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ABSTRACT

Efficient 7# vitro propagation of Dioscorea alata requires optimization of both surface sterilization and culture
conditions to ensure high explant survival and shoot induction. This study evaluated the effects of different
sodium hypochlorite concentrations on explant survival, contamination, and phenolic exudation, followed by
assessment of activated charcoal and 6-Benzylaminopurine (BAP) on shoot induction. Nodal explants were
subjected to sterilization treatments using 70% ethanol combined with 10-40% sodium hypochlorite (NaOCL).
Culture responses were assessed based on survival percentage, contamination incidence, and phenolic
exudation, while shoot induction was evaluated using plant height (cm), number of shoots, and shoot length
(cm). The results demonstrated that 20% NaOCI achieved the highest explant survival (90%) with minimal
contamination and phenolic exudation. Higher concentrations of NaOCI (30-40%) induced severe tissue
damage, oxidative browning, and reduced survival. For shoot induction, the combination of 2.5 mg/L BAP and
2 g/L activated charcoal significantly enhanced growth performance, producing the highest plant height (0.8
cm), shoot number (1.6), and shoot length (0.7cm). These findings indicate that successful iz vitro establishment
of Dioscorea alata depends on a balance between sterilization efficiency and physiological stability, followed by
optimized culture conditions. The protocol developed provides a reliable approach for large-scale propagation
and germplasm conservation.
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INTRODUCTION

The global decline in plant biodiversity, driven by deforestation, climate change, and the expansion of
monoculture farming, poses a significant threat to food and nutrition security (Ortiz et al., 2021; Verde et al,,
2023). Traditional and local crops, which often serve as vital genetic reservoirs, are frequently overlooked. Yams
(Dioscorea spp.), specifically Dioscorea alata, D. esculenta, and D. hispida, are highly valued for their starch content,
dietary fiber, and essential minerals (Burhan et al., 2025; Wang et al., 2022). In Malaysia, D. a/ata cv. Ubi Badak
is a prominent local variety known for its purplish starchy tubers. Despite its adaptability and high yield potential,
Ubi Badak remains underutilized and at risk of genetic erosion due to a lack of organized conservation efforts
and limited agronomic data(Mani et al., 2016; Rusli et al., 2024).

Traditional yam species are threatened by habitat loss, agricultural intensification favouring major crops, genetic
erosion resulting from reduced cultivation of local landraces, and the lack of organized conservation programs
(Lebot et al., 2022; Saklani et al., 2013; Verde et al., 2023). These factors may lead to the loss of valuable
morphological variation among yam accessions, including differences in tuber shape, size, skin and flesh colour,
plant architecture, and yield-related traits. Such variation is important for crop adaptation, breeding, and the
identification of desirable agronomic and nutritional characteristics. This issue is particularly relevant for
underutilized species such as D. alata cv. Ubi Badak in Malaysia (Azid et al., 2025), which contribute to local
food security but are becoming less widely cultivated. A continued decline in cultivation could result in the
erosion of unique morphological characteristics and genetic diversity, thereby reducing opportunities for future
crop improvement, conservation, and sustainable use of these valuable genetic resources (Figure 1).

Fig. 1. Morphological variation among Dioscorea species: A) Dioscorea alata (purple); B) Dioscorea alata (white); C)
Dioscorea esculenta and B) Dioscorea hispida

