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 HE current article will review the efficient and recent technologies for controlling the microbial 

contaminants at plant tissue culture stages. Several sources can originate contamination in plant 

tissue culture such as mother plants, surface sterilization, and in vitro contamination by bacteria and 

fungi. Explant contamination results from donor plants as well as environmental factors such as 

surface sterilization, age, size, and source of the explants, as well as explants kept under stringent 

sanitary conditions. Many issues in the greenhouse come to an end if robust branches with 

functioning leaves are developed during the establishment stages. During the establishment stages, 

chemicals like H2O2, AgNO3, Ca(ClO2), and HgCl2 also showed good results for the surface 

sterilization of some fruit trees. Reducing contaminations can help explain this, and it also depends on 

the kind of tissue and the type of explant being utilized for micropropagation. Both Carbenicillin and 

Cefotaxine, when used alone or in combination, are the most effective antibiotics against bacterial 

contamination in plant tissue culture. Recently, nanomaterials as modern agriculture sector was 

applied to solve microbial contamination problems, such as using nanochitosan and nanosilver to 

control total microbes.  
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Micropropagation 

 
Introduction 

Micropropagation plants may become contaminated 

for several reasons. These can appear out of 

nowhere if surface sterilization is inadequate and 

bacteria that were hidden in explants, introduced 

during sub-culturing, or contaminated concurrently 

in cultures following a protracted development 

period (Hesami et al., 2021). Contaminants with 

microorganisms such as bacteria, fungi, yeasts, 

viruses mollicutes and rickettsias have been causing 

significant economic losses in plant tissue culture 

laboratories (Al-Dasary et al., 2011). Therefore, it 

is crucial to establish an efficient sterilization 

procedure. Because antibiotics affect plastids, 

mitochondria, and chlorophyll production, their 

application in managing plant pollutants is 

restricted (Verhaegen et al., 2023). Within three to 

four days of bud transfer to a sterile mineral salt 

(MS) medium, the base of the explants began to 

show signs of microorganism development 

(bacteria and/or fungi). The microorganisms present 

in the explants, poor aseptic procedures employed 

whilst working, and insufficient surface sterilization 

of the explants could have all contributed to this 

issue (Mihaljević et al., 2013; Niedz and Bausher, 

2022). 

For the complete eradication of germs, surface-

sterilizing chemicals work better than mercuric 

chloride or sodium hypochlorite alone (Omamor et 

al., 2007). The favorable outcome of the 

combination of approaches in this experiment may 

have resulted from the HgCl2 and NaOCl's 

sufficient synergistic effect on short-term microbe 

survival suppression; as a result, the cultivated 

explants were unaffected. Hesami et al. (2017) 

found the sterilization by commercial bleach (5% 

sodium hypochlorite) at 30% and mercuric chloride 

at 0.1 % or 15 % min duration were effective in 

sterilizing (Jojoba). The explants (apical shoot buds 

and nodal explants) were washed under running tap 

water then passed through surface sterilizing steps 

by immersion for 10 min in commercial bleach 

(Sodium hypochlorite (NaOCl)) supplemented with 

2-3 drops of twenty tween, rinsed three times with 

sterile. Water and sterilized by HgCl2 at 0.1% for 1 

min surface sterilization of Fig trees (Singh et al., 

2010; Khalid et al., 2021). Similarly, other 
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researchers successfully sterilized several explants 

using mercuric chloride and sodium hypochlorite 

(Osterc et al., 2004; Singh et al., 2011; Hassan et 

al., 2014).  

When plants are cultured in vitro, contamination 

with microbes such fungi, bacteria, viruses, and 

yeast is thought to be the main cause of losses 

(Darwesh et al., 2019; Bhat et al., 2023). Telci et 

al. (2011) reported that application periods of 

NaOCl below 3.75% and 15 min was more 

effective in increased seed-borne contamination and 

decreasing concentrations sterilized by 5.00% 

NaOCl concentration was more effective in 

dramatic decreases were observed at in all cases 

and deleterious effects on the embryo of the seeds. 

