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Abstract

Browning of explants is a common problem in Kepel (Stelechocarpus burahol (Blume)
Hook.f. & Thomson) in vitro culture, resulting in low regeneration of Kepel explants. Using nodal
explants, the effect of explant immersion in ascorbic acid, the addition of ascorbic acid to the
media, as well as dark and light incubation conditions were investigated. The browning
prevention method was selected based on the delayed browning appearance time, the lowest
browning intensity, and the highest percentage of callus. This present research used a completely
randomized design with treatment variations: immersion explant in ascorbic acid 100 mg/L,
addition of ascorbic acid 100 and 200 mg/ L to the media, addition of ascorbic acid 100 and 200
mg/ L and activated charcoal 1 g/ L to the media, and incubation in dark and light conditions
for 28 days. The results showed that the combination of the addition of ascorbic acid 200 mg/L
to MS media and incubation in dark conditions were effective browning prevention methods in
inhibiting browning appearance time (5 DAP), significantly reducing browning intensity (0.3),
and increasing callus growth (100%) of kepel nodal explants during 28 days of culture. The results
of this research are useful in establishing protocols for in vitro culture of Kepel plants, especially
at the initiation stage, and can be expected to support the successful conservation of Kepel plants
through in vitro propagation

Keywords: Ascorbic acid, Activated charcoal, Browning, In vitro culture, Stelechocarpus
burahol

Jurnal Pembelajaran dan Biologi Nukleus (JPBN) by LPPM Universitas Labuhanbatu is under a Creative
Commons Attribution-ShareAlike 4.0 International License (CC BY - SA 4.0)
d | _https://doi.org/10.36987/jpbn.v10il.5464

INTRODUCTION

Stelechocarpus burahol (Blume) Hook.f. & Thomson, also known as Kepel, is one of the
fruit plants native from Indonesia and include to the Annonaceae family (Handayani
et al., 2020; Angio & Firdiana, 2021). All parts of Kepel have several health benefits,
such as preventing body odor (Angio & Firdiana, 2021), preventing mouth odor,
urination, and kidney inflammation, anti-implantation, source of antioxidants, anti-

Sibarani et al., (2024) Browning Prevention Method in Kepel (Stelechocarpus burahol (Blume)... | 243



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 10 (1): 243-253, March 2024 e-ISSN: 2685-7332

hyperuricemia or prevention of arthritis caused by increased uric acid levels in the
blood, and anti-cancer (Rofigah et al., 2021).

Despite its various health benefits, the cultivation of kepel plants remains
relatively low due to several factors. These factors include the low economic value
resulting from the relatively smaller size of the fruit compared to its seed, the difficulty
in propagation through cuttings and grafts, and the high failure rate. Propagation
through seeds is also relatively difficult due to the long dormancy period (4-6 months)
and low germination rate (Handayani et al., 2020; Hutabarat et al., 2022). High
utilization along with inadequate propagation provoke the declining population of this
plant, thus causing it to be categorized as conservation-dependent (Handayani et al.,
2020; Angio & Firdiana, 2021).

Ex situ conservation attempts using in vitro culture can be used to effectively
propagate this plant. Several studies related to in vitro culture of Kepel plants have
been conducted with several focuses, including optimization of sterilization methods
for leaf explants (Habibah et al., 2013), nodes (Hutabarat et al., 2022) and endosperm
(Handayani et al., 2022), optimization of PGR that supports callus growth of Kepel
seed and fruit mesocarp explants (Habibah et al., 2016, 2017, 2019), and nodal explant
(Sekar et al., 2023), and optimization of flavonoid production from callus and cell
suspension cultures of Kepel plants (Habibah et al., 2016, 2019). However, in vitro
propagation of Kepel plants still faces obstacles, including the browning of explants.
Research on in vitro cultures of Kepel nodes by Sekar et al.(2023), Hutabarat et
al.(2022), and S. burahol seed endosperm explants by Handayani et al. (2021) showed
that although callus induction in explants can be produced, browning is still one of the
inhibiting factors in callus regeneration, resulting in a low percentage of S. burahol live
callus.