In addition to their importance as food crops, yams possess considerable nutritional and functional value.
Dioscorea alata tubers are rich in carbohydrates, dietary fibre, protein, vitamins, minerals, phenolic compounds,
flavonoids, tannins, saponins, and anthocyanins, particulatly in purple-fleshed accessions (Azid et al., 2025;
Chaudhury et al., 2018; Fauziah et al., 2020; Induar et al., 2024; Wanasundera & Ravindran, 1994; Wang et al.,
2022). These compounds contribute to their antioxidant properties and potential health benefits, making yams
promising candidates for functional food development. Previous studies have reported high antioxidant activity
in D. alata, highlighting its potential nutritional and medicinal significance (Chaudhury et al., 2018; Verde et al.,
2023). Despite their importance, conventional propagation of yam relies primarily on tuber pieces or setts, a
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method that is often constrained by low multiplication rates, large planting material requirements, and the risk
of transmitting pests and diseases through infected tubers kiruw In addition, storage losses and labour-intensive
field management further limit the efficiency of conventional propagation systems. These challenges have
stimulated interest in biotechnological approaches such as plant tissue culture, which enable the rapid
multiplication of disease-free planting materials while facilitating germplasm conservation (Azu et al., 2024;
Borges et al., 2003; Cao et al., 2020; Dansi et al., 2013; Das et al., 2013; Fotso et al., 2013; Obssi & Mulugeta,
2021; Verde et al., 2023). Traditional propagation relies on tuber pieces or setts; however, this method is slow
and risks disease transmission (Backian et al., 2020; Walsen et al., 2020). Improved techniques include small sett
tubers to increase multiplication rates (Walsen et al., 2020), vine cuttings for germplasm maintenance, and
informal seed systems that preserve indigenous knowledge (Backian et al., 2020). Nevertheless, traditional
vegetative propagation using tuber sections remains limited by low multiplication rates (<10:1 per season), large
planting material size requirements (>200 g per sett), high risks of pest and disease transmission via infected
tubers or soil-borne pathogens, and labour-intensive management with substantial storage losses (>20%
postharvest losses reported (Chiranthika et al., 2022; Das et al., 2013). Consequently, conventional propagation
methods are often inadequate for large-scale multiplication and long-term conservation of valuable yam
germplasm.

In vitro regeneration through tissue culture provides alternative for the rapid clonal production of high-quality,
disease-free planting materials (Sarasan, 2010; Welehaweria & Sbhatu, 2023). This technique is effective for
vegetatively propagated crops like yams, ensuring the safe maintenance of genetic resources under sterile,
controlled conditions. However, the success of 7 vitro protocols is highly genotype-dependent, requiring precise
optimization of media composition and plant growth regulators to achieve maximum regeneration efficiency.
Biotechnological approaches offer an effective alternative to overcome these limitations. Micropropagation
through nodal segments or shoot tips enables the rapid multiplication of disease-free planting materials and
facilitates germplasm conservation (Azu et al., 2024; Das et al., 2013; Obssi & Mulugeta, 2021). In vitro
conservation protocols using modified MS media with osmolytes or slow-growth conditions have also been
developed to extend storage periods while maintaining plantlet viability (Borges et al., 2003; Garcia et al., 2016;
Narvaez et al., 2015). This technique is particularly important for vegetatively propagated crops such as yams,
ensuring the safe maintenance of genetic resources under sterile and controlled conditions. Successful
establishment of yam cultures depends on efficient surface sterilization and the minimization of tissue damage
during culture initiation. Multiple studies have demonstrated that sodium hypochlorite (NaOCI) is effective for
surface sterilization of yam explants when concentration and exposure time are carefully optimized, with
concentrations between 1-3% NaOCI applied for 10-20 min producing high survival rates while minimizing
contamination (Garcia et al., 2016; Obssi & Mulugeta, 2021). However, excessive concentrations or prolonged
exposure may increase tissue necrosis and reduce explant viability necrosis (Kidasi et al., 2023; Kiruwa et al.,
2024). Some protocols combine NaOCI with70% ethanol for 30 second pretreatment or post-treatment to
further reduce microbial load (Eliwa et al., 2024; Kiruwa et al., 2024). Another major challenge during culture
establishment is phenolic oxidation, which frequently causes tissue browning and culture loss in D. alata (Rajitha
et al., 2013; Verde et al., 2022). Activated charcoal at concentrations between 0.1 and 4 g/L has been widely
reported to reduce browning through the adsorption of phenolic compounds and other toxic metabolites
released by explants (Polzin et al., 2014; sak et al., 2013; Verde et al., 2022). Its inclusion generally improves
explant survival and plantlet vigor, although excessive concentrations may also adsorb beneficial nutrients and
plant growth regulators (Thomas, 2008; Verde et al., 2022). Following successful culture establishment in yam
(Dioscorea spp.), shoot proliferation remains a critical stage for the development of efficient micropropagation
systems. Previous studies on Dioscorea species have shown that shoot proliferation is effectively induced using
Murashige and Skoog (MS) basal medium supplemented with BAP at concentrations ranging from 0.5 to 3.0
mg/L, often in combination with low levels of auxins such as NAA or IBA (Jokotola et al., 2025; Obssi &
Mulugeta, 2021. Optimal BAP concentrations vary among Dioscorea species by genotypes, while higher
concentrations may inhibit shoot proliferation or subsequent rooting (Jokotola et al., 2025). Previous studies on
Dioscorea species have also demonstrated that BAP promotes shoot proliferation, while activated charcoal
reduces phenolic oxidation and enhances culture establishment and shoot regeneration (Martins et al., 2025;
Rajitha et al., 2013). Given the importance of D. alata cv. Ubi Badak and the need for efficient propagation and
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conservation strategies, this study aimed to optimize an # vitro regeneration protocol for this cultivar. The
optimized protocol is expected to improve propagation efficiency, enhance plantlet quality, and support the
long-term conservation and sustainable utilization of this valuable yam genetic resource.

