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ABSTRACT: Curcuma sp has been widely investigated for its anti-cancer properties. 
Conventionally, vegetative propagation needs a long time to produce a large number of 
planting materials, so that it is necessary to find an alternative approach through in vitro 
propagation.  The effect of BAP on the in vitro shoot formation of ‘temu putih’ and ‘temu 
putih’ has been investigated in this study. The experiment was a 4x2 factorial with 5 
replications arranged in a completely randomized design.  The first factor was the 
concentration of BAP i.e. 0, 1.5, 3, and 4.5 ppm.  The second factor was the curcuma species 
consisting of ‘temu putih’ (Curcuma zedoaria Roch.) and ‘temu mangga’ (Curcuma mangga 
Val.).  Each experimental unit consisted of 2 in vitro bottles, each of which planted with 1 
explant bud.  Analysis of variance was conducted on percentage of live explants, shoot 
height, number of roots, root length, wet weight, percentage of explants that sprouted, 
percentage of rooted explants and shoot color.  Mean comparison was performed by the 
Least Significant Difference (LSD).  The results showed that there was no interaction between 
BAP concentration and genotype on any variable observed.  The shoot growth of ‘temu 
putih’ was significantly higher than ‘temu mangga’ in vitro.  The best concentration of BAP 
for the growth of ‘temu putih’ and ‘temu mangga’ shoots was 1.5 ppm. 
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INTRODUCTION 

Zingiberaceae is often referred to as 
curcumas herbal medicine in Indonesia, 
and this type of plant is also found in many 
other tropical areas, especially in Southeast 
Asia. The Curcuma genus is widely used 
as a raw material for spices and herbal 
medicines. This is because the plant 
contains curcumin which is useful as an 
anti-tumor and anti-oxidant (Putri, 2014); 
Murwanti et al. (2004); Abas et al. (2005).  
The anti-cancer mechanism of ‘temu putih’ 
extract is to induce apoptosis of cancer cells 
without damaging other cells around them 
and inhibiting the proliferation of cancer 
cells (Lakshmi et al. 2011).  Several 
researchers have tested the health efficacy 

of the curcuma rhizome. ‘Temu putih’ 
rhizome is useful as an essential oil which 
contains flavonoids and sesquiterpenes.  
Both of these compounds have a function 
as hepatoprotectors, antioxidants and anti-
inflammatory agents (Widono and 
Parfiani, 2002). Furthermore, Sembiring 
and Suarnella (2012) revealed that the 
essential oil of ‘temu putih’ rhizome with a 
concentration of 54.5 ppm eradicates larvae 
of mosquito (Aedes aegypti). Meanwhile, the 
rhizome of ‘temu mangga’ is proven to be 
able to prevent damage of pancreatic β 
cells in white mice (Hendrikos et al., 2014). 

Recently, public awareness on the 
negative effects of chemical drugs 
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increases.  The use of herbal medicine has 
become an alternative remedy and many 
of them were prepared from ‘temu putih’ 
and ‘temu mangga’.  However, the 
problem is producing offspring in rhizome 
propagated plants takes a long time.  The 
conventionally propagated ‘temu putih’ 
takes at least 9 months with a total 
production of 16-17 times as much as the 
initial rhizome weight (Syukur, 2003). 

One manner to do vegetative 
propagation is in vitro culture. In vitro 
culture is a propagation technique that 
isolates certain plant parts and then 
stimulates them to form a whole new plant 
by modification the growing medium and 
environment suitable for the plant (Sharma 
et al., 2015). In vitro culture technique is 
able to produce large numbers of planting 
materials in a relatively short time, 
uniform, pathogen-free, and season 
independen (Mastuti, 2017). 