Browning is a common problem in woody plant in vitro culture, resulting in low
regeneration of explants (Admojo & Indrianto, 2016) and can cause necrotic to the
explant tissue. Browning can be overcome by several methods, such as soaking
explants in antioxidant compounds (citric acid, ascorbic acid, and PVP), adding
antioxidant compounds to the media, adding activated charcoal as an absorbent of
toxic compounds to the media, and incubating the culture in a dark room, which plays
arole in reducing PPO enzyme activity (Admojo & Indrianto, 2016; Kumar & Jakhar,
2018; Jakhar et al., 2019; Cai et al., 2020; Amente & Chimdessa, 2021). Therefore, this
research aimed to determine the optimal browning prevention method for node
explants in in vitro culture of kepel plants through immersion of explants in ascorbic
acid, addition of ascorbic acid and activated charcoal in culture media, as well as
incubation of cultures in light and dark conditions. The results of this research are
expected to serve as fundamental information for more effective in vitro propagation
of kepel plants to support the success of ex situ conservation of kepel plants.

METHOD
Tools and Materials

Tools used in this research were an analytical balance, pH meter, bottle culture,
autoclave, oven, Laminar Air Flow (LAF), bunsen, stereo microscope, and digital
camera. Materials used in this research were young and healthy nodal segment
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(explant) of S. burahol obtained from Laboratory of Biotechnology, Faculty of
Biotechnology UKDW, Murashige and Skoog (MS) media supplemented with BAP 1
mg/L dan IAA 5 mg/L, vitamin, agar, myo-inositol, Clorox 10%, Ethanol 70%,
Carbendazim 5% (fungicide), tween 80, aquadest, liquid detergen, activated charcoal
1 g/L, and ascorbic acid 100 and 200 mg/L.

Research Design

This research used completely randomized design with treatment variations:
immersion explant in ascorbic acid 100 mg/L, addition of ascorbic acid 100 and 200
mg/L to the media, addition of ascorbic acid 100 and 200 mg/L and activated charcoal
1 g/L to the media, and incubated in dark and light conditions for 28 days. The number
of treatments used was 12 treatments, each repeated three times, resulting in a total of
36 treatment units (Table 1).

Table 1. Browning Prevention Treatment

Treatment  Treatment Immersion of Explant  Incubation condition
code

K1 - - Light Dark

K2 - Ascorbic acid 100 mg/L Light Dark
AA1 Ascorbic acid 100 mg/L Light Dark
AA2 Ascorbic acid 200 mg/L Light Dark

Aal Ascorbic acid 100 mg/L Light Dark

+ activated 1g/L
Aa2 Ascorbic acid 200 mg/L Light Dark

+ activated 1g/L
Note: (-) No treatment

Procedure

Prior to inoculation, the explants were washed using running water to remove
dust and dirt on the nodes, then immersed in a mixture of liquid detergent (3 ml),
distilled water (27 ml), and three drops of tween 80, then vigorously shaken for 45
seconds. Explants were rinsed using distilled water three times thoroughly and
continued sterilization in a laminar air flow using a combination of 10% chlorox, 70%
ethanol, and 5% carbendazim fungicide for 5 minutes and 30 seconds, respectively.
Explants were then rinsed using sterile distilled water three times until thoroughly
clean (Hutabarat et al., 2022). Sterile explants were continued with browning
prevention treatment with the treatment variation (Table 1) and inoculated into solid
MS media supplemented with BAP 1 mg/L dan IAA 5 mg/L (Sekar et al., 2023).
Cultures were incubated at 23-25 °C under dark and light conditions for 28 days.
Browning appearance time, browning percentage, browning intensity (Ginting et al.,
2023), and callus growth percentage (Sekar et al., 2023) were observed in this research.
The data obtained were analyzed using Analysis of Variance (ANOVA) at the 5%
level. If the results show a significant difference, it will be continued with the DMRT
test (Duncan's Multiple Range Test) at the 5% confidence level.
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RESULT AND DISCUSSION
Browning Initiation Stages of Stelechocarpus burahol Nodal Explants

