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ABSTRACT 

Food additives are commonly used in the food industry to improve the texture and 

appearance of food products. However, some additives have been reported to have 
potential negative effects on human health and the environment. This study aims to 
investigate the potential developmental toxic effects of food additive INS171 (Titanium 
dioxide (Ti02)) on zebra fish and thir embryos, in the presence of Ti02 nanoparticles. 
Zebra fish embryos were exposed to different concentrations of INS171 (Tio2), and their 
growth, deformities, gene expression changes, and oxidative stress markers were 
monitored over time. The results indicate that exposure to INS171 (Ti02) may cause 
delayed growth, deformities, decreased heart rate, and malformations in zebra fish 

embryos. These findings highlight the potential risks associated with the use of food 
additives and their interactions with environmental toxins. Further studies are needed to 
better understand the mechanisms underlying the observed effects and their implications 
for human health and the environment. 
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1.1 TOXICOLOGICAL EFFECTS 

CHAPTER 1 

1.2 TIO2 

INTRODUcTION 

The term "toxicological effects" refers to a substance's detrimental or unfavourable 
impacts on iving things, such as people, animals, and the environment. Exposure to 
harnful substances such chemicals, pesticldes, medications, and toxins created by 

microbes can have toxicological effects. A substance's toxicological effects can change 
based on a number of variables, such as the dose, route of exposure, duration of 
exposure, age, and overall health of the exposed person or organism. Acute toxicity. 
chronic toxicity, mutagenicity, carcinogenicity, reproductive toxicity, neurotoxicity, and 
immunotoxicity are a few frequent toxicological effects. Toxicologists study the 
toxicological effects of substances to determine their potential risks to human health and 
the environment. They use various methods, indluding animal testing, cell cultures, and 
computer models, to evaluate the toxicological effects of substances and develop 

strategies to mitigate or prevent their harmful effects (^bbas et al., 2019). 

The most popular metal oxide nanoparticle, TiO2 (Ti02 NPs), has been used more and 

more in various industrial applications. These result in increased exposure to humans 

and have an impact on both their health and the environment. For instance, Ti02 NPs 

are oftern employed in the cosmetics, sunscreen, pharmaceutical, and electronics 
industries, making their discharge into the environrnent inevitable. Numerous recent 
studies on the possible danger of TiO2 NPs revealed that these particles had certain 

toxicological issues. According to several in vitro experimental findings, Ti02 NPs greatly 
increased oxidative stress, which led to DNA damage and cell death. According to studies 

on the acute toxicity and oxidative effects of nanoscale TiO2 on zebra fish, the acute 

toxicity of Ti02 NPs was higher than that of bulk Ti02. TiO2 NPs show higher toxicity as 

compared to bulk TiO2. By Servin et al., the potential route by which Ti02 NPs enter the 
food chain from the soil was also investigated (Zhang et al., 2014). 
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Figure 1.1-Food grade TiO2 powder 

1.3 ONGOING CONTROVERSY ON TITANIUM DIOXIDE 

There is currently debate regarding the use of technology food additives because of 
possible negative effects on human health. This Titanium dioxide (TiO2) and specifically. 
its usage as an E171 food additive are the main topics. France is the first nation in Europe 
to ban the sale of foods containing certain substances for a year, starting on January 1, 
2020 (Boutillier et al., 2020). 

1.4 GROWTH AND HISTOLOGICAL PARAMETERS OF ZEBRAFISH 

Due to its lack of obvious toxicity, high functionality, and potential usage in a variety of 
coatings, titanium dioxide (TiO2) has been dubbed "the environmental white knight" 
Titanium dioxide (NPs) is photocatalyic, which means that when it is subjected to 
ultraviolet (UV)light, it turns into a catalytic substance. TiO2 in its standard form is thought 
to be physiologically inert, provide little risk to people, and can be used as a food additive 

