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Abstract 

This paper aims to report the synthesis of two new organotin(IV) carboxylate 
derivatives, triphenyltin(IV) 4-aminobenzoate (2) and triphenyltin(IV) 4-nitrobenzoate (3) 
and to examine their antibacterial activity as a disinfectant. These compounds were 
prepared by reacting triphenyltin(IV) hydroxide (1) with 4-aminobenzoic acid and 4-
nitrobenzoic acid, respectively. Compound (2) was obtained as a yellow solid with a yield 
of 84.09% and compound (3) in the form of a white solid with a yield of 80.70%. These 
compounds were well characterized using UV-Vis spectrometry, FT-IR spectrometry 
and NMR spectroscopy. The bioactivity test as a disinfectant was tested against 
Salmonella typhosa and Staphylococcus aureus. The activity test was carried out by 
measuring the optical density (OD) of the tested compounds with concentration 
variations of 5x10-3, 1x10-3, and 5x10-4 M in methanol and 5% dimethyl sulfoxide (DMSO), 
commercial Wipol (2.5% pine oil) was used as a positive control with observations 
monitored at contact times of 0, 5, 10, and 15 minutes. The results showed that of  both 
compounds  were active against the two bacteria compared to the positive control with 
compound 3 found to be more active than compound 2. 
 
Keywords: antibacterial, disinfectant, S. typhosa, S. aureus, triphenyltin(IV) compounds 
 
INTRODUCTION  

Health is a very important aspect of life. Health enables every human being to live 
socially and economically productive with conditions of physical, spiritual and social 
well-being. In the current state of health, the level of health faces very serious 
challenges (1). Some developing countries still have relatively low levels of health. This is 
caused by several factors, especially the lack of awareness to maintain good personal 
and environmental hygiene. Due to the lack of public awareness in maintaining 
cleanliness, they are susceptible to various kinds of infectious diseases such as 
diarrhoea, typhoid or typhoid fever, MRSA (methicillin-resistant Staphylococcus aureus), 
respiratory tract infections and other infectious diseases due to microbial 
contamination (2, 3). Thus, infection is still one of the main health problems causing 
death in many countries (4). 

Bacteria generally have the ability to live freely in the environment, so they are 
very easy to move from one place to another. This movement can cause bacteria to stick 
on any object in public places, thus causing other living things to be easily contaminated 
(5). Therefore, in order to minimize the spread of these bacteria, a substance is needed 
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to kill or reduce the spread of microbes or bacteria found in the environment or 
inanimate objects. Disinfectants are chemicals used to kill microbes (bacteria, viruses, 
fungi, etc.), especially on inanimate objects and object surfaces. Disinfectants are widely 
used for sanitation in public places, homes, laboratories and hospitals. However, the 
chemicals used in disinfectants tend to be harmful to humans, animals and nearby 
plants (6).  

Another alternative is to obtain compounds that are effective as disinfectants 
that can kill microorganisms in the shortest time and without damaging the affected 
material by developing new compounds and testing their activities (7-12). The derivative 
of organotin(IV) compounds have been reported to have very interesting biological 
activities such as anticancer and antitumor (13-16), antimalarial (17-20), corrosion 
inhibitors (21-23), and antifungal (24), are also known to have excellent activity in 
inhibiting the bacterial growth (7-11) and as antiviral agents (25-27). 

The strength of the activity of organotin(IV) compounds against bacteria is not 
only influenced by the number of organic groups attached to the central atom of tin 
(Sn), but the type of organic groups also plays a role as a determinant in their activity 
(25, 28). The organic group of phenyl that is bound to the central atom of Sn is known to 
have a stronger antibacterial activity than the butyl group (27) and the higher the 
number of phenyl groups, the higher the antibacterial activity observed (29). In addition, 
the type of anion ligands bound to Sn atom also has an important role as a secondary 
determinant of reactivity. Therefore, in this paper, we reported the synthesis of two 
triphenyltin(IV) compounds with ligands of 4-aminobenzoic acid and 4-nitrobenzoic 
acid and performed activity tests as disinfectant agent against Gram-positive S. aureus 
and Gram-negative S. typhosa bacteria. 
 
EXPERIMENTAL SECTION 
Materials 

The reagents used were triphenyltin(IV) hydroxide ([(C6H5)3SnOH]), 4-
aminobenzoic acid ([(C6H4(4-NH2)COOH]), 4-HABz, 4-nitrobenzoic acid ([(C6H4(4-
NO2)COOH]), 4-HNBz,  methanol, dimethylsulfoxide ((CH3)2SO, DMSO), nutrient broth, 
and nutrient agar. They were obtained from Sigma-Aldrich (Burlington, MA, USA) with 
Pro Analysis (PA) quality and were used as received. The culture of Gram-positive 
bacteria S. aureus and Gram- negative bacteria S. typhosa were obtained from 
Laboratory of Veterinary Centre, Directorate General of Livestock and Animal Health, 
Ministry of Agriculture, Lampung, Indonesia. A commercial product Wipol (containing 
2.5% pine oil) was used as a positive control. 
 
Instrumentantion 

Elemental analysis was carried out on an EA Fission 1108 series elemental 
analyzer, the UV spectra were recorded in the UV region and measured using a UV-
Shimadzu UV-245 Spectrophotometer. Measurements were carried in 1 mL quartz cells. 
The solution was prepared using methanol solvent with a concentration of 1.0 x 10-5 M. 
The IR spectra were recorded on a Bruker VERTEX 70 FT-IR spectrophotometer with a 
KBr disc in the range of 4000-400 cm-1. 1H and 13C NMR spectra were recorded on a 
Bruker AV 600 MHz NMR (600 MHz for 1H and 150 MHz for 13C). All experiments were 
run in DMSO-d6 at 298 K. 
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Preparation of Triphenyltin(IV) Compounds 
Two target compounds of triphenyltin(IV) 4-aminobenzoate (2) and organotin(IV) 

4-nitrobenzoate (3) were prepared by the reaction between the starting compound 
triphenyltin(IV) hydroxide (1) with 4-HABz and 4-HNBz using the published method (8-
12, 14, 17, 29). The following procedure was performed: 
 
The synthesis of  [(C6H5)3Sn(4-OCOC6H4NH2)] (2)  

A total of 1.1010 g compound 1 in 20 mL of methanol was reacted with 0.4114 g 4-
aminobenzoate acid [(C6H4(COOH)NH2] in 10 mL of methanol (mole ratio was 1:1) and 
they were refluxed for 4 hours at 60-61 °C. The water formed in the synthesis process 
was separated by a Dean and Stark apparatus. The remaining methanol solvent was 
evaporated by putting the synthesized solution into a vial and covered with aluminium 
foil that had been perforated and stored in a desiccator until it was obtained. The same 
procedure was applied in the preparation of compound 3. The compounds synthesized 
obtained were as follows: 

[Ph3Sn(4-HABz)] (2): white solid; UV max. (MeOH) nm (log ): 234 and 293;   IR max. 
(KBr) cm-1:  3437.3 (OH), 1624.7 (C=O),  1632.9 (CO2 asym), 1551.8; 730.8 (phen), 1290.1 (Sn-
O-C), 726.4 (Sn-O); 1H-NMR (in DMSO-D6, 600 MHz)  (ppm): H2= H6 7.59 (d, 6H); H3 & H5  
7.46 (t, 6H); H4: 7.33 (t, 3H), H in benzoate:  H9= 7.83 (s);  H11=7.60 (d); H12= 7.60 (d);  H13 = 
7.60 (d);  13C-NMR (in DMSO-D6, 150 MHz):  (ppm):  C(phen) C2 & C6= 131.7, C3 & C5= 129.2 
, C4= 126.9; C7= 165.3; C8= 137.2; C9 = 132.9; C10 = 129.5; C11= 128.4; C12=128.2;  C13= 130.0; 
microelemental analysis: found (calculated): C 60.79 (61.60), H 4.02 (4.11). 

Ph3Sn(4-HNBz)] (3): white solid; UV max. (MeOH) nm (log ): 234 and 293;   IR max. 
(KBr) cm-1:  3437.3 (OH), 1624.7 (C=O),  1632.9 (CO2 asym), 1551.8; 730.8 (phen), 1290.1 (Sn-
O-C), 726.4 (Sn-O); 1H-NMR (in DMSO-D6, 600 MHz)  (ppm): H2= H6 7.59 (d, 6H); H3 & H5  
7.46 (t, 6H); H4: 7.33 (t, 3H), H in benzoate:  H9= 7.83 (s);  H11=7.60 (d); H12= 7.60 (d);  H13 = 
7.60 (d);  13C-NMR (in DMSO-D6, 150 MHz):  (ppm):  C(phen) C2 & C6= 131.7, C3 & C5= 129.2 
, C4= 126.9; C7= 165.3; C8= 137.2; C9 = 132.9; C10 = 129.5; C11= 128.4; C12=128.2;  C13= 130.0; 
microelemental analysis: found (calculated): C 60.79 (61.60), H 4.02 (4.11). 
 
Disinfectant Bioactivity Test 

The disinfectant bioactivity test was carried using procedure similar to the 
previous work (11) and as follows: Bacterial inoculum was made by taking one ose of 
rejuvenated S. aureus and S. typhosa, each bacteria was placed into 2 different 
Erlenmeyer flasks containing 100 mL of sterile Nutrient Broth media, and then they 
were shaker at room temperature for 24 hours. The optical density was measured at a 
wavelength of 600 nm using a UV-Visible Spectrophotometer. The tested solutions were 
prepared with varying concentrations of 5x10-3, 1x10-3, and 5x10-4 M and 5 mL of each 
compounds tested were placed into three different test tubes. Each tube was added 
with 500 µL of S. aureus and S. typhosa inoculums and then vortexed. At contact times of 
0, 5, 10, and 15 minutes, the optical density of this mixture was measured using a UV-
Visible Spectrophotometer instrument. Then, the same treatment was also carried out 
with a solution of methanol added with 5% dimethyl sulfoxide as a negative control, and 
a positive control solution of Wipol (2.5% pine oil). 
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RESULTS AND DISCUSSION 
The synthesis of organotin(IV) compound 

Two organotin(IV) compounds, triphenyltin(IV) 4-aminobenzoate (2) and 
triphenyltin(IV) 4-nitrobenzoate (3) compound were obtained as yellow and white solid, 
respectively have been successfully synthesized from the reaction of compound 1 with 
4-HABz and 4-HNBz based on the procedures described in the literature [8-12, 14, 17, 
29]. The schematic reaction for the synthesis of compounds 2 and 3 are shown in Figure 
1, the products of the synthesis for compounds 2 and 3 were 84.09% and 80.70%, 
respectively. 
 
 

 
 
         
 
 

 
 
 
 

Figure 1: The prepration of (a) compound 2; (b) compound 3. 
 

Characterization of Organotin(IV) Compounds 
The success of the synthesis the targeted compounds was analyzed using some 

spectroscopy techniques. The result of IR characterization was proven by the 
appearance and disappearance of certain characteristic peaks (Table 1). The appearance 
of the characteristic absorption in the two target compounds 2 and 3 is the presence of 
peak in the regions of 782.07 cm-1 and 723.53 cm-1 which are characteristics for the 
vibration of the Sn-O bond, and it is supported with the peaks from Sn-O-C bond in 
1177.08 cm-1 and 1170. 04 cm-1 which  indicated that the central atom of tin (Sn) has been 
bonded to the ligands of 4-HABz and 4-HNBz via oxygen (O) atom (19, 24). 
 

Table 1. Absorption characteristics of important groups in the synthesized compound 
Compound  

 
Analysis (cm-1) References (cm-1) 

(19, 24) (2) (3) 
Sn-O 782.07  723.53  800-400 

SnOC 1177.08  1170.04  1250-1000 
 

CO2 asymmetry 1528.02  1520.08 1600-1400 
C-O 1602.08  1600.23 1760-1600 

C-H aromatic 3049.00  3047.20 3100-3000 
 

N-H 3473.09  - 3500-3300 
 

NO - 1334.40 1400-1300 

(a) 

1  4-aminobenzoic acid 2 

(b) 

1  4-nitrobenzoic acid 3 
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of the characteristic absorption in the two target compounds 2 and 3 is the presence of 
peak in the regions of 782.07 cm-1 and 723.53 cm-1 which are characteristics for the 
vibration of the Sn-O bond, and it is supported with the peaks from Sn-O-C bond in 
1177.08 cm-1 and 1170. 04 cm-1 which  indicated that the central atom of tin (Sn) has been 
bonded to the ligands of 4-HABz and 4-HNBz via oxygen (O) atom (19, 24). 
 

Table 1. Absorption characteristics of important groups in the synthesized compound 
Compound  

 
Analysis (cm-1) References (cm-1) 

(19, 24) (2) (3) 
Sn-O 782.07  723.53  800-400 

SnOC 1177.08  1170.04  1250-1000 
 

CO2 asymmetry 1528.02  1520.08 1600-1400 
C-O 1602.08  1600.23 1760-1600 

C-H aromatic 3049.00  3047.20 3100-3000 
 

N-H 3473.09  - 3500-3300 
 

NO - 1334.40 1400-1300 

(a) 

1  4-aminobenzoic acid 2 

(b) 

1  4-nitrobenzoic acid 3 

The UV spectroscopic analysis produced the maximum wavelength (λmax) of the 
compound measured and the results in this work are presented in Table 2. From these 
data, there are several important shifts for each compound. The two compounds give 
two main characteristic bands of π→π* and n→π* transitions. For example, in 
compound 1, there is π→π* transition at 234 nm, after conversion 1 to 2 there are 
changes in λmax for the n→π* transition to 234 and 278 nm. The presence of a 
bathochromic shift is an indication that the substitution of ligand has occurred at the 
central atom because the 4-HABz ligand is a chromophore molecule, with the presence 
of a –C=O group and a -C=C- bond which causes a shift in wavelength towards a longer 
one and the effect of auxochrome with the presence of the –NH2 group. Compound 3 
also undergoes a change in max for the n→π* transition to 234 and 290 nm originating 
from the free electrons of O atoms such as –NO2 and –COOH groups from 4-HNBz 
ligand. 
 
Table 2. The changes in the maximum wavelength (λmax) of organotin compounds. 

Compound  λmaks (nm) 
π→π* 

 

n→π* 
[(C6H5)3SnOH] (1) 234 - 

[(C6H5)3(C6H4(4-NH2)COO] (2) 234 278 
[(C6H5)3(C6H4(4-NO2)COO] (3) 234 290 

 
Table 3 presents the NMR spectra of the compounds synthesized were closely 

analyzed to ascertain the successful in the synthesis of compounds 2 and 3. The typical 
chemical shifts for compounds 2 and 3 prepared were characterized carefully and 
compared to the data available in the literature (8-12, 14, 17, 19, 30).  Based on the data of 
1H NMR spectrum for compound 2, the chemical shifts of phenyl protons attached to tin 
metal appeared as expected in the range of 7.40 for H2 and H6  to 7.46 ppm for H3 and H5, 
while the protons in benzoate ring appeared at 7.79-7.81 ppm. The 13C NMR values of the 
compounds synthesized were close to the values reported by others (8-12, 14, 17, 19, 30). 
The analyses are as follows the carbon in the carboxyl group as expected appeared in 
the region of 164 ppm. The δ of carbons in the phenyl ligand in compounds 2 and 3 are at 
126.9-131.8  ppm and the carbons in the benzoate are in δ range of 129.1-132.9 ppm (8-12, 
14, 17, 19, 30). 
 
Table 3.  1H (600 MHz, DMSO-d6) and 13C (150 MHz, DMSO-d6) spectra of the 

triphenyltin(IV) compounds synthesized 

Compound H in phenyl (ppm) H in benzoate 
(ppm) C in phenyl and benzoate (ppm) 

2 H2 & H6 7.41 
(6H, d, Ar-H); H3 &H5 
7.46 (6H, d, Ar-H) 

7.79-7.81 (4H, m, 
Ar-H) 

131.6 (C2 & C6 Ar-C), 129.1( C3 & 
C5 Ar-C), C4= 126.9; 163.8 (C7 
C=O); 135.9 (C8 Ar-C Benzoate); 
130.2 (C9 & C13 Ar-C Benzoate); 
129.1 (C10 & C12 Ar-C Benzoate); 
129.5 (C11 Ar-C Benzoate)  

3 H2&H6 7.47 (6H, d, Ar-H); 
H3&H5 7.49 (6H, d, Ar-H) 
  

7.84-7.86 (4H, m, 
Ar-H) 
 

131.8 (C2 & C6 Ar-C); 129.5 (C3 & 
C5 Ar-C), 127.3 (C4 Ar-C); 164.5 
(C7 C=O); 136.9 (C8 Ar-C 
Benzoate); 130.5 (C9 & C13 Ar-C 
Benzoate); 129.3 (C10 & C12 Ar-C 
Benzoate); 129.8 (C11 Ar-C 
Benzoate) 
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The disinfectant bioactivity tests for compounds 2 and 3 at variation 
concentrations of 5x10-3, 1x10-3, and 5x10-4 M, solvent as negative control, and positive 
control with contact times of 0, 5, 10 and 15 minutes were carried. This is performed to 
find out the optical density of the disinfectant solutions that show the ability to inhibit 
the bacterial growth (Tables 4-6). The result clearly showed that compounds 2 and 3 
have strong antibacterial activity against Gram-positive S. aureus and Gram-negative S. 
typhosa bacteria. 
 
Table 4. The OD values of compounds 2 against S. aureus and S. typhosa 

Type of bacteria 
Results 

5 x 10-3  M 1 x 10-3  M 5 x 10-4  M 
0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 

S. aureus 
(Ainitial = 0.655) 

0.585 0.480 0.420 0.375 0.301 0.210 0.218 0.122 0.256 0.226 0.185 0.110 

S.typhosa 
(Ainitial = 0.661) 

1.112 0.452 0.330 0.133 0.300 0.252 0.260 0.110 0.235 0.193 0.195 0.102 

 
Table 5. The OD values of compound 3 against S. aureus and S. typhosa 

Type of bacteria 
Results 

5 x 10-3  M 1 x 10-3  M 5 x 10-4  M 
0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 

S. aureus 
(Ainitial = 0.655) 

0.200 0.160 0.113 0.075 0.135 0.127 0.085 0.070 0.127 0.082 0.065 0.025 

S.typhosa 
(Ainitial = 0.661) 

0.172 0.157 0.110 0.080 0.113 0.089 0.077 0.045 0.089 0.073 0.055 0.032 

 
The compounds 2 and 3 have strong activity as a disinfectant, which 

characterized by the decrease in the absorbance value with variations from the 
maximum concentration to the minimum concentration where the longer the contact 
time to the disinfectant agent, the more disinfectant agent was absorbed by bacteria, 
and because of this process causing the destruction of bacteria and inhibits the growth 
of these bacteria, so that the absorbance value will decrease (11). 

Compounds 2 and 3 were more capable in inhibiting S. aureus than S. typhosa, 
this was indicated by a greater decrease in the absorbance value when these compounds 
were tested against S. aureus bacteria. The difference in the decrease of absorbance 
values is because the two bacteria have different sensitivities and it was fount that S. 
aureus has a higher sensitivity than S. typhosa. This is due to fact that the differences in 
the structure of the cell walls of the two bacteria, causing differences in the decrease of 
optical density to the compounds tested in the intracellular bacteria. Gram positive 
bacteria S. aureus has a greater sensitivity level than Gram negative bacteria S. typhosa 
because the cell wall of Gram negative bacteria S. typhosa is composed of an outer 
membrane, an inner membrane and peptidoglycan with a more complex structure than 
that of Gram-positive bacteria (31-33). 

Based on the test results, compound 3 has activity as a better disinfectant 
because it is characterized by a greater decrease in absorbance value than compound 2, 
this is because compound 3 has the effect of electron withdrawing anion (NO2) which 
causes the central atom of Sn to become more positive, so it is easier to penetrate the 
peptidoglycan layer on the bacterial cell wall which is electronegative, causing inhibition 
of bacterial cell growth. 
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The disinfectant bioactivity tests for compounds 2 and 3 at variation 
concentrations of 5x10-3, 1x10-3, and 5x10-4 M, solvent as negative control, and positive 
control with contact times of 0, 5, 10 and 15 minutes were carried. This is performed to 
find out the optical density of the disinfectant solutions that show the ability to inhibit 
the bacterial growth (Tables 4-6). The result clearly showed that compounds 2 and 3 
have strong antibacterial activity against Gram-positive S. aureus and Gram-negative S. 
typhosa bacteria. 
 
Table 4. The OD values of compounds 2 against S. aureus and S. typhosa 
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Results 

5 x 10-3  M 1 x 10-3  M 5 x 10-4  M 
0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 

S. aureus 
(Ainitial = 0.655) 

0.585 0.480 0.420 0.375 0.301 0.210 0.218 0.122 0.256 0.226 0.185 0.110 

S.typhosa 
(Ainitial = 0.661) 

1.112 0.452 0.330 0.133 0.300 0.252 0.260 0.110 0.235 0.193 0.195 0.102 

 
Table 5. The OD values of compound 3 against S. aureus and S. typhosa 

Type of bacteria 
Results 

5 x 10-3  M 1 x 10-3  M 5 x 10-4  M 
0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 
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(Ainitial = 0.655) 

0.200 0.160 0.113 0.075 0.135 0.127 0.085 0.070 0.127 0.082 0.065 0.025 

S.typhosa 
(Ainitial = 0.661) 

0.172 0.157 0.110 0.080 0.113 0.089 0.077 0.045 0.089 0.073 0.055 0.032 

 
The compounds 2 and 3 have strong activity as a disinfectant, which 

characterized by the decrease in the absorbance value with variations from the 
maximum concentration to the minimum concentration where the longer the contact 
time to the disinfectant agent, the more disinfectant agent was absorbed by bacteria, 
and because of this process causing the destruction of bacteria and inhibits the growth 
of these bacteria, so that the absorbance value will decrease (11). 

Compounds 2 and 3 were more capable in inhibiting S. aureus than S. typhosa, 
this was indicated by a greater decrease in the absorbance value when these compounds 
were tested against S. aureus bacteria. The difference in the decrease of absorbance 
values is because the two bacteria have different sensitivities and it was fount that S. 
aureus has a higher sensitivity than S. typhosa. This is due to fact that the differences in 
the structure of the cell walls of the two bacteria, causing differences in the decrease of 
optical density to the compounds tested in the intracellular bacteria. Gram positive 
bacteria S. aureus has a greater sensitivity level than Gram negative bacteria S. typhosa 
because the cell wall of Gram negative bacteria S. typhosa is composed of an outer 
membrane, an inner membrane and peptidoglycan with a more complex structure than 
that of Gram-positive bacteria (31-33). 

Based on the test results, compound 3 has activity as a better disinfectant 
because it is characterized by a greater decrease in absorbance value than compound 2, 
this is because compound 3 has the effect of electron withdrawing anion (NO2) which 
causes the central atom of Sn to become more positive, so it is easier to penetrate the 
peptidoglycan layer on the bacterial cell wall which is electronegative, causing inhibition 
of bacterial cell growth. 
 
 

Table 6. The OD values of solvent and positive control against S. aureus and S. typhosa 

Compound 
Results 

 S. aureus (Ainitial = 0.655) S. typhosa (Ainitial = 0.661) 
0՛ 5՛ 10՛ 15՛ 0՛ 5՛ 10՛ 15՛ 

P 0.522 0.494 0.492 0.490 0.598 0.486 0.480 0.484 
KP 0.651 0.596  0.572 0.570 0.638 0.624 0.599 0.594 

Note: 
P     = solvent as negative control 
KP  = positive control 
 

The results of the bioactivity test of organotin disinfectant with a comparison of 
solvent as negative control and positive control against S. aureus and S.typhosa bacteria 
showed that both organotin compounds 2 and 3 had activity as effective disinfectants, 
compared to solvents and positive control characterized by a greater decrease in 
absorbance. large compared to the decrease in absorbance of the solvent and positive 
control. The MIC value (Minimum Inhibitory Concentration) of the two organotin 
compounds tested against S. aureus and S. typhosa was 5x10-4 M. This MIC value is 
stronger than fractions obtained from the stem roots extracts of Archidendron jiringa 
(34) or other synthetic products reported by others (35). The most effective contact time 
to inhibit the growth of the test bacteria was 15 minutes. This proves that the length of 
contact time has an effect on the magnitude of the inhibition of growth and 
reproduction of bacteria. 
 
CONCLUSIONS 

The synthesis of two organotin(IV) compounds, triphenyltin(IV) 4-aminobenzoate 
(2) and triphenyltin(IV) 4-nitrobenzoate (3) has been successfully carried out. The 
synthesized compounds, the ligands and the starting compounds 1 have been tested for 
their antibacterial activity. Based on optical density data, compound 3 showed the best 
antibacterial activity at a minimum inhibitory concentration value of 5x10-4 M and the 
most effective contact time to inhibit the growth of the test bacteria was 15 minutes. 
Organotin compounds 2 and 3 have activity as effective disinfectants, compared to the 
ligands, starting compound and positive control characterized by a greater decrease in 
absorbance compared to other substances during the test. 
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Abstract 

Catalan numbers is not as famous as Fibonacci numbers, however this number 
has own its beauty and arts. Catalan numbers was discovered by Ming Antu in 1730, 
however, this numbers is credited to Eugene Catalan when he was studying parentheses 
in 1838. Catalan numbers mostly occurs in counting or enumeration problems. The 
Catalan numbers can be defined in more than one forms, and the most famous form is  
   

 
   (

  
 ).  In this study we will discuss the multiset construction and the relationship 

of the results of Multiset with Stirling and Catalan numbers. 
 
Keywords: Counting, Enumeration, Multiset, Catalan numbers, Stirling numbers. 

 
1. INTRODUCTION 

In mathematics, there are many types of sequence of numbers. Each sequence 
has its own definition, uniqueness and benefits. For example, a very famous number 
sequence, namely the Fibonacci number sequence, which has a uniqueness, namely the 
Golden Ratio and its benefits have also been widely applied in life. Catalan numbers are 
not as popular as the Fibonacci numbers, but this sequence of numbers also has many 
benefits. Catalan numbers were introduced by Eugene Charles Catalan in 1838 when he 
observed the sequences of parentheses (Koshy, 2009). In addition to brackets, other 
forms related to Catalan numbers are the triangular forms of the convex polygon 
(Cayley, 1891). Other geometric shapes that turn out to form Catalan numbers include 
the combination of the Laticce Path based on Catalan numbers (Saracevis et al, 2018). 
Catalan numbers are also used to solve the pill problem (Bayer and Brandt, 2015). So, 
actually there are a lot of benefits from the Catalan numbers themselves. In addition, 
Catalan numbers have also been widely applied in various fields, such as engineering,  in 
computational geometry, geographic information systems, cryptographic geodesy, and 
medicine (Selimi, 2019). 

Catalan numbers are named after the Belgian scientist Eugene C. Catalan based 
on his work while studying parentheses sequences in 1838. The parentheses in question 
are sequences that are well formed form parentheses (Pak, 2014). Actually in 1730 Ming 
Antu had discovered the Catalan Numbers based on the geometrical models 
constructed, however because the results were in China and not known in the Western 
world, Catalan was bettern known, and the numbers are called as Catalan Numbers. This 
number is unique in that it can be defined in several forms and the most famous form is 
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actually there are a lot of benefits from the Catalan numbers themselves. In addition, 
Catalan numbers have also been widely applied in various fields, such as engineering,  in 
computational geometry, geographic information systems, cryptographic geodesy, and 
medicine (Selimi, 2019). 

Catalan numbers are named after the Belgian scientist Eugene C. Catalan based 
on his work while studying parentheses sequences in 1838. The parentheses in question 
are sequences that are well formed form parentheses (Pak, 2014). Actually in 1730 Ming 
Antu had discovered the Catalan Numbers based on the geometrical models 
constructed, however because the results were in China and not known in the Western 
world, Catalan was bettern known, and the numbers are called as Catalan Numbers. This 
number is unique in that it can be defined in several forms and the most famous form is 

    
   (  

 ).  The specialty of Catalan numbers is that they often appear in different 
problems with different solutions, but have the same final solution, namely Catalan 
numbers. One of the problems whose solution is Catalan numbers is the problem of 
Catalan numbers in Algebra, namely the Parker permutation problem. This problem was 
published by Parker in 1993. In the book Catalan numbers and their applications written 
by T. Koshy it was informed that this problem had been answered by Ira M. Gessel of 
Brandies University, Waltham, Massachusetts in 1993, by providing a solution in 
determining the number of multisets with n-elements {a1, a2, a3, …, an} are members of ai 
∈ Zn such that a1 + a2 + a3+… + an = is the identity of the sum Zn (Koshy, 2009). 

In this study we will discuss the multisets of Group Additive    with   𝑛𝑛    , 
and shows the ralations of those multisets with Bell Numbers, Stirling Numbers, and 
Catalan Numbers. 
 
2. THE METHOD 
Multiset 

A multiset, as opposed to a regular set, is a set with repeated elements, for 
example a multiset of integers {1,3,3,3,4,5} which has duplicate elements. 
 
Let S be a non-empty set. A multiset M from a set S is an ordered pair: 
  {(𝑠𝑠  𝑛𝑛 )|𝑠𝑠 ∈   𝑛𝑛 ∈    𝑠𝑠  𝑠𝑠      𝑖𝑖  𝑗𝑗}  where    *     +, in  is called as the 

multiplicity of elemen is  in M.  If the underlying set is finite, the multiset is called finite. 
The size of a finite multiset M is defined as the sum of the multiplicities of all of its 
elements (Roman, 2008).  For example, M = {(p,3), (q,1), (r,2)} is a multiset of underlying 
set S = {p, q, r} in which element p has multiplicity 3, q has multiplicity 1 and r has 
multiplicity 2. Another way to write this multiset is by writting out all elements 
according the multiplicities, for above example write M as M= {p, p, p, q, r, r}. 
 
The following table shows the example of possible multiset with n elements of additive 
group     ,   𝑛𝑛    (Koshy,2009) 
 
Table 1. The number of multisets with n elements of group     ,   𝑛𝑛    

n                     Multiset with n-elements The number  
of multisets 

1 * ̅  ̅+             * ̅+ 1 
2 * ̅  ̅  ̅+         * ̅  ̅+ * ̅  ̅+                2 
3 * ̅  ̅  ̅  ̅+     * ̅  ̅  ̅+ * ̅  ̅  ̅+ * ̅  ̅  ̅+ * ̅  ̅  ̅+ * ̅  ̅  ̅+ 5 
4 * ̅  ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ 

                      * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ 
                      * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ *  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+ 
                      * ̅  ̅  ̅  ̅+   

14 

 
Catalan numbers 
There are some definitions regarding Catalan numbers. However, the most famous way 
of defining Catalan numbers is (Koshy, 2009): 

    
   (  

 )  where  𝑛𝑛    𝑛𝑛 ∈         
 (1) 

The next three equations are other forms of Catalan numbers: 
   (  ) 

(   )               

 (2) 
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        (   )  (
  
   )        

 (3) 
                             

    
              ,  𝑛𝑛          

 (4) 
 

Bell Numbers 
A partition of a set S is a collection of non-empty subsets Ai  ⊆ S, 1≤ i≤ k, such 

that    ⋃    
    = S and for every i ≠ j Ai∩Aj=∅.  Bell number Bn is the number of partitions 

of an n-element set and is defined as:      ∑  (𝑛𝑛 𝑘𝑘) 
   . Since      , then        

 ∑ .𝑛𝑛𝑘𝑘/  
 
   . For example, B2 = 2 because the 2-element set {a, b} can be partitioned in 2 

distinct ways: {a, b}, and {{a}, {b}}, and B3 = 5, because there are 5 different partitions of 
3-element set {a,b,c} which are: {{a}, {b}, {c}}, {{a,b}, {c}},  {{a,c},{b}}, {{b, c}, {c]}, and {a, b, c}. 
 
Striling Numbers 

Stirling numbers appear in a variety of combinatorial situations. Stirling numbers 
are classified into two kinds: Stirling numbers of the first kind and Stirling numbers of 
the second kind. 

The Stirling number of the first kind c(n,k) is the number of  permutations of an 
-elemen set with exactly  cycles. Second-kind stirring number S(n, k) counts the 
number of ways that n distinct objects can be partitioned into k indistinguishable 
subsets, with each subset containing at least one object. According to Riordan (2002), 
Stirling numbers of the first kind is s(n, k), where s(n, k) satisfies the recursion relation 
s(n,k)=(n-1)  s(n-1, k)+  s(n-1, k-1), where k and n are integers, 1 ≤ n ≤ k-1 with initial 
conditions s(n, 0)=0, for n≥1 and s(n, n)=1, for n ≥ 0. 
 
3. RESULTS AND DISCUSSION 

Before discussing the relationship of multisets, Stirling numbers, Bell numbers 
and Catalan numbers, we give the following definition about partitions of numbers.  Let 
N, M, n integers, the partition p(N,M,n) denote the number partitions of n into at most M 
parts and each partition ≤ N.  

Based on the analysis of the enumeration results in Table 1, the multiset of the 
additive group      formed can be grouped into several blocks, where the number of 
multiset elements in the block is a multiplication of n+1. The following will give a 
multiset table of the additive group      with   𝑛𝑛   ,  divided by block. For 𝑛𝑛    can 
be obtained by using algorithms and computer programs using Python. 
 
Table 2. Multiset of additive group      with       with     block 

n        Multiset The 
number of  
Multiset 

Total 

1 * ̅  ̅+ 0 * ̅+ 1 1 
2 * ̅  ̅  ̅+ 0 * ̅  ̅+    1 

2 
1 * ̅  ̅+ 1 

3 
* ̅  ̅  ̅  ̅+ 

0 * ̅  ̅  ̅+    1 
5 1 * ̅  ̅  ̅+  * ̅  ̅  ̅+  * ̅  ̅  ̅+  3 

2 * ̅  ̅  ̅+ 1 
4 

* ̅  ̅  ̅  ̅  ̅+ 

0 * ̅  ̅  ̅  ̅+    1 

14 
1 * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+   * ̅  ̅  ̅  ̅+        5 
2 * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+  

* ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+ 7 

3 * ̅  ̅  ̅  ̅+ 1 
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        (   )  (
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 (3) 
                             

    
              ,  𝑛𝑛          

 (4) 
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   . Since      , then        
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distinct ways: {a, b}, and {{a}, {b}}, and B3 = 5, because there are 5 different partitions of 
3-element set {a,b,c} which are: {{a}, {b}, {c}}, {{a,b}, {c}},  {{a,c},{b}}, {{b, c}, {c]}, and {a, b, c}. 
 
Striling Numbers 

Stirling numbers appear in a variety of combinatorial situations. Stirling numbers 
are classified into two kinds: Stirling numbers of the first kind and Stirling numbers of 
the second kind. 

The Stirling number of the first kind c(n,k) is the number of  permutations of an 
-elemen set with exactly  cycles. Second-kind stirring number S(n, k) counts the 
number of ways that n distinct objects can be partitioned into k indistinguishable 
subsets, with each subset containing at least one object. According to Riordan (2002), 
Stirling numbers of the first kind is s(n, k), where s(n, k) satisfies the recursion relation 
s(n,k)=(n-1)  s(n-1, k)+  s(n-1, k-1), where k and n are integers, 1 ≤ n ≤ k-1 with initial 
conditions s(n, 0)=0, for n≥1 and s(n, n)=1, for n ≥ 0. 
 
3. RESULTS AND DISCUSSION 

Before discussing the relationship of multisets, Stirling numbers, Bell numbers 
and Catalan numbers, we give the following definition about partitions of numbers.  Let 
N, M, n integers, the partition p(N,M,n) denote the number partitions of n into at most M 
parts and each partition ≤ N.  

Based on the analysis of the enumeration results in Table 1, the multiset of the 
additive group      formed can be grouped into several blocks, where the number of 
multiset elements in the block is a multiplication of n+1. The following will give a 
multiset table of the additive group      with   𝑛𝑛   ,  divided by block. For 𝑛𝑛    can 
be obtained by using algorithms and computer programs using Python. 
 
Table 2. Multiset of additive group      with       with     block 

n        Multiset The 
number of  
Multiset 

Total 

1 * ̅  ̅+ 0 * ̅+ 1 1 
2 * ̅  ̅  ̅+ 0 * ̅  ̅+    1 

2 
1 * ̅  ̅+ 1 

3 
* ̅  ̅  ̅  ̅+ 

0 * ̅  ̅  ̅+    1 
5 1 * ̅  ̅  ̅+  * ̅  ̅  ̅+  * ̅  ̅  ̅+  3 

2 * ̅  ̅  ̅+ 1 
4 

* ̅  ̅  ̅  ̅  ̅+ 

0 * ̅  ̅  ̅  ̅+    1 

14 
1 * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+   * ̅  ̅  ̅  ̅+        5 
2 * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅+  

* ̅  ̅  ̅  ̅+  * ̅  ̅  ̅  ̅+ 7 

3 * ̅  ̅  ̅  ̅+ 1 

n        Multiset The 
number of  
Multiset 

Total 

5 

{ ̅  ̅  ̅  ̅  ̅  ̅} 

0 * ̅  ̅  ̅  ̅  ̅+    1 

42 

1 { ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅   ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+   

9 

2 { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅+  
* ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅+   
{ ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅+ 

20 

3 { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅+  

11 

4 { ̅  ̅  ̅  ̅  ̅} 1 
4 * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅   ̅   ̅  ̅+ 

* ̅   ̅   ̅   ̅   ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅   ̅  ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅   ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅   ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅   ̅   ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅   ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅   ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅   ̅   ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅   ̅   ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅   ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅   ̅  ̅+ 
{ ̅  ̅  ̅   ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅   ̅  ̅  ̅} * ̅  ̅   ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅   ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{  ̅   ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ {  ̅   ̅   ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 

112 



K
ATA

LO
G

 JU
R

N
A

L M
A

H
A

SISW
A

 PA
SC

A
SA

R
JA

N
A

 U
N

IV
ER

SITA
S LA

M
PU

N
G

14 VOLUME 2 NOMOR 2 TAHUN 2022

n        Multiset The 
number of  
Multiset 

Total 

{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
*  ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{  ̅   ̅   ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅   ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
{ ̅  ̅  ̅   ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} 
{  ̅   ̅   ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅   ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  

5 { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅   ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅   ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} 
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n        Multiset The 
number of  
Multiset 

Total 

{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
*  ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{  ̅   ̅   ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅   ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
{ ̅  ̅  ̅   ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} 
{  ̅   ̅   ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅   ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  

5 { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅   ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+  
* ̅  ̅  ̅  ̅  ̅  ̅  ̅+ { ̅  ̅  ̅  ̅   ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅}  
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅  ̅  ̅  ̅  ̅  ̅} * ̅  ̅  ̅  ̅  ̅  ̅  ̅+ 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} 
{ ̅  ̅  ̅  ̅  ̅  ̅  ̅} { ̅  ̅   ̅  ̅  ̅  ̅  ̅} 
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6 * ̅  ̅  ̅  ̅  ̅  ̅  ̅+  1 
 

We need a computer program to determine a multiset. The following is an 
algorithm and a computer program for determining all multisets of the additive group 
     using Python. 
 
 
 
 
 
 
 

#Multiset Grup Aditif      
inisiasi 
Input :  n, 𝑘𝑘, n, 𝑘𝑘 integer 
Output  :  Multiset, jumlah multiset, multiset untuk setiap bagian 𝑘𝑘 dan jumlah multiset 

untuk tiap 𝑘𝑘. 
 

Implementasi 
Begin 
Read (n, 𝑘𝑘) 
  Set     ← Set *        𝑛𝑛+ 
  Max 𝑘𝑘 ← (        𝑛𝑛   )     

 
Target(n, 𝑘𝑘) 

 repeat (𝑛𝑛   )  𝑘𝑘 until     𝑘𝑘 
 
candidates←set(Combination with raplecement (    ,     𝑘𝑘));    
 
  targets←,       (𝑛𝑛 𝑘𝑘)𝑓𝑓𝑓𝑓𝑓𝑓 𝑘𝑘 𝑖𝑖𝑛𝑛   𝑘𝑘-; 

 
                  multiset (candidates, targets): 

      for candidate in candidates 
if (sum(candidate) in targets) 
   then add multiset in candidate 
     repeat  multisets until Target (n, 𝑘𝑘) 
      multiset← multiset (candidates, targets); 
 
        Stirling(multisets, targets) 
         for  multiset in multisets 

               if  (sum(multiset)in targets) 
             then add stirling in multiset 

              repeat  stirling until Target 
       𝑘𝑘 ← target(n, 𝑘𝑘) for 𝑘𝑘  𝑘𝑘 input; 
 

             stirling ← Stirling (multiset, 𝑘𝑘 ); 
 

print("     : ", Set    ) 
    print("k : ",     𝑘𝑘 ) 
   print("multisets : ", multisets) 
    print("Bilangan Stirling k=",k,":", stirling) 
   print("Jumlah Bilangan Stirling k=",k," : ", len(stirling)) 
    print("Total Bilangan Catalan : ", len(multisets)) 
 

End 
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The following is an example of the output of the above program. 
 

 
 

Table 3. The sequence of the multiset of the additive group    . 
 

Based on the computational results and the calculation of the coefficient 𝑞𝑞( (   )), 
where      𝑘𝑘  𝑛𝑛   , a sequence of numbers is obtained, which is contained in the 
following table: 
 
Table 3. Number sequences of the possible multiset sums of the additive group    . 

n    
k 0 1 2 3 4 5 6 7 8 Catalan number 

1 1         1 
2 1 1        2 
3 1 3 1       5 
4 1 5 7 1      14 
5 1 9 20 11 1     42 
6 1 13 48 51 18 1    132 
7 1 20 100 169 112 26 1   429 
8 1 28 194 461 486 221 38 1  1430 
9 1 40 352 1128 1667 1210 411 52 1 4862 

 
Based on Table 3, many possible multisets are formed from the additive group     

forming a Catalan number for each 𝑛𝑛. In addition, if the multiset additive group     is 
divided into several parts where each part depends on the value of  𝑘𝑘(𝑛𝑛   ) with 
          , then the number of multisets formed will form a second type of the new 
Stirling number.  

The Stirling number change that is just visible from the left-hand side (in Table 3, 
the yellow row) will be smaller, and the rightmost portion (in the red Table 3 row) will be 
larger than the Stirling number of the second type that is known. As a result, the number 
of Stirling numbers of the second kind, originally a Bell number, was replaced by a 
Catalan number. 
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The following is an example of the output of the above program. 
 

 
 

Table 3. The sequence of the multiset of the additive group    . 
 

Based on the computational results and the calculation of the coefficient 𝑞𝑞( (   )), 
where      𝑘𝑘  𝑛𝑛   , a sequence of numbers is obtained, which is contained in the 
following table: 
 
Table 3. Number sequences of the possible multiset sums of the additive group    . 

n    
k 0 1 2 3 4 5 6 7 8 Catalan number 

1 1         1 
2 1 1        2 
3 1 3 1       5 
4 1 5 7 1      14 
5 1 9 20 11 1     42 
6 1 13 48 51 18 1    132 
7 1 20 100 169 112 26 1   429 
8 1 28 194 461 486 221 38 1  1430 
9 1 40 352 1128 1667 1210 411 52 1 4862 

 
Based on Table 3, many possible multisets are formed from the additive group     

forming a Catalan number for each 𝑛𝑛. In addition, if the multiset additive group     is 
divided into several parts where each part depends on the value of  𝑘𝑘(𝑛𝑛   ) with 
          , then the number of multisets formed will form a second type of the new 
Stirling number.  

The Stirling number change that is just visible from the left-hand side (in Table 3, 
the yellow row) will be smaller, and the rightmost portion (in the red Table 3 row) will be 
larger than the Stirling number of the second type that is known. As a result, the number 
of Stirling numbers of the second kind, originally a Bell number, was replaced by a 
Catalan number. 
 
 
 
 
 
 
 

4. CONCLUSIONS 
We can conclude that the multiset formed from the additive group     is a 

Catalan number based on the results. In addition, if the multiset additive group     is 
divided into several parts where each part depends on the value of 𝑘𝑘(𝑛𝑛   ) with 
  𝑘𝑘  𝑛𝑛   , then the multiset forms a Stirling number of the second kind. However, 
the second kind of Stirling number formed based on the multiset additive group     has 
a different initial value, namely  (𝑛𝑛  )    and the value  (𝑛𝑛 𝑛𝑛)   . For  (𝑛𝑛  ) to 
 (𝑛𝑛 𝑛𝑛   ) the value is smaller, while for  (𝑛𝑛 𝑛𝑛   ) it has a larger value. The sum of 
Stirling's numbers is Bell's numbers, but for Stirling's numbers based on a multiset 
additive group,     is Catalan numbers. Therefore, the Stirling number of the second 
kind based on the formation of a multiset additive group     changes the arrangement of 
the previously known Stirling number of the second kind. 
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COMPOUNDS AS DISINFECTANT AGENT 
 

Cindy Moyna Clara1, Sutopo Hadi1,*, Yandri Yandri1, Asep Sukohar2, Tati Suhartati1 

 

1Department of Chemistry, Universitas Lampung, Bandar Lampung, 35415, Indonesia 
2Faculty of Medicine, Universitas Lampung, Bandar Lampung, 35415, Indonesia 

 
*Corresponding Author: 

Department of Chemistry 
Universitas Lampung 

Bandar Lampung, 35415, Indonesia 
E-mail address: sutopo.hadi@fmipa.unila.ac.id 

Tel: +6281369059733 
 
 
 
ABSTRACT: 

This research was carried out to study the bioactivity test as disinfectant of two 
derivatives of organotin(IV) carboxylate compounds; diphenyltin(IV) di-2-
chlorobenzoate (DPT2-CBz) (2) and triphenyltin(IV) 2-chlorobenzoate (TPT2-CBz) (4), 
against two pathogenic bacteria. Compounds 2 and 3 were successfully prepared by 
reacting diphenyltin(IV) oxide (DPTO) (1) and triphenyltin(IV) hydroxide (TPTOH) (3) with 
2-chlorobenzoic acid (2-HCBz) with yields of 87.71% and 88.73%, respectively. The 
characterization of the synthesized compounds was performed with several 
spectroscopy techniques such as UV, IR, 1H NMR, 13C NMR, and microelemental analyzer. 
The optical density (OD) test for both compounds measured using UV-Vis at 600 nm 
showed a good bioactivity against two bacteria, Gram-negative Salmonella sp. and 
Gram-positive Staphylococcus aureus. The data revealed that compound 4 has bigger 
bioactivity than compound 2 and the positive control of commercial disinfectant (2.5 % 
pine oil). The bioactivity of compound 4 was optimum at concentration of 5x10-4 M and 
contact time of 15 minutes. These data corresponding to the decrease of absorbance 
from 0.6640 to 0.0955 for Salmonella sp., and 0.6565 to 0.1295 for S. aureus, whereas 
although compound 2 reached the optimum activity at the same concentration and 
contact time with compound 4, but the decrease of absorbance was less namely 0.6640 
to 0.1305 for Salmonella sp., and 0.6565 to 0.196 for S. aureus. The decrease of 
absorbance in the measurement of OD implies that both compounds are potential to be 
used as disinfectant agent. 
 
KEYWORDS:  disinfectant, organotin(IV) carboxylate, optical density, Salmonella sp., S. 

aureus 
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ABSTRACT: 

This research was carried out to study the bioactivity test as disinfectant of two 
derivatives of organotin(IV) carboxylate compounds; diphenyltin(IV) di-2-
chlorobenzoate (DPT2-CBz) (2) and triphenyltin(IV) 2-chlorobenzoate (TPT2-CBz) (4), 
against two pathogenic bacteria. Compounds 2 and 3 were successfully prepared by 
reacting diphenyltin(IV) oxide (DPTO) (1) and triphenyltin(IV) hydroxide (TPTOH) (3) with 
2-chlorobenzoic acid (2-HCBz) with yields of 87.71% and 88.73%, respectively. The 
characterization of the synthesized compounds was performed with several 
spectroscopy techniques such as UV, IR, 1H NMR, 13C NMR, and microelemental analyzer. 
The optical density (OD) test for both compounds measured using UV-Vis at 600 nm 
showed a good bioactivity against two bacteria, Gram-negative Salmonella sp. and 
Gram-positive Staphylococcus aureus. The data revealed that compound 4 has bigger 
bioactivity than compound 2 and the positive control of commercial disinfectant (2.5 % 
pine oil). The bioactivity of compound 4 was optimum at concentration of 5x10-4 M and 
contact time of 15 minutes. These data corresponding to the decrease of absorbance 
from 0.6640 to 0.0955 for Salmonella sp., and 0.6565 to 0.1295 for S. aureus, whereas 
although compound 2 reached the optimum activity at the same concentration and 
contact time with compound 4, but the decrease of absorbance was less namely 0.6640 
to 0.1305 for Salmonella sp., and 0.6565 to 0.196 for S. aureus. The decrease of 
absorbance in the measurement of OD implies that both compounds are potential to be 
used as disinfectant agent. 
 
