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Introduction
Brosimum is an important genus from Moraceae botanical family, 

popularly known in the Amazon Region as Amapá or milkmaid amapá, 
in reference to the latex exuded by the trunk of the trees, similarly to 
rubber tree. B. potabile, B. utile subsp ovatifolium and B. parinarioides 
subsp parinarioides are the main latex producing species [1-6], with 
colours ranging from yellow, red or black [7] and milky consistency 
[8,9].

This genus is widely known at the Amazon Region since several 
different popular applications have been described [6,10,11]. Its latex is 
used in the food, as chewing gum [12] and in replacement to cow’s milk; 
and in folk medicine, as treatment for diverse illnesses, but mainly to 
treat respiratory diseases [9]. The leaves, twigs and bark of their species 
have several substances that present pharmacological effects [5,13,14], 
such as to prevent vitiligo and skin diseases [15].

Several plant species in the Amazon region are characterized by 
the production of latex, assigned to important functions such as 
transportation and storage of nutrients [16]. Himatanthus sucuuba 
(Spruce) Woodson (Apocynaceae), popularly known as sucuúba, is 
one of these species that, according to Galuppo [9], presents some 
similarities with B. parinarioides subsp parinarioides, for instance their 
physical aspects and folk medicine use for the same purposes.

Despite the extensive use, there are few reports on the organic 
chemical composition of Amapá latex [7,17] and, to the best of our 
knowledge, only one report of inorganic composition [9]. In spite of the 
importance to human health that the accumulation of metals by plants 
denotes, especially those ingested in high amounts, as teas and food, 
few studies about the inorganic chemical composition of plants can be 

observed. Liu et al. [18] and Melquiades et al. [19] are some examples 
using that use X-ray methods. The energy dispersive fluorescence X-ray 
method (EDXRF) has been applied efficiently not only for detection 
but also for quantification of all chemical components between fluorine 
and uranium [20]. This methodology allows a quick review of most of 
the elements present in the sample, whether they are essential for the 
plant or toxic metals absorbed soil, for example. Its application in food 
analysis is especially important, since the technique is non-destructive, 
allows analysis of the fresh samples and does not require sample 
preparation or digestion, maintaining its original characteristics, 
use and avoiding contact with acids and toxic solvents, ensuring 
the accuracy and sensitivity of the technique as well as reducing the 
analysis time [21-23].

Rudger et al. [24] used EDXRF to analyse Amazonian oleoresins 
similar to incense and myrrh, obtained from the same botanical family 
Burseraceae, performing a qualitative study of inorganic elements. 
They were able to show the similarity between species of the same 
genus based on the presence or absence of certain elements and also 
the presence of some elements few investigated.

Faced to the medicinal importance of the Brossimun latex and its 
use as a base for chewing gum [25] and substitute for cow’s milk, the 
inorganic composition of 34 latex samples of the three major species 
was studied by EDXRF.
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Abstract
Latex from Brosimum species has several indications in folk medicine and is also largely ingested at the 

Amazon Region with food purposes, to replace cow’s milk and as base for chewing gum. The presence of inorganic 
substances with potential to be irritating or toxic were analysed by Energy Dispersive X-Ray Fluorescence multi-
element technique for the three main latex producing species: Brosimum potabile, Brosimum utile subsp ovatifolium 
and Brosimum parinarioides subsp parinarioides. From 26 elements detected, including toxic metals as chromium 
and manganese, nine elements were quantified: Na, Mg, Al, P, Cl, K, Ca, Se and Rb. They reflect some specific 
patterns from Amazonian soil and are species fingerprint. Some elements, as calcium, essential to the human diet, 
were observed in large amounts, but with great variation among species, as also within species. The inter and intra-
species variation on the essential elements and the presence of toxic metals, indicates that the use as food should 
not be recommended and the regulation and control is strongly suggested.
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Materials and Methods 
Samples

