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ABSTRACT

Objective: This research aimed to verify the use of aqueous ozone as an alternative sterilizer for in vitro sterilization procedure.

Methods: Three species of Solanaceae were selected based on their trichomes. They are thorn apple (Datura metel L.), eggplant (Solanum melongena), 
and tomato (Lycopersicon pimpinellifolium). The treatment used four levels of concentrations; K0 (NaOCl – control), K1 (AO 0.1 ppm), and K2 
(AO 0.5 ppm), K3 (1 ppm) and it employed three types of leaves, namely, D1 (thorn apple), D2 (eggplant), and D3 (tomato). The data were analyzed 
by analysis of variance univariate two factors and followed by Duncan’s multiple comparisons test.

Results: This assay showed that the effect of ozone was almost immediately against microorganisms, and the optimum ozone concentration depends 
on the types of the leaf. Both levels of ozone concentration and types of leaves had a significantly different effect (p<0.05), and there is no interaction 
between aqueous ozone concentration and types of leaves (p>0.05). The level of sterility in K0 is 77, 78%, K1 is 22, 22%, K2 is 44, 44%, and K3 is 
100%. Ozone 1 ppm had the highest result, but there is no viable explant because they got damage in their cells.

Conclusions: Aqueous ozone showed good potential to inhibit the growth of microorganisms for the in vitro sterilization procedure of Solanaceae.
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INTRODUCTION

Plant tissue culture or also known as in vitro culture is an effort to 
multiply plants by isolating plant parts and grow them in aseptic 
conditions [1-3], then these parts can multiply and become self-
propagating complete plants [4]. In vitro culture techniques have the 
advantages of producing larges of some plants in a relatively short 
time [5], can conserve a rare plant without disturbing the wild species 
in their natural habitat [6,7].

Contamination with microorganisms has considered being the single 
most important reason for losses during in vitro culture of plants [8]. 
Such microorganisms include viruses, fungi, bacteria, and yeast [9]. 
The presence of these microorganisms usually resulting in increased 
mortality and also invariable growth, necrosis, reduced proliferation, 
and reduced rooting. Efforts to maintain sterile conditions are necessary 
for a whole series of in vitro culture activities, so sterilization must be 
done to prevent and reduce contamination [10].

Sterilizer with a chemical solution such as calcium hypochlorite, 
sodium hypochlorite, and hydrogen peroxide is commonly carried 
out in the process of the in vitro culture sterilization [10-13]. During 
sterilization, the living material should not lose their biological activity 
and the only contaminant should be eliminated, therefore, explants are 
surface sterilized only by treatment with the disinfectant solution at 
suitable concentration and period [8,14].

Ozone is increasingly used as an alternative disinfectant to chlorine 
for water treatment because of its potent oxidative and antimicrobial 
properties and without disinfection by-product of trihalomethanes and 
haloacetic acids [15,16]. Vegetables and fruits washed with ozone water 
were proven to be more durable, do not change the color, taste, and 
nutritional content of fruits and vegetables [17,18]. The use of 1.5 ppm 
ozone has been proven to be effective in suppressing Escherichia 

coli bacteria up to 31.25% in postharvest handling of the spinach 
plants [19]. The mechanism of ozone in killing microbes is ozone will 
oxidize the cell wall, causing changes in the permeability of the cell, 
and then, lysis will occur in bacteria [16,18,20]. Based on the ability 
of ozone to kill bacteria is very good, so make it an appropriate tool for 
microbial decontamination [21,22]. Hence, this research objective is to 
verify the use of aqueous ozone as an alternative sterilizer for in vitro 
sterilization procedure. This is a novelty because the use of ozone as a 
sterilizer for in vitro procedure has never been done.

This research used leaves explant selected directly from field-grown 
medicinal plants of Solanaceae. The leaves of Solanaceae have typical 
trichomes in their anatomical structure [23,24]. There are so many 
types of trichomes on its surfaces so microbes are not easily sterilized 
because it is hidden in it and makes them being potential places for 
increasing microbes growth [19,25]. Several types of Solanaceae family 
used in this research were plants that have benefits for humans, such 
as medicines and food sources, namely, thorn apple (Datura metel L.), 
purple eggplant (Solanum melongena), and tomatoes (Lycopersicon 
pimpinellifolium).

METHODS

Plant material
The explants of the thorn apple plant leaves (D. metel L.), purple 
eggplant (S. melongena), and tomatoes (L. pimpinellifolium) were 
obtained from the City of Semarang, Central Java Province, Indonesia. 
Each leave explant was selected from the third leaf from the top of the 
plant using the cutter and put in a glass covered.

