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ABSTRACT 
 

The Myristica fragrans (nutmeg) is any of several species of trees in genus Myristica. The most important 

commercial species is Myristica fragrans, an evergreen tree indigenous to the Banda Islands in the Moluccas of 

Indonesia, or Spice Islands. Widely used as a food condiment and flavoring, used in perfumery and medicine. 

The nutmeg has many biological properties as analgesic, antiseptic, antispasmodic, aphrodisiac, astringent, 

carminative, haemostatic, insecticidal and parasiticide. Previous research has revealed interesting antimicrobial 

effect of nutmeg essential oil. Spices irradiation is a worldwide process used and this technique is an effective 

pathogenic microorganisms control providing consumers food security. By the fact nutmeg not only used in 

food, but also as an essential oil raw material this study investigated the nutmeg different irradiation doses 

influence on the possible antimicrobial potential oil. The aim of this study was evaluate the antifungal potential 

oil from unirradiated and irradiated nutmeg in the fungus Guinardia citricarpa that causes serious damage in 

orange plantations. The Myristica fragrans samples were irradiated in 
60

Co irradiator at doses of 5.0 and 10.0 

kGy. The oil was used in 50 and 100% of concentration (irradiated and not irradiated). The essential oil in high 

concentration could be a good substitute for the pesticides used to control the fungus Guignardia citricarpa, the 

nutmeg irradiation treatment with the doses 5.0 and 10.0 kGy did not changed the results in the essential oil 

effectiveness. It is clear that is necessary others studies with others doses to verify the radiation ionizing 

influence in the essential oil activity and the oil application efficiency in the field against the fungus. 

 

 

1. INTRODUCTION 

 

There has been an increasing consumer demand for foods free or with low added synthetic 

preservatives that could be toxic [1]. Concomitantly, consumers have also demanded for 

wholesome and safe food with long shelf lives. These requirements press on the food industry 

for progressive chemical preservatives removal and adoption of natural alternatives to obtain 

safe food with long shelf lives [2]. Some plants demonstrate antimicrobial activity [3] with 

application in the food industry as antibacterial and antifungal agents [4]. The spices can be 

used safety of synthetic preservatives [5]. Although the primary purpose of spices is to impart 

food flavor, the antimicrobial and antioxidant properties have also been exploited [6]. The 

antimicrobial activity was documented and the interest continues to the present [7; 8] by the 

increase of fungal resistance to classical drugs and the treatment costs. In spite the 

introduction of new antifungal drugs, they are limited in number, so aromatic plants have 

been widely used in folk medicine. It is known that most of their properties are due to their 

volatile oils. Essential oils from many plants are known to the antifungal activity [9]. The 

nutmeg (Myristica fragrans) is any of several species of trees in genus Myristica. The most 

important commercial species is Myristica fragrans, an evergreen tree indigenous to the 

Banda Islands in the Moluccas of Indonesia, or Spice Islands. Widely used as a food 
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condiment and flavoring, used in perfumery and medicine. The nutmeg has many biological 

properties as analgesic, antiseptic, antispasmodic, aphrodisiac, astringent, carminative, 

haemostatic, insecticidal and parasiticide. Previous research has revealed interesting 

antimicrobial effect of nutmeg essential oil. Miristic acid, glycerides, stearic, lauric, linoleic, 

palmític. The essential oil is traditionally obtained by hydrodistillation, steam distillation or 

solvent extraction [10]. The application of ionizing radiation in food is based mainly on the 

fact that ionizing radiation damage very effectively the DNA and living cells become 

inactivated. Are three the irradiation doses: “Low” doses (up to 1 kGy), “Medium" doses - (1-

10 kGy) and "High" doses - (greater than 10 kGy) [11]. The insects, microorganisms and 

plant are prevented from reproducing, resulting in preservative effects. At the same time 

other chemical changes in food are minimal [12]. By the fact the ionizing radiation is widely 

used in spices decontamination, the aim of this study was to investigate the potential 

antifungal of nutmeg oil in the concentration of 50 and 100% and irradiated at doses level of 

5.0 and 10.0 kGy to verify the influence in the nutmeg essential oil against the fungus 

Guignardia citricarpa. The Citrus black spot (CBS) caused by Guignardia citricarpa has 

become a serious widespread problem for citrus production [13]. Develop on the fruit [14] 

resulting in yield loss. Due to the presence of CBS in many countries in the Southern 

Hemisphere, the European Community (EC) and the United States (U.S.) severely limit 

importation of fresh citrus fruit from those countries where the disease is present [15]. Thus, 

fruit from countries with CBS can not be exported [16]. 