In in vitro culture, the growth and 
development of the explants is strongly 
affected by the type of their basic media 
and growth regulators. Murashige and 
Skoog (MS) media is a basic medium 
generally used for propagating a variety of 
plant species. This basic medium is rich in 
minerals which stimulate organogenesis. 
The MS medium provided good growth in 
the propagation of various rhizome 
producing plants, such as ‘temu mangga’ 
(Raihana et al., 2011); ‘temu lawak’ 
(Waryastuti et al., 2017); ‘temu hitam’ 
(Singh et al., 2015); turmeric (Antoniazzi et 
al., 2016). 

To increase explant multiplication, 
generally, growth regulators in the form of 
both auxin and cytokinin groups are 
supplemented in the growing media. 
These growth regulators stimulate the 
process of growth and development of 
plant tissue. In ‘temu mangga’ culture, 
supplementation of 5 mg/L BA and 0.1 
mg/L NAA was the most suitable for the 

plantlets. Meanwhile, the addition of 1 
mg/L 2,4-D in MS medium induced callus 
formation in ginger  shoot explants (Jala, 
2013). 

Benzyl amino purine is a type of 
cytokinin the most often used in shoot 
propagation because it is stable, resistant to 
degradation and readily available 
(Zulkarnain, 2009).  In vitro culture of 
‘temu putih’ in MS medium enriched with 
up to 4.5 ppm BAP and 4.5 ppm sucrose 
increased shooot growth up to six times 
and the number of shoots three times as 
much as control (Yulizar et al., 2014). ‘Temu 
mangga’ sub-cultured on MS medium 
containing BA at a concentration of up to 5 
mg/L increased explants to form buds 
(Hutami & Purnamaningsih, 2003).  
However, there is little information on 
‘temu putih’ and ‘temu mangga’.  The 
objective of this study was to evaluate the 
shoot growth response of ‘temu putih’ and 
‘temu mangga’ to the supplementation of 
BAP on the MS basic medium in vitro. 

MATERIALS AND METHOD 

Establishment of aseptic equipment 
and explants 

The tools used such as culture jars, 
petri dishes, tweezers, and scalpel blades 
were washed thoroughly by detergent and 
running water. The glassware was 
sterilized using hypochlorite and then 
autoclaved at a temperature of 121ºC and a 
pressure of 15 psi for 30 minutes. Metal 
tools and petri dishes were paper-wrapped 
and sterilized in a medical sterilizer at 
280ºC for 10 minutes. 

The basic medium used was MS 
medium which was supplemented with 
vitamins. Growth regulator of BAP was 
added according to the treatments. The 
media was also enriched with 5% sugar 
and 0.05 ppm NAA to stimulate shoot 
growth, added as much as 7% agar as the 
compaction agent, and adjusted at the pH 
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5.7. The media was put into vessels as 
much as 20 mL each and capped with 
transparent high temperature resistant 
plastic and tightly tied with rubber band.  
All media were then autoclaved at 
pressure 15 psi and temperature 121 ° C for 
15 min. 

Explants in the form of buds from 
healthy rhizomes were cut into 1 cm long 
in size washed with running water, soaked 
in detergent 30 minutes, and then rinsed 
with distilled water 3 times. The cleaned 
explants were soaked in a bactericide and 
fungicide solution of 2 g/L for 30 minutes 
and rinsed with distilled water 3 times. 
Further sterilization was continued in the 
laminar air flow cabinet (LAC).  The 
explants were immersed in 20% 
hypochlorite solution for 7 minutes, 10% 
hypochlorite for 10 minutes, and 5% 
hypochlorite for 15 minutes before being 
washed with sterile water three times, and 
then soaked in a concentrated bethadine 
solution for 3 minutes. Sterile explants 
were implanted into the media in the 
sterile environment and the vessels were 
recapped tightly and wrapped with plastic 
wrap. 

After inoculation, the cultures were 

placed in tissue culture room at 25C with 
1000 lux light intensity (Shukla et al., 2005). 
The culture room was kept free bacteria 
and fungi contaminant by application of 
10% formalin once a week. 

