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Abstract 
This study has established an efficient and reproducible protocol to micro-
propagation Kaempferia angustifolia Roscoe via direct regeneration. The use 
of young shoots as explants showed the best results compared to rhizome 
shoots, where the young shoots showed a low percentage of contamination of 
10% - 30% (agar 6 g/L) and 45% - 55% (agar 3 g/L), respectively, compared to 
the use of rhizome shoots, where the contamination rate exceeded 80%. For 
shoot initiation, the combination of BAP (6 Benzylaminopurine) and NAA 
(1-Naphthaleneacetic acid) showed higher results for the percentage of initial 
shoots and number of micro shoots/explants compared to BAP with Kin (Ki-
netin). The highest concentration of BAP (5 mg/L) combined with the lowest 
concentration of NAA (0.5 mg/L) resulted in 90% of initial shoots and a 
number of shoots/explants of 5.8. The highest number of shoots for micro-
propagation was in treatment with 30 g/L sucrose that was segmented with 3 
mg/L BAP + 0.5 mg/L NAA. For the number of roots, the highest number of 
roots was 11.8 recorded at sucrose (45) with only BAP (1 mg/L) used as the 
plant growth regulator, while the longest length of roots was 7 - 8 cm, recorded 
both at sucrose with the combination of BAP and NAA. 
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1. Introduction 

The Zingiberaceae family of Angiosperms is the biggest ginger family, with over 
1300 species that are extensively used as spices and medicinal herbs [1] [2]. 
Kaempferia is a genus of tiny rhizomatous herbs belonging to the ginger family, with 
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about 60 species, some of which are therapeutic rhizomes. In Java, Kaempferia an-
gustifolia Roscoe is one of the genus’ therapeutic rhizomes [3]. In Malaysia, 
Kaempferia angustifolia is an underutilised plant compared to other species of 
Kaempferia such as Kaempferia rotunda Linn and Kaempferia galanga Linn [2]. 
Kaempferia angustifolia is a small perennial herb producing leaves up to 20 cm 
long from a tuberous base, stemless, and commonly found in the forests of In-
donesia’s Western and Central Java, as well as some sections of Thailand [4]. K. 
angustifolia has a pleasant odour and its tiny roots and tubers contain astringent 
properties that are often used as masticatory by locals for medicinal purposes, 
such as a remedy for colds, coughs, stomach-aches, diarrhoea, fever, and dysen-
tery [5] [6]. Besides that, the watery part of the main rhizome is considered 
cooling and reduces body temperature when consumed [5]. Kaempferia angus-
tifolia Roscoe is an underutilised plant that has significant benefits and potential 
that needs to be discovered for further analysis, especially in view of its potential 
medicinal properties. In vitro, culture techniques have been used for the past 
year because they are considered an important step in propagation. Thus, the aim of 
this study was to establish an efficient micropropagation protocol for Kaempferia 
angustifolia Roscoe via direct regeneration.  

2. Materials and Methods  
2.1. Establishment of Initial Cultures  

Two types of explants were used for the experiment, young shoots (Figure 1(a)) 
and rhizome shoots (Figure 1(b)). The rhizomes were cultivated in the lab to 
allow the sprouting of immature rhizome shoots. For young shoot explants, a 
10-month-old mother plant that produces shoots measuring 4 - 10 cm was used 
as the source of explants. The explants were cleaned under running tap water for 
two hours, then washed with detergent (Decon 5%, v/v) and rinsed thoroughly 
with tap water. The explants were then soaked in 1.5% (v/v) fungicide for one 
and a half hours, and subsequently rinsed thoroughly under running tap water 
for 10 minutes. Subsequently, the explants were sterilised with 10% - 20% Clo-
rox® and 5 drops of Tween-20. The explants were then washed with sterile dis-
tilled water three times. Young shoots were dissected using a sterile surgical 
blade to remove the outer layers of leaf sheaths beneath the laminar air floor, 
yielding 5 to 8 mm pieces that were subsequently grown on medium. For rhi-
zome shoots, the burnt layer needs to be removed once cultured on the medium. 
The sterilised explants were inoculated onto Murashige and Skoog’s (1962) basal 
medium, which was supplemented with different concentrations of agar (3.0 and 
6.0 g/L), BAP (0, 1.0, 3.0, and 5.0 mg/L), and 3% of sucrose. Prior to autoclaving, 
the pH of the medium was adjusted to 5.8 (15 min, 121˚C). The culture contain-
ers were sealed with parafilm and incubated in the culture chamber at 25˚C ± 
2˚C for 16 hours under white fluorescent light with a light level of 3000 lux. The 
cultures were checked on a weekly basis to see how they were progressing. After 
two months of culturing, the percentage of contamination, the number of shoots  

https://doi.org/10.4236/ajps.2022.136049


Z. A. Rahman et al. 
 

 