 

2. MATERIALS AND METHODS 

 

2.1. Samples 

 

The nutmeg (100g per sample) was purchased from Hikari Industria e Comércio LTDA – 

BRAZIL. 

 

2.2. Irradiation 

 

The nutmeg samples were irradiated in polyethylene packaging at IPEN-CNEN/SP, at dose 

level of 0, 5.0 and 10.0 kGy using a 
60

Co gamma ray facility (Gammacell 220, A.E.C.L., dose 

rate: 1.73 kGy/h) Harwell Amber 3042. Dosimeters were used for the measurement of 

radiation dose. 

 

2.3. Hydrodistillation 

 

The essential oils (EO) were extracted by the hydrodistillation method [17]. The oil was used 

in the concentration of 50 and 100%. 

 

2.4 Fungal Isolation and Identification 

 

The fungal (Guignardia citricarpa) isolation and identification [18]. 

 

2.5 Antifungal test preparation 

 

Four small fungus (Guignardia citricarpa) portions were placed in each petri dish containing 

agar (potato dextrose Agar) and a drop of essential oil irradiated and not irradiated with 50 
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and 100% of concentration was placed on each fungus portion. The test was done with three 

samples in triplicate, totalizing nine repetitions. The samples were incubated for ten days. 

The oil effectiveness was done verifying the fungus growth or not.   

 

 

 

3. RESULTS AND DISCUSSION 

 

The nutmeg essential oil did not showed effectiveness antifungal property with the oil 50% 

not irradiated and irradiated with 5.0 kGy (Fig. 1) as expected and reported by some authors 

with others spices oils [19-21]. The same happens with the nutmeg oil irradiated with 10.0 

kGy (Fig. 2). 

 

 

 

 

Figure 1. Fungus (Guignardia citricarpa) growth in 

samples inoculated with nutmeg oil not irradiated 

and irradiated with 5.0 kGy and 50% of 

concentration.   

 

 

 

Figure 2. Fungus (Guignardia citricarpa) growth in 

samples inoculated with nutmeg oil irradiated with 

10.0 kGy and 50% of concentration.   
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The literature has recorded the extracts efficiency from a wide range of species to promote 

inhibition of several fungal phytopathogens [22; 23]. As expect, in the in vitro experiment, 

the fungal (Guignardia citricarpa) growth was higher in the control sample (Fig. 3) than the 

sample with nutmeg essential oil not irradiated (control) and irradiated at dose levels of 5.0 

and 10.0 kGy (Fig. 1 and 2).  

 

 

 

 

 

Figure 3. Fungus growth control sample. 

 

 

 

In the second day of incubation, the samples with nutmeg oil not irradiated about the 

concentration of 50% already showed signs of fungal activity, this sings was like drops of 

water (Fig. 4) [24].  

 

 

 
 

Figure 4.  Two days of incubation, sings of fungus 

activity. Oil not irradiated and with 50% of 

concentration.  

 

 

As figure 4, in the second day of incubation the samples of concentration 50% and irradiated 

with 5.0 and 10.0 kGy showed signs of fungal activity (Fig. 5) [24].  
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Figure 5. Two days of incubation, sings of fungus 

activity. Oil irradiated with 5.0 and 10.0 kGy with 50% 

of concentration. 
 

 

Analyzing the samples (Fig. 4 and 5) was possible to verify that the fungus growth was lower 

in the samples with oil when compared with control samples (Fig. 3). The oil effectiveness in 

low concentration was not so high [25]. 

 

Already in the samples of concentration of 100%, not irradiated and irradiated with 5.0 and 

10.0 kGy (Fig. 6), in the second day the sings of activity was not verified like in the samples 

with oil of 50% (Fig. 4 and 5) [25 and 26].   

 

 

 

 
 

Figure 6. Two days of incubation, without sings of 

fungus activity. Oil not irradiated (control) and 

irradiated with 5.0 and 10.0 kGy in the concentration 

of 100%. 
 

 

 

With 10 days of incubation the samples with oil 100%, not irradiated and irradiated with 5.0 

and 10.0 kGy the fungus growth did not occur (Fig. 7). The fungus was inactivated for some 

days, this result is similar to other result obtained [25]. 
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Figure 7. Sample with oil not irradiated (control) and 

irradiated with 5.0 and 10.0 kGy in the concentration 

of 100%. Inactivation of the fungus Guignardia 

citricarpa for 10 days.   