Experimental design statistical 
analysis 

Explants of ‘temu putih’ and ‘temu 
mangga’ were previously sterilized in the 
standard procedure of tissue culture 
(Yulizar et al., 2014) and grown in the basic 
media of MS for two weeks to screen the 
healthy and pathogen-free plant materials 
in the Tissue Culture Laboratory of the 
Department of Crop Production, Faculty of 
Agriculture, The University of Bengkulu 
on November in the year of 2018.  The non-

contaminated explants, then, were 
transferred into the MS media 
supplemented with benzyl adenine at the 
rate of 0, 1.5, 3, or 4.5 ppm, and kept in 
culture room.  The experiment was a 
completely randomized design with 5 
replications, arranged in a 2x4 Factorial.  
The first factor was curcuma species, i.e.  
‘temu putih’ and ‘temu mangga’, and the 
second factor was the concentration of 
BAP.  The experimental unit was two 
tissue culture vessels, each of which was 
planted with single bud eye explant. 

Data were collected at one to seven 
weeks after planting on percentage of live 
explants, shoot height, number of roots, 
root length, fresh weight of plantlets, 
percentage of sprouted explants, 
percentage of rooted explants and shoot 
color.  

The data was analyzed with 
Analysis of variance (ANOVA) and the 
mean comparisons were conducted with 
the least significant difference (LSD) at 
P<0.05.  

RESULTS AND DISCUSSION 

Establishment of in vitro culture 

Explants of ‘temu putih’ showed 
different responses to in vitro culture from 
‘temu mangga’ since they were planted in 
the culture media. ‘Temu putih’ exhibited 
explants swelling earlier than ‘temu 
mangga’. By the second week after 
transplanting, the yellowish white explants 
of ‘temu putih’ have already swollen at the 
incision scar. At the third week the 
explants changed into a green color, which 
was the growing point of the new shoots. 
The perfect leaves of ‘temu putih’ were 
formed at four weeks, while that of ‘temu 
mangga’ at six weeks after transplanting.  
The plantlets which had been completed 
with roots and shoots developed to form 
new leaves at the following week. Figure 1 
was the visualization of the development 
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of ‘temu putih’ explants and ‘temu manga’ 
until the sixth week after transplanting. 

In this study, each explant formed 
single shoot. This was presumably because 
the size of the initial explants was too small 
and the composition of the media required 
for shoot multiplication was not 
appropriate. Zulkarnain (2009) stated that 
the smaller the explant size, the smaller the 
regeneration ability, but the lesser the 
chance of contamination. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Shoot development of ‘temu 

putih’ (A) and ‘temu manga’ (B) on 

MS media with the addition of 1.5 

ppm BAP 

The development of explants 
between replications showed a high 
variation. Therefore, the results of the 
analysis of variance on the growth of the 
curcuma explants at various 
concentrations of BAP in vitro exhibited a 
high coefficient of variation (CV). This 
coefficient is a description of the 
magnitude of the experiment error which 
interfere the reliability of the conclusions. 
The reliable value of the CV according to 
Herdianto (2013) was less than 30%.  

Therefore, to fulfill the prerequisite of 
ANOVA, transformation was carried out 
by √ (X + 1) on the data collected. 

The results of the F test on all 
variables indicated that there was no effect 
of interaction between the type of curcuma 
and the rate of BAP.  Both curcumas 
revealed the same response pattern to the 
increasing rate of BAP. They possibly 
possessed similar amount of food and 
hormones.  In early shoot development, 
the role of plant endogenous hormones 
was predominant. Each shoot possessed a 
reserve of food and hormones to stimulate 
growth so that it could grow without 
additional of external growth regulators. 
The food reserved of the explants triggered 
differences in shoot growth and 
development (Cahyati et al., 2016). 

