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Highlights 

 The positive effect of nitrogen and selenium on the antimicrobial and antioxidant properties of garlic 

 Increasing the antioxidant properties and allicin of garlic  

 For the first time nitrogen and selenium in garlic has been investigated. 

 

ABSTRACT 

Antibiotic resistance has contrived the use of medicinal plants with fewer side effects instead of common drugs. Garlic has 

sulfur-containing organic compounds and has broad antimicrobial properties against bacteria, even in the lowest 

concentrations. Allicin or diallyl disulfide is the main garlic sulfur compound with antimicrobial activity. This research 

investigated the different impacts of nitrogen (N) and selenium (Se) concentrations on garlic clove antioxidant and 

antibacterial activity. Three concentrations of Se, such as 0, 5, and 10 mg L-1 sodium selenate and N, containing 0, 50, 100, 

and 150 kg ha-1, were examined on garlic's antioxidant and antimicrobial properties. The results showed that the antioxidant 

activity (66.77%) improved in four nitrogen concentrations. Selenium decreased the allicin content of garlic clove. The 

highest inhibition of the growth rate was observed in Escherichia coli at 12.00 mm, Pseudomonas aeruginosa at 1.73 mm, 

Bacillus subtilis at 8.95 mm, and Staphylococcus aureus at 10.90 mm were obtained in 150 kg ha-1N coupled with 10 mg L-

1 sodium selenate. The lowest inhibitor of the growth of all four bacteria was observed in the control treatment. According 

to the results, an increase in antioxidant activity was associated with an increase in the antimicrobial properties of garlic. 

The use of selenium and nitrogen increased the inhibitory influence of bacterial growth. 
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INTRODUCTION 

Garlic (Allium sativum L.) is a plant belonging to the Alliaceae family that is used as a spice and seasoning, as 

well as a medicinal plant in the treatment of various disease types [1]. Garlic has a high anticancer effect, which 

is related to its sulfur compounds [2]. It has useful effects on the cardiovascular system and human immunity [3 

and 4]. Alliums with healthy tissue mainly contain cysteine sulfoxide. When the tissue is crushed, the allinase 

enzyme in the vacuole is released and converts cysteine sulfoxides into thiosulfinates. Which, in addition to 

nutritional effects, have antibacterial and antifungal effects against all types of Gram-positive and Gram-negative 

bacteria [5]. It has been reported that the antibiotic properties of one mg of allicin are equivalent to 15 IU of 

penicillin. [6]. The sulfoxides amount typically depends on genetic factors and additional storage conditions after 

garlic is harvested. The antimicrobial activity of garlic is higher than that of onion. For example, 7 contains 1-

4% garlic completely prevents the growth of Escherichia coli and Staphylococcus aureus, while 4% onion extract 

prevents the blossoming of strains [7]. Wook Kim et al. (2004) showed that garlic 25 and 100 mg L-1 has an 

antimicrobial effect on Candida utilis and Staphylococcus aureus strains [8]. 



 

Selenium (Se) is an essential element, showing powerful antioxidant properties [9]. Unfortunately, the uneven 

distribution of selenium over the Earth’s surface causes broad Se-deficient areas. The biologically active form of 

selenium is selenoproteins, and in mammals, selenium binds to proteins as a cofactor [10 and 11]. The similarity 

in chemical properties between selenium and sulfur triggers the processes of sulfur replacement by selenium in 

biological systems, resulting in the formation of Se-containing amino acids, proteins, carbohydrates, and other 

biologically active compounds [12]. By inhibiting the oxidation of low-density lipoproteins (LDL cholesterol), 

selenium reduces the risk of cardiovascular diseases [13]. Selenium compounds induce apoptosis (cell death) in 

cancer cells and stimulate the immune system [14 and 15].   

Research is uncovering that the availability of plant nutrients can be a significant factor in determining secondary 

metabolism and antioxidant within plants [16]. Nitrogen (N) plays a role in the structure of biological molecules 

such as proteins, enzymes, coenzymes, nucleic acids, and cytochromes. Nitrogen is one of the original growth 

factors in controlling yield and quality of plants [17]. In the yarrow plant (Achillea millefolium L.), 75 kg h-1 of 

urea application increased the antibacterial and antiviral properties [18]. While nitrogen is an essential nutrient 

element for crop growth and quality, there is little information on the nitrogen supply impact on the antioxidant 

activity of Allium.  

