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ABSTRACT 

Aflatoxin M1 (AFM1) is hepatocarcinogen frequently found in cheese. Its presence in this foodstuff 

constitutes a serious threat for consumers. The present study had evaluated aflatoxin M1 control 

potential of six essential oils against synthetic aflatoxin M1. It had consisted to blend Aflatoxin M1 

diluted in acetonitrile (1µg/mL) with essential oil to achieve final concentrations of 2%, 4%, 6%, 8% 

and 10% of oil and to follow the disintegration of this AFM1 in the meantime of 30 minutes, 1, 2, 3, 4, 

5 and 24 hours on silica gel with or without thin layer chromatography assay (TLC). The results 

obtained revealed that at the concentrations tested, no fluorescence was observed for the mixtures of 

Aflatoxin M1 with C. zeylanicum, P. racemosa and Syzygium aromaticum essential oils on silica gel 

without chromatography assay contrary to results obtained for the same mixtures after chromatography 

assay. The mixture of Cymbopogon citratus showed fluorescence with or without TLC assay. Pure 

extracts of Ocimum gratissimum and Zingiber officinale showed a green fluorescence. In sum, all the 

essential oils tested didn’t possess capacity to destroy AFM1 at concentrations investigated. Although, 

these extracts cannot be used for controlling aflatoxin M1, their potentiality for inhibiting mycotoxins 

production by moulds can be considered. 
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INTRODUCTION  

Benin is underdeveloped country which produces 

milk with an output of 94 million liters in 2009 

(FAO, 2010). Milk produced in Benin, instead of 

domestic consumption, is processed to many 

dairy products among which traditional cheese 

wagashi is the most consumed largely by rural 

than citizens populations due to its content in 

good source of many nutrients such as proteins 

and calcium (Dossou et al., 2006; Keke et al., 

2008). However, Benin country has favourable 

warm and humid climate, socio-economic 

(ignorance of the toxin and poor infrastructure to 

manage mycotoxins prevention strategies) and 

compelling environmental (drought) factors that 

enhance the growth of aflatoxigenic fungi and 

subsequently aflatoxins production inside 

wagashi (Okeke et al., 2012; Sessou et al., 2012a, 

b). Aflatoxins are toxic fungal metabolites 

produced by Aspergillus species, mainly by 

Aspergillus flavus and Aspergillus parasiticus, 

but also by Aspergillus nomius, Aspergillus 

pseudotamarii, Aspergillus ochraceus (IARC, 

2012; Siddappa et al., 2012). Aflatoxins consist 

of a group of approximately 20 related 

metabolites, among which aflatoxins B1, B2, G1 

and G2 are often found in foods. Aflatoxin B1 

(AFB1) is metabolized by the animals consuming 

these contaminated feeds to AFM1 mainly by the 

hepatic microsomal mixed-function oxidase 
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system (Siddappa et al., 2012). Aflatoxin M1 

(AFM1) was classified by the International 

Agency for Research on Cancer (IARC) as a 

group 1 human carcinogen (IARC, 2012, Okeke 

et al., 2012). Thus, its potential risk to human 

health makes its presence in milk products such 

as cheese wagashi undesirable. AFM1 is 

unaffected by pasteurization and ultra-high-

temperature (UHT) treatment (Tekinsen and 

Eken, 2008). Alternative methods for its control 

are needed to be performed. The control or 

disintegration of AFM1 by natural agents as 

essential oils, safe for human (Burt, 2004) in 

order to reduce or eliminate this toxic metabolite 

in wagashi eventually contaminated is necessary 

for minimizing public health hazards. The 

objective of this work was to evaluate aflatoxin 

M1 control potential of six essential oils extracted 

in Benin.  

 

MATERIAL AND METHODS 

Material was constituted of six essential oils 

extracted by hydrodistillation from Cinnamomum 

zeylanicum, Cymbopogon citratus, Ocimum 

gratissimum, Pimenta racemosa, Syzygium 

aromaticum and Zingiber officinale previously 

analyzed by GC/MS and GC/FID (table 1) and  

Aflatoxin M1 ( 10 µg/mL in acetonitrile, Lot: LB 

96767; 46319-U, quantity: 1 mL, Exp: Nov/2015; 

USA) purchased at SUPELCO  Analytical  

society based at Unity State of America and 

diluted in acetonitrile to have final concentration 

of 1µg/mL which is used for the assay. 

 

 

Table 1: Major components of essential oils studied 

Essential oils Major components  % References 

Pimenta racemosa Eugenol  51.1 Sessou et al. (2012b) 

Myrcene 25.1 

Ocimum gratissimum Thymol  28.1 Sessou et al. (2012a,c) 

Para-cymene 21.3 

-terpinene 16.5 

Cinnamomum zeylanicum (E)-cinnamyle acetate 39.9 Sessou et al. (2012c) 

(E)-cinnamaldehyde 25 

Benzyle benzoate  20.5 

Zingiber officinale Zingiberene  40.7 Sessou et al (2012d) 

geranial 8.9 

Syzygium aromaticum Eugenol  75.2 Sessou et al (2012g) 

Trans--caryophyllène 12.0 

Cymbopogon citratus  Geranial  44.5 Sessou et al. (2012f) 

Neral  31.5 

 

The method used in this study was based on that 

described by Adjou et al. (2012a, b, c and 2013). 

