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ABSTRACT

Zingiber officinale Roscoe from Bentong, also known as the ‘Bentong’ ginger, is a premium Malaysian-grown ginger recognised for its 
distinctive aroma, strong pungency, and elevated levels of 6-gingerol and 6-shogaol. In vitro platforms such as callus and cell suspension 
cultures represent a promising approach for the production of novel secondary metabolites from this valuable crop. This study aims to assess 
the effects of plant growth regulators, carbohydrate substrates and photoperiod in the induction of friable callus from rhizome bud explants 
of Z. officinale Roscoe from Bentong for subsequent studies on the establishment of cell suspension cultures. Explants were subjected to 
surface sterilisation and cultured in treatments of 2,4-D and kinetin, different carbohydrate substrates and photoperiods. Results in this study 
indicated that treatment with 2.5 mg/L 2,4-D resulted in 93.33% callus induction and 0.257 ± 0.06 g fresh weight, whereas treatment with 
2.0 mg/L kinetin resulted in 85.71% callus formation, with 0.106 ± 0.02 g callus fresh weight. Both treatments of 2,4-D and kinetin produced 
yellowish white friable callus. The concentration of 30 g/L sucrose was considered the optimal carbohydrate level for callus induction in 
rhizome bud explants of ‘Bentong’ ginger. Additionally, explants cultured under continuous dark conditions achieved the highest percentage 
of callus induction (70.0%) with the highest callus fresh weight (0.270 ± 0.07 g). This study successfully induced friable callus from rhizome 
bud explants of ‘Bentong’ ginger (Z. officinale Roscoe), providing a suitable foundation for subsequent callus and cell suspension culture 
studies aimed at producing valuable secondary metabolites from this ginger cultivar.
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INTRODUCTION
Ginger (Zingiber officinale Roscoe) is a herbaceous perennial be
longing to the Zingiberaceae family and is native to Southeast Asia. 
It is known for its smooth green foliage, upright pseudo-stems, 
thick rhizomes, and fibrous, fleshy roots, as well as its yellow-green 
flowers. Due to its broad applications in cuisine and traditional 
medicine, ginger is extensively grown throughout tropical and sub
tropical areas. Its unique spicy aroma and sharp taste are primarily 
attributed to the rhizome’s rich content of bioactive compounds 
or secondary metabolites, including monoterpene aldehydes and 
alcohols, sesquiterpenes, gingerols, shogaols, and other phenolics 
and flavonoids. These bioactive compounds underpin the diverse 
pharmacological properties of ginger, including its antioxidant, 
anti-inflammatory, antiemetic and antimicrobial activities.

Commercial cultivation of ginger in Malaysia includes several 
varieties, notably Bentong, Bara, China and Indonesian cultivars. 
Among these varieties, ‘Bentong’ ginger (Z. officinale Roscoe) ex

hibits a more intense aroma, pronounced spiciness and pungency, 
larger rhizomes with thinner epidermal layers, and a less fibrous, 
more succulent flesh compared to other local varieties. ‘Bentong’ 
ginger is regarded as distinctive due to the synergistic influence 
of its specific cultivation practices, including location, planting 
schedule, and agronomic techniques, alongside unique environ
mental conditions of its growing region, Bentong. These traits not 
only enhance its culinary appeal but also contribute to its higher 
market value. Phytochemical studies have demonstrated that ‘Ben
tong’ ginger possesses elevated levels of 6-shogaol and 6-gingerol, 
bioactive phenolics associated with significant therapeutic proper
ties, thereby emphasising its medicinal and nutritional importance 
(Sharizan & Sahilah, 2021). Rhizomes are economically valuable 
plant organs widely utilised as a food ingredient and for various 
industrial applications, including the extraction of essential oils, the 
production of pharmaceuticals, and the preparation of traditional 
herbal remedies. Beyond this, rhizomes are also the primary prop
agation material in conventional cultivation systems whereby a 
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substantial proportion of harvested rhizomes must be reserved 
as planting material for subsequent growing seasons. This signifi
cantly reduces the quantity of rhizomes available for commercial 
processing and is often insufficient to satisfy increasing market 
demand.