Plants have antimicrobial effects and inhibit the growth of bacteria. So far, the nitrogen and selenium influence 

on the antimicrobial properties of plants, including garlic, has not been studied. Therefore, in this research, for 

the first time, the different effect concentrations of nitrogen and selenium on the antimicrobial properties of the 

alcoholic extract of garlic on the growth rate of 4 gram-positive and gram-negative bacteria was investigated. 

 

MATERIAL AND METHODS 

This study was conducted in the experimental field of Razi University (Kermanshah 34.377º N, 47.0078º E), in 

2022. This research was carried out as a factorial experiment based on a randomized complete block design with 

two factors of different concentrations of nitrogen and selenium in three replications of landrace garlic of 

Kermanshah. The first factor included 4 concentrations of nitrogen containing 0, 50, 100, and 150 kg ha-1, and 

the second factor included three concentrations of selenium, such as 0, 5, and 10 mg L-1 of sodium selenate. 

Nitrogen fertilizer from the source of urea (46% N) was added to the soil in two stages, one at the same time as 

planting (first half of November) and the other during the bulbing stage (May). For each treatment, was added 

the fertilizer to each plot at the designated times, and irrigation was performed immediately. Selenium foliar 

spraying in the form of sodium selenate salt was done manually in the evening and at the same time with nitrogen 

top-dressing fertilizer. After preparing the land, plots (3 × 2 m2) were considered. Cloves were planted in rows at 

a depth of 5 cm in early November of 2022. The distance between planting rows was 30 cm, and the distance 

between plants on the row was 10 cm. Immediately after the planting of the cloves, leakage irrigation was carried 

out, so that the thriving of the roots in the cloves was stimulated, and they were well established in the soil in the 

subsequent irrigations according to the custom of the region, the weather, soil conditions, the amount of rainfall, 

and environment temperature.  

Harvesting was done when ripening indications were observed in the plants and complete drying of aerial organs. 

Sampling was carried out to measure the traits of interest after removing the marginal effects from the surface of 

0.4 m2. 

Antioxidants 

Ascorbic Acid (AA) 

It was defined by visual titration of plant extracts in 6% trichloracetic acid with Tillman's reagent [19]. Three 

grams of fresh garlic cloves homogenates were ground in a porcelain mortar with 5 mL of 6% trichloracetic acid 

and quantitatively transferred to a measuring cylinder. The volume was brought to 60 mL using trichloracetic 

acid, and the mixture was filtered through filter paper 15 min later. The concentration of ascorbic acid was 

determined from the amount of Tillman's reagent that went into the titration of the sample. 

Antioxidant Activity (AOA)  

The antioxidant capacity of garlic cloves was measured by the DPPH method. In this method, the neutralizing 

activity of 2-2 diphenyl-1-picrylhydrazyl radicals was distinctived by the methanolic extract by 

spectrophotometric method at a wavelength of 515 nm, which follows Lambert's law, and the reduction of its 



 

absorption has a linear relationship with the amount of antioxidant. The more the antioxidant substance is added, 

the more DPPH is consumed, and the purple color tends to yellow. DPPH is a purple compound that becomes 

easily a radical due to the presence of phenyl groups in its structure and is a source of free radicals. This compound 

changes color from purple to yellow by taking an electron from the antioxidant compound [20]. 

DPPH radical neutralization activity was calculated based on the following formula. 

DPPH radical neutralization percentage formula: 

In this formula, AC: Absorbed DPPH radical without any antioxidant as a control  

As: Absorbed DPPH with the extract. Methanol was used as a blank. 

Allicin 

Allicin was analyzed with a slightly modified method by Liang et al. (2013) [21]. The bulbs were peeled, and the 

cloves were roughly sliced in a small blender. Then, 20 g of material (5 g per tube) and 25 ml of double distilled 

water, were added to 4 centrifuge tubes. The mixture was homogenized using a T-25 Ultra-Turrax for 1 min at 

11.000 rpm. After homogenization, the samples for allicin determination were transferred onto a shaker at room 

temperature for 30 min, centrifuged at 10.000 × g for 15 min, and filtered through a 0.45-μm polyamide filter 

Chromafil. The samples were then stored at −80 °C and subsequently lyophilized. Garlic extracts were analyzed 

using the Agilent 1260 Infinity HPLC system (HP model 1050 system), consisting of a binary pump (Agilent 