 

 

This result may be related to the action of nutmeg compounds. In lower concentrations the oil 

was not efficient like some others oils, only with the 100% concentration the oil inhibited the 

fungus growth for some days (Fig. 7), in other study the nutmeg oil in the concentration of 

77% was capable to control various pathogenic fungi and bacteria [26] .    

 

 

4. CONCLUSIONS 

 

The essential oil in high concentration could be a good substitute for the pesticides used to 

control the fungus Guignardia citricarpa, the nutmeg irradiation treatment with the doses of 

5.0 and 10.0 kGy did not changed the results in the essential oil effectiveness. It is clear that 

is necessary others studies with different doses and more days to verify the radiation ionizing 

influence in the essential oil activity and the oil application efficiency in the field against the 

fungus. Is necessary others studies with humans and environment toxic effects and negative 

interactions, so that we can recommend the use in commercial-scale.  

 

 

ACKNOWLEDGEMENTS 

 

The authors are grateful for the financial support received from IPEN-CNEN/SP, CAPES, 

FAPESP, CNPq and Hikari for the samples. 

 

 

REFERENCES 

 

1. C. Bedin, S. B. Gutkoski, J. M. Wiest, Atividade antimicrobiana das especiarias, Higiene 

alimentar, 13, pp. 26 - 29 (1999). 



 

INAC 2011, Belo Horizonte, MG, Brazil. 

 

2. S. Brull, P. Coote, Preservative agents in foods: mode of action and microbial  resistance 

mechanisms, International Journal of Food Microbiology, 50, pp. 1 - 17 (1999). 

3. N. Beales, Food Ingredients as Natural Antimicrobials, CCFRA Review No 31, Campden 

& Chorleywood Food Research Association, United Kingdom (2002). 

4. R. Lanciotti, A. Gianotti, N. Patrignani, N. Belleti, N. E. Guerzoni, F. Gardini, Use of 

natural aroma compounds to improve shelf-life of minimally processed fruits, Trends in 

Food Science and Technology, 15, pp. 201 ─ 208 (2004). 

5. O. Sagdic, A. Kuscu, M. Ozcan, S. Ozcelik, Effect of Turkish spice extracts at various 

concentrations on growth of E. coli: 0157:H7, Food Protection, 19, pp. 473 ─ 480 (2003). 

6. E. L. Souza, T. L. M. Stamford, E. O. Lima, V. N. Trajano, J. B. Filho, Antimicrobial 

effectiveness of spices: an approach for use in food conservation systems, Brazilian 

Archives of Biology and Technology, 48, pp. 549 ─ 558 (2005). 

7. C. A. Ristori, M. S. Pereira, D. S. Gelli, O efeito da pimento do reino moída frente a 

contaminacao in vitro com Salmonella rubislaw, Revista do Instituto Adolfo Lutz, 61, pp. 

131 ─ 133 (2002). 

8. S. S. Radhakrishanan, R. R. Velusamy, Antifungal activity of some essential oils, Journal 

of Agricultural and Food Chemistry, 51, pp. 7596 ─ 7599 (2003). 

9. D. Kalemba, A. Kunicka, Antibacterial and antifungal properties of essential oils, Curr 

Med Chem, 10, pp. 813–829 (2003). 

10. K. Mostafa, Y. Yadollah, S. Fatemeh, B. Naader, Comparison of essential oil composition 

of Carum copticum obtained by supercritical carbon dioxide extraction and 

hydrodistillation methods, Food Chemistry, 86: pp. 587–591 (2004). 

11. FDA. Irradiation in the production, processing, and handling of food; final rule. 21 CFR 

Part 179. Federal Register, 51(75): pp. 13376-13399 (1986). 

12. D. W. Thayer, Food irradiation: Benefits and concerns. Journal of Food Quality, 13, pp. 

147–169 (1990). 

13. A. Góes, “Efeito da combinação de fungicidas sistêmicos e protetores no controle da 

mancha preta dos frutos cítricos causada por Guignardia citricarpa”, Summa 

Phytopathol, 228, pp. 9-13 (2000). 

14. J. M. Kotzé, “Black spot”, In: “Compendium of Citrus Diseases”, L. W. Timmer, S. M.    

Garnsey, J. H. Graham, American Phytopath. Society, St. Paul, MN. pp.23-25 (2000). 

