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Zinc oxide nanoparticles (ZnO-NPs) have gained significant interest in the agricultural and food industry as a

means of killing or reducing the activity of microorganisms. The antibacterial properties of ZnO-NPs may improve

food quality, which has a direct impact on human health. ZnO-NPs are one of the most investigated inorganic

nanoparticles and have been used in various related sectors, with the potential to rapidly gain attention and

increase interest in the agriculture and food industries. 

ZnO-NPs  synthesis  characterizations  modifications

1. Role in Agriculture

We all know that agriculture is a basic necessity and the foundation of every nation’s economy, but sadly, this

industry is currently facing a number of global challenges, including urbanization, climate change, sustainable

resource use, environmental issues, runoff, and the buildup of pesticides and fertilizers. Additionally, the world’s

population is expected to increase by a number that could be calculated on the basis of current trends .

According to research, applying ZnO-NPs to various plants at various stages of their development cycles

accelerates plant production by supplementing them with micronutrients.

Significantly, research has shown that Zn is a crucial nutrient for living things. Nandhini et al., emphasized the

beneficial effects of ZnO-NPs on pearl millet germination and development as well as the enhanced activity of the

plant defense enzymes, such as lipoxygenase, phenylalanine, polyphenol oxidase, ammonia-lyase, and

peroxidase . Moreover, the production of chlorophyll pigment from maize and wheat plants was positively

impacted by ZnO-NPs. The beneficial effects of ZnO-NP on quantitative, dietary, and physiological parameters of

wheat (Triticum aestivum L.) and maize (Zea mays L.) were examined by Singh et al. In addition, these comprised

the total protein, carbohydrate, and oil content .

In order to increase crop growth and production in global agriculture, and especially in food crops, the fertilizer

application rate is very accumulated . According to several studies, ZnO-NPs have the ability to increase food

crop output, diversity, and promote healthy growth. Many studies have effectively demonstrated and suggested the

use of ZnO-NPs as a foliar fertilizer in addition to a Zn fertilizer in the soil . ZnO-NPs have been recommended as

a crucial micronutrient and are intended as a cofactor for the mobilization and activation of nutrient enzymes due to

their special characteristics .
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Raliya et al., studied the influence of ZnO-NP (25 ± 3.5 nm) on the herb (tomato plant). They covered some

parameters, such as the whole life cycle of the plant, flower, chlorophyl content, fruit yield, total biomass, and

nutritional values. They studied plant development by an optimal concentration of ZnO-NPs, and reported no

stimulation on the far side of the optimal concentration. The foliar application was more effective and simpler than

the soil treatments. They ended with a maximum lycopene content and fruit yield of 100 mg kg , and a

concentration of 250 mg kg  was observed for the best stimulation of plant height, root length, and biomass and

improved chlorophyl content at a concentration of 750 mg kg  .

In another study, ZnO-NPs were termed novel fertilizer nutrients for crops. In a greenhouse, the organic compound

(urea) was coated with ZnO-NP (1%) or bulk ZnO (2%) and evaluated in wheat (Triticum aestivum L.) under

drought (40% field moisture capacity; FMC) and non-drought conditions (80% FMC), compared to urea not coated

with ZnO (control) and urea with separate ZnO-NP (1%) or bulk ZnO (2%) distinction. The crops were exposed to

<2.2 mg/kg of ZnO NP and <4.4 mg/kg of bulk ZnO, indicating exposure to a better Zn rate of bulk ZnO (2%). ZnO-

NP and bulk-ZnO showed similar vital efficiencies of urea coating of 74–75%. However, drought considerably (p <

0.05) exaggerated the time to panicle initiation, reduced grain yield, and inhibited the uptake of Zn, phosphorus (P)

and nitrogen (N). Within the drought conditions, scientists noticed that ZnO-NPs remarkably reduced the average

typical time to panicle initiation by five days, which was regardless of the coating, and relative to the management

control. In distinction, bulk ZnO did not have an effect on time to panicle initiation. The grain yield was significantly

exaggerated to 51 or 39%, with a ZnO-NP-coated or uncoated organic compound (urea), respectively, compared to

the control. As balanced with both control and ZnO-NP treatments, the yield of bulk-ZnO-coated or uncoated urea

increased insignificantly .

2. As Antimicrobial Agent against Food-Borne Pathogens

ZnO-NPs had a significant influence on the control of foodborne diseases. Foodborne infections are putting the

entire planet in a dangerous situation. 20,000 people are hospitalized for foodborne illnesses each year in the

United Kingdom, and 56 people die as a result, according to the UK Food Standards Agency (FSA). Foodborne

illnesses cause a variety of challenges, including health concerns, poverty, and even economic problems .