1260 Infinity model G1312B), an autosampler, and a diode array detector. The Agilent 1260 Infinity HPLC 

system was controlled by Agilent HPLC 2D Chemstation SW software. HPLC analysis was carried out using a 

C18 column (Zorbax Eclipse Plus; 4.6 × 150 mm, 3.5 mm particle size; Agilent Technologies, Inc., Wilmington, 

DE, USA) and an analytical guard column (Agilent Eclipse XDB-C18; 4.6 ×12.5 mm, 5 mm particle size). The 

column was operated in isocratic mode, with a mobile phase of 0.08% formic acid in water: methanol (35:65, 

v/v) at a flow rate of 0.5 mL min-1. The column temperature was maintained at 25 °C, and the samples at 4 °C. 

UV-Vis absorption spectra were recorded in the range from 200 to 400 nm, and allicin was noted at 220 nm. All 

the extracts were diluted in the mobile phase solution before the analysis and filtered through 0.45-μm PTFE 

syringe filters. Each standard solution and sample solution was analyzed in triplicate. Allicin standard was 

obtained from LGC (Middlesex, UK), and methanol for liquid chromatography LiChrosolv® was obtained from 

Merck. For detection of dry matter, 2 g of the frozen sample was freeze-dried for 22 h in a Gamma 2-20 

lyophilizer (Christ, Germany), and the water content (%) was calculated from the difference between the masses 

before and after lyophilization. 

Antimicrobial Activity 

The Disk Diffusion test (DD) method, Padton Teb Company Product, 6 mm in diameter, was used to investigate 

the antibacterial effects of different concentrations of garlic cloves extract. To prepare the culture medium, 35 g 

of prepared Muller Hilton culture medium was dissolved in 1 L of distilled water and was autoclaved at 121 ºC 

and 1.5 ºA for 15 min. When was cooled in the environment under the biological hood distributed in sterile 

disposable Petri dishes. Four bacterial strains were used for this experiment (Table 1). 

 

Table 1 Characteristics of bacterial strains used in this research 

Row The name of the bacterium Gram +/- Standard number 

1 Escherichia coli - ATCC 25922 

2 Pseudomonas aeruginosa - PTTC-1181 

3 Bacillus subtilis + ATCC 12711 

4 Staphylococcus aureus + PTTC-1189 

To cultivate bacteria, single clones of the desired bacteria were transferred to Mueller Hilton agar culture medium 

and positioned in an incubator at 36 ºC for 24 h. A suspension with a concentration equivalent to half McFarland 

was prepared using the colonies obtained from cultivation. Then 100 µl of this suspension was added to a petri 

dish containing Müller-Hilton agar solid medium and was cultured by swapping on the culture medium. 

Immediately after contaminating the medium with bacterial suspension disking was performed [22]. In this step, 

20 µl of each extract concentration, such as 0.15, 0.2, 0.25, and 0.3 mg L-1 were added by the sampler and under 



 

the biosafety cabinet on paper discs, and the discs were allowed to dry under the biosafety cabinet completely, 

and then the discs were placed on the culture medium containing the desired bacteria. Eventually, the petri dishes 

containing the bacterial suspension and disk were placed in the incubator at 36 ºC for 24 h. After 24 h, the 

transparent halos diameter of growth inhibition around the discs was calculated in mm using a caliper. Discs 

containing solvent (methanol) and discs prepared with gentamicin antibiotic produced by Padtan Teb Laboratory 

were applied as positive and negative controls. 

Statistical Analysis 

Data analysis was done using SAS (9.1) software, and Mean comparisons were performed with Duncan’s 

multiple range test at the 5% significance level. The experimental treatments were implemented factorially, based 

on a completed blocks randomized design with three replications. The first factor consisted of different nitrogen 

levels, namely 0, 50, 100, and 150 Kg ha-1, and the second factor was the foliar application of selenium at three 

levels of 0, 5, and 10 mg L-1 of sodium selenate. 

RESULTS AND DISCUSSION 

Antioxidants 

The consequences revealed that the ascorbic acid and antioxidant activity of garlic cloves are increased by 

selenium and nitrogen. The highest amount of ascorbic acid and antioxidant activity of garlic cloves was achieved 

when 150 kg ha-1 of nitrogen coupled with 10 mg L-1 of sodium selenate was used (Table 2).  

