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Abstract 

Cyrtostachys renda has various pharmacological activities. C. renda 

roots contain alkaloids and flavonoids as secondary metabolites' main 

components responsible for anti-inflammatory and anticancer activities. 

To produce secondary metabolites from C. renda, tissue culture can be 

used through callus and cell suspension culture techniques. Browning is 

one of the main challenges in plant tissue culture, which inhibits the 

success of callus formation, especially in plants with a high content of 

phenolic compounds such as C. renda. This study tested the effect of 

soaking in polyvinylpyrrolidone (PVP) and ascorbic acid (AA) in 

inhibiting the browning process in C. renda explants. Explant colour 

change testing was done in vitro by soaking the explants in five 

concentrations of PVP and AA (50, 100, 150, 200 and 250 ppm). 

Changes in explant colour were then analyzed using the Royal 

Horticultural Society (RHS) colour chart. The results showed that the 

PVP antioxidant with a concentration of 200 ppm could suppress 

explant browning until the fourth day. In comparison, explants treated 

with AA antioxidants with a concentration of 200 ppm showed 

browning symptoms on the second day. It can be concluded that 

antioxidants can reduce the browning level in C. renda shoot explants, 

and the antioxidant PVP can reduce the browning level better than AA. 

The mechanism of PVP as an anti-browning agent through inhibition of 

phenolic oxidation. This study's novelty is obtaining the type of anti-

browning PVP with an optimum concentration of 200 ppm to inhibit 

the browning of C. renda shoot explants. 
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INTRODUCTION 

Cyrtostachys renda is an ornamental and medicinal plant that has biological activities that are 

beneficial for health, including antioxidant, antibacterial, anticholinesterase and cytotoxic activity 

against cancer cells (Amir Rawa et al., 2019; Z. Liu et al., 2022; Utami et al., 2023; Syamsurizal et al., 

2024; Syamsurizal & Utami, 2024). This is due to secondary metabolites, which play a role in this 
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activity. Research to increase the production of bioactive compounds by C. renda encourages 

researchers to research alternative methods that produce secondary metabolites in large quantities.  

Plant tissue culture is a modern biotechnology method that can be applied to produce secondary 

metabolites (Sehgal & Khan, 2020). Aseptically, this technique can be developed in artificial media to 

produce callus. A callus is a mass of undifferentiated cells. Callus cells have genetic material identical 

to their parent to produce secondary metabolites like the parent (Mohanlall, 2020; Halder & Jha, 2021; 
BoangManalu, Iqbal, & Garcia, 2024). Callus culture is the most effective tissue culture technique for 

growing cells from plant tissue (Babich et al., 2020). Callus cells will expose the explants to a stressed 

environment that encourages the production and release of brownish phenolic compounds (Abdalla et 

al., 2022). The release of phenolic compounds into the growing media by explants has been identified as 

browning in plant tissue culture (Permadi et al., 2023; Xu et al., 2023). Phenolic compounds are 

released by plant explants as a protective strategy (Wagay et al., 2020). The brown pigment of the plant 

tissues and culture medium results from these chemical's oxidation (Chandran et al., 2020). Healthy 

plant tissues naturally contain phenolic chemicals, which can build up in specific cell types (Nurzy´nska 

& Nurzy´nska-Wierdak, 2023). These substances are created in vast quantities and released as a 

protective mechanism, particularly in response to stress or injury to plant tissues (Aguirre-Becerra et al., 

2021). 

Browning is a natural process, especially in plants with high phenolic content, such as C. renda 

(Vhangani & Van Wyk, 2021; Dessi & Shah, 2023; Fitriani, Triandafillidis & Thao, 2023; C. Liu, Fan, 

et al., 2024). Therefore, this natural defence mechanism may produce toxic compounds that damage the 

explant plant's cells and tissues, delaying or preventing the development of callus (Ashokhan et al., 

2020). The entire process may suffer due to the browning process, represented by colour changes in the 

explants and culture media (Chumburidze et al., 2023; Rahmayani et al., 2023; Permadi et al., 2024). To 

enhance cell multiplication from plant tissues and synthesise secondary metabolites, the issue of 

browning in tissue culture procedures must be carefully controlled. Therefore, blocking oxidative, 

enzymatic, and non-enzymatic browning is required to handle this browning problem (Hamdan et al., 

2022; Setiyani, Baharin, & Jesse, 2023; Yolviansyah et al., 2023; Chaudhary et al., 2024). Controlling 

the browning of explants is a critical challenge. It significantly impacts the success of callus and 

secondary metabolite production through tissue culture, both callus and cell suspension culture (C. Liu, 

Zhang, et al., 2024). 

