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Abstract 

Herein, a cheap, environmentally friendly, rapid, biocompatible, and reproducible green approach was used to synthesize 

magnesium oxide nanoparticles (MgO-NPs) by harnessing metabolites of probiotic bacteria Lactobacillus gasseri. The 

bacterial-mediated green synthesis of MgO-NPs was characterized by color change, UV-vis spectroscopy, transmission 

electron microscopy, energy dispersive X-ray, X-ray diffraction, and Fourier transform infrared spectroscopy. Data showed 

that the color of the cell-free filtrate was changed from colorless to white after mixing with metal precursor and exhibited 

maximum Surface Plasmon Resonance at 240 nm that confirm the successful formation of MgO-NPs. Moreover, the green 

synthesized MgO-NPs have a spherical shape with sizes in the ranges of 1–10 nm and are characterized by crystalline nature. 

The main components of the prepared sample were Mg and O with weight percentages of 42.3 and 36.92% and atomic 

percentages of 39.07 and 38.7% respectively. The biosynthesized MgO-NPs showed a high inhibitory effect compared to 

crude extract of probiotic bacteria stain, L. gasseri against ten fungal strains (Aspergillusustus AM4, Penicilliumcitrinum 

AM5, Penicilliumchrysogenum AM11, A. terreus AM12, P. citrinum AM13, P. citrinum AZ8, P. citrinum AZ9, A. 

nigerAZ11, P. chrysogenum AZ12, and P. chrysogenum AZ13) which isolated from deteriorated historical paper in a dose-

dependent manner. The MIC values of synthesized MgO-NPs were 50–100 µg mL–1 with a zone of inhibition of 12.3 ± 0.6–

16.3 ± 0.6 mm based on fungal strain.  
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____________________________________________________________________________________________________

1. Introduction 

Fungi play a crucial role in the biodeterioration of 

historical materials such as documents, books, 

manuscripts, and leather [1-4]. These activities could 

be attributed to the efficacy of fungal strains to 

produce various extracellular enzymes that leads to 

decomposition and weakness of mechanical 

properties of the materials [5-7]. The efficacy of 

fungal strains to colonized and deteriorate the 

historical objects are depending on their secondary 

metabolites which varied according to fungal species 

[8, 9]. The most common fungal strains isolated from 

deteriorated objectswereAspergillusniger, A. flavus, 

A. terreus, A. ochraceous, A. carbonarius, A. fischeri, 

A. fumigatus, A. tamarii, Eurotiumchevalieri, 

Cladosporiumcladosporioides, Fusariumpoae, 

Wallemiasebi , Penicilliumnotatum, P. oxalicum, P. 

rubrum, and Aletrnariaalternata[10-15].On the other 

hand, Airborne fungal spores in storage rooms of 

museums and libraries can well reach levels of more 

than 8000/m
3
, and their ability to cause systemic 

infections in humans and seriously threaten the health 

[16-18].  

In a recent study, different fungal strains identified 

as Aspergillusdelicatus, A. niger, A. flavus, A. 

parasiticus, A. oryzae, Penicilliumdigitatum, P. 

oxalicum, P. expansum, Paecilomycessp. and 
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Cladosporiumsp. were isolated from deteriorated 

objects and characterized by their efficacy to 

producing various hydrolytic enzymes including 

gelatinase, pectinase, protease, and cellulase[11]. 

Among 15 fungal strains isolated from high 

deteriorated historical manuscript dated back to 17th 

century, P. chrysogenum F9 was selected as the most 

deteriorated fungal strain based on high cellulolytic 

activity [19].  

Recently, metal and metal oxide nanoparticles have 

been used to control the growth of fungal strains due 

to unique properties [20, 21]. There are several 

methods such as chemical, physical, and biological 

methods were used to fabricate nanoparticles [22, 

23]. Researchers are concerned with those 

synthesized by biological approaches due to it is eco-

friendly, rapid, and cost-effective treatment to 

preserve cultural heritage from microbial 

deterioration [24, 25].  