In opposition to selenium, nitrogen had a positive effect on the content of allicin in garlic. In all four 

concentrations of nitrogen, with the increasing selenium concentration, the allicin dose decreased. The maximum 

allicin was seen when 150 kg ha-1 of nitrogen along with 0 mg L-1 of sodium selenate, which was significantly 

different from the control treatment. The lowest amount of allicin was demonstrated in the 0 kg ha-1 nitrogen 

treatment with 10 mg L-1 of sodium selenate (Table 2). 

 

Table 2 Comparison of the average interaction effect between nitrogen and selenium on antioxidant capacity, ascorbic acid, 

and allicin of garlic cloves 

This means that each column of a common letter is significantly different at the 5% level (Duncan's multiple range tests). 

 

Several studies have indicated Allium family plants have antimicrobial, anticancer, and antioxidant properties [23 

and 24]. An increase in ascorbic acid and antioxidant activity with increasing selenium concentration in onion 

[25], garlic [26], and turnip (Brassica rapa L.) [27] has been reported. Small molecules with sulfur and selenium 

play a significant role in increasing antioxidant activity [28]. Selenium's antioxidant effect is often related to 

increasing glutathione peroxidase activity and decreasing lipid peroxidase activity. In many plants, active oxygen 

is produced in metabolic processes containing photosynthesis and respiration, which may damage chlorophyll, 

proteins, lipids, and nucleic acids, thereby dormancy the aging, and death of plant cells. However, selenium 

prevents these problems in plants with its antioxidant role [29]. Selenium increases the antioxidant capacity of 

plants against active oxygen produced by internal metabolism or external factors [30]. Increased nitrogen 

Nitrogen (Kg ha-1) Selenium (mg L-1) Ascorbic acid (mg 100 g-1) Antioxidant capacity (%) Allicin (mg g-1) 

 0 43.46 i 48.54 i 17.66 gh 

0 5 47.33 h 52.76 h 17.29 gh 

 10 50.43 gh 53.69 gh 16.80 h 

 0 52.93 fg 54.44 fg 19.59 de 

50 5 55.56 ef 55.24 f 18.75 ef 

 10 56.73 ef 56.83 e 18.06 fg 

 0 59.36 de 58.01 de 21.313 ab 

100 5 61.46 d 58.98 d 20.68 bc 

 10 62.83 cd 60.46 c 20.05 b 

 0 65.53 c 61.52 c 21.86 a 

150 5 71.30 b 63.62 b 22.37 a 

 10 79.43 a 66.77 a 21.72 ab 



 

concentration was associated with increased ascorbic acid and antioxidant activity of garlic cloves, indicating the 

role of nitrogen element in increased antioxidant activity, which accords with the results obtained in tomato [31] 

and rice (Oryza sativa L.) [32]. Outcomes exhibited that selenium with nitrogen increased the ascorbic acid and 

antioxidant activity of garlic cloves, which indicates the two elements positive influence in increasing the 

antioxidant activity. In addition, when selenium increases the amount of antioxidant combination and enzymes, 

boosts selenium compound production [33 and 34]. Following the treatment of garlic plants with selenium, that 

increase in antioxidant activity has a positive effect on ascorbic acid. According to the results of this research, an 

increase in the amount of ascorbic acid under nitrogen treatment has also been reported in Strawberry (Fragaria 

× ananassa Paros) [35] and lettuce (Lactuca sativa) [36]. Nitrogen is a structural component of amino acids, and 

an expansion in enzyme concentration increases the number of enzymes and antioxidant compounds, which leads 

to a rise in the amount of antioxidant properties. 

Based on the studies, because of its chemical similarity with sulfur, selenium can replace sulfur in the structure 

of amino acids, which leads to a decrease in the amount of sulfur amino acids. Allicin, one of the most important 

flavoring compounds in garlic cloves, is influenced by genotype, environmental conditions, fertilization methods, 

and storage duration. Allicin is a remarkable compound in garlic that is popular in medicine, health, and food 

[37]. As mentioned earlier, nitrogen can increase the amount of allicin by affecting the absorption of sulfate and 

selenium, which indirectly affects the antimicrobial activity of garlic extract. However, selenium concentration 

grows due to the decrease in the sulfur amino acids amount, but the allicin amount in the garlic decreases. 

