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ABSTRACT

Energy Dispersion X-Ray Fluorescence (EDXRF) spectrometry has been widely employed for chemical
element determination of biological matrices, including insects. The beetle Alphitobius diaperinus is a major
problem in poultry production, thereby infesting poultry litter and stored grains. Up to now, little is known about
the behavior, physiology and environmental interactions of this insect. In this paper, EDXRF was applied to
quantify the main chemical elements in A. diaperinus. For the quality of the analytical protocol, certified
reference materials produced by National Institute of Standards and Technology – NIST were analyzed together
with the samples. The technique was able to quantify Cl, P, S and Zn in this insect, presenting no significant
variation at the 95% confidence level among the repetitions (n = 4). A different pattern of chemical element
accumulation in this beetle was noticed compared to other Coleoptera species, in which the concentration of the
chemical elements were markedly lower in A. diaperinus, probably associated to the restricted availability of
chemical elements in food. Since no result has been found in the literature before, A. diaperinus was firstly
chemically characterized in this paper.

Keywords: Lesser mealworm, pest, baseline concentrations, X-ray fluorescence.

1. INTRODUCTION

Commonly known as lesser mealworm, the beetle Alphitobius diaperinus (Coleoptera:
Tenebrionidae) is considered a secondary and cosmopolitan pest that attacks flours and stored
grains as rice, soybean, wheat and peanuts [1]. Even more, it is considered a major pest in
world poultry production as knowledgeable reservoir of several poultry pathogens and
parasites. Also, it infests poultry ration, feces and carcasses, and serves as alternative food for
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birds promoting weight reduction and injuries to the intestinal tract [2,3]. Despite its
economical importance, little is known about chemical composition of A. diaperinus.

Chemical elements constitute molecules of biological importance and participate in
physiological reactions as enzyme cofactors, proteins constituents, donors or acceptors of
electrons in chemical reactions inside the cell, as well as facilitate the binding of molecules to
receptor sites on cell membranes [4]. Moreover, knowledge about the chemical composition
of insects is an important tool to understand the uptake and transfer of substances along the
trophic chain.

Analytical techniques such as the Energy Dispersion X-Ray Fluorescence (EDXRF) have
been employed to evaluation of chemical composition of biological matrices. However,
EDXRF becomes a simple, non-destructive, fast and multi-elemental way of determining
chemical elements in insects [5,6,7].

In this research, EDXRF technique was used to quantify chemical elements in the beetle
A. diaperinus. To assess the quality of the analytical procedure, En number was applied to the
results obtained by the analysis of the certified reference materials produced by National
Institute of Standards and Technology – NIST. After the demonstration of the quality the
analytical procedure, z-score allowed evaluating the variability of chemical elements in
A. diaperinus tissues.

2. EXPERIMENTAL

2.1. Population of Insects

Adults of A. diaperinus have been raised for several generations in the laboratory of Zoology
at the Faculdade Frassinetti do Recife (FAFIRE) in plastic boxes (dimensions of 20 cm x
20 cm x 10 cm). The insects are kept at room temperature of 25 ± 2 °C and fed with clean
peanuts. Baseline concentrations of chemical elements were estimated taking into account
12 g of beetle adults (approximately 30 days of age).

2.2. Sample Preparation

Insects were washed with distilled water to remove peanuts debris and feces, followed by
freeze-drying and milling in a glass mortar (particles size less than 0.5 mm). Four samples
containing 500 mg (dried weight) of beetles were placed in polyethylene vials specific for
EDXRF analysis, covered with polypropylene layers on the top and the bottom. Samples
were carefully disposed in the vials, forming a thin layer.

2.3. Energy Dispersion X-Ray Fluorescence (EDXRF) Spectrometry

The spectrometer EDX-720 from Shimadzu accomplishes a rhodium X-ray tube, in which
voltage and electric current are controlled, a semiconductor detector of Si(Li) and 4 different
types of collimators (1, 3, 5 and 10 mm). Cooling is performed by liquid nitrogen. Samples
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were analyzed during 100 seconds using the 3 mm collimator for each analytical group.
Measurements were carried out at atmospheric pressure lower than 30 Pa with the maximum
deadtime of 35%. Before the analysis, energy and resolution calibration was done using the
internal standard A-750 provided by Shimadzu. Quality of this routine procedure was
evaluated by means of monitoring of Fe, Cr, Ni and Mn concentrations in the internal
standard SUS, also provided by Shimadzu. By using EDX software [8], chemical element
concentrations were calculated based on analytical curves according to the protocol
established by Souza et al. [9].

