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Abstract- Nanotoxicology deals with the toxicity of nanomaterials present in our environment. Thus, it addresses the toxicology of 
nanoparticles, which appear to be toxic that is unusual and not seen with larger particles. Nanomaterials have at least one primary 
dimension of fewer than 100 nanometers and therefore have unique properties due to their size and big surface vicinity to extent ratio. 
Nanotechnology improves the overall healthiness and safety of foodstuffs. Titanium dioxide nanoparticle is used as a white pigment in 
a variety of foodstuffs including candy, coffee-creamer, baking and cake decorations, and white sauces. Perhaps there is worry from 
customers, regulatory agencies, and the foodstuff-business about possible unfavorable belongings linked through the relevance of 
technology that associated with nanomaterials concerned with foodstuffs. This article of review précis the significance of nanoparticles 
in foodstuffs, emphasizes their possible toxicity, and stresses upon significant areas related to nano titanium dioxide where an 
investigation is suggested. 
Keywords- Nanotoxicology, Nanoparticles, Nanotechnology, Titanium Dioxide Nanoparticles, Toxicity  

I. INTRODUCTION 

 Buzea et al. (2007) precisely defining Nanotoxicology as the study of the toxicity of nanomaterials that emphasized on its 
enormous scientific significance, as they are effectively a bridge between bulk materials and atomic structures except, having 
the extremely small-sized configuration [1]. When nanomaterials were compared with their larger particles, they have inimitable 
properties, for instance, optical, electronic or mechanical properties. With such properties, nanoparticles are increasingly used in 
a wide range of applications in science, technology, and medicine [2]. Nanoparticles also have been fond of textile fibers to 
create stylish and serviceable outfits. Inorganic nanomaterials such as quantum dots, nanowires, and nanorods have been used in 
optoelectronic devices due to their interesting optical and electrical properties [3]. 

 The enormously minute size of nanomaterials enables them to pass biological membranes without any difficulty and have 
access to all cells, tissues, and organs which otherwise cannot be done by large-sized particles [4]. Nanomaterials may be 
swallowed, inhaled, or engrossed by the skin, intentionally and fortuitously administered in the course of fitness checkups after 
which they get entry to the bloodstream or can be ingested through food [5]. Oberdorster et al. (2005) have also mentioned 
similar statement that when nanomaterials enter the bloodstream they can be transported around the body and can be taken up 
by tissues and organs including the nervous system, kidney, liver, spleen, heart, and bone marrow[6, 7]. 

 The Royal Society endorsed that the nanoparticles may be used in cosmetics due to the fact they have the potential to 
penetrate the skin. In the beauty product industry, the nanoparticles are found in face powders, perfumes, soaps, creams, 
conditioners, shampoos, nail polishes, toothpaste, and deodorants [8]. Lancome (the luxury division of L’Oreal) released a face 
cream, which is composed of nanocapsules of natural diet Vitamin E to fight with pores and skin aging [9]. After this, different 
corporations such as Procter & Gamble Corporation, Shiseido Company, Garnier, Estée Lauder Companies, Johnson & Johnson 
Pharmaceutical Company, Revlon Cosmetics Company, Chanel Fashion Company, Dermazone Solutions, Christian Dior SE 
Retail Company, and many others started out to expand nano cosmetic business. 

II. TOXICITY OF NANOMATERIALS 
 Nanomaterials have lethal effects that are bizarre, and now not seen with larger particles. Solubility, composition 
aggregation, size and surface area like properties swayed poisonous effects [10]. The larger surface area of nanoparticles might 
lead to giant pro-inflammatory effects in the lung tissues. At nanometer magnitude, even inert elements like gold become 
extremely active. Some nanoparticles seem to translocation from their site of deposition to distant sites including the blood and 
the brain that would affect the regulatory mechanisms of enzymes and other proteins. 
 In vivo and in vitro studies of Iavicoli et al. (2012) validated that nanoparticles posed danger to the endocrine system [11]. 
Nanoparticles participated in pulmonary injury, testis harm, hepatotoxicity, renal toxicity, immunotoxicity, neurotoxicity [12]. 
In the study of Swedish Karolinska Institute, various nanoparticles had been administered to the lung epithelial cells of humans. 
Their outcome confirmed that iron oxide nanoparticles have been non-toxic however brought on little DNA harm, zinc oxide 
nanoparticles had been barely worse, titanium dioxide triggered most effective DNA damage, carbon nanotubes brought about 
little DNA injury and the copper oxide was turned into the nastiest. 
 Buzea et al. (2007) confirmed that the toxicity of ingested nanoparticles relies upon their ability to damage cells or organs 
within humans [1]. In 2006, Maynard pronounced that certain nanoparticles might flow easily into lung tissues after inhalation, 
and Morones et al. (2005) found damage in lung tissues that could lead to continual breathing problems [13, 14]. In 2005, 
Oberdorster et al. proved that nanomaterials have been noxious to tissues of humans. They cause multiplied oxidative stress, 
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inflammatory cytokine manufacturing, and cellular death [7]. Studies of Geiser et al. (2005), Li et al. (2003) and Savic et al. 
(2003) advised that the nanomaterials have potential to cause DNA harm in mitochondria that would result in cellular death [15, 
16, 17]. 

