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Abstract  Original Research Article 
 

Saurauia bracteosa DC. (Pirdot) is one of the endemic woody plant species that has medicinal properties. The declining 

population in natural habitats caused this plant as a vulnerable species that need in vitro culture to prevent further 

extinction. The combination of 2.4-D and BAP as an exogenous PGR influenced the success of woody plant in vitro 

culture. Therefore, this research aimed to determine the effect of 2.4-D and BAP concentrations on the in vitro response 

of the S. bracteosa leaf explant. This research used a complete randomized design (CRD) with two factors: (1) the 

concentration of 2.4-D (0.50; 0.75; 1 mg/L), and (2) the concentration of BAP (B) (1; 2; 3 mg/L). This research consisted 

of 16 treatments (including a control); each treatment was repeated three times. All data were analyzed statistically using 

ANOVA, and the significant results will be followed by Duncan’s Multiple Range Test (DMRT). All PGR treatments 

could not produce a callus growth response, yet all explants showed various responses to browning intensity (0.08–1) 

and 100% browning. Further research still needs to be done to find the best type of explant and concentrations of PGR 

that can overcome the recalcitrant explant of Sauraia bracteosa. These results can be valuable information to promote 

the successful in vitro conservation of Sauraia bracteosa. 
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INTRODUCTION 
Saurauia bracteosa DC. or locally known as 

Pirdot is an endemic plant belongs to the Actiniadiacae 

family which is naturally distributed in several mountain 

areas in Central Java, West Java, Bali, North Sumatra, 

and North Sulawesi. This plant is categorized as a 

medium-sized woody plant species with a 3-15 meter 

height (Helmanto et al., 2020; Situmorang & Sunandar, 

2019).  The leaf parts of S. bracteosa are traditionally 

used by people in North Sumatra as herbal tea with 

medicinal properties to lower blood sugar, reduce blood 

cholesterol levels, prevent high blood pressure, as an 

anti-cancer and anti-inflammatory (Lubis et al., 2022; 

Situmorang & Sunandar, 2019; Situmorang et al., 2015). 

The pharmacological effects are attributed to 

phytochemical compounds contained in each part of this 

plant, such as flavonoids, phenolics and tannins and have 

very strong antioxidant activity ranging from 28.18 - 

38.01 ppm (Lubis et al., 2022; Murtihapsari dkk., 2022). 

Based on IUCN Red List since 2019, the population of 

S. bracteosa in its natural habitat has been decreasing, 

thus it is considered as a vulnerable species (Helmanto et 

al., 2020). One of the attempts to overcome this problem 

is through ex situ conservation. In vitro culture has been 

widely applied for ex situ conservation as it can produce 

true to type plants in a large number of plants with a 

relatively short time and only requires a small part of the 

plant size to be used as explants (Radomir et al., 2023; 

Dhiman et al., 2020). It is an effective tool for in vitro 

conservation of S. bracteosa plants in order to prevent its 

further extinction. Previous studies have reported ex situ 

conservation of an endangered species Saurauia 

punduana Wallich form India through callus propagation 

using nodal explants on MS media supplemented with 

BA and Kinetin (0-15 𝜇M)(Deb & Gangmei, 2016) and 

shoot propagation using nodal explants on MS media 

supplemented with BA (9 𝜇 M) and IBA (10 𝜇 M) 

resulted in 43% of micro shoots (Deb & Gangmei, 2017). 

However, to the best of our knowledge, there are still 

limited studies regarding the in vitro conservation of 

Saurauia bractoesa. Therefore, this research is important 

to provide the in vitro propagation protocol of 

S.bracteosa. 