DOI: 10.4236/ajps.2022.136049 736 American Journal of Plant Sciences 
 

 
(a)                (b)               (c)             (d) 

 
(e)              (f)              (g)                (h) 

 
(i)                                  (j) 

 
(k)                         (l)                    (m) 

Figure 1. Micropropagation of Kaempferia angustifolia Roscoe via direct regeneration. 
Young shoots explants (a), rhizome shoots explant (b), initial shoots (c, d), no 
microshoots initiated (e), initial shoots after 60 days of cultured (f), shoots produced 
cultured on media containing 30 g/L sucrose + 3 mg/L BAP + 0.5 mg/L NAA (g, h), in 
vitro plantlets with shoots and roots (i), successfully acclimatized in glasshouse (j, k), 
harvested rhizomes after 8 months (l, m). 

 
that responded, and the number of micro shoots/explants that were made were 
all recorded. 

2.2. Proliferation of Shoots, Rooting and Acclimatation  

For shoot multiplication, single micro shoots initiated from young shoot ex-
plants were transferred to MS medium supplemented with 3 g/L agar and vari-
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ous concentrations of BAP (0.5, 1, 3, 5 mg/l) in combination with NAA (0.5, 1, 3, 
5 mg/l) or Kinetin (0.5, 1, 3, 5 mg/l), respectively. After 60 days of culture with a 
monthly subculture interval, the results were expressed as a percentage of prolif-
eration and the number of micro shoot/explants produced. In order to optimise 
the rooting system and enhance the proliferation rate, the obtained shoots were 
sub-cultured on medium containing different concentrations of sucrose; 15, 30, 
and 45 g/L supplemented with BAP (1, 3 mg/l) alone or in combination with 
NAA (0.5, 1.0 mg/l). Data was recorded at weekly intervals. After 60 days of 
culture, the mean number of shoots and roots, shoot length, and root length 
were recorded. 

Rooted explants with shoots about 4 - 5 cm in length were removed from the 
culture bottles and the roots were washed under running tap water to remove 
the agar. The plantlets were individually transplanted into polybags containing 
organic soil and topsoil at a ratio of 1:1, maintained under controlled conditions 
in the glasshouse with 75% shading. To ensure its humidity, the plants were wa-
tered periodically. The survival rate of the plantlets was recorded after 4 weeks. 
A standard deviation of the mean was calculated for the degree of response, 
which is represented in the tables as ±value. 

3. Statistical Analysis 

The data were subjected to one way analysis of variance (ANOVA) to assess 
treatment differences and interaction using the SPSS version. Significance be-
tween means was tested by DMRT (p ≤ 0.05). The experiment was conducted 
with 10 replications per treatment. 

4. Result and Discussion 
4.1. Establishment of Initial Culture 

Contamination is the limiting factor in generating in vitro techniques. The con-
taminant organisms that are commonly found in vitro plant cultures include vi-
ruses, bacteria, yeasts, fungi, mites, and thrips. Furthermore, the study was con-
ducted using two types of explants; young shoots and rhizome shoots. Both ex-
plants were cultured on media that were supplemented with different concentra-
tions of BAP (0, 1, 3, and 5 mg/l) and two concentrations of agar (3 g/L and 6 
g/L). Hence, the explants were measured for their contamination rate, initial 
shoot response, and number of micro shoots/explants. Based on Table 1, young 
shoots explants were described as the best result in terms of contamination rate 
percentage and shoot initiation compared to when using rhizome shoots. 

Young shoots cultured on media containing agar 3 g/L and 6 g/L showed a 
low percentage of contamination of 10% - 30% and 45% - 55% respectively. The 
highest response to the initial shoot (75%) and the lowest contamination (10%) 
were recorded at the treatment of agar (6 g/L) combined with 5 mg/L BAP. Ini-
tiation of micro shoots/explants from young shoot explants was recorded up to 
4, which was observed at 3 mg/L BAP (3 g/L agar) (Figure 1(c)). In addition, those  
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Table 1. The effect of explant type contamination rate and sprouting of shoots. 

