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Abstract. With the improvement of people's living standards and the development of the food
industry, TiO2, as a food additive, has been increasingly applied in the food processing industry,
such as a preservative, colorant, antioxidant, thickening agent, etc. It can play an antibacterial role
in food processing, but can cause allergic reactions if used for a long time or in large quantities. For
example, when TiO2 comes into contact with food, it will make the taste of some food deteriorate and
even lead to severe food poisoning. In addition, if TiO, cannot be completely decomposed during
processing, some harmful substances will remain. Research shows that in most areas of our country
there are some people with food allergies. It can be seen that TiO,, as a food additive, may have an
impact on human body during food processing. Therefore, mixing with other substances should be
avoided as far as possible. TiO, nanoparticles have excellent hanoscale effect and dispersion, as
well as high mechanical strength and chemical stability, so they have a broad application prospect
in food additives. TiO2 nanopatrticles can be used as food additives, mainly by the covalent bonding
of iron and non-iron ions in polymer organic materials to form nano-scale TiO; gel. The gel has a
high specific surface area and porosity, and can be added to food as an anti-coagulant. Due to the
size effect and dispersion of nanoparticles, nano-TiO» gel has advantages such as better, faster
synthesis speed and lower cost compared with traditional dispersants.

Keywords: TiO, Food additives, Health, Environment.

1. Introduction

TiOz, as a food additive, is widely used in the coloring, solubilization, sterilization and other
processes of candy, beverage, bread, pastry, jelly, milk, biscuits and other food, with good antioxidant,
antibacterial, anti-corrosion and antioxidant effects. In addition, there are still many problems to be
studied in the application of TiO2 as food additives. The research of TiO2 started late and the
techniques of TiO2 were not mature, and the insufficient understanding of TiO2 performance was in
many people. At present, the most widely used and deeply studied TiOz in China is Division
Dictionary TiO2 (DDT) developed by Guangdong Sanhua Group. DDT is one of the most widely
used food additives. DDT is mainly used in the food industry as an additive for sweeteners (such as
lactose and jam) and food flavors and sodium in their products. It can also be used as a decolorizing
agent in meat products. However, compared with other food additives, TiO2 and its modifiers have
better physical and chemical properties, such as temperature and pressure, water solubility and
Viscosity.

TiO2 nanoparticles as a new food additive have been widely used in food field. In the process of
production and consumption, TiO2 nanoparticles have the advantages of higher thermal stability,
better safety, lower toxicity and so on. After being absorbed by digestive tract, TiO2 nanoparticles
enter the body and become a functional food additive, but a large number of by-products will be
produced in the processing process, such as residual acid (acid), aluminum-containing substances
(alkaline), heavy metals, etc. Therefore, scientific and reasonable management of its application is of
great significance to the protection of food health. TiO2 as a functional food additive has been widely
used in food processing for many years. However, there are few researches on the issues of TiO2
nanoparticle additives.
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2. Research status

2.1. Influence of nano polyolefin (PO) on TiO: gel properties

Nano PO can be combined with polyethylene, polyacrylate, acrylonitrile and other polymers.
Because different chemicals have different functions in covalent bonds, it is possible to improve the
anti-emulsification ability and thickening effect of polymer materials by modifying them. Nishin et
al. chemically modified TiOz to form a unique process, whose molecular chain is shorter and longer
than polyethylene, thus having excellent flexibility and high viscosity [1]. TiO2 molecular chain is
longer than polyethylene, so it has high viscosity, large specific surface area and excellent viscosity
stability. TiO2 molecular chain is longer than polyethylene, so when added to meat and fish products,
it has good emulsifying resistance to fat and certain oil [2]. At present, polyethylene monomer,
polyacrylate, polycaprolactone and so on are widely used in the world to make gel. Gel has high anti-
emulsification ability, which can inhibit the interaction between protein and polymer and reduce the
emulsification effect. It has good anti-emulsification effect on meat and fish products. PO can also
form a good gel by synergistic action with a variety of polymers, so it is widely used in a variety of
polymer-based gels. Therefore, nano PO can get better effect and performance when added to TiO2
complex gel in different acting modes. At the same time, the viscosity, stability and physical stability
of the composite gel can be significantly improved when the nano PO content is high.