 

One of the important factors that support the 

success of in vitro culture, particularly for woody plant 
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is the interaction of exogenous plant growth regulators 

(PGRs) added to the culture medium and endogenous 

hormones contained in the explants (Jayusman et al., 

2022; Kumar & Jakhar, 2018). Among several types of 

PGRs, auxin and cytokinin are two important hormones 

for in vitro culture. 2,4-D (2,4-Dichlorophenoxyacetic 

Acid) and BAP (6-Benzylaminopurine) are types of 

PGRs from the auxin and cytokinin groups that are 

widely used for in vitro propagation of woody plants 

(Jayusman et al., 2022; Sharma, 2017). The combination 

of auxin and cytokinin plays an important role in 

supporting cell division, cell elongation and 

morphogenesis. (Habibah et al., 2023; Restiani et al., 

2022). Previous studies have reported the success of 

endangered plants in vitro conservation using BAP and 

2.4-D. Al-Qudah et al.(2023) reported that BAP 1.5 

mg/L produce the optimum callus weight (5.81 g). 

Shirsat et al. (2021) also reported the combination of 2.5 

mg/L 2.4-D and 2 mg/L BAP resulted in the highest fresh 

weight friable embriogenic callus (2.35 g) of threatened 

species Caesalpinia bonducella. According to previous 

studies, the optimal concentration of 2.4-D and BAP 

added to the culture media resulted in different responses 

for each type of explant although within the same 

species. Therefore, this research aimed to determine the 

effect of 2.4-D (0.50; 0.75; 1 mg/L) and BAP (1; 2; 3 

mg/L) concentration on in vitro response of S.bracteosa 

leaf explant.  

 

MATERIALS AND METHODS 
Materials 

The newly sprouting young leaves from old and 

mature Saurauia bracteosa tree branches obtained from 

“Eka Karya” Bali Botanical Garden collection with plant 

code XIX.D.7-7a, b, c, d were used as an explant. Pra-

sterilization and sterilization of leaf explant was carried 

out prior to sterilization in Laminar Air Flow Liquid 

detergent, tween 80, sterile distilled water, bactericide, 

fungicide were used in explant pra-sterilization outside 

the Laminar Air Flow. 70% alcohol, 1,5% belaching 

solution (Clorox) and ascorbic acid were used in explant 

sterilization inside the Laminar Air Flow. Murashige and 

Skoog media, 30% (w/v) sucrose, agar, 2,4-D (0.50; 

0.75; 1 mg/L) and BAP (1; 2; 3 mg/L) were used in media 

preparation. 

 

Methods 

Media Preparation  

The Murashige and Skoog (MS) media used in 

this study were solidified using 8 g/L bacto agar, which 

was prepared according to Murashige and Skoog's 

(1962) formulation. MS media was supplemented with 

various concentrations of 2,4-D (0.50; 0.75; 1 mg/L) and 

BAP (1; 2; 3 mg/L). Subsequently, the pH of the media 

was adjusted to 5.7-5.8 using drops of either 1N NaOH 

or 1N HCl before adding bacto agar as a gelling agent. 

The media was autoclaved at 121℃ for 15 minutes. This 

research used a Complete Randomized Design (CRD) 

with two factors. The first factor was the concentration 

of 2.4-D (0.50; 0.75; 1 mg/L), and the second factor was 

the concentration of BAP (B) (1; 2; 3 mg/L). This 

research consisted of 16 treatments (including a control), 

each treatment was repeated three times. 

 

Explant Preparation 

Newly sprouting young leaves of Sauraia 

bracteosa were obtained from 2nd to 3rd leaves from the 

shoot apical. The leaves were kept in a coolbox to 

maintain humidity and temperature, then subsequently 

transferred to the biotechnology laboratory of Duta 

Wacana Christian University. Pre-sterilization was 

carried out by washing S. bracteosa leaf explants under 

running water for 60 minutes, immersing them in a 

solution containing liquid detergent and tween 80 for 60 

minutes, and then rinsing them using distilled water. 

