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Abstract Curcuma longa Linn. (family Zingiberaceae), commonly known as 

‘turmeric’,  is native to Southeast Asia. Turmeric has been used for color, flavor 

as a spice in cuisine and employed for treatment of various diseases. The major 

component in yellow-pigmented fraction of turmeric is curcuminoids. Curcuminoid 

production in callus of C. longa Linn. is our focus of study. Sterile techniques to 

obtain germ-free of C. longa Linn. explants were investigated and the results 

showed that immersing rhizome buds in 70% ethanol for 5 min, followed by 

0.10% HgCl2 for 10 min offered approximately 66% survival rate. Multiple shoots 

were generated from the aseptic rhizome explants cultured on Murashige and 

Skoog (MS) agar medium fortified with 3.00 µM of 6-Benzylaminopurine (BA) and 

0.50 µM of 1-Naphthaleneacetic acid (NAA) at 25 ± 2°C under a photoperiod of 

16 h light and 8 h dark. The sterile leaf sheath and root were subsequently used 

for callus induction which produced various responses when cultured on MS agar 

medium fortified with different concentrations of 2,4-dichlorophenoxy acetic acid 

(2, 4-D), Thidiazuron (TDZ) and BA. The highest induction yields of friable callus 

were obtained from leaf sheath segments cultured on MS agar medium fortified 

with 0.50 mg/l 2, 4-D which are the conditions proposed for successful production 

of callus culture of C. longa Linn. 
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INTRODUCTION 
 

C. longa Linn., known as turmeric, is native to Southeast Asia and extensively 

cultivated in India and Southeast Asian countries. Turmeric has been used as a spice 

for color and flavor in food preparation (Ravindran et al., 2007; Nair, 2013) and 

mentioned in traditional literature to be valuable for treatment of various diseases (Goel 

et al., 2008; Rahman et al., 2015; El-Kenawy et al., 2019). The major component in 

yellow-pigmented fraction of turmeric is curcuminoids which consist of a mixture of 

curcumin (75–80%), demethoxycurcumin (15–20%), and bisdemethoxycurcumin  

(3–5%) (Hamaguchi et al., 2010).  

Curcumin, the main component of curcuminoids has been shown to be a potent 

scavenger of a variety of reactive oxygen species and inhibit lipid peroxidation in 

different animal models (Maheshwari et al., 2006). In addition, its anti-inflammatory 

activity has been demonstrated by in vitro test system in human promyelocytic 

leukemia cell line (Lantz et al., 2003). Moreover, it has been shown to possess sortase 

A inhibitory activity which helps reduce infection by Stapphylococcus aureus (Park  

et al., 2005). Hence, curcumin can be applied in pharmaceutical industry. In recent 

years, curcumin has also been popularly included in plant based cosmetics as an 

alternative to synthetic compounds for its skin anti-inflammatory and anti-irritant 

properties (Draelos et al., 2018; Sawicka et al. 2021). This adds to the demand for 

curcumin.  

Plant tissue culture system has served as an alternative mean to produce plant 

secondary metabolites (Bourgaud et al., 2001). In addition, plant tissue culture is now 

widely employed in commercial or industrial scale production of target compounds at 

the highest yield using optimal conditions (Kieran et al., 1997; Gerolino et al., 2015; 

Chandran et al., 2020). Elicitation is one of several ways to enhance secondary 

metabolite production in callus and suspension culture (Rao and Ravishankar, 2002; 

Zhao et al., 2005). Since we are interested in production of curcuminoids via callus 

culture, we have attempted to follow the method used by Srirat et al. (2009) for tissue 

sterilization using ethanol, followed by sodium hypochlorite. However, the method used 

still produced tissue with high rate of contamination which may have resulted from 

bacteria that are resistant to sodium hypochlorite (Fu et al. 2017). After an attempt to 

modify the concentration and time of exposure to sodium hypochlorite, we had a 

question whether the potency of chemical was sufficient to eliminate bacterial and 

fungal contaminants on the rhizomes. Hence, we have explored new sterilization steps 

with a hypothesis that sodium hypochlorite could be replaced by mercuric chloride for 

better sterilization and thus propose the procedure for a more successful outcome. With 

higher rate of survival, callus induction was subsequently performed. The optimal 

conditions obtained from this study are currently used in our curcuminoid production 

via callus culture of C. longa Linn. 