Botanical material was collected (34 samples of all species) from 
B. utile subsp ovatifolium (3 latex samples, named BUT), B. potabile 
(8 latex samples, named BPO) and B. parinarioides (23 latex samples, 
named BPA). Samples were obtained from adult trees, with trunk 
diameter at breast height above 30 cm, located in different properties 
in the municipality of Presidente Figueiredo city (Amazonas, Brazil), in 
the rural settlement Cristo Rei do Uatumã, located at Km 28 of the road 
to the municipality of Balbina (AM 140), coordinates (2° 02’ 54.79’’ 
S, 60° 01’ 39.63’’ W). Voucher samples were deposited in the INPA 
herbarium under numbers 18,042, 164,991 and 175,895, respectively.

Elemental analysis

Qualitative and quantitative analysis were performed using X-ray 
Energy Dispersive fluorescence spectrometer of Shimadzu, model 
EDX700, with analysis of elements with atomic number between 
11 and 92. The data was obtained using a rhodium tube, detector of 
Silicon-Lithium, time of 200 s of exposure and with a voltage of 40 keV. 
Elements were detected in the scanning range of the device [20,26], 
identified by their Ka energies and Kβ [27]. Quantifications were based 
on their relative intensities (cps/uA), using external standards, and the 
OriginPro 7.5 program [28].

Results and Discussion
Comparative studies were performed among the three species, as 

well as comparisons with literature data, qualitative and quantitatively. 
In general, 26 chemicals were detected: Na, Mg, Al, Si, P, S, Cl, K, Ca, 
Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Br, Rb, Sr, Zr, Nb and Mo. 
The previous study with inorganic elements of Amapá milk [9], were 
performed only to Ca, P and Mg, using atomic absorption, and only to 
the species B. parinarioides subsp parinarioide Ducke.

In the inorganic study of amazonian sucuuba latex (Himatanthus 
sucuuba), unlike amapá milk, elements Ba, Pb and Th were observed 
[16]. The difference in composition may be related to differential 
accumulation of specific elements for each species [29]. The technique 
used by Silva et al. in the analysis of sucuuba latex, atomic absorption, 
only allows the observation of previously selected elements. Thus, 
elements present in Brosimum samples from this study that were not 
observed in sucuuba, such as Si, P, S, Cl, Sc, Se, Br, Rb, Nb and Mo may 
be present, since they not have been the object of that study.

Macroelements such as Na, Ca, K, Mg, P and Cl found in the three 
Brosimun species are observed in cow’s milk [21,30-32], as well as most 
of microelements. The comparison with cow’s milk becomes important 
in this case since the latex is used as a substitute of this food in some 
areas of the Amazon.

The presence of Ca and Mg has been studied in the latex of Hevea 
brasiliensis, the rubber tree, because they cause destabilization of this 
material. Moreover, Cu, Mn and Fe have also industrial importance, 
because they have a pro-oxidative and catalytic action, promoting 
oxidative deterioration of rubber [33]. All these elements were observed 
in the Amapá latex. Just as for sucuuba when comparing studies of 
Hevea with our data, we cannot say that the unreported elements for 
the H. brasiliensis are not present, once again, because of the different 
methodology applied in our work.

Of all the elements detected, only nine were quantified for 
comparison with previous studies, the availability of calibration curves 

and also since they are macroelements present in the latex: Na, Mg, Al, 
P, Cl, K, Ca, Se and Rb. Some trace elements, such as Si, Fe, Mo, among 
others, were detected at very low concentrations, below our current 
limits of quantification.

Qualitative analysis 

Qualitative analysis of the detected elements allows the observation 
of inorganic composition fingerprints for latex of all three species 
studied, the presence of iron and chlorine in all samples. Various 
elements may be highlighted, they occur in at least 75% (minimum) 
of the samples: S, K, Ca, Cr, Mn, Co, Ni, Cu, Zn, Se, Br, Rb, Sr, and Zr 
(Table 1A).

On the other hand, some elements are most commonly observed 
in the samples of some species; rarer in other species, such as Si, P, Sc, 
Nb and Mo (Table 1B). This pattern could be used for the definition of 
biomarkers for different species of this genus.