(colourant), But when TiO2 is created at the nanoscale (particle size 100 nm), its 
consequences on biology and the environment need our growing attention. Further 
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evidence points to the need for longer-term exposure in order to determine the risk of 
nanomaterials in aquatic organisms. There is very litle information on the long-term 
ecotoxicity to aquatic organisms, despite the fact that these studies have raised concerns 

regarding the chronic toxicltly of TI02 NPs to aquatic life. However, there aren't many 
research that have looked into the long-term chronic toxicity of NPs on aquatic organisms. 
Numerous studies on acute toxicity revealed that TiO2 NPs are either non-toxic or 
harmless for aquatic creatures. However, a recent study found that zebrafish ribosomal 
function genes' expression was affected by nano-TiO2 exposure (Chen et al., 2011). 

1.5 GENOTOXIC EVALUATION OF TIO2 

For the purpose of determining the risk of probable carcinogens, genes (such as gene 
mutations, DNA damage, and chromosomal damage) play a significant role in cancer 
research. The International Agency for Research on Cancer (|ARC) has classed Ti02 as 

probably carcinogenic to humans (class 2B) because inhaled or intratracheally injected 
nano and fine-sized TiO2 has been shown to produce lung cancer in rats. Titanium 

dioxide (TIO2) is a well-known food ingredient that is frequently used to whiten and 
brighten meals, particularly confectionery, white sauces and dressings, and some 
powdered foods. According to recent research on food-grade Ti02 (also known as E171), 
36% of the particles had a minimum diameter of 100 nm or smaller. The current study's 

objective was to assess TiO2 NPs' genotoxicity using in vivo and in vitro test systems. 
Different genetic endpoints were thoroughly examined to find the sensitive genetic 
endpoints for the detection of TiO2 NPs-induced genotoxic effects under the guidance of 
the OECD standard for the testing of chemicals (Chen et al., 2014). 

1.6 IMPACT OF TiO2 

For consumers, oral contact to TiO2 NPs appears unavoidable. Investigating the impact 
of TiO2 NPs on the intestine is urgently required for the safety assessment of Ti02 NPs 

because the gastrointestinal tract is the first stop for Ti02 NPs once they enter the human 

body orally. In addition, Ti02 NPs have to endure and pass through saliva, gastric and 
intestinal juices before reaching the intestine. Under these conditions, the physiological 
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parameters of TiO2 NPs such as pH, ionic strength, as well as protein content and 

composition change greatly. These contradictory in vitro results might come from the 

different cells and culture conditions, and tested TiO2 NPs with various physic chemical 

properties, such as size and surface property. These further indicate that more 

investigations on the toxicity of TiO2 NPs to the intestine are needed. The Caco-2 cells 

and monolayer, which are the standard intestinal in vitro models generally accepted by 

pharmacological businesses and regulatory authorities, were used for toxicity, cellular 

uptake and translocation experiments using native and pretreated Ti02 NPs (Song et al., 

2015). 

Food Grade Ti0: 

Yogurt 

Fruits 
Fruit Yogurt 

Decline of polyphe nols 

Figure 1.2- Impact of food additive titanium dioxide on the polyphenol content 

and antoxidant activity of the apple juice (Li et al., 2022). 

1.7 BEHAVIOURAL CONSEQUENCES OF E171 

These The behaviour and consequences of E171 and nano-sized Ti02 after consumption have 

been the subject of an increasing number of research in recent years. 

investigations have found potential negative effects, such as the stimulation of 

inflammation, the creation of reactive oxygen species (ROS), and co-genotoxic effects. It 

is still unclear what the observed toxicity and danger classification after inhalation mean 

for oral toxicity. The Netherlands Food and Consumer Product Safety Authority (NVWA)'s 



Offce of Risk Assessment and Research (BuRO) organized a workshop in July 2018 to 
discuss "potential health effects of the food additive titanium dioxide (E171)," on which 
BuRO based its opinion that was released in 2019. In accordance with the CLP 

Regulation (EC No 1272/2008), the EU announced its classification of TiO2 as a 
suspected carcinogen (category 2) by inhalation of powder containing at least 1% 
particles with an aerodynamic diameter of less than 10 m on February 18,2020, replacing 

ECHA's assessment. After an 18-month transition period, the classification will take effect 

on October 1, 2021 (Winkler et al., 2018). 