When NaOCl concentration increased to 5.00 from 

3.75 % for 15 min application seed germination 

decreased to 65.18%; adding 3.75% NaOCl 

concentration for 15 min in to the culture medium 

were observed faster as compared with other used 

treatments of the seeds sterilized. During the in 

vitro establishment phase, the most material loss is 

caused by fungal contamination (Darwesh et al., 

2018). Teixeira et al. (2006) found that 

supplemented in culture medium 0.005 and 0.007% 

of active chlorine give a greater number of shoots 

and greater shoot length for Eucalyptus pellita but 

demonstrate the positive influence of low 

concentrations of NaOCl on morphological 

characteristics. Moreover, monosaccharides 

undergo heat degradation at high pressure during 

autoclaving because the process hydrolyzes sucrose 

into its monomers, glucose and fructose, as well as 

other products. This can negatively affect the 

growth. Active chlorine concentrations ranging 

from 0.001 to 0.003% promoted the in vitro 

development of E. benthamii nodal segments, and 

the results were comparable to those obtained using 

the conventional produced culture medium. Thus, 

by using lower doses of sodium hypochlorite, nodal 

segment establishment can occur in vitro without 

the necessity for autoclaving. This significantly cuts 

down on the time required to prepare the culture 

media and avoids the high energy expenses 

associated with autoclaving. To validate the 

feasibility of sodium hypochlorite as a substitute for 

conventional cultivation, more research is necessary 

to determine how this process affects other stages 

of micropropagation, such as bud multiplication, 

elongation, and shoot rooting. Testing other 

compounds is also necessary, keeping in mind that 

many of these substances have the potential to be 

harmful (Taha and Hassan, 2016). Parasharami 

et al. (2014) the best face sterilization (80%) for 

fruit of F. religiosa was obtained in when the 

explants were sterilized by 2% sodium hypochlorite 

for 30 min. In review, the following contamination 

suggestions are offered to assist in contamination 

control in plant tissue cultures: - 

1- Maintain a clean tissue culture facility and 

utilize established aseptic procedures.  

2- Utilized the healthiest explant source plant 

available and grow these for 2-3 weeks 

prior to explant removal under cool, dry 

conditions that will also promote plant 

growth. 

3- Remove extraneous plant tissue and any 

residue from the explant before 

disinfestations. 

4- Utilize as small an explant as possible. 

5- Index resultant cultures for 

microorganisms to develop contamination-

free lines.  

6- Where needed, do assays of resultant 

cultures for virus or virus like organisms. 

The biggest issue with micropropagation, despite 

the fact that a high number of plants can be 

produced, is contamination. A wide range of 

microorganisms (bacteria, filamentous fungi, 

yeasts, viroids and viruses) and micro-arthropods 

(mites and thrips) have been can originate 

contamination in the tissue cultures during 

manipulations contaminants in the laboratory, by 

micro-arthropod vectors Contaminants may be 

introduced with the explant (Permadi et al., 2023). 

Modern agriculture biotechnology deals to apply 

new disinfectant materials compatible with tissue 

culture techniques and did not has negative effects 

on plant propagation. From such materials, 

extracted bioactive compounds with microbial and 

plant nature and new nanomaterials with biological 

activity (Mittal et al., 2020; Eweys et al., 2022; 

Darwesh and Elshahawy, 2023; Darwesh et al., 

2023). Even though nanoparticles have a wide 

range of prospective applications, particularly in the 

environmental sector, there are certain important 

considerations that need to be made. In order to 

prevent the excessive and improper usage of 

nanocomposites from compromising human health, 

these warnings must be taken into scientific 

consideration without being overstated or 

denigrated. Furthermore, in order to prevent 

humans from losing out on the chance to benefit 

from such special nutrients, we shouldn't let our 

fears prevent us from using nanocomposites in a 

safe and sensible manner. It is important to consider 

the benefits and drawbacks of using nanocomposite 

applications as well as potential future applications 

(particularly in the environmental field) in order to 

ascertain the regulations and guidelines that must 

be followed when working with such a wide variety 

of substances. A lot of studies proposed that the 

NPs could be easily entered into human body due to 

their nanoscale dimension is similar size to typical 

cellular components (Part et al., 2015). The 

challenge of assessing and classifying methods for 

nanowastes sufficiently is carefully associated with 

the methods adopted in founding the NM toxicity. 

It is suggested that studies on hazard assessment 
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should consider actual nanowaste watercourses. 

These studies should be planned to income into 

account all the related biotic and abiotic factors in 

order to offer the most accurate threat of the 

nanowastes. The best data should be resulted to 

explain the potential carrier ability of NMs to other 

environmental pollutants, whether the detected 

toxicity is due to separate NMs or aggregated form 

and how actual environmental factors impacts 

nanowastes risk. 