Another possible interpretation can arise from the observation of 
elements that were detected in a uniform percentage of samples, but 
less than 75% in at least one of the species, such as Na, Mg, Al, Ti and 
V (Table 1C). For the Na, for example, the observed percentages were 
66.7; 75.5 and 78.3% for BUT, BPO and BPA, respectively. For Al, the 
detection occurred in 33.3; 25.0 and 26.1% of the samples, respectively.

All elements detected in BPA were also observed in BPO. In BUT, 
only in Sc and Nb were not detected. BUT was the species with fewer 
samples collected, but, even so, the absence of these elements was 
confirmed in the duplicate analysis. 

Smaller amounts were observed for Al, Sc and Nb. These elements 
can be found replacing Si, Ca and Zr in the structures of minerals in the 
Amazon soil [34,35]. Thus, the plant can absorb a small amount or even 
don’t absorb these elements on the availability of the original soil [29], 
justifying their low percentage in the samples.

Quantitative analysis

Na was the element with the highest concentration in all samples 
(between 3 and 4% (w/w)), followed by Mg (just over 1%). The lower 
concentrations were obtained to Rb (0.002% (w/w)) and Cl (0.04% 
(w/w)). Interestingly, Cl was detected in all samples, but has extremely 
low concentration. In Table 2, the average of percentage for each 
element quantified can be observed.

Considering the elemental composition of each species, it is found 
that BPO and BUT have similar mean concentrations to most quantified 
elements, except only for the percentage of Se, and a subtle difference 
observed in Rb. BPA species has different average concentrations for 
Na, Mg, Al, P, K and Ca. It is worth noting the big difference for K, with 
88% less of this element in BPA in relation to other species.

According to Franco [32], the World Health Organization (WHO) 
recommends that daily values in the diet of an adult are to: Na = 2200 
mg; Mg = 350 mg; P = 800 mg; Cl = 3400 mg; K = 3750 mg; Ca = 
800 mg; Se = 0.125 mg. These elements will present some toxicity only 
when the usual supply would constantly exceed. Hence, if ingested in 
moderation, either latex called Amapá milk studied here will not cause 
such undesired effect.

Thus, according to the results described in Table 1, the present 
study confirms the popular use of amapá milk as strengthening tonic 
property described in the working Galuppo [9], with substantial 
amounts of essential macroelements. Indeed, different amounts were 
identified by that author, as their samples were collected in the state of 



Citation: Silva CC, Lima MCF, Gai JEM, Medeiros RS, Vieira G (2016) Energy Dispersive X-Ray Fluorescence Analysis of Amapá Milk (Brosimum 
ssp.). J Anal Bioanal Tech 7: 309. doi:10.4172/2155-9872.1000309

Page 3 of 4

Volume 7 • Issue 2 • 1000309
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

Pará (Eastern Amazonia), with very different environmental conditions 
of the local collection of these samples, with distance of about 3000 km 
to each other.

Cow’s milk is a food rich in minerals such as Na, Mg, P, Se and 
especially Ca and K [30,31,36] that may vary due to a number of factors 
such as lactation period the animal race, climate, season, animal diet 
composition and place of pasture [37]. In some Amazonian rural 
communities, Brosimun latex are used as temporary replacement for 
cow’s milk, hence their popular name (Amapá milk). Using the average 
values, Franco [32] indicates that the values of certain minerals to cow’s 
milk (Figure 1) can be compared to values observed in this study and 
in the Galuppo [9].