Callus and cell suspension cultures, on the other hand, provide 
robust platforms for studying plant-based bioactive compounds and 
boosting the production of secondary metabolites with significant 
pharmaceutical and industrial value. The success of callus cultures 
is governed by several critical factors, including plant growth 
regulators (PGRs), carbohydrate substrates, and photoperiod, each 
of which exerts a substantial impact on callus initiation, mainte
nance, and morphogenic development (Mastuti et al., 2017). An 
intermediate auxin-to-cytokinin ratio is generally optimal for callus 
induction (Dar et al., 2021), as the synergistic interaction between 
these hormones stimulates cell division and proliferation, enhances 
protein synthesis, and thereby stimulates callus formation and 
boosts secondary metabolite production (Mayerni et al., 2020). In 
addition, carbohydrate substrates serve not only as primary carbon 
and energy sources sustaining the photomixotrophic metabolism 
of in vitro plantlets but also act as osmotic agents and metabolic 
signalling molecules (Bhatia, 2015). Photoperiod, on the other hand, 
significantly influences biomass growth, morphogenetic responses, 
secondary metabolite biosynthesis and antioxidant activity in callus 
cultures (Ali et al., 2018; Kumar et al., 2020) as light signals perceived 
by plant cells modulate key molecular processes such as transcrip
tion, translation, and mRNA stability, thereby triggering diverse 
physiological and metabolic responses (Adil et al., 2019).

The successful establishment of Z. officinale callus cultures from 
different cultivars and varieties has been previously achieved using 
a range of explant sources, including rhizome buds, leaf segments, 
and shoot tips (Guo & Zhang, 2005; Dehghani et al., 2011; El-
Nabarawy et al., 2015; Ali et al., 2016; El-Hameid et al., 2020). Beyond 
simple callus induction, several reports have further optimised 
culture conditions to enhance biomass production and improve the 
accumulation of bioactive compounds. El-Nabarawy et al. (2015) 
generated callus cultures of Z. officinale aimed at boosting the 
accumulation of gingerols. However, despite these advancements, 
research focusing specifically on the local Malaysian ‘Bentong’ gin
ger remains scarce. Previous tissue culture studies on the ‘Bentong’ 
ginger have primarily focused on micropropagation (Sundram et al., 
2019; Zahid et al., 2021a; Zahid et al., 2021b). However, studies on 
callus culture development for the local Bentong variety remained 
limited. Although callus induction in Bentong ginger has previously 
been investigated (Farisi et al., 2025), the study evaluated only a 
limited range of 2,4-D concentrations and did not comprehensively 
assess callus morphologies. In addition, the potential role of kinetin 
in callus induction of Bentong ginger has not yet been reported, 
thereby offering new insights into the tissue culture response of 
this species. In this study, a gradient concentration approach was 
employed to systematically evaluate and optimise the effects of 
selected plant growth regulators (2,4-D and kinetin), carbohydrate 
sources, and photoperiod conditions on friable callus induction 
in ‘Bentong’ ginger. The aim was to develop an optimised and 
reproducible protocol for the production of friable callus, providing 
a suitable foundation for the establishment of cell suspension cul
tures and the biosynthesis of pharmaceutically valuable secondary 
metabolites for ‘Bentong’ ginger.

MATERIALS AND METHODS

Source of explants
Mature and disease-free rhizomes of ‘Bentong’ ginger (Z. officinale 
Roscoe) were obtained from a commercial supplier specialising in 
Bentong ginger cultivation located in Bentong, Pahang, Malaysia. 
The rhizomes were identified as Bentong ginger by the supplier and 

authenticated based on characteristics and morphological features. 
The rhizomes were carefully washed under running tap water to 
remove any soil residues, then sun dried and stored in a dark, 
room temperature environment to encourage sprouting. Young 
sprouting rhizome buds (about 1.5 cm3 in size), undamaged, and 
approximately two weeks old were carefully excised from the main 
rhizomes and were utilised as explants for further study (Figure 1).

Fig. 1. Healthy and undamaged ‘Bentong’ ginger sprouting buds 
excised from the main rhizomes. The scale bar represents 1 cm.

Surface sterilisation of rhizome buds explants and culture 

initiation
The surface sterilisation methods utilised for this study were 
established with reference to previous protocols along with some 
modifications. Rhizome buds were carefully excised from the main 
rhizomes of ‘Bentong’ ginger, and their outer layers were removed. 
The bud explants were gently cleaned with Sunlight® dishwashing 
detergent and rinsed thoroughly under running tap water for at 
least 30 min. They were then immersed in a 20% (v/v) Dettol® 
solution with two drops of Tween-20 for 45 min, followed by treat
ment with 70% (v/v) ethanol for 10 min and immersion in a 40% (v/
v) Clorox® solution containing two drops of Tween-20 for 10 min. 
The explants were then rinsed with sterile distilled water, and any 
bleached or damaged tissue was carefully trimmed away. They were 
then immersed again in 40% Clorox® solution with two drops of 
Tween-20 and gently swirled for one min. The explants were excised 
into approximately 1 cm³ pieces, briefly swirled in 70% ethanol, and 
rinsed with sterile distilled water. The explants were then dried on 
sterile filter paper before inoculation onto Murashige and Skoog 
(MS) medium without plant PGRs, solidified with 0.8% (w/v) plant 
agar and adjusted to pH 5.8 before autoclaving. All cultures were 
incubated at 25 ± 2°C under cool white LED illumination (Philips 
TLD, 36 W; 150 µmol m−2 s−1) with a 16 hr light / 8 hr dark photope
riod for a duration of two weeks.