1.8 ENVIRONMENTAL EFFECTS OF TiO2 

The environmental effects on aquatic animals and toxicity mechanisms of Ti02 on aquatic 

ecosystems have been the subject of several studies, although they still renain poorly 
understood. In particular, carbon-based NPs have been the main focus of toxicity 

experiments on adult fish. Additionally, studies on the toxicity of metal oxide nanoparticdes 
(TiO2) to fish have focused on the first phases of development. The toxicity of Ti02 to 
adult fish has not received much attention from researchers. Contradictory findings, 

however, have been found in recent investigations, raising the notion that toxicity may 

depend on size in addition to the negative effects brought on by the presence of dissolved 

ions. According to Govern and Klaper (2006), the tiny size and high specific surface area 
of NPs are generally related to their toxicity. Due to their increased surface reactivity. 

capacity to enter and aggregate inside of cells and animals, and higher surface area than 
their bulk counterparts, nano materials are theoretically predicted to be more harmful than 
their counterparts. The majority of the aggregates formed by NPs in suspensions will 
settle out after a few hours, potentially reducing their toxicities. NPs often form big 
particles in suspensions. In contrast, reactive oxidative species (ROS) produced by a 
variety of mechanisms, including ilumination of nanoparticles (NPs) (Jiang et al., 2008) 
and disrupion of intracellular metabolic processes , may interfere with the anti-oxidant 
system, resulting in damage to lipids, carbohydrates, proteins, and DNA (Xiong et al., 
2011). 

5 



1.9 ECOTOXICITY OF Ti02 

Numerous acute and short-term ecotoxicity tests demonstrated that nTiO2 exerted no or 
low toxicity to testing species, ranging from bacteria, algae, Daphnia, to fish, which may have contributed to the widespread use of nTi02. These investigations suggest that 
determining the possible toxicity of nTi02 may need considering longterm exposure. Aquatic organisms would be exposed to nTiO2 over a lengthy period of time given the 
variety of uses for it and the possibility that it could be released into the aquatic 
environment. As a result, it is important to carefully assess the negative effects of chronic 
nTiO2 exposure, particularly at low doses that are thought to be non-toxic. We discovered 
that nTi02 exposure could affect zebrafish reproduction at levels as low as 0.1 mg L 1, 
which is an environmentally relevant dose range. According to our research, when 
nanotechnology is developed, the long-term effects of manmade nanomaterials on the 
aquatic ecosystem should be taken into account. In order to further address this problem, 
we carried out a chronic toxicity study in which zebrafish were exposed to nTi02 for 91 
days. The goal of this study was to evaluate the potential effects of this exposure on the 
zebrafish reproductive system, including egg production, embryo survival, ovary histology. 
nTi02 accumulation in ovaries, and overall gene expression in ovarian tissues by 
microarray analyses. Concerns have been expressed about the release of engineered 
nanomaterials (ENMs) into the environment and its possible effects on human and 

environmental health as a result of their extensive manufacturing and use (Wang et al., 
2011). 

1.10 TiO2 TOXICITY IN ZEBRAFISH EMBRYOS 

Tropical freshwater fish called zebrafish (Danio rerio) serve as helpful model organisms 
in scientific studies.Their continued appeal can be attributed to their humorous nature, as 