Magnesium oxide nanoparticles (MgO NPs) have 

received significant attention as antimicrobial agents 

in recent years due to their high stability and low cost 

based on their preparation from economical 

precursors, corrosion resistance, and high resistance 

to environmental factors [26, 27]. The mechanism of 

antimicrobial activity of MgO NPs has been 

attributed to the production of Reactive Oxygen 

Species (ROS), which induce oxidative stress and 

lipid peroxidation in microbes [28]. 

Lactobacillus Spp. Gram - positive germs are 

combined into the food industry such as probiotics 

and nutritional supplements because they are 

beneficial to humans and enjoy their ability to 

produce antimicrobial compounds such as protease 

antibiotics, lipopeptides, and bacteriocin[29]. 

Lactobacillus gasseri is tolerance of acids and 

produces bacteriosin to reduce pathogenic 

microorganisms reduces fatty tissue inflammation 

and utilized for green synthesis of highly stable 

nanomaterials as a green approach [30]. 

The main hypothesis of the current study is 

investigating the efficacy of green synthesized MgO-

NPs to inhibit the growth of different fungal strains 

isolated from highly deteriorated historical 

manuscripts. To achieve this hypothesis, MgO-NPs 

were synthesized by harnessing the metabolites of 

LacobacillusgasseriLA39 and characterized by UV-

vis spectroscopy, Fourier Transform Infrared 

Spectroscopy (FT-IR), X-ray Diffraction (XRD), 

Transmission Electron Microscope (TEM), and 

Energy Dispersive X-Ray (EDX) analysis. Moreover, 

the efficacy of green synthesized MgO-NPs to inhibit 

the growth of different fungal strains isolated from 

highly deteriorated historical manuscripts was 

investigated. 

 

2. Material and Methods 

2.1. Probiotic strain 

MgO-NPs were fabricated using cell-free filtrate of 

Lactobacillus gasseri LA39. This probiotic strain was 

kindly obtained from Dr. T. Saito, Faculty of 

Biological Resource Science, Tohoku University, 

Japan. 

 

2.2. Biosynthesis of MgO-NPs using L. gasseri 

The probiotic strain, L. gasseri was cultivated in 

100 mL of MRS broth media (Ready-prepared, 

Merck, Germany) followed by incubation at 35±2°C 

for 24 h. At the end of the incubation period, the 

inoculated MRS media was centrifuged at 10000 rpm 

to collect the cells which were resuspended in 100 

mL distilled H2O for 24 h. followed by centrifuging 

at 1000 rpm for 15 min to collect the cell-free filtrate 

(CFF) which is used for biosynthesis of MgO-NPs as 

follows: 77 mg of Mg (NO3)2.6H2O as a precursor 

was dissolved in 10 mL dis. H2O and added to 90 mL 

of collected CFF to get a final concentration of 3 

mM. The previous mixture was added to the 

magnetic stirrer for 1 h at 50°C and adjusted pH at 8 

using 1N NaOH which was added drop wise. The 

transformation of the color of CFF from colorless to 

white precipitate indicates the formation of MgO-

NPs. The mixture was incubated for 24 h to confirm 

the complete reduction of the precursor. Post 24h., 

the solution was centrifuged at 10000 rpm for 15 

min. The supernatant was carefully discarded, 

whereas, the white precipitate was collected, and 

washed thrice with dis. H2O, and calcinated at 300°C 

to convert the product from hydroxide form to oxide 

[31].  

 

2.3. Characterization 
The change of CFF color from colorless to white was 

monitored by measuring their absorbance using UV-

Vis spectroscopy (JENWAY-6305) to detect the 

maximum Surface Plasmon Resonance (SPR) of 

synthesized MgO-NPs. The absorbance was 

measured in the range of 200 – 600 nm. The activity 

of different functional groups in CFF in the 

reduction, capping, and stabilizing of metal oxide to 

form nanostructure was investigated by Fourier 

transform infrared (FT-IR) spectroscopy (Agilent 

system Cary 660). Approximately, 50 mg of 

synthesized powder was mixed with KBr under high 

pressure to form a disk before being scanned at a 

wavenumber in the ranges of 400 – 4000 cm–1[32-

34].  
The shape and size of probiotic-mediated green 

synthesis of MgO-NPs were detected by 

Transmission Electron Microscopy (TEM). The 

MgO-NPs powder was dissolved in high-purity H2O 

(milli-Q) and a few drops were added to the carbon-

copper grid before being subjected to vacuum 
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desiccation to dryer the loaded sample on the grid. 