To be able to grow C. renda callus, treatment needs to be carried out to prevent browning. One 

treatment that can prevent browning is using antioxidants (Sari et al., 2021; Gemechu & Amante, 2021; 

Rini et al., 2023; C. Liu, Fan, et al., 2024; Permadi et al., 2024). Antioxidants can suppress browning by 

adding antioxidants to the growth medium or using antioxidants to soak the explants (Permadi et al., 

2023; Xu et al., 2023). Polyvinylpyrrolidone (PVP) and ascorbic acid (AA) are antioxidants reported to 

suppress browning in several plants (Wen et al., 2021; Taher et al., 2022; Yusnidar et al., 2023). 

However, the effectiveness of PVP and AA in suppressing browning on C. renda callus has not been 

reported, so with this research it can be reported that antioxidants are effective in suppressing browning 

on C. renda. 

The goal is to cultivate C. renda cells that can control and produce active anticancer substances 

in more significant amounts than the initial plant by producing callus from C. renda plants. By isolating 

explants in growth culture conditions and adding the hormones auxin and cytokinin, it is possible to 

increase the synthesis of active compounds from C. renda plants using the callus culture method 

(Grzegorczyk-Karolak et al., 2021; Herawati, Khairinal, & Idrus, 2023; Sultanuddin et al, 2023; 

Khoviriza et al., 2024). The novelty of this research is that the research report on C. renda is still 

limited, including for future development as an explant in tissue culture, so that active compounds that 

play a role in pharmaceutical interests can be mass synthesized and managed stably. 

RESEARCH METHOD 

Two types of antioxidants were used Ascorbic acid (AA) and Polyvinylpyrrolidone (PVP). 

Each antioxidant was dissolved into five different concentrations (50, 100, 150, 200 and 250 ppm), 

which were then used as a soaking solution while cutting the explants before planting them in culture 

media. The research was carried out from May to October 2023 at the Agrotechnology Laboratory, 

Faculty of Agriculture, Universitas Jambi and the Biotechnology Laboratory, Universitas Gadjah Mada, 

Yogyakarta. 
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The subject in this research (Cyrtostachys renda) was harvested in Muara Bungo, Jambi 

Province and identified in Jatinangor Herbarium, Plant Taxonomy Laboratory, Department of Biology, 

Faculty of Mathematics and Natural Sciences, Padjadjaran University, Bandung, Indonesia 

(No.48/HB/04/2022). The other materials needed in this research are the Murashige and Skoog (MS) 

Medium (Phytotechlab, US), bactericide (Agrept), fungicide (Amistartop), AA (Sigma Aldrich, US) and 

PVP (Sigma Aldrich, US). Chemicals in making MS medium include macronutrients, micronutrients, 

iron stock, vitamins, myo-inositol, sucrose, agar, 1 N HCl, 1 N KOH, and distilled water. Other 

materials are sterile distilled water, 70% alcohol (Brataco, Indonesia), methylated spirits, Clorox, label 

paper, millimetres block paper, and tissue. 

Shoots from C.renda were utilized as the raw material. Shoots that were healthy and disease-

free were rinsed under running tap water and then dipped for 15 minutes in a fungicide (1 mL L-1), 

bactericide (1,5 g L-1), and 100% Clorox. The cleaned shoot surface was rinsed three times with sterile 

deionized water for five minutes each after being sterilized for five minutes with 70% alcohol. The 

sterilized shoots are then cut into 0.5 cm thickness. During the cutting process, the shoots were soaked 

in a solution of PVP and AA antioxidants with different concentrations (50, 100, 150, 200, and 250 

ppm). Furthermore, the shoot pieces were cultured on MS media. 

Many MS medium compositions were weighed, dissolved, and swirled with a magnetic stirrer; 

the pH should be measured between 5.6 and 6.3. Add 30 g of sucrose and 10 g of agar powder to the 

medium. Heat while stirring until smooth. Immediately after boiling, the medium was put into the ready 

culture bottles and sterilized in an autoclave for 15 minutes at 121oC and 15 Psi. Prepare an antioxidant 

solution of 100 mg each of PVP and AA dissolved in 100 mL of sterile deionized water (1000 ppm 

antioxidant stock solution). Furthermore, sterilized using 0.45 micron and 0.2 micron filtration. The 

antioxidants were then diluted into five concentrations: 50, 100, 150, 200, and 250 ppm. 