ZnO-NPs are becoming more effective at combating hazardous microbes and preventing food contamination

through adsorption-induced membrane damage and ROS-mediated cellular toxicity. The ZnO-NPs have been

shown to be an effective antibacterial agent against harmful microorganisms found in food, including

Staphylococcus aureus, Escherichia coli, Bacillus subtilis, Pseudomonas vulgaris, Bacillus megaterium, Candida

albicans, Klebsiella pneumonia, Aspergillus Niger and so on . Metal compound (oxide) particles have

been studied to generate active oxygen species that could be the main mechanism of their antibacterial activity 

. Firouzabadi et al. , studied the practical application of a ZnO suspension containing 0.3% citric acid at

different concentrations (0, 1, 3, 5, 8 mM) in Listeria monocytogenes, Escherichia coli, Staphylococcus aureus and

Bacillus cereus. It significantly inhibited the growth of all strains during 12 h of culture, and the suspension of ZnO

with 5 mM and 8 mM citric acid was the most effective for all strains, and 5 mM and 8 mM ZnO were selected for
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further study in mango juice. The ZnO-NPs could reduce the initial growth count of all of the strains described

above in the mango solution.

ZnO-NPs have direct interaction with cell surface poignant cell membranes, which subsequently ZnO-NPs enter

and induce oxidative stress in microorganism cells, which results in inhibition of cell growth to cell death;

Researchers  recommends ZnO-NPs as a active antimicrobial agent within the food preservation field. ZnO-NPs

are often used as a disinfecting and sterilizing agent for the types of equipment and containers utilized in the food

industry against the strike and contamination with foodborne pathogenic microbes .

3. Role in Food Processing and Storage

ZnO-NPs have brought revolutionary advances to the food industry. In recent years, scientific researchers have

shown great interest in the study of ZnO-NPs, along with other nanoparticles, in food processing and storage.

These particles not only exhibit antimicrobial activity, as discussed previously, but also remain stable under

adverse conditions, such as high temperature, extreme pH values, and more. Furthermore, they are considered

“generally recognized as safe (GRAS)” by the US FDA for both human and animal consumption in their bulk form

. Biosensors of ZnO-NPs are being utilized successfully and greatly helped to detect the different

pathogens and contaminants of food and water throughout storage . Researchers are interested in enhancing

the food processing and storage industry to extend the shelf life of processed food, control food-borne pathogens,

and ensure food safety. Achieving these objectives entails improving the nutritional value, activity, and overall

quality of food. These goals are critical for the food industry to meet . Researchers are particularly concerned

about the negative impact of pathogens on stored grain, which can also pose a risk to human health. ZnO-NPs

have demonstrated antimicrobial activity and could play a significant role in controlling other important properties of

food materials, such as moisture content, absorption, monolayer, solubility, and physical properties . Therefore,

reducing the chances of contamination by infectious agents and ensuring safe storage of products with an

extended shelf life are critical objectives. To mitigate the risk of contamination or spoilage of food by microbes

before or after processing, it is essential to understand the impact of storage time and temperature on microbial

populations of minimally processed foods. ZnO-NPs have played a crucial role in protecting and preserving the

freshness and nutritional value of food. Moreover, they could be used as a source of zinc supplements in functional

foods for consumers . Hakimian et al. , conducted a study on the use of ZnO-NPs (0, 0.1, 0.5, 1 g/kg)

as a preservative to control microbial and physicochemical deterioration of mayonnaise during cold storage over a

period of 6 months. The addition of ZnO-NPs to mayonnaise resulted in delayed growth of microorganisms,

preservation of physical and chemical properties, and increased shelf life compared to the control (0 g/kg). In

another study, Lili He and colleagues investigated the antifungal activity of ZnO-NPs against two postharvest fruit

fungal diseases, B. cinerea and P. expansum. The mechanism of action of ZnO-NPs on the development of fungal

hyphae was also examined. The results showed that a concentration of ZnO-NPs greater than 3 mmol L

significantly inhibited the growth of both B. cinerea and P. expansum. However, the nanoparticles were found to be

more effective against B. cinerea than P. expansum .
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4. Role in Food Packaging

A very important and in-demand area in the food sector may be related to the use of antibacterial agents in food

packaging and with respect to foodborne pathogens . Therefore, nanofood packaging technology is resulting in a

brand new mode of safe, active, healthy, and intelligent food packaging. ZnO-NPs offer a safer and more cost-

effective alternative compared to other metal oxides for pathogen-free food packaging and processed ingredients