The loaded sample was analyzed using a TEM 

instrument (JEOL 1010) under an acceleration 

voltage of 120 KV and X40000. The chemical 

compositions of synthesized MgO-NPs were assessed 

by Energy Dispersive X-Ray (EDX) analysis (JEOL, 

JSM-6360LA, Japan). The crystal phase of bacterial 

synthesized MgO-NPs was investigated by X-ray 

diffraction (XRD, X’Pert PRO, Philips, Eindhoven, 

Netherlands) with current and voltage of 30 mA and 

40 KV respectively, and CuKα as a source of X-ray 

radiation. The analysis was achieved at 2θ values in 

the ranges of 10° – 80° [35]. The crystal size of 

synthesized MgO-NPs was measured based on XRD 

spectra by Debye–Scherrer equation as follows [36]: 

������� �	
� = 
�/����� 
Where K is a Debye–Scherrer constant (0.9), λ is the 

X-ray radiation wavelength (0.154 nm), β is half of 

the maximum intensity, and θ is the Bragg’s 

diffraction angle.   

 

2.4. Antifungal activity  

2.4.1. Fungal used 

The antifungal activity of bacterial synthesized 

MgO-NPs was investigated against different fungal 

strains designated as Aspergillusustus AM4, 

Penicilliumcitrinum AM5, Penicilliumchrysogenum 

AM11, A. terreus AM12, P. citrinum AM13, P. 

citrinum AZ8, P. citrinum AZ9, A. nigerAZ11, P. 

chrysogenum AZ12, and P. chrysogenum AZ13. 

These fungal strains were isolated from the highly 

deteriorated historical manuscripts (paper and 

leather) namely “Musnad of Imam Muhammad bin-

Idris al-Shafi’I.” and “Kashf al-Ramz ‘an Khabaya 

al-Kanz” dated back to 14
th

 and 17
th

 century 

respectively[37, 38]. These strains were identified 

based on cultural and microscopic examination, and 

molecular identification using ITS sequence analysis, 

and selected due to their high activity to produce 

various extracellular hydrolytic enzymes such as 

cellulase, amylase, gelatinase, and pectinase. Before 

the experiment, the fungal strain was inoculated on 

potato dextrose agar media and incubated for 6 days 

at 25 ±2°C to check the purity.   

 

2.4.2. Antifungal activity 

The spore suspension of each fungal strain was 

prepared by mixing of fungal spore with sterilized 

phosphate buffer (pH = 7) and adjusting the spore 

density at 107 spores per mL through counting using 

a cell counter chamber.  Approximately, 30 µL of 

spore suspension was spread over the potato dextrose 

agar plate by sterilizing glass rods before being made 

wells (8 mm in their diameter) in each plat using a 

sterilized cork borer. Approximately, 100 µL of stock 

solution (300 µg mL
–1

) was added to the prepared 

wells, kept in refrigerator for one hour, followed by 

incubation the loaded plates at 25 ±2°C for 72 h. The 

results were recorded as a diameter of clear zone 

formed around each well [39, 40]. The minimum 

inhibitory concentration (MIC) was detected as the 

lowest concentration of MgO-NPs that inhibit the 

fungal growth (formed clear zone). To determine the 

MIC value, different concentrations (200, 100, 50, 

and 25 µg mL
–1

) of the synthesized MgO-NPs were 

prepared. Adding 100 µL of each concentration to the 

well prepared in inoculated plate and kept in 

refrigerator for one hour before being incubated at 25 

±2°C for 72 h. The MIC value was detected based on 

lowest concentration caused inhibition zone [41]. The 

activity of crude extract of probiotic bacteria and 

DMSO (solvent system) was investigated as a 

control. The experiment was achieved in triplicate. 