Subsequently, the leaf explants were immersed in a 

solution containing bactericide and fungicide for 15 

minutes. The sterilization of leaf explants was carried out 

inside the LAF by immersing S. bracteosa leaf explants 

in 70% alcohol for 3 minutes, then washing by sterilized 

aquadest three times, and then immersing the explants in 

a 1.5% clorox solution for 15 minutes. Subsequently, the 

explants were washed by sterilized aquadest three times 

before being immersed in 200 ppm of ascorbic acid 

solution for 30 minutes. The sterilized explants were 

excised to a size of approximately 1 x 1 cm using a 

scalpel and then inoculated into MS media according to 

PGR treatments. The cultures were incubated for a 24-

hour light period using a 20-watt TL lamp with a light 

intensity of 671 lux at a temperature of 22-23°C. 

 

Observation and Data Analysis 

The observation of culture was carried out for 

60 days. Parameters were observed, including time of 

browning emergence, percentage of browning (%), 

browning intensity, percentage of contamination, and 

percentage of viable explants. The intensity of browning 

was determined by scoring of browning (Table 1) that 

refers to Admojo & Indrianto (2016). 

 
Table 1: Browning Intensity Scoring 

Scoring Information 

0 – 0.24 0 - < 1/4 of the explants experienced browning 

0.25 – 0.49 1/4 - < 1/2 of the explants experienced 

browning 

0.50 – 0.74 1/2 - < 3/4 of the explants experienced 

browning 

0.75 – 0.99 3/4 - < 1 of the explants experienced browning 

1.00 All parts of the explants experienced browning 

 

All data were performed as mean± standard 

deviation (SD) and analyzed statistically using the IBM 

SPSS Statistics V21 x 86 programs with an ANOVA test 

at a significant level of 5%. Significant results are 

obtained if a value of less than 5% is obtained. The 

significant ANOVA test results will be followed by a 

post hoc test using the Duncan’s Multiplate Range Test 

(DMRT). 

 

RESULTS  
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Effect of 2.4-D and BAP concentrations on browning 

response of S.bracteosa leaf explants 

Based on data from Table 2, all treatments, 

including the control, resulted in a browning response of 

S.bracteosa leaf explants at 60 DAI. Despite various 

PGR treatments including control resulted in 100% 

browning of leaf explants, PGR-free media (control) 

resulted in the lowest browning intensity (0,08 ± 

0,06a), while increasing concentrations of 2.4-D (1 

mg/L) and BAP (3 mg/L) resulted in the highest 

browning intensity (1 ± 0fg) (Table 2 and Figure 1). 

Furthermore, the increasing concentration of 2.4-D (1 

mg/L) and BAP (3 mg/L) resulted in the fastest browning 

emergence (2 ± 0a DAI), while the concentration of 2.4-

D (1 mg/L) and BAP (2 mg/L) showed the slowest 

browning emergence (8 ± 0d). However, based on the 

DMRT significance test, the effect of increasing level of 

BAP (1–3 mg/L) on MS media without 2.4-D showed no 

significant effect on browning intensity (0.08, 0.10, and 

0.22). These treatments showed similar results. In 

addition, the increasing level of BAP (1–3 mg/L) on MS 

media containing the highest level of 2.4-D (1 mg/L) also 

showed no significant effect on browning intensity (0.70, 

0.71, and 1) based on the DMRT significance test. These 

results indicated that the browning response of 

S.bracteosa leaf explants was influenced not only by the 

exogenous PGR added to culture media but also by the 

oxidation of phenolic compounds of the explants during 

excision at the isolation stage, as S.bracteosa is one of 

the woody plant species that contains a high level of 

phenolic compounds and strong antioxidant activity 

(Lubis et al., 2022; Pasaribu et al., 2020), which makes 

it prone to enzymatic browning (Chai et al., 2018). This 

is supported by the similar browning percentage and 

intensity of browning that resulted from the control 

(PGR-free media) and PGR treatments (Figure 1). 