Antibacterial Activity 

In the pre-test conducted with concentrations 0.15, 0.2, 0.25, and 0.3 mg L-1 of garlic extract, the best outcome 

in inhibiting the bacteria growth was obtained from the 0.3 mg L-1 concentration. Therefore, in the last test, the 

diameter of the created inhibitory halos was investigated only with a concentration of 0.3 mg L-1 of the extract. 

In order to compare the diameter of the inhibitory halos caused by the application of garlic clove extract, a disk 

containing 10 µg of gentamicin was used as a positive control and methanol as a negative control (Table 3). 

Methanol test discs did not show any inhibitory effect on the blossoming of four bacterial strains. 

 

Table 3 Diameter of inhibition halos resulting from the growth of bacteria with the use of gentamicin (10 µg) 

Row The name of the bacterium Diameter of positive halo (Gentamicin) (mm) 

1 Escherichia coli 17 

2 Pseudomonas aeruginosa 15 

3 Bacillus subtilis 21 

4 Staphylococcus aureus 20 

 

The existence of only a difference of 2-3 mm in the diameter of the halos can indicate that the target 

microorganism was sensitive to one drug and resistant to another. If it is resistant, it is concluded that the drug 

will not affect the bacteria [38]. In recent years, the consumption of garlic has increased due to its taste and 

benefits to human health. The beneficial properties of garlic are mainly related to the high amount of allicin 

because the antioxidant, antimicrobial, and anticancer role of compounds has been proven [39].  

The diameter of the growth inhibitory halos increased with the increase in the concentration of the extract. Low 

concentrations (0.1, 0.15, and 0.2 mg L-1) slightly inhibited the growth of bacteria. However, at a high 

concentration of the extract (0.3 mg L-1), the inhibitory activity of the extract was significant, which was similar 

to the results obtained by Benkeblia (2004) [40]. 

Based on the results, with increasing nitrogen and selenium concentrations, the growth inhibition rate of all four 

bacterial strains increased, and selenium and nitrogen had a positive impact on the inhibition growth rate. The 

highest and lowest quantity of inhibition of the growth of all four bacteria were observed in the treatments of 150 

kg ha-1 of nitrogen coupled with 10 mg L-1 of sodium selenate and the control, respectively (Table 4).  

The antimicrobial activity of garlic extract has been proven against Escherichia coli, Psedomonas paysanans, 

Staphylococcus aureus, and Bacillus subtilis strains [41]. Selenium expanded the antibacterial effect of garlic 

clove extract, which is consistent with the influences of Bazl (2017) in onion [42]. In garlic, selenium compounds 

such as seleno-methyl-cysteine, seleno-cysteine, and other selenium compounds play a role in increasing 

antimicrobial properties [39]. The antibacterial effect of garlic clove increased with the increase of nitrogen level. 



 

According to the research, the formation of selenium compounds plays a main function in the inhibiting impact 

of bacteria growth. Because selenium, replacing sulfur in sulfur compounds and producing selenium compounds, 

can increase the inhibiting impact of bacteria growth or intensify the antibacterial influence of sulfate. 

 

Table 4 Comparison of the average interaction effect between nitrogen and selenium on the antibacterial activity of garlic 

cloves 

This means that each column of a common letter is significantly different at the 5% level (Duncan's multiple range tests). 

CONCLUSION 

The methanolic extract of garlic cloves had an inhibitory effect on the bacteria blossoming, and the inhibition 

rate depended on the methanolic extract concentration and the type of bacteria. The highest amount of antioxidant 

activity was observed in the highest concentration of nitrogen and selenium. The use of selenium with nitrogen 

led to an increase in the inhibition consequence on the growth of bacteria. Nitrogen also recreates a role in raising 

the antibacterial properties by increasing the antioxidant activity. Generally, it can be recommended to employ a 

concentration of 10 mg L-1 of sodium selenate coupled with 150 Kg h-1 of nitrogen to produce garlic with 

maximum antioxidant and antimicrobial properties. 

Acknowledgments 

The authors are grateful to Razi University and the Agricultural University of Athens. 