It can be seen that Amapá milks have levels of Na and Mg 
higher than cow’s milk, but lower values of P, K and Ca, suggesting 
that the use as a substituent cow’s milk should not be done by very 
long periods. Comparing Brosimum and Himatanthus latex [16], 
it is observed that Amapá has lower concentrations for all detected 
element. This is due in part to methodological differences applied in 
the two studies. The samples from Silva study [16], were lyophilized 
and Himatanthus elements were quantified in the digested samples. At 
the present study, samples were analyzed fresh, and the elements have 
their concentrations given in percent by weight of latex, without any 
external interference. Also according to Silva et al. [16], the sucuuba 
latex is popularly quoted as having anti-inflammatory and antitumor 
properties. These properties may be associated with the presence of 
Ca and Mg, as mentioned in the same work. The same properties are 
reported in work by popular Galuppo [9] to B. parinarioide, although 
the amounts of Ca and Mg are lower in Amapá milk. In a way, this type 
of property can be related to the presence of these elements, even in low 
concentrations.

In the work of Ng and Lai [33], Hevea brasiliensis latex samples 
were studied and the concentrations of Cu, Mn and Fe were observed 
to be below 3 mg/kg; and Ca were detected with mean value of 23.8 mg/
kg, below Amapá values. According to Ng et al. [38], calcium helps the 
latex coagulation during production of rubber. Concentration above 30 
mg/kg makes this procedure impracticable. Thus it is evident that the 
amapá latex, whose Ca concentration is about 500 mg/kg, is not a good 
source for rubber production.

Using EDXRF techniques it was possible to detect and quantify the 
elements in Brosimum latex samples, with interesting results. It was 
possible to conclude that the Amapá milk can be consumed both as 
a tonic, and as chewing gum, since no elements have concentrations 
above recommended by WHO and fits in Brazilian Sanitary 

A Elements S Cl K Ca Cr Mn Fe Co Ni Cu Zn Se Br Rb Sr Zr

% of 
samples 
with the 
element

BPA 91.3 100.0 95.7 100.0 91.3 91.3 100.0 95.7 82.6 95.7 95.7 78.3 91.3 82.6 82.6 87.0
BPO 75.0 100.0 100.0 75.0 75.0 87.5 100.0 87.5 87.5 100.0 75.0 100.0 87.5 100.0 87.5 75.0
BUT 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

B Elements Si P Sc Nb Mo

% of 
samples 
with the 
element

BPA 39.1 39.1 21.7 13.0 78.3
BPO 62.5 37.5 25.0 37.5 100.0
BUT 100.0 66.7 0.0 0.0 33.3

C Elements Na Mg Al Ti V

% of 
samples 
with the 
element

BPA 78.3 73.9 26.1 87.0 82.6
BPO 75.0 62.5 25.0 87.5 75.0
BUT 66.7 100.0 33.3 66.7 66.7

Table 1: Qualitative analysis of the observed elements (A: more than 75% of samples per species, B: very oscillating percentages, C: uniformly detected).

Species Concentration (mg/g)
Na Mg Al P Cl K Ca Se Rb

BPO Average 5.1247 1.9699 1.60870 0.9807 0.0456 0.7883 0.0550 0.1796 0.0021

Standard Deviation 2.7063 0.1499 0.10074 0.7701 0.0003 0.3334 0.0041 0.0002 0.0004

BUT Average 6.5499 1.9519 2.46665 0.7389 0.0452 0.8534 0.0599 0.1795 0.0019

Standard Deviation 0.3058 0.1579 0.24515 0.0936 0.0027 0.3758 0.0104 0.0001 0.0001

BPA Average 5.5852 1.8589 1.91889 1.1613 0.0452 0.1201 0.0584 0.1794 0.0019

Standard Deviation 1.9512 0.9385 0.84724 0.7066 0.0014 0.0197 0.0076 0.0002 0.0003

Table 2: Average concentration of elements by species (mg/g).

Figure 1: Elemental composition comparison of three species of amapá milk 
and cow's milk, were: BPA Gallupo and Milk are data of other researchers.
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Authorities’ values. The composition can help in the differentiation 
between species, and different types of latex, such as the H. sucuuba 
and Hevea brasiliensis. Since the latex species assessed in this study 
have chemical elements essential to the human diet, its use as chewing 
gum is appreciable, in addition to pharmacological and nutritional 
applications.