Type of curcuma significantly 
affected plant height, number of roots, 
fresh weight of plantlets and not significant 
on root length and percentage of live 
explants. Meanwhile, the BAP treatment 
showed a significant difference in all the 
variables tested (Table 1).  The percentage 
of live explants was not affected by the 
type of curcuma or BAP, and there was no 
interaction between the two factors.  The 
total live explants were more than 80% of 
the explants planted. This data indicated 
the successful of explant sterilization.  
However, only 60% of the total planted 
explants were able to produce shoots, 
while 20% showed no growth response.  
The explants which experienced growth 
stagnation until the sixth week were 
thought to be physiologically immature 
because the explants were probably cut too 
small in size.  According to Shukla et al., 
(2007) the size of explants that are ready to 
be regenerated in vitro is 2 cm - 3 cm. At 
this size, the availability of food reserves 
and growth hormone was sufficient so that 
the explants are able to multiply into many 
shoots. 

A B 
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Table 1. Analysis of variance of ‘temu putih’ and ‘temu mangga’ explants at several 
concentrations of BAP at seven weeks after transplanting. 

Variable 

Value of Fcalculated 

CV (%) 
Interaction 

Type of 
curcuma 

BAP 

Percentage of live explants 1.4ns 0.12ns 2.4ns 26.6 
Plant heightt 2.4ns 6.05* 4.4* 15.7 
Root lengtht 0.6ns 2.62ns 2.9* 23.2 
Number of roott 0.8ns 5.14* 2.9* 29.7 
Fresh-weight of plantlett 1.9ns 6.05* 3.1* 7.0 
Note: t : data is transformed by √ (X + 1), ns: not significance, * = significance at  =5% 

Shoot Growth of Curcuma sp in vitro 

Shoot growth of ‘temu putih’ in 
vitro was slightly different from that of 
‘temu mangga’, in term of plant height, 
number of root and fresh-weight of 
plantlet. The difference was observed at 
seven weeks after transplanting. The shoot 
height of the ‘temu putih’ was significantly 
higher than that of ‘temu mangga’.  In 
addition, at the same age, ‘temu putih’ also 
possessed higher number of roots and 
plantlet fresh weight than ‘temu mangga’ 
(Table 2).  

The difference in shoot growth in 
vitro of two curcuma species may be 
attributable to the difference of genetically 
controlled of endogenous hormones.  Das 
et al. (2010) was also found that different 
species of curcuma exhibited different 
responsiveness to in vitro environment for 
shoot multiplication.  Species determines 
genetic relationship in curcumas (Saha et 
al., 2016) 

The Effect of BAP on the Shoots 
Growth of Curcumas  

The addition of exogenous growth 
regulators increased shoot growth of 

Curcuma sp. The highest increased in shoot 
growth was obtained in 1.5 ppm BAP.  
However, BAP concentrations of more 
than 1.5 ppm increased shoot growth in 
lesser intensity.  There was a significant 
difference in all growth variables of 
Curcuma between control and the addition 
of 1.5 ppm BAP at seven weeks after 
transplanting. Plant height increased more 
than 5 times compared to controls (Table 
3). In this study, each explant produced 
only one shoot and  some explants showed 
symptoms of stagnation which was not 
any further development.  Less number of 
shoot produced per explant maybe related 
to small size of explant.  Some other 
studies used larger shoot size to increase 
number of shoots Shukla et al., (2007).  
Bharalee et al. (2005) was successful in 
multiplication of Curcuma zedoaria up to 4 
shoots per explant with the rhizome bud 
explant of about 2 cm in size. Smaller 
explant size has the advantage of lower 
potential for contamination, but it has the 
disadvantage of less growth response to in 
vitro environment.   