REFERENCES 

1. Shibamoto K., Mochizuki M., Kusuhara M. Aroma therapy in anti-aging medicine. Anti-Aging Medicine. 2010; 7(6): 55-

59. https://doi.org/10.3793/jaam.7.55 

2. van Vuuren S.F., Suliman S., Viljoen A.M. The antimicrobial activity of four commercial essential oils in combination 

with conventional antimicrobials. Lett. Appl. Microbiol2009; 48(4): 440-446. doi: 10.1111/j.1472-765X.2008.02548. x. 

3. Sofowora A., Ogunbodede E., Onayade A. The role and place of medicinal plants in the strategies for disease prevention. 

Afr J Tradit Complement Altern Med. 2013; 10(5): 210-29. doi: 10.4314/ajtcam. v10i5.2. PMID: 24311829; PMCID: 

PMC3847409. 

4. Lu J., Li N., Li S., Liu W., Li M., Zhang M., Chen H. Biochemical composition, antioxidant activity and antiproliferative 

effects of different processed garlic products. Molecules. 2023; 28(2), 1-15. 

5. Satyal P., Craft J.D., Dosoky N.S., Setzer W.N. The chemical compositions of the volatile oils of garlic (Allium sativum) 

and wild garlic (Allium vineale). Foods. 2017; 6(8): 1-10. DOI: 10.3390/foods6080063 

6. Kyung K.H. Antimicrobial properties of allium species. Food Biotechnol. 2012; 23(2): 142–147. 

doi.org/10.1016/j.copbio.2011.08.004 

7. Kyung K.H., Lee Y.C. Antimicrobial activities of sulfur compounds derived from salk (en)yl-L-cysteine sulfoxides in 

allium and brassica. Food Rev. Int. 2003;117(2): 183-198. DOI:10.1081/FRI-100000268 

8. Wook Kim J., Huh J.E., Kyung S.H., Kyu Hang Kyung K.H. Antimicrobial Activity of Alk(en)yl Sulfides Found in 

Essential Oils of Garlic and Onion. Food Sci. Biotechnol. 2004; 13(2): 235–239. 

Nitrogen (Kg ha-1) Selenium (mg L-1) Escherichia coli 
Pseudomonas 

aeruginosa 

Bacillus 

subtilis 

Staphylococcus 

aureus 

 0 7.44 j 7.60 k 7.05 j 7.62 j 

0 5 7.66 ij 8.52 j 7.11 ij 8.33 i 

 10 7.87 hi 9.53 i 7.15 i 8.45 hi 

 0 8.03 h 9.82 h 7.30 h 8.52 h 

50 5 8.11 gh 10.12 g 7.38 gh 8.78 g 

 10 8.31f g 10.26 fg 7.44 g 9.07 f 

 0 8.42 ef 10.50 ef 7.59 f 9.36 e 

100 5 8.61 e 10.72 e 7.82 e 9.48 e 

 10 8.84 d 11.27 d 8.07 d 9.75 d 

 0 9.55 c 11.99 c 8.26 c 9.95 c 

150 5 10.42 b 12.33 b 8.51b 10.21 b 

 10 12.00 a 12.73 a 8.95 a 10.90 a 



 

9. Borbély P., Molnár A., Valyon E., Ördög A., Horváth-Boros K., Csupor D., Fehér, A., Kolbert Z. The effect of foliar 

selenium (Se) treatment on growth, photosynthesis, and oxidative-nitrosative signalling of Stevia rebaudiana leaves. 

Antioxidants. 2021; 10(1): 1-18. doi.org/10.3390/antiox10010072 

10. Spallholz J., Hoffman D. Selenium toxicity: Cause and effects in aquatic birds. Aquat. Toxicol. 2002; 57(1-2): 27-37. 

doi: 10.1016/s0166-445x (01)00268-5 

11. Zhang F., Li X., Wei Y. Selenium and Selenoproteins in Health. Biomolecules. 2023; 13(5): 1-25. 

doi.org/10.3390/biom13050799 

12. Bjornstedt, M. and Fernandes, A.P. 2010. Selenium in the prevention of human cancers. EPMA Journal., 1(3): 389–395. 

doi: 10.1007/s13167-010-0033-2 

13. Shahverdi A.R., Fakhimi A., Mosavat G., Jafari-Fesharaki P., Rezaie S., Rezayat S.M. Antifungal activity of biogenic 

selenium nanoparticles. World Appl. Sci. J. 2010; 10(8): 918-922. 