 

Mother plants 

Because the plants are cultured in a contained 

container, in vitro propagated plants frequently 

have aberrant physiological conditions. When field-

grown plants are cultivated in a contained 

environment, such as beneath plastic film, these 

anomalies also appear. The saturation of the 

container environment with water vapor is most 

likely the primary cause of this anomaly. In the 

worst-case scenario, those physiological 

abnormalities might cause the plants to die entirely; 

following a stage where the material seems 

vitrified, the plants turn necrotic. The tissues glister 

as they were once transparent and bursting with 

water. When the illness is first developing, healthy 

branches appear to have normal-looking leaves. 

However, looks can be deceiving; in fact, those 

leaves frequently lack a wax covering and contain 

non-functional stomata. One of the main issues in 

the greenhouse is transferring explants from the 

culture container. Stated differently, the last phase 

in vitro and the initial phases in vivo are critical. 

Numerous issues in the greenhouse can be resolved 

if robust branches with functioning leaves are 

created during the acclimation stages (Yadav et al., 

2023). 

The mother plants need to be in good nutritional 

and phytosanitary condition, the contamination of 

in vitro propagated plants during isolation spraying 

systemic agent’s sudations such as Terramycin 

(oxytetracycline) or benomy L (Ben late) with 

streptomycin sulfate is effective when compared 

with non–systemic fungicides containing different 

active principles. These treatments need to adhere 

to a strict chronogram, and the explants should be 

picked up no later than 24 to 48 h following the last 

fig tree (Ficus carica L.) spraying. The preservation 

of the mother plants in the greenhouse makes it 

possible to regulate and alter the temperature, light 

intensity, and photoperiod, all of which encourage 

the growth of new branches. Regardless of the 

season, fungicides, bactericides, and insecticides 

are useful and practical treatments for greenhouses. 

The newly developed brunches, immediately 

recovered the pruned branches should be covered 

with plastic bags (Bonga, 1982). In addition, 

culturing of protoplast KAO and Michayluk 

medium supplemented with 3.0 mg L
-1

 NAA and 

0.2 mg L
-1

 BAP as well as the combination of 

antibiotic (0.4 mg L
-1

 Ampicillin + 0.1 g L
-1

 

gentamycin + 0.1 g L
-1

 tetracycline) and using 

protoplast density at the rate of 2.5 x 10
4
 induced 

the best protoplast viability and development of 

pineapple explants (Ali et al., 2021). The mother 

plant horticultural trails should be selected for 

tissue culture. The mother plant can be selected by 

phenotype or source of elite seed. However, most of 

these symptomless plants are preventing bacterial 

and fungal spores causing hindrance in their culture 

initiation. However, glass house-grown plants have 

been shown to give better response owing to low 

Phenolic exudation in medium and low fungal and 

microbial contaminants (Ebile et al., 2022). 

The elements listed below were examined as ways 

to prevent contamination in plant tissue cultures. 

There are three main tissues, during sub-culturing 

and reducing microbial contamination in the culture 

at the stage of proliferation and rooting prevents the 

introduction of microorganisms with the initial 

plant and prevents their introduction from the 

environment. Preventing bacterial contamination in 

vitro is the most effective way to prevent the 

elimination of bacteria from the initial plant explant 

that is introduced into the culture. The most 

effective way to minimize contaminations is to 

employ donor plant explants under a rigorous 

hygienic protocol, effectively sterilize the original 

explants, and reduce the size of the initial explants 

to apical meristems. There are various sterilizations 

according to the species of plants. The surface 

contamination depends on the growth environment, 

plant material, age, and part of the plant used for 

micro-propagation (Hasnain et al., 2023). Several 

plant and environmental conditions, including plant 

species, age, the source of the explants, and the 

current weather, might lead to contamination of the 

transplants (Hussain et al., 2012). 

Surface sterilization of explants 

Two sources can originate Contamination in tissue 

culture, each through the carrying of 

microorganisms presents on the explant surface or 

in the tissue itself (entophytic microorganisms). 