MATERIALS AND METHODS
Surface Sterilization of Nodal Explants

Nodal explants were collected from healthy stem shoots of Disscorea alata. Nodal explants (approximately 1.0—
1.5 cm in length) containing a single node were collected from healthy stem shoots of Dioscorea alata. The nodal
explants were first rinsed under running tap water for 10 min to remove external contaminants and then
sterilized under aseptic conditions in a laminar airflow cabinet. Surface sterilization was carried out by immersing
the explants in 70% (v/v) ethanol for 30-60 s, followed by treatment with sodium hypochlorite (commercial
Clorox®) at different concentrations (T'1 10%, T2 20%, T3 30%, and T4 40% v/v) for 10 min. Three drops of
Tween-20 were added as a surfactant to enhance sterilization efficiency. Following surface sterilization, the
explants were rinsed three times with sterile distilled water to remove residual sterilant and blotted dry on sterile
filter paper under aseptic conditions for approximately 5 minutes before inoculation onto the culture medium.

Media Preparation and Shoot Induction

The sterilized nodal segments were inoculated onto solid Murashige and Skoog (MS) basal medium. To address
the challenge of oxidative browning and optimize shoot establishment, the experiment was designed to evaluate
the synergistic effects of 6-Benzylaminopurine (BAP) and activated charcoal. To evaluate the specific role of
activated charcoal on morphogenesis, nodal explants were cultured on T'1 (Control): MS basal medium without
any supplements activated charcoal/BAP (MSO), T2: MS basal medium supplemented with 2 g/L activated
charcoal, T3: MS medium supplemented with 2.5 mg/L BAP and T4: MS medium supplemented with 2.5 mg/L
BAP and 2 g/L activated charcoal. All media were supplemented with 30 g/L sucrose as the carbon source and
3.0 g/L Gelrite as the gelling agent. The pH of all media was adjusted to 5.7-5.8 using 0.1 M HCI or NaOH
prior to sterilization by autoclaving at 121°C and 15 psi for 20 minutes.

Culture Conditions

All cultures were maintained in a controlled growth room at a temperature of 25 = 2°C with a 16-hour light /8-
hour dark photoperiod illuminated by cool white fluorescent lamps. Observations were made periodically to
record survival rate, contamination, plant height, number of shoots, and shoot length to determine the most
effective protocol for i vitro initiation. In the surface sterilization experiment, observations were recorded 2
weeks after inoculation. Data collected included explant survival (%), phenolic exudation (%), bacterial
contamination (%), and fungal contamination (%). The percentage of each parameter was calculated using the
following equation:

p . %) = (Number of explants exhibiting the response) « 100
ercentage (%) = (Total number of cultured explants)

where the response refers to surviving explants, explants showing phenolic exudation, bacterial contamination,
and fungal contamination. In the shoot induction experiment, observations were recorded 4 weeks after
inoculation. Parameters measured included plant height (cm), number of shoots, and shoot length (cm). Plant
height and shoot length were measured using a ruler from the base of the shoot at the medium surface to the
shoot apex, while the number of shoots was determined by direct counting,.
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Statistical Analysis