 

2.5. Statistical analysis 
Results were statistically analyzed using SPSS v18 

(SPSS Inc., Chicago, IL, USA). Analysis of variance 

(ANOVA) test was used for multiple sample 

comparison followed by multiple comparisons 

Tukey’s test. 

 

3. Result and discussion 

3.1. Characterizations 

3.1.1. UV-Vis spectroscopy 

The conversion of bacterial biomass filtrate from 

colorless to white color after mixing with metal 

precursor indicates the reduction of metal precursor 

and formation of MgO-NPs. The bio-reduction of 

Mg
+2

 to Mg
0
 could be attributed to the electrons that 

are liberated from the reduction of NO3
– 

to NO2
– 

 by 

metabolites that exist in biomass filtrate [42], and 

hence the color intensity is combined with the 

number of reduced Mg
+2

 ions. The intensity of the 

formed color was checked by measuring their 

absorbance at a varied wavelength (i.e. 200 – 600 

nm) to detect the maximum Surface Plasmon 

Resonance (SPR). Herein, the presence of a single 

peak at 240 nm (Fig. 1) indicates the formation of 

MgO-NPs with smaller sizes. The presence of a 

single-SPR band at a wavelength below 300 nm 

refers to the successful formation of small sizes 

MgO-NPs as reported previously [43]. The UV-Vis 

spectroscopy in the current study was compatible 

with published literature about the green synthesis of 

MgO-NPs by various biological entities [31, 38, 44].     

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: The UV-vis spectroscopy of bacterial 

synthesized MgO-NPs showing the 

maximum SPR at 240 nm 



 G. Abdel-Maksoud et al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 10 (2023)  

 

 

182

3.1.2. Morphological and elemental analysis investigation (TEM, SAED, and EDX) 
The activity of NPs is dependent on various factors 

such as shapes, sizes, surface area, surface charge, 

and agglomeration. TEM analysis is used to 

investigate the morphological characters of 

synthesized NPs including size, shape, and 

agglomeration. As shown, the metabolites of L. 

gasseri strain LA39 have the efficacy to fabricate 

spherical MgO-NPs with small sizes in the ranges of 

1 – 10 nm (Fig. 2A). The obtained data are 

compatible with data of UV-Vis spectroscopy that 

predicted the formation of smaller size due to the 

SPR band at wavelength below 300 nm. The TEM 

image showed that the particles are coated with 

capping agents and arranged without aggregation. In 

a recent study, the aqueous extract of 

Pterocarpusmarsupium has the efficacy to green 

synthesized spherical MgO-NPs with sizes in the 

range of 10 – 20 nm [45]. Moreover, the biomass 

filtrate of the fungal strain Aspergillusterreus exhibit 

the potential to fabricate spherical MgO-NPs with 

sizes of 8 – 38 nm [46]. Also, the biomass filtrate of 

Lactobacillus sp. is used to synthesize MgO-NPs 

with spherical and oval shapes and sizes below 30 nm 

[31]. As mentioned, the activity of MgO-NPs was 

mainly depending on the sizes, the activity was 

increased at smaller sizes and vice versa. For 

instance, MgO-NPs with varied sizes of 35.9 nm, 

47.3 nm, and 2145.9 nm (micron size) showed 

inhibitory effect toward Bacillus subtilis with 

percentages of 96%, 94%, and 75% respectively [47]. 

The SAED (selective area electron diffraction) 

pattern displayed the nanocrystalline nature of MgO-

NPs and indexed thecubic phase (accordance with the 

XRD analysis) (Fig. 2B). 

 

 

 

 

 

The elemental compositions of bacterial 

synthesized MgO-NPs were detected by Energy 

Dispersive X-Ray (EDX) analysis. Tabrez et al. 

reported that the quality and amount of production of 

NPs are correlated with the significant peaks that 

appear in the EDX analysis [43]. Figure 2C displayed 

the EDX spectrum of bacterial synthesized MgO-NPs 

with weight and atomic percentages of distinct peaks. 