While most bacteria should be eradicated in 

meristem cultures, depending on the size of the 

meristem, the infection spreads to the cultures in 

leaf, petiole, and stem explants. Washed meristem 

culture with soap and tap water inside the laminar 

flow hood, the plant material was soaked in HgCl2 

and NaOCl is the two most widely employed 

surface sterilization processes that drastically 

reduced the microbial infection. Chemical solutions 

such as sodium hypochlorite, calcium hypochlorite, 

ethanol, mercuric chloride, hydrogen peroxide and 

silver nitrate were effective in the surface 

sterilization of explants, the most effective 

treatment against surface sterilization of explants in 

the laboratories used sodium or calcium 

hypochlorite (Hasnain et al., 2023). Hydrogen 
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peroxide (H2O2) sterilization proved to be 

efficacious even in cases where there was a high 

percentage of contamination and a low percentage 

of explant survival. Onwubiko et al. (2013) 

discovered that hydrogen peroxide sterilization 

achieved 50% surface sterilization, making it the 

most effective treatment for explant surface 

sterilization. The explant flower buds of Jojoba 

(Male and Female explants) were sterilized using a 

solution of commercial bleach (66cloro × 5.25% 

available chlorine) at two concentrations of 10 and 

20% for 15 min. The other sterilizing agent used 

was mercuric chloride (HgCl2) at 0.05 and 0.1% for 

l0 min (Gu et al., 2022). Brondani et al., (2013) 

found that sterilized shoot tips (2 mm) by 

immersing in 70% ethanol for a minute and then by 

dipping in 0.2 solution of mercuric chloride (HgCl2) 

for 3 min, giving the highest sterilizing of apple 

(Malus domestica). Dutra et al. (2009) found that 

sterilization by 16.6 g/L DICA (sodium 

dichloroisocyanurate) for 15 min was effective in 

protection of cherry plants. While, El Hammady et 

al., (2005) indicated that dipping explants in 10% 

of sodium hypochlorite for 8 min was effective in 

sterilizing Almond shoots (Prunus dulcis Mill). 

Washed shoot tip of Sultani and Conadria fig 

cultivars with tap water then passed through surface 

sterilizing by immersion for 10 min in commercial 

bleach (Sodium hypochlorite) with 2-3 drops of 

twenty tween, rinsed three times with sterilized 

distilled water, and later immersed in HgCl for 1 

min (Darwesh et al., 2021). Additionally, Wolella 

(2017) found that, for nearly all exposure time 

levels, contamination decreased when sodium 

hypochlorite concentration rose from 1 to 3% and 

vice versa when HgCl2 concentration increased 

from 0.05 to 0.2%. When explants were disinfected 

with 1% NaOCl for 20 min in combination with 

0.2% HgCl2 for 5 min, or with 2% NaOCl for 15 

min in combination with 0.1% HgCl2 for 5 min, 

there were no discernible changes in low 

contamination and minimum explant death. When 

explants were cleaned with 2% NaOCl for 15 min 

and 0.1% HgCl2 for 7 min, the highest significant 

survival value (97%) was observed (Fig. 1). 

Fig. 1. The best surviving and healthy explants 

were obtained during surface sterilization of 

axillary buds using 2% NaOCl for 15 min and 

0.1% HgCl2 for 7 min (Wolella, 2017) 

Chemicals sterilization of tissue culture materials 

should be effective, cheap, available, and non-toxic. 

A chemical that is strong enough to prevent the 

growth of disease-causing germs, even in little 

amounts, is called an effective chemical (or 

sterilant) (Lateef et al., 2021). Pasqual and 

Ferreira (2007) discovered that several chemicals, 

including ethanol and chlorine-based ones like 

calcium and sodium hypochlorite (0.5–2%), had 

germicidal properties and could be employed for 

explant sterilization. To improve the contact 

between the tissues and the chlorine solutions, a 

spreader-sticker surfactant, such as Tween 20 (1 to 

2 drops 100 mL
-1

), is typically employed to 

promote the tissue penetration capabilities of the 

solutions. Since ethanol at larger concentrations is 

less efficient and can quickly dry the tissues, it is 

often used for brief periods (between one and two 

seconds). In addition to its germicidal properties, 

ethanol is a surfactant and is used in the process of 

surface sterilization. Following sterilization, the 

explants are put in a nutrient medium and cleaned 

three to five times using distilled or deionized 

autoclaved water (Ficus carica L). In this regard, 

Amiri et al., (2013) found that sterilizing both 

rootstock shoot tips with sodium hypochlorite 

(Clorox solution 10, 15, and 20% for 15 or 20 min) 

had maintained the highest survival percentages 

significantly whereas, sterilizing freedom shoot tips 

their survival. Sterilized by 10% sodium 

hypochlorite, enhanced contamination control. 