2.2. The influence of PO content in food

Organic foods contain a variety of organic compounds, some of which form cations in aqueous
solutions, such as organic acids. In general, acidic substances are used in food processing to regulate
acidity and pH, thus controlling the concentration of contaminants in food. TiO2 polymer with iron
base (FeO) as stabilizer is an ideal choice [3]. Nanoparticles can be well dispersed in PO compounds
in food and can be used to improve food quality because they can be dispersed through the formation
of large molecular compounds into nanoparticles or colloids, resulting in a stable and easily dispersed
gel structure. Therefore, it is feasible for TiO2 to be added to food, but the nano gel will also produce
PO in the process of use. These PO include inorganic PO (NaOH), organic PO (OH), water (H2SO4)
and metal (ZnO), etc., and some PO can enter the food and cause product defects and product safety
problems [4].

2.3. Dosage in food salts, preservatives and thickeners

The results show that nano TiO2 has good safety in salted food and will not affect the salting
process. Therefore, TiO2 has a broad application prospect as a preservative in preserved food, but
there is no appropriate preservative technology at present. However, this method does not need to go
through the drying process, and only needs to hydrolyze TiO2 nanoparticles to obtain food additives
with good anti-corrosion effect. Moreover, TiO2 applied in pickled food can also improve the
appearance quality of products. Studies have shown that nano TiO2 can quickly dissolve and
precipitate in salt, preservative and thickening agent, preservative and thickening agent, so as to
promote food dehydration and shorten drying time. As a preservative, TiO2 not only has a good anti-
corrosion effect, but also can improve the color and color of products and improve its stability.
However, due to the hygability and solubility of TiO: itself, it is not easy to dissolve in water to
maintain viscosity and other reasons, so it is not suitable for use as a preservative. The application of
nano-level TiO2 can improve the antioxidant capacity of products, but it will have some negative
effects at the same time. In addition, the size effect and high dispersion (less than 50 nm) of TiO2
nanoparticles will also affect the quality of food and produce adverse consequences [5]. Therefore,
the safety and processing characteristics of food additives should be considered in the selection.

2.4. Factors affecting the quality of food additives

For food additives, there are many differences between TiO2 nanoparticles and additives
themselves. First of all, in food, additives in their own will not react with food. Secondly, when TiO2
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is added, the additive itself does not need to be decomposed by emulsification. However, it does not
dissolve itself in water and therefore does not react with food. Therefore, the addition of TiO2z in many
foods will cause changes in food quality, such as rancidity, oxidation and rotten odor, and even affect
consumers' judgment of food quality and appetite. Studies have shown that when TiO2 is added to
food, liquid or solid beverages, the food may break down into smaller units during heating. As a result,
these changes may adversely affect food quality. However, with the increase of the supplemental
amount, the food quality will change due to the increased consumption of nutrients in the food, the
change of food flavor, oxidative rancidity, spoilage odor, enzyme activity and other factors.
Especially due to the increase of molecular weight, the change of food structure, food perishable,
food flavor changes and the enhancement of enzyme activity and other factors, food safety risk
increases. Therefore, many food additive manufacturers begin to pay attention to the impact of food
additives on food quality [6]. There are significant differences between the addition of TiO2 as a food
additive to beverages, foods, meat products, and dairy products. Therefore, it is possible to predict
the change amplitude of food quality by the effect of the amount of food additives on its quality.

2.5. Some important issues of the interaction between nanoparticles and other TiO2 gels

As a gel with strong anti-binding force, nano TiO2 can promote the release of food additives, but
there will be adverse effects caused by interaction between nanoparticles. Nano TiO2 can be combined
with polymetallic oxides or organic iron oxides [7]. In the synthesis, cation exchangers can be used,
thus avoiding the influence of other components. These methods are also well researched. Nano
surface growth factors are composed of polymer systems with size effect and dispersion. Nano-
surface growth factors are widely used in food additives for their applications in the food industry.
With the increasing demand for food processing, nano-surface growth factors need to be more widely
used in research and production.

3. The impact of TiO2 on environment (land, sea)

Recently, a paper detailing new findings about nanoparticles' impact on the environment (land).
The study reports for the first time a new method for identifying surfactant and biological surface
adsorbed TiO2 nanoparticles entering the atmosphere, ocean and causing changes. The researchers
evaluated the environmental impact of TiO2. TiOz2 is a material that can be used as an electron probe,
material electrode and interface device. It can become be applied in renewable energy, medical
devices and sensors (for example, in robots), batteries and other electronics.; It can also be used as a
supplementary component of a smart chip. This kind of metal film with ultra-high surface energy has
a wide range of applications, but it is difficult to prepare because of its amorphous characteristics.

3.1. They way nanoparticles enter the environment

Interactions between particles lead to interactions between surfactants and biological surfaces.
Although these interactions do not affect each other individually or simply, they interact with each
other through mechanisms that ultimately interact with each other [8]. Thus, in this interaction, the
biological system can recognize the surfactant interaction and produce molecules. The researchers
describe how to discover the interactions between particles found in biological environments.