Type of  
explants 

Agar 
(g/L) 

BAP 
(mg/l) 

% 
Contamination 

Response initial 
shoot % 

Micro shoots/ 
explants 

Young  
shoots 

3 

0 55 ± 4.08 d 55 ± 10.17 b 0.85 ± 0.69 abc 

1 50 ± 8.16 d 62 ± 11.12 bcd 2.28 ± 0.75 d 

3 42 ± 7.55 cd 65 ± 10.00 bcd 4 ± 0.81 e 

5 50 ± 7.31 d 60 ± 10.00 bc 1.85 ± 0.89 cd 

6 

0 20 ± 5.34 ab 61 ± 10.29 bcd 0.14 ± 0.37 a 

1 30 ± 5.34 bc 70 ± 8.16 cd 1 ± 0.57 abc 

3 30 ± 5.00 b 62 ± 10.35 bcd 0.57 ± 0.78 ac 

5 10 ± 6.07 a 74 ± 13.04 d 2.28 ± 0.75 d 

Rhizome 
shoots 

3 

0 97 ± 3.93 f 0 a 0 a 

1 100 f 0 a 0 a 

3 100 f 0 a 0 a 

5 100 f 0 a 1.42 ± 0.53 bcd 

6 

0 90 ± 6.45 ef 4 ± 0.69 a 1 ± 0.81 abc 

1 85 ± 11.18 e 4 ± 0.97 a 1 ± 0.81 abc 

3 82 ± 9.51 e 5 ± 1.00 a 0.85 ± 0.89 abc 

5 80 ± 9.57 e 3 ± 1.21 a 1 ± 0.81 abc 

Data are given as means ± SD of results from 20 replicates. 
 
treatments showed only 42% contamination and a 65% response to the initial 
shoot. The use of rhizome shoots as explants was observed to have the highest 
contamination rate (100%) and a 0% response to the initial shoot with no micro 
shoots initiated when using agar at 3 g/L combined with all concentrations of 
BAP (Figure 1(d)). Contamination plays a crucial part in vitro plant technique 
because it may disrupt the multiplication of micro shoots/explants. In research 
by [7], most likely form of contamination in vitro plant cultures was due to inef-
fective decontamination of explants, recipients, apparatus, or media, or when 
handling plant material. 

4.2. Micropropagation of Shoot Cultures 

Plant growth regulators are biosynthetic substances that influence plant physio-
logical processes that are involved in plant growth and development. In this 
study, BAP, NAA, and Kin are used as plant growth regulators to boost the 
number of shoots and shoot growth. From Table 2, it shows the effect of using 
different types of growth regulators on shoot initiation and the number of micro 
shoots per explant produced. Each of the plant growth regulators consists of the 
same concentration range of 0.5 - 5.0 mg/L. Generally, the combination of BAP 
and NAA showed higher results for percentage of initial shoots and number of 
micro shoots/explants compared to the combination of BAP with Kin. 
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Table 2. Effect of different plant growth regulators (BAP, NAA, Kin) on percentage of 
shoots initiation and number of shoots per explants produced after 60 days of culture. 

BAP 
(mg/l) 

NAA 
(mg/l) 

Kin 
(mg/L) 

Initial  
shoots (%) 