Also, the use of Cefotaxime Antibiotic (400 mg L
-1

) 

in comparison with a combination of Carbenicillin 

and Streptomycin antibiotics (each 200 mg L
-1

) is 

more effective in contamination control of Mariana 

(Prunus mariana) rootstocks (Grzebelus and 

Skop, 2014). According to Table (1), sterilizing 

agents such as sodium hypochlorite, calcium 

hypochlorite, sodium dichloroisocyanurate, 

mercuric chloride, silver nitrate, and hydrogen 

peroxide were found to be more toxic when their 

concentration and exposure time was varied, which 

resulted in the sterilization of 'Oblačinska' sour 

cherry buds. The explants (axillary buds and apical 

shoot buds) were washed under running tap water 

and then passed through surface sterilizing steps by 

immersion for different times exposure in 

commercial bleach supplemented with 2-3 drops of 

twenty tween washed three times with sterile 

distilled water. The results indicated that 

sterilization with AgNO3 at a concentration of 1 % 

for 20 min was the best for controlling the effect of 

surface sterilization (Mourad et al., 2019). 
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TABLE 1. The common protocol of sterilizing 

agents at different concentrations with varying 

time for sterilizing axillary buds 

Sterilizing agent 
Concentrations 

% (w/v) 

Time of 

exposure 

(min) 

Sodium hypochlorite (NaOCl) 1 20 

Sodium hypochlorite (NaOCl) 2 15 

Sodium hypochlorite (NaOCl) 3 10 

Calcium hypochlorite 

(Ca(ClO)2) 
1 30 

Calcium hypochlorite 
(Ca(ClO)2) 

3 15 

Calcium hypochlorite 

(Ca(ClO)2) 
5 5 

Sodium dichloroisocyanurate 
(DICA) 

2 20 

Sodium dichloroisocyanurate 

(DICA) 
1.5 15 

Sodium dichloroisocyanurate 

(DICA) 
1 10 

Mercuric (II) chloride (HgCl2) 0.1 10 

Mercuric (II) chloride (HgCl2) 0.5 5 

Mercuric (II) chloride (HgCl2) 1 2 

Silver nitrate (AgNO3) 1 20 

Silver nitrate (AgNO3) 1 10 

Silver nitrate (AgNO3) 1 5 

Hydrogen peroxide (H2O2) 10 15 

Hydrogen peroxide (H2O2) 20 10 

Hydrogen peroxide (H2O2) 30 5 

 

Sterilization with 0.1 % HgCl2 for 7 min was found 

to be optimum for leaf explants of Poona fig. 

though 0.2 % for I min give highest sterilization but 

the explant establishment percent was decreased. A 

decrease in the concentration of disinfectant and 

duration of treatment resulted in a high percentage 

of contamination, while the increase in 

concentration, led to browning of shoot tip, higher 

HgCl2 concentrations (0.2 – 0.4), and 4% NaOCl 

proved to be more toxic leading to browning and 

death of leaf explants (Ahmadpoor et al., 2022). 

The best surface sterilization was obtained when 

the explants were sterilized using 10–30 % of 

Clorox solution with two drops of tween 20 for 15-

20 min on Jojoba (Fig. 2). 

 
Fig. 2. Different surface sterilization of Jojoba 

plants 
It was found that various concentrations of Sodium 

hypochlorite had a significant effect on seed 

germination, but different times of immersion did 

not have any significant impact on seed 

germination. The lowest rate of contamination (0%) 

was obtained with the treatments containing 20% 

Sodium hypochlorite at 10 and 15 min immersion 

and 25% Sodium hypochlorite at 5, 10, and 15 min 

immersion (Fig. 3). Treatments including 10% 

Sodium hypochlorite at 5 and 10 min immersion 

resulted in the highest seed germination (63.33%) 

and high percent of contamination except sterilized 

with10% Sodium hypochlorite at 15 min immersion 

(Mourad et al., 2019; Abdelhameed et al., 2020). 

 

 
Fig. 3. Effect of Sodium hypochlorite on in vitro 

contamination: (a) infected medium, (b) clean 

medium 

 

Control of bacterial contamination 

Numerous species-specific microbes, including a 

broad range of bacteria, can contaminate plant 

tissue cultures. Bacterial infection can slow down a 

plant's pace of growth, prevent it from roots, or 

even kill it. Any step of the tissue culturing 

procedure can result in contaminated tissue cultures 

(Al-Dasary et al., 2011). The number of shoots in 

healthy cultures cultivated on medium enriched 

with Meta-Topolin alone was actually lower than in 

cultures grown on 500 mg L
-1

 carbenicillin. It has 

been observed that carbenicillin inhibits the 

formation of calluses in Clematis, Delphinium, 

Hosta, Iris, and Photinia, but increases callus 

formation in Anthirrhinum majus and Malus. 
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Because the pH, temperature, sucrose 

concentration, and salt concentration are not ideal 

for bacterial development during micropropagation, 

bacterial contamination may go unnoticed (Izarra 

et al., 2020). Endogenous bacteria are the hardest to 

control since they don't show any signs in the 

contaminated culture. Animal vectors or inadequate 

aseptic handling procedures can lead to the 

contamination of plant tissue cultures with a wide 

range of pathogens (Hegazy et al., 2024a).  