KEYWORDS:  disinfectant, organotin(IV) carboxylate, optical density, Salmonella sp., S. 

aureus 
 
 
 

INTRODUCTION: 
Infection is the entry of pathogenic microorganisms, such as bacteria, into the 

human body and causes disease1. Pathogenic bacteria Salmonella sp. become a 
worldwide major health problem, with amount of infection reaching 1.9 billion people 
per year, and 715.000 of them died2. Salmonella sp. causes typhoid fever, diarrhea, sepsis 
(a complication that makes blood pressure drop dramatically thus causes death)3. S. 
aureus is also the major pathogenic bacteria for human, since it infects at least 30% of 
human population4-7. S. aureus bacteria causes skin infections, poisoning, endocartisis 
(heart infection) which is very lethal6, 8 . Chemical disinfectant used with the aim to 
inhibit microorganism growth, or kill microorganism until certain amount of their safety 
limit9-14.  

Disinfectant might be sprayed on the object surface, liquids, or surrounding area 
which is suspected being contamined by bacteria or viruses, to reduce the risk of its 
exposure through human skin or mucous membrane11, 12, 15. Methanol, ethanol, and 
isopropanol are types of alcohol that widely contained in commercial disinfectant. It has 
been prove effective against bacteria, viruses, and fungi but excessive use in the long 
term might causes irritation and poisoning16. 

Based on previous bioactivity studies, other compounds that have great potential 
to be an active agent for disinfectant are derivative of organotin(IV) carboxylate 
compounds17. These compounds, are non toxic or slightly toxic to mammals, and have a 
good activity as antibacterial18-21, anticancer and antitumor22-26, antiviral27, 28, 
antimalaria29-32 and antifungal agents33, 34. The longer alkyl chain of organotin(IV) 
compund and the presence of halogen groups can increase its biological activity35. Based 
on the fact the derivatives of organotin(IV) compounds have shown many interesting 
biological activities, in this work we reported the synthesis and disinfectant bioactivity 
study of two organotin(IV) compounds. 
 
MATERIALS AND METHODS: 
Materials: 

All reagents used were of Analytical Reagent grade. Diphenyltin(IV) oxide (DPTO) 
(1), triphenyltin(IV) hydroxide (TPTOH) (3), and 2-chlorobenzoic acid (2-HCBz) were 
obtained from Sigm-Aldrich (MA, USA). Methanol and dimethylsulfoxide (DMSO) were 
obtained from Merck Millipore (MA, USA). All of these reageants were used as received 
and without any further purification. Nutrient agar and nutrient broth were obtained 
from Himedia Laboratories Private Limited (Mumbai, India). A commercial disinfectant 
was used as a positive control containing active agent of 2.5% pine oil. Gram-negative 
bacteria Salmonella sp. and Gram-positive bacteria S. aureus were obtained from 
Laboratory of Vetereiner Center. Directorate General of Livestock and Animal Health, 
Ministry of Agriculture, Lampung, Indonesia. 
 
Instrumentations: 

UV spectra were recorded in the UV region and measured using Shidmadzu UV-
245 Spectrophotometer (Japan). Measurements were performed in 1 mL quartz-cells. 
Solutions were prepared using methanol-DMSO 5% as solvent with concentration 1x10-5 
M. IR Spectra were recorded on Bruker VERTEX 70 FT-IR Spectrophotometer (Germany) 
with using KBr discs at range of 4000-400 cm-1. 1H dan 13C NMR spectra were recorded 
on Bruker AV 600 MHz NMR (Germany) (600 MHz for 1H and 150 MHz for 13C), all 
measurements runs using DMSO-D6 at 298K. Number of runs used in 1H were 32 with 
reference of TMS signal at 0 ppm, while 13C were 1000-4000 with DMSO reference 
signal at 39.5 ppm. Elemental analysis (CHNS) were conducted using Fision EA 1108 
Elemental Analyzer (Italy) 
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Synthesis of Organotin(IV) 2-chlorobenzoate: 
Synthesis of organotin(IV) 2-chlorobenzoate compounds were carried out in this 

study following previously reported procedures17-21, 26, 29, 31, 32.  
The following procedure was applied in the synthesis of DPT2-CBz (2), and as 

follows: 0.8667 g (0.003 mol) of DPTO (1) was added with 2 moles equivalent of 2-HCBz 
(0.9394 g), in 30 mL of methanol. These mixtures were refluxed for 4 hours at 60-61°C 
under stirring condition. The water produced was removed by Dean-Stark apparatus. 
DPT2-CBz (2) compound was then separated from the solvent using vacuum desiccator 
until constant and ready to be analyzed and tested for its bioactivity. The yield obtained 
was 87.71%. The same procedure also adapted in the synthesis of TPT2-CBz (4), using 
TPTOH (3) with the addition of only one mole equivalent of 2-HCBz. 
 
Bioactivity Test of Disinfectant: 

Disinfectant bioactivity test was carried out using the modification of the optical 
density (OD) method based on the work of others10-14, 17, 36, 37. In this study, 5 mL solution 
containing compounds 2 and 4 with concentration variations of 5x10-3, 1x10-3, and 5x10-4 
M were used as the disinfectant. Each of these disinfectants was observed for their 
bioactivity against 0.5 μL pathogenic bacteria Salmonella sp. and S. aureus with contact 
times of 0, 5, 10, and 15 minutes and was monitored with Spectrophotometer UV-Visible 
at 600 nm38. 
 
RESULT AND DISCUSIONS: 

The synthesis of two derivatives of organotin(IV) carboxylates compound 2 and 4 
has successfully been carried out by reacting DPTO (1) and TPTOH (3) with 2-HCBz 
using the procedures available in the literature17-21, 26, 29, 31, 32. As an example, in the 
reaction scheme in the preparation of compound 2 is shown in Figure 1. 

 
Fig. 1: The reaction scheme in the preparation of (a) compound 2; (b) compound 4 
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The following procedure was applied in the synthesis of DPT2-CBz (2), and as 

follows: 0.8667 g (0.003 mol) of DPTO (1) was added with 2 moles equivalent of 2-HCBz 
(0.9394 g), in 30 mL of methanol. These mixtures were refluxed for 4 hours at 60-61°C 
under stirring condition. The water produced was removed by Dean-Stark apparatus. 
DPT2-CBz (2) compound was then separated from the solvent using vacuum desiccator 
until constant and ready to be analyzed and tested for its bioactivity. The yield obtained 
was 87.71%. The same procedure also adapted in the synthesis of TPT2-CBz (4), using 
TPTOH (3) with the addition of only one mole equivalent of 2-HCBz. 
 
Bioactivity Test of Disinfectant: 

Disinfectant bioactivity test was carried out using the modification of the optical 
density (OD) method based on the work of others10-14, 17, 36, 37. In this study, 5 mL solution 
containing compounds 2 and 4 with concentration variations of 5x10-3, 1x10-3, and 5x10-4 
M were used as the disinfectant. Each of these disinfectants was observed for their 
bioactivity against 0.5 μL pathogenic bacteria Salmonella sp. and S. aureus with contact 
times of 0, 5, 10, and 15 minutes and was monitored with Spectrophotometer UV-Visible 
at 600 nm38. 
 
RESULT AND DISCUSIONS: 

The synthesis of two derivatives of organotin(IV) carboxylates compound 2 and 4 
has successfully been carried out by reacting DPTO (1) and TPTOH (3) with 2-HCBz 
using the procedures available in the literature17-21, 26, 29, 31, 32. As an example, in the 
reaction scheme in the preparation of compound 2 is shown in Figure 1. 

 
Fig. 1: The reaction scheme in the preparation of (a) compound 2; (b) compound 4 

Compound 2 was successfully synthesized forming soft pink solid with a total 
yield  of 87.71%, while compound 4 forming pink solid with a total yield 88.73%. The 
results of characterization from several spectroscopies such as UV, IR, 1H-NMR, 13C-
NMR providing good spectra and the elemental analysis data values are very good as 
close to the theoretical values which are evidence of the success in the synthesis of the 
compounds studied.  

The UV spectroscopy analysis of compounds 2 and 4, produced characteristic 
absorption values with λmax as shown in Table 1. The synthesized compounds 2 and 4 had 
two characteristic peaks with transitions π→π* and n→π*, while in the starting 
materials 1 and 3, they had only one characteristic peak with the transition π→π*. For 
example, in compound 1 the transition of π→π* occurred at 203 nm which is due to the 
delocalization of phenyl electron. Upon reaction of 1 with 2-chlorobenzoic acid ligand to 
produce compound 2, bathochromic shifting occurs due to the influence chromophore 
group from carbonyl group and addition of benzene rings. In compound 2 there was also 
n→π* transition at 282 nm due to the presence of a lone pair electron from chlorine 
group. Similar shifts change was also observed in the formation of compound 4 from 2. 

 
Table 1: UV Data of Organotin(IV) Compounds 

Compounds 
λmax (nm) 

π→π* n→π* 
1 203 - 
2 235 282 
3 203 - 
4 234 289 

 
FT-IR absorption data in Table 2, shows finger print area of each functional group 

present in the compounds 2 and 4 prepared. Both compounds gave a characteristic 
absorption of C-H group at wave number 2922,2 cm-1. Stronger absorption of C=O group 
appeared at 1684.8 cm-1 and 1699.7 cm-1 in the compounds 2 and 4 was obtained from the 
ligand 2-HCBz, while C=C group at 1580.4 cm-1 from the sp2 hybridized phenyl in the 
benzene rings. The ligand 2-HCBz successfully bound in compounds 2 and 4 was proven 
by the presence of Sn-O-C group at 1155.5 cm-1, Sn-Ph group at 1051.1 cm-1, and Sn-O 
group at 693.3 cm-1. 

 
Table 2.:FT-IR Data of Organotin(IV) Compounds 

 
Functional Group 

Compounds 
Reference (cm-1) 

2 4 
C-H 2922.2 2922.2 3300-2900 
C=O 1684.8 1699.7 1760-1600 
C=C 1580.4 1580.4 1650-1566 

Sn-O-C 1155.5 1155.5 1250-1000 
Sn-Ph 1051.1 1051.1 1100-1000 
Sn-O 693.3 693.3 800-600 
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Table 3: Microelemental Analysis Data of Organotin(IV) Compounds 

Compound 
Analysis Found (Calculated) 

C H 
2 53.21 (53.43) 3.02 (3.09) 
4 59.22 (59.39) 3.71 (3.79) 

 
Table 4: 1H NMR  and 13C NMR Data of Organotin(IV) Compounds 

Compound H in Phenyl 
(ppm) 

H in Benzoate 
(ppm) 

C in Phenyl and Benzoate 
(ppm) 

2 
H2 & H6 7.44 (d,4H); H3 
&H5 7.46 (t, 4H); H4 
7.47 (t,2H) 

7.79-7.81 (m) 
C1-6 (phenyl): 126.9; C7 
167.68;  C8 131.2; C9 132.15; 
C10, C11 130.4; C12-C13 130.5 

4 

H2&H6 7.48 (d,6H); 
H3&H5 7.50 (t 6); H4 
7.51 
 

7.88-7.89 (d) 
 

C1-6 (phenyl): 128.4 – 129.21; 
C7: 166.64; C8: 
136.76; C9-C10: 137.4; C11, 
C13: 136.8; 
C12: 131.45 

 
The characterization results based on 1H and 13C NMR data of the compounds 

synthesized are shown in Table 4. By careful analysis, the data for compounds prepared 
have been compared with the previous available17-21, 26, 29, 31, 32. In 1H NMR, the chemical 
shift (δ) of phenyl proton bound to Sn atom as expected appeared in the range of 7.44-
7.47 ppm, while the chemical shift of proton benzote were at 7.79-7.81 ppm. The 13C NMR 
of the phenyl bound to Sn atom gave δ at 126.9-130.5 ppm and the carbon benzoate at 
137. The chemical shift (δ) of carbon carbonyl as exptected appeared ad 166-167 ppm17-21, 

26, 29, 31, 32. 
Table 5 shows bioactivity tests results of compounds 2 and 4 against pathogenic 

bacteria Salmonella sp. and S. aureus measured using optical density method. This 
method was used to determine the density of bacteria before and after the addition of 
disinfectant and based on the absorbance value measured with UV-Visible at 600 nm. 
The decrease of absorbance value on the optical density method, is equivalent with the 
decrease of bacteria amount36. 

 
Tabel 5: Optical Density Data of Disinfectant against Bacteria 

Compound 
Optical Density at MIC 5x10-4 M (15 minutes) 

Salmonella sp. 
(0.6640) 

S. aureus 
(0.6570) 

2 0.1305 0.1960 
4 0.0955 0.1295 

Positive Control (2.5% pine oil) 0.4025 0.4600 
 

The absorbance data of McFarland's standard solution in Table 6, can be used to 
calculate bacteria density in units (CFU/mL), through linear regression equation4. The 
average initial absorbance of Salmonella sp. was 0.6640 and its equivalent to 10.6942 x 
108 CFU/mL, while S. aureus was 0.657 its equivalent to 10.5804 x 108 CFU/mL. 
Bioactivity of compounds 2, 4 and commercial disinfectant as positive control (2.5% pine 
oil), optimum at 5x10-4 M and contact time with bacteria 15 minutes. Bacteria 
absorbance of compound 4, decreased from 0.6640 to 0.0955 for Salmonella sp., and 
0.6570 to 0.1295 for S. aureus. Bacteria absorbance of compound 2, decreased from 
0.6640 to 0.1305 for Salmonella sp., and 0.6570 to 0.196 for S. aureus. Positive control 
showed a decrease in the absorbance of bacteria from 0.6640 to 0.4025 for Salmonella 
sp., and 0.6570 to 0.4600 for S. aureus. 
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Compound 
Analysis Found (Calculated) 

C H 
2 53.21 (53.43) 3.02 (3.09) 
4 59.22 (59.39) 3.71 (3.79) 

 
Table 4: 1H NMR  and 13C NMR Data of Organotin(IV) Compounds 

Compound H in Phenyl 
(ppm) 

H in Benzoate 
(ppm) 

C in Phenyl and Benzoate 
(ppm) 

2 
H2 & H6 7.44 (d,4H); H3 
&H5 7.46 (t, 4H); H4 
7.47 (t,2H) 

7.79-7.81 (m) 
C1-6 (phenyl): 126.9; C7 
167.68;  C8 131.2; C9 132.15; 
C10, C11 130.4; C12-C13 130.5 

4 

H2&H6 7.48 (d,6H); 
H3&H5 7.50 (t 6); H4 
7.51 
 

7.88-7.89 (d) 
 

C1-6 (phenyl): 128.4 – 129.21; 
C7: 166.64; C8: 
136.76; C9-C10: 137.4; C11, 
C13: 136.8; 
C12: 131.45 

 
The characterization results based on 1H and 13C NMR data of the compounds 

synthesized are shown in Table 4. By careful analysis, the data for compounds prepared 
have been compared with the previous available17-21, 26, 29, 31, 32. In 1H NMR, the chemical 
shift (δ) of phenyl proton bound to Sn atom as expected appeared in the range of 7.44-
7.47 ppm, while the chemical shift of proton benzote were at 7.79-7.81 ppm. The 13C NMR 
of the phenyl bound to Sn atom gave δ at 126.9-130.5 ppm and the carbon benzoate at 
137. The chemical shift (δ) of carbon carbonyl as exptected appeared ad 166-167 ppm17-21, 

26, 29, 31, 32. 
Table 5 shows bioactivity tests results of compounds 2 and 4 against pathogenic 

bacteria Salmonella sp. and S. aureus measured using optical density method. This 
method was used to determine the density of bacteria before and after the addition of 
disinfectant and based on the absorbance value measured with UV-Visible at 600 nm. 
The decrease of absorbance value on the optical density method, is equivalent with the 
decrease of bacteria amount36. 

 
Tabel 5: Optical Density Data of Disinfectant against Bacteria 

Compound 
Optical Density at MIC 5x10-4 M (15 minutes) 

Salmonella sp. 
(0.6640) 

S. aureus 
(0.6570) 

2 0.1305 0.1960 
4 0.0955 0.1295 

Positive Control (2.5% pine oil) 0.4025 0.4600 
 

The absorbance data of McFarland's standard solution in Table 6, can be used to 
calculate bacteria density in units (CFU/mL), through linear regression equation4. The 
average initial absorbance of Salmonella sp. was 0.6640 and its equivalent to 10.6942 x 
108 CFU/mL, while S. aureus was 0.657 its equivalent to 10.5804 x 108 CFU/mL. 
Bioactivity of compounds 2, 4 and commercial disinfectant as positive control (2.5% pine 
oil), optimum at 5x10-4 M and contact time with bacteria 15 minutes. Bacteria 
absorbance of compound 4, decreased from 0.6640 to 0.0955 for Salmonella sp., and 
0.6570 to 0.1295 for S. aureus. Bacteria absorbance of compound 2, decreased from 
0.6640 to 0.1305 for Salmonella sp., and 0.6570 to 0.196 for S. aureus. Positive control 
showed a decrease in the absorbance of bacteria from 0.6640 to 0.4025 for Salmonella 
sp., and 0.6570 to 0.4600 for S. aureus. 

Table 6: McFarland Nephelometer Standards38 
McFarland standard No.  

0.5 
 
1 

 
2 

 
3 

 
4 

CFU/mL (x108) 1.5 3 6 9 12 
Absorbance 0.132 0.257 0.451 0.582 0.669 

 
These absorbance values, indicate the ability of compound 4 against pathogenic 

bacteria better than compound 2, corresponded with the reference state that the longer 
alkyl chain of organotin(IV) compound can increase its biological activity35. In this study, 
all disinfectants showed a better against against Salmonella sp. bacteria (Gram-negative) 
compared to S. aureus (Gram-positive), caused by the cell wall of Gram-negative 
bacteria has little peptidoglycan layer, and causes bacterial cells easily break and 
damage the immune system8, 39, 40.  

Other possible mechanism actions of disinfectants were the presence of 
electronegative chlorine substituents causes peptide bonds in bacteria cells oxidized, so 
that the proteins constituent denatured20. It proves that organotin(IV) 2-chlorobenzoate 
compounds are able to act as disinfectants against pathogenic bacteria. 

 
CONCLUSIONS: 

Synthesis of some organotin(IV) compounds with 2-chlorobenzoic acid ligand has 
been successfully carried out, as proved by the analysis results of UV, IR, 1H-NMR, 13C-
NMR Spectrophotometer instruments, and elemental analysis data. Bioactivity of 
compounds 2 and 4, using optical density method also shows satisfying results while 
against pathogenic bacteria Salmonella sp. and S. aureus. Compound 4 is more effective 
to kill bacteria than compound 2 and commercial disinfectant as positive control (2.5% 
pine oil). The large number of phenyl or benzene rings, and presence of chlorine 
substituents in compounds 2 and 4 also increase their bioactivity. Organotin(IV) 2-
chlorobenzoate compounds very potential as recent disinfectant caused by their 
effectivity against pathogenic bacteria. Further studies and development of bioactivity 
testing methods for derivative of organotin(IV) compounds required to increase its 
bioactivity. 
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Abstract 

Orchids are ornamental plants with varied and beautiful flower colors and are 
much favored by the public. Orchid plants have a higher economic value when 
compared to other ornamental plants, both as cut flowers and potted flowers. In the 
process of growth, orchid plants are disturbed, namely Fusarium wilt disease caused by 
Genus Fusarium which can produce a toxin compound, namely fusaric acid which is 
widely used in in vitro selection of plants. Plant resistance can be formed through the 
induction of fusaric acid compounds. Induced resistance is an alternative way to obtain 
disease- resistant plants because plants are able to create natural resistance 
mechanisms. The purpose o f this study was to determine the concentration of tolerant 
fusaric acid to select Dendrobium orchid plantlets with optimal growth and specific 
expression characters of Dendrobium orchid plantlets based on phenol content, 
reducing sugar content, and total chlorophyll content, chlorophyll a and chlorophyll b. 
The results of this study indicated that there was an increase in total phenol content, 
reducing sugar content, and total chlorophyll content, chlorophyll a and chlorophyll b 
along with the addition of fusaric acid concentration. 
 
Keywords: Chlorophyll; Dendrobium sp.; Fusaric Acid; In vitro; Phenol; Reducing Sugar 
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1. Introduction 
Orchid plants are included in the Orchidaceae family which based on the nature 

of their life are divided into 3 namely epiphytic orchids, semi-epiphytic orchids and land 
or terrestrial orchids. Epiphyte is a type of plant that lives by attaching to other plants 
that are not harmful to the host plant, its roots are attached and have aerial roots that 
are used to find food [1]. One type of orchid that is in great demand by the public is  
Dendrobium sp. because it has the characteristics of having varied flower shapes and 
flower colors, long-lasting flower freshness, and flexible flower stalks so that they are 
easy to assemble [2]. 

In the process of growth, Dendrobium sp. can be attacked by the disease. One of 
the compounds that can be used for plant resistance is fusaric acid produced by several 
species of fungi of the genus Fusarium. Fusaric acid (FA) will be more effective at low 
doses, namely at non-toxic FA concentrations so that plants will respond to resistance 
by 
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producing phytoalexins to inhibit pathogen activity [3]. The plantlet Dendrobium 

sp. which has been given the addition of fusaric acid can be analyzed based on the 
content of phenol, reducing sugar and chlorophyll. 

Phenol is a compound whose hydroxyl group (-OH) is directly connected to an 
aromatic ring group. Plants containing phenolic compounds are classified into simple 
phenols, lignins, phenolic acids, acetophenones, xanthones, flavonoids, coumarin 
bioflavonoids, stilbenes, hydroxycinnamic acid, tannins, tyrosine derivatives, and 
benzoquinone [4]. Sugars consist of reducing and non-reducing sugars which have 
important roles in central metabolic pathways and assist in the production of secondary 
metabolites that can enhance the medicinal properties of plants [5]. 

Chlorophyll is a green pigment that plays an important role in photosynthesis, 
chlorophyll can absorb sunlight and use its energy to synthesize carbohydrates [6].The 
purpose of this study was to determine the concentration of tolerant fusaric acid for the 
selection of Dendrobium plantlets with optimum growth and specific expression 
characters of Dendrobium plantlets based on total phenol content, reducing sugar 
content, and total chlorophyll content, chlorophyll a and chlorophyll b. The plantlet 
Dendrobium sp. which has been given the addition of fusaric acid with various 
concentrations: (A) 0 ppm, (B) 10 ppm, (C) 20 ppm, (D) 30 ppm, and (E) 40 ppm are 
presented in Figure 1. 
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of their life are divided into 3 namely epiphytic orchids, semi-epiphytic orchids and land 
or terrestrial orchids. Epiphyte is a type of plant that lives by attaching to other plants 
that are not harmful to the host plant, its roots are attached and have aerial roots that 
are used to find food [1]. One type of orchid that is in great demand by the public is  
Dendrobium sp. because it has the characteristics of having varied flower shapes and 
flower colors, long-lasting flower freshness, and flexible flower stalks so that they are 
easy to assemble [2]. 

In the process of growth, Dendrobium sp. can be attacked by the disease. One of 
the compounds that can be used for plant resistance is fusaric acid produced by several 
species of fungi of the genus Fusarium. Fusaric acid (FA) will be more effective at low 
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producing phytoalexins to inhibit pathogen activity [3]. The plantlet Dendrobium 

sp. which has been given the addition of fusaric acid can be analyzed based on the 
content of phenol, reducing sugar and chlorophyll. 

Phenol is a compound whose hydroxyl group (-OH) is directly connected to an 
aromatic ring group. Plants containing phenolic compounds are classified into simple 
phenols, lignins, phenolic acids, acetophenones, xanthones, flavonoids, coumarin 
bioflavonoids, stilbenes, hydroxycinnamic acid, tannins, tyrosine derivatives, and 
benzoquinone [4]. Sugars consist of reducing and non-reducing sugars which have 
important roles in central metabolic pathways and assist in the production of secondary 
metabolites that can enhance the medicinal properties of plants [5]. 

Chlorophyll is a green pigment that plays an important role in photosynthesis, 
chlorophyll can absorb sunlight and use its energy to synthesize carbohydrates [6].The 
purpose of this study was to determine the concentration of tolerant fusaric acid for the 
selection of Dendrobium plantlets with optimum growth and specific expression 
characters of Dendrobium plantlets based on total phenol content, reducing sugar 
content, and total chlorophyll content, chlorophyll a and chlorophyll b. The plantlet 
Dendrobium sp. which has been given the addition of fusaric acid with various 
concentrations: (A) 0 ppm, (B) 10 ppm, (C) 20 ppm, (D) 30 ppm, and (E) 40 ppm are 
presented in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  
 
Figure 1 Control Dendrobium sp. plantlets (A) and Dendrobium sp. plantlets treated with 
various concentrations of fusaric acid: B.10 ppm; C.20 ppm; D. 30 ppm; and E. 40 ppm 

 
2. Methods 

This research was conducted from September 2021 to February 2022 at the In 
Vitro Culture Laboratory, Biology Department, Faculty of Mathematics and Natural 
Sciences, University of Lampung . The character of the Dendrobium orchid plantlets that 
have been given the addition of fusaric acid can be reviewed, includi ng the total phenol 
content, reducing sugar content, and total chlorophyll content. 

The Folin-Ciocalteu method can be used to analyze the content of total phenolic 
compounds [7] by making a fresh extract of Dendrobium orchid leaves in methanol, 0.2 
mL of each extract solution is pipetted and then 15.8 mL of distilled water and 1 mL of 
Folin-Ciocalteu reagent are added. The solution was shaken until it became 
homogeneously clear yellowish then allowed to stand for 8 minutes, added 3 mL of 20% 
Na2CO3 solution and then shaken until homogeneous. The solution was allowed to 
stand for 30 minutes at room temperature until the solution turned blue. The 
absorption of the solution was measured with a Vis spectrophotometer at a wavelength 
of 749 nm. The phenol content obtained is mg gallic acid equivalent/gram sample. 
Calculation of the total phenol content using the formula: 
 
 

Total Phenol Content (mg/100g) =  X . V. FP  
BS 

 
Where, X  =  Concentration (ppm) 
V  =  Volume of sample solution (extract) (mL) FP = Sample solution dilution 

factor 
BS  =  Sample weight (g) 
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Analysis of reducing sugar content in this study used Dendrobium plantlets that 
had been treated with fusaric acid and without treatment (control). The Nelson – 
Somogyi method can be used to analyze the reducing sugar content by making a sample 
solution in the form of 1 ml of Dendrobium orchid leaf extract taken from each 
concentration and then put into each test tube and then added 1 ml of Nelson's reagent 
in each test tube. The solution was heated on a boiling water bath for 20 minutes. Then 
the sample was cooled to room temperature. After cooling, added 1 ml of 
Arsenomolybdate reagent and 7 ml of distilled water, shaken until homogeneous. The 
solution mixture was put in a cuvette and the absorption of visible light was measured 
with a wavelength of 695 nm. The absorbance value obtained is reduced by the 
absorbance value of the blank so that the absorbance value of the sample is obtained. 
Then based on the standard solution regression equation, the absorbance value of the 
sample was converted to reducing sugar content (mg/ml). 
 
Calculation of reducing sugar content [8] can use the formula: 
 

Reducing Sugar Content (%) =  X. FP   𝑥𝑥 100 
BS 

 
Where, X  = Concentration (ppm) 
FP  = Sample solution dilution factor 
BS  = Sample weight (g) 
 

Analysis of chlorophyll content using plantlet leaves of Dendrobium sp. which has 
been induced by fusaric acid, using the Harborne method with a spectrophotometer [9]. 
The way it works is the plantlet leaves of Dendrobium sp. 0.1 g of uniform leaf was 
removed, then crushed with a mortar (pestle) then added 10 mL of 80% acetone. After 
that the solution was filtered with Whatmann paper No. 1, and put in a flakon and tightly 
closed. The sample solution and standard solution (80% acetone) were taken as much as 
1 mL, then put in a cuvette. After that, the absorption readings were carried out with a 
UV spectrophotometer at wavelengths (λ) 646 nm and 663 nm. Chlorophyll content is 
calculated using the following formula: 
 
Chlorophyll a = 12, 21 λ663 – 2, 81 λ646 mg/l Chlorophyll b = 20, 13 λ646 – 5, 03 λ663 
mg/l Total Chlorophyll = 17, 3 λ646 + 7,18 λ663 mg/l 
 
Where, λ646 = absorbance at a wavelength of 646 nm λ663 = absorbance at a wavelength 
of 663 nm 
 
3. Results and discussion 

The effect of Fusaric Acid (FA) on Dendrobium sp. can be determined by the total 
phenol content. The content that can be observed in the leaves of the plantlet 
Dendrobium sp. who have been treated with FA and control are presented in Table 1. 

Based on Table 1, the total phenol content at a concentration of 0 ppm (control) 
was 10.66 mg/100g. The results of the total phenol content of Dendrobium sp. treated 
with fusaric acid (FA) showed that the higher the concentration of FA, the higher the 
total phenol content. The total phenol content at 10 ppm was 10.00 mg/100g, increased 
to 10.18 mg/100g at a concentration of 20 ppm, followed by 13.19 mg/100g at a 
concentration of 30 ppm, and 15.25 mg/100g at a concentration of 40 ppm. The results 
of this study are in line with research [10] on vanilla plantlets, the higher the 
concentration of FA, the higher the total phenol content. 



K
AT

A
LO

G
 J

U
R

N
A

L 
M

A
H

A
SI

SW
A

 P
A

SC
A

SA
R

JA
N

A
 U

N
IV

ER
SI

TA
S 

LA
M

PU
N

G

31PASCASARJANA UNILA (NOVEMBER 2022) 

Analysis of reducing sugar content in this study used Dendrobium plantlets that 
had been treated with fusaric acid and without treatment (control). The Nelson – 
Somogyi method can be used to analyze the reducing sugar content by making a sample 
solution in the form of 1 ml of Dendrobium orchid leaf extract taken from each 
concentration and then put into each test tube and then added 1 ml of Nelson's reagent 
in each test tube. The solution was heated on a boiling water bath for 20 minutes. Then 
the sample was cooled to room temperature. After cooling, added 1 ml of 
Arsenomolybdate reagent and 7 ml of distilled water, shaken until homogeneous. The 
solution mixture was put in a cuvette and the absorption of visible light was measured 
with a wavelength of 695 nm. The absorbance value obtained is reduced by the 
absorbance value of the blank so that the absorbance value of the sample is obtained. 
Then based on the standard solution regression equation, the absorbance value of the 
sample was converted to reducing sugar content (mg/ml). 
 
Calculation of reducing sugar content [8] can use the formula: 
 

Reducing Sugar Content (%) =  X. FP   𝑥𝑥 100 
BS 

 
Where, X  = Concentration (ppm) 
FP  = Sample solution dilution factor 
BS  = Sample weight (g) 
 

Analysis of chlorophyll content using plantlet leaves of Dendrobium sp. which has 
been induced by fusaric acid, using the Harborne method with a spectrophotometer [9]. 
The way it works is the plantlet leaves of Dendrobium sp. 0.1 g of uniform leaf was 
removed, then crushed with a mortar (pestle) then added 10 mL of 80% acetone. After 
that the solution was filtered with Whatmann paper No. 1, and put in a flakon and tightly 
closed. The sample solution and standard solution (80% acetone) were taken as much as 
1 mL, then put in a cuvette. After that, the absorption readings were carried out with a 
UV spectrophotometer at wavelengths (λ) 646 nm and 663 nm. Chlorophyll content is 
calculated using the following formula: 
 
Chlorophyll a = 12, 21 λ663 – 2, 81 λ646 mg/l Chlorophyll b = 20, 13 λ646 – 5, 03 λ663 
mg/l Total Chlorophyll = 17, 3 λ646 + 7,18 λ663 mg/l 
 
Where, λ646 = absorbance at a wavelength of 646 nm λ663 = absorbance at a wavelength 
of 663 nm 
 
3. Results and discussion 

The effect of Fusaric Acid (FA) on Dendrobium sp. can be determined by the total 
phenol content. The content that can be observed in the leaves of the plantlet 
Dendrobium sp. who have been treated with FA and control are presented in Table 1. 

Based on Table 1, the total phenol content at a concentration of 0 ppm (control) 
was 10.66 mg/100g. The results of the total phenol content of Dendrobium sp. treated 
with fusaric acid (FA) showed that the higher the concentration of FA, the higher the 
total phenol content. The total phenol content at 10 ppm was 10.00 mg/100g, increased 
to 10.18 mg/100g at a concentration of 20 ppm, followed by 13.19 mg/100g at a 
concentration of 30 ppm, and 15.25 mg/100g at a concentration of 40 ppm. The results 
of this study are in line with research [10] on vanilla plantlets, the higher the 
concentration of FA, the higher the total phenol content. 

Phenol compounds are one indicator of disease resistance. The results of the 
study [11] showed that the higher the phenol content, the more resistant the plant to 
pathogen attack. One of the results of plant metabolism that can function as a plant 
chemical resistance system that can prevent the growth and development of pathogens 
is phenol compounds [10]. 
 
Table 1  Results of Total Phenol Content of Planlet Dendrobium sp. that has been 

induced by FA 
Treatment 

(ppm) 
Total Phenol Content 

Dendrobium sp. (mg/100g) 
0 (control) 10.66  0.44a 

10 10.00  0.40a 
20 10.18  0.31a 
30 13.19  2.07a 
40 15.25  3.16a 

Note:  Numbers followed by the same letter, not significantly different at 95% 
confidence level 

 
Effect of Fusaric Acid (FA) on Dendrobium sp. can also be determined by the 

content of reducing sugars. The content that can be observed in the leaves of the 
plantlet Dendrobium sp. that have been treated with FA and control are presented in 
Table 2. 
 
Table 2  Results of Reducing Sugar Content of Plantlet Dendrobium sp. that has been 

induced by FA 
Treatment 

(ppm) 
Reducing Sugar Content of Planlet 

Dendrobium sp. (%) 
0 (control) 11.76  2.20a 

10 7.71  2.49a 
20 11.90  1.34a 
30 15.21  3.16a 
40 15.26  1.81a 

Note:  Numbers followed by the same letter, not significantly different at 95% 
confidence level 

 
Based on Table 2, the results of reducing sugar content at a concentration of 0 

ppm (control) were 11.76%. The results of the reducing sugar content of Dendrobium sp. 
treated with fusaric acid (FA) showed that the higher the concentration of FA, the more 
reducing sugar content increased. The reducing sugar content at 10 ppm was 7.71%, 
increasing to 11.90% at a concentration of 20 ppm, followed by 15.21% at a concentration 
of 30 ppm, and 15.26% at a concentration of 40 ppm. 
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Table 3 The Chlorophyll Content of Plantlet Dendrobium sp. induced FA 

Treatment 
(ppm) 

The Chlorophyll Content of Planlet Dendrobium sp. (mg/g tissue) 

Chlorophyll a content Chlorophyll b content Chlorophyll total content 

0 (control) 0.39  0.015a 3.24  0.257a 3.63  0.268a 

10 0.37  0.020a 3.96  0.316a 4.49  0.342a 

20 0.45  0.057a 4.47  0.170a 4.84  0.184a 

30 0.53  0.066a 5.18  0.623b 5.63  0.588a 

40 1.11  0.522a 5.30  0.668c 6.41  0.979b 

Note:  Numbers followed by the same letter, not significantly different at 95% 
confidence level 

 
Based on research [12] suggests that the Somogyi-Nelson method has higher 

sensitivity and accuracy than other methods, it is recommended to test the reducing 
sugar content using the Somogyi-Nelson method. In the Somogyi- Nelson method, 
there is a reaction between specific alkaline Cu (Cu2+) reagent with reducing sugar to 
Cu+ which forms a brick red precipitate, then when arsenomolybdate solution is added, 
the reaction will turn blue-green. 

The effect of Fusaric Acid (FA) on Dendrobium sp. can be identified by the 
chlorophyll content. Chlorophyll content can be observed in the leaves of the plantlet 
Dendrobium sp. who had been treated with FA and control. The method used to analyze 
the chlorophyll content is the Harboune method. 

The results of the chlorophyll content of Dendrobium sp. induced FA is presented 
in Table 3. 

Based on Table 3, it shows that the higher the concentration of FA, the higher the 
chlorophyll content in the Dendrobium sp. The highest chlorophyll content at 40 ppm FA 
concentration was at chlorophyll a 1.11 mg/g, chlorophyll b 5.30 mg/g and total 
chlorophyll 6.41 mg/g. The results of this study are in line with the results of studies [13] 
and [14] which showed an increase in chlorophyll a, chlorophyll b and total chlorophyll 
in soil orchids (Spathoglottis plicata) and moon orchids (Phalaenopsis amabilis) along 
with an increase in FA. 

Chlorophyll is an important part in plants, is located in chloroplasts in large 
numbers and can be easily extracted into lipid solvents such as acetone and ether [9]. 
Chlorophyll in plants has a role in the process of photosynthesis which can produce 
carbohydrates with the help of solar energy. Plants can have high chlorophyll content 
because environmental factors are in the right conditions [14]. 
 
4. Conclusion 

Based on the results of the research that has been carried out, it can be 
concluded that the induced fusaric acid with 5 concentrations, namely 10 ppm, 20 ppm, 
30 ppm and 40 ppm can affect the Dendrobium sp plantlets, which can increase the total 
phenol content, reducing sugar content and chlorophyll content of plantlets compared 
to control (0 ppm). 
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Table 3 The Chlorophyll Content of Plantlet Dendrobium sp. induced FA 

Treatment 
(ppm) 

The Chlorophyll Content of Planlet Dendrobium sp. (mg/g tissue) 

Chlorophyll a content Chlorophyll b content Chlorophyll total content 

0 (control) 0.39  0.015a 3.24  0.257a 3.63  0.268a 

10 0.37  0.020a 3.96  0.316a 4.49  0.342a 

20 0.45  0.057a 4.47  0.170a 4.84  0.184a 

30 0.53  0.066a 5.18  0.623b 5.63  0.588a 

40 1.11  0.522a 5.30  0.668c 6.41  0.979b 

Note:  Numbers followed by the same letter, not significantly different at 95% 
confidence level 

 
Based on research [12] suggests that the Somogyi-Nelson method has higher 

sensitivity and accuracy than other methods, it is recommended to test the reducing 
sugar content using the Somogyi-Nelson method. In the Somogyi- Nelson method, 
there is a reaction between specific alkaline Cu (Cu2+) reagent with reducing sugar to 
Cu+ which forms a brick red precipitate, then when arsenomolybdate solution is added, 
the reaction will turn blue-green. 

The effect of Fusaric Acid (FA) on Dendrobium sp. can be identified by the 
chlorophyll content. Chlorophyll content can be observed in the leaves of the plantlet 
Dendrobium sp. who had been treated with FA and control. The method used to analyze 
the chlorophyll content is the Harboune method. 

The results of the chlorophyll content of Dendrobium sp. induced FA is presented 
in Table 3. 

Based on Table 3, it shows that the higher the concentration of FA, the higher the 
chlorophyll content in the Dendrobium sp. The highest chlorophyll content at 40 ppm FA 
concentration was at chlorophyll a 1.11 mg/g, chlorophyll b 5.30 mg/g and total 
chlorophyll 6.41 mg/g. The results of this study are in line with the results of studies [13] 
and [14] which showed an increase in chlorophyll a, chlorophyll b and total chlorophyll 
in soil orchids (Spathoglottis plicata) and moon orchids (Phalaenopsis amabilis) along 
with an increase in FA. 

Chlorophyll is an important part in plants, is located in chloroplasts in large 
numbers and can be easily extracted into lipid solvents such as acetone and ether [9]. 
Chlorophyll in plants has a role in the process of photosynthesis which can produce 
carbohydrates with the help of solar energy. Plants can have high chlorophyll content 
because environmental factors are in the right conditions [14]. 
 
4. Conclusion 

Based on the results of the research that has been carried out, it can be 
concluded that the induced fusaric acid with 5 concentrations, namely 10 ppm, 20 ppm, 
30 ppm and 40 ppm can affect the Dendrobium sp plantlets, which can increase the total 
phenol content, reducing sugar content and chlorophyll content of plantlets compared 
to control (0 ppm). 
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Introduction 

In 1982, Zdzislaw Pawlak developed one of the mathematical techniques known as 
rough set theory (Pawlak, 1982). The fundamental concept of the rough set theory is an 
equivalence relation. The equivalence class is a partition used to determine the lower 
and upper bounds of universe subsets. 

Assume U is a non-empty set, which we refer to as the universe set, and R is an 
equivalence relation on U. The pair (   ) represents an approximation space (Miao et 
al., 2005). If  ⊆  , the lower approximation of  , denoted by  , is a union of the 
equivalence class contained in  . The upper approximation of  , denoted by  ̅, is a union 
of the equivalence class intersecting with  . If  ̅      ∅, then the set   is a rough set. 

In 1997, Kuroki gave the idea of the ideal rough in semigroups (Kuroki, 1997). 
Furthermore, Miao et al. introduce the rough groups, rough subgroups, and their 
properties (Miao et al., 2005). Moreover, Davvaz and Mahdavipour investigate the rough 
module (Davvaz & Mahdavipour, 2006). Isaac and Neelima introduce the concept of 
rough ideals and their properties (Isaac & Neelima, 2013). Sinha and Prakash study the 
exact sequence of rough modules (Sinha, 2016). Furthermore, Jesmalar gives the 
homomorphism and the rough group isomorphism (Jesmalar, 2017). Besides that, Davvaz 
and Parnian-Garamaleky give a concept of the U-exact sequence of the R-module 
(Davvaz & Parnian-Garamaleky, 1999). Then, Fitriani et al. introduce the notion of sub-
exact sequence of R-modules (Fitriani et al., 2016). Elfiyanti et al. also give an Abelian 
property of the category of U-complexes, which is motivated by the U-exact sequence 
(Elfiyanti et al., 2016). Aminizadeh et al. (Aminizadeh et al., 2017) introduce an exact 
sequence of S-acts. Fitriani et al. also establish the notion of an X-sub-linearly 
independent module (Fitriani et al., 2017). They introduce a UV-generated module 
(Fitriani et al., 2018b). Furthermore, using the concept of a sub-exact sequence of 
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Introduction 

In 1982, Zdzislaw Pawlak developed one of the mathematical techniques known as 
rough set theory (Pawlak, 1982). The fundamental concept of the rough set theory is an 
equivalence relation. The equivalence class is a partition used to determine the lower 
and upper bounds of universe subsets. 

Assume U is a non-empty set, which we refer to as the universe set, and R is an 
equivalence relation on U. The pair (   ) represents an approximation space (Miao et 
al., 2005). If  ⊆  , the lower approximation of  , denoted by  , is a union of the 
equivalence class contained in  . The upper approximation of  , denoted by  ̅, is a union 
of the equivalence class intersecting with  . If  ̅      ∅, then the set   is a rough set. 

In 1997, Kuroki gave the idea of the ideal rough in semigroups (Kuroki, 1997). 
Furthermore, Miao et al. introduce the rough groups, rough subgroups, and their 
properties (Miao et al., 2005). Moreover, Davvaz and Mahdavipour investigate the rough 
module (Davvaz & Mahdavipour, 2006). Isaac and Neelima introduce the concept of 
rough ideals and their properties (Isaac & Neelima, 2013). Sinha and Prakash study the 
exact sequence of rough modules (Sinha, 2016). Furthermore, Jesmalar gives the 
homomorphism and the rough group isomorphism (Jesmalar, 2017). Besides that, Davvaz 
and Parnian-Garamaleky give a concept of the U-exact sequence of the R-module 
(Davvaz & Parnian-Garamaleky, 1999). Then, Fitriani et al. introduce the notion of sub-
exact sequence of R-modules (Fitriani et al., 2016). Elfiyanti et al. also give an Abelian 
property of the category of U-complexes, which is motivated by the U-exact sequence 
(Elfiyanti et al., 2016). Aminizadeh et al. (Aminizadeh et al., 2017) introduce an exact 
sequence of S-acts. Fitriani et al. also establish the notion of an X-sub-linearly 
independent module (Fitriani et al., 2017). They introduce a UV-generated module 
(Fitriani et al., 2018b). Furthermore, using the concept of a sub-exact sequence of 

modules, they established U-basis and U-free modules (Fitriani et al., 2018a). Moreover, 
they define the rank of the UV-generated module (Fitriani et al., 2021). Then, they apply 
the sub-exact sequences to determine the Noetherian property of the submodule of the 
generalized power series module (Faisol et al., 2021). In addition, Setyaningsih et al. 
introduce the sub-exact sequence in the rough groups (Setyaningsih et al., 2021). In this 
research, we introduce the U-exact sequence of the rough group and its properties.  

 
The Research Methods 

This study was based on literature searches, specifically those on rough sets, 
upper and lower approximation space, rough groups, exact sequence, and U-exact 
sequence. First, we define the rough U-exact sequence in an approximation space. Then 
we examine properties of the rough group. In the following step, we use a finite set to 
construct an example of a U-exact sequence in a rough group. Finally, we examine the 
properties of the U-exact sequence in the rough group. 

 

 
Figure 1. Research stage diagram 

 
The Results of the Research and the Discussion 

Motivated by the definitions of the U-exact sequence of the R-module, we 
construct the definition of the rough U-exact sequence as follows. 

Definition 1. Let (   ) be an approximation space, and let       the rough 
groups in (   ), and   is the rough subgroup of  . A sequence  

 ̅
 
→  ̅

 
→  ̅ 

is called rough  -exact in  , if    (𝑓𝑓)  𝑔𝑔  ( ̅). 
Before investigating the properties of the rough U-exact sequence, we give the 

construction of a rough subgroup in an approximation space.  
Example 1. Let    { ̅  ̅  ̅  ̅  ̅  ̅  ̅  ̅  ̅} is a set of integers modulo 9 and    

modulo 9 summation operations. We define    as the relation on   is 𝑎𝑎 𝑏𝑏 where 𝑎𝑎, 𝑏𝑏 ∈ 
   if and only if 𝑎𝑎  𝑏𝑏   𝑘𝑘, for some 𝑘𝑘 ∈  . From this equivalence relation, we have 4 
equivalence classes as follows: 
   { ̅  ̅}, 
   * ̅  ̅+, 
   * ̅  ̅+, 
   * ̅  ̅  ̅+. 
 

Next, we will construct three rough groups to form a rough U-exact sequence of 
rough groups. Let    { ̅  ̅  ̅}. We obtain   ̅̅ ̅ =       { ̅  ̅  ̅  ̅  ̅}. 
 
 

Define the rough U-exact sequence in an 
approximation space 

Examine the properties of the rough group 

Construct the example of the rough U-exact 
sequence of rough groups using the finite set 

Examine the properties of rough U-exact 
sequence of rough groups 
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Table 1. Table Cayley on    
    ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 

 
(1) Table 1 shows that for every 𝑥𝑥 𝑦𝑦 ∈   , x (  ) y ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) there exists �̅�𝑥 ∈   , there exists �̅�𝑦 ∈    such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
 

Table 2. Rough Inverse Element on    
No 1 2 3 
�̅�𝑥 ∈     ̅  ̅  ̅ 
Inverse of �̅�𝑥  ̅  ̅  ̅ 

 
Based on Table 2, we have that every element of    has a rough inverse in   ̅̅ ̅. Hence,    

is a rough group.  
 
Now, let    * ̅  ̅  ̅  ̅+. We get   ̅̅ ̅ = E1   E2   E3   E4 =  . 
 

Table 3. Table Cayley on    
    ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅ 
 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 
(1) Table 3 shows that for every x, y ∈   , x (  ) y  ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exist �̅�𝑦 ∈   , such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
 

Table 4. Rough Inverse Element on    
No 1 2 
�̅�𝑥 ∈     ̅  ̅ 
Inverse of �̅�𝑥  ̅  ̅ 

 
Table 4 shows that every element of    has a rough inverse in   ̅̅ ̅. Hence,    is a rough 
group. 
 
Let    { ̅  ̅  ̅  ̅  ̅  ̅}. We obtain   ̅̅ ̅ = E1   E2   E3   E4 =  . 
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Table 1. Table Cayley on    
    ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅ 

 
(1) Table 1 shows that for every 𝑥𝑥 𝑦𝑦 ∈   , x (  ) y ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) there exists �̅�𝑥 ∈   , there exists �̅�𝑦 ∈    such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
 

Table 2. Rough Inverse Element on    
No 1 2 3 
�̅�𝑥 ∈     ̅  ̅  ̅ 
Inverse of �̅�𝑥  ̅  ̅  ̅ 

 
Based on Table 2, we have that every element of    has a rough inverse in   ̅̅ ̅. Hence,    

is a rough group.  
 
Now, let    * ̅  ̅  ̅  ̅+. We get   ̅̅ ̅ = E1   E2   E3   E4 =  . 
 

Table 3. Table Cayley on    
    ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅ 
 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 
(1) Table 3 shows that for every x, y ∈   , x (  ) y  ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exist �̅�𝑦 ∈   , such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
 

Table 4. Rough Inverse Element on    
No 1 2 
�̅�𝑥 ∈     ̅  ̅ 
Inverse of �̅�𝑥  ̅  ̅ 

 
Table 4 shows that every element of    has a rough inverse in   ̅̅ ̅. Hence,    is a rough 
group. 
 
Let    { ̅  ̅  ̅  ̅  ̅  ̅}. We obtain   ̅̅ ̅ = E1   E2   E3   E4 =  . 
 