The rate of browning inhibition was evaluated every 24 hours until day four by observing 

colour changes in the explants. Explant colour changes were noticed by comparing the explant's colour 

to the colour on fan 4 of the Royal Horticultural Society (RHS) colour chart, sixth edition (2015; 2019 

reprint). The colour code was subsequently entered as data, and all matched shades were reported. To 

determine the degree of browning, C. renda shoots were cross-sectioned. The degree of browning in the 

outer and inner tissue of the affected shoot was measured using the following criteria: no browning = 0; 

slight browning (brown spots on the surface/outer part) = 1; slight to 20% browning = 2; 21–50% 

browning = 3; and more than 50% browning = 4. The shoot browning index was determined by the 

formula (Yan et al., 2013): 

 

𝐵𝑟𝑜𝑤𝑛𝑖𝑛𝑔 𝑖𝑛𝑑𝑒𝑥 =
∑(𝑏𝑟𝑜𝑤𝑛𝑖𝑛𝑔 𝑙𝑒𝑣𝑒𝑙 𝑥 𝑠ℎ𝑜𝑜𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑙𝑒𝑣𝑒𝑙)

ℎ𝑖𝑔𝑒𝑠𝑡 𝑏𝑟𝑜𝑤𝑛𝑖𝑛𝑔 𝑙𝑒𝑣𝑒𝑙 𝑥 𝑡𝑜𝑡𝑎𝑙 𝑠ℎ𝑜𝑜𝑡 𝑛𝑢𝑚𝑏𝑒𝑟
… (1) 

 

This study used three explants in each of the three treatment repetitions. All data values were 

shown as means with standard deviations (SD). The Student’s t-test was employed to identify 

differences of statistical significance, with a limit of p<0.05. 

RESULTS AND DISCUSSION 

Browning is when plant cells produce phenolic compounds in response to injury (Gemechu & 

Amante, 2021; Murata, 2022; Nath et al., 2022). Each plant's browning level varies according to 

species, age, and physiological conditions (Anwar et al., 2021; Miranda et al., 2020). Cyrtostachys 

renda is a plant species that shows a relatively high amount of browning in shoot explants, with 

browning occurring in less than 24 hours. This browning condition inhibits growth hence therapy is 

required (Ren et al., 2020; Zhang et al., 2023). 

This study used different concentrations of the antioxidants PVP and AA as explant soaking 

components to suppress browning in C. renda shoot explants. The change in explant colour to brown 

accurately indicates the level of browning that has occurred. Explant colour changes were observed 

using the sixth version of the RHS colour chart (Table 1). 
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Table 1. Colors noticed in Fan 4 RHS of Cyrtostachys renda shoot explants 

No RHS Code Colour Name Colour Group 

1 164A Brownish Orange Greyed-Orange Group 

2 164B Moderate Orange Yellow Greyed-Orange Group 

3 165C Moderate Orange Yellow Greyed-Orange Group 

4 166A Greyish Brown Greyed-Orange Group 

5 166B Moderate Reddish Brown Greyed-Orange Group 

6 166C Brownish Orange Greyed-Orange Group 

7 166D Moderate Orange Greyed-Orange Group 

8 167A Moderate Orange Greyed-Orange Group 

9 N167A Brownish Orange Greyed-Orange Group 

10 N167B Brownish Orange Greyed-Orange Group 

11 N167D Moderate Orange Greyed-Orange Group 

12 N170B Moderate Orange Greyed-Orange Group 

13 173C Moderate Orange Greyed-Orange Group 

14 173D Moderate Yellowish Pink Greyed-Orange Group 

15 174B Greyish Reddish Orange Greyed-Orange Group 

16 177A Moderate Reddish Orange Greyed-Orange Group 

17 177B Light Reddish Brown Greyed-Orange Group 

18 177C Greyish Reddish Orange Greyed-Orange Group 

19 183B Dark Red Greyed-Purple Group 

20 N186B Dark Greyish Purple Greyed-Purple Group 

21 N199B Dark Greyish Yellowish Brown Grey-Brown Group 

22 N199C Moderate Yellowish Brown Grey Brown Group 

23 200B Greyish Reddish Brown Brown Grup 

24 200D Moderate Brown Brown Grup 

 

Effectiveness of Polyvinylpyrrolidone (PVP) in Inhibiting Explant Browning 

 According to the observations, the color of the explants on the day 0 (the day the explants were 

planted) was brownish orange 164A for both the control and PVP treatments. During day one, the 

control explants transformed to Greyish Reddish Orange (177C), while the explants treated with 50 and 

200 ppm PVP remained brownish orange, and concentrations of 100, 150, and 250 ppm were Moderate 