15. P. P. Baayen, P. J. Bonants, M. G. Verkley, G. C. Carroll, H. A. Van Der, M. DeWeerdt, 

“Nonpathogenic isolates of citrus black spot fungus, Guignardia citricarpa identified as 

a cosmopolitan endophyte of woody plants, G. mangiferae (Phyllosticta capitalensis)”, 

Phytopathology, 92, pp. 464 - 477 (2002). 

16. A. J. Timossi, A. Góes, K. C. Kupper, R. B. Baldassari, R. F. Reis, “Influência da 

temperatura e da luminosidade no desenvolvimento de Guignardia citricarpa, agente 

causal da mancha preta dos frutos cítricos”, Fitopatol. Bras, 28, pp. 489-494 (2003). 

17. P. P. Oliveira, Destilação por arraste de vapor. Ministério da Educação. Universidade 

Tecnológica do Paraná – Curitiba, http://pessoal.utfpr.Edu.br/poliveira/arquivos/aula 

pratica04destilacaoporarrastedevapor.pdf (2009). 

18. M. M. Araujo, G. B. Fanaro, P. M. S. Ana, V. D. Rogosvisk, B. Correia, A. L. C. H. 

Villavicencio (2009), Preliminary study of e-beam processing as a phytosanitary 

treatment against Guignardia citricarpa. In: International Nuclear Atlantic Conference – 

(INAC) – IX ENAN, 2009, Rio de Janeiro – RJ. Nuclear Atlantic Conference – (INAC). 

19. L. Ranasinghe, B. Jayawardena, K. Abeywickrama, K, Fungicidal activity of essential 

oils of Cinnamomum zeylanicum (L.) and Syzygium aromaticum (L.) L. M. Perry against 

crown rot and anthracnose pathogens isolated from banana, Letters in Applied 

Microbiology. 3, pp. 208–211 (2002). 

http://pessoal.utfpr.edu.br/poliveira/arquivos/aula%20pratica04destilacaoporarrastedevapor.pdf
http://pessoal.utfpr.edu.br/poliveira/arquivos/aula%20pratica04destilacaoporarrastedevapor.pdf


INAC 2011, Belo Horizonte, MG, Brazil. 

 

20. B. Chebli, M. Achouri, L. M Idrissi Hassani, M. Hmamouchi, Chemical composition and 

fungicidal activity of essential oils of seven Moroccan Labiatae against Botrytis cinerea, 

Journal of Ethnopharmacology, 89, pp. 165–169  (2003). 

21. P. Eugénia, P .V. Cidália, S. Lígia, J. G. Maria, C. O. Sofia, C. Carlos, P. Ana, R. Acácio, 

M.O. José, Antifungal activity of the essential oil of Thymus pulegioides on Candida, 

Aspergillus and dermatophyte species, J Med Microbiol, 55, pp. 1367-1373 (2006). 

22. S. G. Javad, A. A. Atefeh, Antimicrobial and antifungal properties of the essential oil and 

methanol extracts of Eucalyptus largiflorens and Eucalyptus intertexta, Mag, 23, pp. 

172-175 (2010). 

23. M. C. T. Duarte, G. M. Figueira, A. Sartoratto, V. L. G. Rehder, C. Delarmelina, Anti 

Candida activity of Brazilian medicinal plants, J. Ethnopharm, 97: pp. 305–311 (2005). 

24. R. C. Duarte, G. B. Fanaro, F. T. Rodrigues, A. L. C. H. Villavicencio, Irradiation effect 

on antifungal potential of clove essential oil, Science and Technology against Microbial 

Pathogens. Research, Development and Evaluation, World Scientific Publishing Co. Pte. 

Ltd, pp. 236-240 (2011). 

25. M. N. N. Prasad, S. S. Bhat, M. Y. Sreenivasa. Antifungal activity of essential oils against 

Phomopsis azadirachtae- the causative agent of die-back disease of neem. Journal of 

Agricultural Technology, 6(1): pp. 127-133 (2010). 

26. A. Rahman, M. Choudhary, A. Farooq, A. Ahmed, M. Z. Iqbal, 

B. Demirci, F. Demirci,  K. H. C. Baser. Antifungal Activities and Essential Oil 

Constituents of Some Spices from Pakistan. Third International Electronic Conference 

on Synthetic Organic Chemistry (ECSOC-3) (1999)  

 

 

http://www.reprints.net/ecsoc-3.htm
http://www.reprints.net/ecsoc-3.htm