 
 
 

Table 5. Table Cayley on    
    ̅  ̅  ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅  ̅  ̅ 
 ̅  ̅  ̅  ̅  ̅  ̅  ̅ 
 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 ̅ 
 ̅ 

 
(1) Table 5 shows that for every x, y ∈   , x (  ) y ∈   ̅̅ ̅; 
(2) association property holds in    ̅̅ ̅;  
(3) there exists  ̅∈   ̅̅ ̅, such that for every �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exist �̅�𝑦 ∈   , such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is  
     ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , and 
( ̅)    ̅ ∈     

 
Table 6. Rough Inverse Element on    
No 1 2 3 
�̅�𝑥 ∈     ̅  ̅  ̅ 
Inverse of �̅�𝑥  ̅  ̅  ̅ 

 
Based on Table 6, we have every element of    has a rough inverse in   ̅̅ ̅. Hence, 

   is a rough group.  

Finally, we form a sequence    ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅ with 𝑓𝑓 homomorphism rough group 

𝑓𝑓 𝑎𝑎       and 𝑔𝑔 identity function. Then let   ⊆   , let    { ̅  ̅} obtained   ̅̅ ̅ = 
      { ̅  ̅  ̅  ̅  ̅} is a rough subgroup of   . We have  ̅(  ) ̅   ̅ ∈   ̅̅ ̅ and ( ̅)    ̅ ∈ 
  .   

We will show the sequence   ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅ is    -exact in   ̅̅ ̅. Since    ̅̅ ̅

 
→   ̅̅ ̅, 𝑓𝑓 𝑎𝑎        and  

  ̅̅ ̅
 
→   ̅̅ ̅, we have: 

i  (𝑓𝑓)   *𝑥𝑥 ∈   ̅̅ ̅ 𝑥𝑥  𝑓𝑓(  ̅̅ ̅)+ 
                *𝑥𝑥 ∈   ̅̅ ̅ 𝑔𝑔(𝑥𝑥)    ̅̅ ̅+ 
                𝑔𝑔  (  ̅̅ ̅) 
                 { ̅  ̅  ̅  ̅  ̅} 
Hence   ̅̅ ̅

 
→   ̅̅ ̅

 
→   ̅̅ ̅ is    -exact in   ̅̅ ̅. 

Next, we will give the properties of the rough U-exact sequence of rough groups. 
 
Proposition 1. Let (   ) be an approximation space,   a rough group in V, and  
  ,  ,...     rough subgroup  . If   ̅̅ ̅    ̅̅ ̅      ̅̅̅̅           ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  then           is 
a rough subgroup   of the approximation space (   )  
 
Proof. Let   ,  ,...    rough subgroups of   with  binary operation  . Given any 
𝑎𝑎 𝑏𝑏 ∈            then 𝑎𝑎  𝑏𝑏 ∈   ̅  𝑖𝑖        𝑛𝑛. Furthermore, 𝑎𝑎  𝑏𝑏 ∈     𝑖𝑖        𝑛𝑛. 
Next 𝑎𝑎  𝑏𝑏 ∈   ̅̅ ̅    ̅̅ ̅      ̅̅̅̅   𝑖𝑖        𝑛𝑛 and 𝑎𝑎– 𝑏𝑏 ∈           . If   ̅̅ ̅    ̅̅ ̅    
  ̅̅̅̅            ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ , then 𝑎𝑎  𝑏𝑏 ∈           ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅   𝑖𝑖        𝑛𝑛 and 𝑎𝑎– 𝑏𝑏 ∈         
  . In other words,            is a rough subgroup of K.                              
 
Example 2. Let   *              +. We define the relation   in  , where     if and only if 
      , for some 𝑘𝑘 ∈   and 𝑎𝑎 𝑏𝑏 ∈  . It is easy to show that   is an equivalence relation 
on  . From this equivalence relation, we have 6 equivalence classes as follows: 
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   , -  *                        +, 
   , -  *                     +, 
   , -  *                     +, 
   , -  *                      +, 
   , -  *                      +, 
   , -  *                        +. 
Let   *                                                                + ⊆  .  
 
Therefore, the lower approximation and the upper approximation of   are as follows: 
 =    *                      +  
 ̅                      
The rough set   is the ordered pair of the lower approximation and the upper 
approximation written as  𝑝𝑝𝑝𝑝( )  (*                      +  ). 
Next, we define the binary operation     on rough set  . We will show that 〈     〉 is a 
rough group.  
1. 𝑎𝑎   𝑏𝑏 ∈  ̅, for every 𝑎𝑎 𝑏𝑏 ∈  . 
2. Association property holds in  ̅, i.e. (𝑎𝑎   𝑏𝑏)   𝑐𝑐  𝑎𝑎   (𝑏𝑏   𝑐𝑐), for every 𝑎𝑎 𝑏𝑏 ∈  ̅. 
3. There exist the rough identity element  ∈  ̅, such that for every 

 𝑦𝑦 ∈   𝑦𝑦(   )   (   )𝑦𝑦  𝑦𝑦. 
4. For every 𝑦𝑦 ∈  , there is a rough inverse element of 𝑦𝑦, i.e.  𝑦𝑦  ∈   such that 

𝑦𝑦   𝑦𝑦   𝑦𝑦     𝑦𝑦   . 
Hence, 〈     〉 is a rough group on the approximation space (   ). 
Next, let   *                     +. We have  ̅          . Since  ⊆   and each 
element of   has an rough inverse in    then I is a rough subgroup of  . Now, let 
  *               + and  ̅             . We will show that    rough subgroup  . 
Since  ⊆   and each element of   has a rough inverse in    then   is a rough subgroup of  
 . 
From the two rough subgroups that have been constructed in the previous section can 
be obtained 
     *    + 
   ̅̅ ̅̅ ̅̅  *                                              + 
The same can be obtained. 
  ̅   ̅  *                                              + 
Consequently  ̅   ̅     ̅̅ ̅̅ ̅̅ =       

                         = *                                              + 
Next, it will be indicated that     *    + is a rough subgroup of Y. 
i.  (   )    ∈    ̅̅ ̅̅ ̅̅ , 
ii. ( )     ∈    . 
Hence *    + is also a subgroup rough of  . 
 
Proposition 2. Let (   ) be an approximation space, and let       be rough groups.  
then     and     are a rough subgroup of   and       where    ̅̅ ̅    ̅̅ ̅.  If a sequence 

 ̅
 
→  ̅

 
→  ̅ 

is a rough   ̅̅ ̅-exact sequence, then the sequence  ̅
 
→  ̅

 
→  ̅ is a rough   ̅̅ ̅-exact 

sequence. 
 

Proof. We assume that the sequence  ̅
 
→  ̅

 
→  ̅ is a rough   -exact sequence. Based on 

Definition 1, we have    (𝑓𝑓)  𝑔𝑔  (  ̅̅ ̅). Since   ̅̅ ̅    ̅̅ ̅, we have    (𝑓𝑓)  𝑔𝑔  (  ̅̅ ̅). In other 

words, the sequence  ̅
 
→  ̅

 
→  ̅ is   -exact rough in  .                                                     
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   , -  *                        +, 
   , -  *                     +, 
   , -  *                     +, 
   , -  *                      +, 
   , -  *                      +, 
   , -  *                        +. 
Let   *                                                                + ⊆  .  
 
Therefore, the lower approximation and the upper approximation of   are as follows: 
 =    *                      +  
 ̅                      
The rough set   is the ordered pair of the lower approximation and the upper 
approximation written as  𝑝𝑝𝑝𝑝( )  (*                      +  ). 
Next, we define the binary operation     on rough set  . We will show that 〈     〉 is a 
rough group.  
1. 𝑎𝑎   𝑏𝑏 ∈  ̅, for every 𝑎𝑎 𝑏𝑏 ∈  . 
2. Association property holds in  ̅, i.e. (𝑎𝑎   𝑏𝑏)   𝑐𝑐  𝑎𝑎   (𝑏𝑏   𝑐𝑐), for every 𝑎𝑎 𝑏𝑏 ∈  ̅. 
3. There exist the rough identity element  ∈  ̅, such that for every 

 𝑦𝑦 ∈   𝑦𝑦(   )   (   )𝑦𝑦  𝑦𝑦. 
4. For every 𝑦𝑦 ∈  , there is a rough inverse element of 𝑦𝑦, i.e.  𝑦𝑦  ∈   such that 

𝑦𝑦   𝑦𝑦   𝑦𝑦     𝑦𝑦   . 
Hence, 〈     〉 is a rough group on the approximation space (   ). 
Next, let   *                     +. We have  ̅          . Since  ⊆   and each 
element of   has an rough inverse in    then I is a rough subgroup of  . Now, let 
  *               + and  ̅             . We will show that    rough subgroup  . 
Since  ⊆   and each element of   has a rough inverse in    then   is a rough subgroup of  
 . 
From the two rough subgroups that have been constructed in the previous section can 
be obtained 
     *    + 
   ̅̅ ̅̅ ̅̅  *                                              + 
The same can be obtained. 
  ̅   ̅  *                                              + 
Consequently  ̅   ̅     ̅̅ ̅̅ ̅̅ =       

                         = *                                              + 
Next, it will be indicated that     *    + is a rough subgroup of Y. 
i.  (   )    ∈    ̅̅ ̅̅ ̅̅ , 
ii. ( )     ∈    . 
Hence *    + is also a subgroup rough of  . 
 
Proposition 2. Let (   ) be an approximation space, and let       be rough groups.  
then     and     are a rough subgroup of   and       where    ̅̅ ̅    ̅̅ ̅.  If a sequence 

 ̅
 
→  ̅

 
→  ̅ 

is a rough   ̅̅ ̅-exact sequence, then the sequence  ̅
 
→  ̅

 
→  ̅ is a rough   ̅̅ ̅-exact 

sequence. 
 

Proof. We assume that the sequence  ̅
 
→  ̅

 
→  ̅ is a rough   -exact sequence. Based on 

Definition 1, we have    (𝑓𝑓)  𝑔𝑔  (  ̅̅ ̅). Since   ̅̅ ̅    ̅̅ ̅, we have    (𝑓𝑓)  𝑔𝑔  (  ̅̅ ̅). In other 

words, the sequence  ̅
 
→  ̅

 
→  ̅ is   -exact rough in  .                                                     

Example 3. Let    { ̅  ̅  ̅  ̅  ̅  ̅  ̅  ̅  ̅} is a set of integers modulo 9 and    modulo 9 
summation operations. We define    as the relation on   is 𝑎𝑎 𝑏𝑏 where 𝑎𝑎, 𝑏𝑏 ∈    if and 
only if 𝑎𝑎  𝑏𝑏   𝑘𝑘, for some 𝑘𝑘 ∈  . From this equivalence relation, we have 4 equivalence 
classes as follows: 
   { ̅  ̅}, 
   * ̅  ̅+, 
   * ̅  ̅+, 
   * ̅  ̅  ̅+. 
 
Next, we construct three rough groups to form a rough U-exact sequence of rough 
groups. Let    { ̅  ̅  ̅}. We have   ̅̅ ̅ =       { ̅  ̅  ̅  ̅  ̅}. 
(1) for every 𝑥𝑥 𝑦𝑦 ∈   , x (  ) y ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every  �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exists �̅�𝑦 ∈    such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
Hence,    is a rough group.  
 
Now, let    * ̅  ̅  ̅  ̅+. We have   ̅̅ ̅ = E1   E2   E3   E4 =  . 
(1) for every x, y ∈   , x (  ) y  ∈   ̅̅ ̅; 
(2) association property holds in   ̅̅ ̅; 
(3) there exists  ̅ ∈   ̅̅ ̅, such that for every  �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exist �̅�𝑦 ∈    such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is 
     ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , and ( ̅)    ̅ ∈   . 
Hence,    is a rough group. 
 
Let    { ̅  ̅  ̅  ̅  ̅  ̅}. We obtain   ̅̅ ̅ = E1   E2   E3   E4 =  . 
(1) for every x, y ∈   , x (  ) y ∈   ̅̅ ̅; 
(2) operation (  ) association property holds in    ̅̅ ̅;  
(3) there exists  ̅∈   ̅̅ ̅,such that for every  �̅�𝑥 ∈   ̅̅ ̅, �̅�𝑥(  ) ̅   ̅(  )�̅�𝑥  �̅�𝑥; 
(4) for every �̅�𝑥 ∈   , there exist �̅�𝑦 ∈    such that �̅�𝑥(  )�̅�𝑦   ̅ or �̅�𝑦  (�̅�𝑥)  , that is  
     ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , ( ̅)    ̅ ∈   , and 
( ̅)    ̅ ∈     

Hence,    is a rough group.  

Next, we form a sequence    ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅. Let    { ̅  ̅} ⊆   . We obtain   ̅̅ ̅ = 

      { ̅  ̅  ̅  ̅  ̅} is a rough subgroup of   . We get  ̅(  ) ̅   ̅ ∈   ̅̅ ̅ and ( ̅)    ̅ ∈ 
  .   

We will show the sequence   ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅ is    -exact in   ̅̅ ̅. 

Since    ̅̅ ̅
 
→   ̅̅ ̅, 𝑓𝑓 𝑎𝑎        and    ̅̅ ̅

 
→   ̅̅ ̅ 𝑔𝑔 identity function, we obtain  

i  (𝑓𝑓)   *𝑥𝑥 ∈   ̅̅ ̅ 𝑥𝑥  𝑓𝑓(  ̅̅ ̅)+ 
                *𝑥𝑥 ∈   ̅̅ ̅ 𝑔𝑔(𝑥𝑥)    ̅̅ ̅+ 
                𝑔𝑔  (  ̅̅ ̅) 
                 { ̅  ̅  ̅  ̅  ̅} 
Hence   ̅̅ ̅

 
→   ̅̅ ̅

 
→   ̅̅ ̅ is    -exact in   ̅̅ ̅. 

Next, we form the second sequence:    ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅ with 𝑓𝑓 homomorphism rough 

group 𝑓𝑓 𝑎𝑎        and 𝑔𝑔 identity function. Then let    * ̅  ̅+ ⊆   . We obtain   ̅̅ ̅ = 
      { ̅  ̅  ̅  ̅  ̅} is a rough subgroup of   , and  ̅(  ) ̅   ̅ ∈   ̅̅ ̅ and ( ̅)    ̅∈   .   

We will show the sequence   ̅̅ ̅
 
→   ̅̅ ̅

 
→   ̅̅ ̅ is   - exact in   ̅̅ ̅. 
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Since    ̅̅ ̅  
→   ̅̅ ̅, 𝑓𝑓 𝑎𝑎       dan    ̅̅ ̅  

→   ̅̅ ̅ 𝑔𝑔 identity function, we have: 
    (𝑓𝑓)  *𝑥𝑥 ∈   ̅̅ ̅ 𝑥𝑥  𝑓𝑓(  ̅̅ ̅)+ 
                *𝑥𝑥 ∈   ̅̅ ̅ 𝑔𝑔(𝑥𝑥)    ̅̅ ̅+ 
                𝑔𝑔  (  ̅̅ ̅) 
                 { ̅  ̅  ̅  ̅  ̅} 
Hence   ̅̅ ̅  

→   ̅̅ ̅  
→   ̅̅ ̅ is    -exact in   ̅̅ ̅. 

From Example 3, we can conclude that if the sequence   ̅̅ ̅  
→   ̅̅ ̅  

→   ̅̅ ̅ is a rough   -exact 
sequence and    is a subgroup of rough of   ̅̅ ̅  where       and   ̅̅ ̅    ̅̅ ̅, the sequence 
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Abstract 

Synthesis of Titanium Dioxide (TiO2) nanofibers has been successfully made using 
the electrospinning method. This study aims to determine the effect of distance 
variations on the morphology and crystal structure of TiO2 nanofibers. The variation of 
the distance between tip to collector is 7, 9, 11 and 13 cm. The precursor is titanium (IV) 
isopropoxide (TTIP), ethanol as a solvent, acetic acid as a catalyst and 
polyvinylpyrrolidone (PVP) as a fiber-forming polymer. The electrospinning process is 
carried out at a high voltage of 20 kV with a flow rate of 1.5 ml/hour then as-prepared 
nanofiber annealed at a temperature of 450oC for 3 hours. TiO2/PVP nanofibers are 
characterized using Scanning Electron Microscopy – Energy Dispersive X-Ray (SEM-
EDS) and X-Ray Diffraction (XRD). The viscosity and surface tension TiO2/PVP solution 
2,8 Pa.s and (28,9 ± 3,7) dyn/cm. SEM result showed relatively uniform nanofiber 
morphology with fiber diameter ranging from 56 nm – 0,961 µm. XRD result showed that 
the particle size of the TiO2 nanofibers ranged from 12 nm with the crystal structure 
formed are anatase phase. 

 
INTRODUCTION 

Nanofiber is one of nanotechnology applications in the form of small threads with 
a diameter of 100-500 nm [1]. Nanofibers have the characteristics of a high surface area, 
an interconnected porous structure and conductive [2]. With these characteristics, 
researchers are interested in developing nanofibers as filters for submicron-sized 
particles. With a smaller order, nanofibers enable optimization of dust filtration in the 
air [3]. 

Titanium dioxide (TiO2) is one of the materials currently being developed for the 
manufacture of nanofibers. Besides TiO2, many materials are available, such as zinc 
oxide (ZnO) and stannic oxide (SnO2). However, the use of TiO2 outperforms the two 
semiconductor materials. TiO2 is better because it is cheaper and non-toxic [4,5]. As a 
high- performance semiconductor, TiO2 nanofibers have superior potential applications 
as filter materials, photo-oxidation films, gas sensors, humidity sensors, solar cells and 
photocatalysts [1, 6-10]. 
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Abstract 

Synthesis of Titanium Dioxide (TiO2) nanofibers has been successfully made using 
the electrospinning method. This study aims to determine the effect of distance 
variations on the morphology and crystal structure of TiO2 nanofibers. The variation of 
the distance between tip to collector is 7, 9, 11 and 13 cm. The precursor is titanium (IV) 
isopropoxide (TTIP), ethanol as a solvent, acetic acid as a catalyst and 
polyvinylpyrrolidone (PVP) as a fiber-forming polymer. The electrospinning process is 
carried out at a high voltage of 20 kV with a flow rate of 1.5 ml/hour then as-prepared 
nanofiber annealed at a temperature of 450oC for 3 hours. TiO2/PVP nanofibers are 
characterized using Scanning Electron Microscopy – Energy Dispersive X-Ray (SEM-
EDS) and X-Ray Diffraction (XRD). The viscosity and surface tension TiO2/PVP solution 
2,8 Pa.s and (28,9 ± 3,7) dyn/cm. SEM result showed relatively uniform nanofiber 
morphology with fiber diameter ranging from 56 nm – 0,961 µm. XRD result showed that 
the particle size of the TiO2 nanofibers ranged from 12 nm with the crystal structure 
formed are anatase phase. 

 
INTRODUCTION 

Nanofiber is one of nanotechnology applications in the form of small threads with 
a diameter of 100-500 nm [1]. Nanofibers have the characteristics of a high surface area, 
an interconnected porous structure and conductive [2]. With these characteristics, 
researchers are interested in developing nanofibers as filters for submicron-sized 
particles. With a smaller order, nanofibers enable optimization of dust filtration in the 
air [3]. 

Titanium dioxide (TiO2) is one of the materials currently being developed for the 
manufacture of nanofibers. Besides TiO2, many materials are available, such as zinc 
oxide (ZnO) and stannic oxide (SnO2). However, the use of TiO2 outperforms the two 
semiconductor materials. TiO2 is better because it is cheaper and non-toxic [4,5]. As a 
high- performance semiconductor, TiO2 nanofibers have superior potential applications 
as filter materials, photo-oxidation films, gas sensors, humidity sensors, solar cells and 
photocatalysts [1, 6-10]. 

The sol-gel method is commonly used in the synthesis of TiO2 nanofibers. This 
method was used because it was believed to produce materials with high homogeneity, 
relatively cheap, environmentally friendly, and very pure [11]. The sol-gel method is 
highly dependent on the precursor used [12]. TiO2 nanofibers are generally synthesized 
with various precursors such as TTIP, tetrabutyl titanate (TBOT), and titanium 
tetrachloride (TiCl4). TTIP can produce smaller diameter fibers than other predecessors 
[13]. That's why TTIP has become the most widely used predecessor. 

Nanofibers can be produced in several ways, including multicomponent fiber 
spinning [14], meltblowing spinning [15], and electrospinning. From the three methods of 
making fiber, electrospinning technology is the focus of researchers in this study. 
Electrospinning is a widely used method for obtaining nanofibers, because it is efficient 
and allows obtaining nanofibers in the minimum size range of 40-2000 nm [16]. In 
addition, electrospinning allows the fiber diameter to be controlled by adjusting various 
electrospinning parameters such as voltage, distance between needle tip and fiber 
collector, and solution viscosity [17,18]. Electrospinning is considered effective in the 
production of nanofibers because it is cheap, convenient, and allows the use of various 
materials [19]. 

Recently Hazem (2020) [20] has synthesized TiO2/PVP nanofibers at the tip to 
collector distances of 6, 9, 12, 15 and 18 cm with TTIP as precursor, acetic acid as 
solution stabilizer, PVP as polymer and ethanol as solvent. Based on SEM data, the best 
nanofibers are at a distance of 15 cm with a diameter of 65 nm and based on XRD data, 
the phase formed is the anatase phase. 

The above explanation underlies this research, namely the manufacture of 
TiO2/PVP nanofibers whose solution was synthesized by the sol-gel method and spun 
by electrospinning technique. The electrospinning process is carried out by varying the 
distance from the tip to the electrospinning collector to see its effect on the size and 
uniformity of the diameter of the fibers formed. The viscosity and surface tension of the 
solution are monitored to show that the resulting solution can be electrically spun. 
Ostwald viscometer and tensiometer were used as instruments. Sample characterization 
was performed using SEM-EDS to determine the morphology and elemental 
composition of nanofibers and XRD to determine the crystal structure and particle size 
formed in the samples. 

 
EXPERIMENT 
Materials  

TTIP ((Ti(OCH(CH3)2)4, 97%) was found from Sigma-Aldrich. Acetic acid glacial 
(CH3COOH, 100%), methanol (CH3OH, 99,9%) and ethanol (C2H5OH, 99,9%) were found 
from Merck. PVP ((C6H9NO)n, K-90) were purchased from RRC. 

 
Synthesis of TiO2/PVP Nanofibers 

The synthesis process is divided into dissolving polymer and mixing TiO2/PVP 
solution. The polymer was prepared by dissolving 1.3 g of PVP in 8 ml of ethanol for 30 
minutes while stirring at 350 rpm. Next, a solution of TiO2 was made by mixing 2.5 ml of 
TTIP with 3 ml of ethanol, then adding 2.5 ml of CH3COOH gradually while stirring for 5 
minutes at 350 rpm. Then the two solutions were mixed by adding the TiO2 solution 
gradually into the polymer solution and stirred for 1 hour at 350 rpm. The exsperiment 
schematic can be seen in Figure 1. 
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FIGURE 1. Schematic of the electrospinning process. 
 

 
 
 

Measurement of the viscosity of the solution is done by looking at the flow rate of 
the solution on the Ostwald viscometer and calculated by Equation 1. 
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where η1, ρ1, t1, η2, ρ2, and t2, respectively are viscosity (Pa.s), density (g/ml), and 

flow time of solutions 1 and 2 (1 is standard solution (methanol) and 2 is TiO2/PVP 
solution) in seconds. Furthermore, the surface tension was measured with a tensiometer 
and calculated by Equation 2. 

    ̅  
          (2) 

 
where γ, 𝑘𝑘, ∆X, π, and r, respectively are the coefficient of surface tension of the 

solution (dyn.cm-1), spring constant, solution spring force (mN) and ring radius can be 
used to make nanofibers using electrospinning techniques [21]. The electrospinning 
process was carried out to spin TiO2/PVP nanofibers with a scheme as shown in Figure 
1. The solution was put into a 10 ml syringe with a flattened pointed needle tip. The 
collector used is aluminum foil coated with glass preparations so that the fiber is easy to 
pick up. The tip to collector distance is varied, namely 7, 9, 11 and 13 cm. The 
electrospinning process was carried out for 6 hours at room temperature with a flow 
rate of 1.5 ml/hour. The needle is connected to a positive high voltage while the 
collector which has been coated with aluminum foil is connected to a negative high 
voltage rate with a voltage of 20 kV. 
 
Characterization  

TiO2/PVP nanofibers produced by electrospinning were characterized by SEM-
EDX (Evo MA 10 model) to obtain the morphology and elemental composition of 
TiO2/PVP nanofibers. Powder XRD pattern was obtained using XRD XPERT PRO 
PANanalytical using Cu kα radiation (λ = 1,54060) at a voltage of 40 kV and a current of 
30 mA to obtain the crystal structure and particle size formed in the samples. Particle 
size was calculated using the Scherrer equation: 

        
           

(3) 
where λ = X-Ray wavelength, B = full width at half maximum, and θ = scattering angle. 
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RESULT AND DISCUSSION 
Viscosity and Surface Tension 

The viscosity of the TiO2/PVP solution based on Equation 1 is shown in Table 1. 
The resulting viscosity value of 2,889 Pa.s indicates that the TiO2/PVP solution can fulfill 
electrospinning technique [22]. 
 
TABLE 1.  TiO2/PVP nanofiber solution viscosity 
Description Value 
Methanol viscosity (Pa.s) 0,00059 
Methanol mass (g/cm3) 0,7918 
Methanol flow time (s) 20,1433 
TiO2/PVP mass (g/cm3) 0,9267 
TiO2/PVP flow time (s) 8430 
TiO2/PVP Viscosity (Pa.s) 2,889 

 
The surface tension value of TiO2/PVP solution obtained based on calculations 

using Equation 2 is (28.9 ± 3.7) dyn/cm. This value was expressed as the value of surface 
tension of the solution that can be used in the electrospinning process [21]. 
 

Surface Morphology Analysis 
 

 Samples characterized by SEM were TiO2/PVP nanofibers spaced 7, 9, 11 and 13 
cm apart. SEM results in the form of surface morphology images are shown in Figure 2. 
The results of SEM analysis show that the nanofibers have been successfully formed 
through the electrospinning process. Based on Figure 2, the TiO2/PVP nanofibers have 
been spreaded evenly and the resulting fiber size is relatively uniform and continuous.  

 

 
FIGURE 2. Surface morphology of TiO2/PVP nanofibers in the sample: (a) ES7, (b) ES9, (c) 

ES11 and (d) ES13. 
 

a b 

c d 



K
ATA

LO
G

 JU
R

N
A

L M
A

H
A

SISW
A

 PA
SC

A
SA

R
JA

N
A

 U
N

IV
ER

SITA
S LA

M
PU

N
G

46 VOLUME 2 NOMOR 2 TAHUN 2022

From the four samples, the fiber size of ES7 obtained appears to be larger than 
that of the longer distanced fiber. The fiber size is relatively smaller than other samples 
as seen in the ES11. However, the ES9 showed presence of beads. The presence of beads 
produced on the fiber is thought to be due to several contributing factors including 
viscosity, surface tension, and electric field forces experienced by the polymer solution 
[23]. The thrust at electrospinning voltage of 20 kV is insufficient to overcome the 
surface tension of solution. In addition, the environmental conditions of the 
electrospinning system during spinning process were at a temperature (31 ± 2) °C and 
humidity (60 ± 4) % can cause the solution to oxidize quickly. Oxidation can block the jet 
stream by the dried solution, so that beads are more likely to form. From the results of 
the diameter measurements, the observed diameters of samples ES7, ES9, ES11 and ES13 
were in the range of 56 nm to 961 µm respectively. The average diameter sizes obtained 
by each sample were (410 ± 190) nm, (367 ± 169) nm, (286 ± 156) nm and (296 ± 164) nm. 
The increase in the distance between needle tip and collector obtained optimum 
distance at 11 cm internal homogenity. 

 The diameter distribution of TiO2/PVP nanofibers is shown in Figure 3. Based on 
the measurements, the diameter distribution of each sample ES7, ES9, ES11 and ES13 are 
350, 270, 170 and 330 nm. Accordingly diameter distribution data of TiO2/PVP 
nanofibers, it can be stated that there is an optimization of fiber diameter as the 
distance given increases. 

 The distance between needle tip and collector affects the morphology and 
diameter of fiber because the distance can determine deposition time, evaporation rate, 
and instability of jet or emission of solution. Therefore, it is necessary to have an 
optimum tip-to-collector distance to form nanofibers with the desired fiber diameter 
and morphology. Based on the research of Haider et. al. (2015) [24] as the distance 
increases, the fiber diameter decreases but the solution jet instability increases. As the 
distance decreases, the fiber diameter increases with decrease jet instability. The tip-
to-collector distance is applied to several solutions that have different viscosities, it will 
produce different fiber diameters. This is also in agreement with the average diameter 
of TiO2/PVP nanofibers in the four samples produced. The average diameter of 
TiO2/PVP nanofibers proves that the fibers formed are nanofibers because they are 
<1000 nm in size [25]. 
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From the four samples, the fiber size of ES7 obtained appears to be larger than 
that of the longer distanced fiber. The fiber size is relatively smaller than other samples 
as seen in the ES11. However, the ES9 showed presence of beads. The presence of beads 
produced on the fiber is thought to be due to several contributing factors including 
viscosity, surface tension, and electric field forces experienced by the polymer solution 
[23]. The thrust at electrospinning voltage of 20 kV is insufficient to overcome the 
surface tension of solution. In addition, the environmental conditions of the 
electrospinning system during spinning process were at a temperature (31 ± 2) °C and 
humidity (60 ± 4) % can cause the solution to oxidize quickly. Oxidation can block the jet 
stream by the dried solution, so that beads are more likely to form. From the results of 
the diameter measurements, the observed diameters of samples ES7, ES9, ES11 and ES13 
were in the range of 56 nm to 961 µm respectively. The average diameter sizes obtained 
by each sample were (410 ± 190) nm, (367 ± 169) nm, (286 ± 156) nm and (296 ± 164) nm. 
The increase in the distance between needle tip and collector obtained optimum 
distance at 11 cm internal homogenity. 

 The diameter distribution of TiO2/PVP nanofibers is shown in Figure 3. Based on 
the measurements, the diameter distribution of each sample ES7, ES9, ES11 and ES13 are 
350, 270, 170 and 330 nm. Accordingly diameter distribution data of TiO2/PVP 
nanofibers, it can be stated that there is an optimization of fiber diameter as the 
distance given increases. 

 The distance between needle tip and collector affects the morphology and 
diameter of fiber because the distance can determine deposition time, evaporation rate, 
and instability of jet or emission of solution. Therefore, it is necessary to have an 
optimum tip-to-collector distance to form nanofibers with the desired fiber diameter 
and morphology. Based on the research of Haider et. al. (2015) [24] as the distance 
increases, the fiber diameter decreases but the solution jet instability increases. As the 
distance decreases, the fiber diameter increases with decrease jet instability. The tip-
to-collector distance is applied to several solutions that have different viscosities, it will 
produce different fiber diameters. This is also in agreement with the average diameter 
of TiO2/PVP nanofibers in the four samples produced. The average diameter of 
TiO2/PVP nanofibers proves that the fibers formed are nanofibers because they are 
<1000 nm in size [25]. 
 
 

 
FIGURE 3. Size distribution of nanofiber diameter in the samples: (a) ES7, (b) ES9, (c) 

ES11, and (d) ES13. 
 

The relationship between needle tip and collector with the average diameter of 
TiO2/PVP nanofibers can be seen in Figure 4. By looking at the estimated standard 
deviation, it can be seen that the graph of the average diameter of TiO2/PVP nanofibers 
has an optimization trend and increases with increasing distance. 

 
FIGURE 4. Influence of distance between needle tip and collector on the average 

diameter of TiO2/PVP nanofibers. 
 

The EDS spectrum is shown in Figure 5. EDS analysis aims to confirm the 
presence of Ti in TiO2/PVP nanofibers. The EDS spectrum showed the presence of four 
constituent elements, namely element C with a mass of 48.80%, O with a mass of 
25.29%, Ti with a mass of 17.12% and Si with a mass of 8.79%. The elements that are read 
in the EDS results are under the formula for the chemical compound TTIP, namely 
TiC12H28O4, and PVP, namely C6H9NO. EDS shows less impurities such as silica in 
prepared TiO2 [26]. 
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El AN  Series  unn. C norm. C Atom. C Error (1 Sigma) 

               [wt.%]  [wt.%]  [at.%]          [wt.%] 
----------------------------------------------------- 

C  6  K-series  14.66   48.80   63.12            2.28 
O  8  K-series   7.60   25.29   24.56            1.38 
Ti 22 K-series   5.14   17.12    9.47            0.26 
Si 14 K-series   2.64    8.79    2.85            0.17 

----------------------------------------------------- 
Total:  30.05  100.00  100.00 

 
FIGURE 5. Elemental composition of TiO2/PVP nanofibers sample ES11 

 
XRD Analysis 

 
 XRD characterization was carried out to observe the presence of TiO2/PVP 

nanofiber crystal phase. The results of matching sample XRD data with database are 
shown in Figure 6. 

 
FIGURE 6. XRD diffractogram of sample ES 11. a = anatase. 
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 The results of qualitative analysis show that diffraction peak suitable for the 
anatase phase is the ICDD file database 01-075-8897 [27]. Figure 6 shows that there is no 
significant 2θ peak shift. In this study, the highest anatase peak was at position 2θ 25.34o 
as found in several studies (Abdel et. al. (2014); Galkina et. al. (2011); Manurung et. al. 
(2020) [28-30]). As shown in Figure 6, rutile and brukit phases are not visible. This is 
because calcination temperature used is only 450oC. In several studies the appearance 
of rutile phase occurred at temperatures above 500oC and brukit appeared below 500oC 
[31-33]. In addition to the heating factor, this is also due to the absence of surfactants 
involved. The addition of surfactants in the synthesis of TiO2 can produce a phase other 
than anatase [28,29]. 

Quantitative analysis of XRD data was carried out by the Rietveld method. Rietica 
software was used to refine data [34]. The refinement model used for the anatase phase 
was Djerdj and Tonejc [35]. The pseudo-Voight function was used to model the shape of 
diffraction peaks. The refinement result of sample ES11 is shown in Figure 7. 

 

 
 FIGURE 7. XRD plot for sampel ES11. The measured and calculated patterns are 

indicated by crosses and solid lines. Vertical bars represent the allowable peak position 
for anatase.  

  
It can be seen from Figure 7 that the refinement result is quite adequate, 

indicated by the decreasing of the R factors during the calculation process. The lattice 
structure parameter value, criteria-of-fit (Rwp) value, goodness-of-fit (χ2) value and the 
mass fraction of phase formed for sample ES11 compound are shown in Table 2. 

 
TABLE 2.  The lattice structure parameter value, criteria-of-fit (Rwp) value, goodness-of-

fit (χ2) value and the mass fraction of phase formed for sample ES11 

Phase 
Lattice Parameter (Å) Fraction 

Wt% 
Rwp 
(%) 

Rp  χ2 
a b c (%) 

Anatase  3,7871 3,7871 9,5034 100 12,42 8,88 1,347 
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Table 2 shows the refined data. It can be observed that the phase present is the 
anatase phase. In addition, it can be observed that the Rwp and Rp values obtained are 
less than 20% and the GoF value is less than 4. Thus, it can be said that the refining 
quality obtained in this study is quite good and in accordance with the indicators of 
success [36,37]. From data obtained, it is used to determine the particle size by finding 
the FWHM (Full Width Half Maximum) value from the highest peak at an angle of 2θ(o). 
The FWHM value is a parameter used to calculate the width of diffraction peak of a 
curve by determining distance between 2 points that has a value of half maximum value 
of the curve. From the FWHM value, the particle size was calculated using the Scherrer 
equation (Equation 3). The results of the particle size calculations obtained are 
presented in Table 3. 

 
TABLE 3. Particle size calculation result 

Phase k λ 
(nm) 

FWHM 
(o) 

FWHM 
(rad) 

2θ 
(o) 

D 
(nm) 

Anatase  0,94 0,15406 0,7128 0,0124 25,3 12,3 
 

Based on Table 3, the particle size obtained is 12.3 nm. The results obtained are 
slightly different from Hazem's (2020) study, which is 65 nm [20]. The calculation results 
show that the size of ES11 sample of TiO2/PVP nanofibers is nanoparticles. Thus, it can 
be concluded that the material prepared in this study is included in the nanomaterial 
category. 

 
CONCLUSION 

Based on the synthesis results, TiO2/PVP solution with a viscosity of 2.8 Pa.s and 
a surface tension (28.9 ± 3.7) dyn/cm can be spun into TiO2/PVP nanofibers by 
electrospinning method. The distance between tip and collector has been shown to 
affect the formation of TiO2/PVP nanofibers seen through the surface morphology and 
fiber diameter size. The surface morphology indicates that the TiO2/PVP nanofibers are 
relatively uniform and continuous. Considering the estimated standard deviation, the 
graph of the average fiber diameter shows the optimization trend. The results of SEM 
analysis showed that diameter size was in the range of 56 nm to 0.961 µm. To ensure 
that nanofibers contain TiO2, it was further confirmed by XRD results which showed 
that the crystal structure formed on nanofibers was the anatase phase with particle 
sizes ranging from 12.3 nm. 
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Table 2 shows the refined data. It can be observed that the phase present is the 
anatase phase. In addition, it can be observed that the Rwp and Rp values obtained are 
less than 20% and the GoF value is less than 4. Thus, it can be said that the refining 
quality obtained in this study is quite good and in accordance with the indicators of 
success [36,37]. From data obtained, it is used to determine the particle size by finding 
the FWHM (Full Width Half Maximum) value from the highest peak at an angle of 2θ(o). 
The FWHM value is a parameter used to calculate the width of diffraction peak of a 
curve by determining distance between 2 points that has a value of half maximum value 
of the curve. From the FWHM value, the particle size was calculated using the Scherrer 
equation (Equation 3). The results of the particle size calculations obtained are 
presented in Table 3. 

 
TABLE 3. Particle size calculation result 

Phase k λ 
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FWHM 
(o) 

FWHM 
(rad) 

2θ 
(o) 

D 
(nm) 

Anatase  0,94 0,15406 0,7128 0,0124 25,3 12,3 
 

Based on Table 3, the particle size obtained is 12.3 nm. The results obtained are 
slightly different from Hazem's (2020) study, which is 65 nm [20]. The calculation results 
show that the size of ES11 sample of TiO2/PVP nanofibers is nanoparticles. Thus, it can 
be concluded that the material prepared in this study is included in the nanomaterial 
category. 

 
CONCLUSION 

Based on the synthesis results, TiO2/PVP solution with a viscosity of 2.8 Pa.s and 
a surface tension (28.9 ± 3.7) dyn/cm can be spun into TiO2/PVP nanofibers by 
electrospinning method. The distance between tip and collector has been shown to 
affect the formation of TiO2/PVP nanofibers seen through the surface morphology and 
fiber diameter size. The surface morphology indicates that the TiO2/PVP nanofibers are 
relatively uniform and continuous. Considering the estimated standard deviation, the 
graph of the average fiber diameter shows the optimization trend. The results of SEM 
analysis showed that diameter size was in the range of 56 nm to 0.961 µm. To ensure 
that nanofibers contain TiO2, it was further confirmed by XRD results which showed 
that the crystal structure formed on nanofibers was the anatase phase with particle 
sizes ranging from 12.3 nm. 
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ABSTRACT 

Indonesia is one of the most natural disaster-prone countries in the world, 
frequently exposed to a range of hazards. Currently, Indonesia has 34 provinces and 
natural disasters that occur in each province are different, therefore it is necessary to 
analyze the mapping of natural disasters that often occur in each province to provide 
scientific analysis for risk management of the natural disasters. One of the quick steps in 
describing data that can be used is biplot analysis, as biplot analysis can describe a lot of 
data then summarized it into the form of a two-dimensional graph. The aim of this 
research is to map 34 provinces in Indonesia based on the incidence of natural disasters 
from 2019 to 2021 using robust biplot analysis to see which provinces that have a high 
risk of natural disaster. Based on the result, robust biplot analysis can explain 87,9% of 
the information on natural disasters in every province in Indonesia. Lampung, Bengkulu, 
Bangka Belitung, Special Region of Yogyakarta, North Sulawesi, West Sulawesi, 
Southeast Sulawesi, Gorontalo, East Nusa Tenggara, Bali, Maluku, West Maluku, Papua, 
and West Papua are provinces that have similar natural disaster characteristics. Flood, 
tornado and forest and land fires are natural disasters that often occur in Indonesia. The 
provinces that have the highest risk of flood, landslide, and tornado were West Java, 
Central Java, and East Java. Then, the provinces with the highest risk of forest and land 
fires were Aceh and South Kalimantan. 

 
Keywords: Natural disasters, risk management, biplot. 
 
INTRODUCTION 

Based on Law of Republic of Indonesia number 24 of 2007 concerning Disaster 
Management, disaster is an event or series of events that threaten and disrupt people's 
lives and livelihoods, caused by natural and/or non-natural and human factors that 
result in human casualties, environmental damage, property losses, and psychological 
impacts. Natural disaster is a catastrophic event with atmospheric, geological, and 
hydrological origin (e.g., droughts, earthquakes, floods, hurricanes, landslides) that can 
cause fatalities, property damage and social environmental disruption (Xu, et al., 2016). 
Every country in the world has been hit by natural disaster, either high, medium, or low 
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risk. Indonesia is one of the countries with a high disaster-prone level in most of its 
territory. Geographically, Indonesia is an archipelagic country located at the confluence 
of four tectonic plates, namely Asian Continent plate, Australian Continent plate, Indian 
Ocean plate and Pacific Ocean. These conditions are potential disaster-prone such as 
volcanic eruptions, earthquakes, tsunamis, floods and landslides (Arnold, 1986).  

Indonesian National Agency for Disaster Management (Indonesian: Badan Nasional 
Penanggulangan Bencana (BNPB)) noted that the annual trend of natural disasters in 
Indonesia tends to increase. In period of 2010 until 2020, the highest number of annual 
disasters occurred in 2019, which was 3.814 incidents. Disasters that hit Indonesia are 
generally caused by hydrometeorology. Flood, landslide, and tornado have dominated 
the natural disasters that have occurred over the past decade. The number of missing 
and dead victims annually reaches hundreds to thousands of people. The peak occurred 
in 2018 with 3.397 disasters which caused the number of victims to reach 6.240 people. 
That year, Indonesia experienced a series of major disasters, such as Lombok 
earthquake (West Nusa Tenggara), Palu earthquake and tsunami (Central Sulawesi), and 
Sunda Strait tsunami. Meanwhile, from 31 December 2019 to 1 January 2020 there was 
rain in the Greater Jakarta (i.e. Jakarta Bogor Tangerang Bekasi, abbreviated to 
Jabodetabek) which resulted in flooding on 1-3 January 2020. The incident killed at least 
48 people, and more than 31.000 people were evacuated. Then, floods and landslides 
also occurred in East Nusa Tenggara in early April 2021 due to Cyclone Seroja which 
killed 183 people. 

Therefore, many provinces in Indonesia are affected by natural disasters in terms 
of social, economic, environmental, and other aspects. This is due to the lack of 
readiness of government and society in disaster management before the disaster occurs 
or better known as Disaster Risk Reduction (DRR). The main objective of DRR is to 
reduce losses due to disaster impacts by increasing society capacity and reducing 
exposure and increasing community resilience through preparedness, emergency 
response, and recovery. The first thing that must be considered in DRR is to map the 
province in Indonesia based on the level of risk from the natural disaster and find out 
what natural disasters often occur in each province in Indonesia. This is because, by 
mapping the provinces in Indonesia based on their level of natural disaster risk, it can be 
seen which provinces that have high, medium, and low risk of natural disaster. Thus, 
natural disaster management can be prioritized to provinces that have a high risk of 
being affected by natural disasters.  

There is one of descriptive statistical methods that can be used for mapping 
purposes, namely biplot analysis. Biplot analysis is one of descriptive statistical methods 
that can simultaneously present plots of 𝑛𝑛 observations and 𝑝𝑝 variables in two-
dimensional graph (Jolliffe, 2002). Biplot analysis has been used in various research 
fields, one can see e.g. (Makhya, et al., 2020; Fitry, et al., 2021; Suryowati, JP and 
Nasution, 2021; Ghazvini, 2021). However, the classical biplot is sensitive to the presence 
of outliers in the data, therefore when data contain outliers it is recommended to use 
robust biplot.  
 
METHODOLOGY 

The data used in this study is Natural Disasters in Indonesia data from January 1st 
2019 until August 14th 2021 obtained from Indonesian National Disaster Mitigation 
Agency (BNPB). The data consists of 𝑛𝑛     provinces and 𝑝𝑝    natural disasters in 
Indonesia. The variables used in this study are the types of natural disasters, namely 
Flood (F), Landslide (LS), Earthquake (EQ), Tidal Wave/Abrasion (TW), Forest and Land 
Fires (FF), and Tornado (T). 
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risk. Indonesia is one of the countries with a high disaster-prone level in most of its 
territory. Geographically, Indonesia is an archipelagic country located at the confluence 
of four tectonic plates, namely Asian Continent plate, Australian Continent plate, Indian 
Ocean plate and Pacific Ocean. These conditions are potential disaster-prone such as 
volcanic eruptions, earthquakes, tsunamis, floods and landslides (Arnold, 1986).  

Indonesian National Agency for Disaster Management (Indonesian: Badan Nasional 
Penanggulangan Bencana (BNPB)) noted that the annual trend of natural disasters in 
Indonesia tends to increase. In period of 2010 until 2020, the highest number of annual 
disasters occurred in 2019, which was 3.814 incidents. Disasters that hit Indonesia are 
generally caused by hydrometeorology. Flood, landslide, and tornado have dominated 
the natural disasters that have occurred over the past decade. The number of missing 
and dead victims annually reaches hundreds to thousands of people. The peak occurred 
in 2018 with 3.397 disasters which caused the number of victims to reach 6.240 people. 
That year, Indonesia experienced a series of major disasters, such as Lombok 
earthquake (West Nusa Tenggara), Palu earthquake and tsunami (Central Sulawesi), and 
Sunda Strait tsunami. Meanwhile, from 31 December 2019 to 1 January 2020 there was 
rain in the Greater Jakarta (i.e. Jakarta Bogor Tangerang Bekasi, abbreviated to 
Jabodetabek) which resulted in flooding on 1-3 January 2020. The incident killed at least 
48 people, and more than 31.000 people were evacuated. Then, floods and landslides 
also occurred in East Nusa Tenggara in early April 2021 due to Cyclone Seroja which 
killed 183 people. 

Therefore, many provinces in Indonesia are affected by natural disasters in terms 
of social, economic, environmental, and other aspects. This is due to the lack of 
readiness of government and society in disaster management before the disaster occurs 
or better known as Disaster Risk Reduction (DRR). The main objective of DRR is to 
reduce losses due to disaster impacts by increasing society capacity and reducing 
exposure and increasing community resilience through preparedness, emergency 
response, and recovery. The first thing that must be considered in DRR is to map the 
province in Indonesia based on the level of risk from the natural disaster and find out 
what natural disasters often occur in each province in Indonesia. This is because, by 
mapping the provinces in Indonesia based on their level of natural disaster risk, it can be 
seen which provinces that have high, medium, and low risk of natural disaster. Thus, 
natural disaster management can be prioritized to provinces that have a high risk of 
being affected by natural disasters.  

There is one of descriptive statistical methods that can be used for mapping 
purposes, namely biplot analysis. Biplot analysis is one of descriptive statistical methods 
that can simultaneously present plots of 𝑛𝑛 observations and 𝑝𝑝 variables in two-
dimensional graph (Jolliffe, 2002). Biplot analysis has been used in various research 
fields, one can see e.g. (Makhya, et al., 2020; Fitry, et al., 2021; Suryowati, JP and 
Nasution, 2021; Ghazvini, 2021). However, the classical biplot is sensitive to the presence 
of outliers in the data, therefore when data contain outliers it is recommended to use 
robust biplot.  
 
METHODOLOGY 

The data used in this study is Natural Disasters in Indonesia data from January 1st 
2019 until August 14th 2021 obtained from Indonesian National Disaster Mitigation 
Agency (BNPB). The data consists of 𝑛𝑛     provinces and 𝑝𝑝    natural disasters in 
Indonesia. The variables used in this study are the types of natural disasters, namely 
Flood (F), Landslide (LS), Earthquake (EQ), Tidal Wave/Abrasion (TW), Forest and Land 
Fires (FF), and Tornado (T). 
 
 

The computation of biplot analysis based on Singular Value Decomposition (SVD) 
(Gabriel, 1971) that can be written as follows: 
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  𝑖𝑖        𝑛𝑛 and    𝑗𝑗        𝑝𝑝 are row vectors of   and  , respectively, with 
𝑟𝑟 elements. Here, 𝑛𝑛 rows of   correspond to rows of   and 𝑝𝑝 rows of   correspond to 
columns of  . 
 