The appearance of browning is characterized by a change in color in the explants
to brownish or blackish. This condition is caused by the accumulation of phenol
compounds in the plant cells due to the wounding of the explants during cutting at the
inoculation stage. Phenol compounds will undergo oxidation to form quinones,
causing brown to blackish discoloration of the explants and leading to the death of S.
burahol explants if the condition is not overcome. The process of browning on S. burahol
node explants in treatments K1 (explants not immersed in ascorbic acid) and K2
(explants immersed in ascorbic acid) incubated in dark and light conditions for 28 DAP
(days after planting) is shown in Figure 1.

Figure 1. Browning in the nodal explants
Description: K1 light incubation (a) Day 0, (b) Day 28. K1 dark incubation (c). Day 0,
(d). Day 28. Control 2 light incubation (e). Day 0, (f). Day 28. Control 2 in dark
incubation (g). Day 0, (h). Day 28

Based on the results, the treatment of K1 and K2 in dark and light incubation
showed a change in the color of the nodal explants from green to brown to blackish.
This indicates that immersion of explants in ascorbic acid prior to inoculation and
incubation in dark and light conditions has not been able to prevent browning. The
difference that can be observed between both conditions is the intensity of browning
color between explants that were not immersed in ascorbic acid (K1) and incubated
under light conditions, which showed a change in the color of the explants to black
and relatively small callus growth around the nodes (Figure 1b) compared to the K1
treatment under dark conditions and the K2 treatment under light and dark conditions
(Figure 1d, f and h). The nodal explants were immersed in ascorbic acid (K2) and
incubated in dark conditions, although the explants showed relatively less change in
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color intensity to brown and relatively larger callus growth compared to treatment K1
in dark and light conditions and treatment K2 in light conditions (Figures 1a, d, and
f). This different response could be due to the absence of anti-browning (ascorbic acid),
which acts as an antioxidant to inhibit free radicals derived from cellular respiration
and thus prevent browning (Amente & Chimdessa, 2021). In addition, light incubation
also contributes to the increase in polyphenol oxidase (PPO) enzyme activity, which
plays a role in increasing the speed of the enzymatic browning process in explants
(Tarampak et al., 2019). The results of this research are in line with (Dolonseda et al.,
2021), who proved that immersion of Dendrocalamus asper node explants in ascorbic
acid and incubation in light conditions caused an increase in the intensity and
percentage of browning compared to those incubated in dark conditions.

Browning Appearance Time

The measurement of browning appearance time aimed to determine the
effectiveness of browning prevention methods measured based on the rate of browning
appearance on the kepel node explants. Based on the ANOVA results, the variation of
browning prevention methods did not have a significant effect on the browning
appearance time presented in Figure 2.
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Figure 2. Browning appearance time of Kepel nodal explants

Description: K1 (Control without immersion in ascorbic acid), K2 (Explants immersed in
ascorbic acid), AA1 (Ascorbic acid 100 mg/L), AA2 (Ascorbic acid 200 mg/L),
Aal (Ascorbic acid 100 mg/L + activated charcoal 1 g/L), Aa2 (Ascorbic acid
200 mg/L + activated charcoal 1 g/L).

Based on the results in Figure 2, the addition of an antioxidant (ascorbic acid)
or in combination with an absorbent (activated charcoal) to the media was more
effective in inhibiting the browning appearance time (3—5 DAP) compared to the
control and the treatment of soaking the explants in ascorbic acid (2 DAP). In addition,
incubation in dark conditions was more effective in producing a longer browning time
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(4-5 DAP) compared to light conditions (3—4 DAP). According to Ginting et al.(2023),
browning in in vitro cultures can be affected by light. Light can increase the activity of
enzymes involved in phenol biosynthesis and phenol oxidation. In contrast, dark
conditions can reduce the activity of PPO enzymes, hence slowing down the formation
of browning in explants and reducing the intensity of browning in explants.