III. NANOPARTICLES IN FOOD 
 The usage of nanoparticles in foods is increasing every month. In trendy, the nanoparticles present in foods categorized in 
line with their composition, as both organic and inorganic. Different types of nanoparticles are used in foodstuffs that contain 
inorganic components such as zinc oxide, iron oxide, and titanium dioxide. Organic type nanomaterials are composed of natural 
products inclusive of lipids, carbohydrates, and proteins [18]. 

Inside the food industry, nanoparticles are used to increase nutritional benefits, food quality, value, and safety [19]. The 
EFSA (European Food Safety Agency) has diagnosed in their study that the maximum common utility of engineered 
nanomaterials within the food sector is used in food packaging materials [20]. Examples are nanosilver and nano zinc oxide, 
which might be each used due to their antibacterial properties. Further, nanomaterials consisting of nano calcium, nano 
selenium, clays, nano magnesium, carbon, silica, aluminum, and aluminum oxides are regularly utilized in food supplements 
[21]. Titanium dioxide is used as a white pigment may additionally contain particles within the nano-size range [22]. Table 1 
incorporates different kinds of nanoscale substances found in ingredients of foods and their origins. 

TABLE I: NANOPARTICLES PRESENT IN FOODSTUFFS AND THEIR ORIGIN 

Nanoparticles Origin Products 
Inorganic Nanoparticles 
Iron Oxide ENP Sausage Casings, Nutritional Supplements 
Titanium Dioxide ENP Milk Powders, Candies, Bakery Goods, Chewing Gums 
Silicon Dioxide ENP Dried Milk, Salts, Spices, Icing Sugar 
Silver ENP Container Coatings, Food Packages, Meat 
Organic Nanoparticles 
Casein Micelles Natural Cream, Milk 
Cell Organelles Natural Spices, Meat, Vegetables, Fruits, Fish 
Oil Bodies Natural Seeds 
Lipid Nanoparticles ENP Creams, Beverages, Dressings, Sauces 
Protein Nanoparticles ENP In Development 
Carbohydrate Nanoparticles ENP In Development 
Key: ENP is engineered nanoparticles that had been added intentionally or by accident in ingredients of foods. 

IV. TITANIUM DIOXIDE 
Titanium is a plentiful element. 95 % of titanium is used as titanium dioxide. According to CAS (Chemical Abstract 

Service), the name and number of titanium dioxide is titania or titanium (IV) oxide, 13463–67–7 and its chemical formula is 
TiO2. It is a white, noncombustible, crystalline, fragrance-free powder. NICNAS reported that nanoparticles of TiO2occur in 
three crystalline forms: rutile, anatase, and brookite, which vary according to their different shape and size [23]. Bermudez et al. 
(2004) studied that every form of TiO2 has low solubility in water so that TiO2 had grouped into the category of poorly soluble 
particulates (PSP) [24]. 

According to the Occupational Safety and Health Administration (OSHA), the permissible exposure limit for TiO2 is 15 
mg/m3. National Institute for Occupational Safety and Health (NIOSH) endorsed airborne exposure limits of TiO2which might 
be 2.4 mg/m3 for fine TiO2 and 0.3 mg/m3 for ultrafine TiO2, as time-weighted average (TWA) concentrations for up to 10 
hours/day in the course of a forty hour work week [25]. The concentration of fine TiO2 is 0.9 mg/m3 is suitable because the 
starting point for developing recommended exposures for humans and in addition, 0.11 mg/m3 concentration is for ultrafine 
TiO2. 
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V. APPLICATIONS OF TITANIUM DIOXIDE 
 

 
 

FIGURE 1: APPLICATIONS OF NANO TITANIUM DIOXIDE 
 

Nano titanium dioxide consists of several applications in the field of whitening and impenetrability of products. It is 
extensively used in different applications such as paint, cosmetics, foodstuffs, etc. Due to its pigmentation nature, it is also 
abundantly used in printing inks, beauty products, foodstuffs and skin care, rubber, and fibers. Due to the advantage of the 
TiO2as extensive refractive index, it is benefitted to shield the skin from UV rays. It is also used in the manufacturing of glass 
and electrical ceramics, catalysts, electrical powdered conductors [29, 30]. 

