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Abstract: Mechanical sensor phenomenon has been observed from seed capsules of tropical plant of Pletekan 
(Ruellia tuberosa  L.). The capsules were taken from the plant and put on the water for an observation. 
Mechanical crack / explosion will occur a few seconds after make a contact with water. Time required by a 
capsule to crack from an initial contact called as explosion time. Ultrasonic apparatus was used to determine the 
explosion time through the ultrasonic wave (40 kHz) reflection off the water surface where the capsule triggers 
the water’s ripple. The parameters involved in this phenomenon are length and weight of capsule. From the 
experiment, the increase of ratio (length over weight of capsule) from 240 to 340 will be followed by the 
increase of explosion time exponentially from about 5 to 60 s. This result is interesting as visual cracking 
phenomenon from capsule of natural plant could be observed and potentially to be used for further applications. 
Copyright © 2013 IFSA. 
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1. Introduction 
 

Many tropical plants have potential to perform 
various sensors mechanism such as pressure sensor 
onto the leaves of Mimosa pudica plant. If any touch 
or pressure introduced to the stem of this plant, the 
stem will drop immediately followed by a closing 
state of leaves. After some times, the stem will stand 
again at a normal position followed by their leaves to 
open from a closing state. This kind of plant is 
growing weirdly in tropical areas such in Indonesia. 
All parts of this plant have been reported being used 

for medical treatment as they contain alkaloid, 
glycoside, flavonoid, and tannis compounds [1]. 

Another tropical plant that shows a mechanical 
sensor phenomemon is Pletekan (Ruellia tuberosa L.) 
as shown in Fig. 1. This plant is growing weirdly in 
tropical countries such Indonesia with a plant height 
of 10-40 cm. Color of flower is purple that grows 
from the stem of plant. Pletekan, also known as 
Cracker plant is a species of flowering plant in the 
Acanthaceae family. The plant is originally come 
from Central America but presently it can be found in 
many tropical countries of Southwest and Southeast 

Article number P_1489



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 225-229 

 226

Asia [2]. From that figure, capsules of green color 
shows it is not ripe yet in which this capsule will not 
crack by the water contact. The seed capsule of this 
plant will crack when makes a contact with water. 
Meanwhile, capsule of brownies color is considered 
to be ripe that could perform a sensor phenomenon. 
The (ripe) capsule will crack along the separation line 
exist in the capsule together with cracking sound 
produced after making a contact with water. This 
phenomenon is believed due to the mechanical 
weakness of separation part by water contact. Inside 
the capsule, there are many curved lids functioned 
like a spring that will eject another part of capsule out 
together with dispersing the seeds. 
 
 

 
 

Fig. 1. Picture of a plant with seed capsules grow  
from the stems (guided by the arrows). 

 
 

Fig. 2 shows a picture of capsule appearance at 
(a) before and (b) after explosion due to water contact 
during the experiment. Before explosion the capsule 
is completely closed, then they split and open after 
cracking phenomenon. This mechanism is believed 
because of the mechanical clamp-like exist along the 
separation line of capsule getting weaker by the water 
contact while many spring-like nails inside the 
capsule are in a position of pushing out the capsule as 
schematized in Fig. 3. By this weakness, a capsule 
will crack into two parts while dispersing the seeds 
from inside with random direction. Originally seeds 
stay in between the nails in the capsule. 

In pharmacy, many research works have been 
carried out to the Pletekan plant for some purposes as 
done by Chotani et al. [3, 4]. They investigated some 
compounds of the plant and found alkaloid, 
flavanoids and phenolic. From their works by 
extracting the root of plant, they found an antioxidant 
activity that can be used for medicine. For further 
work they suggest to isolate the active principle of 
the compounds that is responsible for that activity. 
Those results were also reported by other research 
groups of Chen, et al. for the investigation of medical 
purposes [5]. 

 
 

Fig. 2. Picture of a capsule used for measurement  
at (a) before, and (b) after explosion. 

 
 

 
 

Fig. 3. A schematized diagram of capsule at (a) before  
and (b) after explosion. 