Outliers are data points that deviate far from the majority of the data (Filzmoser, 2004). 
Multivariate outliers can be identified using Mahalanobis distance (Majewska, 2015) as 
follows:  

  (    ̅)  √(    ̅)    (    ̅),         
 
where    represents the i-th object,  ̅ is the mean vector and    is the sample 
covariance matrix (Ghorbani, 2019). If   

 (    ̅)        
  with p the number of variable in 

the data and   the significant level, then the object can be identified as outlier. 
 

However, not all outliers can be removed from data because it can cause the loss 
of information contained in data. Furthermore, the covariance matrix also very sensitive 
to outliers (Islami and Sihombing, 2021; Larasati, et al., 2021). To overcome this problem, 
biplot analysis can be generated using a robust covariance matrix by estimating 
eigenvalues and eigenvectors of   and   such that the predicted results are resistant to 
outliers (Hawkins, et al., 2001). In this case the calculation of SVD uses robust estimator 
of mean vector  ̅ and covariance matrix  . Here we used the Minimum Covariance 
Determinant (MCD) estimator which is knows as a very robust method for mean vector 
and covariance matrix estimation (Hubert and Debruyne, 2010). The MCD estimator with 
the fast-MCD algorithm proposed by Rousseeuw and Van Dreissen (1999) can be done 
with the following steps: 
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1. Take a random subset of matrix  , suppose the subset as    with the number of 
elements as much as , where 𝑛𝑛 and 𝑝𝑝 are the sample size and the number of 
variables in the data respectively. 
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3. Calculate the determinant of   . 
4. Calculate the relative distance of each observation to  ̅  and covariance    using 

Mahalanobis distance. 
5. Sort the observation by the distance of Mahalanobis, from the smallest to largest. 
6. Take the elements of  observations with the smallest distance based on step 5 to 

become subset of   , repeat steps 2 until 5 so that it is found the subsets are 
converge and have the smallest determinant of the covariance matrix, namely:  
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Robust biplot analysis in this research was carried out using R software, the 

analysis procedure can be described as follows: 
1. data screening to detect outliers by using Mahalanobis distance; 
2. performing robust biplot analysis based on the covariance matrix      using 

robustbase package; 
3. plotting data using ggbiplot package; 
4. interpretation of the result. 
 
RESULT & DISCUSSION 

In this research, the first step was to detect outliers in data based on the robust 
Mahalanobis distance. The plot of the robust squared Mahalanobis distances and the 
chi-square quantiles is shown in Figure 1. 
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1. Take a random subset of matrix  , suppose the subset as    with the number of 
elements as much as , where 𝑛𝑛 and 𝑝𝑝 are the sample size and the number of 
variables in the data respectively. 
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Robust biplot analysis in this research was carried out using R software, the 

analysis procedure can be described as follows: 
1. data screening to detect outliers by using Mahalanobis distance; 
2. performing robust biplot analysis based on the covariance matrix      using 

robustbase package; 
3. plotting data using ggbiplot package; 
4. interpretation of the result. 
 
RESULT & DISCUSSION 

In this research, the first step was to detect outliers in data based on the robust 
Mahalanobis distance. The plot of the robust squared Mahalanobis distances and the 
chi-square quantiles is shown in Figure 1. 
 

 
 

Figure 1. Outlier detection based on robust Mahalanobis distance. 
 

The result showed that there were ten provinces that were identified as outliers 
as can be seen in Figure 1. The list of data that identified as outliers is presented in the 
following table. 
 
Table 1. Provinces that are considered as outliers and their number of natural disasters 

Province Flood Landslide Earthquake Tidal Wave Forest and Land Fires Tornado 
Aceh 217 33 4 13 245 193 
North Sumatra 108 22 1 1 27 96 
West Sumatra 133 68 1 7 24 164 
West Java 452 883 26 3 83 895 
Central Java 446 788 3 11 95 791 
East Java 344 99 30 2 195 394 
South Kalimantan 110 17 0 3 168 112 
East Kalimantan 41 37 0 1 105 13 
Bali 14 48 5 4 14 79 
South Sulawesi 119 54 1 7 28 159 

 
In Table 1, Aceh, North Sumatra, West Sumatra, South Kalimantan, and South 

Sulawesi are provinces that experience flood and tornado with high risk, especially in 
West Java, Central Java, and East Java that experience flood, landslide, and tornado with 
very high risk than other provinces. While East Kalimantan and Bali are provinces that 
experience flood and tornado with low risk than others. 

Based on the report above it can be concluded that the data of natural disasters 
in Indonesia from 2019 until 2021 contains outliers. Therefore, it is appropriate to use 
robust biplot analysis in this research. The resulted robust biplot describes the 
characteristics of object (Provinces) against the variables (Natural Disasters) as can be 
seen in the following figure. 
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Figure 2. Robust biplot charts of natural disasters. 
 

The important thing that needs to be considered in biplot analysis is how good 
the biplot can explain the information contained in data. Based on Figure 2, it can be 
explained that the information in component 1 was 58,9% and component 2 was 29%. 
Therefore, the cumulative information that can be explained by biplot against data 
based on two components was 87,9%. It means that the resulted biplot was very capable 
in describing the characteristics of natural disaster data in Indonesia. Furthermore, 
there are four information obtained from biplot in Figure 2 as described as follows. 
 
Proximity Between Objects 

This information can be used as a guide to identifying objects that have similar 
characteristics to other objects. Two objects that have similar characteristics will be 
described as two points with adjacent positions. Based on Figure 2, West Sumatra and 
South Sulawesi are two provinces with similar characteristics. West Nusa Tenggara and 
North Sumatra are two provinces with similar characteristics. DKI Jakarta and Central 
Sulawesi are two provinces with similar characteristics. Then, Banten and West 
Kalimantan are two provinces with similar characteristics. Also with Riau and East 
Kalimantan have similar characteristics. Jambi, Riau Islands, and North Kalimantan are 
three provinces with similar characteristics. Meanwhile, Lampung, Bengkulu, Bangka 
Belitung, Special Region of Yogyakarta, North Sulawesi, West Sulawesi, Southeast 
Sulawesi, Gorontalo, East Nusa Tenggara, Bali, Maluku, West Maluku, Papua, and West 
Papua form their own group and have similar characteristics. 
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The important thing that needs to be considered in biplot analysis is how good 
the biplot can explain the information contained in data. Based on Figure 2, it can be 
explained that the information in component 1 was 58,9% and component 2 was 29%. 
Therefore, the cumulative information that can be explained by biplot against data 
based on two components was 87,9%. It means that the resulted biplot was very capable 
in describing the characteristics of natural disaster data in Indonesia. Furthermore, 
there are four information obtained from biplot in Figure 2 as described as follows. 
 
Proximity Between Objects 

This information can be used as a guide to identifying objects that have similar 
characteristics to other objects. Two objects that have similar characteristics will be 
described as two points with adjacent positions. Based on Figure 2, West Sumatra and 
South Sulawesi are two provinces with similar characteristics. West Nusa Tenggara and 
North Sumatra are two provinces with similar characteristics. DKI Jakarta and Central 
Sulawesi are two provinces with similar characteristics. Then, Banten and West 
Kalimantan are two provinces with similar characteristics. Also with Riau and East 
Kalimantan have similar characteristics. Jambi, Riau Islands, and North Kalimantan are 
three provinces with similar characteristics. Meanwhile, Lampung, Bengkulu, Bangka 
Belitung, Special Region of Yogyakarta, North Sulawesi, West Sulawesi, Southeast 
Sulawesi, Gorontalo, East Nusa Tenggara, Bali, Maluku, West Maluku, Papua, and West 
Papua form their own group and have similar characteristics. 
 
 
 
 

Variability of Variables 
This information is used to see if there are variables that have almost the same 

diversity. Variables with small variance are represented by short vectors, whereas if the 
variance is high, they are represented by long vectors. Based on Figure 2, flood and 
forest fire are variables with the highest variance compared to other variables because 
they have the longest vector. It means that the level of risk of flood and forest fires 
varies widely in each province in Indonesia. Then, tidal wave is variable with the smallest 
variance represented by the shortest vector. This means, tidal wave was a natural 
disaster with the lowest risk in every province in Indonesia from 2019 until August 2021. 
 
Correlation Between Variables 

Correlation between variables shows how one variable is related to another. In 
biplot, variables are presented as vector lines. If two vectors form an acute angle (    ) 
or have the same direction, then it can be stated that the two variables are positively 
correlated. Whereas if two vectors form obtuse angles (    ) or have opposite 
directions, it can be stated that the two variables are negatively correlated. Then, if the 
angle formed between two vectors is a right angle, then it can be stated that the two 
variables are not correlated. 

Based on Figure 2, flood has positive correlation with forest and land fires, 
tornado, and landslide. This means that from 2019 until August 2021, the level of flood 
risk in each province in Indonesia was directly proportional to the level of risk of forest 
and land fires, tornado, and landslide. Earthquake has negative correlation with flood, 
landslide, and forest and land fires which means from 2019 until August 2021, the level of 
earthquake risk was inversely proportional to the level of risk of flood, landslide, and 
forest and land fires. But earthquake, tornado, and forest and land fires have no 
correlation. 
 
Relative Position of Object to Variable 

This information is used to see the advantages of each object. Objects that are in 
the same direction as the variable vector, indicate that the value of the object is above 
the average, if it is in the opposite direction, it means that the value is below the 
average, if it is almost in the middle, it means that the value is close to the average. 
Based on Figure 2, information about natural disasters in Indonesia from 2019 until 
August 2021 shows that West Java, Central Java, and East Java are provinces with the 
highest risk of flood, tornado, and landslide than other provinces. Whereas, West 
Sumatra, North Sumatra, South Sumatra, Banten, DKI Jakarta, West Kalimantan, West 
Nusa Tenggara, South Sulawesi, and Central Sulawesi are provinces with a medium risk 
of flood and tornado. 

Aceh and South Kalimantan were at the highest risk of forest and land fires. 
Meanwhile, South Sumatra, Jambi, Riau, Riau Islands, Central Kalimantan, North 
Kalimantan, and East Kalimantan have a medium risk of forest and land fires and a lower 
risk of earthquake. Meanwhile, Lampung, Bengkulu, Bangka Belitung, Special Region of 
Yogyakarta, North Sulawesi, West Sulawesi, Southeast Sulawesi, Gorontalo, East Nusa 
Tenggara, Bali, Maluku, West Maluku, Papua, and West Papua are provinces with a 
medium risk of earthquake and a lower risk of forest and land fires.  
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CONCLUSION 
Based on results and discussion, there are several points that can be concluded 

as follow: 
1. The information obtained from robust biplot analysis is 87,9% which means very 

good to describe the characteristics of natural disasters in Indonesia. 
2. Flood, tornado, and forest and land fires are natural disasters that often occur in 

Indonesia. Meanwhile, tidal wave is a natural disaster that is very rare occurrence in 
Indonesia.  

3. Lampung, Bengkulu, Bangka Belitung, Special Region of Yogyakarta, North Sulawesi, 
West Sulawesi, Southeast Sulawesi, Gorontalo, East Nusa Tenggara, Bali, Maluku, 
West Maluku, Papua, and West Papua are provinces that have similar natural 
disaster characteristics and have medium risk of earthquake. 

4. West Java, Central Java, and East Java have the highest risk of being affected by 
flood, tornado, and landslide. Meanwhile, Aceh and South Kalimantan are provinces 
at high risk of being affected by forest and land fires. 

Based on these information, it is recommended for further research to examine 
the factors and impacts of natural disasters that occur in Indonesia. 
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CONCLUSION 
Based on results and discussion, there are several points that can be concluded 

as follow: 
1. The information obtained from robust biplot analysis is 87,9% which means very 

good to describe the characteristics of natural disasters in Indonesia. 
2. Flood, tornado, and forest and land fires are natural disasters that often occur in 

Indonesia. Meanwhile, tidal wave is a natural disaster that is very rare occurrence in 
Indonesia.  

3. Lampung, Bengkulu, Bangka Belitung, Special Region of Yogyakarta, North Sulawesi, 
West Sulawesi, Southeast Sulawesi, Gorontalo, East Nusa Tenggara, Bali, Maluku, 
West Maluku, Papua, and West Papua are provinces that have similar natural 
disaster characteristics and have medium risk of earthquake. 

4. West Java, Central Java, and East Java have the highest risk of being affected by 
flood, tornado, and landslide. Meanwhile, Aceh and South Kalimantan are provinces 
at high risk of being affected by forest and land fires. 

Based on these information, it is recommended for further research to examine 
the factors and impacts of natural disasters that occur in Indonesia. 
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Abstract 

The diversity of bird species can reflect the high biodiversity of an area. it means 
that birds can be used as a bio-indicator of environmental quality. Determining the 
quality and level of environmental damage can be seen from the diversity of bird species 
in the region. Environmental quality will be better if the diversity of bird species in the 
region is diverse. Birds have an important role in protecting the ecosystem in the Liwa 
Botanical Garden. The presence of birds in the Liwa Botanical Garden has not been well 
identified. Therefore this research needs to be done. This research was conducted on 12 
October 2019 to 20 October 2019 in the Liwa Botanical Garden, West Lampung. Data 
collection of bird species is conducted in the morning at 06.30.00-08.30 West Indonesia 
Time and afternoon at 16.30-18.00 West Indonesia Time, with a combination of the 
count point and the transect method then all encounters with birds are recorded and 
identified directly at the study site. After the birds are identified, data is processed to 
find out Shannon's level index and diversity index. The species diversity index uses the 
Shannon and Weiner formula. The level of diversity is determined based on the species 
diversity index. The results showed that there were 15 bird species with a total of 466 
individuals with a moderate diversity index and an evenness index indicating a 
distressed community. 
 
Keywords: Liwa Botanical Garden, bird species diversity, environmental quality 
 
PENDAHULUAN 

Kebun Raya Liwa terletak di Way Mengaku, Balik Bukit, Kabupaten Lampung 
Barat. Kebun Raya Liwa merupakan salah satu destinasi wisata yang ada di Lampung 
Barat yang sedang dikembangkan untuk dijadikan objek wisata dan upaya pelestarian 
alam. Salah satu habitat tempat beraktivitas satwa termasuk burung yaitu Kebun Raya. 

Burung merupakan salah satu bioindikator lingkungan yang memiliki peran 
penting bagi suatu ekosistem maupun kehidupan manusia (Rusmendro, 2009). Tingginya 
keanekaragaman hayati suatu kawasan dapat dilihat dari keanekaragaman jenis burung. 
Artinya bioindikator kualitas lingkungan dapat dilihat dari populasi burung di wilayah 
tersebut. Burung merupakan jenis hewan vertebrata yang memiliki jumlah paling banyak 
di antara hewan    vertebrata    lainnya.    Sebanyak 9.040 jenis burung tercatat di dunia 
(Sulistyadi, 2010). Sebanyak 1.666 jenis diantaranya terdapat di Indonesia dengan 397 
jenis (26%) endemik (Ramadhani, 2018). Habitat burung perlu dijaga karena digunakan 
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PENDAHULUAN 
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Barat yang sedang dikembangkan untuk dijadikan objek wisata dan upaya pelestarian 
alam. Salah satu habitat tempat beraktivitas satwa termasuk burung yaitu Kebun Raya. 

Burung merupakan salah satu bioindikator lingkungan yang memiliki peran 
penting bagi suatu ekosistem maupun kehidupan manusia (Rusmendro, 2009). Tingginya 
keanekaragaman hayati suatu kawasan dapat dilihat dari keanekaragaman jenis burung. 
Artinya bioindikator kualitas lingkungan dapat dilihat dari populasi burung di wilayah 
tersebut. Burung merupakan jenis hewan vertebrata yang memiliki jumlah paling banyak 
di antara hewan    vertebrata    lainnya.    Sebanyak 9.040 jenis burung tercatat di dunia 
(Sulistyadi, 2010). Sebanyak 1.666 jenis diantaranya terdapat di Indonesia dengan 397 
jenis (26%) endemik (Ramadhani, 2018). Habitat burung perlu dijaga karena digunakan 

sebagai tempat untuk mencari makan, minum, istirahat, dan berkembang biak bagi 
satwa. 

Untuk menentukan kualitas dan tingkat kerusakan lingkungan dapat dilihat dari 
keanekaragaman jenis burung yang ada di wilayah tersebut. Jika keanekaragaman jenis 
burung di wilayah tersebut beraneka ragam maka kualitas lingkungan akan semakin baik. 
Informasi ini perlu diperhatikan sebagai upaya pengembangan Kebun Raya Liwa. 

Burung berperan penting dalam menjaga kestabilan ekosistem di Kebun Raya 
Liwa, namun keberadaan burung di Kebun Raya Liwa belum teridentifikasi dengan baik. 
Oleh karena itu, perlu dilakukan penelitian ini. Tujuan penelitian ini yaitu identifikasi 
jenis burung yang ada di Kebun Raya Liwa dan mengetahui keanekaragaman jenis 
burung yang ada di Kebun Raya Liwa. 
 
METODE PENELITIAN 
Waktu dan Tempat Penelitian 

Penelitian ini dilaksanakan pada tanggal 12 - 20 Oktober 2019 di Kebun Raya Liwa, 
Lampung Barat. Penelitian ini merupakan tindak lanjut kerja sama jurusan Biologi 
dengan Kebun Raya Liwa. 
 
Alat dan Bahan Penelitian 

Alat yang digunakan untuk penelitian ini yaitu work sheet, teropong binoculler 
Nikon Trailblazer, alat tulis, kamera dengan sensor 32 MP, jam digital, serta buku 
panduan lapangan Jenis Burung di Sumatera,Kalimantan, Jawa, dan Bali (MacKinnon 
et.al., 2010). 

Work sheet atau lembar kerja digunakan sebagai tempat mencatat jenis burung 
yang ditemukan saat dilakukan pengamatan. Isi dari work sheet yaitu keterangan tempat 
pengamatan, keterangan waktu pengamatan, keterangan kondisi cuaca saat 
pengamatan, dan tabel pengamatan yang terdiri dari nomor, jenis burung yang teramati, 
nama lokal burung, nama ilmiah burung, jumlah individu, waktu ditemukannya burung, 
dan keterangan. Teropong binoculler digunakan sebagai alat bantu untuk melihat 
burung agar terlihat lebih jelas dan fokus. Alat tulis digunakan untuk mencatat. Kamera 
digunakan untuk mengambil gambar jenis burung yang ditemukan saat melakukan 
pengamatan. Jam digital digunakan untuk melihat waktu saat burung ditemukan. Serta 
buku panduan lapangan Jenis Burung di Sumatera, Jawa, Bali, dan Kalimantan 
(MacKinnon et.al., 2010) yang digunakan sebagai alat bantu dalam melakukan identifikasi 
jenis burung apa saja yang didapat saat melakukan pengamatan.Objek pengamatan pada 
penelitian ini yaitu burung yang terdapat di Kebun Raya Liwa. 
 
Pelaksanaan Penelitian 
Observasi Lapangan 

Penentuan lokasi pengamatan dilakukan dengan metode purposive sampling 
(salah satu teknik sampling non random) saat melakukan observasi pendahuluan. Hal ini 
bertujuan untuk mengenal lokasi atau habitat yang akan dijadikan sebagai tempat untuk 
pengamatan. Penentuan lokasi pengamatan dibagi menjadi tiga titik tempat pengamatan 
yaitu lokasi A sekitar kantor, lokasi B taman araceae dan lokasi C perbatasan kantor 
dengan kumpulan pohon berkayu. 
 
Cara Kerja 

Pengamatan burung dilakukan pada pagi hari pukul 06.30-08.30 WIB menjelang 
matahari terbit dan sore hari pukul 16.30-18.00 WIB menjelang matahari terbenam. 
Pengamatan dilakukan selama 9 hari. Pengamatan pada masing- masing lokasi dilakukan 
pengulangan hingga mendapatkan data yang tidak berubah (maksimal tiga kali 
pengulangan). Pengamatan jenis burung dilakukan dengan menggunakan metode 
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kombinasi antara metode titik hitung (point count) atau IPA (Index Point Abundance – 
Indeks Kelimpahan pada Titik) dan metode transek jalur yang di setiap lokasi terdapat 
tiga stasiun (Bibby, Jones dan Marsden, 2000). 
 

 
Gambar 1. Titik pengamatan burung menggunakan metode kombinasi antara 

titik hitung atau IPA dan metode jalur. 
Jalur transek: sepanjang jalur transek di tiga stasiun pengamatan 

 
Analisis Data 

Indeks Keanekaragaman Jenis Keanekaragaman jenis dapat diketahui dengan 
Indeks Keanekaragaman Jenis Shannon-Wienner yaitu dengan rumus: 

H^' = -∑pi ln pi 
Keterangan: 
H^' = Indeks Keanekaragaman Jenis 
pi = Jumlah proporsi kelimpahan 

satwa spesies ke-i 
ln = Logaritma natural 

 
Kriteria nilai indeks keanekaragaman Shanon – Wienner (Odum, 1993) adalah 

sebagai berikut. 
H^' ≤ 1 : Keanekaragaman rendah 
1 < H^' < 3 : Keanekaragaman sedang 
H^' ≥ 3 : Keanekaragaman tinggi 

 
Indeks Kesamarataan 

Indeks kesamarataan digunakan untuk mengetahui kesamarataan setiap spesies 
dalam setiap komunitas yang dijumpai, dengan menggunakan rumus : 
J  = H^' / H max atau  J = - ∑Pi ln (Pi)/ln(S) Keterangan : 
J  = Indeks kesamarataan, 
S  = Jumlah spesies. 
Kriteria indeks kesamarataan (Daget, 1976) adalah sebagai berikut. 
 
0,75 < J ≤ 1 : Komunitas stabil 
0 < J ≤ 0,5 : Komunitas tertekan 
0,5 < J ≤ 0,75 : Komunitas labil 
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HASIL DAN PEMBAHASAN 
Hasil penelitian yang telah dilakukan di Kebun Raya Liwa, menunjukkan adanya 15 

spesies burung dari 9 famili dengan total 466 individu (Tabel 1). Selain pengamatan 
terhadap jenis burung yang ada, juga dilakukan pengamatan terhadap tumbuhan yang 
ada di Kebun Raya Liwa. Keberadaan tumbuhan sangat penting untuk keberlangsungan 
hidup burung-burung yang ada di Kebun Raya Liwa. Terdapat 8 jenis tumbuhan yang 
ditemukan di Kebun Raya Liwa yang dijadikan sebagai tempat beraktivitas burung (Tabel 
2). 

Berdasarkan data yang diperoleh, semakin banyak spesies burung yang 
ditemukan maka semakin tinggi indeks keanekaragamannya. Perbandingan indeks 
keanekaragaman pada tiga lokasi pengamatan menunjukkan bahwa lokasi C (perbatasan 
kantor dengan hutan Kebun Raya Liwa) memiliki indeks keanekaragaman jenis lebih 
tinggi dibandingkan dengan lokasi A (sekitar kantor Kebun Raya Liwa) dan lokasi B 
(taman Araceae Kebun Raya Liwa). Hal tersebut disebabkan lokasi C yang merupakan 
perbatasan kantor dengan hutan Kebun Raya Liwa lebih banyak terdapat pepohonan dan 
semak-semak sebagai habitat burung (tabel 3). Untuk menjamin kelangsungan hidupnya 
burung memerlukan habitat. Menurut 

Alikodra (1990) habitat mempunyai fungsi dalam penyediaan makanan, air dan 
pelindung. Salah satu habitat yang ada yaitu Kebun Raya Liwa. Salah satu bagian yang 
penting dalam habitat burung yaitu pelindung. Pelindung dapat berupa pepohonan 
ataupun semak-semak. Pelindung berfungsi untuk tempat berkembang biak ataupun 
untuk berlindung. Tipe habitat seperti faktor struktur habitat dan ketersediaan pakan 
perlu diperhatikan agar keanekargaman jenis burung meningkat (Rusmendro, 2004). 

Di Kebun Raya Liwa dapat ditemukan beberapa jenis pepohonan yang menjadi 
tempat burung mencari makan, air, dan perlindungan. Pada pohon pulai (Alstonia 
scholaris) saat pengamatan dijumpai banyak burung sedang bertengger, bersuara, 
makan, dan berlindung karena daunnya rimbun dan melebar ke samping. Di bulan 
Oktober bunga pada pohon ini bermekaran dan memiliki aroma yang harum. Pohon pulai 
menyediakan biji pulai yang merupakan pakan burung seperti perkutut, uncal buau, dan 
punai gading. Hal yang utama bagi keberadaan burung pada suatu habitat yaitu sumber 
pakan (Napitu,2007). 

Beluntas (Pluchea indica) adalah tumbuhan semak yang berbunga bonggol. 
Berdasarkan hasil pengamatan di lapangan terlihat burung walik jambu sedang 
bertengger dan memakan madu tumbuhan beluntas. Baobab (Adansonia digitata) adalah 
pohon yang besar yang memiliki buah dan biji. Pada saat pengamatan, terdapat burung 
punai gading sedang bertengger, bermain dan mencari makan. Pada tumbuhan kelapa 
sawit (Elaeis guineensis) ditemukan beberapa spesies burung yang bertengger. Pohon ini 
dapat dijadikan sebagai tempat berlindung burung untuk menghindari pemangsa 
ataupun untuk berkembang biak. Pada pohon Ki Tenjo (Anisoptera costata) saat diamati 
terlihat burung sedang bertengger dan burung pemakan serangga seperti cekakak 
sungai, cinenen kelabu sedang mencari makan karena pohon ini menjulang sangat tinggi 
dengan jarak pandang yang lebih luas dan tidak terhalang vegetasi yang rapat sehingga 
memudahkan burung untuk mencari mangsa seperti serangga (Winarsih, 2015). Paku 
Andam (Dicranopteris linearis) adalah pohon yang beranting kecil dan perdu. Di pohon 
ini ditemukan burung kutilang dan merbah cerukcuk bertengger. Alang-alang (Imperata 
cylindrica) adalah tumbuhan liar yang dapat dijadikan tempat berlindung burung dan 
mencari mangsa. Loleba (Bambusa atra lindl) memiliki ranting – ranting yang kecil dan 
saat pengamatan terlihat burung merbah cerukcuk bertengger dan bermain di pohon ini. 

Kondisi habitat di Kebun Raya Liwa sangat berpotensi untuk mendatangkan 
banyak jenis burung. Hanya saja, Kebun Raya Liwa belum tertata dengan rapih 
dibandingan dengan Kebun Raya lainnya seperti Kebun Raya Bogor yang sudah memiliki 
banyak taman koleksi yang bisa menjadi habitat bagi burung seperti Taman Meksiko 
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yang berisikan koleksi kaktus dan koleksi tanaman air, Taman Astrid yang berisikan 
kolam teratai raksasa yang biasa disebut giant lotus yang didalamnya terdapat banyak 
spesies teratai, Jalan Tasbih yang berisikan bunga-bunga tasbih, Jalan Kenari 2 yang 
berisikan pohon-pohon kenari, Rumah Anggrek yang berisikan spesies bunga anggrek. 
Selain itu, di Kebun Raya Bogor juga terdapat koleksi tanaman palem, koleksi tanaman 
kayu dan juga koleksi tanaman obat yang sudah tertata dengan rapih (Ratna et al., 2018). 

Kondisi habitat ini sangat mempengaruhi keanekaragaman jenis burung di Kebun 
Raya Liwa, habitat adalah tempat burung beraktivitas dan memenuhi kebutuhan 
hidupnya seperti makan, minum dan tempat tinggal atau tempat berlindung. Untuk 
meningkatkan keanekaragaman jenis burung yang ada di Kebun Raya Liwa perlu 
dilakukan penanaman tanaman yang berpotensi untuk mendatangkan burung. Tanaman 
berbunga dan berbuah berpotensi tinggi untuk mendatangkan burung-burung terutama 
bagi burung pemakan bunga dan buah. Jika banyak tanaman yang berbunga akan 
mendatangkan banyak serangga pula. Hal ini dapat mendatangkan burung pemakan 
serangga. Pemilihan habitat khususnya di daerah urban harus menyediakan kebutuhan 
burung khususnya untuk pakan burung (Slaterry et.al., 2003). 
 
Tabel 1. Spesies-spesies burung yang terdapat di Kebun Raya Liwa 
No. Nama Jenis Nama Ilmiah Lokasi A Lokasi B Lokasi C 
1. Cekakak Sungai Todirhamphus chloris 0 9 7 
2. Walet Sapi Collocalia esculenta 79 107 23 
3. Perkutut Geopelia striata 5 2 34 
4. Cucak Kutilang Pycnonotus aurigaster 26 27 25 
5. Cucak Kuning Pycnonotus melanicterus 2 1 1 
6. Punai Gading Treron vernans 6 15 27 

7. Punai Jambu / 
Walik Jambu Ptilinopus jambu 0 0 1 

8. Uncal Buau Macropygia emiliana 15 2 8 
9. Merbah Cerukcuk Pycnonotus goiavier 6 6 13 
10. Bentet Kelabu Lanius schach 1 1 5 
11. Tekukur Streptopelia chinensis 0 0 4 
12. Kicuit Batu Motacilla cinerea 3 0 0 
13. Kareo Padi Amaurornis phoenicurus 2 0 1 
14. Cabai Bunga Api Dicaeum trigonostigma 1 0 0 
15. Cinenen Kelabu Orthotomus ruficeps 0 1 0 

Jumlah Spesies (S) 11 10 12 
Jumlah Individu (N) 146 171 149 
Indeks Keanekaragaman (𝐻𝐻′) 1,51 1,02 2,16 
Indeks Kesamarataan (J) 0,30 0,23 0,41 

 
Tabel 2. Daftar Jenis Tumbuhan yang Dijadikan Tempat Beraktivitas Burung 

No Nama Lokal Nama Ilmiah Aktivitas Burung 
1 Pulai Alstonia scholaris Bertengger dan bermain 
2 Beluntas Pluchea indica Bertengger dan makan 
3 Baobab Adansonia digitata Bertengger dan bermain 
4 Kelapa Sawit Elaeis guineensis Bertengger 
5 Ki Tenjo Anisoptera costata Bertengger dan bermain 
6 Paku Andam Dicranopteris linearis Mencari makan 

7 Alang-alang Imperata cylindrical Bermain dan mencari makan 
8 Loleba Bambusa atra lindl Bertengger 
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yang berisikan koleksi kaktus dan koleksi tanaman air, Taman Astrid yang berisikan 
kolam teratai raksasa yang biasa disebut giant lotus yang didalamnya terdapat banyak 
spesies teratai, Jalan Tasbih yang berisikan bunga-bunga tasbih, Jalan Kenari 2 yang 
berisikan pohon-pohon kenari, Rumah Anggrek yang berisikan spesies bunga anggrek. 
Selain itu, di Kebun Raya Bogor juga terdapat koleksi tanaman palem, koleksi tanaman 
kayu dan juga koleksi tanaman obat yang sudah tertata dengan rapih (Ratna et al., 2018). 

Kondisi habitat ini sangat mempengaruhi keanekaragaman jenis burung di Kebun 
Raya Liwa, habitat adalah tempat burung beraktivitas dan memenuhi kebutuhan 
hidupnya seperti makan, minum dan tempat tinggal atau tempat berlindung. Untuk 
meningkatkan keanekaragaman jenis burung yang ada di Kebun Raya Liwa perlu 
dilakukan penanaman tanaman yang berpotensi untuk mendatangkan burung. Tanaman 
berbunga dan berbuah berpotensi tinggi untuk mendatangkan burung-burung terutama 
bagi burung pemakan bunga dan buah. Jika banyak tanaman yang berbunga akan 
mendatangkan banyak serangga pula. Hal ini dapat mendatangkan burung pemakan 
serangga. Pemilihan habitat khususnya di daerah urban harus menyediakan kebutuhan 
burung khususnya untuk pakan burung (Slaterry et.al., 2003). 
 
Tabel 1. Spesies-spesies burung yang terdapat di Kebun Raya Liwa 
No. Nama Jenis Nama Ilmiah Lokasi A Lokasi B Lokasi C 
1. Cekakak Sungai Todirhamphus chloris 0 9 7 
2. Walet Sapi Collocalia esculenta 79 107 23 
3. Perkutut Geopelia striata 5 2 34 
4. Cucak Kutilang Pycnonotus aurigaster 26 27 25 
5. Cucak Kuning Pycnonotus melanicterus 2 1 1 
6. Punai Gading Treron vernans 6 15 27 

7. Punai Jambu / 
Walik Jambu Ptilinopus jambu 0 0 1 

8. Uncal Buau Macropygia emiliana 15 2 8 
9. Merbah Cerukcuk Pycnonotus goiavier 6 6 13 
10. Bentet Kelabu Lanius schach 1 1 5 
11. Tekukur Streptopelia chinensis 0 0 4 
12. Kicuit Batu Motacilla cinerea 3 0 0 
13. Kareo Padi Amaurornis phoenicurus 2 0 1 
14. Cabai Bunga Api Dicaeum trigonostigma 1 0 0 
15. Cinenen Kelabu Orthotomus ruficeps 0 1 0 

Jumlah Spesies (S) 11 10 12 
Jumlah Individu (N) 146 171 149 
Indeks Keanekaragaman (𝐻𝐻′) 1,51 1,02 2,16 
Indeks Kesamarataan (J) 0,30 0,23 0,41 

 
Tabel 2. Daftar Jenis Tumbuhan yang Dijadikan Tempat Beraktivitas Burung 

No Nama Lokal Nama Ilmiah Aktivitas Burung 
1 Pulai Alstonia scholaris Bertengger dan bermain 
2 Beluntas Pluchea indica Bertengger dan makan 
3 Baobab Adansonia digitata Bertengger dan bermain 
4 Kelapa Sawit Elaeis guineensis Bertengger 
5 Ki Tenjo Anisoptera costata Bertengger dan bermain 
6 Paku Andam Dicranopteris linearis Mencari makan 

7 Alang-alang Imperata cylindrical Bermain dan mencari makan 
8 Loleba Bambusa atra lindl Bertengger 

Tabel 3.  Indeks keanekaragaman jenis dan indeks kesamarataan burung di Kebun Raya 
Liwa, Lampung Barat. 

Titik Pengamatan Jumlah Spesies Indeks Keanekaragaman Indeks Kesamarataan 
A 11 1,51** 0,30* 
B 10 1,02** 0,23* 
C 12 2,16** 0,41* 

Ket: **indeks keanekaragaman sedang; *indeks kesamarataan menunjukkan komunitas 
 

KESIMPULAN 
Terdapat 15 spesies burung dengan total 466 individu. Lokasi pengamatan A 

(sekitar kantor Kebun Raya Liwa), lokasi pengamatan B (taman Araceae Kebun Raya 
Liwa), lokasi pengamatan C (perbatasan kantor dengan kumpulan pohon berkayu) 
memiliki tingkat keanekaragaman yang sedang yaitu berturut-turut sebesar 1,51 ; 1,02 
dan 2,16. 
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ABSTRAK 

Lactobacillus sp. merupakan bakteri asam laktat, salah satu spesies yang sering 
digunakan sebagai probiotik, namun kelemahan dari bakteri tersebut adalah tidak 
toleran terhadap  pH rendah (asam), di cairan empedu, serta pada suhu yang tinggi. 
Bakteri probiotik harus tetap hidup sejak mereka dikonsumsi hingga menetap di usus. 
Hal ini sulit karena bakteri harus melewati pH asam ekstrim di saluran pencernaan. 
Imobilisasi dengan enkapsulasi bakteri probiotik adalah alternatif yang memberikan 
perlindungan bagi sel-sel hidup (bakteri) yang berada pada kondisi yang merugikan. 
Berdasarkan hasil uraian tersebut maka tujuan imobilisasi adalah untuk meningkatkan 
jumlah kelangsungan hidup (viabilitas) bakteri Lactobacillus sp dalam kondisi simulasi 
asam lambung dan garam empedu (ox bile 0,5%) dengan menggunakan imobilisasi 
matriks alginat. Metode yang digunakan dalam imobilisasi bakteri adalah ekstrusi. Teknik 
ini melibatkan persiapan larutan hidrokoloid, penambahan mikroorganisme, dan ekstrusi 
suspensi sel melalui jarum syringe. Tetesan tersebut diteteskan ke larutan pengeras 
CaCl2. Perbandingan bakteri yang diimobilisasi dengan bakteri bebas adalah imobilisasi 
dengan penyalut alginat  metode ekstrusi mampu meningkatkan viabilitas bakteri asam 
laktat dibandingkan dengan bakteri yang tidak diimobilisasi. 
 
Kata kunci : Imobilisasi, alginat, bakteri asam laktat, viabilitas  
 
ABSTRACT 

Lactobacillus sp. is a lactic acid bacteria, one of the species that is often used as a 
probiotic, but the weakness of these bacteria is they are not intolerant of low pH (acid), 
in bile, and also at high temperatures. Probiotic bacteria must stay alive from the time 
they are consumed until they settle in the intestines. This is difficult because the 
bacteria have to pass through the extreme acidic pH in the digestive tract. 
Immobilization with probiotic bacterial encapsulation is an alternative that provides 
protection for living cells (bacteria) that are in adverse conditions. Based on the results 
of the description, the objective of the study is to increase the number of survival of 
Lactobacillus sp bacteria in simulated conditions of gastric acid and bile salts (ox bile 
0,5%) by using the immobilization of the alginate matrix. Extrusion is the method used 
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ABSTRAK 

Lactobacillus sp. merupakan bakteri asam laktat, salah satu spesies yang sering 
digunakan sebagai probiotik, namun kelemahan dari bakteri tersebut adalah tidak 
toleran terhadap  pH rendah (asam), di cairan empedu, serta pada suhu yang tinggi. 
Bakteri probiotik harus tetap hidup sejak mereka dikonsumsi hingga menetap di usus. 
Hal ini sulit karena bakteri harus melewati pH asam ekstrim di saluran pencernaan. 
Imobilisasi dengan enkapsulasi bakteri probiotik adalah alternatif yang memberikan 
perlindungan bagi sel-sel hidup (bakteri) yang berada pada kondisi yang merugikan. 
Berdasarkan hasil uraian tersebut maka tujuan imobilisasi adalah untuk meningkatkan 
jumlah kelangsungan hidup (viabilitas) bakteri Lactobacillus sp dalam kondisi simulasi 
asam lambung dan garam empedu (ox bile 0,5%) dengan menggunakan imobilisasi 
matriks alginat. Metode yang digunakan dalam imobilisasi bakteri adalah ekstrusi. Teknik 
ini melibatkan persiapan larutan hidrokoloid, penambahan mikroorganisme, dan ekstrusi 
suspensi sel melalui jarum syringe. Tetesan tersebut diteteskan ke larutan pengeras 
CaCl2. Perbandingan bakteri yang diimobilisasi dengan bakteri bebas adalah imobilisasi 
dengan penyalut alginat  metode ekstrusi mampu meningkatkan viabilitas bakteri asam 
laktat dibandingkan dengan bakteri yang tidak diimobilisasi. 
 
Kata kunci : Imobilisasi, alginat, bakteri asam laktat, viabilitas  
 
ABSTRACT 

Lactobacillus sp. is a lactic acid bacteria, one of the species that is often used as a 
probiotic, but the weakness of these bacteria is they are not intolerant of low pH (acid), 
in bile, and also at high temperatures. Probiotic bacteria must stay alive from the time 
they are consumed until they settle in the intestines. This is difficult because the 
bacteria have to pass through the extreme acidic pH in the digestive tract. 
Immobilization with probiotic bacterial encapsulation is an alternative that provides 
protection for living cells (bacteria) that are in adverse conditions. Based on the results 
of the description, the objective of the study is to increase the number of survival of 
Lactobacillus sp bacteria in simulated conditions of gastric acid and bile salts (ox bile 
0,5%) by using the immobilization of the alginate matrix. Extrusion is the method used 

in bacterial immobilization. This technique involves the preparation of a hydrocolloid 
solution, addition of microorganisms, and extrusion of the cell suspension through a 
syringe needle.  The comparison between immobilized bacteria and free bacteria is that 
immobilization with alginate coatings extrusion method can increase the viability of 
lactic acid bacteria compared to bacteria that are not immobilized.  
 
Keywords : Immobilization, alginate, lactic acid bacteria, viability 
 
PENDAHULUAN 

Probiotik menurut Suryani et, al. (2019) didefinisikan sebagai mikroorganisme 
hidup, yang jika diberikan atau dikonsumsi dalam jumlah tertentu akan memberikan 
manfaat kepada inang. Kelompok bakteri spesies Lactobacillus sp. merupakan bakteri asli 
pada pencernaan manusia, sehingga menjadi pilihan utama produk probiotik, selain itu 
juga  bakteri ini bersifat nonpatogen dan aman. Lactobacillus sp. memiliki kelemahan 
dalam mempertahankan diri di lingkungan yang sangat asam, di cairan empedu, serta 
pada suhu yang tinggi. Nilai pH optimum yang dapat ditoleransi Lactobacillus sp berada 
di kisaran 3-5.  

Permasalahan utama Bakteri Lactobacillus sp adalah rawan dalam kondisi 
lingkungan yang ekstrim, sehingga dapat menyebabkan hilangnya kehidupan fungsional 
bakteri tersebut. Strategi terbaik untuk mengatasi masalah ini adalah dengan cara 
imobilisasi dan menjebak sel-sel bakteri. Bakteri probiotik harus tetap hidup sejak 
dikonsumsi hingga menetap di usus. Hal ini sulit karena bakteri harus melewati pH asam 
di saluran pencernaan. Imobilisasi dengan enkapsulasi bakteri probiotik adalah alternatif 
yang memberikan perlindungan bagi sel-sel hidup yang berada pada kondisi yang 
merugikan (Burgin, et al., 2011). 

Imobilisasi merupakan suatu metode untuk mengurung atau menempatkan sel 
mikroba secara fisik pada suatu ruang tertentu dimana sel masih memiliki aktivitas 
katalitik serta dapat dipergunakan secara berkelanjutan dan berulang kali, dalam proses 
imobilisasi sel-sel biasanya tumbuh dipermukaan atau terperangkap di dalam model, 
karena banyak mikroorganisme yang mampu melekat pada berbagai permukaan alami. 
Mikroorganisme dapat distabilkan pada matriks yang  berbeda seperti menjebak dalam 
bahan berpori, penyerapan atau adehsi, penghambatan sel, dan ikatan kovalen  serta 
ikatan ion (Hassanzadeh, et al., 2017). 

Produk probiotik dapat digunakan dengan cara enkapsulasi bakteri. Enkapsulasi 
bakteri juga merupakan suatu cara yang dapat melindungi dan membawa 
mikroorganisme sampai ke usus. Mikroenkapsulasi dengan bead hidrokoloid telah di uji 
dapat meningkatkan viabilitas probiotik di dalam makanan dan saat di saluran 
pencernaan. Mikroenkapsulasi membantu ketidakstabilan inti di lingkungan, 
meningkatkan stabilitas, dan memperpanjang umur simpan bakteri. Mikroenkapsulasi 
bakteri probiotik sering menggunakan matriks berupa alginat. Alginat telah diuji dapat 
meningkatkan ketahanan hidup probiotik 80-95% . Preparasi mikrokapsul alginat 
sebagai matrik bakteri, dapat dilakukan dengan cara ekstrusi dan emulsi. Penggunaan 
ekstrusi sebagai metode enkapsulasi bakteri memiliki beberapa keuntungan, diantaranya 
metode ekstrusi merupakan metode yang mudah dan murah dalam pengoperasian, 
memberikan viabilitas yang tinggi pada bakteri, dan tidak merusak sel probiotik seperti 
halnya ketika menggunakan teknik spray-drying (Suryani, et al., 2019).  Berdasarkan 
uraian di atas artikel ini bertujuan untuk meningkatkan kelangsungan hidup (viabilitas) 
bakteri probiotik dalam kondisi simulasi cairan asam lambung (pH rendah) dan simulasi 
garam empedu (ox bile 0,5%) dengan menggunakan imbolisasi alginate.  
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1. ISI 
1.1 Karakterisasi Alginat 

Alginat  menurut Wulandari, et.al (2019) merupakan polimer alami yang berasal 
dari alga coklat (Phaeophyta). Alginat adalah garam dari asam alginat yang merupakan 
kopolimer dari blok β-d-mannuronic acid (M) dan epimer C-5, asam α-l-guluronic (G), 
dihubungkan bersama untuk membentuk polisakarida linier dengan ikatan (1,4) -
glikosidik yang terlihat pada Gambar 1. berikut: 

 
Gambar 1. Struktur Blok Alginat (blok G, blok M dan blok MG) 

(Imeson, 2010 dalam Wulandari, et.al 2019). 
 
Alginat merupakan salah satu jenis hidrokoloid, yaitu suatu sistem koloid oleh 

polimer organik di dalam air. Alginat dapat membentuk gel yang stabil terhadap panas 
dimana dapat disimpan pada suhu kamar (Herawati, 2018). Pemanfaatan alginat 
didasarkan pada tiga sifat utamanya yaitu yang pertama kemampuannya dalam 
menaikkan viskositas larutan apabila alginat dilarutkan dalam air. Kedua adalah 
kemampuan alginat untuk membentuk gel, gel akan terbentuk jika pada larutan natrium 
alginat ditambahkan garam Ca. Gel terbentuk karena adanya reaksi kimia, pada proses 
tersebut Ca akan menggantikan posisi natrium dari alginat dan mengikat molekul alginat 
yang panjang. Proses ini tidak memerlukan panas dan gel yang terbentuk tidak akan 
meleleh jika dipanaskan. Berbeda dengan gel agar yang memerlukan pemanasan untuk 
pembentukan gelnya, sehingga air harus dipanaskan sampai suhu 80oC untuk 
membentuk swelling/gelatinisasi agar dan gel terbentuk pada suhu di bawah 40o C. Sifat 
ketiga dari alginat adalah kemampuannya untuk membentuk film dari natrium atau 
kalsium alginat dan fiber dari kalsium alginat. 

Pemanfaatan alginat sebagai bahan prebiotik yang merupakan substrat bagi 
mikroba untuk menghasilkan asam lemak rantai pendek juga tidak mudah dilakukan 
karena polimernya yang panjang, sehingga kurang sesuai bagi bakteri probiotik seperti 
Bifidobakteria dan Lactobacillus (Subaryono, 2010). Struktur mikroenkapsulasi 
mengggunakan alginat yaitu bakteri probiotik diselimuti oleh kapsul berupa alginat, 
dapat dilihat pada gambar (2) dibawah ini. 

 
Gambar 2. Skema Struktur mikroenkapsulasi (a) struktur matrik, (b) struktur cross-link, 

(c) struktur pelapisan bagian luar dengan alginat (Liu, et al., 2017). 
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1. ISI 
1.1 Karakterisasi Alginat 
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dari alga coklat (Phaeophyta). Alginat adalah garam dari asam alginat yang merupakan 
kopolimer dari blok β-d-mannuronic acid (M) dan epimer C-5, asam α-l-guluronic (G), 
dihubungkan bersama untuk membentuk polisakarida linier dengan ikatan (1,4) -
glikosidik yang terlihat pada Gambar 1. berikut: 

 
Gambar 1. Struktur Blok Alginat (blok G, blok M dan blok MG) 

(Imeson, 2010 dalam Wulandari, et.al 2019). 
 
Alginat merupakan salah satu jenis hidrokoloid, yaitu suatu sistem koloid oleh 

polimer organik di dalam air. Alginat dapat membentuk gel yang stabil terhadap panas 
dimana dapat disimpan pada suhu kamar (Herawati, 2018). Pemanfaatan alginat 
didasarkan pada tiga sifat utamanya yaitu yang pertama kemampuannya dalam 
menaikkan viskositas larutan apabila alginat dilarutkan dalam air. Kedua adalah 
kemampuan alginat untuk membentuk gel, gel akan terbentuk jika pada larutan natrium 
alginat ditambahkan garam Ca. Gel terbentuk karena adanya reaksi kimia, pada proses 
tersebut Ca akan menggantikan posisi natrium dari alginat dan mengikat molekul alginat 
yang panjang. Proses ini tidak memerlukan panas dan gel yang terbentuk tidak akan 
meleleh jika dipanaskan. Berbeda dengan gel agar yang memerlukan pemanasan untuk 
pembentukan gelnya, sehingga air harus dipanaskan sampai suhu 80oC untuk 
membentuk swelling/gelatinisasi agar dan gel terbentuk pada suhu di bawah 40o C. Sifat 
ketiga dari alginat adalah kemampuannya untuk membentuk film dari natrium atau 
kalsium alginat dan fiber dari kalsium alginat. 

Pemanfaatan alginat sebagai bahan prebiotik yang merupakan substrat bagi 
mikroba untuk menghasilkan asam lemak rantai pendek juga tidak mudah dilakukan 
karena polimernya yang panjang, sehingga kurang sesuai bagi bakteri probiotik seperti 
Bifidobakteria dan Lactobacillus (Subaryono, 2010). Struktur mikroenkapsulasi 
mengggunakan alginat yaitu bakteri probiotik diselimuti oleh kapsul berupa alginat, 
dapat dilihat pada gambar (2) dibawah ini. 

 
Gambar 2. Skema Struktur mikroenkapsulasi (a) struktur matrik, (b) struktur cross-link, 

(c) struktur pelapisan bagian luar dengan alginat (Liu, et al., 2017). 

