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Abstract The most effective sterilizing agent for achieving sterility in durian lateral bud 
explants of ‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’ durian varieties was a 0.3% 
mercuric chloride (HgCl2) solution for 10 minutes. This treatment resulted in significantly 
higher contamination-free survival rates (P < 0.05) by 70%, 60%, and 50%, respectively, 
compared to the control treatments. The control treatments involved 30% Clorox (sodium 
hypochlorite, NaOCl) for 15 minutes followed by 5% Clorox for 10 minutes, resulting in 0% 
survival. The liquid Woody Plant Medium (WPM) supplemented with Polyvinylpyrrolidone 
(PVP) at a concentration of 1.0 g/L achieved the most effective reduction in mucilage (phenolic 
compounds), resulting in 100% effectiveness. PVP acts as an antioxidant, contributing to 
reduced phenolic compound formation. As a result, the lateral bud explant of durian remained 
green and clean, and the phenolic compound on the cut surface of the explant effectively 
dissolved. Notably, this result was significantly better (p < 0.05) than using the control liquid 
medium (WPM). Over 7 months of subculturing on a solid medium once every month, findings 
revealed a distinct pattern in ‘Monthong’ durian lateral bud explants. When it cultured on WPM 
supplemented with 1.0 mg TDZ (Thidiazuron)/L and 10% coconut water, these explants 
exhibited significantly longer green callus lengths than the rest tested solid media. The 
combination of a low TDZ level (1.0 mg/L) with coconut water in the WPM solid medium 
appeared to play a crucial role in promoting callus formation. Interestingly, WPM 
supplemented with 3.0 mg BA (6-Benzyladenine)/L led to lateral bud explants of ‘Kradum 
Thong’ durian splitting into two shoots, each with leaf growth. Conversely, WPM 
supplemented with 3.0 mg TDZ/L promoted larger shoots with green leaf color. These findings 
provided valuable insights into optimizing tissue culture conditions for different durian 
varieties. 
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Introduction 
 
Durian, scientifically known as Durio zibethinus Murr., is a tropical fruit 

with significant economic importance in Thailand (Wiangsamut et al., 2021; 
Wiangsamut, 2024). It is recognized for its high energy density and is 
considered one of the most expensive fruits in Southeast Asia (Aziz and Jalil, 
2019). Thailand is the leading global producer of durian, cultivating over 100 
varieties. However, some economically promising varieties are at risk of 
genetic mutation and fading from Thai society. Researchers are focusing on 
disease-free durian propagation using tissue culture techniques to maintain true-
to-type characteristics and ensure consistent quality yield. In an experiment 
involving three durian varieties—‘Monthong’, ‘Kradum Thong’, and 
‘Puangmanee’—the focus was on desirable agricultural traits for consumers. 
‘Monthong’ stood out due to its superior flesh weight, percentage, and 
thickness compared to other varieties (Wiangsamut and Wiangsamut, 2023). 
The selection of ‘Monthong’ for the project was also due to its impressive 
flowering induction rates of 93.6% to 97% achieved through the application of 
paclobutrazol. This treatment not only facilitated successful fruit set and high 
fruit production but also resulted in substantial income. The benefit-cost ratio 
exceeded 1, suggesting that this approach can deliver a positive net present 
value to the producers (Wiangsamut and Wiangsamut, 2022). Consumer 
preference leans toward ‘Monthong’, with 54% favoring its mild aroma and 
mildly sweet, crispy yet soft golden-yellow flesh (Wiangsamut and 
Wiangsamut, 2023). The ‘Puangmanee’ and ‘Kradum Thong’ durian varieties 
are also highly favored for both cultivation and consumption domestically and 
internationally, attributed to their yellow flesh, exceptional sweetness, and mild 
aroma (Rojanapornthip, 2018). Tissue culture methods safeguard commercial 
varieties such as ‘Monthong’ and native ones like ‘Kradum Thong’ and 
‘Puangmanee’, enabling rapid multiplication from a single culture. This results 
in consistent quality durians, offering benefits to farmers and enterprises alike. 
By 2023, durian cultivation had expanded to 43 provinces in Thailand, with the 
Eastern region leading in production. The total durian production in the country 
amounted to 1,246,098 tons, with an average yield of 8.25 tons per hectare 
(t/ha) (OAE, 2023).  

Durian tissue culture propagation research encounters two primary 
obstacles. Firstly, the explants used for tissue culture are frequently 
contaminated by durian diseases. These diseases encompass fruit rot instigated 
by Lasiodiplodia sp. (Wiangsamut et al., 2023), root and foot rot caused by 
Phytophthora palmivora (Phal et al., 2024; Tongon et al., 2018), and 
impairment to water and nutrient-conducting vessels by Fusarium sp. 
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(Pongpisutta et al., 2023). Attaining pathogen-free tissue via efficient 
sterilization and microorganism elimination is imperative for the successful 
implementation of durian tissue culture. Secondly, the formation of phenolic 
compounds resulting from the excised durian explant poses challenges. These 
compounds hinder successful induction rates and the growth of callus and new 
shoots. This is supported by Jarret et al. (1985), who reported that banana tissue 
cultures often experience excessive blackening (or browning) due to the 
oxidation of polyphenolic compounds released from wounded tissues. These 
undesirable exudates create a barrier around the tissue, preventing nutrient 
uptake and hindering growth. Similarly, Permadi et al. (2024) stated that 
browning primarily occurs in response to enzymatic reactions due to explant 
damage. Left untreated, it can lead to reduced regeneration capacity, hindered 
callus proliferation, impeded development of adventitious shoots, and, in 
extreme cases, tissue necrosis. Woody plant species, including trees and shrubs, 
often have a higher phenolic content in their tissues, which can lead to 
browning during tissue culture (Hesami et al., 2018; Gao et al., 2019). 

