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ABSTRACT

The sterilization is a primary step in in-vitro culture. plant breeding through in-vitro culture hinges
on the successful effectiveness of the sterilization method in producing sterile plants. This research
aims to optimize sterilization methods using a completely randomized factorial design. The first factor
is the size of the material (small and large), and the second factor is the graded concentration of the
bleach solution. The study revealed that Material sizes do not have a significant effect on
contamination level, all the same, large size materials increase the survival rate of sterilized rodent
tuber plants. The application of graded bleach solution concentrations at 25%, 20%, and 15% is able to
reduce contamination to 0% on small size materials and 5 % on large size materials. Material sizes do
not have a significant effect on contamination level, all the same, large size materials increase the
survival rate of sterilized rodent tuber plants.
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1. Introduction

The rodent tuber plant (Typhonium flagelliforme) is indigenous to the Southeast Asian
region, including Indonesia, and is conventionally propagated vegetatively, resulting
in relatively low genetic diversity (Mankaran et al., 2013; Sianipar et al., 2015). Plant
breeding represents an endeavor aimed at augmenting plant diversity. In vitro culture
stands out as one of the techniques that can be used in this discipline.

In vitro culture or tissue culture is a technique to isolate a part of the plant, such as
protoplasts, cells, cell groups, tissues, and organs, and cultivate them under aseptic
conditions, enabling their multiplication and regeneration into whole plants (Kaya and
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Huyop, 2020; Norouzi et al., 2022). In-vitro culture has the advantage of producing a
large number of plants in a limited space and a relatively short time (Bhatia and
Sharma, 2015; Kavya et al., 2021; Suman, 2017). Tissue culture techniques are based on
the principle of cell totipotency. Cell totipotency is the ability of a single cell, tissue, or
organ to regenerate into a complete plant (Espinosa-Leal et al., 2018; Hussain et al.,
2012).

In in-vitro culture, the sterilization is a primary step. Plant breeding through in-vitro
culture cannot be successful if the sterilization method does not yield sterile plants.
Chemicals such as sodium hypochlorite (NaOCl) (Kidasi et al., 2023; Peiris et al.,
2020; Silva et al., 2015), calcium hypochlorite (Ca(OCl)2) (Quynh et al., 2022), ethanol
(Kidasi et al., 2023), mercuric chloride (HgCl») (Boruah, 2020), benzalkonium chloride
(Badhane and Patil, 2016; Zhao et al., 2024), and hydrogen peroxide (H202) (Chen et
al., 2017) are common disinfectants used for the surface sterilization of materials.
However, in many laboratories, NaOCl, which are different commercial bleaches
(Mihaljevic et al., 2013), is commonly employed along with fungicides and antibiotics
(Parzymies, 2021) to eliminate contaminations (Elbasheer et al., 2019; Malwattage et
al., 2021).

The determination of both the concentration and exposure time of bleach solution
containing NaOCl in sterilization process must be carried out empirically to establish
an effective method that yields explants with minimal mortality rates (Hashim et al.,
2021; Pais et al., 2016; Si et al.,, 2022). Chika et al. (2022) reports that Multilevel
sterilization (10%, 20%, and 30%) is the most effective method of sterilization to reduce
contamination and browning. reports that immersion of explants in 10% NaOCI for 10
minutes demonstrated good effectiveness in sterilizing oil palm plants. Similar
research was conducted by Rahayu et al. (2019) and Pratiwi et al. (2021) on Elaeocarpus
grandiflorus L and oil palm plants in vitro on the 5%-25% concentration of bleach
solution. These study report that the use of graded concentrations of bleach solution is
effective for obtaining sterile and alive explants.

It is important to consider that the effectiveness of sterilization agents may vary
depending on the size of the explant. For example, smaller explants may require a
shorter contact time with the sterilization agent to achieve optimal sterilization, while
larger explants may require a longer contact time. Therefore, the selection of explant
size is one of the key considerations in planning sterilization procedures in tissue
culture. However, no recent research has revealed this. Thus, this study was conducted
to investigate the influence of commercial bleach solution concentration and the
material size of rodent tuber plants on the sterilization process.

2. Materials and Methods
2.1 Place and Time

The experiment was carried out at the Laboratory for Biotechnology BRIN, building
630, Directorate of Laboratory Management, Research Facilities, and Science and
Technology Park, located in Serpong, South Tangerang City, Indonesia. The
experiment started on 1 March 2023 and ended on 15 August 2023.

2.2 Materials
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The materials used for this study were rodent tuber plants derived from the Collection
Park, the Laboratory for Biotechnology, National Research and Innovation Agency
(BRIN), Indonesia. The materials used in this study were obtained from Balikpapan,
Indonesia, which is the accession with the highest bioactive compounds compared to
other accessions in the Collection Park, the Laboratory for Biotechnology, BRIN,
Indonesia

2.3 Research Design

This study used a completely randomized factorial design. The first factor was the size
of the materials, namely large (£ 5 x 5 mm) and small (+ 3 x 3 mm). The second factor
was the graded bleach solution concentration. They were (1) method 1: 25%; 20%; 15%,
(2) method 2: 20%; 15%; 10%, (3) method 3: 15%; 10%; 5%, and (4) method 4: 10%; 5%;
5%. There were 8 treatment combinations which will be repeated 3 times, therefore,
there were 24 experimental units. Each experimental unit consisted of 20 plant
samples, hence, 480 observation units were obtained.

