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Abstract 

  The process of preserving meat is done by adding some substances that 

prevent damage to the meat components, in addition to stopping enzymatic 

activity and microbial growth during the storage period and controlling 

storage conditions. Nano technology is one of the modern technologies that 

have been used in preserving food, especially meat. What the research 

discussed in terms of using nano-zinc to preserve meat and other foods, 

prolonging its shelf life, and preserving its characteristics of color, smell, 

texture, and general acceptability. 
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Introduction  

   Man used meat for nutrition when he was able to hunt animals, and after he 

practiced hunting, the meat became surplus to what he needed, which led him 

to think about ways to preserve the excess of it for longer periods, especially 

when he did not find hunting or food to satisfy his hunger. The first 

preservation methods used were drying the meat and It was made by adding 

salt, and preservation methods developed as other, more effective methods 

emerged in the field of preserving meat using refrigeration, freezing, and 

adding preservatives (1). 

Meat is the animal tissue that is used for nutrition. This definition includes all 

manufactured products that can be prepared from animal tissue. It can be said 

that most of the meat that we consume comes from domesticated animals, 

and the meat consists mainly of muscle in addition to varying amounts of 

connective tissue. Skeletal muscle is the main source of muscle tissue in 

meat. There may be small amounts of smooth muscle in meat. Meat also 

contains fatty tissue, bones and cartilage. The parts that most affect the 

nutritional value of meat in terms of quantity and quality are the composition 

of the meat and the muscle and fatty tissue it contains. (2). 
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Meat and its products are an important source of human nutrition due to their 

high nutritional value because they contain essential amino acids that 

contribute to the cellular structure of the body, in addition to containing fats, 

carbohydrates, mineral salts and vitamins, which thus constitute a suitable 

medium for the growth of microbial organisms that lead to spoilage. Meat 

From here began human attempts to find appropriate means to preserve meat 

from spoilage while retaining its full nutritional value for long periods of 

time (3). 

   Researchers were interested in finding various food additives to preserve 

the high nutritional value of meat, reduce the risks of eating it, and increase 

the storability of their products. Poor conditions to which meat and its 

products are exposed after slaughter and storage may lead to a significant 

growth of microorganisms, which leads to their spoilage (4). The interest of 

producers and consumers in preserving the quality of meat by reducing 

chemical and physical changes in order to preserve the nutritional value of 

meat and prolong its storage life (5) The process of preserving meat is done 

by adding some substances that prevent damage to the components. Meat, in 

addition to stopping enzymatic activity and microbial growth during the 

storage period and controlling storage conditions (6). 

    The use of traditional preservative materials whose preservation 

effectiveness has been discovered is no longer healthy due to knowledge of 

their dangerous role in causing cancer, including nitrates, nitrites, and 

benzoic acid. Therefore, the Food and Agriculture Organization of the United 

Nations has enacted laws limiting the use of these materials and restricting 

producers to specific percentages of use in order to reduce The harmful 

effects of these dangerous materials. 

   Nanotechnology has emerged as a new technology used in several fields, 

especially the fields of food preservation. Interest in nanotechnology has 

increased because of its special properties that enable it to enter many fields 

and applications. It has been used in the chemical, mechanical and 

technological industries, and has also entered the medical field and the 

pharmaceutical industry (8) . The field of nanotechnology is one of the most 

popular areas of research and development in essentially all disciplines (9). 

This is due to its characteristics such as high strength, light weight, excellent 

chemical reactivity, very small size, high surface area, and high stability (10). 

Among the most widely used nanomaterials, 

Zinc oxide has gained great interest in the scientific and medical 

communities, due to its important use in many biomedical and antibacterial 

applications, due to its chemical and physical properties (11), such as high 

electrochemical correlation coefficient and high optical and chemical 

stability (12). 
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There is an increasing need to search for alternative methods to formulate 

new types of safe and cost-effective antibiotics to eliminate and control 

pathogens. Since most biological processes take place at the nanoscale, the 

combined efforts of nanotechnology and biology can solve medical 

problems. Importantly, among many semiconductors, metal oxides, 

especially zinc oxide, are biologically safe, cost-effective, non-toxic, and 

very useful against pathogenic bacteria. 

Historical overview of meat and methods of preserving it : 

  Man used meat for nutrition when he was able to hunt animals, and after he 

practiced hunting, the meat became surplus to what he needed, which led him 

to think about ways to preserve the excess of it for longer periods, especially 

when he did not find hunting or food to satisfy his hunger. The first 

preservation methods used were drying the meat and It was made by adding 

salt, and preservation methods developed as other, more effective methods 

emerged in the field of preserving meat using refrigeration, freezing, and 

adding preservatives (13). 