Rutile TiO2 nanoparticles are utilized in sunscreens as ultraviolet absorbers and anatase TiO2 in photocatalytic and 
sensing applications [24]. TiO2 is widely used in lots of commercial products including paints and varnishes, cosmetics, plastics, 
paper, and food as an anti-caking or whitening agent. Titanium dioxide has been shown statistically to increase skimmed milk's 
whiteness, increasing skimmed milk's sensory acceptance score [31]. 

VI. CARCINOGENICITY OF TITANIUM DIOXIDE 
TABLE II: ASSESSMENT OF INHALATION RESEARCH OF TIO2 IN ANIMAL MODEL 

Research Experimental Conditions 
TiO2 Particle Size Sex and 

Animal 
Strain 

Exposure 
Conditions 

TiO2 Concentration 
and Duration 

Consequences 

Bermudez et 
al.[2004] 

uf- TiO2 Female 
Rats, Mice, 
Hamsters 

0.5, 2.0, or 10 
mg/m3 

6 h/day, 5days/week 
for 13 weeks 

Increased number 
of macrophages, 
neutrophils, and 
concentration of 
soluble markers in 
BALF 

Bermudez et 
al. [2002] 

Rutile p- TiO2 Female 
Mice, Rats, 

10, 50, or 250 
mg/m3 

6 h/day, 5 
days/week for 13 

Inflammation 
noted at 50 and 

TITANIUM 
DIOXIDE 

NANOPARTICLES

FOOD INDUSTRY 
(SWEETS, BAKERY 

PRODUCTS)

COSMETIC 
INDUSTRY 

(SUNSCREEN, 
TOOTHPASTE, 

SKIN CARE 
PRODUCTS)

GLASS AND 
ELECTRICAL 

CEREMICS

PLASTICS AND 
PAPER INDUSTRY

COLORS AND 
PIGMENTS
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Hamsters weeks 250 mg/m3 
Heinrich et 
al. [1995] 

uf- TiO2 Wistar Rats 7, 11.6, and 10 
mg/m3 

for 24 months Development of 
lung tumors in rats 

Lee et al. 
[1986] 

TiO2 Dust Rats 0, 10, 50, or 
250 mg/m3 
 

6 hr/day, 5 
days/week for 2 
years 

Lung weights 
increased 
significantly and 
occur lung tumor 

Lee et al. 
[1985] 

p- TiO2 Male and 
Female Rats 

250 mg/m3 for 2 years Development of 
lung tumors 

Based on above-mentioned observations NIOSH encouraged that ultrafine TiO2 have a capability as an occupational 
carcinogen. It means ultrafine TiO2 has the capability to cause cancer after good enough occupational exposure [27]. The 
International Agency for Research on Cancer has revealed several experiments on animals to proof the carcinogenicity of 
TiO2and emulsify by interpreting “likely carcinogenic to humans” [33]. 

VII. TOXICITY OF NANO TITANIUM DIOXIDE 

The effect of TiO2 nanoparticles on GIT fate and its toxicity relies upon the shape, length, interfacial properties, and others. 
Numerous cell culture studies of Tada- Oikawa et al. (2016) have been proposed that TiO2 nanoparticles can be engrossed with 
the aid of epithelial cells and convey cytotoxicity relying on their particle characteristics, inclusive of crystal shape, dose, and 
surface coating [34]. Dorier et al. (2015) said that anatase TiO2 nanoparticles had been greater poisonous to cells than rutile 
nanoparticles because they have higher photocatalytic activity [35]. 

Ambalavanan et al. (2012) hypothesized that exposure of TiO2 nanoparticles with the aid of intranasal instillation 
precipitated lung inflammation and inhibited lung development in newborn mice [36]. They determined that a single dose of 
TiO2 nanoparticles (1 μg/g body weight) caused inflammatory cellular influx and multiple doses caused lung tumor. Iavicoli et 
al. (2012) said that titanium dioxide (TiO2) has been induced unfavorable pulmonary responses in exposed animals [12]. When 
we look at the study of Yamashita et al. (2011), they have shown that silica and titanium dioxide nanoparticles can pass the 
placental barrier in pregnant mice while injected intravenously and they had small uteri and fetuses than untreated controls and 
those nanoparticles triggered neurotoxicity in their offspring [37]. Shaw et al. (2010) showed that the allergic reaction to the 
topical application through titanium dioxide nanoparticles [38]. Study of Yazdi et al. (2010) have found that titanium dioxide 
nanoparticles caused an inflammatory response and genetic damage in mice [39]. Titanium dioxide (TiO2) nanoparticles have 
brought on negative health results such as respiratory tract cancer in most rats, brought about genotoxicity, oxidative DNA 
harm, and inflammation in mice model [40]. In 1991, Muhle et al. mentioned an absence of lung tumor development in rats 
exposed at 5 mg/m3 for fine-sized TiO2[41]. 