1.2 Teknik Ekstrusi 
Teknik tertua dan paling umum untuk menghasilkan kapsul dengan hidrokoloid 

(misalnya, alginat dan karagenan) terdiri dari menyiapkan larutan hidrokoloid, 
menambahkan mikroorganisme dan membentuk tetesan dengan mengekstrusi suspensi 
melalui jarum suntik (syringe) ke dalam larutan pengerasan (misalkan kalsium klorida) 
atau dengan cara menambahkan mikroba probiotik ke dalam larutan hidrokoloid alginat, 
kemudian diteteskan ke dalam larutan pengeras (CaCl2) menggunakan syringe  (Gambar 
3). Ukuran dan bentuk mikrokapsul yang terbentuk tergantung pada diameter nosel dan 
jarak antara nosel dan CaCl2 larutan. Metode ini sederhana dan hemat biaya, tidak 
menyebabkan kerusakan sel dan menghasilkan viabilitas sel yang tinggi. Teknologi ini 
tidak menggunakan pelarut berbahaya dan dapat dilakukan di bawah kondisi aerobik dan 
anaerobik (Krasaekoopt et al., 2003).  

Hasil penelitian Krasaekoopt et al., (2006) dalam Cock-Serna dan Castillo-Vallejo 
(2013) menunjukkan bahwa kelangsungan hidup bakteri probiotik yang dienkapsulasi 
lebih besar dibandingkan dengan bakteri bebas (tidak di enkapsulasi) dalam sekitar 1 
siklus log, selama penyimpanan dan jumlah bakteri probiotik. Kapsul disimpan pada suhu 
4 ° C dan viabilitasnya dicatat selama 63 hari. Hasil penelitian Soto et al. (2011).  
menunjukkan bahwa kapsul yang didinginkan memiliki viabilitas yang lebih besar 
dibandingkan dengan kapsul yang disimpan pada suhu kamar. Disimpulkan bahwa 
probiotik memiliki umur simpan minimal 2 bulan dan dapat digunakan sebagai inisiator 
kultur. Berikut dibawah ini merupakan diagram metode ekstrusi dapat di lihat pada 
Gambar 3. 

 
Gambar 3. Diagram skematis dari metode enkapsulasi ekstrusi 

(Cock-Serna dan Castillo-Vallejo, 2013). 
 

1.3 Karakterisasi Bakteri Probiotik Hasil Imobilisasi 
Viabilitas sel probiotik merupakan parameter penting terkait manfaatnya 

terhadap kesehatan. Manfaat probiotik bisa dirasakan ketika ia mampu bertahan hidup 
di saluran cerna dalam jangka waktu yang lama, laporan Vos et al., (2010) menyebutkan 
bahwa sel probiotik dalam kondisi bebas cenderung memiliki survival yang rendah 
dibandingkan dengan yang diimobilisasi dengan alginat. Morfologi kapsul diukur dengan 
SEM dan mikroskop optik, semua mikrokapsul berbentuk bulat dapat dilihat pada 
(Gambar 4 dan 5). Teknik ekstrusi menurut Solanki et al. (2013) akan menghasilkan 
mikrokapsul yang lebih beragam daripada teknik emulsifikasi. Umumnya, diameter yang 
terbentuk antara 2-5 mm lebih besar dari yang dibentuk dalam metode emulsi. Ukuran 
dan bentuk mikrokapsul dipengaruhi oleh konsentrasi dan viskositas larutan polimer, 
jarak antara jarum suntik dan larutan pembentuk mikrokapsul serta ukuran diameter 
ekstruder yang digunakan.  
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Temuan ini sesuai dengan Sultana et al. (2000), yang melaporkan bahwa bentuk 
mikrokapsul berbentuk bulat. Bentuk serupa dari mikrokapsul juga ditunjukkan oleh 
banyak peneliti (Zanjani et al., 2012). Berikut merupakan bentuk kapsul yang dilapisi 
alginat: 

 
Gambar 4. Gambar mikroskop optik dari kapsul alginat (a dan b) pada perbesaran 40x. 

(Zanjani et al., 2012). 
 

Berikut merupakan bentuk kapsul yang dilapisi natrium alginat-zeolit-pati: 

 
Gambar 5. Pengamatan dengan mikroskop elektron yang menunjukkan 

mikroenkapsulasi dari L.casei dengan natrium alginat-zeolit-pati 
(Hassanzadeh, et al, 2017). 

 
1.4 Viabilitas Mikroenkapsulasi Lactobacillus sp. pada Simulasi Asam Lambung 

Berdasarkan hasil penelitian Purnasari (2015) mengenai ketahanan strain Lb. 
plantarum terhadap pH rendah (pH 2) Salah satu syarat bakteri termasuk dalam 
probiotik adalah mampu bertahan hidup pada kondisi saluran pencernaan yang meliputi 
keasaman tinggi dan sekresi garam empedu. Penurunan jumlah bakteri probiotik bebas 
yang diinkubasi dengan pH 2 berbeda nyata lebih banyak dengan probiotik 
terenkapsulasi. Lb. plantarum BSL dan Lb. plantarum 2C12 masing-masing mengalami 
penurunan sebesar 2,6 dan 2,5 Log CFU mL-1 . Hasil berbeda nyata ditunjukkan pada Lb. 
plantarum BSL dan Lb. plantarum 2C12 terenkapsulasi masing-masing hanya mengalami 
penurunan sebesar 1,3 dan 1,2 Log CFU mL-1 (Gambar 6). 
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Temuan ini sesuai dengan Sultana et al. (2000), yang melaporkan bahwa bentuk 
mikrokapsul berbentuk bulat. Bentuk serupa dari mikrokapsul juga ditunjukkan oleh 
banyak peneliti (Zanjani et al., 2012). Berikut merupakan bentuk kapsul yang dilapisi 
alginat: 
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Gambar 6. Ketahanan sel strain Lb. plantarum bebas dan terenkapsulasi terhadap 

pH rendah (pH 2) (Purnasari, et.al. 2015). 
 

Pada percobaan ini, ketahanan sel probiotik terhadap pH rendah dilakukan 
dengan inkubasi pada kondisi pH rendah (pH 2) selama 5 jam, sesuai dengan lamanya 
makanan berada di dalam lambung (2-6 jam). Chandramouli et al. (2004) dalam 
Purnasari, et.al. (2015) melaporkan kenaikan viabilitas Lb. acidophilus secara nyata pada 
pH 2 setelah dienkapsulasi dengan alginat. Kim et al. (2008) melaporkan bahwa sintasan 
Lb. acidophilus ATCC 43121 pada kondisi pH rendah (pH 1,2 dan 1,5) berbeda nyata lebih 
tinggi dibandingkan dengan sel bebas. Pada pH 1,2 Lb. acidophilus ATCC 43121 bebas 
mengalami kematian setelah inkubasi selama 1 jam, sedangkan Lb. acidophilus ATCC 
43121 terenkapsulasi mengalami penurunan dari 6 menjadi 3 Log CFU g -1 . Dengan 
demikian enkapsulasi dengan alginat mampu meningkatkan sintasan probiotik setelah 
dipapar dengan pH rendah. 
 
1.5 Viabilitas Mikroenkapsulasi Lactobacillus sp. pada Simulasi Garam Empedu 

Viabilitas Bakteri asam laktat terhadap garam empedu merupakan salah satu 
persyaratan penting untuk probiotik. Dalam hal ini Hermana et al. (2015) menyebutkan 
semua mikroba yang berhasil hidup setelah ditumbuhkandalam de Man, Rogosa, Sharpe 
Agar (MRSA) yang ditambah 0,5% ox bile dinyatakan bersifat tahan terhadap garam 
empedu. Hasil simulasi ketahanan bakteri probiotik BN12 pada media ox bile (garam 
empedu 0,5%) memperlihatkan bahwa pada awalnya jumlah bakteri probiotik BN12 
setelah proses pengeringan cukup tinggi kecuali kitosan, namun setelah diinkubasi 
dalam media garam empedu mengalami penurunan. Penurunan jumlah bakteri pada 
media garam empedu berkaitan dengan sifat garam empedu yang merupakan racun bagi 
bakteri. Konsentrasi garam empedu yang tinggi merupakan racun sekaligus zat 
antimikroba yang sangat keras. Cairan empedu di dalam usus halus bersifat menghambat 
pertumbuhan mikroba (Bezkorovainy, 2001). 

Namun setelah masa inkubasi 6 jam, jumlah bakteri cenderung mengalami 
kenaikan, kecuali bakteri probiotik dengan penyalut kitosan yang sejak awal 
disimulasikan tidak tumbuh. Adanya kenaikan jumlah bakteri menunjukkan bahwa 
bakteri tersebut mampu beradaptasi dalam media garam empedu yang selanjutnya 
bereproduksi melalui pembelahan sel. Dilaporkan bahwa fase adaptasi bakteri asam 
laktat Streptococcus terjadi pada jam ke-0 hingga jam ke-4. Sementara fase adaptasi 
Lactobcillus sp. RED4 terjadi pada jam ke-0 hingga jam ke-2. Bakteri probiotik BN12 
selama masa inkubasi 6 jam dalam media garam empedu mengalami pertumbuhan. 
Pertumbuhan bakteri tersebut lebih rendah dibandingkan pertumbuhan 99 strain 
Lactobacillus plantarum yang memiliki rata-rata pertumbuhan sebesar 40% dengan 
persentase pertumbuhan terendah 12,21% dan tertinggi 95,98% (Zago et al., 2011). Hal ini 
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terlihat dari persentase kenaikan jumlah bakteri probiotik BN12 terenkapsulasi dengan 
penyalut alginat, xanthan gum dan kontrol (tanpa penyalut) berturut-turut sebesar 
25,68; 10,65; dan 1,12% (Tabe1).  

 
Tabel 1. Ketahanan bakteri probiotik terenkapsulasi terhadap garam empedu 

Penyalut 

Log Jumlah Bakteri (cfu/g) % kenaikan BAL 
setelah 6 jam 

inkubasi. 
Setelah Spraay 

Drying 

Masa Inkubasi dalam Garam 
Empedu 

0jam 6Jam 
Alginat 7.99 5.88a 7.39a 25.68 

Xanthan Gum 8.36 6.95a 7.69a 10.65 
Kitosan 2.04 0b 0b 0 
Kontrol 8.18 6.24a 6.31a 1.12 

Keterangan :  Huruf yang sama pada kolom yang sama kolom yang sama menunjukkan 
tidak berbeda nyata (p>0,05) (Hermana, et al., 2015). 

 
Sementara hasil penelitian dari Purnasari, et.al. (2015) ketahanan strain Lb. 

plantarum terhadap garam empedu (0,5%) Kemampuan bakteri probiotik untuk 
bertahan pada kondisi saluran pencernaan diperlukan untuk dapat memberikan efek 
kesehatan. Ketahanan bakteri probiotik terhadap garam empedu merupakan salah satu 
sifat penting yang harus dimiliki agar mampu tumbuh dan bertahan hidup selama berada 
pada bagian usus kecil. Ketahanan sel Lactobacillus plantarum bebas dan terenkapsulasi 
dalam simulasi larutan garam empedu 0,5 % dapat dilihat pada Gambar 7. 

 
Gambar 7. Ketahanan sel strain Lb. plantarum bebas dan terenkapsulasi terhadap 

garam empedu (0,5%) (Purnasari, et.al. 2015). 
 

Penurunan jumlah bakteri probiotik bebas yang diinkubasi dengan MRSB yang 
mengandung garam empedu 0,5% berbeda nyata lebih banyak dibandingkan dengan 
probiotik terenkapsulasi. Lb. plantarum BSL dan Lb. plantarum 2C12 terenkapsulasi 
masing-masing hanya mengalami penurunan sebesar 1,4 dan 1,2 Log CFU mL-1 (Gambar 
10) atau sekitar separuh dari penurunan sel bebas setelah dipapar dengan kondisi garam 
empedu 0,5%. Lb. plantarum BSL dan Lb. plantarum 2C12 masing-masing mengalami 
penurunan sebesar 2,9 dan 2,8 Log CFU mL-1.  
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terlihat dari persentase kenaikan jumlah bakteri probiotik BN12 terenkapsulasi dengan 
penyalut alginat, xanthan gum dan kontrol (tanpa penyalut) berturut-turut sebesar 
25,68; 10,65; dan 1,12% (Tabe1).  
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Alginat 7.99 5.88a 7.39a 25.68 

Xanthan Gum 8.36 6.95a 7.69a 10.65 
Kitosan 2.04 0b 0b 0 
Kontrol 8.18 6.24a 6.31a 1.12 

Keterangan :  Huruf yang sama pada kolom yang sama kolom yang sama menunjukkan 
tidak berbeda nyata (p>0,05) (Hermana, et al., 2015). 
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Penurunan jumlah bakteri probiotik bebas yang diinkubasi dengan MRSB yang 
mengandung garam empedu 0,5% berbeda nyata lebih banyak dibandingkan dengan 
probiotik terenkapsulasi. Lb. plantarum BSL dan Lb. plantarum 2C12 terenkapsulasi 
masing-masing hanya mengalami penurunan sebesar 1,4 dan 1,2 Log CFU mL-1 (Gambar 
10) atau sekitar separuh dari penurunan sel bebas setelah dipapar dengan kondisi garam 
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2. KESIMPULAN 
Berdasarkan uraian di atas maka dapat disimpulkan bahwan imobilisasi dengan 

penyalut alginat mampu meningkatkan viabilitas bakteri Lactobacillus sp. dalam kondisi 
simulasi asam lambung dan garam empedu (ox bile 0,5%).  Hasil berbeda nyata 
ditunjukkan pada Lb. plantarum BSL dan Lb. plantarum 2C12 terenkapsulasi masing-
masing hanya mengalami penurunan sebesar 1,3 dan 1,2 Log CFU mL- pada pH rendah 
(simulasi asam lambung) dan penurunan sebesar 1,4 dan 1,2 Log pada simulasi garam 
empedu (ox bile 0,5%). Berdasarkan data tersebut maka dapat disimpulkan bahwa 
imobilisasi dengan penyalut alginate metode ekstrusi mampu meningkatkan viabilitas 
bakteri asam laktat.  
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ABSTRACT 

Carbon modified with magnetite (MC) and triethoxyphenylsilane (TEPS) (SC) 
made from rubber fruit shells were used to effectively adsorb crystal violet (CV) dye. The 
carbon was successfully modified by magnetite and TEPS, according to characterization 
of the adsorbent utilizing Fourier transform infrared (FTIR) spectroscopy, X-ray 
diffraction (XRD), and scanning electron microscopy-energy-dispersive X-ray (SEM-
EDX) showed that the carbon was successfully modified by magnetite and TEPS. Several 
adsorption process parameters were investigated, and the ideal results were obtained 
with an adsorbent dose of 0.1 g, pH 10, contact time of 15 minutes, and initial 
concentration of CV 250 mg L-1. The MC and SC adsorption capacities are 47.01 and 
54.63 mg g-1, respectively. The adsorption kinetics tends to follow pseudo-second order 
model with MC and SC rate constants of 3.403 and 0.827 g mg-1 min-1, respectively. The 
Freundlich adsorption isotherm is suitable for CV dye adsorption using MC and SC with 
KF values are 1.362 and 1.761 mg g-1 L mg-1 which gives R2 0.943 and 0.932, respectively.  

 
Keywords: Magnetite carbon; Silane carbon; Adsorption; Crystal violet; Rubber fruit shell 
 
INTRODUCTION 

Environmental issues, especially in Indonesia, are still a problem that needs 
attention. Water pollution that is commonly found can be in the form of dyes, 
herbicides, heavy metals, and other contaminants that accumulate in the environment 
[1].  

One of the most common industrial pollutants is the textile industry. The textile 
industry produces a lot of dye waste in the environment. Dyes used in the textile 
industry are classified into three categories, namely cationic, anionic and non-ionic dyes 
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[2,3]. Cationic dyes, are very dangerous compared to others and are most widely used in 
the textile industry. Crystal violet (CV) is a triphenyl methane and one of the cationic 
dyes used in various industries such as pharmaceuticals, paper, textiles, and printer inks 
[4]. CV if it is in the water can reduce the penetration of sunlight and interfere with the 
photosynthesis process [5]. If CV enters the human body in a certain amount, it can 
cause various diseases such as respiratory problems, eye and skin irritation, increased 
heart rate, blindness and mutagenesis [4,6]. 

Considering the impact caused by the presence of CV dye can be harmful to 
humans, several steps to reduce or even eliminate CV dye waste have been carried out 
such as chemical degradation, adsorption, and photocatalysis [7-9]. Adsorption is the 
cheapest method, easy to do and proven effective in removing various contaminants 
such as dyes in the aquatic environment [1,6]. 

Carbon material is one of the most commonly used adsorbents for the process of 
adsorption because of its abundant source, good stability and wide application [10]. The 
carbon material used in this study was modified using magnetite to overcome the lack of 
effectiveness on carbon [1]. Carbon magnetite has magnetic properties and a larger 
molecular weight than ordinary carbon so that the filtration process runs more 
effectively [11]. 

In this study, the carbon used came from rubber fruit shells. Besides, it was 
modified using magnetite, the carbon modification was also carried out using a 
triethoxyphenylsilane (TEPS) coupling agent [12]. This is due to the nature of the 
organosilane which has two different active groups that can form chemical bonds 
between organic and inorganic materials. In the silanization process, TEPS forms silanol 
and siloxane groups which are expected to increase the carbon adsorption ability of CV 
dyes [12,13]. The magnetite carbon (MC) and silane carbon (SC) adsorbents obtained 
were tested for their ability to CV covering several parameters including; adsorbent 
dose, the influence of pH, the influence of contact time, and the concentration of 
adsorbate. 
 
EXPERIMENTAL 
Materials 

Some materials used in this study were crystal violet (CV), FeSO4∙7H2O, 
FeCl3∙6H2O, NaNO3, HCl, NaOH, ethanol, triethoxyphenylsilane (TEPS) and buffer 
solution from Merck (Darmstadt Germany). Rubber fruit shells obtained from East 
Lampung Regency. 

 
Instrumentation 

The adsorbent material was characterized by X-ray diffraction (XRD) (LabX XRD-
6000 Shimadzu) to recognize the magnetite’s phase after modification, scanning 
electron microscope-energy-dispersive X-ray (SEM-EDX) (Zeiss EVO MA 10) to discover 
the surface structure of adsorbents, and FTIR (IRPrestige-21) is used to determine the 
functional groups of adsorbents. The CV concentration in solution was determined 
using UV-Vis Spectrophotometer (Agilent Cary 100). 

 
Procedure 
Preparation of carbon from rubber fruit shell 

The rubber fruit shells were cleaned and dried in the sun. Furthermore, it was 
burned in a drum made of the iron plate for approximately 6 hours to obtain the carbon 
of the rubber fruit shell. The carbon obtained from carbonization was then pulverized by 
grinding and then sieved through a 100-mesh sieve. 

 



K
AT

A
LO

G
 J

U
R

N
A

L 
M

A
H

A
SI

SW
A

 P
A

SC
A

SA
R

JA
N

A
 U

N
IV

ER
SI

TA
S 

LA
M

PU
N

G

79PASCASARJANA UNILA (NOVEMBER 2022) 
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[4]. CV if it is in the water can reduce the penetration of sunlight and interfere with the 
photosynthesis process [5]. If CV enters the human body in a certain amount, it can 
cause various diseases such as respiratory problems, eye and skin irritation, increased 
heart rate, blindness and mutagenesis [4,6]. 

Considering the impact caused by the presence of CV dye can be harmful to 
humans, several steps to reduce or even eliminate CV dye waste have been carried out 
such as chemical degradation, adsorption, and photocatalysis [7-9]. Adsorption is the 
cheapest method, easy to do and proven effective in removing various contaminants 
such as dyes in the aquatic environment [1,6]. 

Carbon material is one of the most commonly used adsorbents for the process of 
adsorption because of its abundant source, good stability and wide application [10]. The 
carbon material used in this study was modified using magnetite to overcome the lack of 
effectiveness on carbon [1]. Carbon magnetite has magnetic properties and a larger 
molecular weight than ordinary carbon so that the filtration process runs more 
effectively [11]. 

In this study, the carbon used came from rubber fruit shells. Besides, it was 
modified using magnetite, the carbon modification was also carried out using a 
triethoxyphenylsilane (TEPS) coupling agent [12]. This is due to the nature of the 
organosilane which has two different active groups that can form chemical bonds 
between organic and inorganic materials. In the silanization process, TEPS forms silanol 
and siloxane groups which are expected to increase the carbon adsorption ability of CV 
dyes [12,13]. The magnetite carbon (MC) and silane carbon (SC) adsorbents obtained 
were tested for their ability to CV covering several parameters including; adsorbent 
dose, the influence of pH, the influence of contact time, and the concentration of 
adsorbate. 
 
EXPERIMENTAL 
Materials 

Some materials used in this study were crystal violet (CV), FeSO4∙7H2O, 
FeCl3∙6H2O, NaNO3, HCl, NaOH, ethanol, triethoxyphenylsilane (TEPS) and buffer 
solution from Merck (Darmstadt Germany). Rubber fruit shells obtained from East 
Lampung Regency. 

 
Instrumentation 

The adsorbent material was characterized by X-ray diffraction (XRD) (LabX XRD-
6000 Shimadzu) to recognize the magnetite’s phase after modification, scanning 
electron microscope-energy-dispersive X-ray (SEM-EDX) (Zeiss EVO MA 10) to discover 
the surface structure of adsorbents, and FTIR (IRPrestige-21) is used to determine the 
functional groups of adsorbents. The CV concentration in solution was determined 
using UV-Vis Spectrophotometer (Agilent Cary 100). 

 
Procedure 
Preparation of carbon from rubber fruit shell 

The rubber fruit shells were cleaned and dried in the sun. Furthermore, it was 
burned in a drum made of the iron plate for approximately 6 hours to obtain the carbon 
of the rubber fruit shell. The carbon obtained from carbonization was then pulverized by 
grinding and then sieved through a 100-mesh sieve. 

 

Carbon modification with magnetite 
The MC was obtained by putting 6.5 g of carbon in 300 mL of distilled water 

and subsequently heating it to 70 oC. Then added iron salt consisting of 7.6 g 
FeCl3·6H2O and 3.9 g FeSO4·7H2O diffused in 300 mL of distilled water. The mixture 
was then stirred for 30 minutes while adding 100 mL of 5 M NaOH dropwise. The 
precipitate obtained was separated and neutralized to pH 6. Afterwards it was dried at 
100 oC for 3 hours [14]. 

 
Carbon modification with TEPS 

A total of 4 g of carbon was mixed with 200 mL of ethanol. Next, 0.4 mL of 
triethoxyphenylsilane (TEPS) was put into the mixture hereafter stirred using a 
magnetic stirrer for 7 hours at 70 oC in a water bath. The resulting carbon was then 
separated and cleanse by using ethanol subsequently dried at 60 oC for 1 hours [12]. 

 
Determination of zeta potential 

A total of 0.1 g MC and SC was put into 20 mL 0.1 M NaNO3, respectively. A pH 
range of 3 to 12 was used for the initial pH. The pH was adjusted by adding 0.1 M HCl and 
NaOH. Then, the pH was maintained by the addition of buffer solution. The mixture was 
stirred using a shaker for 24 hours. After that, the final pH was observed and measured 
using a pH meter [15]. 

 
Adsorption experiment 

CV adsorption by MC and SC was carried out by batch method with using several 
parameters such as adsorbent dose (0.1 - 0.5 g), solution pH (3 - 12), contact time (15 - 
120 minutes), and CV dye concentration (10 - 250 mg L-1). For each experiment, a certain 
amount of MC and SC were added to 20 mL CV solution with an initial concentration at 
the appropriate pH value. 0.1 M NaOH and HCl solution were used to alter the initial pH 
solution. At a steady speed of 100 rpm, the mixture was agitated in an orbital shaker. CV 
residues were analyzed on λmax 590 nm using Spectrophotometer UV Vis. The CV dye 
adsorption percentage and adsorption capacity were calculated by Eq. (1) and (2), 
respectively: 

Adsorption (%) =        
 x 100 (1) 

q = (     )    (2) 
Where w (g) is the amount of adsorbent, v (L) is the volume of the solution, q (mg 

g-1) is the amount of CV dye adsorbed per unit mass,    and    (mg L-1) are the initial CV 
concentration and CV concentration after the adsorption, respectively. 
 
RESULTS AND DISCUSSION 
Adsorbent Characterization 

The MC modification was carried out through a magnetite coating process using 
FeCl3·6H2O and FeSO4·7H2O which were mixed to form Fe3O4 which then coats the 
carbon surface. The SC modification was carried out through the silanization process 
using a silane coupling agent, namely TEPS. TEPS has two different active groups, 
namely the phenyl group which is can bind organic materials and ethoxy to bind 
inorganic materials [12]. The obtained MC and SC adsorbents were characterized by 
FTIR to identify the functional groups, XRD to identify magnetite crystals and SEM-EDX 
to recognize the carbon’s surface pattern and analyze its constituent elements. 
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Fig 1. IR Spectrum of Carbon, MC and SC 

 

Fig. 1 shows a hydroxyl group (OH) as seen by the peaks at wavenumber 3433.29 
cm-1 and Fe-O is indicated by absorption at wavenumber 586.36 cm-1 [12]. Peak at 
2931.80, 1620.21, and 1165 cm-1 are corresponding to C-H vibration, carbonyl group 
(C=O), and C-O band. These peaks indicate that Fe3O4 has coated the carbon [16]. In 
addition, the presence of Si-O-Si is indicated by the absorption at wavenumber 1049.72 
cm-1 which indicates the carbon has been coated with TEPS [17]. 

The XRD pattern (Fig. 2) on the carbon shows a wide asymmetric peak at 2θ 20-
45o which is characteristic of amorphous carbon. Fig. 2 on magnetite carbon shows 
sharp peaks compared to carbon at 2θ 35.46, 43.04, 57.22, and 62.58o [18]. The 
asymmetrical carbon peaks turn into sharp peaks in the XRD MC pattern, this indicates 
that the carbon has been coated with magnetite so that the peaks appear with sharp 
intensity.  
 

 
 
 
 

 
 
 
 
 
 

Fig 2. Diffractogram of Carbon, MC and SC 
 

The SC diffraction pattern at 2θ 20-30o showed wide peaks indicating the 
presence of amorphous silica formed on carbon. Amorphous silica obtained by 
hydrolysis of TEPS [12]. 

The morphology of MC can be seen in Fig. 3(b). The MC surface looks rougher 
than the carbon surface. Magnetite grains have completely coated the carbon surface. 
This is supported by EDX data. The elemental compositions of C, O and Fe are 65.97, 
30.95, and 3.08%, respectively. In addition, the pore diameter of MC is around 2.051-
6.447 µm, smaller than the diameter of carbon which has a pore diameter of around 
3.517-9.378 µm. This indicates that Fe3O4 has been perfectly attached to the carbon 
surface.  

The surface morphology of SC in Fig. 3(c) shows the presence of small white 
particles which are silica from TEPS modification and stick to the carbon pores but do 
not completely cover the carbon pores. The results of the EDX analysis showed the 
elemental compositions of C, O and Si were 90.43, 9.45, and 0.13 %, respectively. From 
the EDX data, it can be seen that TEPS has coated the carbon. 
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45o which is characteristic of amorphous carbon. Fig. 2 on magnetite carbon shows 
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The SC diffraction pattern at 2θ 20-30o showed wide peaks indicating the 
presence of amorphous silica formed on carbon. Amorphous silica obtained by 
hydrolysis of TEPS [12]. 

The morphology of MC can be seen in Fig. 3(b). The MC surface looks rougher 
than the carbon surface. Magnetite grains have completely coated the carbon surface. 
This is supported by EDX data. The elemental compositions of C, O and Fe are 65.97, 
30.95, and 3.08%, respectively. In addition, the pore diameter of MC is around 2.051-
6.447 µm, smaller than the diameter of carbon which has a pore diameter of around 
3.517-9.378 µm. This indicates that Fe3O4 has been perfectly attached to the carbon 
surface.  

The surface morphology of SC in Fig. 3(c) shows the presence of small white 
particles which are silica from TEPS modification and stick to the carbon pores but do 
not completely cover the carbon pores. The results of the EDX analysis showed the 
elemental compositions of C, O and Si were 90.43, 9.45, and 0.13 %, respectively. From 
the EDX data, it can be seen that TEPS has coated the carbon. 

Adsorption Study 
Adsorbent dosage 

The adsorbent dose can affect the adsorption ability. Fig. 4 shows the adsorption 
percentage depending on the adsorbent dose. Based on Fig. 4 the adsorption efficiency 
decreased while the adsorbent dose increased. This is due to the fact that adsorption 
will occur more quickly as the adsorbent’s mass increase. Because of the superficial 
adsorption, the contact between the adsorbent and adsorbate happens quickly on the 
adsorbent’s surface [19]. 

 

Influence of pH 
Based on Fig. 5, the influence of pH on a CV is not significant, starting from pH 4-

12 the efficiency tends to go up and down. pH 12 at MC gave the highest adsorption 
percentage, but the CV solution became saturated. Thus, the optimum pH obtained is 
pH 10 for both MC and SC. 

 

 

 

 
Fig 3.  Micrograph of (a) Carbon, (b) MC and (c) SC 
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At pH 10 the adsorption process worked effectively because it was following the 
previously obtained ZPC pH, namely at pH 8 and the adsorbent had a negative surface 
charge so that it could interact with a CV which is a cationic dye. Due to competition 
between CV molecules and H+ ions on the surface of the adsorbent at pH<7, the 
adsorption process is not ideal, and a repulsion reaction will take place between the 
adsorbate and adsorbent.  

 
 
 
 

 
 

 
 

 
 

Fig 4. Influence of adsorbent dosage on adsorbed CV 
 

 
 
 
 

 
 

 
 
 
 

Fig 5. Influence of pH solution on adsorbed CV 
 

The amount of H+ ions on the adsorbent’s surface will decrease in alkaline 
conditions (pH>7) so that the adsorbate is effectively adsorbed by the adsorbent. The 
more negative the surface charge on the adsorbent, the more electrostatic interactions 
that occur between the adsorbent and adsorbate will increase. At an increasingly 
alkaline pH (pH>10), there is an increase in the concentration of OH- which will cause 
precipitation in the solution and the adsorption ability will be inhibited [20]. 

 
Influence of contact time and the kinetic studies 

Based on Fig. 6, the contact time of 15 minutes gave the highest efficiency for 
both MC and SC adsorbents, which means the adsorption process is faster. This can 
occur because of the empty and available part of the surface (active site) from the 
adsorbent that can interact with CV dyes. The brief contact time suggests that the 
interaction between MC or SC and CV that takes place is a physical interaction [21]. The 
highest adsorption percentages obtained by MC and SC were 91.51 and 90.36 %, 
respectively, where the results obtained were greater than CV adsorption carried out 
using Raw Parthenium hysterophorus and Raw Saccharum munja which gave the 
respective adsorption percentages 84.2 and 86 % [22].  

Utilizing the contact time data gathered for this study, the kinetics that 
happened throughout the adsorption process were computed. Pseudo-first order and 
pseudo-second order kinetics are determined using Eq. (3) and (4), respectively: 
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previously obtained ZPC pH, namely at pH 8 and the adsorbent had a negative surface 
charge so that it could interact with a CV which is a cationic dye. Due to competition 
between CV molecules and H+ ions on the surface of the adsorbent at pH<7, the 
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adsorbate and adsorbent.  
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 =  
     

    
 (4) 

 
Where 𝑞𝑞  and 𝑞𝑞  (mg g-1) represent the total adsorption capacity of CV at time t 

and equilibrium 𝑘𝑘  and 𝑘𝑘  represent the first-order and second-order rate constants of 
adsorption, respectively. 
 
Table 1. Kinetic parameters for CV adsorption on MC and SC 

Adsorbents 
Pseudo-first order  Pseudo-second order 

k1 (min-1) (10-3) R2 k2 (g mg-1 min-1) R2 
MC 3.4 0.301 3.403 0.991 
SC 2.9 0.230 0.827 0.982 

 
In Table 1, kinetic information, adsorption rate constants, and regression 

coefficients are shown. The results demonstrated that CV adsorption by MC and SC had 
a pseudo-second-order kinetic model because the correlation coefficient (R2) value was 
closer to 1 [20]. 

 
 
 
 
 
 
 

 
 
 
 

Fig 6. Influence of contact time on adsorbed CV 
 
Influence of Concentration and Adsorption Isotherm 

The increase in adsorbate concentration increased the adsorption capacity of CV 
from 2.14 to 47.01 mg g-1 for MC adsorbent and from 2.27 to 54.63 mg g-1 for SC 
adsorbent. This is due to the adsorbent's high affinity, which enables the active site to 
better adsorb the adsorbate [1]. 

Judging from the adsorption capacity data, SC adsorbent has a larger adsorption 
capacity than MC. This can be due to the narrowing of the pores of the magnetite 
coating so that the surface’s active site of the carbon becomes slightly reduced. 
The result data of the influence of concentration were then analyzed using the 
Langmuir Eq. (5) and Freundlich adsorption isotherm pattern Eq. (6). 

 
  

 =  
      

 +  
  

   (5) 

 
log qe = log KF +    log Ce (6) 

 
Where, Ce (mg L-1) is the equilibrium concentration of CV in solution, qe (mg g-1) is 

the equilibrium adsorption capacity, qm is the adsorption capacity of a single layer, KL (L 
mg-1) is the equilibrium constant incorporating the binding site affinity, KF ((mg g-1)(L mg-

1)1/n) is the adsorption capacity factor and n is the adsorption intensity factor which has 
a value between 1 to 10 [20]. 
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Fig 7. Influence of initial concentration of adsorbate on the amount of CV dye adsorbed. 
 

The Langmuir isotherm model assumes that there are a certain number of active 
sites on the adsorbent's surface that are proportional to the surface area [23,24].  When 
the active site of a surface has been filled with adsorbate, there will be no additional 
adsorption at that site [25]. Thus, the maximum saturation point of adsorption on the 
adsorbent surface will be reached [26]. As a result, the occurrence of the adsorption 
process is known as monolayer adsorption. Freundlich's isotherm model is an empirical 
formula that used to illustrate a heterogeneous system which is conveyed through Eq. 
(6) [27]. 

 
Table 2. Isotherm parameters for adsorption of CV onto MC and SC 

Adsorbents 
Langmuir  Freundlich  

qm (mg g-1) KL (L mg-1) R2 n KF (mg g -1) (L mg-1) 1/n) R2 
MC 71.429 0.025 0.428 1.093 1.362 0.943 
SC 69.93 0.049 0.549 1.026 1.761 0.932 

 
According to Table 2, the adsorption of CV by MC and SC tends to follow the 

Freundlich isotherm pattern. This is because the R2 value for the adsorbent's Freundlich 
isotherm pattern is closer to 1 than the Langmuir isotherm pattern. This shows that the 
adsorption occurs on a CV is because not all active surfaces of the adsorbent have the 
potential to adsorb therefore the adsorption that occurs is heterogeneous. The 
heterogeneous adsorption process is distinguished by the formation of a multilayer on 
the adsorbent's surface [28]. 
 
CONCLUSION 

In this research, modified carbon with magnetite (MC) and TEPS (SC) has been 
made which is used as an effective and inexpensive adsorbent for CV dye solution. The 
adsorption capacity of MC and SC is influenced by several parameters including 
adsorbent dose (0.1 g), pH (10), contact time (15 minutes), and initial CV concentration 
(250 mg L-1) with excellent results. The adsorption capacity obtained at MC was 47.01 
and at SC was 54.63 mg g-1. The rate of adsorption kinetics tends to follow pseudo-
second order kinetics. The Freundlich isotherm is suitable for this adsorption compared 
to the Langmuir model, indicating that the adsorption that occurs is multilayer with 
physical interactions. MC and SC modified carbon can be used as an effective adsorbent 
to remove CV dye solution. 
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Fig 7. Influence of initial concentration of adsorbate on the amount of CV dye adsorbed. 
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formula that used to illustrate a heterogeneous system which is conveyed through Eq. 
(6) [27]. 

 
Table 2. Isotherm parameters for adsorption of CV onto MC and SC 

Adsorbents 
Langmuir  Freundlich  

qm (mg g-1) KL (L mg-1) R2 n KF (mg g -1) (L mg-1) 1/n) R2 
MC 71.429 0.025 0.428 1.093 1.362 0.943 
SC 69.93 0.049 0.549 1.026 1.761 0.932 

 
According to Table 2, the adsorption of CV by MC and SC tends to follow the 

Freundlich isotherm pattern. This is because the R2 value for the adsorbent's Freundlich 
isotherm pattern is closer to 1 than the Langmuir isotherm pattern. This shows that the 
adsorption occurs on a CV is because not all active surfaces of the adsorbent have the 
potential to adsorb therefore the adsorption that occurs is heterogeneous. The 
heterogeneous adsorption process is distinguished by the formation of a multilayer on 
the adsorbent's surface [28]. 
 
CONCLUSION 

In this research, modified carbon with magnetite (MC) and TEPS (SC) has been 
made which is used as an effective and inexpensive adsorbent for CV dye solution. The 
adsorption capacity of MC and SC is influenced by several parameters including 
adsorbent dose (0.1 g), pH (10), contact time (15 minutes), and initial CV concentration 
(250 mg L-1) with excellent results. The adsorption capacity obtained at MC was 47.01 
and at SC was 54.63 mg g-1. The rate of adsorption kinetics tends to follow pseudo-
second order kinetics. The Freundlich isotherm is suitable for this adsorption compared 
to the Langmuir model, indicating that the adsorption that occurs is multilayer with 
physical interactions. MC and SC modified carbon can be used as an effective adsorbent 
to remove CV dye solution. 
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Abstract 

One breeding effort can be made using the induction of colchicine mutations. PT 
Gunung Madu Plantations has induced mutations of the GMP3 variety, but studies on 
the effect of colchicine on stomatal characters are still limited. This study aimed to 
analyze the stomata character of 21 sugarcane mutants of the GMP3 variety. This 
research method involves the preparation of microscopic incisions. The observed 
characters were stomatal opening width, stomata length, stomata width, number of 
stomata, stomatal density, and stomata index. Analysis of the mean of each stomatal 
character using cluster and Principal Component Analysis (PCA) through MVSP 
software. This study showed that the stomata of all GMP3 mutants were Graminae. The 
results of stomata length and width, the average size of the GMP3 variety mutant was 
greater than that of the GMP3 variety. The diversity of stomata characters in 21 varieties 
of GMP3 mutants showed greater stomata opening width (2.26 µm), longer stomata 
length (21.31 µm), large stomata width (12.82 µm), high stomata density (499 µm), high 
number of stomata (97 µm), and high stomata index (0.45%). Meanwhile, the phenetic 
analysis of 21 mutants showed a similarity index between 0.20-1.00 which indicated that 
the relationship between mutants and controls was far. This study showed that the 
character of the width of the aperture and the length of the stomata are the two 
stomata characters that determine the grouping of mutants of the GMP3 variety. 

 
Keywords : Colchicine, GMP3, Stomata, Sugarcane ( Saccharum officinarum L.), UPGMA. 
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Abstract 

One breeding effort can be made using the induction of colchicine mutations. PT 
Gunung Madu Plantations has induced mutations of the GMP3 variety, but studies on 
the effect of colchicine on stomatal characters are still limited. This study aimed to 
analyze the stomata character of 21 sugarcane mutants of the GMP3 variety. This 
research method involves the preparation of microscopic incisions. The observed 
characters were stomatal opening width, stomata length, stomata width, number of 
stomata, stomatal density, and stomata index. Analysis of the mean of each stomatal 
character using cluster and Principal Component Analysis (PCA) through MVSP 
software. This study showed that the stomata of all GMP3 mutants were Graminae. The 
results of stomata length and width, the average size of the GMP3 variety mutant was 
greater than that of the GMP3 variety. The diversity of stomata characters in 21 varieties 
of GMP3 mutants showed greater stomata opening width (2.26 µm), longer stomata 
length (21.31 µm), large stomata width (12.82 µm), high stomata density (499 µm), high 
number of stomata (97 µm), and high stomata index (0.45%). Meanwhile, the phenetic 
analysis of 21 mutants showed a similarity index between 0.20-1.00 which indicated that 
the relationship between mutants and controls was far. This study showed that the 
character of the width of the aperture and the length of the stomata are the two 
stomata characters that determine the grouping of mutants of the GMP3 variety. 

 
Keywords : Colchicine, GMP3, Stomata, Sugarcane ( Saccharum officinarum L.), UPGMA. 
 

 
 

INTRODUCTION 
Sugarcane (Saccharum officinarum L.) is a monocotyledonous plant with has the 

highest sucrose and the lowest fiber content (Lubis et al., 2015). Therefore, it is widely 
used as the main raw material in the sugar industry. Sugar consumption in Indonesia 
continues to increase following the increase in population. However, the increase in 
sugar consumption has not been matched by an increase in sugar production. Based on 
sugarcane production data from 2017-2021, it is currently around 2.1 -2.3 tons/ha with 
sugar recovery (sugar recovery) of around 7-8% (Central Bureau of Statistics, 2021). 

PT Gunung Madu Plantations (PT GMP) is one of the sugar industries attempting 
to increase production by assembling high-yielding sugar cane varieties through its 
research and development department. The commercial varieties at PT. GMP consists of 
GMP1, GMP2, GMP3, GMP4, GMP5, GMP6, and GMP7. GMP3 is the most commercial and 
dominant variety, comprising approximately 30% of the total land area. However, 
according to the field data, its variety has a low quality, low sugar yield, an agronomic 
appearance on small stems, and narrow leaf width (Central Bureau of Statistics, 2021). 

Plant breeding is one of the ways to improve the quality of a variety. The primary 
principle of a sugarcane breeding program is to obtain transgressive segregation that 
exhibits maximum heterosis from across. Furthermore, adequate genetic diversity is 
essential to producing superior sugarcane varieties (Carsono et al., 2022). Therefore, 
plant breeding can be conducted through mutation induction using the chemical 
mutagen colchicine (Kamwean et al., 2017). Colchicine can be used to induce mutations 
to obtain polyploid plants. Colchicine in breeding programs can improve the 
characteristics of plants with better traits (Sivakumar, 2017). Cansian et al. (2016), 
showed that corn induced by colchicine experienced an increase in stomata density, and 
increase in stomata length and width. Polyploidy plants are defined anatomically by 
their bigger cell sizes and the high number of chromosomes. Additionally, the 
anatomical types of each species of sugarcane exhibit distinct traits. The cells are larger 
and more visible, especially that of the epidermis, with a nucleus, transport reeds, and 
the larger size of the stomata (Bagheri and Mansouri, 2014).  

PT GMP induced mutations with the colchicine mutagen in sugarcane GMP3, but 
this effect of colchicine has not been tested further, and information on the anatomical 
characteristics of sugarcane remains limited. Due to these problems, this research on 
the anatomical characteristics of sugarcane that have been induced by colchicine needs 
to be tested further. This information on genetic diversity and the relationship between 
plant accessions will provide important input in determining appropriate management 
strategies and assisting plant improvement through plant breeding programs, especially 
in facilitating the selection of breeding materials (Restykania et al. 2019). So, the purpose 
of this study was to analyze the stomata character of 21 sugarcane mutants of the GMP 
variety.  

 
MATERIALS AND METHODS 
Plant Material 

The plant materials used included 21 varieties of GMP3 mutant, colchicine at 
concentrations 0.1 % and 0.2%, aquadest, immersion oil, glycerin, and clear nail polish. 
This research was conducted in the botanical laboratory, PT GMP, Gunung Batin Baru, 
Lampung. 

 
Procedure 

Leaf stomata characters were observed from the paradermal part. Making 
microscopic incisions on the paradermal part of the leaf according to Munir et al. (2011), 
Arzani et al. (2013), Chikmawati (2013), and Arofatun et al. (2020). The first step is to take 
the leaf and clean it using 70% alcohol, then the bottom of the leaf is placed on a slide. 
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Then covered with transparent nail polish, then dripped with glycerin and covered with 
a cover glass. Light microscopic observations (Model: Olympus, magnification 10 x for 
the ocular and 40 x for the objective) were used to observe the specimens (Pitoyo et al. 
2018). The stomata characters observed were stomata type, stomata opening width, 
guard cell length and width, number of stomata, stomata density, and stomata index 
(Arofatun et al., 2020). 

 
Data Analysis 

Stomata characters were analyzed quantitatively and qualitatively.  Quantitative 
data are presented in the shape of stomata tables by the number, and qualitative data 
presented in descriptive forms supported by quantitative data and relative analysis, by 
scoring from quantitative data (6 character stomata) into binary data, then continued 
with grouping for relationships between species. The grouping is further illustrated in 
dendogram by using a Multivariate Statistical Package (MVSP) ersion 3.2 and a genetic 
distance for cluster analysis using nweighted Pair-Group With Arithmetic Average 
(UPGMA) method and using the Jaccard coefficient. Quantitative determination that 
affects the grouping used Principal Component Analysis (PCA) using software 
Multivariate Statistical Package (MVSP) version 3.2. 
 
The formula for calculating stomata density is as follows: (Suhaimi, 2017). 

 

 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑 ( 𝑡𝑡)    𝑡𝑡𝑜𝑜𝑑𝑑𝑡𝑡 𝑡𝑡𝑜𝑜 𝑑𝑑𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑟𝑟𝑡𝑡𝑡𝑡𝑑𝑑 𝑜𝑜𝑑𝑑𝑑𝑑𝑓𝑓𝑑𝑑 𝑡𝑡𝑜𝑜 𝑣𝑣𝑑𝑑𝑑𝑑𝑣𝑣 

 
Meanwhile, the formula for calculating the stomata index is as follows: (Tambaru, 2015). 
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RESULTS AND DISCUSSION 
Stomata Shape Character Analysis 

Based on the anatomical observations of Figure 1, shows that the GMP3 variety 
has Graminae stomata type, which shows the length of the axis of the neighboring cell is 
parallel to the stomata axis. The type of stomata of GMP3 mutants obtained in each 0.1% 
and 0.2% colchicine treatment did not show changes in the shape of the stomata. This 
indicates that colchicine has no effect on the stomata's shape. According to Moghbei et 
al. (2015), the type of olive leaf stomata obtained on each treatment, is submersion and 
drops at various concentrations (0.25%; 0.5%; 0.75%; 1%) did not change the shape of 
the stomata. This is because colchicine doesn't affect all parts of the cell, just a few cells 
or random cell mutations. According to the research of Syukur et al. (2011), colchicine 
does not affect all cells or cause random cell mutations. Cells that are actively dividing 
are sensitive to colchicine, whereas differentiated cells are less sensitive to this 
mutagen. According to Moghbei et al. (2015), the sensitivity of each plant species to 
colchicine application will be different even from the existing plant parts. 
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Then covered with transparent nail polish, then dripped with glycerin and covered with 
a cover glass. Light microscopic observations (Model: Olympus, magnification 10 x for 
the ocular and 40 x for the objective) were used to observe the specimens (Pitoyo et al. 
2018). The stomata characters observed were stomata type, stomata opening width, 
guard cell length and width, number of stomata, stomata density, and stomata index 
(Arofatun et al., 2020). 

 
Data Analysis 

Stomata characters were analyzed quantitatively and qualitatively.  Quantitative 
data are presented in the shape of stomata tables by the number, and qualitative data 
presented in descriptive forms supported by quantitative data and relative analysis, by 
scoring from quantitative data (6 character stomata) into binary data, then continued 
with grouping for relationships between species. The grouping is further illustrated in 
dendogram by using a Multivariate Statistical Package (MVSP) ersion 3.2 and a genetic 
distance for cluster analysis using nweighted Pair-Group With Arithmetic Average 
(UPGMA) method and using the Jaccard coefficient. Quantitative determination that 
affects the grouping used Principal Component Analysis (PCA) using software 
Multivariate Statistical Package (MVSP) version 3.2. 
 
The formula for calculating stomata density is as follows: (Suhaimi, 2017). 
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and 0.2% colchicine treatment did not show changes in the shape of the stomata. This 
indicates that colchicine has no effect on the stomata's shape. According to Moghbei et 
al. (2015), the type of olive leaf stomata obtained on each treatment, is submersion and 
drops at various concentrations (0.25%; 0.5%; 0.75%; 1%) did not change the shape of 
the stomata. This is because colchicine doesn't affect all parts of the cell, just a few cells 
or random cell mutations. According to the research of Syukur et al. (2011), colchicine 
does not affect all cells or cause random cell mutations. Cells that are actively dividing 
are sensitive to colchicine, whereas differentiated cells are less sensitive to this 
mutagen. According to Moghbei et al. (2015), the sensitivity of each plant species to 
colchicine application will be different even from the existing plant parts. 
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Figure 1. Stomata shape in GMP3 varieties and GMP3 . mutants 
Description : 1: length of stomata, 2: width of stomata, 3: width of stomata opening; ST: 

neighboring cell,  SP: guard cell, S: Stoma, M: Mutant;  1A:GMP3, 1B-1V: M1-M24. 
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Table 1. The average value of stomata characters in the GMP3. variety and 21 GMP3. 
mutant varieties based on stomata size. 
 