. ZnO-NPs are utilized in processed food as a fount of metallic elements (Zn) that help play a crucial and

important role in the growth, progress, and welfare of humans and animals. ZnO-NPs are an important

antimicrobial supplement in food packaging to counter foodborne pathogens to increase shelf life, inhibit and

inactivate or kill pathogens and reduce spoilage, contamination, post-harvest losses to maintain good quality and

safety insurance of food products . Safe, active, and smart food packaging aligns with customer’s desires by

enhancing safety and extending shelf life, while also providing a healthier solution . ZnO-nanostructures could

be used in the food packaging industry for the composition of filters that are efficient in maintaining microorganisms

before packaging . Food poisoning represents microbial contamination that causes significant health, social, and

economic problems. Smart food packaging and similar preservative measures can prevent or inhibit the growth of

microbials in food, as well as prevent their attachment, colonization, and spreading . Microscopic and

spectroscopic techniques, such as chemical analysis, can help create optimal food packaging materials to ensure

the formation of a composite that enhances food safety and preservation .A group of researchers in China

investigated the potential migration of ZnO-NPs from industrial products, which is often a mutual concern when it

comes to their application in food packaging. They evaluated the migration of ZnO-NPs from polypropylene food

containers to food-simulating solutions, taking into account various experimental factors, including the type of food

simulant, storage time, and temperature. The experimental results showed significant migration of nano-sized zinc

oxide into aqueous, oily, and acidic simulants. The quantity of migrated ZnO increased with storage time and

temperature. However, it was observed that ZnO showed a sporadic tendency to migrate into food simulants .

Zafar et al. , have shown that the ZnO-2.5% composite membrane has strong antibacterial activity and high

antioxidant activity against foodborne pathogenic bacteria, Escherichia coli, and Lactobacillus mononucleus.

According to the results, compared to the CMC/GEL blend film, ZnO nanocomposite film could be used to prevent

photooxidation, ensure food safety, and improve the shelf life of packaging products in active food packaging.

Using the solution casting method, Insoo Kim et al., created PLA/Zn-ONPs containing volatile oil in collaboration

with Menthe piperita and Zataria multiflora Boiss. In comparison with five common foodborne bacteria including

Salmonella enterica, S. aureus, Pseudomonas aeruginosa, E. coli, and Bacillus cereus, the nanocomposite film

showed high antimicrobial activity. The PLA/ZnO-NP containing essential oil extended the shelf life of Otolithes

ruber fish during storage. They jointly reported that Zn  migration was below the NIH limit for food contact material

quality requirements .

Silvestre et al., introduced the utilization of compound nanotechnology (polymer) in food packaging that mainly

meets the requirements of protection against bacteria to attain a completely unique method of packaging. Active

packaging, smart packaging, and intelligent packaging are new materials with improved antimicrobial properties

that jointly allow the trailing of food throughout storage and transfer .
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5. Role in Food Flavor

Resaerachers aim to explain, discuss and analyze research works that have utilized ZnO-NPs for the

improvement, enhancement, and protection of food flavor, an important ingredient in altering or enhancing the taste

of any food. ZnO-NPs’ mechanism of action and applications on food flavor are also discussed, particularly in

relation to food packaging applications. As previously mentioned, ZnO-NPs are a highly intriguing inorganic

compound that is considered safe, non-toxic, and has numerous functions. It is widely used in various industries,

including cosmetics, pharmaceuticals, textiles, rubber, and medical fields. Therefore, it holds particular importance

in the food and agricultural industry due to its numerous advantages . Sensory quality via ZnO-NPs playing a

significant role to make it toxin-free helps in influencing and increasing the interest in quality, stability, acceptability,

consumption of different types of food-linked flavors . As a result of its difficulty in controlling and stabilizing

during the storage and production processes, ZnO-NPs help limit the deterioration or loss during processing and

storage. It is advantageous to encapsulate flavors before using ZnO-NPs in food because it increases chemical

stability and allows for regulated release. Protective carrier encapsulation prevents oxidation, reactions induced by

light, and interactions between tastes. Biopolymers such as polysaccharides (starch, dextrose and maltodextrins),

proteins (gelatine and whey proteins), gums (gum arabic, alginates and carrageenan), and chitosan are therefore

preferred transporters . Some other protein-based materials, e.g., soy protein, polypeptone, or gelatine

derivatives, are considered to form stable emulsions with volatiles compounds .

Brian D. et al., conducted some experiments on diacetyl substitutes 2,3-heptanedione and 2,3-hexanedione. On

the contrary, aldehydes seem to be omnipresent in food production, and almost in every sample acetaldehyde was

detected and classified as a possible human carcinogen .
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