MATERIALS AND METHODS 

Materials 
The fresh rhizomes of C. longa Linn. were purchased from a local supplier in Chiang 

Mai Province, Thailand and all chemicals used in this study were tissue culture grade.  

 

Establishment of aseptic explants  

Rhizome bud surface sterilization methods  

The rhizomes were rinsed thoroughly with tap water, peeled and cut in to small 

pieces. The buds of rhizome were used as explants in five different sterilization methods 

as shown in Table 1 with steps in the order from left to right. The buds were excised 

(1.00 cm2) and inoculated on sterile MS agar medium, pH 5.80 containing 30 g/l sucrose 

and 0.20% (w/v) gelrite™. The cultures were incubated under a photoperiod of 16 h 

light and 8 h dark at room temperature (25 ± 2°C). The contamination, necrotic and 

survival percentage of culture were calculated using the following formula (Sundram  

et al., 2012). 
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No. of cultures contaminated or necrotic or survived

Total number of cultures inoculated
 × 100  

 

Shoot bud surface sterilization methods 

The rhizomes were rinsed thoroughly with tap water, air dried and placed in paper 

boxes to allow shoots to sprout to about 1 to 2 cm in length at room temperature  

(25 ± 2°C) in the dark. The sprouted shoots were used as explants in two different 

sterilization methods as shown in Table 2 with steps in the order from left to right prior 

to inoculation on sterile MS agar medium. The contamination, necrotic and survival 

percentage of culture were calculated using the same formula (Sundram et al., 2012). 

 
Shoot initiation  
 The sterile explants were cultured on MS agar medium fortified with 3.00 µM BA 

and 0.50 µM NAA. The cultures were incubated under a photoperiod of 16 h light and 8 

h dark at room temperature (25 ± 2°C) (Shahinozzaman et al., 2013a).  

 

Callus induction 
 Leaf sheath segments (0.5 cm long) and root segments (1.0 cm long) from about 

6 weeks old in vitro plantlets were cut and inoculated on MS agar medium (Zhang  

et al., 2011) fortified with different concentrations and combinations of 2,4-D (0.50, 

1.00 and 2.00 mg/l), TDZ (0.20 and 0.50 mg/l) and BA (0.20 and 0.50 mg/l) for callus 

induction. The cultures were incubated under a photoperiod of 16 h light and 8 h dark 

at room temperature (25 ± 2°C). The number of explants forming calli was recorded as 

the induction frequency and calculated using following formula. The fresh weight of 

callus was also recorded after 8 weeks of culturing. 

 

% callus induction =
No. of explants initiating calli

Total number of explants inoculated
 × 100 

 

Statistical Analysis 
 Statistical analysis for this work was performed using One Way Analysis of Variance 

(ANOVA) from SPSS software version 17.0. The analysis was carried out using total 

number of at least 10 samples for each treatment. 

 

Table 1. Rhizome bud surface sterilization methods. 

Treatment 

Disinfectant 

Ethanol 
(%v/v) 

NaOCl* (%v/v) HgCl2 (%w/v) 

1 70(30 sec) 60 (20 min) 20 (10 min)  

2 70 (30 sec) 60 (10 min) 30 (5 min)  

3 70 (30 sec) 30 (20 min) 20 (10 min)  

4 70 (5 min)  0.10 (5 min) 

5 70 (5 min)  0.10 (10 min) 

Note: *NaOCl with a few drops of Tween 20 
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Table 2. Shoot bud surface sterilization methods. 
 