   Meat is the animal tissue that is used for nutrition. This definition includes 

all manufactured products that can be prepared from animal tissue. It can be 

said that most of the meat that we consume comes from domesticated 

animals. The meat consists mainly of muscle in addition to varying amounts 

of connective tissue. Skeletal muscle is the main source of muscle tissue in 

meat, and there may be small amounts of smooth muscle in meat. Meat also 

contains fatty tissue, bones, and cartilage. These are the parts that most affect 

the nutritional value of meat in terms of Quantity and quality is the 

composition of meat and the muscle and fatty tissue it contains (14). Meat 

and its products are an important source of human nutrition because of their 

high nutritional value because they contain essential amino acids, which 

contribute to the cellular structure of the body, in addition to containing Fats, 

carbohydrates, mineral salts, and vitamins thus constitute a suitable medium 

for the growth of microbial organisms that lead to spoilage of meat. From 

here began human attempts to find appropriate means to preserve meat from 

spoilage while retaining its full nutritional value for long periods of time 

(15). 

   Researchers were interested in finding various food additives to preserve 

the high nutritional value of meat, reduce the risks of eating it, and increase 

the storability of their products. Poor conditions to which meat and its 

products are exposed after slaughter and storage may lead to a significant 

growth of microorganisms, which leads to their spoilage ( 16), and the 

interest of producers and consumers lies in preserving the quality of meat by 

reducing chemical and physical changes in order to preserve the nutritional 

value of meat and prolong its storage life (17). 
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   The process of preserving meat is done by adding some substances that 

prevent damage to the meat components, in addition to stopping enzymatic 

activity and microbial growth during the storage period and controlling 

storage conditions (18). 

The use of traditional preservative materials whose preservation effectiveness 

has been discovered is no longer healthy due to knowledge of their dangerous 

role in causing cancer, including nitrates, nitrites, and benzoic acid. 

Therefore, the Food and Agriculture Organization of the United Nations has 

enacted laws limiting the use of these materials and restricting producers to 

specific percentages of use in order to reduce Because of the harmful effects 

of these dangerous materials, studies have turned to finding natural 

preservatives of plant origin to avoid dangerous preservatives. For example, 

many materials began to be used, including rosemary, green tea, and many 

other materials (19). 

Meat constitutes a distinct place in human meals, especially animal ones, 

because the properties of proteins are greatly affected by the type of amino 

acids present in them. The importance of proteins or amino acids is mainly 

due to them being an essential factor in building body tissues during growth 

and cellular replacement and building essential proteins to sustain activities. 

Vital parts of the body, including hemoglobin, enzymes, hormones, 

antibodies, and the formation of proteins necessary for fat transfer. And other 

nutrients for the body, as well as the formation of protective proteins that 

maintain the balance between fluids in Blood and tissues and act as 

regulators against any changes in the composition and acidity of tissues (20) 

Due to the high nutritional value of meat proteins, they play an important role 

in human nutrition and maintaining their general health, which has led to an 

increase in meat consumption in many countries of the world, where it now 

represents 12% of the total calories of a European person and 31% of the 

total calories of a person American (21). 

    It is worth noting that the best types of proteins are animal proteins, 

represented by all kinds of meat, because they contain essential amino acids 

that are similar in structure to their counterparts found in human body 

protein, as the absorption rate of amino acids exceeds 90%, which is higher 

than proteins. Vegetarianism in absorbability. Because of this great 

importance of animal meat, researchers sought to preserve meat so that it 

reaches the consumer with its full nutritional value (22). 

   Red meat contains the most important compounds necessary for building 

the body and performing its vital functions, as it contains proteins, fats, 

vitamins, and salts. The proportions of these substances are affected by many 

factors, including the type of animal, its breed, sex, age, degree of fattening, 
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and the anatomical location of the piece of meat. Beef meat has a high water 

content of about 71.5%, protein 21.5%, fat 5.5%, and ash 0.9%. The high 

percentage of protein in beef is considered to be of great importance in the 

field of meat processing, as it is used in the manufacture of many products, 

including pastrami, burgers, and sauce. The breeding of beef cattle has been 

developed by improving the genetics of cows to produce types with high 

weights, which has allowed for an increase in meat production and a focus on 

methods of preserving and delivering meat. To distant areas (23). 

Food preservation 

It is a process taken to slow down the natural spoilage of food. There are 

several methods for this, ranging from simple cooling of food to preserving 

food by radiation. It means exposing the food to a source of radiation energy, 

either from radioactive isotopes or from devices that produce controlled 

amounts of electron rays or X-rays. Which works to absorb the food in a 

specific and effective dose with the aim of preserving the food and 

prolonging its shelf life by eliminating the causes of spoilage and spoilage. 