Although there was no significant difference, the addition of ascorbic acid at a
concentration of 200 mg/L and a combination of ascorbic acid (100-200 mg/L) and
activated charcoal (1 g/L) into MS media proved to be more effective in reducing the
speed of browning. The results of this research are in line with Helena et al.(2022),
who reported that the addition of tomato extract and ascorbic acid at 150 mg/L to MS
media resulted in the longest browning time (9 DAP) of Dendrocalamus asper node
explants. In addition, Dolonseda et al.(2021) also reported that the addition of ascorbic
acid 200 mg/L and activated charcoal 0.5 g/L to MS media was effective in inhibiting
the appearance of browning of Dendrocalamus asper nodal explants (6 DAP) under dark
and light conditions. The addition of ascorbic acid and activated charcoal to the culture
medium proved to be more effective in delaying the appearance of browning on the
explants compared to the immersion of the explants since the contact time of the
antioxidants and absorbents with the explants is longer when they are in the medium
compared to the contact time when the explants were immersed.

Browning Percentage and Intensity

The observation of the percentage of browning aimed to evaluate the
effectiveness of browning prevention methods in reducing the level of browning in the
explant population, while the intensity of browning provided more detailed
information on the color change or level of browning in each explant. Based on the
statistical analysis result, all browning prevention methods showed no significant
difference in reducing the percentage of browning in kepel node explants (100%).
However, the variation of browning prevention methods significantly affected the
browning intensity value of the kepel nodal explants (Figure 3). The treatment of
adding ascorbic acid 200 mg/L (AA2) and a combination of ascorbic acid 200 mg/L
and activated charcoal 0.1 g/L (Aa2) to the media and incubation in dark conditions
significantly reduced the intensity of browning (0.3) compared to the control and other
browning prevention treatments. The results of this research are in line with Jakhar et
al.(2019), who proved that the addition of ascorbic acid 200 mg/L and activated
charcoal 100 mg/L into the media effectively produces low browning intensity in the
node explants of the medicinal plant Gulgul (Commiphora wightii (Arnott)). The same
results were also reported by (Admojo & Indrianto, 2016), rubber (Hevea brasiliensis
Muell Arg Pb 330) leaf explants immersed in ascorbic acid and incubated in dark
conditions effectively produced the lowest percentage of browning intensity among
other treatments (7.5%). In addition, Dolonseda et al. (2021) also reported that
immersion of Bamboo Petung nodal explants in a combination of 200 mg/L ascorbic
acid and 0.5 g/L activated charcoal and incubation in a dark room resulted in a
significantly lower percentage of browning intensity (14%) compared to incubation in
bright conditions and other treatments.
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The results showed that the combination of browning prevention treatment by
adding an antioxidant (ascorbic acids), an absorbent (activated charcoal), and
incubation in dark conditions was more effective in reducing the intensity of browning.
This might be due to the role of ascorbic acid in preventing phenol oxidation and
neutralizing quinones, while activated charcoal plays a role in absorbing phenol
compounds and activating peroxidase enzymes, and dark conditions reduce the
activity of enzymes that play a role in the formation of browning, i.e., PPO
(Polyphenol Oxidase) and POD (Peroxidase) (Tarampak et al., 2019; Amente &
Chimdessa, 2021; Abdalla et al., 2022).
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Figure 3. Browning Intensity of Kepel Nodal Explants
Description: K1 (Control without immersion in ascorbic acid), K2 (Explants immersed in
ascorbic acid), AA1 (Ascorbic acid 100 mg/L), AA2 (Ascorbic acid 200 mg/L),
Aal (Ascorbic acid 100 mg/L + activated charcoal 1 g/L), Aa2 (Ascorbic acid
200 mg/L + activated charcoal 1 g/L)

Callus Percentage

The observation of callus percentage in kepel node explants aimed to determine
how effectively the browning prevention method reduced browning intensity and
supported explant growth. Callus growth on nodal explants is one of the indicators of
growth in in vitro culture. Browning in explants can generally cause a loss of
regeneration ability in explants, and more extreme conditions can cause death in
explants (Bhat et al., 2022). Based on observations of explant growth, all browning
prevention methods could support callus growth (70-100%), as shown in Figure 4.