Kongnakorn (1983) conducted a study into the development of ‘Durian 
Nok’ embryo in a modified Murashige and Skoog (MS) medium by 
incorporating 0.2 mg/L of 2,4-dichlorophenoxyacetic acid (2,4-D), finding that 
the tissue could produce callus. Subsequent transfer of the callus to a medium 
containing α-naphthaleneacetic acid (NAA) and Kinetin revealed that all 
concentrations were effective in stimulating callus formation consistently. On 
the other hand, Namhormchan (1999) explored the cultivation of apical and 
lateral bud tissues that had been sterilized using mercury in Woody Plant 
Medium (WPM) supplemented with cytokinin group substances [BA, 2ip 
(isopentenyl adenine), or kinetin] at varying concentrations of 0, 0.25, 0.5, 1, 2, 
and 4 mg/L. The study revealed that apical and lateral bud tissues transformed 
into stipules (leaf ears), with media containing 2ip demonstrating higher vitality 
induction in apical and lateral buds compared to BA and kinetin; nevertheless, 
lateral buds did not progress into shoots. All durian varieties release phenolic 
compounds (or mucilage) when the juvenile parts of the plant are incised. 
Phenolic compounds (PCs) constitute a chemically diverse group of secondary 
and reactive metabolites synthesized in plants through the shikimate-
phenylpropanoid pathways. These compounds can impede plant growth by 
internally regulating auxin transport and enzymatic activity, thereby averting 
tumorigenesis (Rasouli et al., 2016). Building upon these initial obstacles, the 
study aimed to evaluate the effectiveness of different sterilizing agents in 
achieving sterility for durian lateral bud explants across ‘Monthong’, ‘Kradum 
Thong’ and ‘Puangmanee’ durian varieties. Moreover, it compared various 
inhibitors for phenolic compound production to improve the survival rate of 
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these explants. Additionally, the study explored the efficiency of different types 
and concentrations of plant hormones in stimulating lateral bud callus and new 
shoot formation in vitro. 
 
Materials and methods  
 

The study was conducted at the Plant Tissue Culture Laboratory, located 
at the Chanthaburi Campus of Rajamangala University of Technology Tawan-
Ok, spanning a duration of one year from September 14, 2021, to September 
13, 2022. Lateral branch tips from the durian varieties ‘Monthong’, ‘Kradum 
Thong’ and ‘Puangmanee’ were collected from trees in the orchards of the 
University, local farmer orchards, and durian seedlings in nurseries in  Khao 
Khitchakut District and  Chanthaburi province, Thailand. Subsequently, three 
experiments were conducted as outlined below: 
 
First Experiment: Evaluate the efficacy of different sterilizing agents in 
achieving sterility of durian lateral bud explant samples, aiming to improve 
the survival rates of these explants  
 

The study used a Completely Randomized Design (CRD) experiment 
with 9 treatments, each treatment had 5 replications, and each replication had 3 
bottles for each type of lateral bud explant and each durian variety, resulting in 
a total of 405 bottles (135 bottles per durian variety). The lateral bud explant 
samples were extracted from the juvenile branches in the ‘Paysalat leaf’ stage 
(3rd to 5th leaf from the apex) of ‘Monthong’, ‘Kradum Thong’, and 
‘Puangmanee’ durian varieties. The term “Paysalat  leaf” denotes a leaf that has 
fully unfurled, displaying a green color that is neither too young nor too mature, 
and still maintains a soft structural texture. These samples were obtained from 
cultivation plots and were then subjected to sterilization, comparing two 
sterilizing agents: Clorox [sodium hypochlorite (NaOCl)] and HgCl2, at various 
concentrations and durations as follows: 1) 30% Clorox for 15 minutes, then 
5% Clorox for 10 minutes—designated as the control treatment; 2) 25% Clorox 
for 15 minutes, then 5% Clorox for 10 minutes; 3) 20% Clorox for 15 minutes, 
then 5% Clorox for 10 minutes; 4) 0.4% HgCl2 for 10 minutes; 5) 0.3% HgCl₂ 
for 10 minutes; 6) 0.2 HgCl2 for 10 minutes; 7) 0.15% HgCl₂ for 10 minutes; 8) 
0.10% HgCl2 for 10 minutes; 9) 0.05% HgCl2 for 10 minutes. Following this, 
the explants were placed on Woody Plant Medium (WPM) for 2 weeks under 
fluorescent lighting with an intensity of 1,000 lux for 16 hours each day at a 
temperature of 25-27 °C. Data collection involved documenting changes in 
tissue characteristics and the survival rate of the explants, which were further 
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classified into contamination-free survival rate, infection rate, and 
contamination-free mortality rate. 

 
Second Experiment: Comparing the different types of inhibitors in order to 
enhance the survival rate of durian lateral bud explants by inhibiting the 
formation of phenolic compounds 
  

The study was conducted using a CRD with 15 treatments, each 
consisting of 5 replications, and 3 bottles per type of lateral bud explant and 
durian variety. A total of 675 bottles were used, with 225 bottles per durian 
variety. The WPM liquid media were prepared and phenolic compound 
(mucilage) inhibitors, such as polyvinylpyrrolidone (PVP), powdered activated 
charcoal (PAC), and ascorbic acid (AA), were added at different 
concentrations. The treatments included: 1) WPM Control without PVP, PAC, 
and AA; 2) WPM+0.5 g PVP/liter (L); 3) WPM+1.0 g PVP/L; 4) WPM+5.0 g 
Powdered Activated Charcoal(PAC)/L; 5) WPM+10.0 g PAC/L; 6) WPM+1.0 
mg Ascorbic Acid(AA)/L; 7) WPM+2.0 mg AA/L; 8) WPM+5.0 g PAC/L+0.5 
g PVP/L+1.0 mg AA/L; 9) WPM+5.0 g PAC/L+0.5 g PVP/L+2.0 mg AA/L; 
10) WPM+5.0 g PAC/L+1.0 g PVP/L+1.0 mg AA/L; 11) WPM+5.0 g 
PAC/L+1.0 g PVP/L+2.0 mg AA/L; 12) WPM+10.0 g PAC/L+0.5 g 
PVP/L+1.0 mg AA/L; 13) WPM+10.0 g PAC/L+0.5 g PVP/L+2.0 mg AA/L; 
14) WPM+10.0 g PAC/L+1.0 g PVP/L+1.0 mg AA/L; and 15) WPM+10.0 g 
PAC/L+1.0 g PVP/L+2.0 mg AA/L. The lateral bud explants, sterilized under 
optimal conditions in the first experiment, were then transferred to the prepared 
liquid media and exposed to fluorescent light with an intensity of 1,000 lux for 
16 hours per day at a temperature of 25-27 °C. The experiment lasted for one 
month, during which the percentage of non-phenolic compounds was assessed 
by observing changes in tissue characteristics and capturing images for all three 
durian varieties. 
 