The experiment was designed in Complete Randomized Design (CRD) with four replications. The data were
analyzed using Analysis of Variance (ANOVA) and Duncan’s Multiple Range (DMRT) test at P<0.05 for mean
comparison using Statistical Analysis System (SAS 9.4).

RESULTS AND DISCUSSION

Effect of different sodium hypochlorite concentrations on surface sterilization in percentage of survival
explants on Dioscorea alata culture establishment

Surface sterilization treatments significantly affected the survival percentage of nodal explants of Dioscorea alata
(P < 0.05). Among the treatments tested, T2 (70% ethanol + 20% sodium hypochlorite for 10 min) produced
the highest survival rate (90%), which was significantly higher than all other treatments (Figure 2). Treatment
T1 (10% sodium hypochlorite) resulted in moderate survival (50%), indicating partial effectiveness in reducing
contamination. In contrast, increasing the concentration of sodium hypochlorite to 30% (T3) and 40% (T4)
significantly reduced survival to below 15%, suggesting detrimental effects on explant viability. These results
indicate that explant survival is highly dependent on the concentration of sterilizing agents, with T2 representing
the optimal treatment for achieving high survival while minimizing tissue damage (Figure 2). Similar finding
have been reported in other Digscorea species, moderate concentrations of sodium hypochlorite improved culture

establishment and explant survival compared with lower or higher sterilant concentrations(KKomolafe et al.,
2025).

120
= a
©® 100 I
c
)
o
a5 80—
© b
=
£ 60-
=]
w»
o
o
o 40-
(=]
S
o
8 20-
[«}]
o
0_

T2 T3
Surface Sterilization Treatments

Fig. 2. Effect of different sterilization treatments on the survival percentage of Dioscorea alata nodal explants.
T1:70% ethanol + 10% sodium hypochlorite; T2: 70% ethanol + 20% Clorox®; T3: 70% ethanol + 30%
sodium hypochlorite and T4: 70% ethanol + 40% sodium hypochlorite. Bars represent the mean + standard
error (SE). Mean values with the same letter within treatment are not significantly difference at P<0.05 by
Duncan's Multiple Range Test (DMRT)
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Effect of different of sodium hypochlorite concentrations on surface sterilization of phenolic
exudation, bacterial and fungal contamination percentage on Dioscorea alata culture establishment

The petrcentage of phenolic exudation, bacterial contamination, and fungal contamination varied significantly
among sterilization treatments (P < 0.05) (Figure 3). Treatment T1 showed relatively low levels of phenolic
exudation (10%) and bacterial contamination (20%), while fungal contamination was negligible. In contrast, T3
exhibited a marked increase in all parameters, with bacterial contamination approaching 100%, fungal
contamination around 70%, and phenolic exudation exceeding 80%. The highest levels were observed in T4,
where phenolic exudation, bacterial, and fungal contamination reached nearly 100%, indicating severe tissue
damage and culture failure. In comparison, T2 effectively minimized contamination and phenolic exudation,
with negligible bacterial and fungal presence. Phenolic exudation was also minimal or absent under this
treatment, suggesting reduced oxidative stress and improved physiological condition of the explants. These
findings confirm that T2 provides an optimal balance between sterilization efficiency and tissue viability,
resulting in high survival rates while suppressing microbial contamination and tissue browning (Figure 4) . The
low contamination and phenolic exudation observed in T2 indicate that the sterilization treatment was suitable
for the establishment of Digscorea alata cultures. Similar findings have been reported in yam (Dioscorea spp), where
optimized sodium hypochlorite concentrations improved culture establishment and explant survival by