The making of culture media in vitro
A 300 mL of water was heated in a Bekker glass with a magnetic stirrer 
at 200°C, 300 rpm. Magnetic stirrer bar sprayed with 90% alcohol 
was put into it. After boiling, add 2215 g of Murashige and Skoog 
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Media (MS) into it. After the MS media dissolved, sucrose was added 
as much as 15 g. NAA and BAP each as much as 5 mL were added into 
the solution then add distilled water until the volume reaches 500 mL. 
The pH measurement carried out using a pH meter. If the pH is <6 add 
NaOH, but if more than 6 add HCl. Finally, add the Gelzan powder, and 
make sure it dissolved well. After that, the solution was poured out into 
the culture bottle much as 10 mL for each culture bottle, cover with 
aluminum foil, and reinforce with a sealer. The culture bottle was put 
into an autoclave, sterilize at 121°C for 20 min, and a pressure 1 of atm.

Equipment sterilization
All the tools used in this research washed with detergent, rinsed with 
running water, then dried, and then sprayed with 90% alcohol, then 
wrapped with paper. After that, it sterilized with an autoclave at a 
temperature of 121°C for 20 min, a pressure of 1 atm.

The making of ozone water (aqueous ozone)
Aqueous ozone made by the ozone generator with double dielectric 
barrier discharge plasma system. Pure oxygen used to produce an ozone-
oxygen mixture. A magnetic stirrer used to make it easier. A 1200  ml 
aquadest ozonated for 80 min, 60 min, and 40 min using 300  ppm 
ozone to produced aqueous ozone 0.1 ppm, 0.5 ppm, and 1 ppm. Ozone 
concentration measured by Dissolved Ozone Meter Kit 0-5 ppm.

Explants surface sterilization
Treatment with sodium hypochlorite
The leaves washed with running water, then washed with detergent, 
and brushed slowly. Next, soaked with fungicide for 3 min and then 
rinsed with running water. The next step is the leaves soaked with 
sodium hypochlorite with a concentration of 5% for 5 min.

Treatment with ozone
A few strands of thorn apple, eggplant, and tomato leaves washed with 
running water, then washed with detergent and brushed slowly. Next, 
soaked with fungicide for 3 min and rinse with running water. After 
being rinse, each type of leaves grouped into three parts. The first part 
put into ozone water with a concentration of 0.1 ppm for 10 min, the 
second part is 0.5 ppm for 10 min, and the third part is 1 ppm for 10 min.

The planting of explants into culture media
Laminar air flow (LAF) sterilized first with 90% alcohol. Control leaves, 
as well as those that received sterilization treatment, put into the LAF 
along with the tools then irradiated with ultraviolet for 40 min. All pieces 
of equipment soaked in 90% alcohol and passed it into a fire before 
used to cut the leaves. The leaves cut into three parts. The part used as 
explants is the middle part which wounded on both sides of the leaves.

The leaf explants planted into culture bottles containing MS media and 
covered it again with an aluminum foil. Each culture bottle contains 
one explant. Each culture bottle labeled with a treatment description. 
Observations carried out every day for up to 2 weeks.

Statistical analysis
The data were analyzed with SPSS software using analysis of variance 
(ANOVA) univariate two factors and followed by Duncan’s multiple 
comparisons test (DMRT).

RESULTS

The effect of leaf type on sterility
The effect of leaf types on the level of explants sterility is shown in 
Table 1.

The effect of ozone concentration on sterility
The effect of ozone concentration on the level of explant sterility is 
shown in Table 2

The results of the ANOVA test at a 95% confidence level indicate 
that there is no interaction between the leaf types with ozone 

concentration (p>0.05). This test also shows that the type of leaves has 
a significant effect on the level of sterility (p<0.05), as well as the ozone 
concentration, which shows a significant effect on the level of sterility 
(p<0.05). The results of the DMRT test show that the treatment K0, K1, 
K2, and K3 provide a real influence on the level of sterility.

The data in Table  1 show that the leaves type as a single factor has a 
significant impact on the level of sterility, which is continue further test. 
It means the explants derived from eggplant leaves give the highest 
level of sterility when compared with thorn apple and tomato leaves. 
Nevertheless, eggplant leaves and thorn apple leaves have the same 
notification (b), it means that both the leaves of eggplant and thorn apple 
have the same impact on sterility. But, the tomato leaves have a different 
notification, which means that tomato leaves have a different impact on 
the level of sterility compared to eggplant leaves and thorn apple leaves.

Table 2 shows the influence of ozone concentration as a single factor 
is very significant, then continues with further tests. It explains that 
ozone at all concentrations can kill microbes directly. The use of sodium 
hypochlorite (control) as a sterilant also shows a good result in the level 
of sterility.

The effect of ozone concentration on this test is very significant 
(p<0.05). In general, the higher ozone concentration will make sterility 
level increase in all types of leaf, which also means that more microbes 
die.