Third Experiment: Comparing the efficiency of lateral bud explants, various 
types and concentrations of plant hormones, in relation to callus formation 
and the initiation of new shoots across the three durian varieties  
 

The study conducted using a CRD with 18 treatments (TRT), 3 
replications, and 5 bottles per replication. A total of 810 bottles were used, with 
270 bottles per durian variety. WPM (McCown and Lloyd, 1981) and MS 
(Murashige and Skoog, 1962) solid media were prepared. Lateral bud explants 
of ‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’ durian varieties were 
grown on MS and WPM solid media. Additionally, both WPM and MS solid 
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media were supplemented with plant hormones—specifically, BA (6-
Benzyladenine) and TDZ (Thidiazuron)—at various concentrations. The 
cytokinin known as BA (6-Benzyladenine) and BAP (6-Benzylaminopurine) 
are two names for the same substance (Da Siva, 2012). The 18 treatments 
(TRT) were: 1) WPM Control as T1; 2) WPM+1.0 mg BA/L as T2; 3) 
WPM+2.0 mg BA/L as T3; 4) WPM+3.0 mg BA/L as T4; 5) WPM+1.0 mg 
BA/L+10% coconut water as T5; 6) WPM+1.0 mg TDZ/L as T6; 7) WPM+2.0 
mg TDZ/L as T7; 8) WPM+3.0 mg TDZ/L as T8; 9) WPM+1.0 mg 
TDZ/L+10% coconut water as T9; 10) MS Control as T10; 11) MS+1.0 mg 
BA/L as T11; 12) MS+2.0 mg BA/L as T12; 13) MS+3.0 mg BA/L as T13; 14) 
MS+1.0 mg BA/L+10% coconut water as T14; 15) MS+1.0 mg TDZ/L as T15; 
16) MS+2.0 mg TDZ/L as T16; 17) MS+3.0 mg TDZ/L as T17; and 18) 
MS+1.0 mg TDZ/L+10% coconut water as T18. Following the second 
experiment, lateral bud explants with reduced phenolic compounds were 
obtained and transferred to culture on MS and WPM solid media to evaluate 
callus formation and new shoot induction in ‘Monthong’, ‘Kradum Thong’, and 
‘Puangmanee’ durian varieties. These explants were then placed under 
fluorescent lighting with an intensity of 1,000 lux for 16 hours each day at a 
temperature of 25-27 °C. The experimental results were documented by 
observing callus length, callus characteristics, new shoot length, and new shoot 
characteristics. Each experimental set lasted for 7 months in the ‘Monthong’ 
and ‘Kradum Thong’ durian varieties, with subculturing performed monthly. 
Unfortunately, the lateral bud explants of the ‘Puangmanee’ durian variety 
dried up and died within a month after being transferred to culture on both MS 
and WPM solid media. As a result, it became challenging to find juvenile 
branches for reculturing, leading to no reculture within the 7-month period. 
 
Data analysis 

 
To identify any statistically significant differences between the treatment 

means, a one-way analysis of variance (ANOVA) was performed using the 
Statistix 7 (SXW) software. Duncan’s Multiple Range Test (DMRT) was then 
used for mean comparisons at a 0.05 probability level. 
 
Results 
 
Sterilizing agents for durian lateral bud explant  

 
The finding revealed that the type, concentration, and duration of 

sterilization agents had significantly (P < 0.05) influenced the contamination-
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free survival rates, infection rates, and contamination-free mortality rates for all 
three durian varieties over a 14-day period (Tables 1-3). Lateral bud explants 
from all three durian varieties that were submerged in a 0.3% HgCl2 solution 
for 10 minutes demonstrated significantly higher contamination-free survival 
rates compared to the control treatments (30% Clorox for 15 minutes, followed 
by 5% Clorox for 10 minutes) (Table 1). These contamination-free survival 
rates were 70% (‘Monthong’), 60% (‘Kradum Thong’), 50% (‘Puangmanee’), 
and 0% for the control treatments across all three durian varieties. Similarly, 
lateral bud explants from ‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’ 
that were submerged in a 0.3% HgCl2 solution for 10 minutes exhibited 
significantly (P < 0.05) lower infection rates than the control treatments. Across 
all three durian varieties, the infection rates remained steady at 30%, whereas 
the control treatments exhibited 100% infection rate for each of the durian 
varieties (Table 2). 

The lateral bud explants of ‘Kradum Thong’ and ‘Puangmanee’ 
submerged in a 0.4% HgCl₂ solution for 10 minutes exhibited significantly 
higher contamination-free mortality rates (P < 0.05) in comparison to the 
control treatments, with the exception of ‘Monthong’ (Table 3). Specifically, 
the contamination-free mortality rates were recorded at 70% for both ‘Kradum 
Thong’ and ‘Puangmanee’, while the control treatments for these durian 
varieties exhibited 0% contamination-free mortality rates (Table 3). 
Conversely, lateral bud explants of ‘Monthong’, ‘Kradum Thong’, and 
‘Puangmanee’ submerged in various rest treatments (including 25% Clorox for 
15 minutes followed by 5% Clorox for 10 minutes, 20% Clorox for 15 minutes 
followed by 5% Clorox for 10 minutes, 0.3% HgCl2 for 10 minutes, 0.2% 
HgCl2 for 10 minutes, 0.15% HgCl2 for 10 minutes, 0.10% HgCl2 for 10 
minutes, and 0.05% HgCl2 for 10 minutes) did not exhibit any significant 
differences (P ≥ 0.05) when compared to the control treatment (Table 3). 