Researches show that in microbes and plants, particles interact with each other in relation to their
interactions with biological surfaces. This helps understand how particles pass through plants and
microorganisms to have a direct impact on how particles affect the environment. There are many
microorganisms in the ocean such as actinomycetes (bacteria) and algae, whose impact on the
environment helps to turn their nanoparticles into beneficial particles. Studies have shown that these
organisms typically use TiO2 as adsorbents and bacteria [9]. After the particles take nutrients from
the microbes, the microbes can change the chemical composition of their surfaces through adsorption;
They can also use external chemicals or enzymes produced by bacteria to break down substances
already in the environment. This is why microbes are involved in the chemical reactions involved in
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getting TiO2 nanoparticles into the environment. These chemical reactions occur in two ways:
bacterial decomposition and microbial action.

3.2. New methods to identify particle pollution

This study is the first to report a new method that can be used to identify particle pollution. Using
this method, the researchers were able to extract biological surface signals from TiO:z particles
adsorbed on the surface of the object as well as chemical signals generated by capturing the particles
using biological surfaces, providing a new method for identifying particles. This method has shown
a challenging ability to identify particles better than other methods in the atmosphere and ocean
because they cannot adsorb near (rather than on) the particle surface. It only allows interactions
between particles to occur on the surface of the particles. This could explain what happens when the
particles reach the ocean [10].

3.3. Using nanoparticles to simulate the effects of TiO2 on climate change

Over the past decade, nanoparticles have had a significant impact on the climate systems of the
atmosphere, oceans and land. This is mainly due to low CO2 concentrations and the effects of human
activities: deforestation, for example, leads to higher global temperatures, more methane emissions
led to more air pollution, and ultimately more fossil fuel burning that leads to heat exchange between
the ocean and the atmosphere, leading to more greenhouse gas emissions. Scientists have found that
these pollutants are produced in our lives and are usually released into the atmosphere in the form of
water and carbon dioxide [11]. TiO2 can also affect seawater plants. Due to the wide distribution of
solar radiation in the Earth's atmosphere, the emission of TiO: in the atmosphere is very large. It is
therefore crucial to reduce greenhouse gas production by changing the way nanoparticles reach the
Earth's surface and are released into the atmosphere. Such emissions are needed to reduce greenhouse
gas emissions by reducing carbon emissions to protect the land and sea life around us from climate
change pollutants.

4. Future trend of TiO particles' impact on the environment

A study shows that the chemical reactions before the particles enter the environment are critical to
the biological properties of TiO2. The effect was particularly strong in Marine bacteria. The study
also suggests that TiO2 particles can be absorbed by the Earth, but may accumulate more in the
atmosphere. As a result, this could lead to more TiO2 entering more Marine or atmospheric
environments. Fundamentally speaking, TiO2 nanoparticles have great potential for natural impact.

TiOz is a stoichiometric mixture that may undergo chemical reactions when adsorbed on a surface.
For example, when adsorbated to a living surface, biomolecules are released into the atmosphere.
This is important in biological processes, but it is also possible to damage the environment and cause
damage, which makes the method potentially useful. However, researchers can use biomolecules to
monitor how particles enter the atmosphere and how microbes and other living things interact with
each other. This helps better understand these processes and study how organisms affect conditions
on Earth and in the oceans. The study is the first to report new findings on the environmental (land)
impacts of TiOz2 nanoparticles [12]. Relevant technologies will be further developed to improve
understanding of environmental factors and promote sustainable development strategies. It will help
better understand how life and its environment interact.

Researchers understand the chemical and biological role of nanoparticles by modeling biological
responses in the atmosphere, oceans and Earth systems. This model analyzes the effects of the
interactions between nanoparticles and bioactive substances and the interactions between particles
and cells. It showed that this is a dynamic process. Although particles have entered the atmosphere
through ocean dispersal, water dissolution and atmospheric deposition, it also can be found that
particles eventually accumulate in Marine organisms. This is a big find. It shows that TiO2
nanoparticles and their interactions with microorganisms are the basis of biology. When particles
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enter the air, they are adsorbed by microbes to their surfaces and interact with their cells. This is the
basis for changes in biological activity and behavior. As a result, researchers can better understand
the processes by which TiO2 nanoparticles affect the production of biological systems in Earth
systems.