Although all browning prevention methods resulted in a browning percentage of
100% in all nodal explants, these methods proved to be able to maintain the
regeneration ability of the nodal explants. In addition to the addition of antioxidants
and absorbents into the media, the addition of the right ratio of auxin (IAA) and
cytokinin (BAP) concentrations (5 mg/L TAA + 1 mg/L BAP) also helped in
supporting callus growth from kepel node explants. Based on the ANOVA analysis,
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the browning prevention method did not significantly affect the callus growth of kepel
nodal explants. However, when observed based on the callus percentage, explants that
were cultured on MS media with the addition of 200 mg/L ascorbic acid in dark and
light conditions produced the highest callus growth percentage (100%) compared to
the control and other treatments. The callus growth percentage on media added with
ascorbic acid and activated charcoal showed a lower callus growth percentage of 70%.

The result of this research is in line with Das & Srivastav (2015), who reported
the effect of inhibiting the growth of shoots from Aloe vera stem explants in vitro on
culture media added with activated charcoal (0.5-2 g/L) compared to the control
(without the addition of activated charcoal). However, this result is in contrast to the
research of Dolonseda et al. (2021), who reported that the addition of ascorbic acid
150 mg/L and activated charcoal 0.5 g/L effectively produced in vitro shoot growth
from Dendrocalamus asper node explants. These results indicate that the effectiveness of
browning prevention methods in supporting explant growth is not only influenced by
the type of browning prevention treatment but also affected by the type of explant,
genotype, and the combination of PGR added to the media.
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Figure 4. Callus Percentage of Kepel Nodal Explants
Description: K1 (Control without immersion in ascorbic acid), K2 (Explants immersed in
ascorbic acid), AA1 (Ascorbic acid 100 mg/L), AA2 (Ascorbic acid 200 mg/L),
Aal (Ascorbic acid 100 mg/L + activated charcoal 1 g/L), Aa2 (Ascorbic acid
200 mg/L + activated charcoal 1 g/L)

Although activated charcoal is one of the absorbents that is often used in in
vitro culture as it absorbs toxic compounds produced by explants during incubation,
the absorption of activated charcoal to various compounds present in the culture
medium (phenol compounds from cutting explants, antioxidants, and PGR) is not
selective, so appropriate concentration optimization is needed to reduce browning but
also not inhibit explant growth. Based on the results of this research, the addition of 1
g/L activated charcoal to the media containing ascorbic acid and PGR was proven to
reduce the percentage of callus growth in kepel node explants. This effect might be due
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to the non-selective absorption activity of activated charcoal towards ascorbic acid and
PGR (IAA and BAP) present in the culture medium.

CONCLUSION

In conclusion, the incorporation of ascorbic acid 200 mg/L in MS media and
incubation in dark conditions was an effective browning prevention method in
inhibiting the appearance time of browning (5 DAP), significantly reducing the
intensity of browning (0.3) and increasing callus growth (100%) of kepel nodal explants
during 28 days of culture. The results of this research are beneficial in determining the
protocol of in vitro culture of kepel plants, especially at the initiation stage and can be
expected to contribute in supporting the successful conservation of kepel plants
through in vitro propagation.

ACKNOWLEDGMENTS

The authors would like to acknowledge the Faculty of Biotechnology at
Universitas Kristen Duta Wacana for providing the research funding.

REFERENCES

Abdalla, N., El-Ramady, H., Seliem, M. K., El-Mahrouk, M. E., Taha, N., Bayoumi,
Y., Shalaby, T. A., & Dobranszki, J. (2022). An Academic and Technical
Overview on Plant Micropropagation Challenges. Horticulturae, 8(8).
https://doi.org/10.3390/horticulturae8080677

Admojo, L., & Indrianto, A. (2016). Pencegahan Browning Fase Inisasi Kalus Pada
Kultur Midrib Daun Klon Karet (Hevea brasiliensis Muell Arg) Pb 330. Jurnal
Penelitian Karet, 3, 25-34. https://doi.org/10.22302/ppk.jpk.v34i1.220

Amente, G., & Chimdessa, E. (2021). Control of browning in plant tissue culture: A
review. Journal of Scientific Agriculture, 5, 67-71.
https://doi.org/10.25081/jsa.2021.v5.7266

Angio, M. H., & Firdiana, E. R. (2021). Kepel (Stelechocarpus burahol (Blume) Hook &
Thompson), buah langka khas keraton Yogyakarta: sebuah koleksi kebun raya
Purwodadi. Warta Kebun Raya, 19(2), 7-13.