Acknowledgements

Authors would like to thank FAPEAM, for financial support. 

References

1. Takashima J, Ohsaki A (2002) Brosimacutins A-I, nine new flavonoids from 
Brosimum acutifolium. J Nat Prod 65: 1843-1847.

2. Marimon BS, Felfili JM (2001) Ethnobotanical comparisonof Pau Brasil 
(Brosimum rubescens Taub.) forests in a Xavante Indian and a Non-Xavante 
comunity in eastern Mato Grosso State, Brazil. Economic Botany 55: 555-569.

3. Vilegas W, Pozetti GL, Vilegas JHY, Llabres G (1993) Constituents of Cassia 
Rugosa. Fitoterapia 64: 477-478.

4. Padilha DRC, Salis SM, Crispim SM (2008) Phytosociology of woody species 
in cerrado field in the Pantanal of Poconé and Paiaguás. Bulletin of Research 
and Development 21.

5. Alcântara AF, Souza MR, Piló-Veloso D (2000) Constituents of Brosimum 
potabile. Fitoterapia 71: 613-615.

6. de Freitas JC, Barroncas MEF (2006) Use of medicinal plants by the Enfarrusca 
community in Bragança, Pará. Bull Mus For Emilio Goeldi 1: 11-26.

7. Moretti C, Gaillard Y, Grenanda P, Bévalot F, Prévosto JM (2006) Identification 
of 5-hydroxy-tryptamine (bufotenine) intakini (Brosimum acutifolium Huber 
subsp. acutifolium C.C. Berg, Moraceae), a shamanic potion used in the
Guiana Plateau. J Ethnopharmacol 106: 198-202.

8. Jacomassi E, Moscheta IS, Machado SR (2007) Morphoanatomy and 
histochemistry of the Brosimum gaudichaudii Trécul (Moraceae). Acta Bot Bras 
21: 575-597.

9. Galuppo SC (2004) Documentação do uso e valorização do óleo de Piquiá
(Caryocar villosum (Albl) Pers.) e do leite do Amapá doce (Brosimum
parinarioide Ducke) para a comunidade de Piquiatuba, Floresta Nacional 
do Tapajos. Estudos físicos, químicos, fitoquímicos e farmacológicos. 
Universidade Federal Rural da Amazônia, Belém, Brasil.

10. Agra MF, Silva KN, Basílio IJLD, França, PF, Barbosa-Filho JM (2008) Survey 
of medicinal plants used in the region Northeast of Brazil. Rev Bras Farmacogn 
18: 472-508.

11. Macedo M, Ferreira AR (2004) Hypoglycemic plants used by traditional 
communities in the Upper Paraguay Basin and Valley Guaporé, Mato Grosso-
Brazil. Rev Bras Farmacogn 14: 45-47.

12. Leão AR, Cunha LC, Parente ML, Castro LCM, Chaul A, et al. (2005) Avaliação 
clínica toxicológica preliminar do Viticromin® em pacientes com vitiligo. Revista 
eletrônica de farmácia 2: 15-23.

13. Shirota O, Watanabe A, Yamazaki M, Saito K, Shibano K, et al. (1998) Random 
amplified polymorphic DNA and restriction fragment length polymorphism 
analyses of Cannabis sativa. Natural Med 52: 160-166.

14. Torres AC, Ferreira AT, Romano E, Cattony MK, Nascimento AS (2000) 
Genetic transformation of potato cultivar Achat by Agrobacterium tumefaciens. 
Hortic Bras 18: 41-45.

15. Pozetti GL (2005) Brosimum gaudichaudii Trecul (Moraceae): da planta ao 
medicamento. Revista Ciências Farmacêutica Básica e Aplicada 26: 159-166.

16. Silva JRA, Amaral ACF, Siani AC, Rezende CM, Felcman J, et al. (2003)
Contribution to the study of Himatanthus sucuuba: látex macromolecule,
microelements and carbohydrates. Acta Amazônica 33: 105-110.