 
Table 2. The growth of ‘temu putih’ and ‘temu mangga’ in vitro  

Curcuma species Shoot height (cm) Number of roots Shoot fresh weight (g) 

‘Temu Putih’ 0.72 a 1.07 a 0.22 a 
‘Temu Mangga’ 0.28 b 0.25 b 0.09 b 

Note:  Numbers followed by the same letter in the same column are not significantly different at 
P<0.05 according to LSD. 
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Tabes 3. The effect of BAP concentration on the growth of ‘temu putih’ and ‘temu 
mangga’ at 7 MST 

Concentration of 
BAP  

Shoot height 
(cm) 

Number of 
root 

Root length 
(cm) 

Plantlet fresh weight 
(g) 

0  ppm 0.18 b 0.00 b 0.00 b 0.06 b 
1.5 ppm 1.03 a 1.40 a 0.89 a 0.30 a 
3.0 ppm 0.44 b 0.80 ab 0.56 ab 0.13 b 
4.5 ppm 0.37 b 0.45 ab 0.14 b 0.13 b 

Note:  Numbers followed by the same letter in the same column are not significantly difference 
according to LSD at P<0.05. 

Shoot growth in vitro required a 
suitable auxin and cytokinin balance. In 
this study, MS basic media with 0.05 ppm 
NAA, combined with 1.5 ppm BAP, was 
most suitable for the growth of ‘temu 
putih’ and ‘temu mangga’.  BAP cytokinin 
plays a role in cell division, however, when 
it was combined with a little amount of 
auxin, it can also encourage cell elongation.  
In this study, this effect was expressed in 
increasing shoot height.  A concentration of 
1.5 ppm BAP had the best effect on shoot 
height.  Klerk (2002) stated that high 
concentrations of cytokinin can also inhibit 
cell elongation so that the explants were 
difficult to elongate. The number of formed 
shoots increased but the growth of each 
shoot decreased.  Ali et al. (2008) also 
revealed that cytokinin play a role in the 
process of cell division and plant 
regeneration by stimulating callus to 
differentiate to form shoots, but exceeding 
the optimum limit will be toxic to plant 
tissue. 

The role of BAP on the formation 
and lengthening of Curcuma sp roots was 
significant. Without BAP, neither ‘temu 
putih’ nor ‘temu mangga’ was able to form 
roots even though the shoots have 
developed (Table 3). The supplementation 
of 1.5 ppm BAP also resulted in the highest 
number of roots in either ‘temu putih’ or 
‘temu mangga’.  However, at higher 
concentrations of up to 4.5 ppm BAP, the 
enhancement of the number of roots was 
slightly lowered.  Similar response was 

observed on the root length.  At 4.5 ppm 
BAP, there was a significant decrease in the 
increase of root length.  Root growth was 
affected by endogenous auxins. The 
addition of BAP in high concentrations 
might inhibit root growth. Increasing the 
concentration of BAP was found to 
decrease the number and length of roots of 
white turmeric (Kaempfreria rotunda L.) 
plants linearly (Arniputri & Purnomo, 
2003). According to Siregar et al., (2013), 
BAP affects root growth through the shoot 
growth. Shoot development does not need 
a lot of exogenous auxin because it has 
already possessed endogenous auxin. The 
excessive exogenous auxins application 
actually inhibits root growth. Pamungkas 
(2015) showed that, in banana explants, the 
longest roots were observed at a BAP 
concentration of 3 ppm and decreased at 
higher concentrations up to 9 ppm. 
Cytokinins are able to stimulate root 
growth under an optimum rate but inhibit 
it at higher BAP concentrations. 

Increasing plant height and 
number and length of roots have 
implications for increasing plantlet fresh 
weight. The treatment of 1.5 ppm BAP 
exhibited the highest fresh weight of 
plantlets and the enhancement of shoot 
fresh weight lessen significantly at higher 
BAP concentration. Fresh weight of 
plantlets is the most important variable 
indicating the accumulation of plant 
assimilates. The larger the plantlets, the 
higher the fresh weight.  Sintha (2017) also 
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revealed that the fresh weight of banana 
explants was influenced by the developing 
explants. The greater the increase in 
explant growth, the greater the fresh 
weight. 