No.  Varieties Stomata 

Aperture 
Width 
(µm) 

Stomata 
Length 

(µm) 

Stomata 
Width 
(µm) 

Number of 
Stomata 

 

Stomata 
Density 

(µm) 

Stomata 
Index 

(%) 

6. GMP3 2.54 19,20 11,71 77 392 0,32 
1. M / C 0,1/ 2H/01 1,30 18,72 9,12 95 484 0,41 
2. M / C 0,1/3H/15 1,10 19,39 11,62 87 443 0,39 
3. M / C 0,1/3H/16 2,06 19,78 10,13 74 377 0,30 
4. M / C 0,1/ 3H/02 2,21 17,90 9.07 97 494 0.38 
5. M/C 0.1/3H/10 1.63 18,43 10,80 77 392 0.32 
7. M / C 0,1/ 3H/04 1.06 18,72 12,82 79 402 0.34 
8. M/C 0,1/3H/07 2.06 19,73 9.74 89 453 0.41 
9. M/C 0,1/3H/06 1.73 17,33 10.75 59 300 0.30 
10. M / C 0,1/ 3H/03 1.97 18,96 11.86 72 366 0.34 
11. M/C 0.1/3H/14 2.26 18,34 8.59 91 463 0.38 
12. M / C 0,1/ 3H/02 1.15 21.02 10,61 93 473 0.40 
13. M / C 0,1/ 3H/08 1,44 18,58 10,03 84 428 0,41 
15. M / C 0,1/3H/05 1,54 18,38 10,27 88 448 0,42 
16. M / C 0,1/ 3H/01 1,44 18,38 11,52 84 428 0,39 
17. M / C 0,1/1H/01 1,44 20,74 10,75 82 417 0,39 
18. M / C 0,1/ 2H/01 2,21 18,43 9,65 97 494 0,45 
19. M / C 0,2/1H/04 1,44 18,58 10,05 95 484 0,41 
21. M / C 0,1/3H/09 1,87 18,86 10,46 98 499 0,42 
22. M / C 0,2/3H/10 1,63 18,43 10,80 80 407 0,44 
23. M/C 0.1/3H/12 1.44 21.31 9.00 73 371 0.30 
24. M/C 0.1/3H/11 2.11 17.9 8.54 89 453 0.43 
 
Description:  M; Mutant, C: Colchicine, 0.1-0.2; Colchicine concentration, 1H: 1 day of 

immersion, 2H: 2 days immersion, 3H: 3 days of immersion 
 

Based on Table 1, the character of stomata's width has been smaller size in 
several varieties of GMP3 mutants (1.06-2.06µm) than in the control (2.54µm). 
Meanwhile, stomata's size of the GMP3 mutant variety increased in length and stomata 
width compared to the GMP3 variety. This suggests that colchicine has an influence on 
the character of length and width stomata. However, colchicine induction at a 
concentration of 0.1-0.2% has not been able to produce superior sugarcane varieties as 
polyploid plants. In accordance with the results of Miguel and Leonhardt's research 
(2011), plants of the Orchidaceae family with larger stomata than 1.25 times the length of 
a control plant are thought to be polyploid plants. The enlargement of stomata size 
occurs due to the doubling of chromosomes, which causes the enlargement of plant 
cells (Chen et al., 2011). According to Miguel and Leonhardt (2011), plants with stomata 
length and width greater than the control were thought to be polyploid plants. 
Polyploidy plants with stomatal character can be characterized by the size of their cells 
getting bigger and clearly visible in the epidermal cells, cell nucleus, and stomata (Suryo, 
2009). 
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Table 1. The average value of stomata characters in the GMP3. variety and 21 GMP3. 
mutant varieties based on stomata size. 
 
No.  Varieties Stomata 

Aperture 
Width 
(µm) 

Stomata 
Length 

(µm) 

Stomata 
Width 
(µm) 

Number of 
Stomata 

 

Stomata 
Density 

(µm) 

Stomata 
Index 

(%) 

6. GMP3 2.54 19,20 11,71 77 392 0,32 
1. M / C 0,1/ 2H/01 1,30 18,72 9,12 95 484 0,41 
2. M / C 0,1/3H/15 1,10 19,39 11,62 87 443 0,39 
3. M / C 0,1/3H/16 2,06 19,78 10,13 74 377 0,30 
4. M / C 0,1/ 3H/02 2,21 17,90 9.07 97 494 0.38 
5. M/C 0.1/3H/10 1.63 18,43 10,80 77 392 0.32 
7. M / C 0,1/ 3H/04 1.06 18,72 12,82 79 402 0.34 
8. M/C 0,1/3H/07 2.06 19,73 9.74 89 453 0.41 
9. M/C 0,1/3H/06 1.73 17,33 10.75 59 300 0.30 
10. M / C 0,1/ 3H/03 1.97 18,96 11.86 72 366 0.34 
11. M/C 0.1/3H/14 2.26 18,34 8.59 91 463 0.38 
12. M / C 0,1/ 3H/02 1.15 21.02 10,61 93 473 0.40 
13. M / C 0,1/ 3H/08 1,44 18,58 10,03 84 428 0,41 
15. M / C 0,1/3H/05 1,54 18,38 10,27 88 448 0,42 
16. M / C 0,1/ 3H/01 1,44 18,38 11,52 84 428 0,39 
17. M / C 0,1/1H/01 1,44 20,74 10,75 82 417 0,39 
18. M / C 0,1/ 2H/01 2,21 18,43 9,65 97 494 0,45 
19. M / C 0,2/1H/04 1,44 18,58 10,05 95 484 0,41 
21. M / C 0,1/3H/09 1,87 18,86 10,46 98 499 0,42 
22. M / C 0,2/3H/10 1,63 18,43 10,80 80 407 0,44 
23. M/C 0.1/3H/12 1.44 21.31 9.00 73 371 0.30 
24. M/C 0.1/3H/11 2.11 17.9 8.54 89 453 0.43 
 
Description:  M; Mutant, C: Colchicine, 0.1-0.2; Colchicine concentration, 1H: 1 day of 

immersion, 2H: 2 days immersion, 3H: 3 days of immersion 
 

Based on Table 1, the character of stomata's width has been smaller size in 
several varieties of GMP3 mutants (1.06-2.06µm) than in the control (2.54µm). 
Meanwhile, stomata's size of the GMP3 mutant variety increased in length and stomata 
width compared to the GMP3 variety. This suggests that colchicine has an influence on 
the character of length and width stomata. However, colchicine induction at a 
concentration of 0.1-0.2% has not been able to produce superior sugarcane varieties as 
polyploid plants. In accordance with the results of Miguel and Leonhardt's research 
(2011), plants of the Orchidaceae family with larger stomata than 1.25 times the length of 
a control plant are thought to be polyploid plants. The enlargement of stomata size 
occurs due to the doubling of chromosomes, which causes the enlargement of plant 
cells (Chen et al., 2011). According to Miguel and Leonhardt (2011), plants with stomata 
length and width greater than the control were thought to be polyploid plants. 
Polyploidy plants with stomatal character can be characterized by the size of their cells 
getting bigger and clearly visible in the epidermal cells, cell nucleus, and stomata (Suryo, 
2009). 

 

Based on the results of Table 1 shows that some GMP3 mutants have more 
stomata than GMP3 varieties, while stomata density in some mutants also has higher 
stomata density. than the GMP3 variety. Based on this, it can be said that colchicine can 
induce polyploidy formation in GMP3 varieties. Gantait et al (2011) explained that the 
stomata density of Gerberea jamesonii Bolus cv. higher than that of diploid plants 
because the stomata and epidermal cells of polyploid plants are larger. The value of olive 
leaf stomata density obtained in the colchicine treatment has increased stomata density 
(Rohmah et al., 2017). Stomata density in plants is closely related to plant resistance to 
drought stress, while stomata size and stomata density are closely related to plant 
resistance to water stress (Yanny et al., 2022). 

Table 1 shows that some mutants had a higher stomata index than controls. This 
is because colchicine with a concentration of 0.1-0.2% causes the stomatal index to 
increase, and in accordance with the results of research by Mogbei et al. (2015) which 
showed that the stomata index in olive leaves treated with colchicine 0.2-05% increased 
the size of the stomata index from 0.21-0.24%. An increase in stomata size indicates a 
decrease in the frequency of stomata in plant mutations. The number of stomata affects 
the density of stomata. If the number of stomata increases, so the stomata density is 
high. 

Colchicine induction in GMP3 mutant varieties showed larger stomata size, 
increased number of stomata, and high stomata index. Cansian et al (2016) stated that 
colchicine-induced maize plants experienced an increase in stomatal density, length, 
and width. This indicates that colchicine provides good quality changes in the GMP3 
variety. This is because plants with larger stomata can increase the rate of 
photosynthesis where the effect of this rate of photosynthesis is able to increase the 
growth and productivity of sugarcane plants (Prabowo et al., 2022). 
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1 Based on the similarity index values shown in Table 2, the similarity index of 21 

GMP3 mutant varieties and GMP3 varieties ranged from 0.20-1.00. The higher similarity 
index indicates the results of the phenetic analysis between samples are getting closer, 
while the lower similarity index indicates the results of the phenetic analysis are getting 
farther away (Hamidah et al., 2016). 

The highest similarity index (1.00) is owned by M9, M5, M24, M18, M11, M4, M17, 
M2, M22, M21, M19, M15, M13, M12, M10 and M3. Due to this proximity kinship, the GMP3 
and GMP3 mutants have the same stomata characteristics. According to Purnomo et al. 
(2012), the similarity index of 1.00 indicates no difference between the objects being 
compared. Based on the results of this study, 16 varieties of GMP3 mutants were closely 
related and had the same stomata character in common, the similarities were found in 
the characters of stomata length, stomata width, and stomata index. A cluster analysis 
based on the character stomata is presented in the dendrogram in Figure 3. 
 
Phenetic Analysis 

 
Figure 2. Dendrogram of phenetic relationship of 21 GMP3 mutants and 

GMP3 varieties using Jaccard's coefficient 
 

The results of the cluster analysis in Figure 2 show that the accessions of GMP3 
mutant variety can be grouped into 2 major groups, namely cluster A and cluster B. 
Cluster A has a similarity index of 0.23, the closeness of this kinship relationship is based 
on the similarity of the characters of the width of the stomata opening and the length of 
the stomata consisting of the 18 accessions are M7, M9, M5, M24, M18, M8, M11, M4, M16, 
M17, M2, M22, M21, M19, M15, M13, M13, and M1. Cluster A is divided into 2 sub-clusters, 
namely Sub Cluster I consisting of M7, M9, and M5, while Sub Cluster II consists of M24, 
M18, M8, M11, M4, M16, M17, M2, M22, M21, M19, M15, M13, M13, and M12. Cluster B has a 
similarity value of 0.30. The closeness of this kinship relationship is based on the 
similarity of the characteristics of the width of the stomata opening, the number of 
stomata, and the density of stomata which consists of 4 accessions, namely varieties 
GMP3, M23, M10, and M3. Cluster B is divided into 2 sub-clusters, Sub-Cluster I which 
only consists of M23, whereas Sub-Cluster II consists of GMP3, M10, and M3. 

The similarity of character stomata overall with the closest kindship and the 
value of the similarity index of 0.80 is found in cluster A, this similarity index value was 
found in M24, M18, and M8. This indicates possible duplication of species in the 
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collection. Based on the research in the field, it is also known that the three accessions 
have very similar characters and are difficult to distinguish. Based on the phenetic 
analysis (Figure 2), there were differences in the stomata characters of the GMP3 
mutant variety with the GMP3 variety, those are the width of the stomata opening, the 
length of the stomata, and the width of the stomata found in M23, M1, and M7. This is 
supported by the low similarity index value in the three mutants. 
 
Principal Component Analysis (PCA)  

Principal Component Analysis (PCA) results based on stomata characters are 
presented in Figure 3. 
 

 
 

Figure 3. Principal Component Analysis on 21 varieties of GMP3 and mutants GMP3 
varieties based on the character of the stomata. 

 
Based on the results of the main component analysis in Figure 3, the grouping of 

GMP3 varieties and GMP3 mutant varieties are divided into 2 clusters, Cluster I 
consisting of GMP3, M7, M9, M10, M17, and M23 based on the characters of stomata 
length and stomata width. Cluster II consists of M2, M8, M11, M16, M22, and M24 which 
are grouped based on the character of the number of stomata, stomata index, and 
stomatal density. According to Sari et al. (2016), the length and direction of the arrows 
indicate the stomata characters that most influence the grouping. Arrows pointing to a 
particular group indicate the most influential anatomical character. The length of the 
arrow is directly proportional to the character of the stomata. The characters that play a 
role in the grouping of GMP3 mutant accessions are presented in Table 3. 
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collection. Based on the research in the field, it is also known that the three accessions 
have very similar characters and are difficult to distinguish. Based on the phenetic 
analysis (Figure 2), there were differences in the stomata characters of the GMP3 
mutant variety with the GMP3 variety, those are the width of the stomata opening, the 
length of the stomata, and the width of the stomata found in M23, M1, and M7. This is 
supported by the low similarity index value in the three mutants. 
 
Principal Component Analysis (PCA)  

Principal Component Analysis (PCA) results based on stomata characters are 
presented in Figure 3. 
 

 
 

Figure 3. Principal Component Analysis on 21 varieties of GMP3 and mutants GMP3 
varieties based on the character of the stomata. 

 
Based on the results of the main component analysis in Figure 3, the grouping of 

GMP3 varieties and GMP3 mutant varieties are divided into 2 clusters, Cluster I 
consisting of GMP3, M7, M9, M10, M17, and M23 based on the characters of stomata 
length and stomata width. Cluster II consists of M2, M8, M11, M16, M22, and M24 which 
are grouped based on the character of the number of stomata, stomata index, and 
stomatal density. According to Sari et al. (2016), the length and direction of the arrows 
indicate the stomata characters that most influence the grouping. Arrows pointing to a 
particular group indicate the most influential anatomical character. The length of the 
arrow is directly proportional to the character of the stomata. The characters that play a 
role in the grouping of GMP3 mutant accessions are presented in Table 3. 
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Table 3 . Characters that play a role in grouping GMP3 . mutant varieties 
Code Character PC1 PC2 
LBS Stomata Aperture Width 0.117 0.706 
PS Stomata Cell Length 0.395 0.235 
LS Guard Cell Width 0.162 -0.661 
JS Number of Stomata -0.567 0.081 
KS Stomata Density -0.568 -0.003 
IS Stomata Index -0.401 0.061 
 Eigenvalues 2,433 1,141 
 Percentage 40,544 19.023 
 cum. Percentage 40,544 19.023 

 
Based on the results of Table 3, there are two characters that play an important 

role in grouping GMP3 mutant varieties. These two characters, namely stomata aperture 
width (LBS) and stomata cell length (PS) were simultaneously able to separate all 
samples on PC1 and PC2.  

In the main component analysis, there is an eigenvalue that shows the 
percentage value of the contribution of each grouping (Sultan et al., 2010). Eigenvalue >2 
indicates the most important character in cluster grouping (Steven and Tello, 2014). So 
that based on the results in Table 3 the total variation on axis 1 contributes 40.54% 
variation of the six anatomical characters used with an eigenvalue of 0.395 while the 
total variation on axis II is 19 0.02% variation with eigenvalues of 0.706 and 0.235. 

The size of the eigenvalues shows the influence of each character, which can be 
seen from the short length of the projection formed. Sari et al (2016), explained that the 
length and direction of the projection arrows indicate the stomata characters that most 
influence the grouping. The longer the arrow, the more influential the stomata 
character. PCA is used to show the distance between groups in the specimens studied in 
addition, according to Adebisi et al (2013) and Hamidah et al (2016) that PCA can show 
the magnitude of the influence of stomata characters in the grouping. 

Based on the results of this study, apart from the cluster grouping pattern (I and 
II), the characteristics that play a role in sample separation between cluster analysis and 
principal component analysis have similarities. Jalil et al. (2020) stated that there is 
congruence between the results of cluster analysis and principal component analysis. 
Both analyzes are commonly used methods for identifying cluster structures in numeric 
taxonomy and can distinguish a number of closely related plants.  

The conclusion of this study is that the diversity of stomata characters in the 
GMP3 mutant variety has a larger stomata size, has a high stomata density, a large 
number of stomata and a high stomata index. 
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ABSTRACT 

In this this research, an inhibitors was added to the growth of magnesium 
carbonate (MgCO3) scale using the unseeded experiment method. The MgCO3 growth 
solution used was 0.050 M interacted with mixed inhibitors of gambier extract and 
liquid smoke of coconut shell grade 2 (GA) with varying concentrations. Analysis using 
the Particle Size Analyzer (PSA) showed that the particle size distribution of the MgCO3 
scale became smaller with the addition of an inhibitors. Analysis using Scanning 
Electron Microscopy (SEM) showed that the surface morphology of the MgCO3  crust 
with the addition of the inhibitors turned into a thin and small sheet compared to that 
without the addition of the inhibitors in the form of granules. 
 
Keywords: MgCO3, inhibitor, gambier extract, liquid smoke of coconut shell. 
 
1. Introduction 

Pipes are construction components that are always used for various industrial 
purposes, especially oil and gas companies, drinking water, and other chemical 
industries that function as fluid flow transportation from one area to another [1-6]. One 
of the problems that often occurs in the pipeline of the oil and gas industry is the 
formation of deposits called crust. The build-up  of  scale  causes  corrosion,  changes  in  
ionic  composition,  pH,  pressure  and temperature of the salt water. Non-productive 
expenditures related to slag deposits are estimated at 1.5 billion Euros per year in 
France, 0.8 billion USD in the UK, and 9 billion USD in the United States [7-11]. A 
common method for controlling scale deposition is the use of addictives that act as anti-
scalers so that the negative impact of scale formation can be reduced [12-16]. 

Gambier extract from Uncaria Gambier Roxb contains chemical compounds such 
as tannic  acid,  catechins,  and  quarcetin  which  have  been  reported  as  green  scale  
growth inhibitors [9]. However, gambier extract has disadvantages such as easy to mold 
and cannot be stored for a long time [8]. To overcome this problem, gambier extract will 
be mixed with liquid smoke of coconut shell which is known to contain phenolic 
compounds, acids, aldehydes, and ketones [17-19]. These compounds are believed to 
play a role in preventing the growth of fungi so that they can be used for a long time as a 
scale inhibitor. In addition, inhibitors of a mixture of gambier extract and liquid smoke 
of coconut shell have a cheaper price and are environmentally friendly. 
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1. Introduction 

Pipes are construction components that are always used for various industrial 
purposes, especially oil and gas companies, drinking water, and other chemical 
industries that function as fluid flow transportation from one area to another [1-6]. One 
of the problems that often occurs in the pipeline of the oil and gas industry is the 
formation of deposits called crust. The build-up  of  scale  causes  corrosion,  changes  in  
ionic  composition,  pH,  pressure  and temperature of the salt water. Non-productive 
expenditures related to slag deposits are estimated at 1.5 billion Euros per year in 
France, 0.8 billion USD in the UK, and 9 billion USD in the United States [7-11]. A 
common method for controlling scale deposition is the use of addictives that act as anti-
scalers so that the negative impact of scale formation can be reduced [12-16]. 

Gambier extract from Uncaria Gambier Roxb contains chemical compounds such 
as tannic  acid,  catechins,  and  quarcetin  which  have  been  reported  as  green  scale  
growth inhibitors [9]. However, gambier extract has disadvantages such as easy to mold 
and cannot be stored for a long time [8]. To overcome this problem, gambier extract will 
be mixed with liquid smoke of coconut shell which is known to contain phenolic 
compounds, acids, aldehydes, and ketones [17-19]. These compounds are believed to 
play a role in preventing the growth of fungi so that they can be used for a long time as a 
scale inhibitor. In addition, inhibitors of a mixture of gambier extract and liquid smoke 
of coconut shell have a cheaper price and are environmentally friendly. 

In this research, we will study the effect of using a mixture of gambir extract and 
liquid smoke of coconut shell in inhibiting the growth of magnesium carbonate (MgCO3) 
crust with variations in the concentration ratio of gambier extract and coconut shell 
liquid smoke in a solution of 0.050 M MgCO3 growth using the unseeded experiment 
method. The growth rate of MgCO3 scale was calculated from the amount of sediment 
formed over time. The precipitate formed will be characterized using scanning electron 
microscopy and particle size analyzer to provide an overview of its composition, size, 
and morphology. 
 
2. Experimental Procedure 
2.1  Materials 

The instrument used in this experiment consisted of analytical balance (Kenr & 
Sohn GMBH ABT 220-4M, Germany), oven (Thermo Fisher Scientific, United Kingdom), 
water bath (Haake S21, Thermo Fisher Scientific, USA), plastic bottles, magnetic stirrer, 
beaker, Fourier Transform Infrared (FTIR) spectrophotometer (Shimadzu FTIR-8400, 
Japan), gas Chromatography–Mass Spectrometry (GC-MS, Shimadzu GC2010 MSQP 
2010S, made in Japan), Scanning Electron Microscopy (SEM, JSM 6360 LA, JEOL, Japan), 
and Particle Size Analyzer (PSA, The Beckman Coulter LS 13 320 MW, manufactured in 
USA). The materials used  in  this  experiment  were  MgCl2   and  NaHCO3   (Merck,  
Germany),  gambier  extract obtained from a traditional market in Bandarlampung, and 
liquid smoke of coconut shell used was grade 2 obtained from the coconut waste 
processing center in Bandar Jaya, Central Lampung. 
 
2.2  Preparation of gambier extract and liquid smoke of coconut shell grade 2 

Gambier extract is made by smoothing solid gambier with a cup until smooth, so 
that gambier powder is obtained. A total of 0.25 grams of gambier powder was dissolved 
in 1 L of distilled water. The solution was stirred using a magnetic stirrer for 3 hours at 

90oC and then the solution was filtered using filter paper. The filtrate obtained is 
gambier extract with a concentration of 250 ppm [9]. Liquid smoke of coconut shell 
grade 2 with a concentration of 50 ppm was prepared by diluting 50 mL liquid smoke of 
coconut shell grade 2 with distilled water in a measuring flask to the mark, then 
homogenized. The same treatment was carried out for the manufacture of inhibitor 
solutions with concentrations of 150, 250, 350, 450 ppm [20]. 
 
2.3  Testing the use of a mixture of gambier extract and liquid smoke of coconut shell grade 

2 as an inhibitors of MgCO3 crystal formation with the unseeded experiment method 
 
2.3.1  Without the addition of inhibitors 

A growth solution of 0.050 M MgCO3 was prepared by mixing a solution of 0.2 M 
MgCl2 and 0.2 M NaHCO3 each in 200 mL of distilled water, then placed in a magnetic 

stirrer and stirred using a magnetic stirrer at 60oC for 15 minutes. After the two 
solutions were mixed, the solution was divided into 6 plastic bottles where each bottle 
contained 50 mL of growth solution. The solution is then placed into a water bath at a 

temperature of 60oC. Observations were made for 65 minutes (15 minutes the first one 
glass was taken, then taken every 10 minutes) then weighed the weight of the crystals 
formed by filtering the solution in the bottle using filter paper, washed with distilled 

water, and dried in an oven at 105oC for 3 hours. The precipitate formed was weighed, 
then selected the most effective and analyzed using SEM to determine the crystal 
morphology and particle size distribution in the precipitate using PSA. 
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2.3.2  With the addition of inhibitors 
The inhibitors solution was made by mixing 200 mL of gambier extract with 200 

mL of coconut shell liquid smoke grade 2 with varying concentration ratios. The 
combination of gambier extract and liquid smoke of coconut shell grade 2 was tested for 
effectiveness by varying the concentration of the mixture of gambier extract with liquid 
smoke of coconut shell grade 2 where the concentration of gambier extract was kept 
constant. Comparison of the concentrations of the liquid smoke of coconut shell grade 2 
mixture can be seen in Table 1. The mixed solution of gambier extract and liquid smoke 
of coconut shell grade 2 was stirred using a magnetic stirrer for 15 minutes and cooled 
and then stored in a dark bottle. Each mixture was tested for effectiveness in inhibiting 
the formation of MgCO3  scale in 0.050 M MgCO3 growth solution. 

Growth solution of 0.050 M MgCO3 was prepared by mixing 0.2 M MgCl2 
solution and 0.2 M NaHCO3  solution in a mixture inhibitors of gambier extract and 
liquid smoke of coconut shell grade 2  with a concentration ratio of 5:1. The mixture was 

placed in a magnetic stirrer and stirred using a magnetic stirrer at 60oC for 15 minutes. 
After the two solutions were mixed, the solution was divided into 6 plastic bottles where 
each bottle contained 50 mL of growth solution. The solution is then placed into a water 

bath at a temperature of 60oC. Observations were made for 65 minutes (15 minutes the 
first one glass was taken, then taken every 10 minutes) then weighed the weight of the 
crystals formed by filtering the solution in the bottle using filter paper, washed with 

distilled water, and dried in an oven at 105oC for 3 hours. This experiment was repeated 
with variations in the concentration ratio of gambier extract and coconut shell liquid 
smoke grade 2 of 5:3, 5:5, 5:7, 5:9. The precipitate formed was weighed, then selected the 
most effective and analyzed using SEM to determine the crystal morphology and 
particle size distribution in the precipitate using PSA. 
 
2.4 Data analysis 

To find out the effectiveness of inhibitors in inhibiting the scale formation of 
MgCO3, Eq. (1) [21] given as follows can be used: 
 

Effectiveness of inhibitors (%) = 100% x 
 (  −   )  

( − )                                            (1) 
 

where : 
Ca = Precipitation amount of MgCO3 after added inhibitor at equilibrium (g/L)  
Cb = Precipitation amount of MgCO3 without inhibitor at equilibrium (g/L) 
Cc = Initial precipitation amount of MgCO3 (g/L) 
 

3. Results and Discussion 
3.1  Quality of the inhibitors mixtures 

Gambier can be used as an inhibitor of scale growth, but gambier has a weakness 
that is quickly damaged due to fungal growth. Therefore, a combination of inhibitors of 
gambier extract and liquid smoke of coconut shell grade 2 was used so that the gambier 
extract was not  easily molded  and  increased  its  effectiveness  as  an  inhibitor  of  
MgCO3   scale.  The resistance of the inhibitor solution can be seen in Fig. 1. In Fig. 1 
shows the gambir extract which is not added with liquid smoke of coconut shell grade 2 
within 2 weeks has started to grow fungus that look like there are impurities, while the 
gambier extract is mixed with liquid smoke of coconut shell grade 2 has not grown 
fungus and looks still clear without any impurities. Liquid smoke of coconut shell grade 
2 can slow down the damage of gambier extract by slowing the growth of fungi because 
it contains benzoic acid and cinnamic acid which can be used as antimicrobials and 
fungi [20]. 
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2.3.2  With the addition of inhibitors 
The inhibitors solution was made by mixing 200 mL of gambier extract with 200 

mL of coconut shell liquid smoke grade 2 with varying concentration ratios. The 
combination of gambier extract and liquid smoke of coconut shell grade 2 was tested for 
effectiveness by varying the concentration of the mixture of gambier extract with liquid 
smoke of coconut shell grade 2 where the concentration of gambier extract was kept 
constant. Comparison of the concentrations of the liquid smoke of coconut shell grade 2 
mixture can be seen in Table 1. The mixed solution of gambier extract and liquid smoke 
of coconut shell grade 2 was stirred using a magnetic stirrer for 15 minutes and cooled 
and then stored in a dark bottle. Each mixture was tested for effectiveness in inhibiting 
the formation of MgCO3  scale in 0.050 M MgCO3 growth solution. 

Growth solution of 0.050 M MgCO3 was prepared by mixing 0.2 M MgCl2 
solution and 0.2 M NaHCO3  solution in a mixture inhibitors of gambier extract and 
liquid smoke of coconut shell grade 2  with a concentration ratio of 5:1. The mixture was 

placed in a magnetic stirrer and stirred using a magnetic stirrer at 60oC for 15 minutes. 
After the two solutions were mixed, the solution was divided into 6 plastic bottles where 
each bottle contained 50 mL of growth solution. The solution is then placed into a water 

bath at a temperature of 60oC. Observations were made for 65 minutes (15 minutes the 
first one glass was taken, then taken every 10 minutes) then weighed the weight of the 
crystals formed by filtering the solution in the bottle using filter paper, washed with 

distilled water, and dried in an oven at 105oC for 3 hours. This experiment was repeated 
with variations in the concentration ratio of gambier extract and coconut shell liquid 
smoke grade 2 of 5:3, 5:5, 5:7, 5:9. The precipitate formed was weighed, then selected the 
most effective and analyzed using SEM to determine the crystal morphology and 
particle size distribution in the precipitate using PSA. 
 
2.4 Data analysis 

To find out the effectiveness of inhibitors in inhibiting the scale formation of 
MgCO3, Eq. (1) [21] given as follows can be used: 
 

Effectiveness of inhibitors (%) = 100% x 
 (  −   )  

( − )                                            (1) 
 

where : 
Ca = Precipitation amount of MgCO3 after added inhibitor at equilibrium (g/L)  
Cb = Precipitation amount of MgCO3 without inhibitor at equilibrium (g/L) 
Cc = Initial precipitation amount of MgCO3 (g/L) 
 

3. Results and Discussion 
3.1  Quality of the inhibitors mixtures 

Gambier can be used as an inhibitor of scale growth, but gambier has a weakness 
that is quickly damaged due to fungal growth. Therefore, a combination of inhibitors of 
gambier extract and liquid smoke of coconut shell grade 2 was used so that the gambier 
extract was not  easily molded  and  increased  its  effectiveness  as  an  inhibitor  of  
MgCO3   scale.  The resistance of the inhibitor solution can be seen in Fig. 1. In Fig. 1 
shows the gambir extract which is not added with liquid smoke of coconut shell grade 2 
within 2 weeks has started to grow fungus that look like there are impurities, while the 
gambier extract is mixed with liquid smoke of coconut shell grade 2 has not grown 
fungus and looks still clear without any impurities. Liquid smoke of coconut shell grade 
2 can slow down the damage of gambier extract by slowing the growth of fungi because 
it contains benzoic acid and cinnamic acid which can be used as antimicrobials and 
fungi [20]. 

3.2  Characterization of inhibitor using FTIR spectrophotometer 
Characterization  using  an  IR  spectrophotometer  serves  to  determine  the  

functional groups contained in gambier extract and liquid smoke of coconut shell grade 
2. The IR spectrum obtained for gambier extract and liquid smoke of coconut shell grade 
2 is presented in Fig. 2. In Fig. 2(a) it can be observed the appearance of a number of 
absorption bands related to the functional groups possessed by the organic components 
in the gambier extract. The presence of a hydroxyl group (-OH) can be observed by the 

appearance of an absorption band in the area 3,417.86 to 3,363.86 cm-1 with a very wide 

intensity. In Fig. 2(a) the wave number appears in the 3,324.8 cm-1  area forming a 
stretching vibration which indicates the presence of a hydroxyl group (-OH) contained 
in tannic acid (tannin) which is very rich in hydroxyl groups. At a wave number of 1,640 

cm-1, it forms a stretching vibration which indicates the presence of a carbonyl 
functional group (C=O) present in tannic acid. The presence of a C=C group in aromatic 
compounds was seen by the appearance of peaks at wave numbers 2,109.7 and 2,363.1 

cm-1. From these data, it can be concluded that gambier extract contains several 
chemical compounds such as tannic acid which can function as an MgCO3 inhibitor. 

Figure  2(b)  observes  the  appearance  of  a  number  of  absorption  bands  
related  to functional groups possessed by organic components in liquid smoke of 

coconut shell grade 2. The absorption band appears at a wave number of 3,339.7 cm-1 

indicating the hydroxyl (-OH) stretching vibration. The (-OH) functional group 
corresponds to the component that is widely found in liquid smoke of coconut shell 

grade 2, namely phenol. The absorption band at wave number 1,640 cm-1  forms 
stretching vibrations indicating the presence of a carbonyl group (C=O) with a sharp 
intensity derived from carboxylic compounds (acetic acid) and ketones. In addition, at a 

wave number of 1,274.7 cm-1 with a bending vibration, a peak appears as a sign of the 
presence of an alcohol group (C-O). Based on this description, it can be stated that 
liquid smoke of coconut shell grade 2 has chemical compounds that can function as 
MgCO3 scale inhibitors. In addition to these components, liquid smoke of coconut shell 

grade 2 also has  absorption  bands  at  wave  numbers  2,117.1  cm-1   and  2,363.1  cm-1   

with  stretching vibrations indicating the presence of a C=C group of alkenes. 
In this research, the inhibitor with the highest effectiveness was a mixture of 

gambir extract and liquid smoke of coconut shell grade 2 (GA) with a concentration ratio 
of 5 : 9 respectively so that this GA inhibitor was also analyzed using an IR 
spectrophotometer as shown in Fig. 2(c). Based on this analysis, the absorption band of 

the hydroxyl group (-OH) is seen at the wave number 3,339.7 cm-1, the carbonyl 

functional group (C=O) is seen at the wave number 1,640 cm-1, the functional group (C = 

C) of the alkene is seen at the wave number. waves of 2,117.1 cm-1  and 2,363.1 cm-1  and 

at wave numbers of 1,274.7 cm-1 with bending vibrations, a peak appears as a sign of the 
presence of alcohol groups (C-O). The characterization results show that in the mixed 
GA inhibitor (5 : 9) there is an active group that can be used as an MgCO3 inhibitor. 
 
3.3 Characterization of inhibitor using chromatography–mass spectrometry (GC-MS) 

Chemical analysis from gambier extract using GC-MS is shown in Table 2. This 
table shows the separation of chemical components displayed from chromatogram 
peaks in GC. The peaks start at a retention time of 2.86 to 17.36 min. The results of 
chromatogram peak analysis show that gambier extract has 8 chemical components as 
listed in Table 2. The most abundant content of gambier extract is (2-Methylphenoxy) 
acetic acid (33.04%) and 1,3-Benzenedicarboxylic acid (15.83%). Chemical analysis from 
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liquid smoke of coconut shell grade 2 using GC-MS is shown in Table 3. This table shows 
the separation of chemical components displayed from chromatogram peaks in GC. The 
peaks start at a retention time of 3.30 to 14.63 min. The results of chromatogram peak 
analysis show that liquid smoke of coconut shell grade 2 has 8 chemical components as 
listed in Table 3. The most abundant content of coconut shell liquid smoke is phenol 
(45.04%) and acetone (8.19%). This result is consistent with IR data (Fig. 2) obtained with 
the functional groups found in gambier extract and liquid smoke of coconut shell grade 
2, namely hydroxyl, aldehyde, ketone, carboxylic, or ester group. 

 
3.4 Testing of inhibitor mixtures in inhibiting MgCO3 scale formation 

Determination of the effectiveness of the Inhibitor mixture of gambir extract (G) 
and liquid smoke of coconut shell grade 2 (A) on the growth rate of MgCO3   scale with 
various inhibitor concentrations at a concentration of 0.050 M MgCO3 growth solution 
using the unseeded experiment method can be seen in Fig. 3. Fig. 3 shows that the 
growth of 0.050 M MgCO3 scale with mixed GA inhibitor at various concentration ratios 
was able to reduce the growth of MgCO3 scale. Based on the observational data, 
calculations can be made using Eq. (1) to obtain the effectiveness of the mixed GA 
inhibitor shown in Table 4. This is in accordance with previous studies which reported 
that the higher the concentration of the added inhibitor, the greater the inhibitor's 
ability to inhibit the formation of MgCO3  scale [29]. The greatest decrease occurred in 
the mixed GA inhibitor with a concentration ratio of 5 : 9 in a 0.050 M MgCO3 growth 
solution of 95.44%. 

The crystal morphology of MgCO3 was observed using SEM and can be seen in 
Fig. 4 and 5. The results of the SEM analysis shown in Fig. 4 and 5 showed that there was 
a change in the surface morphology of the 0.050 M MgCO3 crystal using a mixed GA 
inhibitors (5 : 9) at 1000x and 5000x magnification. The results of the SEM analysis 
showed that the MgCO3 crystals before the addition of the GA inhibitors (5 : 9) were in 
the form of plates that fused to form granules. Meanwhile, the MgCO3  crystals which 
had been added with GA inhibitors (5 : 9) turned into thin and small sheets. The same 
thing also happened to the results of previous studies which reported that magnesium 
carbonate  crystals  were  in  the  form  of  a  sphere  composed  of  small  plates  that  
fused  like  an arrangement on flower petals [22]. So it can be concluded that the 
addition of inhibitors causes significant morphological changes of MgCO3 crystals. 

To further prove changes in the size of MgCO3 crystals without and with the 
addition of GA inhibitors, an analysis using a particle size analyzer (PSA) was performed 
on MgCO3 crystals obtained as seen in Fig. 6. The graph in Fig. 6 shows a comparison of 
the distribution of 0.050 M MgCO3 scale particles without and with the addition of a GA 
inhibitor (5 : 9) which shows that there is a shift in the graph between without an 
inhibitors and with the addition of an inhibitors. The graph shows that the MgCO3 scale 
without inhibitor has a median value of 12.87 µm and a mean value of 16.09 µm. After the 
addition of the GA inhibitor (5 : 9) the size of the MgCO3  scale particles had a median 
value of 5.38 µm and an average value (mean) of 8.04 µm. MgCO3 scale without the 
addition of inhibitors and with the addition of inhibitors has a difference in particle size 
distribution based on the median value of 7.49 µm and based on the mean value of 8.05 
µm. The particle size distribution can describe the effectiveness of the inhibitor in 
inhibiting the rate of crystal growth by comparing the crystal growth in the growth 
medium with the addition of an inhibitor and without the addition of an inhibitor. 
Crystal growth will generally be stunted in the presence of inhibitors in the growth 
solution medium [23]. 
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liquid smoke of coconut shell grade 2 using GC-MS is shown in Table 3. This table shows 
the separation of chemical components displayed from chromatogram peaks in GC. The 
peaks start at a retention time of 3.30 to 14.63 min. The results of chromatogram peak 
analysis show that liquid smoke of coconut shell grade 2 has 8 chemical components as 
listed in Table 3. The most abundant content of coconut shell liquid smoke is phenol 
(45.04%) and acetone (8.19%). This result is consistent with IR data (Fig. 2) obtained with 
the functional groups found in gambier extract and liquid smoke of coconut shell grade 
2, namely hydroxyl, aldehyde, ketone, carboxylic, or ester group. 

 
3.4 Testing of inhibitor mixtures in inhibiting MgCO3 scale formation 

Determination of the effectiveness of the Inhibitor mixture of gambir extract (G) 
and liquid smoke of coconut shell grade 2 (A) on the growth rate of MgCO3   scale with 
various inhibitor concentrations at a concentration of 0.050 M MgCO3 growth solution 
using the unseeded experiment method can be seen in Fig. 3. Fig. 3 shows that the 
growth of 0.050 M MgCO3 scale with mixed GA inhibitor at various concentration ratios 
was able to reduce the growth of MgCO3 scale. Based on the observational data, 
calculations can be made using Eq. (1) to obtain the effectiveness of the mixed GA 
inhibitor shown in Table 4. This is in accordance with previous studies which reported 
that the higher the concentration of the added inhibitor, the greater the inhibitor's 
ability to inhibit the formation of MgCO3  scale [29]. The greatest decrease occurred in 
the mixed GA inhibitor with a concentration ratio of 5 : 9 in a 0.050 M MgCO3 growth 
solution of 95.44%. 

The crystal morphology of MgCO3 was observed using SEM and can be seen in 
Fig. 4 and 5. The results of the SEM analysis shown in Fig. 4 and 5 showed that there was 
a change in the surface morphology of the 0.050 M MgCO3 crystal using a mixed GA 
inhibitors (5 : 9) at 1000x and 5000x magnification. The results of the SEM analysis 
showed that the MgCO3 crystals before the addition of the GA inhibitors (5 : 9) were in 
the form of plates that fused to form granules. Meanwhile, the MgCO3  crystals which 
had been added with GA inhibitors (5 : 9) turned into thin and small sheets. The same 
thing also happened to the results of previous studies which reported that magnesium 
carbonate  crystals  were  in  the  form  of  a  sphere  composed  of  small  plates  that  
fused  like  an arrangement on flower petals [22]. So it can be concluded that the 
addition of inhibitors causes significant morphological changes of MgCO3 crystals. 

To further prove changes in the size of MgCO3 crystals without and with the 
addition of GA inhibitors, an analysis using a particle size analyzer (PSA) was performed 
on MgCO3 crystals obtained as seen in Fig. 6. The graph in Fig. 6 shows a comparison of 
the distribution of 0.050 M MgCO3 scale particles without and with the addition of a GA 
inhibitor (5 : 9) which shows that there is a shift in the graph between without an 
inhibitors and with the addition of an inhibitors. The graph shows that the MgCO3 scale 
without inhibitor has a median value of 12.87 µm and a mean value of 16.09 µm. After the 
addition of the GA inhibitor (5 : 9) the size of the MgCO3  scale particles had a median 
value of 5.38 µm and an average value (mean) of 8.04 µm. MgCO3 scale without the 
addition of inhibitors and with the addition of inhibitors has a difference in particle size 
distribution based on the median value of 7.49 µm and based on the mean value of 8.05 
µm. The particle size distribution can describe the effectiveness of the inhibitor in 
inhibiting the rate of crystal growth by comparing the crystal growth in the growth 
medium with the addition of an inhibitor and without the addition of an inhibitor. 
Crystal growth will generally be stunted in the presence of inhibitors in the growth 
solution medium [23]. 

The shift in the mean and median values in the MgCO3 crust with the addition of 

an initiator is due to the bond between Mg2+ metal and the active groups contained in 
GA inhibitor compounds such as hydroxyl groups (-OH) and carbonyl (C=O) so that the 
particle size is the diameter of the MgCO3 crystals. In gambier extract, compounds that 
play a role in inhibiting the growth rate of magnesium carbonate crystals are tannic acid, 
while in liquid smoke of coconut shell grade 2 compounds that play a role in inhibiting 
the growth rate of magnesium carbonate crystals are phenol and acetic acid. The 
growth solution was prepared from magnesium chloride (MgCl2) and sodium 
bicarbonate (NaHCO3) which were dissolved in a GA inhibitor, respectively. This means 

that Mg2+  ions will interact with inhibitors before reacting with CO32-  ions to form 

MgCO3  crystals. The Mg2+  ion will bind to the hydroxyl group (-OH) and carbonyl 
group (C=O) which are the active groups of compounds derived from GA inhibitors. 
 
3.4 Inhibition mechanism 

Morphological changes that occur in MgCO3  crystals without and with inhibitors 
are caused by crystal distortion. In the crystal distortion mechanism, scale inhibitors 
affect the arrangement reaction and crystal growth causing irregular and non-
crystalline forms. The inhibitor molecule adsorbs to the active crystal growth site, 
consequently the inhibitor molecule blocks and prevents further crystal growth. In 
addition, distortions (defects in the crystal lattice) create internal stresses, making the 
crystal brittle and fine. These fine crystals cannot withstand the mechanical forces 
exerted by water and are thus removed easily from the surface [24–28]. The mechanism 
of GA inhibitors in inhibiting the rate of crystal growth of MgCO3 can be illustrated in 
Fig. 7 which provides an illustration of how GA inhibitors work in adsorption on the 
crystal growth sides of crystal seedlings which results in inhibited crystal growth and 
irregular crystal shape. 
 
4. Conclusion 

A mixture of gambier extract and liquid smoke of coconut shell grade 2 can be 
used as an alternative to MgCO3 scale inhibitor. This can be seen by the decreased 
growth of MgCO3 scale after adding a mixture of gambier extract and liquid smoke of 
coconut shell grade 2. Gambier extract and liquid smoke of coconut shell grade 2 at a 
mixture concentration ratio of 5 : 9 as an inhibitor of scale formation MgCO3 has the 
highest effectiveness of 95.41 %. The results of observations with SEM showed a 
significant change between the MgCO3  scale without the addition of inhibitors and with 
the addition of GA inhibitors (5 : 9). The scale morphology of MgCO3 with the addition of 
GA inhibitor (5 : 9) was smaller and thinner than the scale morphology of MgCO3 
without the addition of inhibitor. 
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Table 1  Concentration comparisons of gambier extract (G) and liquid smoke of coconut 
shell grade 2 (A) mixtures. 

Ratio of 
concentration 

Concentration of gambier 
extract (ppm) 

Concentration of liquid smoke of 
coconut shell 

(G:A)  grade 2 (ppm) 
5 : 1 250 50 
5 : 3 250 150 
5 : 5 250 250 
5 : 7 250 350 
5 : 9 250 450 

 
Table 2 Chemical analysis of gambier extract by GC-MS. 
No Retention time (min) % Area Chemical compound 
1. 2,86 15,83 1,3-Benzenedicarboxylic acid 
2. 4,68 33,04 (2-Methylphenoxy)acetic acid 
3. 7,82 1,2 (4-Fluorophenyl)-(2'-thienyl)methanol 
4. 10,03 8,83 5H-benzothiophene 
5. 12,46 7,6 Pentanoic acid 
6. 14,65 6,83 Benzoic acid 
7. 16,59 2,98 1H-Purin-6-amine 
8. 17,36 1,84 Patchouli alcohol 

 
Table 3 Chemical analysis of liquid smoke of coconut shell grade 2 by GC-MS. 
No Retention time (min) % Area Chemical compound 
1. 3,30 8,19 Acetone 
2. 4,86 0,31 Butanoic Acid 
3. 5,05 2,66 3-furaldehyde 
4. 7,61 45,04 Phenol 
5. 9,36 4,57 Phenol, 2-methoxy 
6. 12,25 0,30 2,5-dimethylfuran 
7. 13,28 2,93 2,4-dimethoxyphenol 
8. 14,63 1,22 Methyl salicylic acid 

 
Effectiveness of inhibitor (%) at the concentration of growth solution of 0.05 M 

with the various concentration of inhibitor added. 
 

Effectiveness of inhibitor (%) Ratio of concentration (G:A) 
5 : 1 91.34 
5 : 3 92.19 
5 : 5 93.29 
5 : 7 94.00 
5 : 9 95.44 
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Fig. 1.  Changes in gambier extract (a) without the addition of liquid smoke of coconut 
shell grade 2 and (b) with the addition of liquid smoke of coconut shell grade 2 after 

being kept for 2 weeks. 
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Fig. 1.  Changes in gambier extract (a) without the addition of liquid smoke of coconut 
shell grade 2 and (b) with the addition of liquid smoke of coconut shell grade 2 after 

being kept for 2 weeks. 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 2. IR spectrum of (a) gambier extracts, (b) liquid smoke of coconut shell grade 2, and 

(c) gambier- liquid smoke of coconut shell grade 2 (5:9). 
 

 
Fig. 3. The growth of MgCO3 scale at a growth solution concentration of 0.050 M 

versus time at various ratios of GA inhibitor concentrations. 
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Fig. 4. Morphology of  MgCO3 crystals (a) without inhibitors and (b) with inhibitors of 
the mixture of gambier extracts and liquid smoke of coconut shell with a ratio of 5:9 at 

magnification of 1,000×. 
 

 
 

Fig. 5. Morphology of  MgCO3 crystals (a) without inhibitors and (b) with inhibitors of 
the mixture of gambier extracts and liquid smoke of coconut shell with a ratio of 5:9 at 

magnification of 5,000×. 
 

 
Fig. 6. Particle size distribution of MgCO3 crystals with and without inhibitor of G:A (5:9) 

at the concentration of MgCO3 growth solution of 0.05 M. 
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Fig. 6. Particle size distribution of MgCO3 crystals with and without inhibitor of G:A (5:9) 

at the concentration of MgCO3 growth solution of 0.05 M. 

 
 

Fig. 7. The mechanism of GA inhibitors in inhibiting the growth rate of MgCO3 
crystals in the growth solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



K
ATA

LO
G

 JU
R

N
A

L M
A

H
A

SISW
A

 PA
SC

A
SA

R
JA

N
A

 U
N

IV
ER

SITA
S LA

M
PU

N
G

114 VOLUME 2 NOMOR 2 TAHUN 2022

 
 
 

ROBUST CLUSTERING OF COVID-19 
PANDEMIC WORLDWIDE 

 
Rizki Agung Wibowo 1, Khoirin Nisa2*, Hilda Venelia3, Warsono4 

 
1,2,3,4Department of Mathematics, Faculty of Mathematics and Natural Sciences, 

University of Lampung 
Jl. Prof. Dr. Soemantri Brodjonegoro No. 1, Bandar Lampung, 35145, Indonesia 

 
Corresponding author e-mail: 2* khoirin.nisa@fmipa.unila.ac.id 

 
 
 
Abstract 

COVID-19 pandemic is described as the most challenging crisis that human have 
faced since World War II. From December 2019 until August 2021 based on the dataset 
provided by WHO, globally there are 219 countries in the world that are affected by this 
virus. There are 205.338.159 case cumulative total and 4.333.094 death cumulative total 
caused by this virus. In this paper the data of 219 countries are analyzed using a robust 
clustering method namely K-Medoids cluster analysis.  Based on the result, 219 
countries in the world can be divided into five clusters based on four COVID-19 related 
variables, i.e. the number of case cumulative total, death cumulative total, positive cases 
per capita and case fatality rate. The distribution of the countries to five clusters was as 
follows; the first cluster contained 48 countries, the second cluster contained 3 
countries, the third and fourth clusters contained 16 and 89 countries respectively, and 
the last cluster contained 63 countries. The largest cluster is the fourth one containing 
countries that form cluster with centroid below the world average, and the smallest 
cluster is the second cluster with the high cases in all attributes consists of USA, India 
and Brazil. 
 