well as to their quick reproduction, low cost, and wide availability. Previous zebrafish 
investigations have shown that differing exposure settings and times to NPs result in a 
variety of pathogenic and gene expression alterations. applied 10-1000 mg/L Ni-NP to 
zebrafish embryos, we noticed the aggregation of Ni, thinner intestinal epithelium, and 
separation of skeletal muscle fibre. However, it is still unknown how low dosage and 
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subchronic exposure to TiO2 NPs causes zebrafish neurotoxicity. Ti02 nanoparticle 
residues have been shown to have a deleterious impact on the functioning of digestive 
enzymes .TiO2 NPs showed little toxicity after a 14-day exposure, however they had an 
impact on zebrafish reproduction. The difference between this piece and earlier research 
is in its concentration (mg/L versus mg/L in earlier research) and length (45 days versus 
5-14 days).Our research will serve as a crucial developmental foundation for assessing 
aquatic creatures' neurotoxicity to low dosage and subchronic TiO2 NP exposures. 
showed that the behavioural endpoints (such as hatchability and survival) were more 
sensitive than the other endpoints to identify the toxicity of Ti02 NPs on developing 
zebrafish for 120 hours after fertilisation. 

Environmental Toxicology (DOI 10.1002/tox] 

1.11 INVESTIGATIONS ON THE IN VIVO TOXICITY 

Due to oxidative stress and apoptosis, Ti02 and reduced graphene oxide (RGO) cause 
genotoxicity and cytotoxicity in a dose- and size-dependent way. Bacteria, aquatic 
ecosystems, and mammalian cells are all cytotoxic as a result of reactive oxygen and 

hydroxyl species produced by photoactivation of TiO2 and its nanocomposites. 
Particularly, Amora et al. Revealed the toxicity of GO-based nanocomposites, oxidised 

carbon nano-horns (oxi-CNHs), and oxidised carbon nano-onions (oxi-CNOs) in zebrafish 
(Danio rerio). They amply revealed that less than 85% of larvae and embryos survived in 

the presence of 50 g mL-1 of GO. Predictable environmental concentrations indicate that 

TiO2 and graphene-based nanocomposites may carry a greater risk to aquatic 
ecosystems than the most widely utilised nanomaterials, reaching the maximum 

concentration in surface waters. Additionally, the sizes and aggregation of graphene and 

its nanocomposites will have an impact on how zebrafish embryos develop. The goal of 

the current study is to examine and provide a thorough understanding of the toxicity of 

RGOTiO2 based nanocomposites on zebrafish enmbryos (Prakash et al., 2019). 

7 
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Figure 1.3- Zebra fish Embryo toxicity 

HUMAN 

ECOTOXICOLOGICAL 

ENVIRONMENT 

Both with and without exposure to ultraviolet A (UVA) radiation, nano-Ti02 has been 

shown to have oxidative stress effects in mammals and fish, causing inflammation, cell 

damage, and genetic damage.Invertebrates exposed through water may exhibit sub 
lethal toxicity at concentrations between 5 and 50 mg L-1, according to the available 

evidence. Nowadays, nano-silver is widely employed in consumer goods, mainly due to 
its powerful antibacterial capabilities and affordable manufacture. Silver concentrations 

have been found to reach 100 mg L-1 in wastewater treatment facilities that receive 

influents from businesses that use silver nanoparticles (Ag NPs). This level of silver 

exceeds the tolerable limit for some bacteria, which may have a negative effect on 

bacterial communities (Marambio-Jones & Hoek 2010). The simplicity of seeing 

developmental effects through a transparent chorion is just one of the many experimental 

conveniences that zebrafish embryos provide. As endpoints for evaluating the impacts, 

mortality rates, aberrant development, apoptosis, and targeted (in situ) gene expression 
were used. Ag NPs may have harmful consequences in a variety of animals, including 

fish, according to several studies (Osborne et al., 2012). 
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Figure 1.4 A model for putative role of opportunistic gill infection in Ti02-induced 
mortality in zebra fish (Chiao-Yi Huang et al., 2021) 

Zebrafish (gilI injury) 

The goal of the current study was to compare TiO2 nanoparticle phototoxicity with 
zebrafish at various life stages under ultraviolet (UV) radiation that was relevant to the 
environment and to determine which life stage was the most sensitive.Embryo (within 2 

hours of fertilisation), yolk-sac larvae (within 48 hours posthatch), freeswimming larvae 
(21 days posthatch), and juvenile (50 days posthatch) were the four developmental 
phases that we examined. Zebrafish embryos have become a well-liked animal model for 

researching the toxicity of nanomaterials [5-8]. Zebrafish's oviparity is one of the many 
benefits of utilising them as a representative model species in toxicity studies. Recent 
research using artificial or real sunlight has shown extremely noticeable increases in the 

toxicity of TiO2 nanoparticles when certain wavelengths of energy are present. 