Treatment 
Disinfectant 

Ethanol (%v/v) HgCl2 (%w/v) 

1 70 (1 min) 0.10 (5 min) 

2 70 (1 min) 0.10 (10 min) 

 
RESULTS  
 

Surface sterilization and shoot induction 
 Representatives of rhizome buds and shoot buds are shown in Figure 1A and Figure 

2A, respectively. Rhizome bud surface sterilization by immersing in ethanol, followed 

by sodium hypochlorite (NaOCl) solution in this study gave low percentage of 

contamination but did not yield any surviving explants (Table 1). Sodium hypochlorite 

is a common sterilizing agent for explants including leaves and stems at lower 

concentrations (3-5 %v/v) without tissue damage (Yildiz et al., 2012). However, in the 

case of rhizomes and roots that are exposed to soil and microorganism higher 

concentrations may be required. Plant tissue exposed to high concentrations of sodium 

hypochlorite could become damaged to the point where the explants are sterile, but cell 

growth cannot proceed and subsequently leading to cell death, a condition called 

necrotic. In this work surface sterilization by immersing explants in ethanol, followed 

by mercuric chloride (HgCl2) solution provided high rates of survival. Rhizome buds 

were able to withstand treatment by mercuric chloride better than shoot buds 

considering survival at 44.46% (Table 3, treatment 4), 66.67% (Table 3, treatment 5), 

13.87% (Table 4, treatment 1) and 36.90% (Table 4, treatment 2). Out of the seven 

surface sterilization treatments carried out, treatment of rhizome buds with 70% 

ethanol (v/v) for 5 min, followed by 0.10% (w/v) HgCl2 for 10 min was the most 

effective technique. 

 

Table 3. Effect of different treatments in rhizome bud surface sterilization of C. longa 

Linn. after culturing for 2 weeks. 

Treatment Contamination (%)  Survival (%) Necrotic (%) 

1 17.76 ± 3.87 c 0.00 62.23 ± 13.85 a 

2 31.13 ± 7.68 b, c 0.00 66.67 ± 6.65 a 

3 44.43 ± 10.19 a, b 0.00 17.70 ± 7.74 b 

4 48.87 ± 7.68 a 44.46 ± 3.86 b 6.67 ± 6.65 b 

5 17.77 ± 3.87 c 66.67 ± 6.65 a 15.53 ± 3.87 b 

Note: Values are expressed as means ± SD. Means in the column followed by different superscripts are significantly different according to Duncan’s 

multiple range test (P < 0.05). 

 

  
 

Figure 1. Rhizome buds from C. longa Linn. (A) and shoot formation from 

rhizome buds  after culturing for 2 weeks (B). 

BA
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Table 4. Effect of different treatments in shoot bud surface sterilization of C. longa 

Linn. after culturing for 2 weeks. 

Treatment Contamination (%) Survival (%) Necrotic (%) 

1 86.1 ± 2.42 b  13.87 ± 2.37 b  0.00 

2 64.57 ± 9.57 a 36.90 ± 7.22 a  7.50 ± 8.41 

Note: Values are expressed as means ± SD. Means in the column followed by different superscripts are significantly different (P = 0.05) according 

to independent t-test. 

 

The in vitro shoot initiation was successfully established by rhizome buds cultured 

on MS agar medium (pH 5.80) containing 3% (w/v) sucrose and 0.20% (w/v) Gelrite™ 

supplemented with 3.00 µM BA and 0.50 µM NAA under a photoperiod of 16 h light and 

8 h dark at room temperature (25 ± 2°C). At 6 weeks after culturing, the shoots and 

roots were healthy and used for callus induction (Figure 3).  

 

Callus induction 
 

Callus induction from leaf sheath segments of C. longa Linn.  

 The leaf sheath segments (Figure 4A) from in vitro plantlet were used as the 

starting material. Various concentrations of auxin (2,4-D) in combination with cytokinin 

(TDZ and BA) used in this study produced different callus induction percentages and 

callus fresh weights (Table 5). MS medium supplemented with 0.5 mg/l 2,4-D was the 

most effective medium for friable callus induction at 73% with 518.56 mg of fresh 

weight (Figure 4B). Increasing concentration of 2,4-D in combination with TDZ and BA 

resulted in significantly (P < 0.05) reduced percentages of callus producing explants 

and callus with lower fresh weights. The combination of 1.0 mg/l 2,4-D with 0.50 mg/l 

TDZ and 0.20 mg/l BA gave the highest callus induction percentage of all the 

combinations, 36% (Figure 4C). 