Bacterial contaminants that were present in modest 

quantities can actively grow and harm plant 

cultures when the culture conditions are altered. 

After growing for three weeks on a medium 

enriched with carbenicillin, the growth of the 

bacteria was reduced but not totally stopped. There 

was also a significant amount of high-quality shoot 

formation (Hegazy et al., 2024b). The shoots were 

clear of both contaminating bacteria after nine 

weeks of development on medium treated with 40% 

Carbenicillin. 37% of the shoots on medium 

supplemented with Cefotaxine were clear of both 

contaminating bacteria after three weeks of growth. 

However, compared to shoots grown with 

carbenicillin, those grown with cefotaxine tended to 

be shorter and have yellower leaves 

(Gabryszewska, 2005). Many people continue to 

hold the belief that al1 bacterial contaminations in 

tissue cultures have an outside origin and are the 

result of improper sanitary practices. Nonetheless, a 

wealth of evidence indicates that endogenous 

microorganisms are also contributing to this issue 

(Weiskirchen et al., 2023). 

 
Fig. 4. The plant shoots after 3 weeks of growth 

on the medium containing cefotaxime (A) and 

carbenicillin (B) 

 

Control of Fungi Contamination 

In tissue culture laboratories, a variety of 

compounds with fungicides can be employed to 

stop or manage fungal contamination. The systemic 

fungicide benomyl worked similarly to cytokinin. 

Benomyl was added to the culture medium in 

different doses (10, 25, 50, 100, and 250 μg g
-1

). At 

low doses (10 and 50 μg g
-1

) benomyl encouraged 

effective development, but at high levels (100 and 

250 μg g
-1

) benomyl negatively affected shoot and 

root formation and also caused an abnormally short 

and thick shoot development. The main diseases for 

lilies are the fungus Fusarium oxysporum and C. 

radicola (Chastagner et al., 2018). Fungal 

contamination issues are often the less serious ones 

because the right sterilizing agent may usually 

resolve them. Fungi are saprophytic soil organisms 

that are common plant diseases. Numerous fungal 

species are related to plant tissues, and they 

typically contaminate those tissues. The primary 

culprits are Aspergillus, Candida, Microsporum, 

and Phialophora species (Ahmadikia et al., 2021). 

Microbial contamination results in material, time, 

and effort waste as well as significant financial 

losses. In most tissue culture laboratories 

worldwide, total losses resulting from microbial 

contamination range from 3 to 15%; the main 

sources of contamination are bacterial, fungal, and 

yeast agents (Chastagner et al., 2018). 

According to AL-Kaby (2004), sterilization with 

0.5-1 g L
-1

 of both fungicides carbendaz and score 

was successful in reducing the overall percentage of 

contamination without having any negative effects 

on growth. Fungal contamination, which includes 

both fungi and yeasts, caused damage to tissue 

cultures in a number of ways, including increased 

turbidity, altered medium acidity, and cell death. 

Hamed and Abass (2006) found that numerous 

date palm tissue cultures infected with fungal 

species, such as Aspergillus niger and Alternaria 

alternata, exhibited a significant degree of 

hydrolytic activity of phenol oxidase and cellulase 

enzymes in vitro. Aspergillus nigar demonstrated 

the highest amount of Phenol Oxidase activity in 

vitro, with an activity zone of a total of 18.60 mm. 

Meanwhile, Alternaria alternata, a filamentous 

fungus, demonstrated the highest degree of 

cellulase enzyme activity, with an extracellular 

activity zone measuring 1.50 mm. The breakdown 

and browning of infected tissue brought on by the 

release of chemicals into the medium, such as 

toxins and degradation enzymes (Cellulase, Phenol 

Oxidase, and others), are the main varied 

consequences of microbial contamination on date 

palm tissue culture. Furthermore, Abass et al.'s 

study (2007) showed how Ben late fungicide 

effectively prevented the growth of contaminated 

fungus in vitro. Ben late treatment reduced the 

proportion of contamination in date palm tissue 

culture from 25% in the control treatment to 1.65%. 