Mean number of micro 
shoots/explants 

0 0 0 22 ± 10.36 bcd 1 ± 0 a 

0.5 

0.5 - 72 ± 5.70 ijkl 1.20 ± 0.44 ab 

1 - 73 ± 9.74 jklm 1.20 ± 0.44 ab 

3 - 88 ± 8.36 lmn 1.20 ± 0.44 ab 

5 - 86 ± 8.94 lmn 1 ± 0 a 

1 

0.5 - 97 ± 4.47 n 1.20 ± 0.44 ab 

1 - 1000 ± 0 n 1 ± 0 a 

3 - 80 ± 7.07 lm 3 ± 3.93 abc 

5 - 80 ± 7.07 lm 1 ± 0 a 

3 

0.5 - 98 ± 4.47 n 3.20 ± 0.83 bc 

1 - 86 ± 5.47 lmn 3.20 ± 0.83 bc 

3 - 53 ± 6.70 gh 1.60 ± 0.54 ab 

5 - 41 ± 8.21 efg 1.20 ± 0.44 ab 

5 

0.5 - 90 ± 10.00 mn 5.80 ± 0.83 d 

1 - 98 ± 4.47 n 4.80 ± 0.83 cd 

3 - 86 ± 5.47 lmn 1.60 ± 0.54 ab 

5 - 78 ± 4.47 lm 1.80 ± 0.83 ab 

0.5 

- 0.5 56 ± 5.47 ghi 1.20 ± 0.44 ab 

- 1 57 ± 4.47 ghij 1.20 ± 0.54 ab 

- 3 11 ± 4.18 abc 1.40 ± 0.44 ab 

- 5 11 ± 5.47 abc 1.20 ± 0.44 ab 

1 

- 0.5 74 ± 5.47 klm 1.20 ± 0.44 ab 

- 1 60 ± 10.00 hijk 1.20 ± 0.44 ab 

- 3 46 ± 5.47 fgh 1 ± 0 a 

- 5 15 ± 7.07 abc 1.20 ± 0.44 ab 

3 

- 0.5 26 ± 6.51 cde 1.20 ± 0.44 ab 

- 1 33 ± 9.74 def 1.20 ± 0.44 ab 

- 3 7 ± 4.47 ab 1.20 ± 0.44 ab 

- 5 15 ± 7.07 abc 1 ± 0 a 

5 

- 0.5 25 ± 6.12 cde 1.20 ± 0.44 ab 

- 1 33 ± 8.36 def 1 ± 0 a 

- 3 0 a 1 ± 0 a 

- 5 0 a 1 ± 0 a 
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When BAP (5 mg/L) was combined with NAA (0.5 mg/L), the initial shoots 
acquired was 100%. From this combination, the highest mean number of micro 
shoots/explants obtained was 5.8 (Figure 1(f)). According to [8], MS media 
supplemented with 5 mg/L BAP was the most successful for C. aromatic shoot 
multiplication, obtaining an average of 3.3 shoots per explant. Similarly, results 
were reported by [9] in their studies on the micropropagation of Crambe orien-
talis L. var. orientalis L. They observed that the concentration of BAP (2.00 
mg/L) combined with NAA (0.25 mg/L) produced the highest mean shoot 
number per explant (18.14 ± 1.36) compared to another concentration of BAP 
(0.25 mg/L) combined with NAA (0.50 mg/L) which resulted in the lowest mean 
number of shoots per explant (6.12 ± 0.98). In accordance with another study by 
[10], the highest number of multiple shoots (5) was produced by shoot buds of 
Boesenbergia rotunda (L.) Mansf cultivated on MS medium supplemented with 
2 mg/L BAP and 0.5 mg/L NAA. Different concentrations of both BAP and NAA 
gave different percentages of initial shoots and a mean number of shoots/explant 
after 60 days of culture. The use of both BAP and NAA in tissue culture media is 
known to contribute to the development of shoot formation. 

Hence, the combination of BAP and Kin showed a decreasing pattern for ini-
tial shoots and the number of micro shoots/explants. Most of the number of mi-
cro shoots/explants for this combination was only 1, and the percentage of initial 
shoots was in the range of 0% up to 74% (Table 2). The combination of BAP (5 
mg/L) and Kin (5 mg/L) resulted in 0% of initial shoots, and there were no 
shoots. Kinetin had a poor response in terms of shoot development per explant 
for all the concentrations examined. On the other hand, [11] found that Kinetin 
alone at 2.22 μM produced a single micro shoot per nodal explant (sixth to ninth 
from the shoot tip). Due to the interaction impact of the two cytokinins, a com-
bination of 2.22 μM BAP and 2.22 μM kinetin improved multiple micro shoots 
on nodal explants [11]. [12] discovered that in MS media supplemented with 
2.32 M kinetin, 80 percent of rhizomatous eye/buds produced single micro 
shoots. Research by [13], the steps in plant tissue culture introduce a series of 
PGRs, which can be divided into two groups: auxins and cytokinins. The suit-
ability of these hormones is dependent on the type of tissue used for culture. 

4.3. Effect of Sucrose and Plant Growth Regulators (BAP and NAA)  
on Mean Number and Length of Shoots and Roots 

Kaempferia angustifolia Roscoe was further studied in terms of shoot length and 
roots by measuring the effectiveness of sucrose and plant growth regulators with 
the combination of BAP and NAA or only BAP. The concentration of sucrose 
used was 15, 30 and 45 g/L respectively, for BAP (1, 3 mg/ml) and NAA (0.5, 1 
mg/ml). Based on Table 3, the highest number of shoots produced was 11.40 at 
30 g/L sucrose combined with 3 mg/L BAP + 0.5 mg/L NAA (Figure 1(g), Fig-
ure 1(h)) while the lowest number of shoots was 4. In terms of shoot length, the 
highest shoot length recorded ranged from 6 - 8 cm at sucrose (15 g/L) with only 
BAP used as the plant growth regulator. When single BAP was used as a plant  
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Table 3. The effect of sucrose and plant growth regulators (BAP and NAA) on number of 
shoots, length of shoots, number of roots and root lenght. 