Callus induction in single treatments of 2,4-D and kinetin
Sterile explants were inoculated onto MS medium supplemented 
with varying concentrations of 2,4-D (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/L) 
and kinetin (0.5, 1.0, 1.5, 2.0 mg/L). Each treatment was conducted 
in triplicate, with a total of twenty explants used as replicates per 
treatment. Cultures were subcultured onto fresh treatment medium 
every three weeks.

Callus induction using different carbohydrate substrates
The concentration of 2.5 mg/L 2,4-D was identified as optimal 
for callus induction and was used for all subsequent experiments. 
Sterile explants were placed on full-strength MS medium supple
mented with 2.5 mg/L 2,4-D and different carbohydrate sources and 
concentrations (30 g/L sucrose, 15 g/L sucrose, 30 g/L glucose, and 
15 g/L glucose). The experiment was conducted in triplicate, with 
nine explant replicates per treatment. Cultures were subcultured 
onto fresh medium every three weeks.
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Callus induction under different photoperiods
Sterile explants were inoculated into full-strength MS medium sup
plemented with an optimised concentration of carbohydrate sub
strates (30 g/L sucrose) and 2.5 mg/L 2,4-D. The explants were then 
cultured under three different photoperiod conditions: continuous 
darkness, 16-hr light / 8-hr dark, and continuous light. Explants 
grown under the 16 hr / 8 hr and continuous light conditions were 
exposed to the same white LED illumination (Philips TLD, 36 W, 150 
µmol m−2 s−1). The experiment was repeated three times, and each 
treatment group consisted of ten replicates. The cultures were sub-
cultured into fresh culture medium every three weeks.

Data collection and statistical analysis
Parameters such as the percentage of callus formation, callus char
acteristics (including colour and texture), as well as the percentage 
of shoot and root induction were evaluated after six weeks of 
culture.

Callus Induction (%) =
Number of Explants Producing Callus

Total Number of Explants
x 100%

Shoot Induction (%) =
Number of Explants Producing Shoots

Total Number of Explants
x 100%

Root Induction (%) =
Number of Explants Producing Roots

Total Number of Explants
x 100%

Callus was gently scraped from the explants and weighed using an 
analytical balance (Shimadzu Electronic Balance TX323L, Japan). 
The resulting data were analysed by one-way Analysis of Variance 
(ANOVA), followed by Duncan’s Multiple Range Test at p≤0.05, us
ing IBM SPSS® Version 27 to assess differences among treatments.

RESULTS AND DISCUSSION

Callus induction using different Plant Growth Regulators 

(PGRs)
Callus induction in treatments of 2,4-D
In this study, rhizome buds of ‘Bentong’ ginger were treated with 
varying concentrations of 2,4-D to establish the optimal conditions 
for callus initiation. Based on Table 1, the maximum percentage of 
callus induction (100%) was achieved in MS medium containing 2.0 
mg/L 2,4-D. Rhizome bud explants without the plant growth regu
lators (control) resulted in the lowest percentage of callus induction 
(70.59%), whereas the treatment of 3.0 mg/L of 2,4-D resulted in 
84.62% of callus induction.

After six weeks of culture, the average callus weight ranged from 
0.125 g to 0.257 g. As shown in Table 1, callus fresh weight increased 
with 2,4-D concentrations from 0 to 2.5 mg/L but declined at 3.0 mg/
L. The maximum callus weight (0.257 ± 0.06 g) was obtained from 
rhizome buds treated with 2.5 mg/L 2,4-D. This callus weight was 

significantly higher than most other treatments, except for those 
treated with 2.0 mg/L and 3.0 mg/L 2,4-D. The callus produced 
across all 2,4-D treatments was friable and yellowish white in 
colour (Figure 2). The highest shoot induction percentage (20%) was 
observed in rhizome bud explants treated with 2.5 mg/L 2,4-D. Root 
formation was noted in the control as well as in explants treated 
with 0.5 mg/L and 1.0 mg/L 2,4-D.

Fig. 2. The induction of callus from rhizome bud explants treated with 
different concentrations of 2,4-D after 6 weeks of culture. (A) Control; 
(B) 0.5 mg/L; (C) 1.0 mg/L; (D) 1.5 mg/L; (E) 2.0 mg/L; (F) 2.5 mg/L 
and (G) 3.0 mg/L. Red arrows indicate the initiation of shoot, whereas a 
yellow arrow indicates the initiation of root. Scale bar represents 1 cm.