This method is characterized by being fast. It is quick, low-cost, and does not 

cause any harmful effects to humans, all without raising the temperature of 

the food. For this reason, it is called cold sterilization. Some methods of 

preserving food are very old, dating back to the prehistoric era, but new 

methods of preserving food have been developed as a result of modern 

scientific progress (20). 

Food preservation has helped make modern life possible. Without food 

preservation, most individuals would have to grow their own food, and food 

could not be transported from the countryside to the cities without it being 

spoiled or damaged by pests. As a result, it was not possible to establish new 

cities, and famines would occur. Mostly, it is more common and widespread, 

because without food preservation it is not possible to preserve surplus 

amounts of food for use in emergency situations (21). 

 Spoilage of meat 

Meat spoilage is defined as any undesirable change that alters the 

characteristics of meat, making it unacceptable to the consumer for various 

reasons, including health or related to other characteristics of meat such as 

shape, colour, taste and smell. Meat spoilage occurs due to the action of 

endogenous enzymes present in the meat in addition to... The growth of 

various microorganisms on meat because it is a nutritional medium suitable 

for their growth, and these two factors damage the meat and cause it to spoil 

(23). 
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Factors of meat spoilage 

  Meat spoilage occurs due to the influence of various microorganisms found 

in nature (water, air, soil), as these organisms lead to significant changes in 

the characteristics of the meat, which makes it unacceptable to the consumer. 

Among these organisms are (24): 

Bacteria 

  Bacteria cause several unacceptable changes in the characteristics of meat in 

terms of appearance, as the bacteria change the color of the surface of the 

meat, and this type of spoilage is considered a major reason for the 

consumer’s rejection of this meat and its products. As for the chemical 

characteristics of the meat, the bacteria break down several substances, 

especially carbohydrates, because they decompose quickly and are 

considered a suitable food for this. Biology: Bacteria also decompose 

proteins into numerous peptides, amino acids, and ammonia. As for fat, they 

decompose it into glycerol and fatty acids. The oxidation and reduction 

process produces aldehydes and various unwanted gases with an unpleasant 

odor, including hydrogen sulphate, H2S, carbon dioxide, CO2, hydrogen, H, 

and ammonia, NH3. In this case, from a health perspective, bacteria cause 

diseases in humans, either directly or through their secretion of toxic 

compounds that cause human poisoning (25). 

Fungi 

  Fungi spread widely in soil and water and cause health damage to humans 

and animals and cause some infectious diseases when ingested. Fungi are 

characterized by being less in need of water than yeasts and bacteria. They 

are obligate aerobic organisms and grow in acidic media (3.5 - 4.5) and resist 

this. Fungi, high osmotic pressure and high-sugar media (24). 

  Yeasts are spread in various places in nature, but they are less widespread 

than bacteria. Yeasts need a high water environment to grow, more than 

fungi need and less than bacteria need. It tolerates acidic media (4-4.5) and is 

divided according to its need for oxygen (aerobic or anaerobic) (24). 

Microbial contamination of meat and meat products 

  Meat is a suitable environment for the growth of microorganisms because of 

the high moisture, proteins, fats and carbohydrates it contains. Among the 

microorganisms that grow in meat are Escherichia coli, Stphylococcus 

aureus, Bacillus Subtilis and Salmonella typhimurium. Microbiological 

contamination in fresh meat occurs due to many factors, including the 

polluted external environment. From the animal itself, the tools used and the 

workers, and from the processes of preparing, storing and cutting meat (26). 
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  A previous study showed that E. coli bacteria can grow in the intestines of 

animals in the form of colonies, causing contamination of muscle meat 

during slaughter, as E. coli bacteria resist low temperature conditions in 

refrigeration and freezing and can reproduce very slowly at a temperature of 

36°C for a period of time. Relatively long unless heat is raised to eliminate it 

(27). 

A study conducted by a number of researchers on ten samples of ground beef 

showed that the number of Staphylococcus aureus bacteria was 310 cfu/g. 

This bacteria rarely multiplies in fresh meat due to its inability to compete 

with microbes. It begins to multiply and become active after other species are 

inhibited by cooking. The bacteria perform two types of activity. Enzymatic 

activity on fats includes hydrolysis by the enzyme (Lipase) and oxidation of 

fatty acids by the enzyme oxidase, as releases of the products of these 

reactions cause the odors and flavor characteristic of the state of rancidity. 

Some bacteria, such as Pseudomonas, can secrete enzymes that cause 

hydrolysis of fats (Lipolyticmicrobs), as well as enzymes that cause Lipid 

oxidation (28). 