Keywords: COVID-19, Cluster Analysis, K-Medoids. 
 
1. INTRODUCTION 

In December 2019, an outbreak of pneumonia of unknown origin was reported in 
Wuhan, Hubei, China, this case were epidemiologically linked to the Huanan Seafood 
Wholesale Market [1]. The pneumonia then was known as Coronavirus Disease 19 
(COVID-19) and spread across the world becoming a lethal pandemic. The effects of the 
pandemic were operationalized in terms of mobility, economy, and healthcare system. 
The mobility affected includes restructions on travel by airplane, ship and land 
transportation. Pandemics affect the economy in terms of demand and supply, 
decelerating the economic growth of affected countries, leading to reduction in trade 
and increase in poverty [2]. From December 2019 until August 2021 based on the dataset 
provided by World Health Organization (WHO), globally there are 219 countries in the 
world affected by this virus. There are 205338159 case cumulative total and 4333094 
death cumulative total caused by this virus. To observe the spread of the pandemic 
among countries around the world, it is necessary to group countries with 
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(COVID-19) and spread across the world becoming a lethal pandemic. The effects of the 
pandemic were operationalized in terms of mobility, economy, and healthcare system. 
The mobility affected includes restructions on travel by airplane, ship and land 
transportation. Pandemics affect the economy in terms of demand and supply, 
decelerating the economic growth of affected countries, leading to reduction in trade 
and increase in poverty [2]. From December 2019 until August 2021 based on the dataset 
provided by World Health Organization (WHO), globally there are 219 countries in the 
world affected by this virus. There are 205338159 case cumulative total and 4333094 
death cumulative total caused by this virus. To observe the spread of the pandemic 
among countries around the world, it is necessary to group countries with 

homogeneous characteristics of COVID-19 related variables as a basis for the United 
Nations (UN), particularly WHO, to analysis COVID-19 situation worldwide. 

Cluster analysis is a statistical technique for finding groups of objects from 
multivariate data. The aim of cluster analysis is to construct groups with homogeneous 
properties out of heterogeneous large samples [3]. An assumption that must be fulfilled 
in performing cluster analysis is the independencies between variables [4]. However, 
correlation between variables commonly occurs in research data. When the variables in 
the data are correlated, one should handle the problem by performing principal 
component analysis (PCA) to obtain new uncorrelated variables called “principal 
components” (PCs) [5]. The PCs are built as linear combinations of the original variables. 

Clustering algorithms are designed to identify an underlying structure of data 
and use the detected relationships within the structure to group the objects into 
distinct groups. One of the most commonly used algorithms among the partitioning 
methods in cluster analysis is the K-means algorithm [6], [7]. K-means starts by 
assigning K initial cluster centroids, either randomly or by an initialization algorithm. All 
objects are distributed into each cluster based on their distance to the centroids. The 
solution is refined by first electing a new cluster centroid, based on the mean values of 
each object in the cluster, and then redistributing the object accordingly. K-means 
refines the solution until changes are no longer made or until a maximum limit of 
iterations has been reached [8]. However, K-means is very sensitive to outliers. Even 
one outlier can affect the result of K-means clustering [9], [10]. Therefore a robust 
cluster algorithm is needed when we deal with data containing outliers. One of the 
efficient robust clustering techniques is the K-medoids, also simply referred to as 
Partitioning Around Medoids (PAM) algorithm [11]. 
 
2. RESEARCH METHODS 

This research was conducted in August 2021. The data used in this research 
sourced from WHO’s website, with variables used are case cumulative total (CCT), death 
cumulative total (DCT), positive case per capita (PCC) and case fatality rate (CFR) caused 
by coronavirus. The dataset collected from December 2019 until August 2021. 

Algebraically, principal components are particular linear combination of the 𝑝𝑝 
random variables             [4]. Let    ,           - be random vector, and   is the 
covariance matrix of   with eigenvalues                    and eigenvectors     
, i = 1, 2, …, p. Consider the linear combinations: 

     
   𝑎𝑎     𝑎𝑎     𝑎𝑎        𝑎𝑎           𝑖𝑖        𝑝𝑝 (1) 

 
with variance and covariance: 

 𝑎𝑎𝑎𝑎(  )    
             𝑖𝑖         𝑝𝑝 (2) 

 
 𝑜𝑜𝑜𝑜(     )    

             𝑖𝑖 𝑘𝑘         𝑝𝑝 (3) 
 

The principal components are those uncorrelated linear combinations             
whose variances in (2) are as large as possible [4]. In general, the i-th principal 
component  is a linear combination   

   which maximizes  𝑎𝑎𝑎𝑎(  
   ) subject to   

      
and  𝑜𝑜𝑜𝑜(  

     
  )    for 𝑘𝑘  𝑖𝑖. If the variables in the data have different units, the 

correlation matrix is used instead of the covariance matrix. 
K-Medoids clustering algorithm is also a partition-based clustering algorithm 

[12]. Many studies to improve K-Medoids algorithm have been done in decades (see e.g. 
[13]–[15]). The uses of the K-medoids have been also applied in various research fields, 
one can see e.g. [10], [11], [16]–[19]. The procedure of PAM algorithm can be summarized 
as follows: 
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1. Determine initial medoids  
 Calculate the distance between every pair (𝑖𝑖 𝑗𝑗) of all objects using Euclidean 

distance: 

𝑑𝑑(𝑖𝑖 𝑗𝑗)  𝑑𝑑   √∑(𝑥𝑥   𝑥𝑥  ) 
 

   
 (4) 

 Calculate 𝑣𝑣  for object 𝑖𝑖 as follows  

𝑣𝑣  ∑
𝑑𝑑  

∑ 𝑑𝑑   
   

          𝑗𝑗        𝑛𝑛
 

   
 (5) 

 
 Sort 𝑣𝑣  in ascending order, then select 𝑘𝑘 objects having the first 𝑘𝑘 smallest values 

as initial medoids. 
 Obtain the initial cluster result by assigning each object to the nearest medoid 
 Calculate the sum of distance from all objects to their medoids 
2. Update medoids 
 Find a new medoid from each cluster by minimizing the total distance to other 

objects in cluster 
 Update new medoid in each cluster 

3. Assign objects to medoids 
 Set each object to the nearest medoid and obtain the cluster result 
 Calculate the sum distance of all objects to their medoids, 
 Repeat from step 2, if the sum is equal to the previous iteration then stop 

algorithm [20]. 
 

The performance of cluster result is necessarily evaluated to see the level of 
homogenity of each cluster and determine the optimal number of clusters underlying 
the data. One of the most widely used statistics for cluster evaluation is the R-Squared 
(RS).  R-Squared is computed as: 
 

      
   

        
   

 
{∑ (𝑥𝑥  �̅�𝑥)  

   }  {∑ ∑ (𝑥𝑥   �̅�𝑥)   
   

  
   }

{∑ (𝑥𝑥  �̅�𝑥)  
   }  (6) 

 
The value of RS ranges from 0 to 1, with 0 indicating no differences among cluster 

and 1 indicating maximum differences among cluster. 
Processed resulted are analyzed using the help of Rstudio software. The analysis 

procedure can be described as follow: 
a) Outliers detection by using the Mahalanobis distance: 

𝑑𝑑 (   �̅�𝑥)  √(   �̅�𝑥)    (   �̅�𝑥), 
   is an outlier if 𝑑𝑑  (   �̅�𝑥)          , where p is the number of variables and  is a 
significance level with the default cut off commonly used is =0.05.  

b) Calculate the correlations among variables CCT, DCT, PCC, and CFR 
c) If the variables are correlated, PCA is performed  
d) Clustering the countries using PAM algorithms based on the principal components 

scores. 
e) Evaluate the cluster result 
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as initial medoids. 
 Obtain the initial cluster result by assigning each object to the nearest medoid 
 Calculate the sum of distance from all objects to their medoids 
2. Update medoids 
 Find a new medoid from each cluster by minimizing the total distance to other 

objects in cluster 
 Update new medoid in each cluster 

3. Assign objects to medoids 
 Set each object to the nearest medoid and obtain the cluster result 
 Calculate the sum distance of all objects to their medoids, 
 Repeat from step 2, if the sum is equal to the previous iteration then stop 

algorithm [20]. 
 

The performance of cluster result is necessarily evaluated to see the level of 
homogenity of each cluster and determine the optimal number of clusters underlying 
the data. One of the most widely used statistics for cluster evaluation is the R-Squared 
(RS).  R-Squared is computed as: 
 

      
   

        
   

 
{∑ (𝑥𝑥  �̅�𝑥)  

   }  {∑ ∑ (𝑥𝑥   �̅�𝑥)   
   

  
   }

{∑ (𝑥𝑥  �̅�𝑥)  
   }  (6) 

 
The value of RS ranges from 0 to 1, with 0 indicating no differences among cluster 

and 1 indicating maximum differences among cluster. 
Processed resulted are analyzed using the help of Rstudio software. The analysis 

procedure can be described as follow: 
a) Outliers detection by using the Mahalanobis distance: 

𝑑𝑑 (   �̅�𝑥)  √(   �̅�𝑥)    (   �̅�𝑥), 
   is an outlier if 𝑑𝑑  (   �̅�𝑥)          , where p is the number of variables and  is a 
significance level with the default cut off commonly used is =0.05.  

b) Calculate the correlations among variables CCT, DCT, PCC, and CFR 
c) If the variables are correlated, PCA is performed  
d) Clustering the countries using PAM algorithms based on the principal components 

scores. 
e) Evaluate the cluster result 
 
 
 

3. RESULTS AND DISCUSSION 
The correlations between variables are presented in Table 1. Based on Table 1 it 

has been shown that correlation value between CCT and DCT is very high as much as 
0,932, although other correlations are mild  we have to perform PCA to obtain 
independent new variables. 
 
Table 1. Correlation between four variables 

 CCT DCT PCC CFR 
CCT 1 0.932 0.156 0.035 
DCT 0.932 1 0.164 0.156 
PCC 0.156 0.164 1 -0.126 
CFR 0.035 0.156 -0.126 1 

 
The following table shows the eigenvalues of the sample correlation matrix 

above. The percentage of variances contained in each eigenvalue is described 
graphically in Figure 1. 
 
Table 2. Eigen value 

Eigen Eigenvalue Variance Percent Cumulative Variance Percent 
   1.995 49.868 % 49.868 % 
   1.126 28.138 % 78.006 % 
   0.820 20.490 % 98.496 % 
   0.060 1.504 % 100 % 

 

  
Figure 1. Scree plot of eigen values 

 
Based on Table 2, we only use two initial eigenvalues for further analysis since 

both eigenvalues already contain 78 % of cumulative variance, and scree plot in Figure 1 
also suggests that two components be retained. The scatter plot of objects using the 
first and the second Principal Component Scores (PC_1 and PC_2) is presented in 
Figure 2. 
 



K
ATA

LO
G

 JU
R

N
A

L M
A

H
A

SISW
A

 PA
SC

A
SA

R
JA

N
A

 U
N

IV
ER

SITA
S LA

M
PU

N
G

118 VOLUME 2 NOMOR 2 TAHUN 2022

    
Figure 2. Plot PC_1 vs PC_2 

 
Based on Figure 2, both variables form a stationary pattern, which means the two 

variables are uncorrelated, then the assumption of mutually uncorrelated variables is 
satisfied. However, it is indicated that there are outliers in the data. We conducted 
outlier detection using robust squared of Mahalanobis distance and the result is shown 
in Figure 3.  
 

 
Figure 3. Outlier detection 

 
The result shows that the number of outlier in the data is 39, then a robust 

clutering algorithm is required. The robust cluster analysis used is based on the 
principal component scores that have been obtained. Using K-Medoids algorithm we 
obtained the optimal number of cluster according to silhouette width is equal to 5 as 
presented in the following figure 4. 

 

 
Figure 4. Optimal number of clusters 



K
AT

A
LO

G
 J

U
R

N
A

L 
M

A
H

A
SI

SW
A

 P
A

SC
A

SA
R

JA
N

A
 U

N
IV

ER
SI

TA
S 

LA
M

PU
N

G

119PASCASARJANA UNILA (NOVEMBER 2022) 

    
Figure 2. Plot PC_1 vs PC_2 
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satisfied. However, it is indicated that there are outliers in the data. We conducted 
outlier detection using robust squared of Mahalanobis distance and the result is shown 
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Figure 3. Outlier detection 

 
The result shows that the number of outlier in the data is 39, then a robust 

clutering algorithm is required. The robust cluster analysis used is based on the 
principal component scores that have been obtained. Using K-Medoids algorithm we 
obtained the optimal number of cluster according to silhouette width is equal to 5 as 
presented in the following figure 4. 

 

 
Figure 4. Optimal number of clusters 

The result of K-medoids algorithm for five clusters yields the R-Square value as 
much as 0,8105, which means that 81,05 % of characteristics between clusters are 
different from each other. The resulted clusters graphically are shown in Figure 5, and 
the members of each cluster are presented in Table 3. 
 

 
Figure 5. Cluster plot result 

 
To determine cluster characteristics based on each variables and paid more 

attention to in each cluster, it is necessary to carry out a descriptive analysis. From all 
countries in the data, the average value of each variables are  ̅              , 
 ̅             ,  ̅           and  ̅         .  These average values are compared to 
the cluster centers ( ̅   ),  if  ̅     ̅  (where 𝑗𝑗 is the variable: CCT, DCT, PCC, CFR), it is 
interpreted sequentially as “medium”, “low”, “very low”, if  ̅     ̅   it is interpreted 
sequentially as “high”, “very high”.  Details of the result are described in Table 4 and 
Table 5. 
 
Table 3. Cluster result 

Cluster Countries Cluster size 

Cluster 1 

Madagascar, Australia, Nigeria, Mali, Malawi, Syrian Arab 
Republic, Guatemala, Ecuador, Senegal, Cambodia, Chad, 
Somalia, Zimbabwe, Tunisia, Bolivia, Haiti, Honduras, Sierra 
Leone, Bulgaria, Nicaragua, El Salvador, Liberia, Mauritania, 
Bosnia and Herzegovina, Jamaica, Gambia, Lesotho, Guinea-
Bissau, Trinidad and Tobago, Eswatini, Comoros, Antigua and 
Barbuda, Montserrat 

48 

Cluster 2 India, United States of America (USA), Brazil 3 

Cluster 3 
Indonesia, Russian Federation, Mexico, Turkey, Iran , Germany, 
The United Kingdom, France, Italy, South Africa, Colombia, 
Spain, Argentina, Ukraine, Poland, Peru 

16 

Cluster 4 

Nigeria, Japan, Ethiopia, Philippines, Thailand, Republic of Korea, 
Canada, Morocco, Saudi Arabia, Uzbekistan, Mozambique, 
Ghana, Nepal, Venezuela, Côte d’Ivoire, Cameroon, Sri Lanka, 
Burkina Faso, Romania, Kazakhstan, Zambia, Guinea, Rwanda, 
Benin, Burundi, South Sudan, Dominican Republic, Greece, 
Azerbaijan, Tajikistan, Hungary, Jersey, Papua New Guinea, 
Togo, Lao People's Democratic Republic, Paraguay, Libya, 
Kyrgyzstan, Singapore, Congo, Finland, Norway, Slovakia, 
Central African Republic, New Zealand, Republic of Moldova, 

89 
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Eritrea, Albania, Puerto Rico, Namibia, Botswana, Gabon, North 
Macedonia, Kosovo, Equatorial Guinea, Timor-Leste, Mauritius, 
Djibouti, Fiji, Guyana, Bhutan, Solomon Islands, Suriname, Brunei 
Darussalam, Belize, Bahamas, Iceland, Vanuatu, New Caledonia, 
Barbados, Sao Tome and Principe, Samoa, Saint Lucia, Guam, 
Grenada, Saint Vincent and the Grenadines, Dominica, Cayman 
Islands, Guernsey, Bermuda, Marshall Islands, Northern Mariana 
Islands, Greenland, Saint Kitts and Nevis, Faroe Islands, Anguilla, 
Wallis and Futuna, Saint Pierre and Miquelon, Falkland Islands 

Cluster 5 

Iraq, Malaysia, Chile, Netherlands, Belgium, Cuba, Czechia, 
Jordan, Portugal, Sweden, United Arab Emirates, Belarus, 
Austria, Switzerland, Serbia, Lebanon, Denmark, Oman, 
Palestine, Costa Rica, Ireland, Panama, Kuwait, Croatia, Georgia, 
Uruguay, Mongolia, Armenia, Qatar, Lithuania, Slovenia, Latvia, 
Bahrain, Estonia, Cyprus, Réunion, Luxembourg, Montenegro, 
Cabo Verde, Maldives, Malta, Guadeloupe, Martinique, French 
Guiana, French Polynesia, Mayotte, Curaçao, Aruba, United 
States Virgin Islands, Seychelles, Isle of Man, Andorra, Sint 
Maarten, Monaco, Saint Martin, Turks and Caicos Islands, 
Liechtenstein, San Marino, Gibraltar, British Virgin Islands, 
Bonaire, Saint Barthélemy, Holy See. 

63 

 
Table 4. Cluster Centre ( ̅   ) 

Cluster CCT DCT PCC CFR 
1 167364.94 5315.25 0.011 0.037 
2 29487418.33 536756.33 0.075 0.019 
3 4300364.50 116061.13 0.066 0.031 
4 182017.34 3350.18 0.020 0.012 
5 363638.11 4855.95 0.091 0.011 

 
Table 5. Cluster Characteristics 

Cluster CCT DCT PCC CFR 
1  Very low Medium Low Very high 
2 Very high Very high High Medium 
3 High High High High 
4 Low Very low Medium Low 
5 Medium Low Very high Very low 

 
Table 5 shows that the members in Cluster 1 have very low COVID-19 number of 

cases, medium COVID-19 death cases, low spread (postive case per capita) of COVID-19 
and very high COVID-19 fatality rate. Cluster 2 has very high confirmed and death cases, 
high postive case per capita and medium fatality rate.  Cluster 3 have high 
characteristics in all variables. Cluster 4 have low COVID-19 cases and fatality rate, very 
low death cases and medium spread. The last cluster (Cluster 5) has medium COVID-19 
cases, low death cases, very high spread and very low fatality rate. 
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Eritrea, Albania, Puerto Rico, Namibia, Botswana, Gabon, North 
Macedonia, Kosovo, Equatorial Guinea, Timor-Leste, Mauritius, 
Djibouti, Fiji, Guyana, Bhutan, Solomon Islands, Suriname, Brunei 
Darussalam, Belize, Bahamas, Iceland, Vanuatu, New Caledonia, 
Barbados, Sao Tome and Principe, Samoa, Saint Lucia, Guam, 
Grenada, Saint Vincent and the Grenadines, Dominica, Cayman 
Islands, Guernsey, Bermuda, Marshall Islands, Northern Mariana 
Islands, Greenland, Saint Kitts and Nevis, Faroe Islands, Anguilla, 
Wallis and Futuna, Saint Pierre and Miquelon, Falkland Islands 

Cluster 5 

Iraq, Malaysia, Chile, Netherlands, Belgium, Cuba, Czechia, 
Jordan, Portugal, Sweden, United Arab Emirates, Belarus, 
Austria, Switzerland, Serbia, Lebanon, Denmark, Oman, 
Palestine, Costa Rica, Ireland, Panama, Kuwait, Croatia, Georgia, 
Uruguay, Mongolia, Armenia, Qatar, Lithuania, Slovenia, Latvia, 
Bahrain, Estonia, Cyprus, Réunion, Luxembourg, Montenegro, 
Cabo Verde, Maldives, Malta, Guadeloupe, Martinique, French 
Guiana, French Polynesia, Mayotte, Curaçao, Aruba, United 
States Virgin Islands, Seychelles, Isle of Man, Andorra, Sint 
Maarten, Monaco, Saint Martin, Turks and Caicos Islands, 
Liechtenstein, San Marino, Gibraltar, British Virgin Islands, 
Bonaire, Saint Barthélemy, Holy See. 
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Table 5 shows that the members in Cluster 1 have very low COVID-19 number of 

cases, medium COVID-19 death cases, low spread (postive case per capita) of COVID-19 
and very high COVID-19 fatality rate. Cluster 2 has very high confirmed and death cases, 
high postive case per capita and medium fatality rate.  Cluster 3 have high 
characteristics in all variables. Cluster 4 have low COVID-19 cases and fatality rate, very 
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cases, low death cases, very high spread and very low fatality rate. 
 
 
 
 
 
 

4. CONCLUSIONS 
In this paper, we applied combination of robust clustering use K-Medoids 

algorithm and principal component analysis for grouping 219 countries in the world 
based on COVID-19 pandemic case. Based on result and discussion it can be concluded 
that 219 countries in the world can be divided into five clusters by using k-medoid 
algorithm. Each cluster has unique characteristic and different form other cluster. Most 
countries in the world have the COVID-19 related conditions below the world average. 
However, Madagascar, Australia, Nigeria, Mali and 44 other countries in Cluster 1 have a 
very low COVID-19 number of cases but very high fatality rate. Indonesia, Mexico, 
Turkey, Iran, Germany, and 11 other countries in Cluster 3 have high COVID-19 related 
conditions. While India, USA and Brazil have a very high COVID-19 confirmed and death 
cases , high COVID-19 spread and medium fatality rate. 
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Abstract 

Sponge-derived fungi are a potential source for obtaining bioactive secondary 
metabolites. The aim of the study was to evaluate the in vitro antibacterial activity 
extract from sponge-derived fungi that could inhibit clinical pathogenic bacteria. In this 
study, nine isolated fungi were selected from deposite of Integrated Laboratory of 
Innovation and Technology Center, Lampung University. All isolates were maintained in 
malt extract media. Based on phylogenetic sequencing results, isolate 18A12RF was 
Aspergillus nomius (603 bp) using ITS1-5.8-ITS2. The isolate A12RF was cultivated and 
co-cultivated on rice solid media in 4 L Erlenmeyer flask to obtain 4.2 g of ethyl acetate 
extract (EtOAc). After that, the extract was subjected to several chromatographic steps 
based on bioassay-guided separation. The results of the fractionation of 2.4 g of EtOAc 
extract obtained 33.8 mg of the active fraction of A12RFBF3. The minimum inhibition 
concentration (MIC) test for the A12RFBF3 fraction showed inhibition of the growth of 
clinical bacteria Staphylococcus aureus at a concentration of 6.25 µg mL-1. The findings of 
this study concluded that the crude extract prepared from the A12RF has antibacterial 
properties against clinical bacteria. This study is an important work as initial 
information for further studies in the search for new bioactive compounds. 

 
Key Words: antibacterial agent, Aspergillus nomiae, bacterial pathogen, marine fungi. 
 
Introduction 

The decline in the quality of marine ecosystems due to human activities has 
serious ecological, social and economic implications. Over the past 4 decades, there has 
been a 58% decline in the global population of vertebrate species and 31% of marine 
fauna (WWF 2016). This decrease affects the quality of ecosystem diversity and 
endangers the sustainability of existing ecosystems. On the other hand, marine 
ecosystems are a potential source for substances with pharmacological properties 
(Rateb & Ebel 2011). However, the data that has been reported has not been comparable 
to the potential that should have been obtained based on the existing biological wealth. 
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Therefore, it is necessary to make more intensive efforts to obtain information on 
bioactive compounds contained in marine organisms before damage occurs to marine 
ecosystems. 

Based on the results of studies since 1985, more than 15,000 new secondary 
metabolites have been identified from marine organisms, many of which having 
interesting bioactivities (Blunt et al 2009; Al-Dhabi et al 2019). Sponges are the most 
studied animals among marine invertebrates as a source of diverse bioactive compounds 
(Varijakzhan et al 2021). However, problems arise in obtaining bioactive compounds in 
marine biota such as sponges, one of which is a difficult cultivation process. So that a 
search for bioactive compounds was carried out through the microorganisms found in 
the sponge. Sponges are famous for their filter feeder properties so there are various 
kinds of microorganisms that are diverse and specific (Kiran et al 2018). Marine 
microorganisms have been reported to be able to produce new compounds and are 
easier to culture than marine macroorganisms (Blunt et al 2015). The utilization of 
marine microorganisms as a new source of bioactive compounds is able to avoid 
overexploitation of marine resources and the practice of over-taking marine biota 
(Romano et al 2017). Furthermore, the large amount of fungal biodiversity derived from 
sponges has not been fully investigated. This indicates that there are still many 
undiscovered metabolites. 

Sponges are invertebrate animals that are filter feeders so they can contain 
various kinds of microorganisms. As much as 40% of the sponge's volume consists of 
microorganisms (Vacelet & Donadey 1977). The presence of microorganisms in the body 
of a sponge can be varied and specific. This is a consideration for the development of 
the search for bioactive compounds through marine microorganisms. As recently 
reported, epidithiodiketopiperazine DC1149B which has cytotoxic activity was obtained 
from the sponge-derived fungus Trichoderma lixii (Tang et al 2020). However, new 
problems arise in the fungi cultivation process to get bioactive compounds such as 
dereplication and loss of fungi ability to produce target compounds. To overcome this 
problem, it is necessary to carry out a fungal co-cultivation process with different 
microorganisms. Co-cultivation technique is a simple method that aims to increase the 
production of bioactive secondary metabolites. As has been successfully reported by 
Jomori et al (2020), the co-culture of Aspergillus niger originating from the sea with 
Mycobacterium smegmatis produced malforming C and TMC-256A1 which have 
cytotoxic properties. 

In this study, we aimed to evaluate the in vitro antibacterial activity of EtOAc 
extract from sponge-derive fungi that could inhibit clinical pathogenic bacteria with 
resistance to several antibiotics. Moreover, we report a new method for the efficient 
production of antibacterial extracts from fungi cultured using solid fermentation 
technique using rice media. This initial information is very important for further 
development of the search for new antibiotic compounds that can inhibit the growth of 
resistant bacteria. 
 
Material and Method 
Isolation of fungi from marine sponges. 

Marine organisms, especially sponges, were selected for fungal isolation. Sponge 
samples were collected from Singaraja, Buleleng, Bali, Indonesia in August 2018. Samples 
were collected along the sea coast (8°07'20.9"S 114°34'03.8"E) at depths of 5-20 m by 
SCUBA diving. A small piece of sponge was rinsed and homogenized in sterile seawater. 
The homogenate was submitted to serial dilution and spread on plates of Malt Extract 
(ME) (105397, Merck kGAa Germany) and Trypthic Soy Broth (TSB) (105459, Merck kGAa 
Germany) agar prepared with 50% (v/v) seawater and cultured at 28oC for 7 days. Fungi 
were isolated and purified on ME TSB agar medium prepared with 50% (v/v) seawater. 
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Therefore, it is necessary to make more intensive efforts to obtain information on 
bioactive compounds contained in marine organisms before damage occurs to marine 
ecosystems. 

Based on the results of studies since 1985, more than 15,000 new secondary 
metabolites have been identified from marine organisms, many of which having 
interesting bioactivities (Blunt et al 2009; Al-Dhabi et al 2019). Sponges are the most 
studied animals among marine invertebrates as a source of diverse bioactive compounds 
(Varijakzhan et al 2021). However, problems arise in obtaining bioactive compounds in 
marine biota such as sponges, one of which is a difficult cultivation process. So that a 
search for bioactive compounds was carried out through the microorganisms found in 
the sponge. Sponges are famous for their filter feeder properties so there are various 
kinds of microorganisms that are diverse and specific (Kiran et al 2018). Marine 
microorganisms have been reported to be able to produce new compounds and are 
easier to culture than marine macroorganisms (Blunt et al 2015). The utilization of 
marine microorganisms as a new source of bioactive compounds is able to avoid 
overexploitation of marine resources and the practice of over-taking marine biota 
(Romano et al 2017). Furthermore, the large amount of fungal biodiversity derived from 
sponges has not been fully investigated. This indicates that there are still many 
undiscovered metabolites. 

Sponges are invertebrate animals that are filter feeders so they can contain 
various kinds of microorganisms. As much as 40% of the sponge's volume consists of 
microorganisms (Vacelet & Donadey 1977). The presence of microorganisms in the body 
of a sponge can be varied and specific. This is a consideration for the development of 
the search for bioactive compounds through marine microorganisms. As recently 
reported, epidithiodiketopiperazine DC1149B which has cytotoxic activity was obtained 
from the sponge-derived fungus Trichoderma lixii (Tang et al 2020). However, new 
problems arise in the fungi cultivation process to get bioactive compounds such as 
dereplication and loss of fungi ability to produce target compounds. To overcome this 
problem, it is necessary to carry out a fungal co-cultivation process with different 
microorganisms. Co-cultivation technique is a simple method that aims to increase the 
production of bioactive secondary metabolites. As has been successfully reported by 
Jomori et al (2020), the co-culture of Aspergillus niger originating from the sea with 
Mycobacterium smegmatis produced malforming C and TMC-256A1 which have 
cytotoxic properties. 

In this study, we aimed to evaluate the in vitro antibacterial activity of EtOAc 
extract from sponge-derive fungi that could inhibit clinical pathogenic bacteria with 
resistance to several antibiotics. Moreover, we report a new method for the efficient 
production of antibacterial extracts from fungi cultured using solid fermentation 
technique using rice media. This initial information is very important for further 
development of the search for new antibiotic compounds that can inhibit the growth of 
resistant bacteria. 
 
Material and Method 
Isolation of fungi from marine sponges. 

Marine organisms, especially sponges, were selected for fungal isolation. Sponge 
samples were collected from Singaraja, Buleleng, Bali, Indonesia in August 2018. Samples 
were collected along the sea coast (8°07'20.9"S 114°34'03.8"E) at depths of 5-20 m by 
SCUBA diving. A small piece of sponge was rinsed and homogenized in sterile seawater. 
The homogenate was submitted to serial dilution and spread on plates of Malt Extract 
(ME) (105397, Merck kGAa Germany) and Trypthic Soy Broth (TSB) (105459, Merck kGAa 
Germany) agar prepared with 50% (v/v) seawater and cultured at 28oC for 7 days. Fungi 
were isolated and purified on ME TSB agar medium prepared with 50% (v/v) seawater. 

The purified isolate was streaked on slants of ME TSB agar at 4oC and in glycerol 20% 
(v/v) suspensions at -20oC. 
 
Cultivation and co-cultivation 

Cultivation. Fungal isolates were grown on ME media and TSB (10 mL) and then 
cultivated for 2-4 days with shaking at 100 rpm. After the fungus grows, the fungi 
inoculum was poured into the rice medium consisting of 100 g of rice in 110 mL of sterile 
artificial seawater (ASW). After that, it was cultivated at 30oC for 1 week under static 
conditions. 

Co-cultivation. For co-cultivation, 10 mL inoculum bacterial broth (1.0 x 108 CFU 
mL-1 Mc Farland) was prepared in TSB (Tryptic Soy Broth) (Merck, KGaA) medium and 
incubated overnight at 37oC. Then, S. aureus inoculum was added to the fourth day of 
fungal cultivation. Co-cultivation was carried out at 30oC for 14 days (Frank et al 2019; 
Jomori et al 2020). The cultivation and co-cultivation processes were repeated three 
times. The fungal biomass from cultivation and co-cultivation was then extracted with 
EtOAc. The extraction results were then concentrated under reduced pressure using a 
vacuum rotary evaporator (Büchii RA 210 with vacuum pump V-100, Switzerland) to 
obtain the crude EtOAc extract for further experiments. 
 
Clinical pathogenic multidrug resistance (MDR) bacteria. 

The clinical pathogenic S. aureus and Pseudomonas aeruginosa which were used 
in this study were collected from General Hospital Abdoel Moeloek, Bandar Lampung. 
For inoculum preparation, S. aureus and P. aeruginosa were re-cultured on nutrient agar 
(105450 Merck KGaA, Germany) at 37oC for 18 h, and then inoculated in TSB. Turbidity 
was adjusted to 0.5 standard McFarland (equal to 5 x 108 CFU mL-1). The disc diffusion 
method (Kwasny & Opperman 2010) was used to determine the sustainability of S. 
aureus and P. aeruginosa to several commercial antibiotics. According to the CLSI 
guidelines (2017), test results showed S. aureus was resistant to amoxicillin (25 µg), 
ciprofloxacin (5 µg), and clindamycin (2 µg), while P. aeruginosa was resistant to 
amoxicillin (25 µg), ciprofloxacin (5 µg), clindamycin (2 µg), and chloramphenicol (30 µg). 
 
Screening antibacterial activity against clinical pathogen. 

The fungi extract was screened using a 96-well plate assay according to CLSI 
guidelines (CLSI 2017). Briefly, serial two-fold dilutions of the extract were prepared by 
dissolving 2 mg of fungi extract in 1 mL of 12.5% methanol (range, 500 to 3.9 µg mL-1) and 
50 μL of extract solution and 25 μL of bacterial suspension added to each well. The 
bacterial suspension was prepared from 12 h pure colonies of S. aureus and P. 
aeruginosa. Suspensions were adjusted to 0.5 McFarland standard turbidity (106 CFU mL-

1) and subsequently incubated for 18-24 h at 37°C. Wells with 12.5% MeOH were used as 
solvent control and wells without bacteria were used as contamination control. An 
extract control was also included. The plates were prepared in triplicates, and placed in 
an incubator for 18 hours at 37oC. After that, resazurin was added and incubated for 8 
hours, and the absorbance (Abs) values were measured at 630 nm using Hospitex reader 
(Italy). Furthermore, the minimum inhibition concentration (MIC) test was carried out 
on only the active extract (Elsikh et al 2016). 
 
Morphology of fungus A. nomiae. 

Fungi were spotted on slides and covered with coverslips and then were 
identified morphologically as fungi with light microscopy, using an Observer A1 Zeiss 
microscope. ME and TSB agar was poured on sterile slides and allowed to solidify. Then 
organisms were streaked on it and incubated at 37oC for 2-3 days (Goodfellow et al 
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2012). Scanning Electron Microscopy (SEM) was performed to study the mycelial and 
spore arrangements of isolated fungi. Fungi were grown on standard media after 4 days, 
and a small part of the coverslip was cut off using a microtome SLEE Disposable Blades 
to obtain a piece of 0.5 cm x 0.5 cm with a thickness of 0.1 cm. Prepared samples were 
placed on stubs, which were fixed with carbon adhesive tabs. Prepared samples were 
placed on stubs, which fixed with carbon adhesive tabs. The upper surface of each stub 
was then coated, under vacuum, with a film of gold. The gold coating (Quorum Q150R 
ES, Germany) process was completed in ~ 20 min. The gold-coated metal stubs were 
viewed on the SEM (Zeiss EVO MA10, Germany) at an accelerating voltage of 20 kV. 
 
DNA extraction and PCR amplification. 

Fungal genomic DNA was extracted as previously described by Landum et al 
(2016), in accordance to the manufacturer’s instructions, using the QIAamp DNA Minikit 
(Qiagen, Germany). The nuclear ribosomal DNA internal transcribed spacer (ITS) of the 
fungal isolates was amplified using the forward primer, ITS1-F (5′-
TCCGTAGGTGAACCTGCGG-3′) and the reverse primer, ITS4-R (5′-
TCCTCCGCTTATTGATATGC-3′) (White et al 1990). The final reaction volume was 20.5 
µL, containing 10 µL of PCR kit NEXpro TM (PCR Biosystems, UK), 0.25 µL of forward, 
0.25 µL reverse primers, 5 µL ddH2O, and 5 µL of genomic DNA template. For negative 
control, the DNA was replaced with distilled water to verify the absence of 
contamination. PCR was carried out using Sensoquest Sensodirect Gradient Termo 
block 96 (SensoQuest, Germany), programmed for 5 min at 94oC; 35 cycles for 1 min at 
94oC, 1 min at 52oC, and 1 min at 72oC; and a final 5 min extension at 72oC. The PCR 
products were separated using 2% agarose gel in 1X TAE buffer (40 mM Tris-acetate and 
1 mM EDTA, pH 8.0), stained with ethidium bromide (0.5 µg mL-1) and documented using 
Qiaxcell Advanced (Qiagen, Germany). PCR products were sent for direct bi-
directionally sequencing using ABIPRISM3730 × 1 Genetic Analyzer (Applied Biosystems, 
USA) at the First BASE Laboratory Sdn. Bhd., Selangor, Malaysia. 
 
Sequence and phylogenetic analysis. 

The resulting DNA sequences were aligned using MUSCLE software embedded in 
MEGA 7 (Kumar et al 2016), manually trimmed and edited to obtain complete sequences. 
Homology searches were carried out using the BLASTn program against the NCBI 
GenBank database (https://blast.ncbi.nlm.nih.gov/ Blast.cgi). The appropriate DNA 
substitution models for the ITS gene was assessed using the “find best DNA/Protein 
Models” function embedded in the software MEGA 7. Futhermore the maximum 
likelihood (ML) statistical method was used to test the goodness of fit against various 
models of evolution. According to the estimated values of all parameters for each model, 
the model best fitting to the dataset from the ITS sequences was general time reversible 
(GTR) model and gamma distributed (+G) with invariant sites (+I) (=GTR+G+I) model. ML 
tree was constructed using MEGA 7 with all positions containing gaps and missing data 
were included for analysis. Clade supports were calculated based on 1,000 bootstrap 
resamplings. 
 
Extraction, fractionation and MIC test. 

Fungi biomass was harvested using EtOAc extraction. Filtrate of the EtOAc 
extract was concentrated by evaporation under reduced pressure. The EtOAc extract 
was partitioned into a water–ButOH mixture (1:1). Fractionation was carried out on the 
basis of bioassay-guided separation. The MIC test was carried out on the active fraction 
obtained following the Elsikh et al (2016) method. 
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2012). Scanning Electron Microscopy (SEM) was performed to study the mycelial and 
spore arrangements of isolated fungi. Fungi were grown on standard media after 4 days, 
and a small part of the coverslip was cut off using a microtome SLEE Disposable Blades 
to obtain a piece of 0.5 cm x 0.5 cm with a thickness of 0.1 cm. Prepared samples were 
placed on stubs, which were fixed with carbon adhesive tabs. Prepared samples were 
placed on stubs, which fixed with carbon adhesive tabs. The upper surface of each stub 
was then coated, under vacuum, with a film of gold. The gold coating (Quorum Q150R 
ES, Germany) process was completed in ~ 20 min. The gold-coated metal stubs were 
viewed on the SEM (Zeiss EVO MA10, Germany) at an accelerating voltage of 20 kV. 
 
DNA extraction and PCR amplification. 

Fungal genomic DNA was extracted as previously described by Landum et al 
(2016), in accordance to the manufacturer’s instructions, using the QIAamp DNA Minikit 
(Qiagen, Germany). The nuclear ribosomal DNA internal transcribed spacer (ITS) of the 
fungal isolates was amplified using the forward primer, ITS1-F (5′-
TCCGTAGGTGAACCTGCGG-3′) and the reverse primer, ITS4-R (5′-
TCCTCCGCTTATTGATATGC-3′) (White et al 1990). The final reaction volume was 20.5 
µL, containing 10 µL of PCR kit NEXpro TM (PCR Biosystems, UK), 0.25 µL of forward, 
0.25 µL reverse primers, 5 µL ddH2O, and 5 µL of genomic DNA template. For negative 
control, the DNA was replaced with distilled water to verify the absence of 
contamination. PCR was carried out using Sensoquest Sensodirect Gradient Termo 
block 96 (SensoQuest, Germany), programmed for 5 min at 94oC; 35 cycles for 1 min at 
94oC, 1 min at 52oC, and 1 min at 72oC; and a final 5 min extension at 72oC. The PCR 
products were separated using 2% agarose gel in 1X TAE buffer (40 mM Tris-acetate and 
1 mM EDTA, pH 8.0), stained with ethidium bromide (0.5 µg mL-1) and documented using 
Qiaxcell Advanced (Qiagen, Germany). PCR products were sent for direct bi-
directionally sequencing using ABIPRISM3730 × 1 Genetic Analyzer (Applied Biosystems, 
USA) at the First BASE Laboratory Sdn. Bhd., Selangor, Malaysia. 
 
Sequence and phylogenetic analysis. 

The resulting DNA sequences were aligned using MUSCLE software embedded in 
MEGA 7 (Kumar et al 2016), manually trimmed and edited to obtain complete sequences. 
Homology searches were carried out using the BLASTn program against the NCBI 
GenBank database (https://blast.ncbi.nlm.nih.gov/ Blast.cgi). The appropriate DNA 
substitution models for the ITS gene was assessed using the “find best DNA/Protein 
Models” function embedded in the software MEGA 7. Futhermore the maximum 
likelihood (ML) statistical method was used to test the goodness of fit against various 
models of evolution. According to the estimated values of all parameters for each model, 
the model best fitting to the dataset from the ITS sequences was general time reversible 
(GTR) model and gamma distributed (+G) with invariant sites (+I) (=GTR+G+I) model. ML 
tree was constructed using MEGA 7 with all positions containing gaps and missing data 
were included for analysis. Clade supports were calculated based on 1,000 bootstrap 
resamplings. 
 
Extraction, fractionation and MIC test. 

Fungi biomass was harvested using EtOAc extraction. Filtrate of the EtOAc 
extract was concentrated by evaporation under reduced pressure. The EtOAc extract 
was partitioned into a water–ButOH mixture (1:1). Fractionation was carried out on the 
basis of bioassay-guided separation. The MIC test was carried out on the active fraction 
obtained following the Elsikh et al (2016) method. 
 

Results and Discussion 
Sample collection and isolation of fungus. 

Marine organisms were collected at Singaraja, Buleleng, Bali, Indonesia. During a 
one-week collection trip, nine sponges were collected along the coast (8°07'20.9"S 
114°34'03.8" E) at a depth of 5-25 meters. Identification of marine organisms based on 
their physical form and the presence of spicules showed that all specimens were 
sponges belonging to the genus Desmospongiae. After going through the process of 
enrichment and purification on agar media, nine fungi were isolated from the sample of 
sponges as shown in Table 1. 
 
Table 1 Isolate fungi from marine organisms 

No. Sponge code Species Isolate fungus Color 
1 18A02 Callyspongia armigera 18A02RF White 
2 18A12 Unidentified 18A12RF White-orange 
3 18B15 Plakina jamaicensis 18B15RF White 
4 18B20 Cinachyrella kuekenthali 18B20RF White 
5 18B21 Niphates alba 18B21RF White 
6 18B23 Diplastrella sp. 18B23RF White 
7 18C24 Batzella sp. 18B24RF White 
8 18E41 Niphates erecta 18E41RF White 
9 18E42 Aplysina cauliformis 18E42RF White 

 
The presence of microorganisms in the body of the sponge is certainly related to 

its filter feeder nature (Müller 2003). Furthermore, the presence of fungi in marine 
organisms such as sea fans, corals, and macroalgae (Loque et al 2009; Amend et al 2012) 
has also been reported. However, studies show that the fungi originating from the sea 
have a relatively small number, which is about 0.6% of the total number of fungi globally. 
It is estimated that there are still many fungi that have not been isolated (Burgaud et al 
2009). In addition, fungi have a role in marine ecosystems as saprophytes in dead 
organisms, and symbionts (parasites, commensals, and mutualists) in living marine 
organisms (Raghukumar 2017). 
 
Screening antibacterial activities. 

Antibacterial screening tests have been carried out on nine extracts of fungal 
isolates prepared from cultivation and co-cultivation on rice media. The test results on 
clinical pathogenic bacteria, S. aureus, and P. aeruginosa are shown in Figures 1 and 2. 
Crude extracts from cultivation and co-cultivation results show differences in 
antibacterial activity. The test results of fungal extracts prepared from co- cultivation 
against S. aureus (Figure 1) showed a significant increase in the inhibitory activity, 
especially in the 18A12RF extract. Meanwhile, the co-cultivation process had no 
significant effect on the other isolates. 
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Figure 1. Screening extract EtOAc (cultivation and co cultivation) 
of isolate fungus against S. aureus. 

 
Different results also occurred in the screening tests for P. aeruginosa. Nine 

extracts of co-cultivated fungal isolates that were tested showed an increase in the 
ability to inhibit the growth of P. aeruginosa (Figure 2). The increase in antibacterial 
activity in the co- cultivation process could be due to competition between different 
microorganisms for self-defence, thereby triggering the formation of secondary 
metabolites through activation and transcription under stress conditions. The 
competition or antagonism experienced during co-cultivation was shown to lead to 
significantly enhanced compound production and the accumulation of undetectable 
cryptic compounds in axenic cultures of the producing strains. Co-cultivation proves 
that this experimental approach increases chemical productivity (Li et al 2011). 
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Morphology of fungus 18A12RF. 
Visual observation of fungi cultivated in media showed mycelia penetrating the 

substrate, while mycelia grew vertically at the media-air interface. Under microscopic 
observation, all isolated fungi had an average mycelium diameter of ~5 microns. This is 
larger than many fungi which have mycelia of 1-2 microns (Toledo-Hernandez et al 
2008). 

The microscopic characteristics of 18A12RF are shown in Figure 3. Under the 
microscope, the conidiophores of 18A12RF were colourless, thick-walled, roughed, and 
bearing vesicles. The diameter of the conidiophores ranged from 2.5 to 3 µm. The vesicle 
shape of 18A12RF was globose to sub-globose. The diameter of the vesicles ranged from 
20 to 30 µm. The cells were uniseriate or biseriate. In the biseriate cells, the phialides 
grew on the metulae whereas, in uniseriate cells, they grew on the vesicles. The metulae 
enclosed the vesicles surface and emitted in all directions. The conidia were globose, 
thin walled, slightly roughed, and oblong ranged from 2.5 to 3 µm in diameter. 

 

           
(a) (b) (c) 

 
Figure 3. (a). Isolate 18A12RF in standard media; (b) Visualization of 18A12RF, scale 400x; 

(c) SEM (Scanning Electron Microscope) image. 
 

Scanning electron microscopy (SEM) revealed that the mycelia were composed of 
branched, septate, smooth-walled hyphae 1.3 to 2.7 μm wide (mean = 2.1 μm). Conidial 
heads radiated, normally splitting into two to four dense columns (up to 500 μm long) 
with age. Stipes were 69 to 242 μm long (mean = 181 μm), were 3.7 to 6.0 μm wide (mean 
= 5.3 μm), had rough walls, and were light orange pigmented. Vesicles were globose, 6.8 
to 10.9 μm in diameter (mean = 8.9 μm), and biseriate. Metulae were smooth walled and 
cylindrical, measuring 1.7 to 3.1 (mean = 2.6) × 1.7 to 2.1 (mean = 1.9) µm. Phialides were 
smooth walled and flask shaped, measuring 4.3 to 5.7 (mean = 4.8) × 1.2 to 1.3 (mean = 1.2) 
µm, with 0.6 to 1.4 µm-long collula. Conidia were middle orange-yellow and globose to 
subglobose when mature, measuring 1.4 to 1.7 (mean = 1.5) µm (Figures 3a to 3c), and 
roughened. A teleomorphic state was not observed. Based on the observations and 
descriptions above, isolate 18A12RF is a fungus that belongs to the Aspergillus group. 

 
Phylogenetic analysis. 

ITS1-5.8S-ITS4 sequence region (603 base pairs (bp)), deposited in GenBank with 
accession number LC638671) of strain 18A12RF was amplified by PCR and sequenced. A 
phylogenetic tree was constructed, using the maximum- likelihood method and Tamura 
3-parameter model based on the similarity of a 603-bp consensus length of the ITS1-
5.8S-ITS4 sequence. Thirty Aspergillus representatives along with Emericella nidulans 
(Acc. No. HQ026740) as an outgroup were used (Figure 4). Strain 18A12RF was found to 
belong to a clade related to A. nomiae in the tree, with sequence identities of 99% 
respectively. The properties of culture and morphology of strain 18A12RF were 
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consistent with those of A. nomiae as previously. The ITS phylogenetic analyses 
confirmed that the fungus strain A12-RF belonged to A. nomiae, and was designated as A. 
nomiae A12-RF. 
 
Fractionation and MIC test. 

An EtOAc extract 18A12RF (2.4 g) that exhibited antibacterial activity against S. 
aureus and P. aeruginosa at 250 µg mL-1 was partitioned into a ButOH-water mixture to 
obtain a ButOH soluble portion A12RFB (0.8 g). The ButOH soluble portion showed 
growth inhibition at 62.5 µg mL-1 against S. aureus. This fraction A12RFB was subjected to 
SiO2 gel open column chromatography eluted with n- hexane and isopropanol, affording 
four fractions: 252.2 mg A12RFBF1 (eluted with n-hexane: isopropanol 5:1), 35.4 mg 
A12RFBF2 (eluted with n-hexane: isopropanol 5:1), 33.8 mg A12RFBF3, and 107.9 mg 
A12RFBF4 (eluted with n-hexane: isopropanol 7:3). Each fraction was subjected to a MIC 
assay. The fractions A12RFBF3 and A12RFBF2 inhibited growth of S. aureus and P. 
aeruginosa most effectively at a concentration of 

6.25 and 125 µg mL-1 respectively (Figure 5). 
 