 

Table 2: Browning percentage, time of browning emergence and browning intensity of Saurauia bracteosa Leaf 

Explants at 60 DAI (Days after Inoculation) 

Plant Growth Regulators Treatment 

Code 

Browning 

Percentage 

Time of Browning 

Emergence (DAI) 

Browning 

Intensity 2.4-D (mg/L) BAP (mg/L) 

0 0 D0B0 100% 4 ± 0ab 0,08 ± 0,06a 

0 1 D0B1 100% 5,33 ± 2,31bc 0,10 ± 1,71ab 

0 2 D0B2 100% 5,33 ± 1,15bc 0,22 ± 0,06abc 

0 3 D0B3 100% 4,67 ± 1.15bc 0,92 ± 0,08fg 

0.5 0 D1B0 100% 6 ± 2bc 0,33 ± 0,20abcd 

0.5 1 D1B1 100% 4,67 ± 1,15bc 0,40 ± 0,15bcde 

0.5 2 D1B2 100% 4 ± 0ab 0,50 ± 0,25cde 

0.5 3 D1B3 100% 4 ± 0ab 0,65 ± 0,05def 

0.75 0 D2B0 100% 5,33 ± 1,15bc 0,48 ± 0,25cde 

0.75 1 D2B1 100% 5,33 ± 1,15bc 0,58 ± 0,10de 

0.75 2 D2B2 100% 4,67 ± 1,15bc 0,45 ± 0,22cde 

0.75 3 D2B3 100% 4,67 ± 1,15bc 0,43 ± 0,11cde 

1 0 D3B0 100% 4 ± 0ab 0,53 ± 0,42cde 

1 1 D3B1 100% 6,67 ± 1,15cd 0,70 ± 0,05efg 

1 2 D3B2 100% 8 ± 0d 0,71 ± 0,10efg 

1 3 D3B3 100% 2 ± 0a 1 ± 0fg 

Note: The numbers followed by the same letter show no significant difference between treatments based on DMRT test 

at α 5% level (DAI = Day After Inoculation) 

 

 
Figure 1: Browning intensity response of Saurauia bracteosa leaf explants at 60 DAI (a) MS media without PGR 

(control) (b) MS media + 0.75 mg/L 2.4-D + 2 mg/L BAP and (c) MS + 1 mg/L 2.4-D + 3 mg/L BAP 

 

Effect of 2.4-D and BAP concentrations on growth 

response of S.bracteosa leaf explants 

Based on the results in Table 3, all treatments, 

including the control, resulted in live explants (100%), as 
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they did not show any necrotic symptoms in the S. 

bracteosa leaf explant (Figure 1). However, all live 

explants did not result in callus growth at all 

concentrations of 2.4-D and BAP in MS media. Callus is 

one of the explant growth indicators in in vitro culture. 

Callus can be stimulated by the wound signal when 

cutting the explant, which subsequently modulates the 

expression of gene-regulating hormones such as auxin 

and cytokinin in explant cells (Habibah et al., 2023; 

Ikeuchi et al., 2013). The addition of exogenous 

hormones or PGR, such as 2.4-D (auxin) and BAP 

(cytokinin), in appropriate concentration could interact 

with the endogenous hormones already contained in the 

explant, which could enhance the capability of the 

explant growth response. However, in this research 

showed that all concentrations of PGR could not 

stimulate the callus growth of the S.bracteosa leaf 

explant. This might be correlated with the percentage and 

intensity of browning from all treatments, as previously 

explained. Browning is one of the major problems in 

woody plant in vitro culture due to the oxidation of high 

level of phenolic compounds in each part of plants, 

which causes an explant to become recalcitrant to in vitro 

culture. Explants from recalcitrant species are difficult to 

propagate or could not readily respond to nutrients and 

hormones in culture media, so the explants could not 

regenerate or resulting the death explants. 