Orange Yellow. On day two, the control explants were Light Reddish Brown (177B), but all PVP 

treatment explants were Moderate Orange. On the third day, the control explants were dark red (177A), 

followed by the 50 ppm PVP treatment, which was greyish reddish orange (177C), the 100 ppm PVP 

treatment, which was mild yellowish pink (173D), and the 150, 200, and 250 ppm PVP treatments, 

which were still moderate orange (N170B). In control explants, the first signs of browning appeared on 

the first day of observation, whereas at 50 and 100 ppm they appeared on the third day. The PVP 

concentrations that effectively prevented browning until the third day were 150, 200, and 250 ppm. On 

day 4, the control explants were Dark Greyish Purple (N186B), 50 ppm were Moderate Yellowish 

Brown (N199C), and 100 and 150 ppm PVP were Moderate Brown (200D). A concentration of 200 

ppm was successfully maintained in the color Greyish Reddish Orange (200B), whereas 250 ppm was 

achieved in the color Moderate Yellowish Brown (N194C) (Figure 1). 
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Figure 1. Browning level through C. renda shoots after PVP treatment. Observation of colour changes 

in a shoot based on Fan 4 RHS colour chart sixth edition 

 

The findings of the observations above reveal that employing a concentration of 200 ppm PVP 

has the lowest impact on browning the colour. The previous evidence also suggests that the PVP 

soaking treatment on C. renda prevented browning until the third day. This finding is consistent with 

previous research reports, which found that soaking Paeonia lactiflora shoot in 0.5 and 1 ppm PVP 

specifically for 30 minutes can prevent the browning process (Cai et al., 2020), who found that soaking 

Paeonia lactiflora and Cocos nucifera shoots in 0.5 and 1 ppm PVP respectively for 30 minutes could 

prevent the browning process. A concentration of 1000 ppm PVP may reduce the browning of Paeonia 

suffruticosa leaf and petiole explants during culturing (Gao et al., 2020). To prevent further browning, 

cultures should be carried out on day three or before day four (Cai et al., 2020). The browning process 

begins with a reddish colour shift in the explant, and if it persists, callus production will be impeded. 

According to Zhao et al. (2021), browning of the explant can cause mortality and hence inhibit callus 

induction. 

 

Effectiveness of Ascorbic Acid (AA) in Inhibiting Explant Browning 

The antioxidant treatment on day 0 was 50 ppm AA, and the control showed a brownish-orange 

colour (164A and 166C). In contrast, the 100, 150, and 200 ppm AA treatments showed a moderate 

orange colour (166D), and the 250 ppm AA treatment displayed a moderate orange-yellow colour. 

(164B). On the first day of observation, the 50 ppm AA treatment was still brownish orange (166C), but 

the 100, 150, 200, and 250 ppm AA treatments were moderately orange. On day two, colour changes 

indicating browning problems were suggested at AA doses of 50 ppm Moderate Reddish Brown 

(166B), 100 ppm Brownish Orange (N167B), 150 ppm Moderate Reddish Brown (166B), 200 ppm 

Greyish Brown (166A), and 250 ppm Greyish Brown (N199B). The browning in the explants increased, 

evident on the third day when the concentration of 50 ppm AA was dark red (183B), 100 ppm AA was 

greyish reddish orange (177C), 150 ppm AA was moderate brown (200D), 200 ppm AA was dark red 

(183B), and 250 ppm AA was dark greyish yellowish brown (N199B). On the fourth day, the level of 

browning had reached a high level, with explants containing 50 ppm AA Greyish Reddish Brown 

(200B), 100 ppm AA Dark Greyish Yellowish Brown (N199B), 150 ppm and 200 ppm AA Greyish 

Reddish Brown (200B), and 250 ppm AA moderate Brown (200D) (Figure 2). 
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Figure 2. Browning level through C. renda shoots after AA treatment. Observation of color changes in 

shoot based on Fan 4 RHS color chart sixth edition 

 

According to the results above, ascorbic acid can reduce browning in explants. This finding is 

consistent with earlier research findings that 1.2 g/l ascorbic acid effectively controlled the browning 

level in local Musa spp.cv explants (Permadi et al., 2023). Other studies found that 5-15 mg/L ascorbic 

acid could prevent browning in Paeonia suffruticosa leaf and petiole explants during culturing (Gao et 

al., 2020). Ascorbic acid is commonly used as an anti-browning agent. The mechanism underlying 

ascorbic acid's antibrowning action appears based on its reducing activity. Although ascorbic acid does 

not directly interact with the PPO enzyme, it suppresses enzymatic browning by decreasing the oxidized 

substrates. Anderson 1984 Other research revealed that the anti-browning activity of ascorbic acid can 

be linked to the conversion of enzymatically produced o-quinones to their precursor diphenols (Ito et 

al., 2020). Nonetheless, when applied to fresh-cut pears, ascorbic acid's anti-browning properties may 

be limited. When ascorbic acid is entirely oxidized to dehydroascorbic acid, o-quinones can be 

converted to diphenols, and browning probably occurs because of melanin production (Moon et al., 

2020). 