14. Zhao R., Domann F.E., Zhong W. Apoptosis induced by selenomethionine and methioninase is superoxide mediated and 

p53 dependent in human prostate cancer cells. Mol. Cancer Ther. 2006; 5(12): 3275-3284. doi: 10.1158/1535-7163.MCT-

06-0400. 

15. Yuan Q., Xiao R., Afolabi M., Bomma M., Xiao Z. Evaluation of Antibacterial Activity of Selenium Nanoparticles 

against Food-Borne Pathogens. Microorganisms. 2023; 11(6): 1-15. doi.org/10.3390/microorganisms11061519 

16. Lumactud R.A., Dollete D., Liyanage D.K., Szczyglowski K., Hill B., Thilakarathna M.S. The effect of drought stress 

on nodulation, plant growth, and nitrogen fixation in soybean during early plant growth. J Agron Crop Sci. 2023; 209(3): 

345-354. doi.org/10.1111/jac.12627 

17. Chong H., Jiang Z., Shang L., Shang C., Deng J., Zhang Y., Huang L. Dense planting with reduced nitrogen input 

improves grain yield, protein quality, and resource use efficiency in hybrid rice. J. Plant Growth Regul. 2022; 42(2): 1-13. 

DOI:10.1007/s00344-022-10606-4 

18. Lima M.C., da-Silva C.J., Mariot M.P., Freitag R.A., Serpa R., Ribeiro G.A., do Amarante L. Effect of shading and 

nitrogen fertilization on nitrogen metabolism, essential oil content and antimicrobial activity of Achillea millefolium. Acta 

Sci. Biol. Sci. 2020; 42(1): 1-12. doi.org/10.4025/actascibiolsci. v42i1.46412 

19. Golubkina N., Amagova Z., Matsadze V., Zamana S., Tallarita A., Caruso G. Effects of arbuscular mycorrhizal fungi on 

yield, biochemical characteristics, and elemental composition of garlic and onion under selenium supply. Plants. 2020; 9(1): 

1-15. doi: 10.3390/plants9010084 

20. D’Abrosca B., Pacifico S., Cefarelli G., Mastellone C., Fiorentino A. Limoncella apple, an Italian apple cultivar: phenolic 

and flavonoid contents and antioxidant activity. Food Chem. 2007; 104: 1333-1337. 

21. Liang Y.; Zhang J.J.; Zhang Q.B.; Wang Z.X.; Yin Z.N.; Li X.X., Chen J.; Ye L.M. Release test of alliin/alliinase double-

layer tablet by HPLC—Allicin determination. J PharmaceutAnalys. 2013; 3, 187-192. 

22. Kim J., Marshall M.R., Wei C. Antibacterial activity of some essential oil components against five food borne pathogens. 

J. Agric. Food Chem. 1995; 43(11): 2839–2845. doi.org/10.1021/jf00059a013 

23. Prakash D., Singh B.N. Upadhyay, G. Antioxidant and free radical scavenging activities of phenols from onion (Allium 

cepa). Food Chem. 2006; 102(4): 1389–1393. doi.org/10.1016/j.foodchem.2006.06.06 

24. Nuutila A.M., Puupponen-Pimia R., Aarni, M. Comparison of antioxidant activities of onion and garlic extracts by 

inhibition of lipid peroxidation and radical scavenging activity. Food Chem. 2003; 81(4): 485–493. doi.org/10.1016/S0308-

8146(02)00476-4 

25. Põldma P., Moor U., Tõnutare T., Herodes K., Rebane R. Selenium treatment under field condition affects mineral 

nutrition, yield and properties of bulb (Allium cepa L). Acta Sci. Pol. Hortorum Cultus. 2013; 12(6): 167-181. 

26. Keshari P., Sharma S., Yadav V., Majumdar R.S., Teotia S. Effect of selenium treatment on the physico-chemical and 

phytochemical properties of Allium sativum L. Vegetos. 2023; doi.org/10.1007/s42535-023-00701-6 

27. Hussain S., Ahmed S., Akram W., Li G., Yasin N.A. Selenium seed priming enhanced the growth of salt-stressed 

Brassica rapa L. through improving plant nutrition and the antioxidant system. Front. Plant Sci. 2023; 13, 1050359. doi: 

10.3389/fpls.2022.1050359 

28. Ria R., Julia R., Brumaghim L. Antioxidant and Anticancer Properties and Mechanisms of Inorganic Selenium, Oxo-

Sulfur, and Oxo-Selenium Compounds. Cell Biochem. Biophys. 2010; 58(1): 1–23. DOI:10.1007/s12013-010-9088-x 