The effect of exogenously applied plant growth regulators (PGRs) 
on callus formation is influenced by the endogenous hormonal bal
ance within the explants (Sukweenadhi et al., 2024). Accordingly, a 
straightforward dose-response relationship does not exist between 
the concentration of exogenously applied hormones and the physi
ological response of the explants and similarly, no clear association 
has been demonstrated between external hormone application and 
the timing of callus initiation (Sukweenadhi et al., 2024). Auxins, 
particularly 2,4-D, are widely used to induce callus formation 
from various explants, as they promote cellular dedifferentiation 
and stimulate the re-entry of cells into the cell cycle, thereby initi

Table 1. Percentage of callus induction, callus weight, morphology (colour & texture), percentage of shoot induction and percentage 

of root induction treated with different concentrations of 2,4-D.

2,4-D

(mg/L)

Callus

induction (%)

Callus fresh

weight (g)#
Callus

colour

Callus

texture

Shoot

induction (%)

Root

induction (%)

0 70.59c 0.125 ± 0.04bcd Yellowish white Friable 5.88d 11.76b

0.5 72.22c 0.127 ± 0.02bcd Yellowish white Friable 11.11c 22.22a

1.0 81.25bc 0.133 ± 0.02bcd Yellowish white Friable 18.75a 6.25bc

1.5 87.50b 0.135 ± 0.02bcd Yellowish white Friable 12.50bc 0c

2.0 100a 0.190 ± 0.04abc Yellowish white Friable 13.33b 0c

2.5 93.33ab 0.257 ± 0.06a Yellowish white Friable 20a 0c

3.0 84.62bc 0.218 ± 0.07ab Yellowish white Friable 7.69d 0c

# The average of callus fresh weight was expressed as the mean ± SE. Treatments labelled with different letters were significantly different in Duncan’s Multiple 
Range Test (p < 0.05).
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ating active cell division. The application of 2,4-D induces DNA 
hypermethylation that maintains cells in the active mitotic and 
dedifferentiation stage, maintaining the embryogenic potential of 
the cells. Moreover, 2,4-D increases cell plasticity by inducing cell 
wall loosening, facilitating water influx via osmosis, and hence 
promoting cell elongation and giving the characteristics of soft, 
watery, separable callus.

The high callus induction rates (>80%) in this study are consistent 
with previous findings on Z. officinale. Guo and Zhang (2005) re
ported optimal callus induction at 1.0 mg/L 2,4-D, producing yellow, 
friable, and granular callus from shoot-tip meristems of Z. officinale 
Roscoe from the Zhu Gen Jiang genotype. Similarly, Lincy et al. 
(2009) observed 90% callus formation in Z. officinale var. Jamaica 
at 2.0 mg/L 2,4-D and 100% in var. Varada at both 1.0 and 2.0 mg/
L, resulting in hard, yellowish, nodular callus. These findings are 
consistent with the present study, in which 2.0 mg/L 2,4-D produced 
the highest callus initiation rate (100%). The increasing trend in 
callus fresh weight observed under 2,4-D treatments in the present 
study contrasts with the reports of Solanky et al. (2013) and Miri 
(2020), who reported enhanced callus induction between 0.5 and 1.0 
mg/L, followed by a decline at 2.0 mg/L. In contrast, the current 
study recorded the highest callus induction (100%) at 2.0 mg/L 2,4-
D and the highest callus fresh weight in the treatment of 2.5 mg/
L 2,4-D (0.257 ± 0.06 g), with reduced induction observed at higher 
concentrations, likely due to the phytotoxic effects of excessive 
auxin on explant development (George et al., 2008). Nonetheless, the 
morphological characteristics observed herein are consistent with 
the friable callus texture as reported in Solanky et al. (2013).

Spontaneous shoot and root formation was observed from the 
rhizome buds of ‘Bentong’ ginger in this study. Shoots were pro
duced across all 2,4-D treatments, likely supported by the naturally 
sufficient levels of endogenous cytokinin and auxins present in the 
buds. Root induction was evident at lower 2,4-D concentrations 
(0.5 and 1.0 mg/L) but was inhibited beyond 1.0 mg/L, indicating 
that elevated levels of 2,4-D exert an inhibitory effect on root 
development. The presence of sufficient endogenous hormones in 
ginger rhizome buds suggests that excess 2,4-D disrupts hormonal 
balance and suppresses root formation. In contrast, low auxin levels 
promote apoplastic acidification and cell wall loosening, essential 
for root elongation. The absence of root formation alongside callus 
development is advantageous when establishing friable callus cul
tures intended for cell suspension systems, as root differentiation 
often indicates partial organogenesis and tissue specialisation. This 
could potentially reduce the uniformity and dispersibility in cell 
suspension cultures. Therefore, based on these observations, the 
optimal treatment for the induction of callus from the rhizome bud 
explants was 2.5 mg/L 2,4-D with a 93.33% callus induction rate and 
0.257 ± 0.06 g callus fresh weight.