It had consisted to mix Aflatoxin M1 diluted in 

acetonitrile (1µg/mL) with essential oil to achieve 

final concentrations of 2%, 4%, 6%, 8% and 10% 

of oil and to follow the inhibition or 

disintegration of this metabolite (AFM1) in the 

meantime of 30 minutes, 1, 2, 3, 4, 5 and 24 

hours on silica gel without or after thin layer 

chromatography assay (TLC). Five microliter of 

mixture (Aflatoxin + essential oil) or pure extract 

of essential was spotted and air dried on TLC 

plates (TLC Silica gel 60 F254, Merck, Germany) 

and observed under long wave (365 nm) UV and 

then developed in the solvents system comprising 

TEF (Toluene/ethylacetate/Formic acid, 5:4:1 

v/v/v) and CAP (Chloroform/acetone/2-propanol, 

85:15:20, v/v/v), air dried and observed under 

long wave (365 nm) UV. 
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RESULTS AND DISCUSSION 

The present study had investigated the 

potentiality of six essential to destroy Aflatoxin 

M1 in perspective for their use to control 

mycotoxins produced eventually inside 

traditional cheese wagashi. The results obtained 

from this work are prsented in figures 1 to 5 and 

showed that these extracts studied didn’t possess 

capacity to decontaminate food contaminated by 

aflatoxin M1. In fact, results obtained from this 

study revealed that at the concentrations tested, 

no fluorescence was observed for the mixtures of 

Aflatoxin M1 with Cinnamomum zeylanicum, 

Pimenta racemosa and Syzygium aromaticum 

essential oils on silica gel without 

chromatography assay contrary to results 

obtained for the same mixtures after 

chromatography assay. Indeed, these extracts had 

masked the fluorescence of Aflatoxin M1 when 

mixed together and spotted on TLC plate and 

observed under UV light 365 nm without tthin 

layer chromatography assay (figure1). Based on 

theory of Adjou et al. (2012 a, b, c and 2013), we 

can conclude that our three extracts C. 

zeylanicum, P. racemosa and S. aromaticum 

possessed antiaflatoxin M1 potential. But this 

conclusion will be wrong when we consider the 

elution of these mixtures which showed the 

fluorescence at the same bright with the standard 

AFM1 spotted (figure 2 to 5). The masking of 

fluorescence of Aflatoxin M1 when mixed with 

extracts of C. zeylanicum, P. racemosa and S. 

aromaticum could be explained by a reaction of 

components of these oils with the fluorescence 

pole of Aflatoxin M1 which is not inevitably 

sinonymous of the destroying of the toxic 

metabolite. These extracts may possess capacity 

to inhibit production of mycotoxins produced by 

toxinogenic moulds. The mixture of Cymbopogon 

citratus showed fluorescence either with or 

without TLC assay. This last pure oil (C. citratus) 

with no fluorescence when spotted on TLC plate 

had not capacity to mask the aflatoxin M1 

fluorescence when mixed together with the toxic 

metabolite. Pure extracts of Ocimum gratissimum 

and Zingiber officinale spotted alone showed a 

green fluorescence on silica gel without TLC 

assay and didn’t allow appreciating their activity 

at this step (figure 1). The present study had 

shown that the works of Adjou et al. (2012a,b,c 

and 2013) concerning the appreciation of 

aflatoxigenic inhibition potential of extracts 

based on their ability to inhibit fluorescence of 

aflotoxins presents insufficiencies. In fact, these 

authors have wrongly exploited the method of 

Nguyen (2007) and Atanda et al. (2011) whose 

works were made not for evaluating the aflatoxin 

production inhibition by extracts but for the 

capacity of strains of Aspergillus to produce 

aflatoxins revealed by fluorescence of these 

metabolites under UV light. Our work showed 

that the inhibition of fluorescence of the 

metabolite is not inevitably synonymous of 

capacity of extract to inhibit the metabolite 

production of toxinogenic fungus which normally 

grows. Also, the appearance of fluorescence after 

observing the mixture of essential oil plus the 

metabolite in culture medium is not synonymous 

of incapacity of extract to possess antiaflatoxin 

inhibition potential. Indeed, our study showed 

that the pure extracts of O. gratissimum and Z. 

officinale spotted alone showed green 

fluorescence. As recommendation, before 

conclude that the extracts possess antiaflatoxin 

inhibition potential based on inhibition of 

fluorescence, the previous authors (Adjou et al) 

must complete their work by proceeding to the 

detection and the quantification of the aflatoxins 

in the whole culture medium composed of 

extract, toxinogenic fungus which had its 

metabolite fluorescence inhibited or not. As 

alternative methods to detected capacity of 

mycotoxins production inhibition by essential 

oils, that described by Singh et al. (2010), 

Prakash et al. (2012a, b, c) and Shukla et al. 