Through the process of sterilizing lateral bud explants from all three 
durian varieties using varying concentrations  and durations of Clorox solution, 
it was consistently found that a survival rate of 0%, an infection rate of 100%, 
and a contamination-free mortality rate of 0% were achieved. Similar results 
were observed when using lower concentrations of mercuric chloride solution 
(beginning at 0.15%) for a duration of 10 minutes (Tables 1-3). Based on the 
result, the optimal concentration and duration for sterilizing lateral bud explants 
from all three durian varieties was a 0.3% HgCl2 solution for 10 minutes. This 
treatment led to the highest contamination-free survival rate, showing a 
significant (P < 0.05) difference compared to the other treatments that were 
tested.  
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Table 1. Contamination-free survival rate (%) of lateral bud explants from 
three durian varieties on WPM solid medium following a 2-week sterilization 
Types of sterilizing agents, 
concentration, and duration of 
sterilization 

Contamination-free survival rate (%) 
‘Monthong’/1 ‘KradumThong’/1 ‘Puangmanee’/1 

30% Clorox for 15 min followed 
by 5% Clorox for 10 min (Control 
treatment) 

0b 0b 0b 

25% Clorox for 15 min followed 
by 5% Clorox for 10 min 

0b 0b 0b 

20% Clorox for 15 min followed 
by 5% Clorox for 10 min 

0b 0b 0b 

0.4% HgCl2 for 10 min 60 a 30ab 30ab 
0.3% HgCl2 for 10 min 70a 60 a 50 a 
0.2% HgCl2 for 10 min 30ab 40ab 40ab 
0.15% HgCl2 for 10 min 0b 0b 0b 
0.10% HgCl2 for 10 min 0b 0b 0b 
0.05% HgCl2 for 10 min 0b 0b 0b 
F-test * * * 
1/  The different letters in the same column are significantly different (p < 0.05) through 
Duncan’s Multiple Range Test (DMRT); A single star (*) in each column indicates statistical 
significance (p < 0.05); “min” refers to minutes 
 
Table 2. Infection rate (%) of lateral bud explants from three durian varieties 
on WPM solid medium following a 2-week sterilization 
Types of sterilizing agents, 
concentration, and duration of 
sterilization 

Infection rate (%) 
‘Monthong’/1 ‘Kradum Thong’/1  ‘Puangmanee’/1 

30% Clorox for 15 min followed 
by 5% Clorox for 10 min (Control 
treatment) 

100a 100a 100a 

25% Clorox for 15 min followed 
by 5% Clorox for 10 min  

100a  100a 100a 

20% Clorox for 15 min followed 
by 5% Clorox for 10 min  

100a  100a 100a 

0.4% HgCl2 for 10 min  20cd 0d 0d 
0.3% HgCl2 for 10 min  30bcd 30bcd 30bcd 
0.2% HgCl2 for 10 min  70ab 60abc 50bc 
0.15% HgCl2 for 10 min 100a 100a 100a 
0.10% HgCl2 for 10 min 100a 100a 100a 
0.05% HgCl2 for 10 min 100a 100a 100a 
F-test * * * 
1/  The different letters in the same column are significantly different (p < 0.05) through 
Duncan’s Multiple Range Test (DMRT); A single star (*) in each column indicates statistical 
significance (p < 0.05); “min” refers to minutes 
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Table 3. Contamination-free mortality rate (%) of lateral bud explants from 
three durian varieties on WPM solid medium following a 2-week sterilization 
Types of sterilizing agents, 
concentration, and duration of 
sterilization 

Contamination-free mortality rate (%) 
‘Monthong’/1 ‘Kradum Thong’/1  ‘Puangmanee’/1 

30% Clorox  for 15 min followed 
by 5% Clorox for 10 min (Control 
treatment) 

0b 0b 0b 

25% Clorox for 15 min followed 
by 5% Clorox  for 10 min 

0b 0b 0b 

20% Clorox for 15 min followed 
by 5% Clorox for 10 min 

0b 0b 0b 

0.4% HgCl2 for 10 min 20b 70a 70a 
0.3% HgCl2 for 10 min 0b 10b 20b 
0.2% HgCl2 for 10 min 0b 0b 10b 
0.15% HgCl2 for 10 min 0b 0b 0b 
0.10% HgCl2 for 10 min 0b 0b 0b 
0.05% HgCl2 for 10 min 0b 0b 0b 
F-test ns * * 
1/  The different letters in the same column are significantly different (p < 0.05) through 
Duncan’s Multiple Range Test (DMRT); An ‘ns’ in a column indicates non-significance          
(p ≥ 0.05); A single star (*) in each column indicates statistical significance (p < 0.05); “min” 
refers to minutes 
 
Phenolic compound inhibitors 
 

On studying the effects of WPM liquid medium supplemented with 
ascorbic acid (AA) (referred to as WPM+AA) and the WPM liquid medium 
supplemented with Polyvinylpyrrolidone (PVP) (referred to as WPM+PVP) on 
‘Monthong’ durian lateral bud explants for a week, it was observed both 
aforementioned media significantly (P < 0.05) reduced mucilage (phenolic 
compounds) in comparison to the WPM liquid medium alone [denoted as WPM 
Control] (Figure 1). Similar results were observed when comparing it to the 
WPM liquid medium supplemented with powdered activated charcoal (PAC) 
(data not shown). Over a period of 1 month, it was revealed that the WPM+1.0 
g PVP/L (WPM liquid medium supplemented with PVP at a concentration of 
1.0 g/L) achieved the most effective mucilage reduction of 100% across 
‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’ durian varieties (Table 4). 
This medium effectively dissolved mucilage in the cut area of the durian 
explant, and the measured value was significantly better (P < 0.05) than the 
WPM liquid medium without any additives [WPM Control] (Table 4). Using 
ascorbic acid (AA) was the next most effective choice for dissolving mucilage 
in the cut area of durian explant, although it was not as effective as PVP. On the 
other hand, powdered activated charcoal (PAC) did not effectively dissolve 
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mucilage but rather aggregated it, even when used in combination with PVP or 
ascorbic acid (Table 4). Therefore, it is recommended to culture the lateral buds 
of all three durian varieties in WPM liquid medium supplemented with PVP at 
a concentration of 1.0 g/L (WPM+1.0 g PVP/L) over a month (Table 4 and 
Figure 2) in order to reduce mucilage (phenolic compounds).  

