 

 

 

It was verified that had not significant difference between phenolic compound contents 

between 0; 5.0; 7.5 and 10 kGy. This suggests that the gamma radiation did not influence the 

contents of total phenols and tannins of dry barks and leaves extracts of A. colubrina. 

 

There is some authors that related some studies, involving irradiation of natural products with 

vegetal origin [5, 9, 10, 11, 12, 13, 14], developed with raw materials or stews, that presented 

considerable percentages of humidity, favoring the indirect effect of radiation. This present 

study is the first one that describes the direct effects of gamma radiation in dry extracts of 

vegetal source.  

 

The data of tables 2 and 3 indicates that the extracts of. A. colubrina had inhibited the growth 

of some microorganisms. It had been observed, that the barks presented antimicrobial activity 

against: Gram-positive bacteria (S. aureus, M. luteus, B. subtilis, E. faecalis) and alcohol-

acid-resistant (M. smegmatis); and the leaves show activity against the representative groups: 

Gram-positive bacteria (S. aureus, M. luteus, B. subtilis, E. faecalis), alcohol-acid-resistant 

bacteria (M. smegmatis) and additional activity against the Gram-negative bacteria (P. 

aeruginosa) and the yeast (C. albicans). 

 

Between the tested microorganisms, the main antimicrobial activity it was against Gram-

positive bacteria (S. aureus, M. luteus) and Alcohol-acid-resistant (M. smegmatis). These 

extracts presented lightly actives against Gram-negative Bacteria (E. coli and P. aeruginosa). 

The extracts of barks had not presented activity against: E. coli, S. marcescens (Gram-

negative) and C. albicans (yeast) (Table 2); the extracts of leaves had not presented 

antimicrobial activities against: E. coli and S. marcescens (Gram-negative) (Table 3).  
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Table 2. Antimicrobial activity of barks extracts of 

Anadenanthera colubrina (Vell.) Brenan (2000 μg/disc). 

 

 

Microorganisms 
 

 

Gamma radiation doses (kGy) 

0  

(X ± δ) 

5        

 (X ± δ) 

7.5   

(X ± δ) 

10         

  (X ± δ) 

S. aureus 15.67 ± 058 15.67 ± 1.15 16.00 ± 0 17.33 ± 1.53 

M. luteus 24.67 ± 0.58 24.67 ± 0.58 24.67 ± 0.58 24.67 ± 0.58 

B. subtilis 14.00 ± 0 14.67 ± 0.58 15.00 ± 0 15.67 ± 0.58 

E. faecalis 13.33 ± 0.58 13.67 ± 1.53 14.00 ± 1.00 15.00 ± 1.00 

P. aeruginosa 12.33 ± 0.58 n.a n.a n.a 

E.  coli n.a n.a n.a n.a 

S. marcescens n.a n.a n.a n.a 

M. smegmatis 16.67 ± 2.08 19.67 ± 2.08 19.67 ± 1.15 20.67± 2.08 

C. albicans n.a n.a n.a n.a 

X: Arithmetic media of the diameter of inhibition halos (mm).  

δ: Standard deviation. Media calculated after 6 repetitions. 

 n.a: no activity. 

 

 

Table 3. Antimicrobial activity of leaves extracts of 

Anadenanthera colubrina (Vell.) Brenan (2000 μg/disc). 

 

 

Microorganisms 
 

Gamma radiation doses (kGy) 

0  

(X ± δ) 

5         

 (X ± δ) 

7.5   

(X ± δ) 

10                

(X ± δ) 

S. aureus 16.00 ± 0 15.33 ± 1.15 15.00 ± 0 14.67 ± 0.58 

M. luteus 24.67 ± 0.58 25.00 ± 1.00 25.67 ± 0.58 27.33 ± 0.58 

B. subtilis 14.67 ± 0.58 14.67 ± 0.58 14.67 ± 0.58 15.67 ± 0.58 

E. faecalis 12.67 ± 1.15 12.67 ± 1.53 12.33 ± 1.15 12.33 ± 1.15 

P. aeruginosa 10.00 ± 0 11.33 ± 0.58 11.33 ± 0.58 11.33 ± 1.00 

E.  coli n.a n.a n.a n.a 

S. marcescens n.a n.a n.a n.a 

M. smegmatis 21.00 ± 1.00 18.67 ± 1.15 18.67 ± 1.53 19.00 ± 1.73 

C. albicans 12.67 ± 0.58 12.67 ± 0.58 12.00 ± 1.00 13.00 ± 0 

X: Arithmetic media of the diameter of inhibition halos (mm).  