With frequencies of 27, 25, and 18%, respectively, 

fungi, Aspergillus niger, Penicillium spp., and 

Alternaria alternata were the most frequently 

isolated contaminants. A recent study conducted by 

Al Mayahi et al (2010) concluded that coating the 

Le Conte fruits with Moringa oil recorded a 

successful reduction in fruit weight loss, decay 

percentages, improving fruit quality and extending 
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storage fruit period and shelf life, also safe on 

environmental and human health (Saleh et al., 

2019). Also, the highest value was achieved from 

the combined treatment gave of fruit TSS% and 

total soluble sugars while decreasing TA% weight 

loss % and fruit decay % during cold storage for 40 

days. Altan et al. (2010) found that sterilizing by 

Benomyl (100 mg dm
-3

) + Nystatin (100 mg dm
-3

) 

of Lilium was an effective treatment against fungal 

contaminations.  

Nanomaterials for surface disinfection of 

explants 

Even before the propagation mechanism is started, 

microbial infection might destroy the entire process 

and efficiency. Removal of microbial 

contamination for in vitro culture of valerian 

officinal is when single node explants were surface 

disinfected with 70% ETOH for 180 min, then 100 

mg L
-1

 of AgNPs for 180 min (Altan et al., 2010). 

However, the effect of AgNPs on the medium was 

found to be best for sufficiently controlled internal 

contaminants of olive ''Mission" explants treated 

with 4 mg L
-1

 AgNPs (Darwesh et al., 2021b). The 

use of AgNPs in plant tissue culture was examined, 

it was observing that used of AgNPs at 500 mg mL
-

1
 under reduced pressure (300 mg Hg) for 5 min, a 

biological contamination in plant tissue culture has 

successfully controlled the microbial 

contamination. In addition, inhibited microbial 

growth was obtained by adding AgNPs at rate of 50 

mg L
-1

 to Murashige and skoog medium (Matter et 

al., 2021). Recent study has shown that surface 

disinfection of explants with 1.5% NaOCl for l0 

min and AgNPs at rate of 200 mg L
-1

 for 15 min 

significantly reduces microbial contamination in 

various plants (Darwesh and Matter, 2021). The 

addition of NS and TiO2 to tissue culture media for 

removing microorganisms in vitro culture and the 

next plants can growth very well. It is also reported 

that bacterial and fungal contamination decreased 

with 60 mg L
-1

 TiO2NPs. Removal of microbial 

contamination for in vitro culture shoot buds of 

tobacco and Potato on MS medium had AgNPs or 

TiO2NPs. The addition of ZnNPs and ZnO particles 

at different concentrations (40, 100, and 200 mg L
-

1
) can eliminate bacterial contamination of banana 

in vitro cultures (Pathak et al., 2023). 

Using nanomaterials, which are extremely small 

substances with special properties that range from 1 

to 100 nm, is one of the newest ideas. Tissue 

culture media can be utilized with a variety of 

nanomaterials, metals, and metal oxides, such as 

silicon (Si), magnesium oxide (MgO), nickel (Ni), 

zinc (ZnO), copper (Cu), silver (Ag), gold (Au), 

and nickel (Ni). Nowadays, nanotechnology 

permeates every facet of life, including food, 

medicine, and the environment. They come in a 

variety of sizes and shapes, including powder, 

particles, tubes, films, and clusters. The ability of 

nanoparticles (NPs) to eradicate various bacteria is 

its most well-known function. The most widely 

employed nanomaterials across several industries, 

particularly in agriculture, are silver nanoparticles 

(El-Shanshoury et al., 2020).  

The obtained results by Darwesh et al., (2023b) 

suggested that regarding the variation in the 

produced nanoparticles' inhibitory capacity on in 

vitro microbial contamination, a significant 

difference was seen among the different types and 

concentrations of nanoparticles (Fig. 5). Silver 

nanoparticles at a concentration of 10 mg L
-1

 

showed the lowest value of microbial 

contamination in the tissue culture media when 

compared to the negative control plates. The 

highest value was obtained by selenium 

nanoparticles, followed by chitosan nanoparticles. 