As shown, the sample containing Mg and O in 

addition to other peaks for C, Na, and Cl. The Mg ion 

exhibited a maximum peak at bending energy in the 

ranges of 1.1 – 1.3 Kev followed by an O peak at 

bending energy of 0.5 KeV which confirmed the 

successful formation of MgO. Also, the weight and 

atomic percentages of Mg and O are represented by 

(42.3 and 36.92 %) and (39.07 and 38.7%) 

respectively. This means the Mg and O ions 

represented the maximum weight of the prepared 

sample. Compatible with the obtained results, the Mg 

and O represented the maximum weight of MgO-NPs 

fabricated by aqueous extract of Saussureacostus 

with percentages of 38.2 and 27.9% respectively [44]. 

The presence of other peaks (C, Na, and Cl) could be 

attributed to the scattering of capping agents such as 

proteins, carbohydrates, amino acids, and 

polysaccharides by X-ray [48]. These additional 

peaks were present with a small amount with weight 

and atomic percentages of (8.43, 11.21, and 1.14%) 

and (13.56, 8.05, and 0.62%) for C, Na, and Cl 

respectively (Fig. 2C).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 2: Characterization of bacterial-mediated synthesis of MgO-NPs. A is TEM analysis showing a spherical shape; B is SAED, and C is 

EDX spectrum 
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3.1.3. Crystallinity nature assessment 
The crystallographic structure of bacterial 

synthesized MgO-NPs was investigated by X-ray 

diffraction (XRD) pattern. Figure 3 showed that the 

XRD chart contains five diffraction peaks at two 

theta values of 36.8°, 42.9°, 62.3°, 75.8°, and 78.5° 

which correspond to planes of (111), (200), (220), 

(311), and (222) respectively. The obtained spectrum 

confirmed the crystalline nature of the face-centered 

cubic of bacterial synthesized MgO-NPs according to 

JCPDS standard with file number 89-4248 [43]. The 

presence of fine extra peaks indicates the presence of 

some impurities from capping agents (verified by 

EDX analysis). Based on XRD analysis, the prepared 

sample contained Mg (OH) 2 and MgO. The peaks at 

two theta values of 36.8° (111), 75.8° (311), and 

78.5° (22) were referred to Mg(OH)2 whereas peaks 

at two theta values of 42.9° (200) and 62.3° (220) 

corresponding to MgO[49, 50]. The crystallite size of 

synthesized MgO-NPs was detected based on XRD 

analysis using Debye–Scherrer equation which was 

less than 13 nm. The obtained data are matched with 

those reported that the crystallite size of face-cubic 

structure MgO-NPs detected by XRD was 13.3 nm 

[51]. Also, the crystallite size of phyto-synthesized 

MgO-NPs using an aqueous extract of 

Swertiachirayaita was less than 20 nm [52]. 

3.1.4. Fourier transform infrared (FT-IR) 

spectroscopy 

The functional groups in biosynthesized MgO-NPs 

were assessed by FT-IR analysis. As shown, there are 

six peaks at wavenumbers 3355, 2360, 1640, 1350, 

820, and 550 cm–1 (Fig. 4). The broadness peak at 

3355 cm
–1 

signify to the N–H and O–H overlapping 

vibration [23, 53], whereas the peak at 2360 cm
–1

 

corresponding to stretching C–H of methylene groups 

of proteins [54, 55]. The absorption peak at 1640 cm–

1
 is signifying the C═O, C═C, and N–H stretching of 

amide I, polysaccharide, and primary amine [56-58]. 