A group of researchers noticed that when they studied strains of B. subtilis 

and B. pumilus bacteria in industrial and artisan sausages and investigated 

their dangers based on immunological studies and DNA tests, they found that 

many of these strains are present in meat and cured sausages in Italy, and it 

was found that The bacteria that grow in meat have physiological and genetic 

characteristics to resist extreme environmental conditions or factors and 

compounds that inhibit growth. Therefore, studies focused on By preserving 

food from spoilage and then inhibiting the growth of bacteria that cause food 

spoilage during storage and marketing, taking into account the preservation 

of the sensory and appearance characteristics of the meat through the use of 

natural materials to preserve meat and its products (29,30). 

Nanotechnology 

     It is the science that is concerned with studying the innovation of new 

technologies and means whose dimensions are measured in nanometers, 

which is a thousandth of a micrometer, that is, a millionth of a millimeter. 

Nanotechnology usually deals with measurements between (0.1nm - 100 nm) 

(31). 

This limitation in measurement is matched by an expansion in the nature of 

the materials used. Nanotechnology deals with any phenomena or structures 

at the nanoscale. Such phenomena can include quantum confinement change 

that leads to new electromagnetic and optical phenomena for the matter that 

lies in the middle between molecules and solid matter. (32). 
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The term nanotechnology is used in another sense, meaning it is the 

technology of extremely small materials, microscopic technology, or 

miniature technology. The word nano is from the Latin word (naos), which in 

Greek means dwarf, which is equal to (1*10-9) a billionth of a thing. 

Nanotechnology is a scientific application that produces things by assembling 

them on a small level from their basic components, such as the atom and the 

molecule, as long as all materials are composed of atoms arranged according 

to a specific structure. We can take any atom and arrange it to another side in 

a way different from what it was originally. Thus, we can make something 

new out of anything, and sometimes these materials surprise us with new 

properties that we did not know before, which opens up areas for their use 

and harnessing them for the benefit of humans, as happened before the 

discovery of the transistor (33). 

Nano technology boils down to rearranging the atoms that make up materials 

in their correct position. Whenever the atomic arrangement of a material 

changes, the resulting product changes to a great extent. In other words, 

products manufactured from atoms are manufactured that depend on how 

these atoms are arranged. If we rearrange  

By arranging the atoms in coal, we can get diamonds, but if we rearrange the 

atoms in sand and add a few elements, we can make computer chips (34). 

       One of the things that science is currently working on is to change the 

method of arrangement based on the nanoscale of another substance, and by 

solving this puzzle, what scientists dreamed of centuries ago - converting 

cheap metals into gold - will be possible, but the reality is that gold will lose 

its value in this case (35). 

Norio Taniguchi coined the term nanotechnology in 1974 and defined it as 

the creation of technologies capable of achieving high degrees of accuracy in 

the functions, shapes and sizes of goods, devices and their components, that 

is, controlling the functions of devices used in the fields of medicine, 

pharmaceuticals, industry, agriculture, engineering, etc., through Reducing its 

components into small chips leads to achieving high performance, as well as 

flexibility of use, transportation, and storage (36). 

The actual beginning of the era of nanotechnology was in 1991, when 

researchers Warren Robinette and Stan Williams from the University of 

North Carolina were able to invent a device called the Nanomanipulator, 

through which scientists were able to enlarge... 

  Sizing images of chips, particles, and ultra-small organisms such as bacteria 

and viruses to different sizes 
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   It reached the size of a football field, and discoveries in nanotechnology 

continued until it became representative 

  An integrated science based on the intersection of various physical, 

chemical, biological, mechanical and electronic sciences, and aims to deal 

with atoms individually and place them in a specific form. To produce any 

new structure bearing special characteristics (38 ,37) 

 The importance of this technology lies in the fact that it is inexpensive 

compared to other traditional technologies. Therefore, this technology has 

been widely applied in the field of medicine and for various purposes, 

including diagnosing diseases, discovering therapeutic drugs, manufacturing 

and preserving food (39), and manufacturing cosmetics, dyes, detergents, and 

water purification systems because these The materials and molecules used in 

this technology have antimicrobial properties (40) 

Types of nanoparticles 

Inorganic nanoparticles 

  Many types of nanoparticles used in foods are composed primarily of 

inorganic materials, such as silver, iron oxide, titanium dioxide, silicon 

dioxide, or zinc oxide. 13 These particles are either crystalline or amorphous 

solids at ambient temperature, which may be spherical or non-spherical, have 

different surface properties, and come in different sizes depending on the 

starting materials and preparation conditions used in their manufacture. 

Inorganic nanoparticles also differ in their tendency to dissolve under 

different solution conditions (e.g., pH, ionic strength and in their chemical 

interactions), which has a significant impact on their fate and toxicity 

(41,42). 

Organic nanoparticles 

   Organic nanoparticles (ONPs) have the potential of other inorganic and 

mineral nanoparticles because the variation in composition and detail of the 

organic compound is infinite (43-45). Small molecule organic nanostructures 

have attracted intense interest because they can provide tunable electronic 

and optical properties through molecular design (45). Organic nanoparticles 

are important organic compounds that have played an important role in 

medicinal and agricultural chemistry and due to their biological and 

pharmaceutical activity, have been used in drug synthesis (46). 