 
 

Figure 4. Phylogenetic tree strain A12-RF. 
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consistent with those of A. nomiae as previously. The ITS phylogenetic analyses 
confirmed that the fungus strain A12-RF belonged to A. nomiae, and was designated as A. 
nomiae A12-RF. 
 
Fractionation and MIC test. 

An EtOAc extract 18A12RF (2.4 g) that exhibited antibacterial activity against S. 
aureus and P. aeruginosa at 250 µg mL-1 was partitioned into a ButOH-water mixture to 
obtain a ButOH soluble portion A12RFB (0.8 g). The ButOH soluble portion showed 
growth inhibition at 62.5 µg mL-1 against S. aureus. This fraction A12RFB was subjected to 
SiO2 gel open column chromatography eluted with n- hexane and isopropanol, affording 
four fractions: 252.2 mg A12RFBF1 (eluted with n-hexane: isopropanol 5:1), 35.4 mg 
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Figure 4. Phylogenetic tree strain A12-RF. 

 
Figure 5. Minimum inhibitory concentration of fraction A12RFB 

(F1-F4) control (+) = chloramphenicol). 
 
Conclusions. 

The finding of the present study concluded that the extract prepared from 
Aspergillus nomiae A12-RF had bioactive metabolites with antibacterial properties. The 
extract fraction A12-RFBF3 inhibited the growth of clinical bacteria S. aureus (6.25 µg 
mL-1) and the fraction A12-RFBF2 inhibited the growth of clinical bacteria P. aeruginosa 
(125 µg mL-1), both of which were resistant to several antibiotics. This study builds on the 
work for further studies on the development of antibacterial agents. 
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Abstrak 

Bilangan kromatik lokasi graf merupakan pengembangan dari konsep dimensi 
partisi dan pewarnaan titik suatu graf. Banyaknya warna minimum pada pewarnaan 
lokasi dari graf   disebut bilangan kromatik lokasi graf  . Pada paper ini dibahas tentang 
bilangan kromatik lokasi graf split lintasan dan graf barbel split lintasan. Metode yang 
digunakan untuk mendapatkan bilangan kromatik lokasi dari graf tersebut adalah 
dengan menentukan batas atas dan batas bawahnya. Hasil yang diperoleh bahwa 
bilangan kromatik lokasi dari graf split lintasan dan barbelnya adalah sama yaitu 4. 
 
Kata kunci: bilangan kromatik lokasi, graf split lintasan, graf barbel split lintasan. 
 
Abstrak 

The locating chromatic number of a graph extends the partition dimension and 
vertex coloring of a graph. The minimum number of locating coloring of graph G is called 
the locating chromatic number of graph G. This paper will discuss the locating chromatic 
number of path split graph and barbell path split graph. The method used to obtain the 
locating chromatic number of the graph is to determine the upper and lower bound. The 
results obtained are that the path split graph's locating chromatic number and the barbell 
are the same, namely 4. 
 
Keywords: locating-chromatic number of graph, path split graph, barbell path split graph 
 
1. Pendahuluan 

Konsep pewarnaan graf muncul sebagai model dalam menyelesaikan 
permasalahan pewarnaan peta. Pada tanggal 23 Oktober 1852, Frederick Guthri (1833-
1886), mahasiswa di University College London, mengunjungi professor matematika, 
Augustus De Morgan (1806-1871), untuk menyampaikan penemuan matematika dari 
kakak lelakinya, Francis Guthrie (1831-1899). Beliau mendapatkan konjektur empat warna 
(The Four Color Conjecture) yang menyatakan: Semua negara di peta dapat diwarnai 
dengan menggunakan maksimal emapat warna sedemikian sehingga dua negara yang 
berbatasan mempunyai warna berbeda. Keinginan yang kuat dari para matematikawan 
untuk menyelesaikan permasalahan empat warna tersebut menginspirasi munculnya 
konsep pewarnaan daerah, titik, sisi, dan graf planar. Konsep inilah yang digunakan 
untuk mewarnai graf secara umum. 
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Bilangan kromatik lokasi yang diperkenalkan oleh Chartrand, dkk.[1], pada tahun 
2002 merupakan penggabungan dari konsep dimensi partisi graf [2] dan pewarnaan graf. 
Dimensi metric pertama kali diperkenalkan oleh Harary dan Melter [3] pada tahun 1976. 
Banyak aplikasi yang dapat diterapkan menggunakan konsep dimensi metrik graf 
diantaranya adalah navigasi robotik [4], optimisasi penempatan sensor kebakaran [5], 
dan klasisfikasi data senyawa kimia [6]. Bilangan kromatik lokasi suatu graf merupakan 
pengelompokan titik berdasarkan warnanya yang disebut kelas-kelas warna dengan 
syarat setiap titik pada graf tersebut mempunyai kode warna berbeda.  

Berikut ini diberikan definisi bilangan kromatik lokasi graf yang diambil dari 
Chartrand, dkk. [1]. Misalkan   graf terhubung dan berhingga. Misalkan 𝑐𝑐 suatu 
pewarnaan titik pada graf   dengan (𝑐𝑐(𝑢𝑢)  𝑐𝑐(𝑣𝑣)) untuk setiap 𝑢𝑢,𝑣𝑣 yang bertetangga di  . 
Partisi     *            + adalah himpunan yang terdiri dari kelas - kelas warna 
       𝑖𝑖   𝑘𝑘dari   ( ) yang menginduksi pewarnaan titik 𝑐𝑐. Jarak suatu titi 𝑣𝑣 ke titik 𝑥𝑥 
dinotasikan dengan 𝑑𝑑(𝑣𝑣 𝑥𝑥) adalah panjang lintasan terpendek dari kedua titik tersebut. 
Kode warna,𝑐𝑐 (𝑣𝑣) dari 𝑣𝑣 adalah𝑘𝑘-ordinat terurut (𝑑𝑑(𝑣𝑣   ) 𝑑𝑑(𝑣𝑣   )     𝑑𝑑(𝑣𝑣   )) dengan 
𝑑𝑑(𝑣𝑣   ) = min*𝑑𝑑(𝑣𝑣 𝑥𝑥) 𝑥𝑥 ∈   + untuk     𝑖𝑖   𝑘𝑘. Jika setiap titik di   ( ) mempunyai kode 
warna yang berbeda, maka 𝑐𝑐 disebut pewarnaan lokasi dari graf  . Banyaknya warna 
minimum yang digunakan untuk pewarnaan lokasi disebut bilangan kromatik lokasi dari 
 , dan dinotasikan dengan   ( ). 

Kajian tentang bilangan kromatik lokasi pada suatu graf  masih menarik hingga  
saat ini karena belum terdapatnya suatu teorema yang dapat digunakan untuk 
menentukan bilangan kromatik lokasi sebarang graf. Chartrand, dkk. [1] telah berhasil 
menentukan bilangan kromatik lokasi beberapa kelas graf, diantaranya pada graf 
lengkap, siklus, lintasan, dan pohon. Setahun setelahnya Chartrand, dkk. [7] telah 
mengkarakterisasi graf berorde 𝑛𝑛 dengan bilangan kromatik lokasi (𝑛𝑛   ). Asmiati, dkk. 
[8] telah berhasil mendapatkan bilangan kromatik lokasi amalgamasi bintang. Kemudian 
Behtoei, dkk. [9] berhasil menentukan bilangan kromatik lokasi graf kneser. Welyyanti, 
dkk. [10] telah mendapatkan hasil bilangan kromatik untuk graf dengan titik dominan. 
Selanjutnya, Asmiati [11] telah mendapatkan bilangan kromatik lokasi pada graf ulat dan 
kembang api yang tidak seragam. Setahun kemudian, Asmiati [12] memperoleh bilangan 
kromatik lokasi 𝑛𝑛 amalgamasi bintang yang dihubungkan oleh suatu lintasan. 

Hal menarik lainnya adalah karakterisasi graf berbilangan kromatik lokasi 
tertentu yang telah dikajioleh Chartrand, dkk.[7]. Mereka telah mengkarakterisasi graf 
berbilangan kromatik lokasi (𝑛𝑛   ) atau (𝑛𝑛   ). Selanjunya Asmiati dan Baskoro [13] 
tahun 2012, telah berhasil mengkarakterisasi graf memuat siklus berbilangan kromatik 
lokasi tiga. Baskoro dan Asmiati [14] telah menentukan karakterisasi graf pohon 
berbilangan kromatik lokasi 3. Pada tahun 2017, Asmiati, dkk. [15] telah memperoleh 
karakterisasi graf Petersen berbilangan kromatik lokasi 4 atau 5.  

Kajian bilangan kromatik lokasi dan variannya juga terus berkembang sampai saat 
ini. Pada tahun 2018, Asmiati, dkk. [16] telah mendapatkan bilangan kromatik lokasi dari 
graf barbel dengan graf pembentuknya adalah graf lengkap dan graf Petersen 
diperumum. Kemudian Asmiati, dkk.[17] juga telah berhasil melanjutkan bilangan 
kromatik lokasi untuk subdivisi dari graf barbel memuat graf Petersen diperumum. Pada 
graf origami, Irawan, dkk.[18] telah berhasil menentukan bilangan kromatik lokasinya 
dan menganalisis graf barbelnya dan dilanjutkan oleh Irawan, dkk.[15] untuk 
subdivisinya. Selanjutnya, pada tahun 2021, Asmiati, dkk.[19] telah berhasil menganalisis 
bilangan kromatik lokasi graf shadow lintasan dan graf barbelnya. Prawinasti, dkk. [20] 
telah menentukan bilangan kromatik lokasi graf split siklus dan Damayanti, dkk. [21] 
untuk bilangan kromatik lokasi dari beberapa modifikasi graf lintasan dengan siklus. 
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Sejauh penelusuran literatur belum terdapat kajian tentang bilangan kromatik 
lokasi dari graf split lintasan. Berdasarkan hal tersebut, maka pada paper ini didiskusikan 
tentang bilangan kromatik lokasi dari graf split lintasan dan graf barbel split lintasan.  

Graf split lintasan yang dinotasikan dengan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) adalah graf dengan himpunan 
titik  (𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠 ))  *𝑢𝑢  𝑣𝑣      𝑖𝑖  𝑛𝑛+, dan himpunan sisi  (𝑠𝑠𝑠𝑠𝑠𝑠(  ))  *𝑢𝑢 𝑛𝑛     𝑖𝑖 ∈ ,  𝑛𝑛  
 -+  *𝑣𝑣 𝑢𝑢      𝑖𝑖 ∈ ,  𝑛𝑛   -+. Graf barbel split lintasan     (  ) adalah graf sederhana yang 
diperoleh dari tiruan graf split lintasan yang dihubungkan oleh suatu jembatan, yaitu sisi 
.    

 
     

 / untuk 𝑛𝑛 ganjil dan .  
 

   
 / untuk 𝑛𝑛 genap, dengan himpunan titik tiruan graf 

splitnya adalah *𝑢𝑢 
  𝑣𝑣 

      𝑖𝑖  𝑛𝑛+. 
Teorema berikut merupakan batas bawah dari bilangan kromatik lokasi graf yang 

telah dibuktikan oleh Chartrand, dkk. [1]. 
 
Teorema 1.1.  (Chartrand, dkk. [1]) Untuk setiap graf terhubung   berorde 𝑛𝑛    

memenuhi     ( )   . 
 
2. Hasil dan Pembahasan 

Pada bab ini dibahas bilangan kromatik lokasi pada graf split lintasan yang 
dinotasikan dengan  𝑠𝑠𝑠𝑠(  ) dan graf barbel dari graf split lintasan yang dinotasikan 
dengan     (  ). 

 
2.1 Bilangan Kromatik Lokasi Graf Split Lintasan 

Berikut ini diberikan contoh penentuan bilangan kromatik lokasi graf  𝑠𝑠𝑠𝑠(  ) akan 
ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena graf 
split lintasan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) berorde 𝑛𝑛   , sehingga berdasarkan Teorema 1.1 membutuhkan 
sekurang-kurangnya 3 warna. Andaikan 𝑐𝑐 pewarnaan lokasi pada (𝑠𝑠𝑠𝑠𝑠𝑠(  )) menggunakan 
3 warna. Tanpa mengurangi perumuman, misalkan 𝑐𝑐(𝑢𝑢 )  𝑐𝑐(𝑣𝑣 )    maka, 
*𝑐𝑐(𝑢𝑢 ) 𝑐𝑐(𝑣𝑣 )+  *   +. Akibatnya 𝑐𝑐(𝑢𝑢 ) = 1, mengakibatkan 𝑐𝑐 (𝑢𝑢 )  𝑐𝑐 (𝑢𝑢 ), suatu 
kontradiksi. Oleh karena itu   (𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠 ))   . Selanjutnya, diberikan pewarnaan lokasi 
untuk mengetahui bilangan kromatik lokasi graf  𝑠𝑠𝑠𝑠(  ). 
 

 
Gambar 1.Pewarnaan lokasi minimum  𝑠𝑠𝑠𝑠(  ) 

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf split lintasan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑣𝑣 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢 +    *𝑢𝑢  𝑢𝑢 +    *𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣 +. Maka diperoleh kode 
warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ). Karena setiap titik pada graf 
tersebut mempunyai kode warna yang berbeda, maka 𝑐𝑐 adalah pewarnaan lokasi. 
Akibatnya   ( 𝑠𝑠𝑠𝑠(  ))     Jadi   ( 𝑠𝑠𝑠𝑠(  ))     
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Sejauh penelusuran literatur belum terdapat kajian tentang bilangan kromatik 
lokasi dari graf split lintasan. Berdasarkan hal tersebut, maka pada paper ini didiskusikan 
tentang bilangan kromatik lokasi dari graf split lintasan dan graf barbel split lintasan.  

Graf split lintasan yang dinotasikan dengan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) adalah graf dengan himpunan 
titik  (𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠 ))  *𝑢𝑢  𝑣𝑣      𝑖𝑖  𝑛𝑛+, dan himpunan sisi  (𝑠𝑠𝑠𝑠𝑠𝑠(  ))  *𝑢𝑢 𝑛𝑛     𝑖𝑖 ∈ ,  𝑛𝑛  
 -+  *𝑣𝑣 𝑢𝑢      𝑖𝑖 ∈ ,  𝑛𝑛   -+. Graf barbel split lintasan     (  ) adalah graf sederhana yang 
diperoleh dari tiruan graf split lintasan yang dihubungkan oleh suatu jembatan, yaitu sisi 
.    

 
     

 / untuk 𝑛𝑛 ganjil dan .  
 

   
 / untuk 𝑛𝑛 genap, dengan himpunan titik tiruan graf 

splitnya adalah *𝑢𝑢 
  𝑣𝑣 

      𝑖𝑖  𝑛𝑛+. 
Teorema berikut merupakan batas bawah dari bilangan kromatik lokasi graf yang 

telah dibuktikan oleh Chartrand, dkk. [1]. 
 
Teorema 1.1.  (Chartrand, dkk. [1]) Untuk setiap graf terhubung   berorde 𝑛𝑛    

memenuhi     ( )   . 
 
2. Hasil dan Pembahasan 

Pada bab ini dibahas bilangan kromatik lokasi pada graf split lintasan yang 
dinotasikan dengan  𝑠𝑠𝑠𝑠(  ) dan graf barbel dari graf split lintasan yang dinotasikan 
dengan     (  ). 

 
2.1 Bilangan Kromatik Lokasi Graf Split Lintasan 

Berikut ini diberikan contoh penentuan bilangan kromatik lokasi graf  𝑠𝑠𝑠𝑠(  ) akan 
ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena graf 
split lintasan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) berorde 𝑛𝑛   , sehingga berdasarkan Teorema 1.1 membutuhkan 
sekurang-kurangnya 3 warna. Andaikan 𝑐𝑐 pewarnaan lokasi pada (𝑠𝑠𝑠𝑠𝑠𝑠(  )) menggunakan 
3 warna. Tanpa mengurangi perumuman, misalkan 𝑐𝑐(𝑢𝑢 )  𝑐𝑐(𝑣𝑣 )    maka, 
*𝑐𝑐(𝑢𝑢 ) 𝑐𝑐(𝑣𝑣 )+  *   +. Akibatnya 𝑐𝑐(𝑢𝑢 ) = 1, mengakibatkan 𝑐𝑐 (𝑢𝑢 )  𝑐𝑐 (𝑢𝑢 ), suatu 
kontradiksi. Oleh karena itu   (𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠 ))   . Selanjutnya, diberikan pewarnaan lokasi 
untuk mengetahui bilangan kromatik lokasi graf  𝑠𝑠𝑠𝑠(  ). 
 

 
Gambar 1.Pewarnaan lokasi minimum  𝑠𝑠𝑠𝑠(  ) 

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf split lintasan 𝑠𝑠𝑠𝑠𝑠𝑠(  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑣𝑣 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢 +    *𝑢𝑢  𝑢𝑢 +    *𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣 +. Maka diperoleh kode 
warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ). Karena setiap titik pada graf 
tersebut mempunyai kode warna yang berbeda, maka 𝑐𝑐 adalah pewarnaan lokasi. 
Akibatnya   ( 𝑠𝑠𝑠𝑠(  ))     Jadi   ( 𝑠𝑠𝑠𝑠(  ))     
 

Berikut ini diberikan contoh penentuan bilangan kromatik lokasi graf  𝑝𝑝𝑝𝑝(  ) akan 
ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena graf 
split lintasan 𝑠𝑠𝑝𝑝𝑝𝑝(  ) berorde 𝑛𝑛   , sehingga berdasarkan Teorema 1.1 membutuhkan 
sekurang-kurangnya 3 warna. Andaikan 𝑐𝑐 pewarnaan lokasi pada (𝑠𝑠𝑝𝑝𝑝𝑝(  )) menggunakan 
3 warna. Tanpa mengurangi perumuman, misalkan 𝑐𝑐(𝑢𝑢 )  𝑐𝑐(𝑣𝑣 )    maka, 
*𝑐𝑐(𝑢𝑢 ) 𝑐𝑐(𝑣𝑣 )+  *   +. Akibatnya 𝑐𝑐(𝑢𝑢 ) = 1, mengakibatkan 𝑐𝑐 (𝑢𝑢 )  𝑐𝑐 (𝑢𝑢 ), suatu 
kontradiksi. Oleh karena itu   (𝑠𝑠𝑝𝑝𝑝𝑝(𝑝𝑝 ))   . Selanjutnya, diberikan pewarnaan lokasi 
untuk mengetahui bilangan kromatik lokasi graf  𝑝𝑝𝑝𝑝(  ) sebagai berikut : 
76  Rahmatalia dkk, JMI Vol 18 No 1 April 2022, pp. 73-
80,doi:10.24198/jmi.v18.n1.36091.73-80 
 

 
Gambar 2. Pewarnaan lokasi minimum   𝑝𝑝𝑝𝑝(  ) 

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf split lintasan 𝑠𝑠𝑝𝑝𝑝𝑝(  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑣𝑣 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢 +    *𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣 +. Maka diperoleh 
kode warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (        ); 𝑐𝑐 (𝑢𝑢 )  (       );𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       );𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ). 
Karena setiap titik pada graf tersebut mempunyai kode warna yang berbeda, maka 𝑐𝑐 
adalah pewarnaan lokasi. Akibatnya   ( 𝑝𝑝𝑝𝑝(  ))     Jadi   ( 𝑝𝑝𝑝𝑝(  ))     
 
Teorema 2.1. Bilangan kromatik lokasi graf split lintasan  𝑝𝑝𝑝𝑝(  ) untuk 𝑛𝑛    adalah   
Bukti. 

Pertama-tama ditentukan batas bawah bilangan kromatik lokasi dari graf  𝑝𝑝𝑝𝑝(  ). 
Berdasarkan Teorema 1.1   (𝑠𝑠𝑝𝑝𝑝𝑝(  ))   . Andaikan 𝑐𝑐 pewarnaan lokasi pada (𝑠𝑠𝑝𝑝𝑝𝑝(  )) 
menggunakan 3 warna. Tanpa mengurangi perumuman, misalkan 𝑐𝑐(𝑢𝑢 )  𝑐𝑐(𝑣𝑣 )    
maka, *𝑐𝑐(𝑢𝑢 ) 𝑐𝑐(𝑣𝑣 )+  *   +. Akibatnya 𝑐𝑐(𝑢𝑢 ) = 1, mengakibatkan 𝑐𝑐 (𝑢𝑢 )  𝑐𝑐 (𝑢𝑢 ), suatu 
kontradiksi. Akibatnya, dibutuhkan sekurang – kurangnya 4 warna. Jadi,   (𝑠𝑠𝑝𝑝𝑝𝑝(  ))   . 

Selanjutnya, untuk menetukan batas atas dari graf  𝑝𝑝𝑝𝑝(  ). Misalkan 𝑐𝑐 pewarnaan 
titik menggunakan 4 warna sebagai berikut : 
 

𝑐𝑐(𝑢𝑢 )  =  {
        𝑖𝑖                                             
       𝑖𝑖   𝑛𝑛 𝑛𝑛                            
       𝑖𝑖   𝑛𝑛    𝑛𝑛                    

 

 

𝑐𝑐(𝑣𝑣 )  =  {       𝑖𝑖    
       𝑖𝑖    
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Kode warna     ( 𝑝𝑝𝑝𝑝(  )) adalah : 

𝑐𝑐 (𝑢𝑢 )   

{ 
 
  
𝑖𝑖                           𝑖𝑖                                                  

                         𝑖𝑖           𝑖𝑖  𝑛𝑛              
                         𝑖𝑖            𝑖𝑖  𝑛𝑛               
                         𝑖𝑖                                            
                                                                                           

 

 

𝑐𝑐 (𝑣𝑣 )  

{
 
 

 
 𝑖𝑖                           𝑖𝑖                                            

                         𝑖𝑖                                     
                           𝑖𝑖          𝑖𝑖  𝑛𝑛          
                         𝑖𝑖           𝑖𝑖  𝑛𝑛         
                         𝑖𝑖                                    
                                                                                    

 

   
Karena semua titik di  ( 𝑝𝑝𝑝𝑝(  )) untuk 𝑛𝑛    memiliki kode warna yang berbeda, 

maka 𝑐𝑐 merupakan pewarnaan lokasi menggunakan 4 warna. Akibatnya   ( 𝑝𝑝𝑝𝑝(  ))   . 
Oleh karena itu   ( 𝑝𝑝𝑝𝑝(  ))      

 
2.2 Bilangan Kromatik Lokasidari Graf Barbel yang memuat Split Lintasan 

Berikut ini diberikan contoh penentuan bilangan kromatik lokasi graf     (  ) akan 
ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena graf 
barbel split lintasan     (  ) memuat graf split lintasan 𝑠𝑠𝑝𝑝𝑝𝑝(  ), sehingga berdasarkan 
Teorema 2.1 jelas bahwa   (    (  ))   . Selanjutnya, diberikan pewarnaan lokasi untuk 
mengetahui bilangan kromatik lokasi graf     (  )sebagai berikut :  
 

 
Gambar 3.Pewarnaan lokasi minimum      (  ) 

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf barbel split lintasan     (  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑢𝑢 

  𝑣𝑣  𝑣𝑣 
 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢  𝑢𝑢 

  𝑢𝑢 
 +    *𝑢𝑢  𝑢𝑢  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

 + 
   *𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑢𝑢 

  𝑢𝑢 
  𝑢𝑢 

 + Maka diperoleh kode warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  
(       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 
𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  
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Kode warna     ( 𝑝𝑝𝑝𝑝(  )) adalah : 

𝑐𝑐 (𝑢𝑢 )   

{ 
 
  
𝑖𝑖                           𝑖𝑖                                                  

                         𝑖𝑖           𝑖𝑖  𝑛𝑛              
                         𝑖𝑖            𝑖𝑖  𝑛𝑛               
                         𝑖𝑖                                            
                                                                                           

 

 

𝑐𝑐 (𝑣𝑣 )  

{
 
 

 
 𝑖𝑖                           𝑖𝑖                                            

                         𝑖𝑖                                     
                           𝑖𝑖          𝑖𝑖  𝑛𝑛          
                         𝑖𝑖           𝑖𝑖  𝑛𝑛         
                         𝑖𝑖                                    
                                                                                    

 

   
Karena semua titik di  ( 𝑝𝑝𝑝𝑝(  )) untuk 𝑛𝑛    memiliki kode warna yang berbeda, 

maka 𝑐𝑐 merupakan pewarnaan lokasi menggunakan 4 warna. Akibatnya   ( 𝑝𝑝𝑝𝑝(  ))   . 
Oleh karena itu   ( 𝑝𝑝𝑝𝑝(  ))      

 
2.2 Bilangan Kromatik Lokasidari Graf Barbel yang memuat Split Lintasan 

Berikut ini diberikan contoh penentuan bilangan kromatik lokasi graf     (  ) akan 
ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena graf 
barbel split lintasan     (  ) memuat graf split lintasan 𝑠𝑠𝑝𝑝𝑝𝑝(  ), sehingga berdasarkan 
Teorema 2.1 jelas bahwa   (    (  ))   . Selanjutnya, diberikan pewarnaan lokasi untuk 
mengetahui bilangan kromatik lokasi graf     (  )sebagai berikut :  
 

 
Gambar 3.Pewarnaan lokasi minimum      (  ) 

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf barbel split lintasan     (  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑢𝑢 

  𝑣𝑣  𝑣𝑣 
 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢  𝑢𝑢 

  𝑢𝑢 
 +    *𝑢𝑢  𝑢𝑢  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

 + 
   *𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑢𝑢 

  𝑢𝑢 
  𝑢𝑢 

 + Maka diperoleh kode warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  
(       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 
𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  

(       ); 𝑐𝑐 (𝑣𝑣  )  (       ). Karena setiap titik pada graf tersebut mempunyai kode 
warna yang berbeda, maka 𝑐𝑐 adalah pewarnaan lokasi. Akibatnya   (    (  ))     Jadi 
  (    (  ))     

Selanjutnya, diberikan contoh penentuan bilangan kromatik lokasi graf     (  ) 
akan ditentukan terlebih dahulu batas bawah bilangan kromatik lokasi dari graf. Karena 
graf barbel split lintasan     (  )memuat graf split lintasan 𝑠𝑠𝑠𝑠𝑠𝑠(  ), sehingga berdasarkan 
Teorema 2.1 membutuhkan sekurang-kurangnya 4 warna. Oleh karena itu  (    (  ))  
 . Selanjutnya, diberikan pewarnaan lokasi untuk mengetahui bilangan kromatik lokasi 
graf     (  )sebagai berikut :  
 

 
Gambar 4.Pewarnaan lokasi minimum     (  )  

 
Misalkan 𝑐𝑐 pewarnaan titik yang diberikan dengan menggunakan 4 warna. Pada 

graf barbel split lintasan     (  ) diberikan kelas warna sedemikian sehingga diperoleh 
   *𝑢𝑢  𝑢𝑢 

  𝑣𝑣  𝑣𝑣 
 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢  𝑢𝑢 

  𝑢𝑢 
  𝑢𝑢 

 +    *𝑢𝑢  𝑢𝑢  𝑢𝑢  𝑣𝑣 
  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

  𝑣𝑣 
  𝑣𝑣 

 +    
*𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑣𝑣  𝑢𝑢 

  𝑢𝑢 
  𝑢𝑢 

 + Maka diperoleh kode warna sebagai berikut: 
𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  
(       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑢𝑢 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 𝑐𝑐 (𝑣𝑣 )  (       ); 
𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  
(       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑢𝑢  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 
𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  (       ); 𝑐𝑐 (𝑣𝑣  )  
(       ) 
 

Karena setiap titik pada graf tersebut mempunyai kode warna yang berbeda, 
maka 𝑐𝑐 adalah pewarnaan lokasi. Akibatnya   (    (  ))     Jadi   (    (  ))     
 
Teorema 2.2. Bilangan kromatik lokasi graf barbel split lintasan,     (  )untuk 𝑛𝑛    

adalah  . 
 
Bukti. 
Graf     (  ) memuat graf  𝑠𝑠𝑠𝑠(  )  maka berdasarkan Teorema 2.1 diperoleh   (    (  ))  
 . 
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Misalkan 𝑐𝑐 adalah pewarnaan titik pada     (  )mengunakan 4 warna sebagai berikut : 
 

𝑐𝑐(𝑢𝑢 )  {
           𝑖𝑖                             
          𝑖𝑖   𝑛𝑛                        
          𝑖𝑖   𝑛𝑛                    

 

 

𝑐𝑐(𝑢𝑢 
 )  {

           𝑖𝑖   𝑛𝑛                            
          𝑖𝑖   𝑛𝑛                            
          𝑖𝑖   𝑛𝑛                                 

 

 

𝑐𝑐(𝑣𝑣 )  =  {        𝑖𝑖    
        𝑖𝑖    

 

𝑐𝑐(𝑣𝑣 
 )  =  {        𝑖𝑖    

        𝑖𝑖    
 

 
Kode warna titik-titik dari    (  ) adalah : 
 

𝑐𝑐 (𝑢𝑢 )  

{ 
 
  
𝑖𝑖                           𝑖𝑖                                                

                         𝑖𝑖         𝑖𝑖  𝑛𝑛              
                         𝑖𝑖          𝑖𝑖  𝑛𝑛               
                         𝑖𝑖                                          

             

 

𝑐𝑐 (𝑢𝑢 
 )  

{ 
 
  
𝑖𝑖                          𝑖𝑖                                                 

                        𝑖𝑖         𝑖𝑖  𝑛𝑛              
                        𝑖𝑖          𝑖𝑖  𝑛𝑛               
                        𝑖𝑖                                         

            

 

 

𝑐𝑐 (𝑣𝑣 )  

{
 
 

 
 𝑖𝑖                          𝑖𝑖                                               

                        𝑖𝑖                                        
                          𝑖𝑖         𝑖𝑖  𝑛𝑛              
                        𝑖𝑖          𝑖𝑖  𝑛𝑛             
                        𝑖𝑖                                        
                                                                                       

 

 

𝑐𝑐 (𝑣𝑣 
 )  

{
 
 

 
 𝑖𝑖                          𝑖𝑖                                               

                        𝑖𝑖                                        
                           𝑖𝑖          𝑖𝑖  𝑛𝑛               
                         𝑖𝑖         𝑖𝑖  𝑛𝑛            
                         𝑖𝑖                                        
                                                                                       

 

 
Karena semua titik di  (    (  )) untuk 𝑛𝑛    mempunyai kode warna yang 

berbeda, maka 𝑐𝑐 merupakan pewarnaan lokasi menggunakan 4 warna. Akibatnya 
  (    (  ))   . Oleh karena itu   (    (  ))      
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Misalkan 𝑐𝑐 adalah pewarnaan titik pada     (  )mengunakan 4 warna sebagai berikut : 
 

𝑐𝑐(𝑢𝑢 )  {
           𝑖𝑖                             
          𝑖𝑖   𝑛𝑛                        
          𝑖𝑖   𝑛𝑛                    

 

 

𝑐𝑐(𝑢𝑢 
 )  {

           𝑖𝑖   𝑛𝑛                            
          𝑖𝑖   𝑛𝑛                            
          𝑖𝑖   𝑛𝑛                                 

 

 

𝑐𝑐(𝑣𝑣 )  =  {        𝑖𝑖    
        𝑖𝑖    

 

𝑐𝑐(𝑣𝑣 
 )  =  {        𝑖𝑖    

        𝑖𝑖    
 

 
Kode warna titik-titik dari    (  ) adalah : 
 

𝑐𝑐 (𝑢𝑢 )  

{ 
 
  
𝑖𝑖                           𝑖𝑖                                                

                         𝑖𝑖         𝑖𝑖  𝑛𝑛              
                         𝑖𝑖          𝑖𝑖  𝑛𝑛               
                         𝑖𝑖                                          

             

 

𝑐𝑐 (𝑢𝑢 
 )  

{ 
 
  
𝑖𝑖                          𝑖𝑖                                                 

                        𝑖𝑖         𝑖𝑖  𝑛𝑛              
                        𝑖𝑖          𝑖𝑖  𝑛𝑛               
                        𝑖𝑖                                         

            

 

 

𝑐𝑐 (𝑣𝑣 )  

{
 
 

 
 𝑖𝑖                          𝑖𝑖                                               

                        𝑖𝑖                                        
                          𝑖𝑖         𝑖𝑖  𝑛𝑛              
                        𝑖𝑖          𝑖𝑖  𝑛𝑛             
                        𝑖𝑖                                        
                                                                                       

 

 

𝑐𝑐 (𝑣𝑣 
 )  

{
 
 

 
 𝑖𝑖                          𝑖𝑖                                               

                        𝑖𝑖                                        
                           𝑖𝑖          𝑖𝑖  𝑛𝑛               
                         𝑖𝑖         𝑖𝑖  𝑛𝑛            
                         𝑖𝑖                                        
                                                                                       

 

 
Karena semua titik di  (    (  )) untuk 𝑛𝑛    mempunyai kode warna yang 

berbeda, maka 𝑐𝑐 merupakan pewarnaan lokasi menggunakan 4 warna. Akibatnya 
  (    (  ))   . Oleh karena itu   (    (  ))      
 
 
 
 
 
 
 

5. Simpulan 
Pada penelitian telah diperoleh bahwa bilangan kromatik lokasi untuk graf split 

lintasan dan graf barbel split lintasan adalah sama, yaitu 4. Penelitian lanjutan yang dapat 
dilakukan adalah menentukan operasi lain pada graf split lintasan yang mempertahankan 
bilangan kromatik lokasinya. 
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Abstract 

Cattleya sp. orchid is one type of orchid plant that is widely known in Indonesia. 
The queen of orchids is the nickname given to the Cattleya sp. orchid because of the 
elegant shape and color of the flowers of the Cattelya sp. orchid. This research was 
conducted to determine the level of reducing sugar produced by plantlets of Cattleya sp. 
after the addition of fusaric acid in in vitro media. Determination of reducing sugar 
content was carried out using the Nelson – Somogyi method. This study used a 
completely randomized design (CRD), with five levels of treatment and five replications 
for each level. The treatment consisted of adding fusaric acid with concentrations of 
fusaric acid in the medium: 0 ppm, 10 ppm, 20 ppm, 30 ppm and 40 ppm. Data analysis 
used Anova analysis, and continued with Tukey's test at 5% significance level. Based on 
the analysis, there was an increase in reducing sugar levels in the plantlets of Cattleya 
sp. orchids after adding fusaric acid to the growing media. 
 
Keywords: Orchid; Fusaric Acid; Cattleya sp.; Sugar Reduction; in vitro 
 
1. Introduction 

Orchid plants are included in the Orchidaceae family, are one of the most 
popular commercial ornamental plants in Indonesia and the world, because they have 
very beautiful and unique types, variations in shape, color, and flower characters, and 
have high economic and aesthetic value. Cattleya, Vanda, Phalaenopsis, Dendrobium, 
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Oncidium, and Aranthera are some of the orchid species that are in great demand [1]. 
The Cattleya orchid itself is part of the Kingdom Plantae, Spermatophyta Division, Class 
Monocotyledoneae, Order Asparagales, Family Orchidaceae, and Genus Cattleya [2]. The 
beauty and beauty of the flowers make this plant called the queen of flowers. In 
Indonesia, Cattleya sp orchid is a plant that has high economic value. Conventional 
propagation of orchids takes a long time and gets a limited number of seeds, because it 
is done by separating the tillers. By means of in vitro seeds will be obtained in large 
quantities in a relatively short time and uniform [3]. 

Reducing sugar is the ability of sugar to reduce, which is caused by the presence 
of free aldehyde or ketone groups [4]. Compounds that oxidize or are reducing agents 
are oxidizing metals such as Cu (II). Examples of su gars including reducing sugars are 
glucose, fructose, lactose, maltose, and others. Monosaccharides have the ability to 
reduce a compound. The reducing property of a sugar is determined by the presence or 
absence of a reactive free hydroxyl group. The principle of analysis is based on 
monosaccharides which have the ability to reduce a compound, the presence of 
monosaccharide polymerization affects its reducing properties [5]. 

The analysis that can be used to determine the reducing sugar group is the 
Nelson-Somogyi method [6]. In this analysis, the sample will be reacted with 
arsenomolybdate which will produce blue molybdine, this blue material will then be 
measured its absorbance value. The intensity of the blue color formed is equivalent to 
the amount of reducing sugar in the sample. The higher the absorbance value, the more 
reducing sugar content in the sample. This study aims to determine the level of reducing 
sugar produced after the addition of fusaric acid in plantlet media of Cattleya sp. orchids 
in vitro 
 
2. Material and methods 

The research was conducted from October 2021 to January 2022 in the in vitro 
culture room of the Botany and tissue culture laboratory, Department of Biology, FMIPA, 
and University of Lampung. This study used a completely randomized design with 5 
treatments of fusaric acid administration on Vacint & Went medium as much as 0 ppm, 
10 ppm, 20 ppm, 30 ppm, 40 ppm with each treatment 5 repetitions. 
 
2.1.  Planting Cattleya sp plantlets in Vacin and Went medium that has been given 

Fusaric Acid 
Vacint & Went medium in sterilized culture bottles was added with fusaric acid 

with concentrations of 0 ppm (control), 10 ppm, 20 ppm, 30 ppm, and 40 ppm. Prior to 
use, fusaric acid was dissolved with distilled water until the specified concentration was 
obtained, then filtered. Filtering using a 0.45 m diameter filter twice and with a 0.22 m 
diameter filter once. Filtration is carried out in a sterile room in Laminar Air Flow in 
sterilized culture bottles. Prior to use, the medium was incubated for 7 days at room 
temperature of 25 0C to ensure that the fusaric acid was well filtered. If within 7 days 
there is no contamination in the medium, then the medium can be used. 

Plantlets of Cattleya sp. were carried out in a sterile room in Laminar Air Flow 
(LAF) Cabinet plantlets from culture bottles were removed with a sterile scalpel and one 
by one placed on a 10 cm diameter petri dish, then the plantlets were sorted one by one, 
after that they were planted in each Each culture bottle containing 3 plantlets of medi 
um. Plantlet selection was carried out for 30 days. On day 30, an evaluation was carried 
out to determine the tolerant concentration of AF for the selection of Cattleya sp 
plantlets in vitro. 
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Oncidium, and Aranthera are some of the orchid species that are in great demand [1]. 
The Cattleya orchid itself is part of the Kingdom Plantae, Spermatophyta Division, Class 
Monocotyledoneae, Order Asparagales, Family Orchidaceae, and Genus Cattleya [2]. The 
beauty and beauty of the flowers make this plant called the queen of flowers. In 
Indonesia, Cattleya sp orchid is a plant that has high economic value. Conventional 
propagation of orchids takes a long time and gets a limited number of seeds, because it 
is done by separating the tillers. By means of in vitro seeds will be obtained in large 
quantities in a relatively short time and uniform [3]. 

Reducing sugar is the ability of sugar to reduce, which is caused by the presence 
of free aldehyde or ketone groups [4]. Compounds that oxidize or are reducing agents 
are oxidizing metals such as Cu (II). Examples of su gars including reducing sugars are 
glucose, fructose, lactose, maltose, and others. Monosaccharides have the ability to 
reduce a compound. The reducing property of a sugar is determined by the presence or 
absence of a reactive free hydroxyl group. The principle of analysis is based on 
monosaccharides which have the ability to reduce a compound, the presence of 
monosaccharide polymerization affects its reducing properties [5]. 

The analysis that can be used to determine the reducing sugar group is the 
Nelson-Somogyi method [6]. In this analysis, the sample will be reacted with 
arsenomolybdate which will produce blue molybdine, this blue material will then be 
measured its absorbance value. The intensity of the blue color formed is equivalent to 
the amount of reducing sugar in the sample. The higher the absorbance value, the more 
reducing sugar content in the sample. This study aims to determine the level of reducing 
sugar produced after the addition of fusaric acid in plantlet media of Cattleya sp. orchids 
in vitro 
 
2. Material and methods 

The research was conducted from October 2021 to January 2022 in the in vitro 
culture room of the Botany and tissue culture laboratory, Department of Biology, FMIPA, 
and University of Lampung. This study used a completely randomized design with 5 
treatments of fusaric acid administration on Vacint & Went medium as much as 0 ppm, 
10 ppm, 20 ppm, 30 ppm, 40 ppm with each treatment 5 repetitions. 
 
2.1.  Planting Cattleya sp plantlets in Vacin and Went medium that has been given 

Fusaric Acid 
Vacint & Went medium in sterilized culture bottles was added with fusaric acid 

with concentrations of 0 ppm (control), 10 ppm, 20 ppm, 30 ppm, and 40 ppm. Prior to 
use, fusaric acid was dissolved with distilled water until the specified concentration was 
obtained, then filtered. Filtering using a 0.45 m diameter filter twice and with a 0.22 m 
diameter filter once. Filtration is carried out in a sterile room in Laminar Air Flow in 
sterilized culture bottles. Prior to use, the medium was incubated for 7 days at room 
temperature of 25 0C to ensure that the fusaric acid was well filtered. If within 7 days 
there is no contamination in the medium, then the medium can be used. 

Plantlets of Cattleya sp. were carried out in a sterile room in Laminar Air Flow 
(LAF) Cabinet plantlets from culture bottles were removed with a sterile scalpel and one 
by one placed on a 10 cm diameter petri dish, then the plantlets were sorted one by one, 
after that they were planted in each Each culture bottle containing 3 plantlets of medi 
um. Plantlet selection was carried out for 30 days. On day 30, an evaluation was carried 
out to determine the tolerant concentration of AF for the selection of Cattleya sp 
plantlets in vitro. 

 
 

2.2. Analysis of Reducing Sugar Levels 
2.2.1. Preparation of Standard Sugar Solution 

Analysis of reducing sugar was carried out by making a standard glucose solution 
[7] (10 mg glucose/100mL), carried out 5 dilutions of glucose solution with a 
concentration of 2ml, 4ml, 6ml, 8ml, and 10 mg/100 ml, each of which was added to each 
concentration. Each test tube and 1 tube containing distilled water as a blank. Add 1 mL 
of Nelson's reagent (Nelson A 25 parts Nelson B 1 part) into each tube. The solution to 
which Nelson was added was then heated for 20 minutes. The solution was cooled in a 
beaker until the tube temperature was 25 0C, then 1 ml of arsenomolybdate reagent was 
added, shaken until all the precipitate dissolved again. After homogenizing again, 7 ml of 
distilled water was added and shaken until homogeneous. The solution was measured 
with a Vis spectrophotometer at a wavelength of 695 nm, then a calibration curve was 
made for the relationship between glucose concentration and absorbance. 
 
2.2.2. Determination of Reducing Sugar Content 

Determination of reducing sugar content using the Nelson – Somogyi method [8]. 
Fresh Cattleya sp. orchid leaf extract (extract solution must be clear), each 
concentration of 1 ml is taken. put into each test tube and add 1 ml of Nelson's reagent 
into each tube, the solution to which Nelson has been added is then heated for 20 
minutes. The solution was cooled in a beaker until the tube temperature was 25 0C, then 
1 ml of arsenomolybdate reagent was added, shaken until all the precipitate dissolved 
again. After homogenizing again, 7 ml of distilled water was added and shaken until 
homogeneous. The solution was measured with a Vis spectrophotometer at a 
wavelength of 695 nm, then a calibration curve was made for the relationship between 
glucose concentration and absorbance. 
 
The reducing sugar content is calculated by the formula 1: 
Reducing Sugar Content (%)  =  (X. FP)/BS x 100% (1)

 
Information: 
X = Concentration (ppm) 
FP = Dilution factor of sample solution 
BS  = Sample weight (g) 
 
3. Results and discussion 

Measurement of reducing sugar content on the standard curve of reducing sugar. 
The standard curve is obtained from the ratio of the concentration of reducing sugar to 
the absorbance value. The results of determining the standard curve of reducing sugar 
can be seen in Table 1. 
 

Table 1 Comparison of Reducing Sugar Concentration and Absorbance 
Reducing Sugar Concentration (ppm) Absorbance 

20 0.318 
40 0.347 
60 0.367 
80 0.387 
100 0.405 
120 0.432 

 
Based on the data in Table 1, the standard curve of reducing sugar is obtained. So 

that the linear equation y = 0.0011x + 0.2996 is obtained and has a correlation value of R2 
= 0.9946 which shows the diversity between the concentration of reducing sugars and 
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the absorbance value. The standard curve of reducing sugar and absorbance is show in 
Figure 1 
 

 
 

Figure 1 Reducing Sugar Standard Curve 
 

Based on Figure 1, it can be calculated the reducing sugar content of each 
treatment by substituting the absorbance value from the spectrophotometer results of 
the plantlet leaf extract of Cattleya sp. The absorbance value is entered into the linear 
equation y= ax – b from the standard curve where y is the absorbance value. The 
calculation results obtained the value of x as concentration, then substituted in the 
reducing sugar calculation formula. The results of the calculation of reducing sugars of 
Cattleya sp. orchid plantlets with the addition of fusaric acid at several concentrations 
are presented in Table 2. 

The results of observations based on Table 2 increased reducing sugar occurred 
from the control 23.476 to 23.506 at a concentration of 10 ppm fusaric acid. Then at a 
concentration of 20 ppm it became 27.402 followed by 28.405 at a concentration of 30 
ppm and 30.142 at a concentration of 40 ppm. These results indicate that there is an 
effect o n the administration of fusaric acid, where the higher the concentration of 
fusaric acid given, the higher the content of reducing sugar contained in the plantlets of 
Cattleya sp. 

The increased reducing sugar came from starch and sucrose as a result of 
carbohydrate conversion. Some carbohydrates are also used as respiration materials 
and form other compounds, this causes reducing sugar levels to increase but 
carbohydrates to decrease [9]. 
 
Table 2 Reducing Sugar Levels of Cattleya sp. Orchid Plantlets Induced by Fusaric Acid 
Treatment/ 30 Days Orchid Cattleya sp reducing sugar levels (%) 

0 ppm (Kontrol) 23. 476 ± 1.069 
10 ppm 23. 506 ± 2.712 
20 ppm 27. 402 ± 2.408 
30 ppm 28. 405 ± 2.023 
40 ppm 30. 142 ± 2.629 

 
Changes in reducing sugar content are influenced by several factors, one of 

which is the heating process. Heating during the test for reducing sugar content causes 
the chemical structure to change. As a result of heating the glycosidic bond breaks 
causing non-reducing sugars (sucrose) to break down into reducing sugars such as 
glucose and fructose [5]. In addition, the content of reducing sugar is also influenced by 
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the absorbance value. The standard curve of reducing sugar and absorbance is show in 
Figure 1 
 

 
 

Figure 1 Reducing Sugar Standard Curve 
 

Based on Figure 1, it can be calculated the reducing sugar content of each 
treatment by substituting the absorbance value from the spectrophotometer results of 
the plantlet leaf extract of Cattleya sp. The absorbance value is entered into the linear 
equation y= ax – b from the standard curve where y is the absorbance value. The 
calculation results obtained the value of x as concentration, then substituted in the 
reducing sugar calculation formula. The results of the calculation of reducing sugars of 
Cattleya sp. orchid plantlets with the addition of fusaric acid at several concentrations 
are presented in Table 2. 

The results of observations based on Table 2 increased reducing sugar occurred 
from the control 23.476 to 23.506 at a concentration of 10 ppm fusaric acid. Then at a 
concentration of 20 ppm it became 27.402 followed by 28.405 at a concentration of 30 
ppm and 30.142 at a concentration of 40 ppm. These results indicate that there is an 
effect o n the administration of fusaric acid, where the higher the concentration of 
fusaric acid given, the higher the content of reducing sugar contained in the plantlets of 
Cattleya sp. 

The increased reducing sugar came from starch and sucrose as a result of 
carbohydrate conversion. Some carbohydrates are also used as respiration materials 
and form other compounds, this causes reducing sugar levels to increase but 
carbohydrates to decrease [9]. 
 
Table 2 Reducing Sugar Levels of Cattleya sp. Orchid Plantlets Induced by Fusaric Acid 
Treatment/ 30 Days Orchid Cattleya sp reducing sugar levels (%) 

0 ppm (Kontrol) 23. 476 ± 1.069 
10 ppm 23. 506 ± 2.712 
20 ppm 27. 402 ± 2.408 
30 ppm 28. 405 ± 2.023 
40 ppm 30. 142 ± 2.629 

 
Changes in reducing sugar content are influenced by several factors, one of 

which is the heating process. Heating during the test for reducing sugar content causes 
the chemical structure to change. As a result of heating the glycosidic bond breaks 
causing non-reducing sugars (sucrose) to break down into reducing sugars such as 
glucose and fructose [5]. In addition, the content of reducing sugar is also influenced by 

the administration of fusaric acid. The high content of fusaric acid can reduce reducing 
sugar levels, as in previous studies conducted on cassava [10]. 
 
4. Conclusion 

The results showed an increase in reducing sugar levels in plantlets of Cattleya 
sp. This shows that there is an effect on the administration of fusaric acid, where the 
higher the concentration of fusaric acid given, the higher the reducing sugar content 
contained in the plantlets of Cattleya sp. 
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