 

The Effects of Different PVP and AA Antioxidants on the Browning Index of C. renda Shoots  

 

 

 

 

 

 

 

Figure 3. The browning index of C. renda shoots explants. (A) Treatment with PVP, and (B) treatment 

with AA. Browning index was reported as mean ±SDs of three independent assays 

 

The browning index in C. renda shoot tissue increased during incubation (Figure 3A and B). 

Shoots that were untreated with PVP and AA antioxidants began to brown earlier. Meanwhile, the 

group of shoots treated with PVP and AA antioxidants experienced browning more slowly compared to 

the untreated group. C. renda shoots treated with PVP began to turn brown on the second day and 

developed slowly until the fourth day. However, treatment with AA resulted in browning changes in C. 

renda shoots occurring more quickly from the first to the fourth day than with PVP treatment. The 
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browning process in shoots treated with PVP and AA was significantly different on the second and third 

days of incubation (p<0.05). Shoots given PVP experienced a slower increase in browning than those 

given AA. This can also be seen in the browning index values of the two antioxidant compounds when 

applied as agents to suppress the browning process on C. renda shoots. These results indicate that PVP 

has a smaller browning index value than AA, which indicates that PVP can suppress browning more 

strongly than AA. At 200 and 250 ppm concentrations, PVP showed stronger browning inhibition 

activity than lower concentrations but did not show a significant difference in the browning index 

between 200 and 250 ppm concentrations. These results follow previous reports that PVP effectively 

inhibits browning compared to AA (de Assis et al., 2018; Permadi et al., 2024) PVP can inhibit 

browning with a non-browning ratio of 50%, while AA is only 5% (Ren et al., 2020). The results of 

other studies reported that PVP at a concentration of 300 ppm provided the best browning inhibition 

effect on kiwi fruit explants with a browning rate of 40%. In comparison, AA at a concentration of 200 

ppm showed a browning rate of up to 60% (Chai et al., 2018). With the anti-browning effect on explants 

or embryos, the rate of callus formation and germination will increase (Chai et al., 2018; C. Liu, Fan, et 

al., 2024; J. Wang & Fang, 2023; X. Wang et al., 2022). By providing browning inhibitor treatment, 

phenol oxidation in explants, callus, and embryos can be inhibited so that browning and necrosis of 

explants or callus, which can inhibit growth and cause cell death, can be prevented (Jaiswal et al., 2021; 

C. Liu, Fan, et al., 2024; Sharma et al., 2025; Yang et al., 2024). Apart from browning, success in 

embryo germination is also influenced by the substrate used, fertilizer, and microbes that promote plant 

growth, such as endophytic fungi (Asniwita et al., 2024; Rikah et al., 2023; Wilyus et al., 2024) Based 

on these results, PVP with a concentration of 200 ppm can be applied to inhibit the browning of C. 

renda shoot explants to increase the potential for callus formation for in vitro culture purposes. 

Therefore, overcoming browning is very important for the in vitro propagation of C. renda plants. The 

limits of this study are the need to increase the concentration and type of anti-browning agents and the 

duration of observation. Combining two or more anti-browning agents is also needed to increase the 

browning inhibition ratio in C. renda shoot explants to be cultured. 

CONCLUSION 

The application of PEG 6000 at a 3% concentration positively influenced latex production from 

September to December compared to untreated plants. Additionally, the A1 treatment, consisting of 3 g 

of salicylic acid and 3 g of palmitic acid, demonstrated the most significant impact across all observed 

parameters, including latex production, rubber dryness, physiological responses, and histological 

characteristics. However, the combination of PEG 6000 (3%) with oleochemical treatment (A1) showed 

no statistically significant effect on these parameters, although a positive trend was observed in the 

P1A1 treatment group. These findings suggest that while PEG 6000 alone enhances latex production, its 

combination with oleochemicals requires further investigation to determine optimal formulations for 

improving rubber yield and quality. Future research should explore different concentrations and 

application methods of PEG 6000 and oleochemicals to maximize their synergistic effects. 

Additionally, long-term studies assessing environmental conditions, soil health, and sustainable latex 

production practices would provide valuable insights for improving rubber plantation management and 

productivity. 
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