DISCUSSION

The surface type of leaf is one of the factors that affect the level of 
explant sterility of in vitro culture [8]. The surface of eggplant leaf has 
typical trichomes, as shown in Fig.  1, which is Stella that allows the 
microbes or spores to hide there so that when it sterilized the microbes 
or spores may be not fully reached by sterilizer. The thorn apple itself 
has the type of trichomes headed unicell, as shown in Fig.  2. The 
results of the explant sterility of the leaf have the same value as the 
explant of eggplant leaf. On the other hand, tomato leaf shows different 
results. The level of sterility of the explant of tomatoes leaf is lowest 
when compared to eggplant or thorn apple leaf. Tomatoes leaf is very 
thin and fills with a trichomes shaped needle very tightly, as shown in 
Fig. 3. It allows the spores or microbial located hidden there, make it 
difficult cleaned by ozone. Based on these results, it can be concluded 
that the leaf of eggplant and thorn apple had better sterility levels than 
tomatoes.

This assay shows that the higher ozone concentration will make sterility 
levels higher also. It shows that the ability of ozone to kill microbes such 
as bacteria, fungi, or spores is great. According to Miller et al. [17], ozone 
can reduce the level of viability of the conidia of the fungus Aspergillus 
flavus, which could lead to contamination in Brazil nuts. Giordano et al. 

Table 1: Statistical results of the effect of leaf type on sterility levels

Leaf type Sterility level (%)
D1 (Thorn apple) 66.67b

D2 (Eggplant) 83.33b

D3 (Tomato) 33.33a

*Different letters indicate statistically significant differences (p<0.05)

Table 2: Statistical results of the effects of ozone concentration

Concentration level Sterility level (%)
K0 (NaOCl) 77.78b

K1 (AO 0.1 ppm) 22.22a

K2 (AO 0.5 ppm) 44.44a

K3 (AO 1 ppm) 100b

*Different letters indicate statistically significant differences (p<0.05). 
AO: Aqueous ozone
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[26] proved that ozone with a concentration of 31 mg L-1 can inhibit 
the viability of fungi on the beans. Beber‐Rodrigues et al. [27] found 
that ozone can reduce the fungus from 3.0 × 105 to 1.4 × 102 CFU/ml. 
The ability of ozone to inhibit microbial growth or even kill the microbes 
is due to the ability of ozone to damage the cytoplasmic membrane and 
increases the permeability of the membrane. Based on the research 
results from Zhang et al. [15] who obtained that almost all the cells of 
Pseudomonas aeruginosa given ozone, change shape, and occur expenses 
ion K+, Mg2+, and ATP indicates the damage to the cytoplasmic membrane.

K+ channels are proteins transmembrane to mediate ion K+ pass through 
the cell membrane on passive transport [28]. Treatment with ozone can 
lead to protein denaturation and a decrease in the enzyme activity of 
microbes [29]. The leakage of K+ from microbes treat with ozone could 
be caused by denaturation of membrane proteins associated with K+ 
channels, failed to hold the ion K+, and increased the permeability of K+ 
of the cell membrane.

The leakage Mg2+ could be indicated ozone can change the function of 
the membrane so that it can increase the permeability of the membrane 
to Mg2+. According to Zhang et al. [15], leakage of K+ and Mg2+ proved 
ozone causes damage to membrane proteins in cells by degrading 
unsaturated fats in the sheath cells, hence the contents of the cells out.

The release of ATP from the cells due to the treatment of ozone also 
leads to cell death. In general, ATP used as an energy source by all 

organisms includes bacteria and fungi. If the cell membrane is broken 
and the ATP out of it, then microbes will lack the energy to survive. 
The fact ozone leads to leakage of ATP shows that the cytoplasmic 
membrane has changed its permeability characteristics [15].

The leakage of ATP, K+, and Mg2+ causes damage to intracellular 
components such as plasmid DNA, oxidation of proteins, and decrease 
the activity of the enzyme cytosolic. Agglutination of cytoplasm is an 
impact of the treatment of ozone. The death of these microbes can be 
caused by the increased permeability of the membrane and also by the 
agglutination of cytoplasm.

Based on the results of this research, ozone with a concentration of 
1 ppm has very significant results, which is 100% sterile. Even it has a 
significant result, unfortunately, tissue necrosis and explant mortality 
were increased also.

CONCLUSIONS

Ozone is very potential as a sterilizer in the sterilization procedure of in 
vitro culture. However, it still needs to do more research to determine 
the ideal concentration of which can increase sterility and does not 
cause tissue damage on the explants.
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Fig. 1: Scanning electron micrograph of trichomes in eggplant leaf Fig. 3: Scanning electron micrograph of trichomes in tomato leaf

Fig. 2: Scanning electron micrograph of trichomes in thorn apple 
leaf
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