effectively reducing microbial contamination while minimizing tissue damage and browning (Aighewi et al.,
2015).
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Fig. 3. Effect of different sterilization treatments on phenolic exudation (%), bacterial contamination (%),
and fungal contamination (%) of Dioscorea alata nodal explants after 2 weeks of culture. T1:70% ethanol +
10% sodium hypochlorite; T2: 70% ethanol + 20% Clorox®; T3: 70% ethanol + 30% sodium hypochlorite
and T4: 70% ethanol + 40% sodium hypochlorite. Bars represent the mean % standard error (SE). Mean
values with the same letter within treatment are not significantly difference at P<0.05 by Duncan's Multiple
Range Test (DMRT).
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Fig. 4. Response of Dioscorea alata explants to different surface sterilization treatments: A) Contamination by
bacteria, fungus and phenolic exudation during surface sterilization of explants with 70% ethanol and different
concentrations of Clorox® after 2 weeks of culture. B) Cultures without contamination. Scale Bar = 1cm

Effects of charcoal treatment on shoot induction of Dioscorea alata explants establishment

The addition of activated charcoal significantly influenced shoot induction parameters, including plant height,
number of shoots, and shoot length in Dioscorea alata (P < 0.05) (Figure 5). The treatment MS + 2.5 mg/L BAP
+ 2 g/L activated chatcoal (T4) produced the best overall performance, with the highest plant height (0.8 cm),
greatest number of shoots (1.6), and longest shoot length (0.7 cm), and was significantly superior to all other
treatments. Treatments T2 (MSO + 2 g/L activated charcoal) and T3 (MS + 2.5 mg/L BAP) showed moderate
responses. T2 improved shoot number and shoot length compared to the control, indicating a beneficial effect
of activated charcoal alone, while T3 enhanced shoot induction due to the presence of cytokinin (BAP).
However, both treatments remained significantly lower than T4. In contrast, the control (T1: MSO) recorded
the lowest values for all parameters, with minimal plant height (0.4 cm), lowest shoot number (1), and moderate
shoot length (0.1 cm), indicating limited shoot induction in the absence of plant growth regulators. These results
demonstrate that the combination of BAP and activated charcoal significantly enhances shoot induction and
growth performance in Dioscorea alata (Figure 6). Previous studies on Dioscorea species have demonstrated that
6-Benzylaminopurine (BAP) plays a key role in stimulating axillary shoot proliferation, whereas activated
charcoal reduces phenolic oxidation and improves culture establishment and shoot regeneration(Aighewi et al.,
2015; Rajitha et al., 2013).
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Fig. 5. Effects of activated charcoal on shoot induction of Dioscorea alata nodal explants after 4 weeks of
culture. T1: MSO (Control); T2: MSO + 2g/L activated chatrcoal; T3: MS + 2.5 mg/L BAP and T4: MS + 2.5
mg/L BAP + 2 g/L activated charcoal. Bats represent the mean * standard error (SE). Mean values with the

same letter within treatment ate not significantly difference at P<0.05 by Duncan's Multiple Range Test

(DMRT)

Fig. 6. In vitro shoot induction of Divosocrea alata different treatment: T1: MSO (Control); T2: MSO + 2g/L
activated charcoal; T3: MS + 2.5 mg/L BAP and T4: MS + 2.5 mg/L BAP + 2 g/L activated charcoal after 4
weeks of culture. Scale Bar = 2cm

29



CONCLUSION

This study demonstrates that sterilization and culture medium composition are key determinants of successful
in vitro establishment of Dioscorea alata. An optimal sterilization protocol using 70% ethanol followed by 20%
sodium hypochlorite achieved the highest explant survival while minimizing contamination and phenolic
exudation. Subsequent shoot induction was significantly enhanced by the combined application of 2.5 mg/L
BAP and 2 g/L activated chatcoal, which improved plant height, shoot number, and shoot length through
synergistic effects on hormonal regulation and stress mitigation. Overall, the integration of optimized
sterilization and culture conditions provides an efficient and reliable protocol for mass propagation and
germplasm conservation of D. alata.
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