Zebrafish's oviparity is just one of the many benefits of utilising them as a representative 

model species in toxicity research. This reproductive approach has benefits for 
determining how sensitive developing embryos, freshly emerged larvae, and later life 

stages are to toxins (Ma & Diamond, 2013). 



1.14 FOOD GRADE OF TiO2 

Food, pharmaceutical, and personal care goods for stabilisation or optical qualities are 
some consumer-based applications for ENMs.In human bronchial epithelial cells, anatase 

TiO2 was more hazardous than rutile, causing DNA damage, lipid peroxídation, and the 
production of micronuclei.. Ti02 ENMs introduced to an in vitro intestinal model had the 

ability to transcytose through the epithelial lining. however these effects weren't fatal. In a 
second investigation, five different types of food-grade Ti02 were procured from 
international food suppliers and characterised for comparison to industrial grade 
(Aeroxide P25; Evonik Degussa), indicating significant discrepancies between 

characteristics related to environmental destiny and toxicity.Each experimental condition 
was tested over a 5-day period known as an experimental "week," including baseline 

(control), food, and industrial grade Ti02 exposures. Each condition was tested in 

triplicate, consisting of three baseline weeks, three industrial grade exposure weeks, and 

three food grade exposure weeks.Utilisinga variety of food sOurces, the average daily 

consumption of Ti02 ENMs in food and personal care items was determined.It was 

discovered that adults in the US may consume up to 1 mg TiO2/kg of bodyweight daily. 

Furthermore, consumption would mostly consist of food grade forms of TiO2, which are 

more frequently found in food and personal care items, as opposed to industrial versions, 

which are more frequently used in environmental health and safety research.Food grade 

TiO2 should be used in addition to industrial grade TiO2 in research looking at the destiny 

and toxicity of ENMs since there are intrinsic distinctions between the particle types that 

can affect how they behave in biological and environmental systems.The different effects 

of food- or industrial-grade Ti02 ENMs on the microbial community structure and cellular 

function were specifically discussed in this work (Waller et al., 2017). 

1.15 POTENTIAL RELEASE OF Ti02 

The potential for the release of TiO2NPs into the environment grows along with TiONP 

production rates and applications.The oxidative stress theory of toxicity was supported by 

the in vivo production of superoxide, increased expression of an antioxidant response 

element driven reporter, and enhanced DNA damage with concomitant light 
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exposure.The suspension stability of unfunctionalized TiO2NPs is improved by DOM 
adsorption.Increased water column residence periods, easier adventive movement in 
aqueous environments, more exposure to free-swimming aquatic creatures, and 
decreased delivery to benthic species are all anticipated effects of increased stability of 
TiO2NP suspensions. We investigated how HA affected the stability of TiO2NP solution, 
zebrafish uptake, and toxicity. Because Degussa P25 TiO2NPs are used commercially. 
we decided to study them.Zebrafish are an ideal animal model for testing the toxicity of 
nanomaterials because of their quick, well-studied development, small size, and high 

fecundity.. In order to achieve this, we subjected embryonic and larval zebrafish to a 

commercial TiO2NP preparation in both the absence and presence of illumination that 

mimicked sunshine (Yang et al., 2013). 