VIII. TITANIUM DIOXIDE IN FOODSTUFFS 
One of the majorly used nanomaterials in foodstuff is titanium dioxide. The US Food and Drug Administration allowed 

food products to incorporate up to 1% food-grade titanium dioxide without the need to include it on the aspect label. Many 
popular consumer products such as chocolates, gum, and baked items comprise 0.01 to 1 mg TiO2 in line with serving. The 
products with the highest titanium contents are goodies or candies. As an instance, powdered donuts can contain as much as one 
hundred mg TiO2 consistent with serving. In the US, Dunkin' Donuts stop the use of titanium dioxide from their powdered sugar 
donuts due to pressure by the public. 

Yang et al. (2014) described that enormous amount of titanium dioxide is present in crystalline form as rutile and anatase in 
foodstuffs, which contains several polymorphic shapes and size [42]. Study of NICNAS in rodents confirmed systemic 
absorption of TiO2 nanoparticles via the gastrointestinal tract; based totally on doses ~5000 mg/kg b. w. and repeated oral dose 
research indicated bioavailability through the gastrointestinal tract [24]. 

Titanium dioxide elements are generally used like various foods that offer peculiar opticalness with brightness [43]. 
Nevertheless, Warheit et al. (2015) reviewed that particles, which are less than 100 nm in diameter, are considered as 
nanoparticles [44]. Weir et al. (2012) estimated that the average dietary intake of TiO2 nanoparticles in people is about between 
1 to 2 mg/kg body weight/day [45]. Mastication of chewing gum results in the intake of nano TiO2, which is also harmful to 
humans [46]. 

Yellow nail syndrome is probably due to titanium, implanted either for clinical reasons or through consuming various 
foodstuffs containing titanium dioxide [47]. It has studied through research that nano titanium dioxide is accumulated in the 
tissues of mammals and other vertebrates but it completely excretes out from the body. Study conducted by Cho et al. (2013) 
that acute and sub-chronic oral toxicity of titanium oxide in rodents at different dose treatments found the accumulation in 
various organs such as lung, liver, kidney, and spleen tissues that causes hepatic injury, myocardial damage, and 
nephrotoxicities [48]. Duan et al. (2010) resulted that at the higher dose of 250 mg/kg body weight the TiO2 nanoparticles cause 
damage to liver function, immune system, and the blood system [49]. It was noticed that those nanoparticles brought about 
hyperplasia, inflammatory cytokine production, hypertrophy, and T-cellular proliferation in the mucosal epithelium of the gut. 
However, contradictory reports on little accumulation and whole removal in the feces on the toxicity of ingested TiO2 
nanoparticles have also been reported. 

Such contradictions between accumulation and toxicity of TiO2 nanoparticles in different animal models may be due to the 
difference in the oral dose, particle size, surface characteristic and the crystal form of the substance. Secondly, the effect of the 
food matrix and GIT passage is frequently not noted. Except for this age and sort of animal model are important factors for such 
contradictory reports. Coronary heart injuries, edema inside the liver and non- allergic mass activation cell inside the stomach 
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are presently greater observed in young animals as compared to adult ones. Locating of this research is important as TiO2 
nanoparticles containing foodstuffs are consumes more by means of kids than adults do. 

IX. FUTURE PERSPECTIVES 

From a decade, use of toxic potential in food grade nanoparticles has improved drastically. Researchers from several 
disciplines have studied the various poisonous outcomes varying in organic and inorganic food nanoparticles. These outcomes 
have led to tremendous insights into the food particles, which have lead to severe health effects. Still, less work is available on 
nanoparticles that are found in foodstuffs. 

X. CONCLUSION 

To enhance food quality potential, industries are making enormous use of inorganic and organic nanoparticles. The 
approach of small size nanoparticles are efficient from the human frame are compared to large particle components used in 
foodstuffs. Safety of nanoparticles once studied based on the characters of nanoparticles as well as their food matrix properties. 
Hence, more advanced research is required for setting the potential values and significant action towards these toxic effects of 
nanoparticles. 
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