Plant Growth Pattern 
The addition of various 

concentrations of BAP on MS + 0.05 ppm 
NAA basic media resulted in different 
trends in the growth pattern of ‘temu 
putih’.  Observations until the seventh 
week after planting showed that a 

concentration of 1.5 ppm BAP induced a 
greater increase in plant height.  The 
exponential rate of increase began at week 
5 after transplanting (Figure 2). The trend 
of increasing plant height was different 
from the addition of BAP at a higher 
concentration which tends to level off.  
Figure 2 also confirmed the important of 
BAP in shoot growth of curcumas in vitro.  
Without BAP, the growth of curcuma in 
vitro was very limited. 

Figure 2. Graph of shoot height growth of ‘temu putih’ plants on several BAP concentrations 

The growth pattern of ‘temu 
manga’ was also similar to that of ‘temu 
putih’.  A concentration of 1.5 BAP resulted 
in a rapid growth pattern at plant height 
(Figure 3).  Although, the greatness of 
enhancement in ‘temu mangga’ was lower 
than that in ‘temu putih’. 

The supplementation of BAP type 
cytokinins was very effective in increasing 
the growth of shoots and roots of ‘temu 

putih’ and ‘temu mangga’.  In the control 
treatment, without the addition of BAP, 
explants did not form shoots and roots 
until the seventh week.  The best BAP 
treatment for shoot formation was 1.5 ppm 
with a percentage of shoot growth above 
50% for both ‘temu putih’ and ‘temu 
mangga’ (Figure 4).  Auxin and cytokinin 
balance in early plant growth greatly 
affects the growth rate of explants. 

Figure 3. Graph of the height growth of mango root crops at several concentrations of BAP
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Concentrations of BAP above 1.5 
ppm inhibited the formation of ‘temu 
putih’ shoots and ‘temu mangga’.  Similar 
results were obtained by Siregar et al., 
(2013) in Boesenbergia flava culture.  
According to Arniputri and Purnomo 
(2003), a high concentration of BAP will 
stimulate an increase in the number of 
shoots so that the effect of shoot 
lengthening is inhibited by the formation 
of new shoots. Based on all variables 
observed, it was noticeable that ‘temu 
putih’ has a better growth response on the 
supplementation of BAP than ‘temu 
mangga’.  Aulia (2020) also found the 
formation of in vitro shoots in ‘temu putih’ 
with the addition of 5 ppm BA, but none 
was obtained in ‘temu mangga’ 

Figure 4. Percentage of shoots (A) and 
roots (B) in ‘temu putih’ and 
‘temu mangga’ explants with the 
addition of BAP at the age of 7 
weeks after transplanting. 

This confirmed that the growth of 
explants was strongly affected by plant 
genetics which controls the ability of plants 
to use external growth regulators and plant 

endogenous hormones to stimulate 
growth (Cosic et al., 2015). 

In in vitro propagation, the success 
of forming plantlets is often preceded by 
shoot formation. The formation of roots at 
the base of the shoots is sometimes become 
an obstacle for certain plants. In this 
research, the plantlets were formed 
perfectly with shoots and roots. The 
number of rooted explants increased with 
the addition of BAP of 1.5 ppm.  The 
addition of NAA to the basic media was 
thought to trigger the formation of the 
roots of ‘temu putih’ and ‘temu mangga’.  
According to Miryam et al., (2008), the 
addition of auxins without cytokinins to 
the media increased the number of roots 
compared to cytokinin without auxin.  
Likewise, Cosic et al., (2015) stated that the 
effectiveness of exogenous auxin 
application on root formation was 
influenced by the content of endogenous 
cytokinins and IAA. 

CONCLUSION 

Benzyl amino purine is able to 
increase the shoot growth of ‘temu putih’ 
and ‘temu manga’ in vitro.  Benzyl amino 
purine of 1.5 ppm, when it was 
supplemented to the MS basic medium 
with 0.05 ppm NAA, is the optimum rate 
to stimulate in vitro shoot and root growth 
of curcumas.  ‘Temu putih’ is more 
responsive to benzyl amino purine than 
‘temu mangga’. 
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