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Many studies have shown antimicrobial and caries preventive effects of fluorides applied directly to the tooth 
surface. Fluorides are commonly added in oral hygiene products. According to the World Health Organization, 
today fluoride toothpastes are used by over 500 million people in the world. The most common  caries preventive 
compound of  toothpaste are fluorides. 
Although, acute or chronic poisoning from fluorides in oral hygiene products is unlikely, it is necessary to draw 
attention to the existing threat. Toothpastes designed for use in adults, usually contain 1450ppm fluoride or 
0.32% of sodium fluoride. Toothpastes designed for use in children of 6 to 12 years, usually contain 1000ppm 
fluoride, or 0.2% of sodium fluoride. Toothpastes designed for use in children younger than 6 years, usually 
contain 500ppm fluoride, or 0.1% of sodium fluoride. Fluoride is often added to the mouthwash usually 
containing sodium fluoride at concentration of 0.02 to 0.05%. A mouthwash is intended for use in adults only. 
The lethal dose for man is from 32 to 64 milligrams of fluorine per kilogram of body weight. A lethal dose of 
sodium fluoride is 5 to 10 grams for men weighting 70kg. In children even a half of a gram of sodium fluoride 
can be fatal. In 100 grams of toothpaste for adults is 0.32 grams of sodium fluoride. So, for a man who weights 
70kg lethal dose of sodium fluoride is contained in about 1500 grams of toothpaste for adults. For a child who 
weights 20kg lethal dose of sodium fluoride is contained in about 440 grams of toothpaste for adults, ie from 700 
to 1400 grams of toothpaste for children. Mouthwashes are usually packaged in vials of 200-500ml size and 
containing from 0.1 to 0.25 grams of sodium fluoride in the packaging. Thus, for a man who weights 70kg lethal 
dose of sodium fluoride is contained in 20 vials per 500ml of mouthwash. For a child who weights 20kg lethal 
dose of sodium fluoride is contained in about 5.5 bottles per 500ml of mouthwash.  
The victims of fluoride poisoning from oral hygiene products are, mostly, children. It is necessary to keep the 
oral hygiene products out of the reach of children. When your child is brushing teeth, it is necessary to adult to 
put a proper amount of toothpaste on the toothbrush, and the tube with the rest of the paste immediately return to 
the place beyond the child's reach. It is not recommended that a household have stock (more tubes or bottles) of 
oral hygiene products. The same measures are also needed for people with developmental disabilities and in 
some psychiatric patients. For the prevention of chronic poisoning, it is important that among the available 
modes of fluoridation (endogenous, professional topical, fluoridated toothpaste) select and implement only one. 
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Introduction: Cosmetic products must be kept free of microorganisms to ensure the safety of their users. Several 
authorized preservatives taken in the Annex V of the European regulation 1223/2009 are usually added to the 
products so as to keep their microbiological quality during their shelf life. Nevertheless, the consumers but also 
the scientific community worry about the use of antimicrobial preservatives in cosmetics since few years because 
they are afraid of possible side effects. According to this context, alternatives to conventional preservatives are 
searched for. Inorganic antimicrobial agents are such promising alternatives and zinc oxide (ZnO) appears of 
major importance owing to its high antimicrobial activity. Besides, ZnO is a safe material that is already used in 
sunscreens as UV filter. So as to improve the prospect of using ZnO as a preservative in cosmetics, the 
antimicrobial efficacy as well as the antimicrobial mechanisms of ZnO were studied, and the antimicrobial 
potential of ZnO in various cosmetics was evaluated. All these studies were performed on the five germs of the 
Challenge Tests (Ph.Eur). This article is focused on a single bacterial strain: Staphylococcus aureus.
Methods: Four ZnO grades were selected according to their physicochemical characteristics. Microbiological 
tests were carried out in liquid media (MH broth, AES Chemunex) and MIC and MBC of each ZnO grade were 
determined against S. aureus CIP 4.83. Specific studies were carried out in order to investigate the contribution 
of each antimicrobial mechanism of ZnO particles on their global antibacterial efficiency: 
- Direct contact of ZnO to bacterial cells: the interaction of ZnO particles to cell walls was evaluated by zeta 
potential measurements on bacterial cell suspensions; 
- Generation of zinc ions: the release of zinc ions by dissolution of ZnO particles was measured by HPLC 
coupled to UV detection and the antimicrobial efficiency of Zn2+ was evaluated; 
- Generation of reactive oxygen species (ROS): the generated H2O2 was quantified with an OxiSelectTM In Vitro
ROS/RNS assay kit (CellBiolabs) depending on the chemical and physical environment. The influences of the 
light conditions as well as the nature of the aqueous media were evaluated. 
Lastly, the antibacterial effectiveness of ZnO against S. aureus in three types of cosmetic formulations (oil-in-
water emulsion, colored water-in-oil emulsion, and compact powder) was assessed according to Challenge Tests 
of the standard ISO 11930.  
Results and discussion: Microbiological tests revealed that the tested ZnO grades exhibited a bactericidal 
activity against S. aureus. The MIC was 0.25% and the MBC was 1.72% (w/w) for the most efficient ZnO grade 
[1]. Antimicrobial mechanisms were studied so as to improve the understanding of each mechanism and get an 
overview of their respective contribution to the global efficiency of ZnO particles. Such fundamental data help 
for the optimization of the efficacy of ZnO in complex formulations. S. aureus was mostly sensitive to the direct 
contact of ZnO particles to the cells walls. Zeta potential measurements showed that it was governed by an 
electrostatic attraction phenomenon. Moreover, the irradiation of ZnO suspensions by UV light enhanced the 
antibacterial efficacy of the particles via the production of ROS. Zinc ions also contributed to the global 
antibacterial efficacy of the particles; the dissolution of ZnO appeared dependent to the environmental 
conditions. Finally, the influence of ZnO on the microbiological quality of the three cosmetic products was 
definitely demonstrated since the A criteria was met on S. aureus in the presence of 1% of ZnO while ZnO-free 
products did not comply with A or B criteria. As conclusion, S. aureus was highly sensitive to the antibacterial 
activity of ZnO particles in complex formulations, which opens the way to the application of ZnO as an 
antimicrobial agent into such products. 
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