1.16 EXPOSURE OF E171 

E171 is used in products such as candy, coffee creamer, chewing gum, sauces, 
nutritional supplements, toothpaste, and pharmaceuticals. Although both the anatase and 
rutile forms of TiO2 are authorized for foods, the characterization of European and 

American food samples showed that anatase is the predominant Ti02 crystalline 

structure used as food additive E171 and thus the main source of exposure for the general 

population. The intake of E171 varies between different age groups and countries, while 

children, in general are the most highly exposed group, due to their lower body mass and 

disproportionally higher consumption of E171-containing products (Nicolaj S. 

Bischoff,2021) 
1.17 FISH EMBRYO TEST STUDY 

The Fish Embryo Test (FET), which uses fish embryos for testing, falls between the usual 
52 studies that use cell cultures and those that use mammalian models.There is proof 

that nano-TiO2 can stick to the embryo's chorion, where it may 64 be absorbed and 
dispersed equally throughout the fish's tissues without any tissue-specificity. Nano-Ti02s 
toxicity to aquatic species such fish, microcrustaceans, and 68 hydra has been found to 
be quite low.Ti02 is a semiconductor with the crucial ability to be photoactivated, making 

t particularty appealing for application in processes based on heterogeneous 
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photocatalysis to degrade a range of organic and inorganic chemicals.Reactive Oxygen 
species (ROS), which have the potential to harm 78 biomolecules, are produced when 
TiO2 is exposed to UV light with a wavelength range of 300-388 77 nm. When TiO2 is 

presentas nanoparticles, its photocatalytic activities are improved, which can increase its 

toxicity to aquatic species when exposed to environmental factors such sun UV 

radiation.Our research team has previously found that depending on the crystal phase, 
concentration, and lighting conditions, exposure to nano-Ti02 can have sublethal effects 

on fish and microcrustaceans. However, there are still quite a few 90 unknowns, therefore 

more research is necessary to thoroughly assess the toxicity of nano-Ti02 in the fish 

embryos, particulaly its 91 sublethal effects.The study of biomarkers linked to this effect, 

Such as antioxidant enzymes, should be used in the case of creatures exposed to the 

substance because oxidative stress is likely the primary 97 cause of the toxicity of nano 

TiO2.On the other hand, less attention has been paid to the effects of nano-TiO2 on 

similarly significant enzymes such phosphatases, which are involved in a variety of 

transphosphorylation events and can be 104 influenced by metals and ROS (Aoyama et 

al., 2003). According to reports, exposure to nano-Ti02 can have an impact on the size 

and growth of fish and microcrustaceans (Clemente et al., 2014). 

1.18 HAZARDS AND RISKS ASSOCIATED WITH TiO2 

Understanding how solar radiation interacts with TiO2, how this interaction is reduced in 

natural settings, and how life stage may affect exposure and susceptibility to this mode 

of toxicity associated with the materials' photoactivity are all necessary for assessing the 

hazards and risks associated with TiO2 nanoparticles. (UV) radiation and to determine 

the stage of life that is most vulnerable. 

Embryo (within 2 hours of fertilization), yolk-sac larvae (within 48 hours post hatch), free 

swimming larvae (21 days post hatch), and juvenile (50 days post hatch) were the four 

developmental phases that we examined. Recent research using artificial or real sunlight 

has shown extremely noticeable increases in the toxicity of TiO2 nanoparticles when 

certain wavelengths of energy are present. Zebrafish's oviparity is just one of the many 

benefits of utilizing them as a representative model species in toxicity research. One of 
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the numerous advantages of using zebrafish as a representative model animal in toxicity 
research Is its oviparity These results suggest that post hatch life stages should be 
examined to determine the entire potential hazard and risk of nanomaterials. Since they 

may be nore susceptible to toxicity (Ma & Diamond, 2013). 

1.19 STUDY OF SOD, CAT AND HEAT SHOCK PROTEINS 

TIO2 nanopartlices' (nano-Ti02) widespread use in nanotechnology and low toxicity are 
the main reasons for thelr popularity. Recent research, however, has indicated that the 
photocatalytic properties of this substance can cause changes in their behaviour in the 
environment, leading to impacts that are still not entirely understood. Utilising an 
experimental methodology consistent with the three Rs of alternative animal 

experimentation (reduction, refinement, and replacement), the goal of this study was to 

assess the toxicity of two nano-TiO2 formulations under various illumination setings. 