Callus induction in treatments of kinetin
In the present study, rhizome buds of ‘Bentong ginger’ (Z. officinale 
Roscoe) were subjected to different concentrations of kinetin for 
callus induction. The percentage of callus induction from rhizome 
buds ranged from 46.67% to 85.71% under kinetin treatments (Table 
2). MS medium supplemented with 2.0 mg/L kinetin produced the 
highest callus induction rate (85.71%), whereas the control treat
ment resulted in the lowest rate (46.67%). This further demonstrated 
that kinetin treatments enhance callus formation.

The treatment of 0.5 mg/L kinetin resulted in the highest callus fresh 
weight (0.122 ± 0.03 g). However, this value is not significant com
pared to the rest of the treatments. Rhizome bud explants treated 
with 0, 1.5, and 2.0 mg/L kinetin produced yellowish white, friable 
callus, whereas those treated with 0.5 and 1.0 mg/L kinetin formed 
yellowish white, semi-friable callus. The highest shoot (28.57%) and 
root (35.71%) induction rates were recorded in explants exposed to 
2.0 mg/L kinetin. In contrast, no shoots were observed for the con
trol and root induction was absent in treatments with the control 
and 1.5 mg/L kinetin.

Fig. 3. The induction of callus from rhizome bud explants treated with 
different concentrations of kinetin after 6 weeks of culture. A) Control; 
B) 0.5 mg/L; C) 1.0 mg/L; D) 1.5 mg/L and E) 2.0 mg/L. Red arrows 
indicate the initiation of shoot, whereas the yellow arrow indicates the 
initiation of root. Scale bar represents 1 cm.

Kinetin is a cytokinin that plays a crucial role in stimulating cell 
division, a process essential for plant growth. Jamil et al. (2007) 
reported the formation of green, compact callus from shoot tips of 
Z. officinale L. cv. Wanju cultured on MS medium supplemented 
with 0.1 mg/L NAA and 1.0 mg/L kinetin. In contrast, Widyastuti 
et al. (2024) demonstrated that a balanced equal ratio of 2,4-D 
and kinetin produced the highest callus initiation rate (70%) in Z. 

officinale var. Rubrum. Throughout the present study, the ‘Bentong’ 
ginger rhizome buds demonstrated spontaneous induction of both 

Table 2. Percentage of callus induction, weight of callus, callus morphology (colour and texture), percentage of shoot induction and 

percentage of root induction treated with different concentrations of kinetin.

Kinetin

(mg/L)

Callus

induction (%)

Callus fresh

weight (g)#
Callus

colour

Callus

texture

Shoot

induction (%)

Root

induction (%)

0 46.67cd 0.071 ± 0.02bc Yellowish white Friable 0d 0c

0.5 68.75b 0.122 ± 0.03abc Yellowish white Semi-friable 12.5c 6.25b

1.0 57.14c 0.061 ± 0.02c Yellowish white Semi-friable 14.29c 7.14b

1.5 70.59ab 0.066 ± 0.02c Yellowish white Friable 17.65b 0c

2.0 85.71a 0.106 ± 0.02abc Yellowish white Friable 28.57a 35.71a

# The average of callus fresh weight was expressed as the mean ± SE. Treatments labelled with different letters were significantly different in Duncan’s Multiple 
Range Test (p<0.05).
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shoot and root structures irrespective of the kinetin concentration 
applied. Zahid et al. (2021a, 2021b) previously reported that 2.22 
mg/L (10 µM) kinetin achieved 86.67% shoot induction. In contrast, 
the current study recorded only 28.57% shoot induction at 2.0 mg/
L kinetin. Kinetin is not commonly used to induce callus for Z. 

officinale. Rather, it is typically applied in combination with auxins 
to enhance callus formation, and at relatively lower auxin concen
trations, to promote shoot regeneration from established callus 
tissues (Duszka et al., 2009). For instance, a 1:1 ratio of kinetin 
and 2,4-D was reported to yield the highest callus induction rate 
(70%) in red ginger bud explants (Xuan et al., 2004). In another 
study, embryogenic callus induction was achieved using a high 
concentration of 2,4-D (10 mg L−1) in combination with a low 
level of kinetin (approximately 0.2 mg L−1) in a shoot-tip culture 
system, indicating that elevated auxin levels can effectively drive 
embryogenesis even with minimal kinetin supplementation in red 
ginger (Z. officinale) (Widyastuti et al., 2024). These studies have 
demonstrated that the type and concentration of auxin significantly 
influence callus characteristics such as friability, phenolic accumu
lation, and regeneration capacity; therefore, the effects of kinetin 
should be interpreted in the context of a co-applied auxin.