A peak at 1350 cm
–1

 is related to the stretching 

vibration of C–N of aromatic and aliphatic amines 

[27, 59]. The absorption peak at 820 cm
–1

 is 

corresponding to the bending vibration of N–H and 

═C–H [60, 61]. The successful formation of Mg-O 

was confirmed by the peak at 550 cm–1 as reported 

previously [44, 49, 60]. As shown the presence of 

various bioactive molecules such as amine, proteins, 

amino acids, and polysaccharides have a crucial role 

in the bio-reduction, capping, and stabilizing of 

bacterial synthesized MgO-NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: X-ray diffraction of bacterial synthesized MgO-NPs showing crystalline nature 

 

Fig. 4: FT-IR chart of MgO-NPs fabricated by biomass filtrate of L. 

gasseri strain LA39 
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3.2. Antifungal activity. 
The activity of L.gasseri-mediated green synthesis 

of MgO-NPs versus the crude extract of probiotic 

bacterial strain was investigated against varied fungal 

strains. Aspergillusustus AM4, Penicilliumcitrinum 

AM5, Penicilliumchrysogenum AM11, A. terreus 

AM12, P. citrinum AM13, P. citrinum AZ8, P. 

citrinum AZ9, A. nigerAZ11, P. chrysogenum AZ12, 

and P. chrysogenum AZ13 were selected based on 

their high activity to deteriorate the historical 

manuscript through secretion of different hydrolytic 

enzymes. As shown, the different concentrations 

(300, 200, 100, and 50 µg mL
–1

) of green synthesized 

MgO-NPs have the efficacy to inhibit the growth of 

fungal strains in a dose-dependent manner (Fig. 5). 

This finding was in agreement with those reported 

that the activity of green synthesized NPs against 

fungal strains was dependent on the concentrations 

[62, 63]. The negative control (DMSO as solvent 

system) does not exhibit any activity, whereas crude 

extract (positive control) of probiotic bacterial strain 

has the potential to inhibit the fungal growth with low 

activity compared to MgO-NPs. The maximum clear 

zone formed due to treatment with crude extract was 

recorded against fungal strain P. citrinum AZ9 with a 

diameter of 16.7 ± 1.5 mm compared to the diameter 

of clear zones formed due to treatment with 300, 200, 

100, 50 µg mL
–1 

of MgO-NPs which were 28.0 ± 1.0, 

20.7 ± 0.6, 16.7 ± 0.7, and 13.7 ± 0.6 mm 

respectively (Fig. 5). The maximum inhibition zones 

were recorded for the highest MgO-NPs 

concentration (300 µg mL
–1

) that recorded for fungal 

strains AM5 and AM11 with zone of inhibition of 

27.7 ± 0.6 mm and 27.0 ± 1.0 mm respectively. In a 

similar study, the highest inhibition zones formed due 

to the treatment of Aspergillusniger, Mucorplumbeus, 

Trichotheciumroseum, Penicilliumexpansum, 

Alternariaalternata, Rhizoctoniasolani, and 

Penicilliumchrysogenum with MgO-NPs were 

recorded at 500 µg mL
–1

 with diameters of 14.7 ± 

0.6, 13.3 ± 0.6, 15.3 ±1.2, 12.0 ± 1.0, 16.3 ± 1.2, 14.3 

± 0.6, and 14.3 ± 0.6 mm respectively [64].  

The activity of MgO-NPs was decreased by 

lowering the concentration to be in the ranges of 13.3 

± 0.6 to 19.0 ± 1.0 mm at a concentration of 100 µg 

mL
–1

. In addition, the positive control (bacterial 

crude extract) showed maximum inhibition zones of 

14.3 ± 0.6 mm toward fungal strain of AZ11 and 

lowest inhibition zone of 12.3 ± 0.6 mm against 

strain AM4. As shown, the highest sensitive fungal 

strain toward MgO-NPs was Penicilliumcitrinum 

AM5 followed by Penicilliumchrysogenum AM11, P. 

citrinum AZ9, and A. nigerAZ11 based on formed 

inhibition zones. 

The lowest MgO-NP concentrations that have the 

efficacy to form a clear zone are defined as Minimum 

Inhibitory Concentrations (MIC). From the industrial 

and biomedical overview, it is important to detect the 

MIC value for synthesized active compounds. Herein, 

the MIC value of MgO-NPs was 100 µg mL
–1 

for 

fungal strains AM4, AM12, AM13, AZ11, and AZ13 

with a zone of inhibition in the ranges of 13.3 ± 0.6 – 

16.3 ± 0.6 mm. Whereas, the MIC value for the 

remaining fungal strains (AM5, AM11, AZ8, AZ9, 

and AZ12) was 50 µg mL
–1 

with inhibition zones in 

the ranges of 12.3 ± 0.6 – 15.3 ± 1.2 mm (Fig. 5).  