 

 
 

Figure 1. The level of phenolic compounds (mucilage) in ‘Monthong’ lateral 
bud explants cultured in WPM liquid medium supplemented with inhibitors 
[ascorbic acid (AA) and polyvinylpyrrolidone (PVP)] monitored for 7 days: 
WPM Control (a); WPM+AA (b); WPM+PVP (c) 
 
Table 4. Percentage of non-phenolic compounds after a month, that was 
detected in lateral bud explants from three durian varieties in WPM liquid 
medium measured in 15 experimental sets following the addition of mucilage-
inhibiting agents 
Types of Mucilage-Inhibiting Agents and 
Concentration 

Non-phenolic compounds (%) 
‘Monthong’/1 ‘Kradum 

Thong’/1  
‘Puangmanee’/1 

WPM Control 30.0±2.9e 30.3±1.5d 26.7±1.7c 

WPM+0.5 g PVP/L 61.7±1.7g 42.7±1.5e 40.3±0.9e 

WPM+1.0 g PVP/L 100.0±0.0h 100.0±0.0g 100.0±0.0g 

WPM+5.0 g PAC/L 0.0±0.0a 0.0±0.0a 0.0±0.0a 

WPM+10.0 g PAC/L 0.0±0.0a 0.0±0.0a 0.0±0.0a 

WPM+1.0 mg AA/L 51.3±2.4f 31.7±1.5d 30.3±1.5d 

WPM+2.0 mg AA/L  60.3±0.9g 50.7±1.8f 66.1±3.8f 

WPM+5.0 g PAC/L+0.5 g PVP/L+1.0 mg AA/L 12.3±0.9b 11.3±0.9b 14.0±0.6b 

WPM+5.0 g PAC/L+0.5 g PVP/L+2.0 mg AA/L 11.3±0.9b 13.3±0.7b 12.3±0.9b 

WPM+5.0 g PAC/L+1.0 g PVP/L+1.0 mg AA/L  21.7±1.5d 18.7±2.7c 12.0±0.6b 

WPM+5.0 g PAC/L+1.0 g PVP/L+2.0 mg AA/L  16.7±0.9c 14.7±0.3b 15.7±0.9b 

WPM+10.0 g PAC/L+0.5 g PVP/L+1.0 mg AA/L  0.0±0.0a 0.0±0.0a 0.0±0.0a 

WPM+10.0 g PAC/L+0.5 g PVP/L+2.0 mg AA/L  0.0±0.0a 0.0±0.0a 0.0±0.0a 

WPM+10.0 g PAC/L+1.0 g PVP/L+1.0 mg AA/L  0.0±0.0a 0.0±0.0a 0.0±0.0a 

WPM+10.0 g PAC/L+1.0 g PVP/L+2.0 mg AA/L  0.0±0.0a 0.0±0.0a 0.0±0.0a 

F-test * * * 
1/  The different letters in the same column are significantly different (p < 0.05) through 
Duncan’s Multiple Range Test (DMRT); A single star (*) in each column indicates statistical 
significance (p < 0.05) 
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Figure 2. Lateral bud explants treated with mucilage-reducing agents in all 15  
experimental sets for each variety: ‘Monthong’ (a); ‘Kradum Thong’ (b); and 
‘Puangmanee’(c); lateral bud explants in the petri dishes marked by red 
rectangles were treated with Woody Plant Medium (WPM) liquid medium 
supplemented with 1.0 g PVP/L, symbolized as WPM+1.0 g PVP/L 
 
Callus formation  

 
During the 2-week period, the sterile durian lateral bud explants of 

‘Monthong’ and ‘Kradum Thong’ cultured on WPM Control solid medium, 
maintained their cleanliness and viability (Figure 3). Despite the absence of 
callus formation in a short timeframe, ‘Monthong’ displayed a larger lateral bud 
explant compared to ‘Kradum Thong’ due to their genetic differences (Figure 
3). In the third month, lateral bud explants of ‘Monthong’ cultured on solid 
medium with T15 exhibited the significantly longest callus length at 1.65±0.49 
cm (P < 0.05), followed by T18 (1.25±0.35 cm), T9 (0.90±0.07 cm), and T17 
(0.85±0.21 cm). Notably, these callus formations were considered longer than 
that of T1, which measured 0.55±0.07 cm (Table 5). Meanwhile, callus 
formations in treatments T2, T3, T4, T5, T6, T7, T8, T10, T11, T12, T13, T14, 
and T16 were not significantly different (P ≥ 0.05) from the control treatment 



778 
 
 

 

(T1), based on callus length values (Table 5). By the seventh month, only 
lateral bud explants of ‘Monthong’ cultured on solid medium with T9 exhibited 
a significantly larger green callus length than the WPM Control (Figures 4c and 
4a). It was observed that the lateral bud explants on the WPM Control 
transitioned from green callus to brown callus color and eventually began to dry 
up (Figure 4a). In contrast, the callus of ‘Monthong’ cultured on solid medium 
with T15 changed from green to brown color and then started to dry up, 
resembling the WPM Control (Figures 5c and 4a), while the lateral bud explant 
cultured on T10 exhibited the development of a new shoot (Figure 5a). 

 
New shoot induction 

 
In the third month, the T14 solid medium formula led to new shoot 

induction with leaf growth, resulting in an average length of 1.00±0.42 cm from 
the ‘Monthong’ lateral bud explant (Table 5, Figures 4a and 5b). This length 
was significantly (P < 0.05) longer than that of T1 (WPM Control), which had 
an average length of 0.05±0.07 cm with no leaf growth. Additionally, the T4 
solid medium induced new shoot growth with leaf development that did not 
exhibit significant differences (P ≥ 0.05) compared to T1. However, its length 
was 0.85±1.06 cm longer than that of T1 (Table 5, Figures 4a and 4b). The 
solid media that were left (T2, T3, T5, T6, T7, T8, T9, T10, T11, T12, T3, T15, 
T16, T17, and T18) showed no significant differences (P ≥ 0.05) in new shoot 
induction when compared to T1 (Table 5). By the seventh month, some of the 
emerged leaves from the lateral bud explant fell, and the explant size decreased 
on T4 solid medium. Conversely, the lateral bud explant on T1 dried up and 
eventually died (Figures 4a and 4b). Meanwhile, the emerged leaf of the lateral 
bud explant on T14 (MS+1.0 mg BA/L+10% coconut water) solid medium also 
fell, dried up, and eventually died, similar to T1 (Figures 4a and 5b). 