 
 

Chotani et al., [6] also worked to extract the root, 
stem and leaf of Pletekan plant for finger print test 
using HPTLC. From the work they observed 
florescent band of that samples. By working on root’s 
extraction, Arambewela et al. [7] observed any strong 
and dose-dependent gastroprotective activities of the 
compound being investigated. Extraction of stem of 
Pletekan plant has also reported by Lin et al. [8]. 
They found a potential compound to be used against 
cancer cell. By referring to the above work, most 
investigations on Pletekan plant are focused on the 
medical purpose through extraction process although 
research work reported on that plant is still limited in 
number of publications.  

This plant has been studied widely regarding their 
potential for medicine but very few works reported 
for any physical phenomenon performed of explosion 
phenomenon due to water contact. For this, a 
cracking/explosion phenomenon of seed capsule from 
this plant has been investigated for the first time in 
2013 by Imam et al. [9]. They observed a cracking 
phenomenon when a seed capsule taken from the 
plant makes a contact with water. Time required to 
crack the capsule from initial contact is called 
explosion time. From their works, there is a 
relationship between length and weight of capsule 
and explosion time. To study more regarding this 
phenomenon, in this paper, we report our progressive 
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measurement for various samples of Pletekan’s 
capsule after makes a contact with water by 
considering capsule dimension (length and weight) 
respect to the explosion time may occur.  
 
 
2. Measurement Technique 
 

For the experiment, seed capsules (sample) of 
Pletekan plant were taken from the plant growing in 
Indonesia. The brownies color of capsule has been 
selected as this capsule’s color indicates a ripe 
capsule that will crack when makes a contact with 
water. This brownies capsule is also believed already 
ripe in dissemination process of the plant. The 
capsules taken from the plant have been run in the 
same day of experiment. Prior to the measurement, 
the capsules were measured their length and weight. 
The length was measured for the longest part of 
capsule’s dimension. The experiment was carried out 
at room temperature in open air. Selected capsule of 
samples are of the best appearance that was indicated 
by perfectly closed capsule. During measurement, an 
explosion mechanism occurs was indicated by a 
physical crack of capsule together with sound 
produced from that crack. This mechanism will 
generate water’s ripple used as a cracking medium. 
The capsule is floating on the water (in the beaker 
glass) with some parts are immersed due to its 
weight. With this condition, contact between a 
capsule and water is continuous until explosion 
occurs. 

For the measurement to observe the explosion 
time i.e. time required by the capsule sample to crack 
from the initial contact with water will be determined 
through the data collection recorded by a computer. 
Rapid fluctuation of output signal will be used to 
calculate a relative magnitude of explosion. Before 
starting the measurement, the water surface was 
conditioned at flat or calm to find out the stability of 
output signal. The ultrasonic receiver unit will record 
continuously input signal in electrical voltage form 
from the ultrasonic reflection and then collected by a 
computer. The relationship between length of capsule 
and also weight of capsule and explosion time will be 
found. The measurement was carried by preparing 
the water in a beaker glass to allow any water’s ripple 
when any cracking mechanism occurs.  

The ultrasonic apparatus (an ultrasonic wave 
frequency of 40 kHz at 12 V) was used to produce 
the ultrasonic wave directed onto the water surface 
for an incident angle of 45 degrees. This angle set up 
is aimed to find an optimum reflection signal by a 
receiver unit. The schematized diagram of the 
measurement is shown in Fig. 4. As we can see in the 
figure, the ultrasonic receiver will detect 
continuously ultrasonic wave intensities reflected by 
water’s surface. If any water’s ripple produced, a 
change of surface texture will affect to a change of 
reflected intensities. To optimize the observation of 
water’s ripple, during the experiment, the capsule is 
positioned a bit outside of the center where the 

ultrasonic waves hit the water surface area. Before 
measurement, the samples of good physical capsules 
were weighed and measured their lengths. A capsule 
is then placed on the water’s surface slowly to 
minimize any water’s ripple produced. The 
observation is started when the capsule is put on the 
water surface. For a measurement, data collection 
could be started before this process. 
 