 

 
 

Figure 2. Shoot buds from C. long Linn. (A and B) and shoot elongation after 

culturing for 2 weeks (C). 

 

 
 

Figure 3. Shoot formation derived from rhizome buds of C. longa Linn. after 

culturing for 4 weeks (A) and 6 weeks (B). 

 

B CA

A B
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Figure 4. Leaf sheath segments used for callus induction (A), induction of 

callus on MS medium fortified with 0.50 mg/l 2,4-D (B), 0.10 mg/l 2,4-D + 

0.50 mg/l TDZ and 0.20 mg/l BA (C), 0.50 mg/l 2,4-D + 0.20 mg/l TDZ and 

0.50 mg/l BA (D) and 0.50 mg/l 2,4-D + 0.50 mg/l TDZ and 0.20 mg/l BA (E) 

after 8 weeks. 

 

Moreover, the combination of 0.50 mg/l 2,4-D with different concentrations of 

TDZ and BA did not give significant (P < 0.05) difference in callus induction percentage, 

but resulted in significant weight difference (Figure 4D and 4E). 

 

Callus induction from root segments of C. longa Linn. 
For callus induction from root segments (Figure 5A), MS medium with 0.5 mg/l 

2, 4-D gave the highest callus induction percentage at 63% (Figure 5B), but gave lower 

fresh weight of callus than that from the combination of 2,4-D with 0.50 mg/l TDZ and 

0.20 mg/l BA (Figure 5C) (46.23 mg and 114.02 mg, respectively). 

 

Table 5. Effect of 2,4-D, TDZ and BA on callus induction from leaf sheath segments for 

8 weeks. 

Plant growth regulators (mg/l) Callus 
induction   

(%) 

 
Fresh weight 

(mg)       
Nature of callus 

2,4-D TDZ BA 

0.50 - - 73.33 a 518.56 ± 5.64 a   White-yellow, Friable 

1.00 - - 0 0 - 

2.00 - - 0 0 - 

0.50 0.20 0.20 0 0 - 

0.50 0.20 0.50 20.00 c 168.98 ± 13.00 b White, Friable 

0.50 0.50 0.20 20.00 c 100.17 ± 2.89 d  White, Friable 

1.00 0.20 0.20 30.00 b 82.62 ± 3.99 e  White-yellow, Friable 

1.00 0.20 0.50 16.67 c 134.50 ± 5.47 c  White-yellow, Friable 

1.00 0.50 0.20 36.67 b 143.62 ± 6.73 c  White, Compact 

2.00 0.20 0.20 20.00 c 63.28 ± 5.28 f White-yellow, Compact 

2.00 0.20 0.50 13.33 c 67.78 ± 6.10 f White-yellow, Compact 

2.00 0.50 0.20 13.33 c 26.32 ± 2.20 g White-yellow, Compact 

- - - 0 0 - 

Note: Values are expressed as means ± SD. Means in the column followed by different superscripts are significantly different according to Duncan’s 
multiple range test (P < 0.05). 

Table 6. Effect of 2,4-D, TDZ and BA on callus induction from root segments for 8 weeks. 

A

C D E

B
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Plant growth regulators (mg/l) Callus 
induction 

(%) 