When culturing lateral bud explants of the ‘Kradum Thong’ durian 
variety across 18 different solid media (T1-T18), it was noted that there was an 
absence of callus formation. Nevertheless, there was evidence of new shoot 
induction taking place (Figures 6 and 7). During the third month, only four 
solid media formulations—T4, T8, T14, and T16—demonstrated significantly 
better induction of new shoots with leaf growth compared to T1 (Figures 6a, 6b, 
6c, 7b, and 7c). This pattern persisted until the seventh month, when these same 
four media formulations surpassed the control, promoting vigorous shoot 
development. Notably, T4 led to lateral bud explants dividing into two shoots 
with leaf growth, while T8 encouraged the growth of larger shoots with green 
leaf color (Figures 6b and 6c). Despite the initial observation in the ‘Kradum 
Thong’ durian variety where the T10 solid medium triggered new shoot 
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formation with more extensive leaf growth than T1, by the third month of tissue 
culture, the emerging leaf dried out, while the lateral bud explant remained 
viable (Figures 6a and 7a). By the seventh month, the rate of new shoot 
induction was slower than that of T1 (Figures 6a and 7a). 

 

 
 
Figure 3. Condition of sterile durian lateral bud explants following 2 weeks of  
culture on solid WPM Control medium: ‘Monthong’ (a) and ‘Kradum     
Thong’ (b) 

 
Table 5. Callus and new shoot lengths of ‘Monthong’ durian lateral bud 
explants induced by WPM and MS solid media supplemented with different 
concentrations of BA and TDZ over a 3-month period 
Types of solid media supplemented with different 
concentrations of plant hormones 

Callus 
length/1  
(cm) 

New shoot 
length/1  
(cm) 

T1 (WPM Control)  0.55±0.07abc 0.05±0.07b 
T2 (WPM supplemented with 1.0 mg BA/L)  0.30±0.07abc 0.10±0.14ab 
T3 (WPM supplemented with 2.0 mg BA/L) 0.70±0.42bc 0.00±0.00b 
T4 (WPM supplemented with 3.0 mg BA/L) 0.55±0.35abc 0.85±1.06ab 
T5 (WPM supplemented with 1.0 mg BA/L and 10% coconut water) 0.50±0.07abc 0.00±0.00b 
T6 (WPM supplemented with 1.0 mg TDZ/L) 0.25±0.07ab 0.00±0.00b 
T7 (WPM supplemented with 2.0 mg TDZ/L) 0.30±0.07abc 0.00±0.00b 
T8 (WPM supplemented with 3.0 mg TDZ/L) 0.55±0.07abc 0.50±0.70ab 
T9 (WPM supplemented with 1.0 mg TDZ/L and 10% coconut water) 0.90±0.07cd 0.00±0.00b 
T10 (MS Control) 0.25±0.07ab 0.00±0.00b 
T11 (MS supplemented with 1.0 mg BA/L) 0.65±0.07bcd 0.00±0.00b 
T12 (MS supplemented with 2.0 mg BA/L) 0.25±0.35ab 0.30±0.42ab 
T13 (MS supplemented with 3.0 mg BA/L) 0.30±0.42abcd 0.00±0.00b 
T14 (MS supplemented with 1.0 mg BA/L and 10% coconut water)  0.00±0.00a 1.00±0.42a 
T15 (MS supplemented with 1.0 mg TDZ/L)  1.65±0.49e 0.35±0.07ab 
T16 (MS supplemented with 2.0 mg TDZ/L)  0.45±0.21abc 0.65±0.77ab 
T17 (MS supplemented with 3.0 mg TDZ/L) 0.85±0.21bcd 0.00±0.00b 
T18 (MS supplemented with 1.0 mg TDZ/L and 10% coconut water)  1.25±0.35de 0.00±0.00b 
F-test  * * 
1/ The different letters in the same column are significantly different (p < 0.05) through 
Duncan’s Multiple Range Test (DMRT); A single star (*) in each column indicates statistical 
significance (p < 0.05) 
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Figure 4. Callus formation and new shoot induction of ‘Monthong’ durian on 
WPM solid media supplemented with BA and TDZ from the 3rd to 7th month: 
WPM Control (a); WPM supplemented with 3.0 mg BA/L (b) and; WPM 
supplemented with 1.0 mg TDZ/L and 10% coconut water (c) 
 
 

 
 
Figure 5. Callus formation and new shoot induction of ‘Monthong’ durian on 
MS solid media supplemented with BA and TDZ from the 3rd to 7th month: MS 
Control (a); MS supplemented with 1.0 mg BA/L and 10% coconut water (b) 
and; MS supplemented with 1.0 mg TDZ/L (c) 
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Figure 6. Callus formation and new shoot induction of ‘Kradum Thong’ durian 
on WPM solid media supplemented with BA and TDZ from the 3rd to 7th  
month: WPM Control (a); WPM supplemented with 3.0 mg BA/L (b) and; 
WPM supplemented with 3.0 mg TDZ/L (c) 
 
 

 
 
Figure 7. Callus formation and new shoot induction of ‘Kradum Thong’ durian 
on MS solid media supplemented with BA and TDZ from the 3rd to 7th month: 
MS Control (a); MS supplemented with 1.0 mg BA/L and 10% coconut water 
(b) and; MS supplemented with 2.0 mg TDZ/L (c) 
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Discussion  
 