2.4 Procedure Methodology

2.4.1 Materials preparation

The preparation process began by isolating the materials in the form of shoot buds
from rodent tuber plants with sizes of £ 3 x 3 mm (small) and + 5 x 5 mm (large). The
materials were washed thoroughly with running water for 10 minutes.

Figure 1. Rodent tubber material a. small size b. large size

2.4.2 Sterilization Process

The Materials were soaked in a floor cleaner solution (containing 1.5% benzalkonium
chloride) for 3 minutes, then soaked in 70% alcohol for 3 minutes. Afterwards, the
materials were soaked in the floor cleaner solution again for 30 minutes, and then they
were washed with running water for 1 hour. Subsequently, the materials were
immersed in a fungicide and bactericide solution (2 g L) for 30 minutes. Afterwards,
the materials were transferred into a laminar air flow, and then they were soaked in the
three-graded bleach solution (containing 5.25% NaOCI) for 5 minutes, 10 minutes and
15 minutes (Table 1). Finally, the materials were planted in MS medium without plant
growth regulators (MS0).

Table 1. Comparison of soaking treatment at graded bleach solution concentration
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Soaking Method
1 2 3 4
First Soaking 25 % for 5 20% for 5 15% for 5 10% for 5
minutes minutes minutes minutes
Second soaking 20% for 10 15% for 10 10% for 10 5% for 10
minutes minutes minutes minutes
Third Soaking 15% for 15 10% for 15 5% for 15 5% for 15
minutes minutes minutes minutes

2.5 Data analysis

Data were analyzed using the Analysis of Variance (ANOVA) test, and if there were
significant differences, they would be tested using Turkey's Honestly Significant
Difference (HSD) method with Minitab software.

3. Results and Discussion

3.1 Result

The interaction between material size and bleach solution concentration had the same
impact on the contamination level of rodent tuber plants after sterilization. Similar results
were also obtained from testing the single factor of material size on contamination levels.
While a single concentration test factor exerts a different effect on the contamination level
of rodent tuber plants after sterilization (Table 2) on the 95% confidence level.

Table 2. The result of ANOVA test

Bleach Solution

Material sizes . Interaction
Concentration
Contamination level (%) 1.39ns 657.39** 1.69ns
Survival rate (%) 6.56* 27.34** 11.23**

Remarks: *Highly significant at 1% level (P<0.01), *Significantly influential at 5% level
(0.01<P<0.05), ns: Not significant (P>0.05).

The result of the post hoc test used Turkey’s HSD test at a 95% confidence level for
various graded bleach solution concentrations illustrated that method 4 had the
highest contamination level. It was 90%. Meanwhile, method 1 had the lowest
contaminant level. It was 2,5%. Consequently, it was the best method for suppressing
contamination in the sterilization process of rodent tuber plants (Table 3).

Table 3. Contamination level analysis using Tukey’s HSD test at 95% confidence

Size of material

Methods Small Large Means (%)
1 0.00 % 5.00 % 2.50d
2 8.33 % 15.00 % 11.67¢
3 80.00 % 80.00 % 80.000
4 91.67 % 88.33 % 90.00a
Mean (%) 45.00a 47.08a

Remarks: Means that do not share a letter are significantly different.
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Figure 2 illustrates the types of contamination in rodent tuber materials following
sterilization. The predominant contaminant was bacteria in all treatments except for
the treatment involving small-sized materials with method 1. Fungal contamination
was observed in materials subjected to the treatment of large-sized materials with a
graded bleach solution concentration of method 2, as well as in the treatments of both
small and large-sized materials with graded concentrations of methods 3 and 4.
Treatments with graded concentrations of methods 3 and 4 resulted in elevated
contamination levels, both in small and large-sized materials.
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Figure 2. Type of contamination in different materials sizes

Interaction between material sizes and bleach solution concentration gives a different
result of survival rate on rodent tuber plants after sterilization (Table 2). The survival
rate of rodent tuber plants with method 1 was influenced by the material sizes used.
Figure 3 illustrates the interaction between material size and bleach solution
concentration on the survival rate of rodent tuber plants. Small materials have a low
survival rate in the treatment with graded bleach solution concentrations in method 1.
In contrast, small materials in the treatment with graded bleach solution concentrations
in method 2 exhibit a high survival rate of 95%. The treatments with graded bleach
solution concentrations in methods 3 and 4 gave the same result of survival rate,
approaching 100%.
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Figure 3. Interaction plot for survival rate

The result of the post hoc test using Tukey’s HSD test illustrates that the large-sized
materials have a better survival rate compared to small-sized materials, namely at
97.72% (Table 4). Meanwhile, the application of various concentrations of bleach
solution significantly influenced the survival rate of rodent tuber plants after
sterilization. The graded concentration of bleach solution in methods 2, 3 and 4 had the
same impact on survival rate of rodent tuber plants. The different result was shown in
method 1. It had the lowest survival rate, it is 88.29%.