 Use of nanotechnology in food 

Nanotechnology integrates several disciplines, including physics, chemistry, 

biotechnology, and engineering and refers to the use of nanomaterials with 

nanostructures ranging from 1 to 100 nm (47). Nanotechnology has many 
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growing applications in various sectors, including agriculture, medicine, 

apparel, cosmetics, food, and public health due to its unique ability to 

increase solubility, bioavailability, and protect bioactive ingredients during 

processing and storage (48). 

   Due to the excellent physicochemical nature and antimicrobial potential of 

nanomaterials, they are widely used against various pathogenic and 

unhealthy microbes, crop protection, water treatment, food safety, and food 

preservation (49). In addition, nanostructured materials (NSMs) are applied 

in the food industry as a nanosensor, novel packaging material, and 

encapsulated food ingredient. In general, this review concerns the use of 

nanotechnology, especially nanoparticles and nanostructures in the food 

sector. It has nanotechnology Wide range of food related applications. In 

these applications, a specific type of nanomaterial is incorporated into a 

particular food product in order for that food produced to develop some 

desired properties (50). In the field nanotechnology has also been an integral 

part of the research and development of large-scale agro-industrial products 

and food and beverage manufacturers as well as for food packaging around 

the world (51). Several reports confirm that these nanomaterials can 

successfully improve food safety by enhancing food packaging effectiveness, 

shelf life, and nutritional value as additives without changing the taste and 

physical properties of food products (52). Although they have a lot of 

potential for product framing and innovative production processes in the food 

industry, The main challenge of nanotechnology is to use cost-effective 

processing processes to create edible and non-toxic nanodelivery systems and 

to develop effective formulations that are safe for human consumption (53). 

 Effectiveness of nanocarriers against microbial organisms 

    Many scientific researches were conducted during the first years of the 

beginning of this century on nano-grains of silver metal to determine the 

extent to which they can be used in the field of infection resistance and 

killing different types of harmful bacteria and viruses. The results indicated 

that the crystalline granules of silver metal have a high ability to kill multiple 

types of germs. This is due to the fact that reducing the size of these granules 

to diameters of less than 5 nanometers greatly increases their surface area, so 

the atoms of the silver element present in the core of the granules have a 

tendency to migrate to the outer surface of the granules, which leads to a 

significant increase in their chemical activity and interaction with oxygen in 

the air. Aerial, the result is composed Therefore, toxic silver ions are 

responsible for killing germs and viruses. On this basis, companies 

specialized in the manufacture of electronic and electrical devices have 

manufactured home refrigerators covered from the inside with a thin layer of 

silver metal to protect preserved foods from bacterial contamination (54). 
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nano zinc oxide 

Zinc oxide nanoparticles (ZnO) are nanoparticles less than 100 nanometers in 

diameter. It has a large surface area for its size and high catalytic activity. 

The exact physical and chemical properties of ZnO nanoparticles depend on 

their different manufacturing methods (55). 

Zinc oxide nanoparticles are thought to be one of the three most commonly 

produced nanomaterials, along with titanium dioxide nanoparticles and 

silicon dioxide nanoparticles. The most common use for ZnO nanoparticles is 

in sunscreen. They are used because they effectively absorb ultraviolet light, 

but possess a band gap large enough to be completely transparent to visible 

light (56). They are also screened to kill harmful microorganisms in 

packaging, and in UV-protective materials such as textiles (57). 

Many companies do not label products containing nanoparticles, making it 

difficult to make statements about production and prevalence of consumer 

products (58). 

One of the most important biological applications of nano-zinc oxide is as an 

antimicrobial (59), anti-bacterial and anti-fungal. As for its most important 

industrial applications, it has been used in the manufacture of solar cells, as 

well as in water treatment, and pesticides. Nano-zinc oxide has also been 

used in food preservation and medical applications, including the bone 

industry. , anti-cancer, and drug delivery (60). 

The use of nano-zinc oxide in food preservation 

Nanotechnology has been applied in the field of food, and the term nanofood 

has been widely used, which means any food produced or treated at any stage 

of its production related to its cultivation, processing, or rehabilitation using 

various nanotechnology techniques. Under this term, those foods that contain 

ingredient additives fall under this term. Of nanomaterials such as nanograins 

of free metallic elements of iron and zinc and enzyme materials that operate 

these enzymes efficiently, as thin layers composed of some metallic oxides 

such as zinc oxide ZnO were used To preserve fresh food products such as: 

meat, fruits and vegetables, dairy products, sweets and bread, and these 

layers with a diameter of less than 5 nanometers work to extend the shelf life 

of preserved foods even after opening the package by preventing the leakage 

of gases to the surface of the foods and not being affected by moisture and 

radiation factors that lead to spoilage. Food and its contamination, and these 

layers are antioxidants, safe, non-toxic, and biocompatible with the human 

body (61). 