17. Miguez E, Tavares MIB, Spinola C (2011) The Use of Low-Field Solid-State 
NMR Relaxation to Study the Latex Extracted from Brosimum Parinarioides. 
Macromolecular Symposia 299-300: 254-256.

18. Liu K, Peterson KL, Raboy V (2007) Comparison of the phosphorus and 
mineral concentrations in bran and abraded kernel fractions of a normal barley 
(Hordeum vulgare) cultivar versus four low phytic acid isolines. J Agric Food 

Chem 55: 4453-4460.

19. Melquiades FL, Bortoleto GG, Marchiori LF, Bueno MI (2012) Direct 
determination of sugar cane quality parameters by X-ray spectrometry and
multivariate analysis. J Agric Food Chem 60: 10755-10761.

20. Leyden DE (1984) Fundamentals of X-Ray Spectrometry as Applied to Energy-
Dispersive Techniques. Mountain View, California, USA.

21. Perring L, Andrey D (2003) ED-XRF as a tool for rapid minerals control in milk-
based products. J Agric Food Chem 51: 4207-4212.

22. Noda T, Tsuda S, Mori M, Takigawa S, Matsuura-Endo C, et al. (2006) 
Determination of the phosphorus content in potato starch using an energy-
dispersive X-ray Fluorescence method. Food Chemistry 95: 632-637.

23. Pereira FM, Pereira-Filho ER, Bueno MI (2006) Development of a methodology 
for calcium, iron, potassium, magnesium, manganese, and zinc quantification 
in teas using X-ray spectroscopy and multivariate calibration. J Agric Food
Chem 54: 5723-5730.

24. Rüdiger AL, Silva CC, Veiga Junior VF (2009) EDXRF Analysis of Amazonian
Burseraceae Oleoresins. J Braz Chem Soc 20: 1077-1081.

25. Anvisa (2011) Resolução CNNPA nº 03, de 03 de junho de 1976. 

26. Bertin EP (1975) Principles and Practice of X-Ray Spectrometric Analysis. 
Plenum Publishing Corporation, New York, USA.

27. Gauglitz G, Vo-Dinh T (2003) Handbook of Spectroscopy. Wiley-VCH Verlag 
GmbH & Co. KGaA, Weinheim, German.

28. Origin 7.5 (1991) Origin Lab Corporation, Northampton, USA.

29. Epstein E, Bloom AJ (2006) Nutrição Mineral de Plantas. 2 ed; Editora Planta: 
Londrina, Brasil.

30. Qin LQ, Wang XP, Li W, Tong X, Tong WJ (2009) The minerals and heavy 
metals in cow’s milk from China and Japan. J Helth Science 55: 300-305.

31. Soares VA, Kus MMM, Peixoto ALC, Carrocci JS, Salazar RFS, et al. (2010) 
Determination of nutritional and toxic elements in pasteurized bovine milk from 
Vale do Paraiba region (Brazil). Food Control 21: 45-49.

32. Franco G (2007) Tabela de composição química dos alimentos. 9th edn.
Editora Atheneu, São Paulo, Brasil.

33. Ng SK, Lai PT (1972) Simultaneous Determination of Copper, Manganese, Iron, 
and Calcium in Natural Rubber by Emission Spectrography. Appl Spectrosc 26: 
369-372.

34. Dana JD, Klein C, Hurlbut CS (1999) Dana's Manual of Mineralogy. Wiley, New 
York, USA.

35. Horbe MA, Horbe AMC, Costi HT, Teixeira JT (1991) Geochemical 
characteristics of cryolite-tin-bearing granites from the Pitinga Mine, 
northwestern Brazil - a review. Jour Geoch Expl 40: 227-249.

36. Rodríguez Rodríguez EM, Sanz Alaejos M, Díaz Romero C (2002)
Concentrations of calcium, magnesium, sodium and potassium in human milk
and infant formulas. Arch Latinoam Nutr 52: 406-412.