Table 4. Survival rate analysis using Tukey’s method and 95% confidence

Methods Size of material Mean (%)
Small Large
1 81.67 % 94.91 % 88.29v
2 98.33 % 95.96 % 97.152
3 100.00 % 100.00 % 100.00a
4 100.00 % 100.00 % 100.00a
Mean (%) 95.00a 97.72a

Remarks: Means that do not share a letter are significantly different.

3.2 Discussion

Contamination of microorganisms, such as bacteria and fungi, is a challenge in in-vitro
plant culture. This hinders cultivation in in-vitro culture, reducing the efficiency of
propagation and rooting of shoots for commercial purposes. In research laboratories,
contamination can cause inaccurate physiological experiment results (Kidus and Teka,
2020). The diversity and abundance of genera and species of contaminating
microorganisms accompanying plants is a major obstacle in the initial material
sterilization process. In many cases, contaminating microorganisms enter the culture
along with the starting material. Sterilization aims to suppress the growth of
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contaminants under in-vitro culture and to obtain sterile plants free from contaminants
and capable of growth (Figure 4).

i .
Figure 4. Rodent tuber plants are sterile, and growth

The commercial bleach solution (containing 5,25% NaOCl) has been proven effective as
a sterilization agent because of its properties, which can kill various microorganisms,
including bacteria, viruses, and fungi (Ersoy et al.,, 2019). Generally, in research
laboratories, bleach solutions containing NaOCI are used as additional compounds in
the process of sterilizing microorganisms. This is because it is cheap and easy to find.

The application of graded concentrations of bleach solution method 1 (25%, 20%, 15%)
has been demonstrated to effectively eliminate contamination in small-sized rodent
tuber materials, reducing it to 0%. NaOCl can effectively eliminate contamination due
to its potent oxidizing properties. Within the sterilization solution, the hypochlorite ion
(OCT) it generates reacts with the cellular structures of microorganisms, including
proteins, nucleic acids, and lipids, leading to their disruption and damage. Moreover,
NaOCl can alter the structure of microbial proteins through denaturation, thus
impeding the functionality of proteins crucial for microbial survival. This denaturation
results in structural and functional impairment, ultimately hindering microbial
viability and reproduction. In contrast, the application of bleach solution at graded
concentrations in low concentration (methods 3 and 4) has proven insufficient in
effectively reducing contamination levels. These concentrations of bleach solution lack
the potency to thoroughly eradicate the cell membranes of contaminants and disrupt
their DNA, proteins, and other components.

However, despite employing commercial cleaning solutions in method 1,
contamination by bacteria persisted, with an average rate of 2.5%. This occurrence can
be attributed to the presence of endophytic bacteria within the rodent tuber plant,
which live symbiotically within its tissues. Lekatompessy (2023) documented the
presence of 25 endophytic bacteria in rodent tuber plants. These bacteria have the
potential to act as contaminants in in-vitro cultures. Efforts to mitigate endophytic
bacterial contaminants in the sterilization process of rodent tuber plants can be
addressed through the addition of antibiotics, which interfere with bacterial cell wall
synthesis, and nucleic acid synthesis, and disrupt bacterial cellular metabolism.
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The application of graded concentrations of bleach solution reduces the survival rate of
rodent tuber plants. The higher the concentration of bleach solution, the lower the
survival rate becomes. This occurs because elevated levels of NaOCl can induce greater
damage to the cell structure and essential components of the plant. NaOCl, functioning
as a potent oxidative agent, can inflict damage upon proteins, nucleic acids, and cell
membranes of microorganisms, including rodent tuber plants. Consequently, the plant
cells undergo significant damage or even perish, diminishing the plant's capacity to
survive and thrive. Plants subjected to method 1 exhibited the lowest survival rate,
recorded at 88.29%. Nevertheless, the survival rate remains relatively high (>80%).

4. Conclusion

Overall, this study demonstrated that choosing the right graded concentration of
commercial bleach solution was able to suppress contamination. The graded
concentrations of 25%, 20%, 15% yielded the best results with the low contamination
rate (average 2.5%) and a high survival rate (average 88.29%). In contrast to size
materials, there were no differences in results between small and large material sizes.
Material sizes did not have a significant effect on contamination level, all the same,
large size materials increased the survival rate of sterilized rodent tuber plants.
Contaminants in rodent tuber plants were generally in the form of bacteria. The
addition of antibiotics on media or during the sterilization process had the potential to
suppress this type of contamination. However further studies were needed to confirm
this.
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