Danio rerio fish embryos were subjected for 96 hours to various concentrations of nano 

TiO2 in the form of anatase (TA) or an anatase/rutile mixture (TM), while being either 

exposed to visible light alone or to both visible and ultraviolet light (UV). Survival rates, 

malformation, hatching, equilibrium, and total length of the larvae were among the acute 

toxicity and sublethal parameters assessed, along with biochemical indicators (specific 

activities of catalase (CAT), glutathione S-transferase (GST), and acid phosphatase (AP). 

The larvae's hatching was accelerated by TA and TM both. Larvae from the groups 

exposed to TM died more frequently under UV irradiation than those exposed to TA, The 

balance of the larvae was disrupted when exposed to TM under UV radiation. Although 

no distinct dose-response association was seen, changes in the activities of CAT and 

GST were suggestive of oxidative stress. The type of formulation and the lighting situation 

both seemed to affect how nano-Ti02 behaved. The findings help build standards for risk 

assessments of nanotechnology and shed light on the factors influencing the toxicity of 

these nanoparticles.(Z. Clemente ,et.al, 201 

HSP (HEAT SHOCK PROTEINS) 

Zebra fish express heat shock proteins (HSPs) in particular spatial patterns when they 

are not under stress. For controlling transgenic expression in tiny aquatic creatures like 
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zebra fish embryos, the heat shock promoter is helpful. It is possible to significantly 
increase downstream gene expression throughout the body by incroasing the 
temperature from 28.5°C to 38.0°c, In zebra fish, routine heat shock can change 

neutrophil function. Inhibiting HSP90 function in the ermbryo encourages phenotypic 
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flexibility in zebra fish. Embryos are commonly treated with heat shock by subrnerging 
them in water that is 38°C for 30 minutes (Krone et al., 2003). 



2.1 TiO2 

CHAPTER-2 

REVIEW OF LITERATURE 

At atmospheric pressure, titanium dioxide (TiO2) is the only naturally occurring oxide of 
titanium. Rutile, anatase, and brookite are examples of TiO2 crystals. t exísts as 

microparticles or nanoparticles since its size ranges froma few dozen to several hundred 

nanometers (i.e., particles with at least one dimension less than or equal to 100 nm 

according to the European definition of nanomaterials ). The crystal phase, partide size, 

and shape all affect Tio2's properties. With a mean primary particle size of 10 to 50 nm, 

TiO2 is primarily employed as a powder and has two main uses: either as a pigment (light 

scattering is maximised in particles that are 200 to 300 nm in diameter) or as a 

photocatalyst in a variety of processes. 

2.2 HISTORY OF (E171) 

Human and other organism exposure to nanoparticles is exponentially rising. It is crucial 

but challenging to foresee the biological effects of these exposures. It was proposed that 

the distinctive chemical features that give nanoparticles their utility may also hold the key 

to understanding how to foretell their biological effects. We used growing zebrafish 

embryos and titanium dioxide nanoparticdes (TiO2NPs) as model systems to look at this. 

Reactive oxygen species (ROS), which are cytotoxic, are created when water and oxygen 

react with electron-hole pairs that are created when TiO2NPs absorb photons. Here, we 

demonstrate how exposure to TiO2NPs causes deformity and death in zebrafish embryos, 

but only when the fish are also lighted. TiO2NPs are taken up by the growing fish, 

however until the embryos, the egg chorion acts as a barrier to uptake. (Ofek Bar 

Ilan,et.al,2012) 

The current debate surrounding the food ingredient titanium dioxide (E171) is examined 

in this articde highlighted by the French government's decision to temporarily halt the sale 

of foods containing it, effective January 1, 2020. It seeks to comprehend the technological 

and scientific aspects of the debate, which entails a better evaluation of the influence on 
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