29. Xu, J., Yang, F., Chen, L., Hu, Y. and Hu, Q. 2003. Effect of selenium on increasing the antioxidant activity of tea leaves 

harvested during the early spring tea producing season. J. Agric. Food Chem., 51(4): 1081-1084. doi: 10.1021/jf020940y 

30. Hajiboland R., Amjad L. Does antioxidant capacity of leaves play a role in growth response to selenium at different 

sulfur nutritional status. Plant Soil Environ. 2007; 53(5): 207–215. DOI: 10.17221/2202-PSE 

31. Machado J., Vasconcelos M.W., Soares C., Fidalgo F., Heuvelink E., Carvalho S.M. Enzymatic and Non-Enzymatic 

Antioxidant Responses of Young Tomato Plants (cv. Micro-Tom) to Single and Combined Mild Nitrogen and Water Deficit: 

Not the Sum of the Parts. Antioxidants. 2023; 12(2):375. https://doi.org/10.3390/antiox12020375  

https://doi.org/10.1007/s42535-023-00701-6
https://doi.org/10.3390/antiox12020375


 

32. Liao G., Yang Y., Xiao W., Mo Z. Nitrogen Modulates Grain Yield, Nitrogen Metabolism, and Antioxidant Response 

in Different Rice Genotypes. J. Plant Growth Regul. 2023; 42(4): 2103-2114. 

33. Ulhassan Z., Khan A.R., Azhar W., Hamid Y., Tripathi D.K., Zhou W. Selenium Species in Plant Life: Uptake, 

Transport, Metabolism, and Biochemistry. Beneficial Chemical Elements of Plants: Recent Developments and Future 

Prospects. 2023; 331-348. DOI:10.1002/9781119691419.ch14 

34. Lei D., Cao H., Zhang K., Mao K., Guo Y., Huang J.H., Feng X. Coupling of different antioxidative systems in rice 

under the simultaneous influence of selenium and cadmium. Environ. Pollut. 2023; 122526. DOI: 

10.1016/j.envpol.2023.122526 

35. Rostami M., Shokouhian A., Mohebodini M. Effect of humic acid, nitrogen concentrations and application method on 

the morphological, yield and biochemical characteristics of strawberry ‘Paros’. Int. J. Fruit Sci. 2022; 22(1): 203-214. 

doi.org/10.1080/15538362.2021.2022566 

36. Thapa U., Nandi S., Rai R., Upadhyay A. Effect of nitrogen concentrations and harvest timing on growth, yield and 

quality of lettuce under floating hydroponic system. J. Plant Nutr. 2022; 45(17): 2563-2577. 

doi.org/10.1080/01904167.2022.2064299 

37. Xu J., Jia K., Zhu J., Hu M., Wang N., Gao J. Combined application of nitrogen and sulfur improving quality of substrate 

culture garlic bulbs. TCSAE. 2017; 33(4): 203-208. 

38. Anvri S., Mirelman D. Antimicrobial properties of allicin from garlic. Microbes infect. 2013; 1(2): 125-129. doi: 

10.1016/s1286-4579(99)80003-3 

39. Senarathna S.D.U., Gunathilaka M.D.T.L. Garlic and Cloves as Promising Antibacterial Agents Against Cariogenic 

Bacteria-A Mini Review. SLJoAS. 2023; 2(01): 44-50. 

40. Benkebliam N. Antimicrobial activityof essential oil extracts of various onions (Allium cepa) and garlic (Allium sativum). 

LWT-Food Sci. Technol. 2003; 37(2): 263–268. doi.org/10.1016/j.lwt.2003.09.001 

41. Masaudi S.B., AlBureikan M.O. Antimicrobial Activity of Onion Juice (Allium cepa), Honey, And Onion-Honey 

Mixture on Some Sensitive and Multi-Resistant Microorganisms. Life Science Journal. 2012; 9(2): 775-780. 

42. Bazl S., Dashti F., Delshad M. Effects of different concentrations of sulfur and selenium on some morphological and 

antioxidant properties of onion (Allium cepa L.) cv. Germez Azarshahr, IJHS. 2017; 48(3): 623-633. doi: 

10.22059/ijhs.2017.218315.1108 