Recently, different metal and metal-oxides NPs 

especially those synthesized by green approaches are 

used as eco-friendly, rapid, and cost-effective agents 

to inhibit the growth of different fungal strains [64-

66]. Moreover, due to the unique properties of 

nanoscale compounds over bulk materials, they can 

be used in the treatment of archeological manuscripts 

to overcome the deterioration caused by various 

bacterial and fungal strains. For example, Bacillus 

subtilis, Penicilliumchrysogenum, 

andAspergillusniger were selected among various 

bacterial and fungal strains isolated from deteriorated 

historical manuscripts due to their high hydrolytic 

enzyme activities. The growth of these bacterial and 

fungal strains was inhibited due to treatment with 

nano-silver and nano-zinc oxide [19, 67]. The activity 

of NPs to integrate into biomedical and 

biotechnological applications depends on different 

factors including sizes, shapes, aggregation value, 

surface area to volume ratio, distribution, and surface 

charge [21, 68]. When compared to NPs with larger 

diameters, NPs with smaller sizes had higher 

antimicrobial activity, which may be because smaller 

NPs have a high surface area [69]. This conclusion 

can explain the activity of green synthesized MgO-

NPs in the current study against various fungal 

strains due to their smaller sizes (1 – 10 nm) which 

enhance their penetration of cell walls. 

The inhibitory mechanisms of MgO-NPs could be 

related to their dissolving and releasing toxic ions, 

which was Mg
+2

, and interaction with amino acids 

containing sulfur groups such as methionine and 

cysteine, ultimately impairing their function. In 

addition, these toxic ions can be reacting with 

proteins embedded in the cytoplasmic membrane and 

lead to dysfunction of selective permeability [70, 71]. 

Moreover, fungal growth can be inhibited by NPs by 

blocking the conidia germination. Also, the reaction 

of NPs with the mitochondrial membrane can lead to 

an increase in the transcription of some genes 

responsible for oxidative stress such as catalase, GPx, 

and SOD2 which enhance the production of Reactive 

Oxygen Species (ROS). The overproduction of ROS 

leads to damage of proteins, DNA, enzymes, amino 

acids, and other macromolecules in eukaryotic cells 

[28, 69].   
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4. Conclusion 
Some highly deteriorated fungi isolated previously 

from some historical manuscripts and published 

before by the authors were used in this study. For the 

characterization of bacterial synthesized MgO-NPs, 

UV-Vis spectroscopy detected the presence of a 

single band for Surface Plasmon Resonance (SPR) of 

synthesized MgO-NPs) at a wavelength below 300 

nm referred to its formation with small sizes in the 

ranges between 1 – 10 nm, and with a spherical 

shape, as was shown by TEM analysis. XRD analysis 

proved the nanocrystalline nature of MgO-NPs and 

indexed the cubic phase. EDX spectrum of bacterial 

synthesized MgO-NPs showed that the sample 

contained Mg and O in addition to other elements (C, 

Na, and Cl). FTIR analysis showed that the formation 

of Mg-O was confirmed by the peak at 550 cm
–1

, and 

the presence of amine, proteins, amino acids, and 

polysaccharides as bioactive molecules have an 

important role in the bio-reduction, capping, and 

stabilizing of bacterial synthesized MgO-NPs. 

Different concentrations (300, 200, 100, and 50 µg 

mL
–1

) of green synthesized MgO-NPs have different 

levels of efficacy to inhibit the growth of fungal 

strains depending on the concentration used. The 

inhibition zones increased with increasing the 

concentration of MgO-NPs. Accordingly, the 

maximum inhibition zone was obtained from the 

highest MgO-NPs concentration (300 µg mL
–1

). The 

efficiency of the crude extract (positive control) of 

probiotic bacterial strain has the potential to inhibit 

the fungal growth more than MgO-NPs.   
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