δ: Standard deviation. Media calculated after 6 repetitions. 

n.a: no activity. 
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The difference of sensitivity between Gram-positive and Gram-negative bacteria can be 

attributed to the morphologic differences in the external constitutions. The cellular wall of the 

Gram-positives bacteria constituted mainly of peptilglicano, is more susceptible to the action 

of extracts cause show some permeability. The Gram-negative bacteria group presents a 

lipopolissacaride bilayer, that is cited as less susceptible against antimicrobial agents [44, 45, 

46, 47, 48].  

 

The antimicrobial activity of some plants is mainly attributed to phenolic compounds and 

tannins group, [17, 49, 50, 51]. The amount of total phenols and tannins founded in this work 

probable can explain this relationship (Table 1). 

 

The gamma radiation process, in general, had not influence on the antimicrobial action of 

extracts of the barks and leaves for A. colubrina. It was observed that doses between 0; 5.0; 

7.5 and 10 kGy have not significant variation of inhibition halos diameter. However, it was 

shown that the doses of 10 and 5 kGy had influence in the barks constituents of A. colubrina 

because the activity of the no irradiated extract against P. aeruginosa (Gram-negative) was 

eliminated after gamma radiation (Table 2). 

 

The unexpected behavior of P. aeruginosa is due of normal mechanism of these bacteria 

when in contact with tannins [17, 52, 53].  

 

The A. colubrina extracts presented, similar antimicrobial activity for barks and leaves in the 

qualitative tests. The results show their remarked activity against the Gram-positive bacteria 

and alcohol-acid-resistant (Tables 2 and 3), and because this action, they were selected for the 

MIC determination. 

 

The Minimum Inhibitory Concentration for the barks and leaves extracts of A. colubrina, 

shown concentrations between 31.2 to 1000 μg/mL against S. aureus, M. luteus and M. 

smegmatis. These values confirmed the diffusion tests in respect to extracts to present 

antimicrobial activity against Gram-positive and alcohol-acid-resistant bacteria (Table 4). 

 

 

 

Table 4. Antimicrobial activity of barks extracts of 

Anadenanthera colubrina (Vell.) Brenan., in the MIC 

(Minimum Inhibitory Concentration) assay.  

 

 

   Microorganisms 
 

Barks extracts Leaves extracts 

Gamma radiation doses (kGy) 

0 5 7.5 10 0 5 7.5 10 

S. aureus 100 100 100 100 25 50 25 50 

M. luteus 25 12.5 12.5 12.5 3.12 6.25 3.12 3.12 

M. smegmatis 25 12.5 12.5 6.25 6.25 12.5 25 25 
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The MIC for A. colubrina barks and leaves extracts, in general, suggest that have relationship 

between the diffusion tests, when it presents main activity against M. luteus, M. smegmatis 

and S. aureus following the same standard of sensitivity with bigger halos, inhibiting the 

bacterial growth even in the lesser concentrations. 

 

Gamma radiation caused a light influence in the composition of barks and leaves extracts of 

A. colubrina, through the microdilutions tests. These results suggest that these extracts have 

biggest activity of barks extracts against M. luteus and M. smegmatis, and low activity of 

leaves extracts against of M. smegmatis (Table 4). 

 

The gamma radiation has not behavior standardized and we can not preview how can be 

influence in the antimicrobial activity of barks and leaves extracts of A. colubrina in the two 

tests. Several authors [52, 54, 55] says that diffusion test and MIC using crude extracts in 

different conditions, can be related with the respective methodologies. However, when the 

dilutions and diffusions are different, we have not any uniformity in chemical compounds of 

the each one. Once is being the micro dilution method more sensible to the drugs exposition, 

this can allows a direct contact between the drug, the culture media and the bacteria, when 

incubated over similar continuous agitation. 

 

4. CONCLUSIONS 

 

The crude extracts of barks and leaves of Anadenathera colubrina submitted or not to the 

gamma irradiation of 
60

Co, had presented a sharp activity front to the Gram-positive bacteria, 

Alcohol-acid-resistant bacteria and Yeasts. 

 

Gamma radiation do not modified the total phenols and tannins contents, and also the 

antimicrobial activity of Anadenathera colubrina extracts of barks and leaves. This can allow 

the use of Anadenathera colubrina in the folk medicine, once is a viable economically source 

of tannins. 

 

These results suggest that leaves of Anadenathera colubrina can be used as an antimicrobial 

agent, in substitution to the barks in pharmaceutical preparations. 
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