ZnO NPs are a highly toxic metal oxide, as they have a selective toxicity 

property towards bacteria without affecting human cells (62). Studies have 
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shown the high antibacterial activity of ZnO NPs, as a study (63) 

demonstrated that the high antibacterial activity of ZnO NPs Against multiple 

types of bacteria, including E. coli, Pseudomonas flourecenes, and Bacillus 

subtilis. A study also indicated that ZnO NPs has a high toxicological activity 

against Staph. aureus, Salmonella typhimurium, It can decompose these 

bacteria (64), and nano-zinc is used as an antibacterial to control the spread 

of antibiotic-resistant pathogens (65). Therefore, it has been considered a 

very important material in recent years, not because it is stable in extreme 

conditions, but because it is a safe material for humans and animals. In 

addition to its inhibitory activity (66), moreover, zinc represents a mineral 

element necessary for human health, and ZnO represents the prepared form 

of zinc. Thus, ZnO NPs possess high biocompatibility (high 

biocompatibility) for human cells (67). 

  Studies have also shown that low concentrations of ZnO NPs are not toxic 

to eukaryotic cells (68). The different properties possessed by ZnO NPs such 

as particle size and shape made them possess different degrees of 

antibacterial activities (69). Atmaca and others (70) also suggested that the 

binding of Zn+2 ions to the microbe wall leads to a prolongation of the lag 

phase of the microbial growth cycle, which leads to the discontinuation of the 

other growth phases and thus the cessation of the life cycle. 

   In order for ZnO NPs to be widely used without any side effects, it is 

necessary to understand the mechanism of its action as an antibacterial, as 

this mechanism includes stimulating the formation of Reactive Oxygen 

Species (ROS), such as (H2O2), which is a powerful oxidizing agent that 

causes damage to bacterial cells, as the size The small size of ZnO NPs, 

which is about 250 times smaller than the size of bacteria, leads to an 

increase in its surface area. Thus, the number of atoms will increase on the 

surface of the molecules, which, in contact with the surface of the bacterial 

cell, generate a very large amount of (H2O2), causing the generation of 

electrical forces that are fatal to the bacterial cells. (65) In addition, ZnO NPs 

have the ability to destroy the bacterial cell membrane and then collect it 

inside the bacterial cell, achieving cellular colonization by releasing Zn+2 

ions that have the ability to interact with its internal components (71). Some 

studies have also indicated that ZnO NPs act as an antioxidant. Bacterial by 

increasing cell membrane permeability (72) 

There have been contradictory opinions of researchers about the effect of the 

particle size of ZnO NPs on its antibacterial effectiveness, as a study (73) 

found that smaller molecules are more toxic than larger molecules, while, in 

a previous study conducted by (74), they found that there is no effect of 

particle size on Its antibacterial effectiveness. Mixing it with other 

nanomaterials affects its inhibitory effectiveness. In a study conducted on the 

effect of ZnO NPs on Gram-positive and Gram-negative bacteria, it was 
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found that it has an effect on Lactobacillus, Citrobacter, and Pseudo. 

aeruginosa, Staph. aureus, E. coli (75). 

It increases when mixed with other metal oxides or other metals such as 

silver to form a nano-composite consisting of ZnO/Ag composite, as this 

compound is more inhibitory to bacteria than if it were 

ZnO NPs were used alone. It also exhibits strong protein adsorption 

properties that can be used to modulate its toxicological properties and 

cellular responses (76). 

One of the important chemical properties of ZnO NPs is its ability to 

continuously change its surface and electrical properties and its ability to 

stimulate the formation of active oxygen species that lead to cell death after it 

overcomes the antioxidant activity shown by the cells (77). It differs from 

other metals in that it has a wide range of Electronic properties, as these 

electrons interact with oxygen to form hydroxyl radicals and monovalent 

superoxide (O2˙) This, in turn, reacts with hydrogen ions H+ to form the 

HO2 radical, and with the transfer of electrons, it produces monovalent 

hydrogen peroxide, which, by interacting with hydrogen ions, produces 

hydrogen peroxide H2O2 (77). ZnONPs also take the lead in reductive 

reactions and generate ROS in cellular environments because of the bonding 

sites they possess and their high reductive voltage ( 78). 

In a study, nano-zinc oxide was used in packaging food products and its 

effect in prolonging the shelf life of food was studied. The study showed that 

new biodegradable gelatin covers supported by nano-zinc oxide (ZnONPs) 

were prepared. The results of the sensory evaluation showed the superiority 

of fish meat encased in gelatin cover supported with zinc oxide particles. 