With reference to the results in the present study, the treatment of 
2.0 mg/L kinetin was optimal for callus induction, with the highest 
callus induction percentage and callus fresh weight. However, based 
on our observation, the efficacy of kinetin in promoting callus 
formation was inferior to that of 2,4-D, as evidenced by lower 
induction rates and reduced average callus biomass. Despite these 
quantitative differences, no qualitative variation in callus colour 
was observed between the two treatments, with both producing 
yellowish white calli (Figures 2 and 3).

Callus induction using different carbohydrate substrates
The present experiment investigated the influence of different 
carbohydrate sources on callus induction from ‘Bentong’ ginger 
bud explants cultured on MS medium fortified with 2.5 mg/L 2,4-
D. Six weeks post-inoculation, callus formation was recorded in 
all experimental groups (Figure 4). Sucrose demonstrated superior 
performance over glucose, achieving complete callus induction 
(100%) at both tested concentrations (15 g/L and 30 g/L), as shown 
in Table 3. Glucose-supplemented media exhibited comparatively 
lower induction frequencies of 88.89% (15 g/L) and 77.78% (30 g/L).

Among the four carbohydrate treatments, the application of 30 g/L 
glucose yielded the highest mean callus fresh weight (0.369 ± 0.10 
g), while the lowest average (0.150 ± 0.02 g) was recorded in the 15 
g/L glucose treatment, which was significantly different from the 
control. The mean weights of callus generated from both sucrose 
treatments and the 30 g/L glucose treatment exhibited no significant 

variance. Throughout all experimental conditions, the callus that 
developed was characterised by a friable texture and a yellowish 
white colouration. Furthermore, the emergence of shoots was doc
umented within each treatment batch following a six week culture 
period. The maximum percentage of shoot induction (77.78%) was 
recorded in the 15 g/L glucose treatment; in contrast, the 15 g/
L sucrose treatment yielded the minimum percentage (44.44%). 
Importantly, explants subjected to glucose treatment (both 15 g/L 
and 30 g/L) demonstrated an enhanced root induction rate (33.33%) 
when juxtaposed with those cultivated in sucrose-based media. No 
root formation was noted in the 30 g/L sucrose treatment.

Fig. 4. The induction of callus from the rhizome bud explants after six 
weeks of culture in different carbohydrate substrate treatments. (A) 
15 g/L sucrose; (B) 30 g/L sucrose (Control); (C) 15 g/L glucose; (D) 
30 g/L glucose. The white arrow indicates shoot initiation. Scale bar 
represents 1 cm.

Carbohydrates, often referred to as carbon sources, serve an indis
pensable function in the formulation of plant tissue culture media 
by facilitating the photomixotrophic metabolic processes essential 
for the optimal development of in vitro plant specimens (Yaseen 
et al., 2012; Puad et al., 2020). In addition to serving as an energy 
source, sugars also function as osmotic agents, critically modulating 
the osmotic potential of the surrounding medium. This regulation is 
essential for controlling the influx of water and nutrients into plant 
tissues, thereby maintaining cellular turgor pressure. The mean 
fresh weight of callus observed in this study aligns with the findings 
of Prakoeswa and Suryaningsih (2020), who reported that Z. offic­

inale “Jahe Gajah” explants cultured with glucose produced higher 
callus biomass compared to those cultured with sucrose. The rela
tively low callus induction percentage observed at 30 g/L glucose 
in the present study could be attributed to its high osmotic poten
tial. Metabolizable sugars such as glucose may suppress growth or 
differentiation not only through osmotic effects, but also by partic
ipating in the metabolic and signalling pathways that influence 
sugar sensing, gene expression, and hormonal regulation (Roussos, 
2013; Ćosić et al., 2021).

On the other hand, sucrose showed a better callus induction rate 
than glucose. Previous studies on Z. officinale reported the applica

Table 3. The percentage of callus induction, average callus fresh weight, callus morphology (colour and texture), percentage of shoot 

induction, and percentage of root induction under different carbohydrate substrate treatments.

Carbohydrate

substrate

Conc.

(g/L)

Callus

induction (%)

Callus fresh

weight (g)#
Callus

colour

Callus

texture

Shoot

induction (%)

Root

induction (%)

Sucrose 15 100a 0.324 ± 0.03a
Yellowish 
white

Friable 44.44bc 11.11b

Sucrose 30 (control) 100a 0.302 ± 0.03a
Yellowish 
white

Friable 55.56b 0c

Glucose 15 88.89b 0.150 ± 0.02b
Yellowish 
white

Friable 77.78a 33.33a

Glucose 30 77.78bc 0.369 ± 0.10a
Yellowish 
white

Friable 55.56b 33.3a

# The average of callus fresh weight was expressed as the mean ± SE. Treatments labelled with different letters were significantly different in Duncan’s Multiple 
Range Test (p<0.05).
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tion of 30 g/L sucrose with PGRs leading to effective callus induc
tion. Sucrose was also observed as the more efficient carbon source 
compared to glucose for callus induction, as observed in the species 
of Aquilaria malaccensis (Jayaraman et al., 2014) and Taraxacum 