(2012) are scientifically efficient and appropriate. 

In sum, this study showed that essential oils of C. 

zeylanicum, C. citratus, O. gratissimum, P. 
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racemosa, S. aromaticum and Z. officinale didn’t 

possess potential to destroy aflatoxin M1 when 

presented inside food. Also, it showed that the 

appreciation of inhibitory aflatoxin production 

potential of essential oils based on their ability to 

inhibit fluorescence of metabolites produced by 

toxinogenic moulds presents more 

insufficiencies.    

 

CONCLUSION 

The work has assessed the potential of six 

essential oils to control aflatoxin M1 in 

perspective to their use to destroy this toxic 

metabolite inside cheese wagashi contaminated. 

Results obtained showed that these extracts had 

not potential to disintegrate AFM1 at 

concentrations investigated. However, these 

extract especially C. zeylanicum, P. racemosa 

and S. aromaticum can be considered as 

promising extract for mycotoxins production 

inhibition.  
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Figure 1: Spots of mixtures on TLC plates observed under long wave (365 nm) UV without TLC 

assay at 30 min, 1, 2, 3, 4, 5 and 24 hours  

 
 A, B, C, D, E: Spots of mixtures of Aflatoxin M1 with C. zeylanicum essential oil at 2%; 4%, 6%, 8%, 

10% respectively; Cz: Pure essential oil of Cinnamomum zeylanicum; 
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 F, G, H, I, J: Spots of mixtures of Aflatoxin M1 with Cymbopogon citratus essential oil at 2%; 4%, 6%, 

8%, 10% respectively; Ccitr: Pure essential oil of Cymbopogon citratus 

 K, L, M, N, O: Spots of mixtures of Aflatoxin M1 with Ocimum gratissimum essential oil at 2%; 4%, 

6%, 8%, 10% respectively; Ogra: Pure essential oil of Ocimum gratissimum 

 P, Q, R, S, T: Spots of mixtures of Aflatoxin M1 with Pimenta racemosa essential oil at 2%; 4%, 6%, 

8%, 10% respectively; Prac: Pure essential oil of Pimenta racemosa 

 U, V, W, X, Y: Spots of mixtures of Aflatoxin M1 with Syzygium aromaticum essential oil at 2%; 4%, 

6%, 8%, 10% respectively; Sarom: Pure essential oil of Syzygium aromaticum 

 1, 2, 3, 4, 5: Spots of mixtures of Aflatoxin M1 with Zingiber officinale essential oil at 2%; 4%, 6%, 

8%, 10% respectively; Zoff: Pure essential oil of Zingiber officinale 

 M1: standard of Aflatoxin M1 purchase  

 

Figure 2: Spots of mixtures of Aflatoxin M1 with C. zeylanicum  essential oil on TLC plates 

observed under long wave (365 nm) UV after TLC assay at 30 min, 1, 2, 3, 4, 5 and 24 hours 

 
T, S, R, Q, P : Spots of mixtures of Aflatoxin M1 with Pimenta racemosa essential oil at 10%, 8%, 6%, 4%, 

2% respectively; Prac: Pure essential oil of Pimenta racemosa; M1: Standard of Aflatoxin M1 
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Figure 3: Spots of mixtures of Aflatoxin M1 with Pimenta racemosa essential oil  on TLC plates 

observed under long wave (365 nm) UV after TLC assay at 30 min, 1, 2, 3, 4, 5 and 24 hours 

 

 

E, D, C, B, A: Spots of mixtures of Aflatoxin M1 with C. zeylanicum essential oil at 10%, 8%, 6%, 4%, 2% 
respectively; Cz: Pure essential oil of Cinnamomum zeylanicum; M1: Standard of Aflatoxin M1 

 

 

Figure 4: Spots of mixtures of Aflatoxin M1 with Syzygium aromaticum essential oil on TLC plates 

observed under long wave (365 nm) UV after TLC assay at 30 min, 1, 2, 3, 4, 5 and 24 hours 

 

 

Y, X, W, V, U: Spots of mixtures of Aflatoxin M1 with Syzygium aromaticum essential oil at 10%, 8%, 6%, 4%, 2% 
respectively; Sarom: Pure essential oil of Syzygium aromaticum; M1: Standard of Aflatoxin M1 
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Figure 5: Spots of mixtures of Aflatoxin M1 with Ocimum gratissimum essential oil  on TLC plates 

observed under long wave (365 nm) UV after TLC assay at 30 min, 1, 2, 3, 4, 5 and 24 hours 

 

 
O, N, M, L, K: Spots of mixtures of Aflatoxin M1 with Ocimum gratissimum essential oil at 10%, 8%, 6%, 4%, 2% 

respectively; Ogra: Pure essential oil of Ocimum gratissimum; M1: Standard of Aflatoxin M1 