The outcomes suggested that using nanoparticles as 

antibacterial agents in tissue culture medium 

without sterilization is feasible. The ability of 

nanoparticle treatments to limit the growth of 

bacteria in vitro supports earlier research on the 

antimicrobial efficacy of the tested nanoparticles 

(Yılmaz et al., 2023). The results show that silver 

nanoparticles (AgNPs) have the greatest potential 

for eliminating microbial contamination in the 

culture medium. AgNPs recorded the lowest 

contamination percentage, which is statistically 

equivalent to media sterilized by autoclaving (Fig. 

5). The remarkable antibacterial activity of AgNPs 

may be due to the substantial toxicity of silver to a 

wide range of microorganisms. Furthermore, the 

produced silver nanoparticles' small particle size 

(5–15 nm) is crucial for interactions and binding of 

silver with cell membrane proteins, which causes 

cell death (Bruna et al., 2021). When compared to 

selenium and the control treatment, chitosan 

nanoparticles (ChNPs) shown comparatively 

significant antibacterial activity; the antimicrobial 

efficacy of ChNPs against many plant pathogens 

has been previously described. DNA replication 

may be inhibited and the cell membrane 

permeability is affected by chitosan NP. Comparing 

SeNPs to AgNPs and ChNPs, our data revealed that 

SeNPs had less antibacterial activity; this reduced 

toxicity may be caused by SeNPs' negative charge, 

which causes a relative aversion of the bacterial 

membrane (El-Shanshoury et al., 2020). 

Furthermore, it might take larger SeNP 

concentrations to have a noticeable impact on 

microbiological contamination. According to a 

prior study, the minimal dose required to inhibit S. 

aureus and E. coli is 50 mg L
-1

. 
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Fig. 5. Flowchart about the effect of silver, 

selenium and chitosan nanoparticles on in vitro 

microbial contamination; AgNPs, silver 

nanoparticles; SeNPs, selenium; ChNPs, 

chitosan nanoparticles; negative control (non-

sterilized medium); positive control (autoclaved 

medium) 

 

Several systems can be used for the green 

manufacturing of nanoparticles. Green synthesis 

techniques produce nanomaterials by using natural 

biological systems or eco-friendly processes. These 

techniques seek to lessen the high energy input and 

hazardous chemical usage connected with 

conventional synthesis techniques. Examples of 

natural sources utilised in green synthesis are 

enzymes, vitamins, biodegradable polymers, and 

microwave-assisted techniques; bio-based 

techniques include plant extracts and 

microorganisms (Ijaz et al., 2020; Nair et al., 

2022). Enzymes are useful for the creation of some 

nanoparticles because of their clearly defined 

structure and readily available purity. They stabilize 

and functionalize the produced nanoparticles to a 

great extent. Enzymes play a dual role in the 

creation of metallic nanoparticles, serving as both 

reducing and capping agents. Occasionally, the 

amino acids that the enzymes produce serve as the 

process's stabilizing and reducing agents. Because 

free and exposed S-H groups are present, enzymes 

such as ECORI enzymes are productive. The 

enzyme pureα-amylase is used to create gold 

nanoparticles, and in the AuNP-α-amylase 

combination, the enzyme still has its catalytic 

activity. Enzymes such as cellulose, nitrate 

reductase, sulphite reductase, ligninase, and others 

are also utilized in the production of various 

nanoparticles (Nair et al., 2022). Microalgae are 

recognized as practical and efficient 

"bionanofactories" for the production of metallic 

nanoparticles. Their ability to do so is dependent 

upon the extracellular and intracellular 

biomolecules (enzymes and functional groups that 

act as reducing agents to convert metals into 

nanoform) that they produce during growth. 

Techniques for synthesizing nanoparticles from 

freshwater and marine algae have been reported. 

Additionally, microalgae provide large-scale 

synthesis opportunities without the need for safety 

precautions, together with the advantages of 

autotrophic growth and rapid multiplication (Punia 

et al., 2023; Abdel-Gawad et al., 2024). As a 

result, reliable, non-toxic, high-yielding, and 

ecologically sustainable synthesis processes are 

required to meet the growing demand for metallic 

NPs like silver nanoparticles. As a result, the 

biological green synthesis approach can provide a 

compelling alternative to physicochemical synthesis 

methods. After synthesis is complete, precise and 

targeted particle characterization is required since 

the physicochemical characteristics of the particle 

have a major influence on their biological 

properties. Before being used, the produced 

nanoparticles must be dynamically described in 

order to overcome the security concern and utilise 

nanomaterials to the fullest extent possible for the 

health care industry, human well-being, and the 

development of nanomedicines, among other 

applications (Abbar et al., 2022). 
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