officinale (Martinez et al., 2021). Yue et al. (2024) noted that sucrose 
influences regenerative capacity through its regulatory effects on 
glycometabolism and cellular osmoregulation, favouring callus 
differentiation by sustaining moderate reactive oxygen species 
(ROS) levels, conducive to morphogenesis. Sucrose is hydrolysed 
by extracellular and intracellular enzymes into metabolites that 
enter various anabolic and signalling pathways involved in callus 
formation (Chen & Dribnenki, 2004; Emiliani et al., 2016). Acidic 
and neutral invertases hydrolyse sucrose into glucose and fructose, 
while sucrose synthase converts sucrose into UDP-glucose and 
fructose, thereby linking sucrose metabolism to cell wall formation 
and polysaccharide biosynthesis (Chen & Dribnenki, 2004). This 
further supports the effectiveness of sucrose as an efficient carbon 
source for callus induction in the present study.

Additionally, cells can take up sucrose through cell wall acid inver
tases, further hydrolysing it into the hexoses such as glucose and 
fructose, thereby generating sugar signals or supplying energy 
to support cell growth. Similarly, glucose in culture media may 
degrade into toxic compounds during the autoclaving process, 
reducing carbohydrate availability. Since media containing glucose 
solely lack an alternative carbon source, the limited sugar availabil
ity in MS media supplemented with 15 g/L in the current study 
could potentially result in the observation of lower callus fresh 
weight in the present study. The findings of this study noted that 
15 g/L glucose may be more suitable for shoot and root induction 
but insufficient to sustain callogenesis. Beyond supporting callus 
formation, glucose serves as an energy source during shoot and root 
organogenesis, which may deplete the available supply and limit its 
capacity to sustain both energy-intensive processes simultaneously. 
The results also indicated that glucose is particularly favourable for 
root induction in ginger buds, likely by facilitating cell recruitment 
and promoting mitotic activity, thereby enhancing root initiation.

However, even though the use of 30 g/L glucose resulted in the 
highest average callus fresh weight, the findings indicated that 
full-strength MS medium supplemented with 2.5 mg/L 2,4-D and 
sucrose may be more generally appropriate for callus induction in 
‘Bentong’ ginger rhizome buds based on its 100% callus induction 
rate. The differences in callus fresh weight between 15 g/L and 30 
g/L sucrose were not evident, suggesting that both concentrations 
are suitable for callus induction. However, since 15 g/L sucrose was 
observed to induce roots via indirect organogenesis, 30 g/L sucrose 
is considered the optimal carbohydrate concentration for calloge
nesis for the bud explants of ‘Bentong’ ginger (Z. officinale Roscoe).

Callus induction under different photoperiod treatments
In this study, ‘Bentong’ ginger rhizome buds were exposed to 
various photoperiods to identify the most effective light condition 
for callus initiation. Based on Table 4, callus induction rates among 
the different photoperiod treatments ranged between 50.0% and 
70.0%. The highest induction rate (70.0%) was recorded in explants 
cultured under continuous darkness and continuous light, whereas 
the lowest induction rate (50.0%) was observed in the control group 
exposed to a 16-hr light / 8-hr dark cycle. After six weeks of culture, 
the average callus weight ranged from 0.095 g to 0.270 g (Table 
4). The highest callus weight was found in the continuous dark 
treatment (0.270 ± 0.07 g), while the lowest was under continuous 
light (0.095 ± 0.02 g). Both these values were statistically significant, 
and it was observed that callus weight decreased as light exposure 
increased, indicating that the presence of light could potentially in
hibit callus formation for ‘Bentong’ ginger explants. All treatments 
produced friable, yellowish white callus (Figure 5). Shoots formed 
in all treatments, with the 16 hr / 8 hr light/dark condition showing 
the highest shoot induction (40.0%), and continuous light the lowest. 
Roots only developed under the 16h/8h light/dark and continuous 
dark treatments, both with a 10.0% root induction rate.

Fig. 5. The induction of callus from the rhizome bud explants in 
different photoperiod treatments for six weeks. (A) 16 hr / 8 hr (light/
dark) (Control); (B) Continuous dark; (C) Continuous light. The white 
arrow indicates shoot initiation. The scale bar represents 1 cm.

Light is an essential environmental factor influencing in vitro plant 
growth and development, affecting callus initiation, differentiation, 
and secondary metabolite production. Factors such as light quality, 
intensity, and photoperiod play significant roles in determining 
secondary metabolite content. For instance, the composition and 
levels of secondary metabolites in the same plant species can vary 
markedly across different geographic regions due to differences in 
local light conditions (Huang & Liu, 2015). The light requirements 
under in vitro conditions vary according to the plant species, geno
type, explant type, and cell type involved. For instance, some plant 
species require light to initiate callus formation, whereas others 
respond better under complete darkness. Light promotes callus 
formation by activating enzymes associated with cell division, such 
as cyclin-dependent kinases (I’anatushshoimah et al., 2020). Light 
also affects callus development by altering the effectiveness of 

Table 4. Percentage of callus induction, average callus fresh weight, callus morphology (colour and texture), percentage of shoot 

induction, and percentage of root induction under different photoperiod treatments.