37. Coni E, Bocca A, Ianni D, Caroli S (1995) Preliminary evaluation of the 
factors influencing the trace element content of milk and dairy products. Food 
Chemistry 2: 123-130.

38. Ng SK, Hsia RCH, Lai PT (1970) Spectroscopic determination of calcium in 
Latex of natural Rubber (Hevea brasiliensis). Appl Spectrosc 24: 583-587.

http://www.ncbi.nlm.nih.gov/pubmed/12502325
http://www.ncbi.nlm.nih.gov/pubmed/12502325
http://link.springer.com/article/10.1007%2FBF02871718
http://link.springer.com/article/10.1007%2FBF02871718
http://link.springer.com/article/10.1007%2FBF02871718
http://repositorio.unesp.br/handle/11449/64343
http://repositorio.unesp.br/handle/11449/64343
https://www.infoteca.cnptia.embrapa.br/handle/doc/812958
https://www.infoteca.cnptia.embrapa.br/handle/doc/812958
https://www.infoteca.cnptia.embrapa.br/handle/doc/812958
http://www.ncbi.nlm.nih.gov/pubmed/11449526
http://www.ncbi.nlm.nih.gov/pubmed/11449526
http://scielo.iec.pa.gov.br/scielo.php?pid=S1981-81142006000300002&script=sci_arttext
http://scielo.iec.pa.gov.br/scielo.php?pid=S1981-81142006000300002&script=sci_arttext
http://www.ncbi.nlm.nih.gov/pubmed/16455218
http://www.ncbi.nlm.nih.gov/pubmed/16455218
http://www.ncbi.nlm.nih.gov/pubmed/16455218
http://www.ncbi.nlm.nih.gov/pubmed/16455218
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-33062007000300006
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-33062007000300006
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-33062007000300006
http://www.cienciasflorestais-ufra.net/administrativo/dissertacoes/Silvia2004.pdf
http://www.cienciasflorestais-ufra.net/administrativo/dissertacoes/Silvia2004.pdf
http://www.cienciasflorestais-ufra.net/administrativo/dissertacoes/Silvia2004.pdf
http://www.cienciasflorestais-ufra.net/administrativo/dissertacoes/Silvia2004.pdf
http://www.cienciasflorestais-ufra.net/administrativo/dissertacoes/Silvia2004.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2008000300023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2008000300023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2008000300023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2004000300017
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2004000300017
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2004000300017
http://ci.nii.ac.jp/els/110008731839.pdf?id=ART0009808650&type=pdf&lang=en&host=cinii&order_no=&ppv_type=0&lang_sw=&no=1458896289&cp=
http://ci.nii.ac.jp/els/110008731839.pdf?id=ART0009808650&type=pdf&lang=en&host=cinii&order_no=&ppv_type=0&lang_sw=&no=1458896289&cp=
http://ci.nii.ac.jp/els/110008731839.pdf?id=ART0009808650&type=pdf&lang=en&host=cinii&order_no=&ppv_type=0&lang_sw=&no=1458896289&cp=
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-05362000000100009
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-05362000000100009
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-05362000000100009
http://serv-bib.fcfar.unesp.br/seer/index.php/Cien_Farm/article/viewFile/417/400
http://serv-bib.fcfar.unesp.br/seer/index.php/Cien_Farm/article/viewFile/417/400
http://www.scielo.br/pdf/aa/v33n1/1809-4392-aa-33-1-0105.pdf
http://www.scielo.br/pdf/aa/v33n1/1809-4392-aa-33-1-0105.pdf
http://www.scielo.br/pdf/aa/v33n1/1809-4392-aa-33-1-0105.pdf