Nanocoated has its characteristics in terms of (color, smell, texture, and 

general acceptability) compared to uncoated fish meat (79). 

  Risks of nanotechnology 

The risks of nanotechnology may be related to both environmental and health 

issues, safety issues and negative effects of the fine particles being studied; 

Transition effects such as displacement of traditional industries and 

nanotechnology products become dominant; Military applications such as 

biological weapons and surveillance through nano-sensors, which are of 

concern to privacy rights advocates.    

There is debate about whether nanotechnology is subject to government 

regulation, and regulatory bodies, such as the US Environmental Protection 

Agency and the European Commission's Health and Consumer Protection 

Directorate, have begun to address the potential risks of this controversial 

technology. It is worth noting that the Arab world lacks these institutions. 
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The organic food sector has also been at the forefront of addressing the 

regulated exclusion of nanoparticles from the certified organic production 

process in both Australia and the United Kingdom (80). 

Potential risks of nanotechnology 

The risks of nanotechnology applications can be broadly summarized into the 

following four areas: 

● Health issues – effects of nanomaterials on the vitality of the human body. 

● Environmental issues – effects of nanomaterials on the environment. 

● Social issues – the impacts of the potential use of nanodevices on politics 

and human interaction. 

● Special risks associated with the expected visibility of molecular 

nanotechnology 

Health and safety effects of nanoparticles 

The mere presence of nanomaterials (materials that contain a nanoparticle) 

does not pose any threat in itself. However, there are certain characteristics 

that make them risky, most notably their mobility and increased reactivity. It 

is only if certain properties of some nanoparticles are harmful To living 

organisms or the environment, this will result in us facing a clear danger, and 

in this case we can call the result nano-pollution. 

We also need to distinguish between two types of nanostructures when 

confronting the environmental and health impact of nanomaterials, which 

are: 

(1) Nano-composites, nano-surfaces, and nano-components (whether 

electronic, optical, sensitive, etc.), where molecules are integrated at the 

nano-level within the essence of the material, the material itself, or even 

devices (“fixed” nano-particles). 

(2) “Free” nanoparticles, where individual nanoparticles of a substance are 

present at some stage of the production and use process. These nanoparticles 

may fall into one of the classes of the nanoscale for simple elements or 

compounds as well as complex compounds where the nanoparticle is coated 

with another material (“coated” nanoparticle or “core-shell” nanoparticle). 

Hence, there is a consensus of opinion that: although one should be aware of 

materials containing fixed nanoparticles, the current concern is with free 

nanoparticles. 
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    In addition, nanoparticles are very different from their current 

counterparts, so their diverse and multiple effects cannot be derived from the 

known toxicity of fine-sized materials. This point raises important issues to 

address the health and environmental impacts of free nanoparticles. 

To complicate matters further, when talking about nanoparticles it is essential 

that the powder or liquid containing nanoparticles is never monodisperse 

(81), but instead contains a diverse range of particle sizes. This complicates 

experimental analysis as larger nanoparticles may have different properties 

from smaller ones. In addition, nanoparticles have a tendency toward 

aggregation, and such aggregates often perform differently than individual 

particles (82). 

The dose of ethyl containing different types of nanoparticles, which was 

given to laboratory mice over a period of six months, was characterized by 

the Skovkjaer index, after the scientist Kasper Skovkjaer (83). 

The National Institute for Occupational Safety and Health is conducting 

research into how nanoparticles interact with body systems and how workers 

in factories or during industrial use of nanomaterials may be exposed to 

nano-sized particles. The National Institute for Occupational Safety and 

Health issues guidelines that are consistent with the best scientific knowledge 

and are intended for handling nanomaterials (84). 

Imarla Fletcher of the Consumer Product Safety and Nanotechnology 

Commission suggested that: The Consumer Product Safety Commission, 

which is responsible for protecting the public from any undue risks of injury 

or death associated with consumer products, is not well-equipped to oversee 

the safety of complex, high-tech, industrially produced products. By 

nanotechnology. 

Longer-term concerns also focus on the effects of new technologies on broad 

sectors of society, as well as on whether these effects may lead to the 

emergence of a post-scarcity economy, or may lead to an exacerbation of the 

wealth gap between developed and developing nations. In addition, the 

effects of nanotechnology on society as a whole and on human health and the 

environment as well, in addition to its effects on trade, security, food 

systems, and even on the definition of the term “human” have not yet been 

defined or politicized as well (85). 

Health issues 

The health impacts of nanotechnology are the potential effects of 

nanomaterials and devices on human health. Since nanotechnology is a new 

field, this has resulted in a wide debate about the extent to which the benefits 

or risks of nanotechnology to human health can be exposed. The health 
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effects of nanotechnology can be divided into: the ability or possibility of 

nano-inventions to have medical effects in treating diseases, as well as 

potential health risks when exposed to nanomaterials. 