Cai, X., Wei, H,, Liu, C., Ren, X., Thi, L. T., & Jeong, B. R. (2020). Synergistic effect
of NaCl pretreatment and PVP on browning suppression and Callus induction
from petal explants of Paeonia lactiflora pall. ‘Festival maxima.’ Plants, 9(3), 1-
13. https://doi.org/10.3390/plants9030346

Das, P., & Srivastav, A. K. (2015). To Study the Effect of Activated Charcoal, Ascorbic
Acid and Light Duration on InVitro Micropropagation of Aloe vera L.
International Journal of Innovative Research in Science, Engineering and Technology,
4(5), 3131-3138. https://doi.org/10.15680/IJIRSET.2015.0405091

Sibarani et al., (2024) Browning Prevention Method in Kepel (Stelechocarpus burahol (Blume)... | 251



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 10 (1): 243-253, March 2024 e-ISSN: 2685-7332

Dolonseda, A. C., Restiani, R., & Aditiyarini, D. (2021). The Use Of Ascorbic Acid
And Active Charcoal As Anti-Browning In In Vitro Culture Initiation Of
Petung  Bamboo  (Dendrocalamus  asper  (Schult.).Biotika,19(2),1-10.
10.24198 /biotika.v19i2.34733

Ginting, N. B. O. P., Restiani, R., & Prasetyaningsih, A. (2023). Effect of Ascorbic
Acid, Activated Charcoal and Dark Incubation on Browning Intensity of
Saurauia bracteosa In Vitro Culture. Biosaintifika: Journal of Biology & Biology
Education, 15(3), 401-411.

Habibah, N. A., Moeljopawiro, S., Dewi, K., & Indrianto, A. (2016). Flavonoid
Production in Callus Cultures from Mesocarp Stelechocarpus burahol.
Biosaintifika:  Journal of Biology & Biology FEducation, &8(2), 214.
https://doi.org/10.15294/biosaintifika.v8i2.6632

Habibah, N. A., Moeljopawiro, S., Dewi, K., & Indrianto, A. (2017). Flavonoid
production, growth and differentiation of Stelechocarpus burahol (Bl.) hook. f.

and th. cell suspension culture. Pakistan Journal of Biological Sciences, 20(4), 197—
203. https://doi.org/10.3923/pjbs.2017.197.203

Habibah, N. A., Nugrahaningsih, W. H., Ulung Anggraito, Y., Mukhtar, K.,
Wijayanti, N., Mustafa, F., & Rostriana, Y. (2019). Effect of Growth
Regulators on Cell Growth and Flavonoid Production in Cell Culture of
Elaecarpus grandiflorus. IOP Conference Series: Earth and Environmental Science,
391(1). https://doi.org/10.1088/1755-1315/391/1/012061

Habibah, N. A., Sumadi, & Ambar, S. (2013). Optimization of Leaf Surface
Sterilization and Endophytic Elimination on Burahol. Biosaintifika, 5(2), 95—
98.