 

 
 

Fig. 4. Schematized diagram of an ultrasonic set up  
used for measurement. 

 
 
3. Results and Discussion 
 

From the measurement done to various lengths of 
capsule, it was found any relationship between length 
and explosion time as given in Fig. 5. From that 
figure, it is shown that an increase of length of 
capsule (from 22.5 to 24.5 mm) will be followed by 
an increase of explosion time linearly from about 8 to 
38 s. This linear trend is interesting that has not 
reported before for this relationship. Percentage error 
of 10 % is given to each data point that supports the 
trend of curve plotted. Several data points (about 
60 % of data collected) are sorted out and considered 
to show the appropriate trend of all data obtained 
from the measurement. Measurement was also done 
to various weights of capsule respect to the explosion 
time. The result obtained is given in Fig. 6. The curve 
shows a decrease of explosion time when the weight 
of capsule is increased. This result is consistent with 
previous result obtained using slightly broader range 
of weight variation although the samples were taken 
from different plant at different time of collection [8]. 
Data presented in the figure are also sorted out for 
about 60 % of measurement data collection that show 
an appropriate trend for further analysis.  

By using two parameters of length and weight of 
capsule, the ratio was calculated by dividing the 
length over the weight. This was done for each 
capsule sample to find more accurate determination 
by combining these two parameters respect to the 
explosion time. Fig. 7 shows a relationship between 
ratio and explosion time. From that figure, the trend 
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of curve shows that explosion time increases 
exponentially by the increase of ratio. By referring to 
this result, the assumption could be provided that 
there is a critical point in which the capsule will take 
a quite longer time or even the capsule will not crack 
when the length is much greater that its weight 
(become greater in ratio). This assumption is 
important particularly when we want to use the 
capsule for a certain application. 

 
 

 
 

Fig. 5. Relationship between length of capsule  
and explosion time observed from the measurement. 

 
 

 
 

Fig. 6. Relationship between weight of capsule  
and explosion time observed from the measurement.  

 
 

 
 

Fig. 7. Relationship between ratio (length over weight  
of capsule) and explosion time observed. 

After explosion occurs, ripple of water will be 
produced that introduces different magnitude for 
different explosion force. Ripple will generate 
oscillation (up and down) of the water surface. Initial 
magnitude could be observed that shows different 
value for different explosion force. The quantitative 
magnitude is believed has a correlation with 
parameters of length and weight of capsules used in 
the measurement.  

Any other important point is reproducibility of the 
results. By taking the capsule from nature, we cannot 
adjust the dimension such of length and weight which 
this is a natural property of the sample. Nevertheless, 
by running great number of capsules with various 
parameters, this could improve the probability to 
finding out the properties of capsule particularly 
explosion time performed by the capsule after makes 
a contact with water. When capsule makes a contact 
with water, it could be compared its effect i.e. when 
capsule is continuously contact water or the capsule 
just getting wet for a while with the water contact. 
From the work reported by Imam et al. [9], there are 
still some unexplained mechanisms regarding to 
other parameters that could trigger up the capsule to 
crack partly meanwhile no water contact introduced. 
From the phenomenon observed at this stage many 
experiments are needed to control the parameters 
involved. Another parameter that has not explained 
yet is the direction of seed from inside the capsule to 
outside. The seed was observed to disperse in random 
direction. This parameter needs further investigation 
to allow accurate determination. 
 
 
4. Conclusion 
 

From the experiment, it was found that ratio 
(length over weight of capsule) shows an increase 
exponentially respects to the explosion time. This 
observation was carried out to the samples of 22.5 to 
24.5 mm length. Increase of weight of capsule will be 
followed by a decrease of explosion time may inform 
us that much energy to crack the capsule is possessed 
by greater weight of capsule. Many experiments done 
by using huge numbers of sample are needed to 
improve the probability and accuracy of parameters 
determination. This is because still many unknown 
parameters may contribute to the explosion 
phenomenon. Nevertheless, in this stage, the results 
could lead to a prospective knowledge of natural 
phenomenon of plants also other applications to use 
living samples. 
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