Treatment Photoperiod
Callus

induction (%)

Callus fresh

weight (g)#
Callus

colour

Callus

texture

Shoot

induction (%)

Root

induction (%)

Control 16 h/8 h (light/dark) 50.0b 0.262 ± 0.07a
Yellowish 
white

Friable 40.0a 10.0a

1 Continuous Dark 70.0a 0.270 ± 0.09a
Yellowish 
white

Friable 20.0b 10.0a

2 Continuous Light 70.0a 0.095 ± 0.02b
Yellowish 
white

Friable 10.0c 0b

# The average of callus fresh weight was expressed as the mean ± SE. Means labelled with the same letters were not significantly different in Duncan’s Multiple 
Range Test at p<0.05.
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plant growth regulators (PGRs) in the medium and by modulating 
endogenous hormone levels, such as auxins and gibberellins.

Numerous reports have documented the application of continuous 
darkness for callus induction from the rhizome buds of various 
species belonging to the family Zingiberaceae. This includes Z. 

officinale Rosc. var. Sying Makhir, Z. officinale Rosc. var. Rubrum, 
Curcuma kwangsiensis, Curcuma mangga, Boesenbergia rotunda, 
from the inner core rhizome of Elettaria cardamomum Maton. This 
may be attributed to the enhancement of auxin activity under dark 
conditions, whereas exposure to light can lead to auxin degradation 
and hinder its translocation to the explants, thereby diminishing its 
effectiveness in promoting callus formation (I’anatushshoimah et 

al., 2020). However, Chuengpanya et al. (2020) reported contrasting 
findings in Hedychium longicornutum Griff. ex Baker (Zingiber
aceae), where optimal callus induction was achieved under light 
conditions. This indicated that the effect of light on callus induction 
may vary with species and explant type.

Reduced callus formation under continuous light conditions may 
be attributed to stress induced by prolonged exposure, which 
can suppress biomass accumulation while stimulating antioxidant 
activity and secondary metabolite production (Ali et al., 2018). In 
addition, extended illumination may promote the photodegradation 
of certain culture medium components, thereby further limiting 
callus biomass (Hangarter & Stasinopoulos, 1991). However, in the 
present study, the callus produced under all photoperiod treatments 
was consistently yellowish white and friable, indicating that light 
conditions did not markedly influence callus morphology. This 
observation contrasts with the findings of Yaacob et al. (2014), who 
documented a progressive change in callus colour from white to 
yellow to green with increasing light intensity in Citrus assamensis.

In the present study, shoot formation was observed under all pho
toperiod conditions, whereas root development was absent under 
continuous light. Among the treatments, a 16 hr / 8 hr light/
dark cycle was found to be optimal for the simultaneous induction 
of both shoots and roots. This finding is consistent with the 
report by Swarnathilaka et al. (2016), who demonstrated enhanced 
microrhizome development in Zingiber officinale rhizome buds of 
a Sri Lankan cultivar under the same photoperiod, resulting in the 
formation of multiple shoots and roots. In contrast, Kusumastuti 
et al. (2014) observed that continuous light promoted the highest 
number of shoots and roots for Zingiber aromaticum shoot cultures, 
highlighting the species- and genotype-specific responses to light 
conditions. The findings of this study suggested that shorter light 
exposure promotes greater callus biomass accumulation, with con
tinuous darkness representing the most optimal condition for callus 
induction, likely due to the reduced differentiation of shoots from 
rhizome bud explants.

CONCLUSION
In conclusion, the optimal medium for inducing friable callus 
in ‘Bentong’ ginger (Z. officinale Roscoe) was MS medium sup
plemented with 2.5 mg/L 2,4-D, producing the highest callus 
induction rate (93.33%) and fresh weight (0.257 ± 0.06 g). Among 
all carbohydrate treatments, 30 g/L sucrose was identified as the 
most effective concentration for promoting callogenesis from bud 
explants. Additionally, continuous darkness resulted in the highest 
callus induction percentage (70.0%) and fresh weight (0.270 ± 0.07 
g), highlighting the significant influence of photoperiod on callus 
development. The present study establishes a preliminary frame
work for the successful induction of friable callus from rhizome 
bud explants of ‘Bentong’ ginger (Z. officinale Roscoe), offering a 
foundation for developing cell suspension cultures and exploring 
novel secondary metabolites from this valuable cultivar.
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