First, this study provides scientists with tools to better understand how particles affect the
environment and have a profound impact on future development. Second, there are many
opportunities to examine how nanoparticles enter the atmosphere and interact with the ocean, which
is critical to our understanding of how particles affect the environment. Nanoparticles can affect the
environment (land) by altering the water environment, making them one of the key factors for more
sustainable development. It is necessary to understand this fact not only to understand how particles
affect our ecosystems and protect our most vulnerable and sensitive biological species. Now is the
time to start taking action to make climate change more effective. The research can be applied to
more and wider applications in the future [13]. For example, nanoparticles could also adapt to climate
change by changing microbial communities leading to higher impacts on the global ocean. Therefore,
there is still a long way to go in thinking about how to protect the planet's ecosystems and protect
human health.

5. Conclusions

TiO2, as a functional food additive, can provide health protection for people in a certain sense. Its
application in food field needs further research and experimental confirmation. At present, there are
few relevant reports, and the research is still in the primary stage. Many research results need to be
further improved and applied, such as how to more effectively inhibit the pollution of by-products
such as heavy metals; How nanoparticles can be added to various products; How to better play its
performance in the application. These need to be studied in depth. At the same time, relevant national
departments are required to formulate relevant management methods and standards to guide the use
and supervision of TiO2 raw materials and nanoscale particle additives.

Based on the wide application in the food industry, the application of nanoparticles in food
additives is increasing. The application of nanoparticles is still in its infancy. Future research should
focus on the synthesis and characterization of novel nanoparticles combined with the food industry.
In addition, attention should be paid to the biosafety of food additives used in nanoparticles. There is
a close relationship between food additives and human health, so it is very important to study the
safety of food additives. This will greatly improve food safety.

References

[1] Yusoff, Ridhwan, Nguyen, et al. Comparative differences in the behavior of TiO, and SiO; food additives
in food ingredient solutions [J]. Journal of nanoparticle research: An interdisciplinary forum for nanoscale
science and technology, 2018, 20 (3).

[2] Givelet L, Truffier-Boutry D, Noel L, et al. Optimisation and application of an analytical approach for the
characterization of TiO nanoparticles in food additives and pharmaceuticals by single particle inductively
coupled plasma-mass spectrometry[J]. Talanta: The International Journal of Pure and Applied Analytical
Chemistry, 2021 (224-): 224.

[3] L Pefra-Par&, P Garc B-Pineda, D Maldonado-Cortés, et al. Temperature dependence of the extreme-
pressure behavior of CuO and TiO; nanoparticle additives in metal-forming polymeric lubricants[J].
Industrial Lubrication and Tribology, 2017.

[4] HeJ, Amp S A. Problems of Food Additive in Aviation Food Industry [J]. Modern Food, 2015.

[5] Thulasiraman M, Srinivasan G R, Royj V. Investigation on the effect of TiO, Nanoparticle Additives on
the properties of 10W-40 Engineoil[J]. International journal of mechanical and production engineering
research and development, 2018 (8-4).

165



Highlights in Science, Engineering and Technology BEEFM 2023
Volume 40 (2023)

[6] Wang Y, Li M, Wang D, et al. Fabrication of highly uniform Ag nanoparticle-TiO2 nanosheets array
hybrid as reusable SERS substrates [J]. Colloids and Interface Science Communications, 2020, 39:
100324.

[7] Yaramati S, Yaramati S, Sakthimurugan V, et al. Effect of Tio2 Nanoparticles in Spirulina Biodiesel-
Diesel Blends at Various Injection Strategies: Performance, Combustion and Emission characteristics [J].
IOP Conference Series: Materials Science and Engineering, 2019, 574: 012016-.

[8] Christian W H, Tina N, Urs M, et al. Critical review of the safety assessment of titanium dioxide additives
in food[J]. Journal of Nanobiotechnology, 2018, 16 (1): 51.

[91 Wu Y, Yu W, Yang B, et al. Self-assembled two-dimensional gold nanoparticle film for sensitive
nontargeted analysis of food additives with surface-enhanced Raman spectroscopy[J]. Analyst, 2018, 143.

[10] Mm A, Rr A, Ako A, et al. Interactions between nanoparticle-based food additives and other food
ingredients: A review of current knowledge. 2022.

[11] Li L, Zhang M, Chen W. Gold nanoparticle-based colorimetric and electrochemical sensors for the
detection of illegal food additives[J]. The Journal of Food and Drug Analysis (JFDA), Food and Drug
Administration, Taiwan (TFDA), 2020( 4).

[12] Miles A. System and Method for Incorporating CBD/THC Cannabinoid Nanoparticle Carrier
Compositions into Particulate Foods and Food Additives, US20210251950A1 [P]. 2021.

[13] Legesse A, Muluken A, Getasew A. A survey on awareness of consumers about health problems of food
additives in packaged foods and their attitude toward consumption of packaged foods: A case study at
Jimma University [J]. International Food Research Journal, 2016.

166