Sucrose 
BAP 

(mg/l) 
NAA 
(mg/l) 

No. of  
shoots 

Shoot  
length (cm) 

No. of  
roots 

Roots  
length (cm) 

15 

1 - 2.80 ± 0.83 a 6 - 8 3.94 ± 0.58 ab 6 - 7 

3 - 4.40 ± 0.89 ab 6 - 8 3.46 ± 0.57 a 6 - 7 

1 0.5 3.60 ± 1.14 a 4 - 5 5.44 ± 0.42 abcd 7 - 8 

3 0.5 4.60 ± 1.51 ab 3 - 5 5.06 ± 0.40abc 7 - 8 

1 1 3.60 ± 1.67 a 5 - 6 6.20 ± 0.91 cde 7 - 8 

3 1 3.20 ± 0.83 a 3 - 5 4.84 ± 0.65 abc 7 - 8 

30 

1 - 7.40 ± 1.14 bcdef 5 - 6 5.90 ± 1.27 bcd 4 - 5 

3 - 10.20 ± 1.92 fg 5 - 6 5.52 ± 1.12 abcd 3 - 6 

1 0.5 9.40 ± 2.07 fg 4 - 5 5.74 ± 1.11 bcd 7 - 8 

3 0.5 11.40 ± 2.07 g 3 - 5 5.54 ± 0.76 abcd 7 - 8 

1 1 7.60 ± 1.14 bcdef 5 - 6 7.34 ± 0.97 def 7 - 8 

3 1 6.00 ± 1.58 abcde 3 - 5 5.34 ± 0.41 def 7 - 8 

45 

1 - 5.60 ± 1.14 abcd 3 - 5 11.82 ± 0.61 h 5 - 6 

3 - 5.00 ± 1.58 abc 3 - 5 8.16 ± 1.21 efg 5.6 

1 0.5 8.21 ± 1.38 cdefg 2 - 4 9.58 ± 1.22 g 5 - 7 

3 0.5 9.20 ± 1.30 efg 2 - 4 8.16 ± 1.21 efg 5 - 7 

1 1 8.80 ± 0.83 defg 2 - 4 9.58 ± 1.22 efg 5 - 6 

3 1 7.20 ± 1.30 bcdef 2 - 4 8.24 ± 1.23 efg 5 - 6 

 
growth regulator, it showed the highest number of roots (11.8) at sucrose (45 
g/L) with a BAP concentration of 1 mg/L compared with the combination of 
BAP and NAA. According to [14], adding BAP to MS medium was necessary for 
the regeneration of plantlets from shoot apices. In general, a medium containing 
both cytokinin (BAP) and auxin (NAA) would promote the proliferation of 
shoots in the culture. However, in this research, BAP alone outperformed BAP 
in combination with NAA in terms of the number of shoots. One of the most 
essential factors in determining the success of shoot multiplication is the number 
of shoots [15]. In addition, BAP promoted a shoot length range of 3 - 8 cm, as 
opposed to BAP and NAA, which promoted a shoot length range of 2 - 6 cm. 

This finding was contrary to the findings by [16], where the highest shoot 
height recorded was 12 cm, with a mean of 11.6 cm in the combination treat-
ment of BAP and NAA plant growth regulators. However, because hormones 
such as BAP help to induce cell division in tissue explants and growth shoots, 
according to [15] the result for increasing shoot length by only using BAP was 
acceptable. Also be supported by the study from [17] where BAP’s involvement 
in encouraging shoot growth was more successful when a medium with enough 
auxin culture was available. According to [18], if NAA hormone was added at a 
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higher concentration than BAP, root growth would be stimulated more than 
shoot growth. 

In the present study, the obtained plantlets with roots (Figure 1(i) were 
transferred to polybags containing organic soil and topsoil for hardening and 
kept under controlled conditions with 75% shading in the greenhouse (Figure 
1(j), Figure 1(k)). The plantlets successfully acclimatized with a survival rate of 
97%. After 8 months of planting, the plants was harvested and it can be seen that 
rhizomes was produced (Figure 1(l), Figure 1(m)). 

5. Conclusion 

This research used direct regeneration with plant growth regulators to develop a 
micropropagation method for Kaempferia angustifolia Roscoe. When BAP was 
combined with a lower concentration of NAA, it increased the number of shoots 
while decreasing the length of the shoots. When BAP was combined with a 
greater concentration of NAA, it increased the number of roots. The develop-
ment of the micropropagation protocol for genetically uniform Kaempferia an-
gustifolia Roscoe plants will meet the demand for this plant in the pharmaceuti-
cal and medicinal fields, curb overexploitation of the herb for traditional medi-
cine, and allow for better development in order to enhance traditional medicine 
usage and production. 
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