http://onlinelibrary.wiley.com/doi/10.1002/masy.200900076/abstract
http://onlinelibrary.wiley.com/doi/10.1002/masy.200900076/abstract
http://onlinelibrary.wiley.com/doi/10.1002/masy.200900076/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488089
http://www.ncbi.nlm.nih.gov/pubmed/17488089
http://www.ncbi.nlm.nih.gov/pubmed/17488089
http://www.ncbi.nlm.nih.gov/pubmed/17488089
http://www.ncbi.nlm.nih.gov/pubmed/23039086
http://www.ncbi.nlm.nih.gov/pubmed/23039086
http://www.ncbi.nlm.nih.gov/pubmed/23039086
http://www.ncbi.nlm.nih.gov/pubmed/12848486
http://www.ncbi.nlm.nih.gov/pubmed/12848486
http://www.sciencedirect.com/science/article/pii/S0308814605001329
http://www.sciencedirect.com/science/article/pii/S0308814605001329
http://www.sciencedirect.com/science/article/pii/S0308814605001329
http://www.ncbi.nlm.nih.gov/pubmed/16881669
http://www.ncbi.nlm.nih.gov/pubmed/16881669
http://www.ncbi.nlm.nih.gov/pubmed/16881669
http://www.ncbi.nlm.nih.gov/pubmed/16881669
http://www.cabdirect.org/abstracts/20093219520.html;jsessionid=13DE5BD6C52270BAE71BFBF1C13D99D1
http://www.cabdirect.org/abstracts/20093219520.html;jsessionid=13DE5BD6C52270BAE71BFBF1C13D99D1
https://books.google.co.in/books/about/Principles_and_Practice_of_X_Ray_Spectro.html?id=CyMpAAAAYAAJ
https://books.google.co.in/books/about/Principles_and_Practice_of_X_Ray_Spectro.html?id=CyMpAAAAYAAJ
http://www.phy.pmf.unizg.hr/~dandroic/nastava/fem/temp/00/Handbook Of Spectroscopy - G. Gauglitz , T. Vo-Dinh.pdf
http://www.phy.pmf.unizg.hr/~dandroic/nastava/fem/temp/00/Handbook Of Spectroscopy - G. Gauglitz , T. Vo-Dinh.pdf
http://www.editoraplanta.com.br/demoNM.pdf
http://www.editoraplanta.com.br/demoNM.pdf
http://jhs.pharm.or.jp/data/55(2)/55_300.pdf
http://jhs.pharm.or.jp/data/55(2)/55_300.pdf
http://www.sciencedirect.com/science/article/pii/S0956713509000991
http://www.sciencedirect.com/science/article/pii/S0956713509000991
http://www.sciencedirect.com/science/article/pii/S0956713509000991
https://www.osapublishing.org/as/abstract.cfm?uri=as-26-3-369
https://www.osapublishing.org/as/abstract.cfm?uri=as-26-3-369
https://www.osapublishing.org/as/abstract.cfm?uri=as-26-3-369
https://books.google.co.in/books/about/Manual_of_Mineralogy_after_James_D_Dana.html?id=Z-S8oAEACAAJ&redir_esc=y
https://books.google.co.in/books/about/Manual_of_Mineralogy_after_James_D_Dana.html?id=Z-S8oAEACAAJ&redir_esc=y
http://www.sciencedirect.com/science/article/pii/0375674291900402
http://www.sciencedirect.com/science/article/pii/0375674291900402
http://www.sciencedirect.com/science/article/pii/0375674291900402
http://www.ncbi.nlm.nih.gov/pubmed/12868283
http://www.ncbi.nlm.nih.gov/pubmed/12868283
http://www.ncbi.nlm.nih.gov/pubmed/12868283
http://www.sciencedirect.com/science/article/pii/0308814694P4190Q
http://www.sciencedirect.com/science/article/pii/0308814694P4190Q
http://www.sciencedirect.com/science/article/pii/0308814694P4190Q
http://asp.sagepub.com/content/24/6/583.abstract
http://asp.sagepub.com/content/24/6/583.abstract

	Title
	Corresponding authors
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and Methods  
	Samples 
	Elemental analysis 

	Results and Discussion 
	Qualitative analysis  
	Quantitative analysis 

	Acknowledgements
	Table 1
	Table 2
	Figure 1
	References