 

Table 3: Percentage of live explant and callus response of Saurauia bracteosa Leaf Explants at 60 DAI (Days After 

Inoculation) 

Plant Growth Regulators Treatment Code Live Explant Callus Growth 

2.4-D (mg/L) BAP (mg/L) 

0 0 D0B0 100% 0 % 

0 1 D0B1 100% 0 % 

0 2 D0B2 100% 0 % 

0 3 D0B3 100% 0 % 

0.5 0 D1B0 100% 0 % 

0.5 1 D1B1 100% 0 % 

0.5 2 D1B2 100% 0 % 

0.5 3 D1B3 100% 0 % 

0.75 0 D2B0 100% 0 % 

0.75 1 D2B1 100% 0 % 

0.75 2 D2B2 100% 0 % 

0.75 3 D2B3 100% 0 % 

1 0 D3B0 100% 0 % 

1 1 D3B1 100% 0 % 

1 2 D3B2 100% 0 % 

1 3 D3B3 100% 0 % 

 

DISCUSSION 
This research showed that the supplementation 

of 2,4-D and BAP at various concentrations could not 

stimulate the growth of explants through callus initiation. 

However, all explants exhibited various responses to 

browning intensity and the time of browning emergence. 

This research used the leaf explant of S. bracteosa, which 

was isolated from young leaves. S. bracteosa is one of 

the woody plant species in the Actinidiaceae family, 

which contains a relatively high phenolic compound. The 

excision of the explant at the initiation stage could 

release the phenolic compound from the explant cells and 

be oxidized by the PAL or PPO enzyme to produce 

quinon, which causes brown color in explants and 

becomes toxic. This result was in accordance with 

research by Sitinjak et al., (2015) that reported the 

supplementation of 2.4-D (0.5–1.5 mg/L) and Kinetin 

(0.3–0.5 mg/L) in MS media could not produce callus 

growth in Typhonium sp. leaf explants, yet all explants 

were browning due to the cutting of the explant. Another 

study reported that the browning of stem explants of 

Citrus reticulata caused the deterrence of the explant and 

that the explant could not produce a callus (Prihastanti et 

al., 2020). Furthermore, Mayerni et al., (2020) also 

reported that the combination of relatively low and high 

concentrations of 2.4-D and BAP could not stimulate 

callus growth from Pogostemon cablin explants. These 

results indicated that the regeneration of explants could 

be inhibited by the browning problem, which reduced the 

regeneration ability of explants, and the inappropriate 

concentration of exogenous PGRs that interact with the 

endogenous hormones of explants. 

 

In vitro regeneration of explants strongly 

depends on type of explants, genotype, developmental 

stage of explant, physiological states of explant including 

the status of endogenous hormone inside the explant, 

nutrient on media, exogenous hormones (plant growth 

regulators), light, and temperature (Ćosić et al., 2023; 

Guo & Jeong, 2021). However, most species of woody 

plants are recalcitrant to in vitro culture conditions, 

meaning that they are difficult to propagate or respond to 

the exogenous PGR on culture media (Abdalla et al., 

2022; Ochatt et al., 2010). In addition, enzymatic 

browning caused by the oxidation of relatively high 

phenolic compounds in woody explants still becomes 
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one of the major problems, which mostly reduces or 

inhibits the regeneration ability of explants (Abdalla et 

al., 2022; Amente & Chimdessa, 2021). According to 

Gao et al., (2020) and  Wang et al., (2016), browning of 

explants induces down-regulation of genes involved in 

carbohydrate metabolism and nutrient transport, which 

could affect the growth stunting of explants. It is 

suggested that enzymatic browning of explants could 

directly inhibit the regeneration ability of explants, 

particularly for woody plants that are prone to enzymatic 

browning. This problem could be overcome by adding 

anti-browning to the in vitro culture, optimizing in vitro 

explants rather than grown field explants, and optimizing 

other types and concentrations of PGRs. 

 

CONCLUSION 
This research concluded that various 

concentrations of plant growth regulators (2,4-D and 

BAP) could not induce callus growth from explants; 

however, they did affect the browning intensity (0.08 – 

1), browning percentage (100%), and time of browning 

emergence (2 – 8 DAI) in Sauraia bracteosa leaf 

explants. Further research is still needed to investigate 

and determine the best type of explant and concentrations 

of PGR that can overcome the recalcitrant condition of 

Sauraia bracteosa explants. These results provide 

valuable information to support the successful in vitro 

conservation of Sauraia bracteosa. 
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