For the quality of the analytical procedure, the reference materials SRM 2976 Mussel Tissue
(Trace Elements and Methylmercury) and SRM 8415 Whole Egg Powder were analyzed
concomitantly with the samples. Different certified reference materials were used since the
sulfur concentration in SRM 2976 is quite low for EDXRF determination. Therefore, a
similar SRM (Standard Reference Material), that is, SRM 8415 Egg Powder was analyzed.

Expanded analytical uncertainties at the 95% confidence level were estimated by combining
individual uncertainties related to precision (analytical replicates) and accuracy of the
analytical curves. Normally, EDXRF technique allows the quantification of all chemical
elements heavier than sodium (Z>11). However, in this work, according to the expanded
analytical uncertainties criteria (lower than 40%), only Cl, P, S and Zn could be evaluated
due to the limitation of sample mass and the analytical condition of the equipment.

2.4. Analysis of results

The quality of analytical procedure was evaluated using the En number [10] taking into
account the obtained and certified values of certified reference materials and their respective
expanded analytical uncertainties at the 95% confidence level. After the demonstration of the
quality the analytical procedure, z-score was applied to evaluate the variability of chemical
elements in A. diaperinus samples.

3. RESULTS AND DISCUSSION

3.1. Quality of the Analytical Protocol

Table 1 shows the results of the certified reference materials for Cl, P, S and Zn analyzed by
EDXRF, in which obtained and certified chemical element concentrations and their
respective expanded analytical uncertainties at the 95% confidence level. The results of En

numbers also can be seen in Table 1, in which the values were in the range of -1 and 1 [10],
indicating the suitability of the EDXRF technique for determination of Cl, S and Zn.
Although the concentration of phosphorus was not certificated in SRM 2976, the
determination by EDXRF was also adequate for the analysis of this chemical element in
insects.
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Table 1: Obtained and certified chemical element concentrations and their respective
expanded analytical uncertainties at the 95% confidence level.

Chemical
element

Reference
material

n* Obtained value
(mg kg-1)

Reference value
(mg kg-1)

En

Number
Cl SRM 2976 4 55700 ± 1500 57000 ± 5000 -0.26
P SRM 2976 4 8350 ± 440 8300** -
S SRM 8415 3 5230 ± 580 5120 ± 500 0.14

Zn SRM 2976 4 165 ± 27 135 ± 13 0.92
*Number of replicates (n)
**Informative value

3.2. Variability of chemical element concentrations of Alphitobius diaperinus

Fig. 1 shows the variability results of Cl, P, S and Zn concentrations of the analyzed
subsamples of A. diaperinus by computing the z-score values. It was observed significant
variation between the replicates, mainly for P and S. Replicates from sample number 4 were
quite different for P concentrations, while S concentrations were higher in sample number 1.
Zn and Cl were a little bit more variable, since a random distribution of z-score values among
subsamples was noticed.
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Figure 1. z-score values for variability study of Cl, P, S and Zn concentrations of the
analyzed subsamples of A. diaperinus
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3.3. Quantification of Chemical Elements in the Beetle Alphitobius diaperinus

In Table 2, it is summarized the descriptive statistics for chemical element concentrations of
the beetle, considering the average, standard deviation, percent standard deviation and range.
The results for Cl and Zn were in agreement with values found by Magalhães [11] evaluating
Coleoptera specimens from the Atlantic Forest in Pernambuco state. Otherwise, P and S
values were lower than values obtained by Magalhães [11].

Table 2: Descriptive statistics for each chemical element determined by EDXRF

Element
mg kg-1

STD (%)
Mean STD Range (min - max)

Cl 1800 134 1600 – 2000 7.4
P 7100 376 6500 – 7500 5.3
S 1700 136 1500 – 1900 8.2

Zn 134 10 120 – 150 5.7
STD = standard deviation

Dumlupinar et al. [12] evaluated the effects of chilling temperature in Drosophyla
melanogaster chemical composition by WDXRF, finding high levels of P, S and Zn
compared to the concentrations of these elements determined in A. diaperinus beetles.
Magalhães et al. [13] evaluated chemical element concentration of insects collected in
riverine areas under high degree of impacts located in São Paulo state, Brazil, using
Instrumental Neutron Activation Analysis (INAA). Comparing to A. diaperinus results, Zn
concentrations were almost three times higher for Coleoptera order. It seems that A.
diaperinus chemical composition is quite different from other Coleoptera and other insect
species already chemically characterized [11,12,13].