Sodium hypochlorite (NaOCl), commonly known as Clorox, used for 

disinfection in tissue culture, was found to be less effective than mercuric 
chloride in eliminating microbial contamination in this study. Specifically, 
when NaOCl was used at concentrations of 30% for 15 minutes followed by 
5% for 10 minutes, 25% for 15 minutes followed by 5% for 10 minutes, or 20% 
for 15 minutes followed by 5% for 10 minutes, it resulted in 100% total 
infection rates across all three durian varieties. Consistent with the findings of 
Samiei et al. (2017), NaOCl was less effective than mercuric chloride (HgCl2) 
in eliminating microbial contamination in Dionysia tapetodes explants. When 
NaOCl was used at a concentration of 3% for 15 minutes, it resulted in a 75% 
total infection rate. In such instances, mercuric chloride is commonly 
employed. However, it’s important to note that while mercuric chloride 
effectively eliminates bacteria, there is an increased tissue mortality rate due to 
exposure to its high concentration. The results revealed that lateral bud explants 
of ‘Kradum Thong’ and ‘Puangmanee’ when submerged in a 0.4% HgCl2 
solution for 10 minutes, exhibited significantly higher contamination-free 
mortality rates (P < 0.05) compared to the control treatments. The control 
treatments involved using 30% Clorox for 15 minutes, followed by 5% Clorox 
for 10 minutes. Notably, this trend did not hold for the ‘Monthong’ variety. 
Interestingly, lateral bud explants of ‘Monthong’ displayed a higher level of 
tolerance towards higher concentrations of HgCl2 compared to those of 
‘Kradum Thong’ and ‘Puangmanee.’ Moreover, larger lateral bud explants, 
such as those of ‘Monthong,’ demonstrated enhanced resistance against the 
damaging effects of sterilizing agents. The findings are consistent with the 
genetic characteristics of these varieties: ‘Monthong’ possesses the largest 
lateral bud size, followed by ‘Kradum Thong’ and ‘Puangmanee’. 
Consequently, smaller lateral bud explants are more vulnerable to drying out 
and death when subjected to sterilization through immersion in a 0.4% HgCl2 
solution for a duration of 10 minutes, as indicated by the value of 
contamination-free survival rate. In a study akin to that of Samiei et al. (2017), 
the most effective sterilization treatment for Dionysia tapetodes explants 
involved the application of 0.1% HgCl2 for 4 minutes, resulting in 91.6% 
healthy explants. However, a higher 0.2% HgCl2 concentration was found to be 
toxic to the explant tissues, resulting in 41.66% necrosis. Similarly, mercuric 
chloride is recognized for its high toxicity to plant tissues (Kunasakdakul et al., 
2021). Nevertheless, the results suggest that lateral bud explants from all three 
durian varieties, when submerged in 0.3% HgCl2 for 10 minutes, displayed 
significantly higher contamination-free survival rates compared to treatment 
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with submersion in 30% Clorox for 15 minutes, followed by 5% Clorox for 10 
minutes. Similar result to that of Kermanee (1993) who recommended the use 
of relatively low concentration of HgCl2, approximately 0.1-1.0%, applied for 
2-10 minutes when employed for cleaning tissue samples prior to culturing to 
ensure they are free from fungi and bacteria. The effectiveness of pathogen 
eradication by NaOCl and HgCl2 is dependent on multiple factors beyond the 
type and concentration of the disinfectant, including the decontamination 
duration. The type of tissue also plays a crucial role. In situations where the 
plant tissue is thick and robust, a higher concentration of disinfectant and 
longer soaking time might be required. Conversely, for fragile and thin plant 
tissue, a lower concentration and shorter exposure time may be sufficient 
(Kitwicharn, 2004). It’s essential to take into account these factors when 
formulating decontamination procedures. The choice of disinfectant type and 
concentration, along with the decontamination duration, plays a crucial role in 
the treatment of various plant tissues. This study delved into the effectiveness 
of using HgCl2 to decontaminate lateral bud explants from ‘Monthong’, 
‘Puangmanee’, and ‘Kradum Thong’ durian varieties. The application of a 
0.3% HgCl2 solution for 10 minutes yielded the highest rates of contamination-
free survival for the lateral bud explant of these durian varieties. Conversely, 
lower concentrations of HgCl2 resulted in increased infection rates in lateral 
bud explants across all three durian varieties. In summary, the results indicate 
that treating with a 0.3% HgCl2 solution for 10 minutes produced the highest 
survival rates: 70% for ‘Monthong’, 60% for ‘Kradum Thong’, and 50% for 
‘Puangmanee’, all while maintaining contamination-free lateral bud explants. 

During the one-month period, the result indicated that the most effective 
reduction in phenolic compounds was achieved when using a liquid medium of 
Woody Plant Medium supplemented with 1.0 g polyvinylpyrrolidone per liter 
(L). This particular treatment exhibited a 100% effectiveness rate across 
‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’ durian varieties. 
Polyvinylpyrrolidone (PVP), recognized for its antioxidant properties, played a 
role in the reduction of phenolic compounds. Notably, inclusion of PVP as 
phenolic compound reducing agent did not have any negative impact on the 
lateral bud explant of durian, as they maintained their green and clean 
appearance. There was no evidence of browning in plant tissue culture observed 
during the 1-month period. Browning is a process caused by the oxidation of 
phenolic compounds through the action of polyphenol oxidase (PPO), leading 
to the production of dark pigments. This finding is consistent with the study of 
He et al. (2005), which indicated that PVP exhibited the highest efficacy as an 
anti-browning agent for P. suffruticosa ‘Luo Yang Hong’. Adding PVP to the 
medium reduced PPO activity in the petal explants of Paeonia lactiflora for the 
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first two weeks, leading to a 95% suppression of browning (Cai et al., 2020). 
The PPO is a very important enzyme for the formation of the browning 
compound quinine (Toivonen and Brummell, 2008; Zhu et al., 2009). Overall, 
the results suggest that submerging durian lateral bud explants in a WPM liquid 
medium supplemented with 1.0 g PVP/L was effective in alleviating browning 
issues. This treatment achieved 100% effectiveness across all three durian 
varieties (‘Monthong’, ‘Kradum Thong’, and ‘Puangmanee’) over a 1-month 
period.  