Nanotoxicology is defined as the field that studies the potential health risks 

of nanomaterials. The extremely fine and small size of nanomaterials means 

that they have the ability to penetrate the human body more than other large 

particles. Also how they move and interact 

Nanoparticles within living organisms are a big issue that needs to be solved 

and addressed. The behavior of nanoparticles is a function of their function, 

size, and surface interaction with the surrounding tissue. Nanoparticles 

accumulate within organs partly because they do not decompose or 

decompose slowly. Another cause for concern is their expected interaction 

with vital processes within the body: because of their large surface area, once 

nanoparticles are exposed to tissue and fluids, some of the microparticles 

they contain are absorbed. on the surfaces of those tissues. 

The large number of variables influencing toxicity also means that it is 

difficult to generalize about the health risks associated with exposure to 

nanomaterials – each nanomaterial must be evaluated individually and the 

properties of all materials must be taken into account. Both health and 

environmental issues are integrated into the work environment of companies 

related to the production and use of nanomaterials, as well as the work 

environment of laboratories related to nanoscience and research in the field 

of nanotechnology. It is safe to say that current workplace dust exposure 

standards cannot be directly applied to nanoparticle dust (84). 

The term nanomedicine refers to the medical applications of nanotechnology. 

(86) Nanomedicine approaches range from the medical use of nanomaterials 

to biosensors associated with nanoelectronics as well as future applications of 

molecular nanotechnology. Nanomedicine aims to provide a valuable set of 

research tools as well as devices useful in treatment clinics in the near future 

(87-88). The National Nanotechnology Initiative expects new commercial 

applications in drug delivery, which may include advanced drug delivery 

systems. Neural interfaces and other sensors associated with nanoelectronics 

represent another active target for research in this field. The predictive field 

of molecular nanotechnology believes that cell repair machines may have the 

potential to revolutionize medicine and pharmaceuticals as well (88). 

Environmental issues 

Nanotechnology pollution is a general and comprehensive term for all waste 

resulting from the use of nanotechnology devices or during the 

manufacturing process of nanotechnology materials. This waste may be 

considered highly hazardous, due to its size. It can float in the air and may 
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easily penetrate animal and plant cells, causing unknown effects for each. 

Most human-made microparticles are not visible in nature, so organisms may 

not have adequate means of dealing with these microscopic wastes (86). 

To assess the health risks of manufactured small molecules, the full life cycle 

of these molecules must be evaluated, including their manufacturing, storage, 

and distribution as well as their application, misuse, and disposal (89). The 

effects on humans and the environment may vary and change during many 

stages of their life cycle. Skrinis raises concerns about pollution resulting 

from nanotechnology, and explains that it is not currently possible to 

“accurately predict or even control the environmental effects of the emission 

of waste from this technology into the environment” (90). 

On the other hand, some available nano applications may be used in the 

future to serve environmental purposes. One class of filtration methods is 

based on the use of membranes with appropriate hole sizes, allowing the 

liquid to be trapped behind the membrane. Hence, nanoporous membranes 

are suitable for mechanical filtration, which are characterized by having 

pores smaller than 10 nanometers that may consist of nanotubes. 

Nanofiltration is mainly used to remove ions or separate different liquids. 

Magnetic nanoparticles provide an effective and reliable way to remove 

metal contaminants heavy waste water by utilizing magnetic separation 

methods. The use of nanoparticles increases the effectiveness of the ability to 

absorb pollutants, in addition to being an inexpensive process compared to 

traditional sedimentation and filtration methods. In addition, nanotechnology 

may have a great impact on the clean energy production process (89). 

Social impacts 

Beyond the risks associated with first-generation nanotechnology that affect 

both human health and the surrounding environment, there is a broader set of 

social impacts that pose more broad-ranging societal challenges. Sociologists 

have suggested that the social issues associated with microtechnology must 

be understood and evaluated in a way that is not simple. Where it is not seen 

as a group From current impacts or risks only. Instead, such challenges 

should be taken into account as research and decision-making “against the 

grain” with the aim of ensuring that the development of such technology is 

consistent with social goals (91). 

Many social scientists as well as civil society organizations have assumed 

that the process of technology assessment and management must include 

public participation of citizens (92-93). Hence, the issue of social risks of 

using the microtechnology appeared. At the most basic level, these risks 

include the potential for military applications of nanotechnology, for 

example, the use of implants and other means to enhance recruits, as in the 
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case of the Nanotechnology Recruit Institute at MIT (94), as well as the 

increased capabilities of enhanced surveillance from Through the use of 

nanosensors (95-96). 
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