Handayani, E., Irsyadi, M. B., Alawiyah, R. L. M. N., & Aris, 1. (2022). Effect of
Explants Sterilization and Plant Growth Regulators on Embryo Culture of
Kepel (Stelechocarpus burahol). IOP Conference Series: Earth and Environmental
Science, 985(1), 1-8. https://doi.org/10.1088/1755-1315/985/1/012016

Handayani, E., Irsyadi, M. B., Aris, 1., Alawiyah, R. L. M. N., Ayuningtias, N.,
Permatasari, F., & Rineksane, I. A. (2021). Optimasi Sterilisasi Endosperma
Kepel (Stelecthocarpus burahol [Bl] Hook F. & Th) Secara In Vitro. BIO-EDU:
Jurnal Pendidikan Biologi, 6(2), 113-121.
https://doi.org/10.32938/jbe.v6i2.1179

Handayani, E., Nandariyah, Cahyani, V. R., & Parjanto. (2020). Morphological
characters of kepel (Stelechocarpus burahol) from Kulon Progo, Yogyakarta,
Indonesia. IOP Conference Series: Earth and Environmental Science, 458(1).
https://doi.org/10.1088/1755-1315/458/1/012012

Helena, A., Restiani, R., & Aditiyarini, D. (2022). Optimasi Antioksidan sebagai
Penghambat Browning pada Tahap Inisiasi Kultur In Vitro Bambu Petung (
Dendrocalamus asper). Biota: Jurnal Ilmiah Ilmu-Ilmu Hayati, 7(2), 86-93.
https://doi.org/10.24002/biota.v7i2.4715

Sibarani et al., (2024) Browning Prevention Method in Kepel (Stelechocarpus burahol (Blume)... | 252



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 10 (1): 243-253, March 2024 e-ISSN: 2685-7332

Hutabarat, C. T., Restiani, R., & Prasetyaningsih, A. (2022). Pengaruh Sterilisasi
Tunggal dan Kombinasi pada Kultur In Vitro Nodus Kepel (Stelechorcarpus
burahol Hook F . & Thomson ). Metamorfosa, 92), 235-246.
https://doi.org/10.24843/metamorfosa.2022.v09.102.p01

Jakhar, M. L., Verma, R., & Dixit, D. (2019). Effect of antioxidants on in vitro degree
of browning and culture establishment of Guggul [ Commiphora wightii ( Arnott

)]: A valuable desert medicinal plant. Journal of Pharmacognosy and
Phytochemistry, 5, 250-254.

Kumar, R., & Jakhar, M. L. (2018). Factor affecting tissue culture experiments of
woody plant: a review. Journal of Cell and Tissue Research, 18(2), 6467—6471.

Rofigah, U., Ananda, D., & Nurrahmah, I. (2021). The Encapsulation Process of
Flavonoid from Kepel Seeds (Stelechocarpus burahol). EKSAKTA: Journal of
Sciences and Data Analysis, 212), 155-161.
https://doi.org/10.20885/eksakta.vol2.iss2.art9

Sekar, A. A., Restiani, R., & Prasetyaningsih, A. (2023). Induksi Kalus dari Eksplan
Nodus Stelecocharpus burahol (Blume) Hook. F & Thomson sebagai Upaya
Konservasi In Vitro. Biotika, 21(5), 27-35.
https://doi.org/10.24198/biotika.v21i11.42869

Tarampak, T. C., Sulistiawati, & Nirmala, R. (2019). Metode Mengatasi Browning
pada Eksplan Ulin ( Eusideroxylon zwageri ) untuk Inisiasi Regenerasi Secara In
Vitro. Jurnal Agroekoteknologi Tropika Lembab Volume, 1(2), 106—-117.

How To Cite This Article, with APA style :
Sibarani, D.S., Restiani, R., & Prasetyaningsih, A. (2024). Browning Prevention Method

in Kepel (Stelechocarpus burahol (Blume) Hook.f. & Thomson) in Vitro
Culture. Jurnal Pembelajaran dan Biologi Nukleus, 10(1), 243-253.
https://doi.org/10.36987 /jpbn.v10i1.5464

Sibarani et al., (2024) Browning Prevention Method in Kepel (Stelechocarpus burahol (Blume)... | 253



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 10 (1): 243-253, March 2024 e-ISSN: 2685-7332

Conflict of interest

Author contributions :

The authors declare that they have no conflicts of interest.

All authors contributed to the study's conception and
design. Material preparation, data collection and analysis
were performed by all authors. The first draft of the
manuscript was submited by [Ratih Restiani]. All authors
contributed on previous version and revisions process of
the manuscript. All authors read and approved the final
manuscript.