During the 7-month period of subculturing on solid medium once a 
month, the results revealed a distinct pattern in the lateral bud explants of 
‘Monthong’ durian. When these explants were cultured on (WPM) 
supplemented with 1.0 mg TDZ/L and 10% coconut water, they displayed 
notably longer green callus lengths compared to all 18 tested solid media in this 
study. The combination of a low TDZ level with coconut water in the WPM 
solid medium appeared to have a significant impact on callus formation. 
Interestingly, the findings contradict those of Huetteman and Preece (1993), 
who proposed that low levels of TDZ promote axillary shoot proliferation in 
woody plant species, while higher levels may hinder it. Conversely, Shirani et 
al. (2010) observed that higher concentrations of TDZ impede the growth and 
development of the regenerants. These conflicting effects underscore the 
importance of precise TDZ levels for successful tissue culture protocols. In this 
study, it was found that higher concentrations of TDZ in WPM solid medium, 
specifically WPM supplemented with 3.0 mg TDZ/L, led to a significant 
increase in the induction of new shoots with leaf growth in ‘Kradum Thong’ 
durian over a 3-month period compared to the control (WPM alone without 
TDZ added). This trend persisted up to the seventh month, with the medium 
containing TDZ outperforming the control by promoting robust shoot and 
larger shoots with green leaves. Conversely, when ‘Kradum Thong’ durian was 
cultivated on MS solid medium supplemented with 2.0 mg TDZ/L, smaller 
shoots were observed. This observation is consistent with previous studies by 
Fiola et al. (1990) and Malik and Saxena (1992), which demonstrated that TDZ 
effectively breaks lateral bud dormancy and stimulates shoot development in 
various plant species. TDZ has been shown to trigger or boost various 
biological processes within cells, as demonstrated by Guo et al. (2011). TDZ 
was categorized as a cytokinin due to its induction of natural cytokinin-like 
responses. Subsequently, an increase in endogenous auxin, ethylene, and ABA 
was recorded in response to TDZ treatment (Yip and Yang, 1986; Murthy et al., 
1995; Murthy et al., 1998). Ethylene, a harmful by-product of TDZ-induced 
metabolic processes, has been observed (Hutchinson et al., 1997). It has been 
suggested that TDZ induces a response similar to auxin, since applying auxin 
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increases ethylene production. It is probable that TDZ treatment does not 
directly induce leaf abscission but instead arises from the auxin responses 
mediated by TDZ. During the 7-month period of the study, a number of leaves 
that had sprouted from lateral bud explant of ‘Monthong’ variety eventually fell 
off. The reduction in size of the explant was linked to the presence of dead bark 
on the lateral bud explant, which was eliminated during each subculture on 
WPM supplemented with 3.0 mg BA/L. Consequently, the lateral bud explant 
ended up being smaller, with only a few leaves remaining. 

During the 3-month period, it was observed that the addition of 3.0 mg 
BA/L to WPM and 1.0 mg BA/L and 10% coconut water to MS medium 
notably enhanced the induction of new shoots with leaf growth in ‘Kradum 
Thong’ durian compared to the control (WPM without BA supplementation). 
This positive effect was still evident in the seventh month, with the same two 
media formulations continuing to outperform the control, resulting in robust 
shoot development. The lateral bud explants of ‘Kradum Thong’ durian 
cultured in WPM supplemented with 3.0 mg BA/L exhibited an intriguing 
phenomenon by splitting into two shoots, each with leaf growth. A similar 
outcome was observed by Mondal et al. (2015) in their study on the effect of 
coconut water and ascorbic on the micropropagation of banana variety Dwarf 
Cavendish. The shoot tip was cultured on MS medium supplemented with BAP 
(Benzyleaminopurine) at a concentration of 5.0 mg/L, along with varying 
concentrations of coconut water (0, 50, 100, 150, and 200 mL/L) and ascorbic 
acid (0, 25, 50, 75, and 100 mg/L). An increase in the concentration of coconut 
water up to 100 mg/L and ascorbic acid up to 50 mg/L resulted in a significant 
enhancement in the frequency of explants exhibiting shoot regeneration, the 
number of shoots regenerated per explant, and the length of shoots, 
respectively. Ascorbic acid, known for its role as an antibrowning agent for 
fresh-cut potatoes (Xu et al., 2022), also acts as an antioxidant/antibrowning 
agent (Davis et al., 1974; Slavova, 1982; Gupta, 1986). The browning in plant 
tissue, attributed to polyphenol oxidase (Bar-NUN and Mayer, 1983), and the 
formation of strongly oxidising quinines, which cause poor growth, can be 
inhibited by ascorbate (Wickers et al., 1984).  

In conclusion, the most effective concentration and duration for 
sterilizing lateral bud explants in the three durian varieties, ‘Monthong’, 
‘Kradum Thong’, and ‘Puangmanee’, is a 0.3% mercuric chloride solution 
applied for 10 minutes. The treatment led to the highest contamination-free 
survival rate, which was significantly different from the other treatments tested 
(P < 0.05). Moreover, the liquid WPM supplemented with PVP at a 
concentration of 1.0 g/L successfully achieved 100% reduction in mucilage 
across all three durian varieties, ensuring that lateral bud explants remained 
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healthy and free from contamination. PVP also played a role as an antioxidant, 
aiding in the reduction of phenolic compound formation. Additionally, after a 
7-month period of subculturing on solid medium once a month, only lateral bud 
explants of ‘Monthong’ durian cultured on WPM supplemented with 1.0 mg 
TDZ/L and 10% coconut water exhibited significantly longer green callus 
lengths compared to all 18 tested solid media. Lower TDZ levels (1 mg TDZ/L) 
combined with 10% coconut water in WPM solid medium promoted callus 
growth in ‘Monthong’ lateral bud explants. In terms of shoot development, 
WPM supplemented with 3.0 mg BA/L resulted in lateral bud explants of 
‘Kradum Thong’ durian splitting into two shoots with leaf growth, while WPM 
supplemented with 3.0 mg TDZ/L promoted larger shoots with green leaf color. 
These results offer valuable insights for optimizing explant sterilization and 
growth conditions in durian tissue culture propagation. 
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