4. CONCLUSIONS

The beetle A. diaperinus was firstly characterized by means of EDXRF. Concentrations of Cl,
P, S and Zn already determined in this insect should contribute for the comprehension of
environmental interactions of this beetle. However, this species presented an intrinsic
chemical composition, at least for the studied chemical elements, compared to other
Coleoptera species, thereby demonstrating the needs for additional data to clarify the use of
chemical elements by insects.

ACKNOWLEDGMENTS

The authors are grateful to CNPq and FACEPE for the financial support to this.



INAC 2015, São Paulo, SP, Brazil.

REFERENCES

1. A. K. Japp,C. L. Bicho, A. V. F. Silva, "Importância e medidas de controle para
Alphitobius diaperinus em aviários", Ciência Rural, 40, pp.1668-1673 (2010).

2. A. M. Leffer, J. Kuttel, L. M. Martins, A. C. Pedroso, C. S. Adtolfi-Ferreira, F. Ferreira,
A. J. P. Ferreira, "Vectorial competence of larvae and adults of Alphitobius diaperinus in
the transmission of Salmonella enteritidis in poultry", Vector-Borne and Zoonotic
Diseases, 10, pp. 481-487 (2010).

3. S. R. F. Rezende, F. A. Curvello, M. E. Fraga, R. C. S. Reis, A. M. C. Castilho, T. S. P.
Agostinho, "Control of the Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)
with Entomopathogenic Fungi", Revista Brasileira de Ciência Agrícola, 11, pp. 121-
127 (2009).

4. Y. Zhang, V. N. Gladyshev, “General Trends in Trace Element Utilization Revealed by
Comparative Genomic Analyses of Co, Cu, Mo, Ni, and Se”, The Journal of Biological
Chemistry, 285, pp. 3393-3405 (2010).

5. A. Karabulut, I. Aslan, R. Dumlupinar, E. Tirasoglu, G. Budak, “Determination of trace
elements in three Chrysolina (Coleoptera, Chrysomelidae) species by EDXRF analyses”,
Journal of Quantitative Spectroscopy & Radiative Transfer, 94, pp. 373-378 (2005).

6. I. Aslan, G. Budak, A. Karabulut, E. Tirasoglu, “Determination of K, Ca, Fe and Ni in
Leptinotarsa decemlineata (Say) by EDXRF spectroscopy”, Journal of Quantitative
Spectroscopy & Radiative Transfer, 97, pp. 75-80 (2006).

7. G. Budak, I. Aslan, A. Karabulut, E. Tirasoglu, “Analysis of  some elements in three
Chrysolina (Coleoptera, Chrysomelidae) species by EDXRF spectrometry”, Journal of
Quantitative Spectroscopy & Radiative Transfer, 101, pp. 195-200 (2006).

8. Shimadzu, Instruction Manual, Shimadzu Corporation, Kyoto & Japan (2005).
9. E. E. Souza, J. D. S. de Paiva, E. J. De França, M. E. S. Almeida, R. S. Cantinha, C. A.

Hazin, “Qualidade nas análises químicas de matrizes biológicas pela fluorescência de
raios-X por dispersão de energia”, 2013 International Nuclear Atlantic Conference –
INAC 2013, Recife, Brazil, November 24-29, pp. 24-29 (2013).

10. ISO - International Organization for Standardization, (ISO13528) Statistical methods for
use in proficiency testing by interlaboratory comparisons, ISO, Genebra & Switzerland
(2005).

11. M. L. R. Magalhães, Concentrações naturais de elementos químicos da classe Insecta do
fragmento florestal de mata atlântica Reserva Charles Darwin, Dissertação (Mestrado
em Tecnologias Energéticas e Nucleares), Universidade Federal de Pernambuco, Recife,
2015.

12. R. Dumlupinar, F. Demýr, T. Sýsman, G. Budak, A. Karabulut, O. K. Erman, E. Baydas,
“Trace elements changes during hibernation of Drosophyla melanogaster by WDXRF
analyses at chilling temperature”, Journal of Quantitative Spectroscopy & Radiative
Transfer, 102, pp.492-498 (2006).

13. M. L. R. Magalhães, F. Y. Fonseca, E. J. França, E. A. de Nadai Fernandes, M. A.
Bacchi, J. D. S. de Paiva, C. A. Hazin, “Chemical elements invertebrate orders for
environmental quality studies”, 2013 International Nuclear Atlantic Conference – INAC
2013, Recife, Brazil, November 24-29, pp. 24-29 (2013).