Fresh weight 
(mg)       Nature of callus 

2,4-D TDZ BA 

0.50 - - 63.33 a 46.23 ± 5.39 b, c  White, Sticky, Friable 

1.00 - - 33.33 b 50.90 ± 4.80 b White, Sticky, Friable 

2.00 - - 16.67 c 26.27 ± 1.45 e White, Sticky, Friable 

0.50 0.20 0.20 0 0 - 

0.50 0.20 0.50 0 0 - 

0.50 0.50 0.20 16.67 c 114.02 ± 8.24 a White, Sticky, Globular Friable 

1.00 0.20 0.20 0 0 - 

1.00 0.20 0.50 43.33 b 52.69 ± 7.57 b White, Globular, Friable 

1.00 0.50 0.20 40.00 b 39.79 ± 2.49 c, d White, Globular, Friable 

2.00 0.20 0.20 13.33 c 12.02 ± 2.21 f White, Globular, Friable 

2.00 0.20 0.50 36.67 b 32.20 ± 2.38 d, e White, Globular, Friable 

2.00 0.50 0.20 40.00 b 33.90 ± 3.68 d, e White, Globular, Friable 

- - - 0 0 - 

Note: Values are expressed as means ± SD. Means in the column followed by different superscripts are significantly different according to 
Duncan’s multiple range test (P < 0.05). 

 

 

 

Figure 5. Root segments used for callus induction (A), induction of callus on MS 

medium fortified with 0.50 mg/l 2,4-D (B) and 0.50 mg/l 2,4-D + 0.50 mg/l 

TDZ and 0.20 mg/l BA (C) after 8 weeks. 

DISCUSSION 

In this study, the explants were prepared from underground rhizomes of C. longa 

Linn. and must be sterilized before culturing on medium. Surface sterilization of this 

plant material was achieved using ethanol and mercuric chloride (HgCl2) solution. These 

sterilizing agents have been reported as effective for many Zingiberaceae species 

(Mohanty et al., 2008; Kou et al., 2013; Solanky et al., 2013). Optimal concentration and 

period of exposure for each agent needed for disinfection of rhizome buds and shoot 

buds were investigated. It was found that treatment of rhizome buds with 70% ethanol 

(v/v) for 5 min, followed by 0.10% (w/v) HgCl2 for 10 min provided sterile and healthy 

explants of C. longa Linn.  

Salvi et al. (2002) reported that the combination of 5.00 µM BA and 1.00 µM NAA 

was effective for shoot formation for C. longa Linn. Similar results were reported for C. 

zedoaria (Shahinozzaman et al., 2013b). However, we found that MS agar medium 

supplemented with 3.00 µM BA and 0.5 µM NAA was sufficient for initiation of shoot of 

C. longa Linn. in vitro. Our finding suggests that lower concentrations of BA and NAA 

can also be used for shoot induction.   

Callus induction of C. longa Linn. by 0.50 mg/l 2,4-D gave the highest callus 

induction percentage and the combination of 2,4-D with TDZ and BA resulted in 

decreased percentages of explants producing callus. Accordingly, 2,4-D alone would be 

sufficient for callus induction in C. longa Linn.. 2,4-D at 1.00 mg/l was reported to be 

effective plant growth regulator that could produce rapid proliferating friable callus in  

C. var. Chattip (Jala, 2013) and at 0.50 - 2.00mg/l 2,4-D was effective for callus induction 

in C. amada Roxb. (Prakash et al., 2004). Another study by Sukontharat et al. (2015) 

used 1.00 mg/l dicamba in C. longa Linn.which induced callus production at 70%. Dicamba 

A B C
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and 2,4-D are both synthetic auxins. We selected 2,4-D because it is commonly used as 

plant growth regulator in plant cell culture medium. With estimated 73% of callus 

induction 2, 4-D at the optimal concentration of 0.50 mg/l is suitable for C. longa callus 

culture preparation for curcuminoid production and elicitation study. 

CONCLUSION 

Our study indicated that C. longa Linn. rhizome surface sterilization was 

accomplished by immersing rhizome buds in 70 % ethanol for 5 min, followed by 0.10% 

HgCl2 for 10 min. In addition, in vitro shoot initiation was established by culturing rhizome 

buds on MS agar medium supplemented with 3.00 µM BA and 0.50 µM NAA under 

photoperiod of 16 h light and 8 h dark at room temperature (25 ± 2°C). The callus culture 

from in vitro leaf sheath segment on MS agar medium containing 0.5 mg/ml 2,4-D offered 

the highest callus induction percentage and fresh weight of callus at 8 weeks after 

culturing. 
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