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Abstract 

Vanda Orchid is one of the most popular ornamental plants. Orchids have slow growth. One way to 

overcome this weakness is by using gamma-ray irradiation. This research aimed to study the 

morphological characters of various radiation doses resulting from the crossing of the Vanda Orchid. 

This study was carried out by observing the characters of vegetative growth for each plant on 0 Gy, 10 

Gy, 20 Gy, 30 Gy, 40 Gy, and 50 Gy doses of gamma irradiation treatments. The observed variables 

were the increase in plant height, leaf length, root length, number of roots, number of leaves, leaf width, 

and leaf color. The results showed that the dose of gamma-ray irradiation were able to increase plant 

height. 10 Gy and 20 Gy, gamma-ray irradiation doses, resulted in discolored yellowing of orchid leaves. 

The discoloration of orchid leaves to light green occurs at irradiation doses of 30 Gy, 40 Gy, and 50 Gy. 

The morphological characteristics of Vanda sp. hybrid results gamma irradiation are high at dose 10-40 

Gy. 
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Introduction 

Orchid is one of the prevalent ornamental 

plants. Hadi et al. (1) stated that orchids have 

great diversity in both the tropics and sub-

tropics. Indonesia has a vast potential for 

orchids. There are around 5000 types of orchids 

and more than 200 of them can be 

commercialized. One of the most popular types 

of orchids in Indonesia is Vanda Orchid. Vanda 

Orchid has a unique and attractive shape. 

Hartati and Darsana (2) stated that the 

morphological characterization of orchids is 

necessary to preserve germplasm and select a 

variety of natural orchid germplasm with 

superior properties. 

The process of making new orchid 

varieties is conventionally carried out by 

crossing techniques which are carried out with 

human assistance. Developed countries have 

done the process of making new varieties with 

better technology. One technology for making 

varieties is done with the help of irradiation 

rays. Irradiation can make plants into mutants, 

so the expected varieties could be obtained. 

Irradiation is a faster method that can produce 

mutant plants that have certain advantages. 

Efforts to obtain superior varieties are 

often made by crossing various existing 

varieties. This method is considered inefficient 

because it requires quite longer time. One of the 

technologies for making varieties is done with 

the help of irradiation rays. Haris et al. (3) states 

that, induction of plants with gamma rays can 

improve the quality and quantity of plants 

because they can change the nature of plants. 

Irradiation is an effective source for producing 

genetic diversity in plants (4). Mahendra et al. 

(5) states, gamma-ray irradiation has the benefit 

of combining the advantages of organic and 

inorganic materials. This study aimed to 

determine the differences in morphological 
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characteristics between the crossing Vanda sp. 

irradiation results. 

 

Materials and Methods 

The research was carried out in two 

places. The radiation was carried out at BATAN 

Jakarta, then the F1 hybrid from Vanda celebica 

and Vanda dearei were acclimatized in the 

greenhouse at the village of Plosorejo Matesih, 

Karanganyar, from July 2018 to January 2019.  

The study was conducted by observing 

each individual in the control (0 Gy), 10 Gy, 20 

Gy, 30 Gy, 40 Gy, and 50 Gy treatment plants. 

The data obtained during the observations were 

analyzed in the descriptive method by 

comparing each plant in the various doses of 

radiation treatment with the control treatment. 

Observation variables consisted of plant height, 

plant length, root length, number of roots, 

number of leaves, leaf width, and leaf color. 

 

Results and Discussion 

Plant height 

The growth measurements of mutant 

orchid plants are showed in table 1. Mutant 

plants did not show any changes in height 

compared with control plants. Gamma-ray 

irradiation is thought to cause stunted root 

growth due to stress. Physiological changes can 

be an imbalance of the hormone auxin in plants 

(6). Auxin is a hormone that regulates various 

developmental processes such as stem 

extension, apical dominance, and root initiation 

(7). High-dose irradiation interferes with 

protein synthesis, hormone balance, leaf gas 

exchange, water exchange, and enzyme 

activity. High irradiation doses changed the 

ratio of auxin and cytokinin to phytohormones, 

thereby changing cell differentiation patterns 

(8). 

The increase in plant height occurs in 10 

and 30 Gy irradiation, with 9.84 cm and 9.25 cm 

respectively, then decreases were at 20, 40, and 

50 Gy. Physiological damage caused by gamma 

irradiation can include cell death, inhibition of 

cell division, increased frequency of tissue 

formation, and changes in reproductive 

capacity. Increasing the dose of gamma-ray 

radiation can cause a decrease in plant height 

due to gamma rays that damage the plant 

chromosome structure, thus affecting plant 

growth (9). 

Table 1. The average of plant height, leaf length, root length, number of roots, number of leaves, leaf 

width in various doses of gamma irradiation 

Dose 
Plant height 

(cm) 

Leaf length 

(cm) 

Root length 

(cm) 

Number of 

roots 

Number of 

leaves 

Leaf width 

(cm) 

0 Gy 8.80 35.90 38.05 7.75 12.00 1.98 

10 Gy 9.84 33.76 32.60 6.60 13.60 2.14 

20 Gy 8.88 31.00 35.18 6.00 12.83 2.11 

30 Gy 9.25 34.97 39.22 6.75 14.00 2.03 

40 Gy 8.37 31.50 23.63 5.33 14.33 1.97 

50 Gy 8.00 31.30 25.64 5.80 13.40 1.86 

 

Leaf length and width 

Leaves are important parts of a plant. 

Leaf length can affect photosynthesis in plants. 

Gamma-ray irradiation at certain doses causes 

changes in plant phenotypes. Gamma rays can 

generate free radicals in cells, which can destroy 

essential components of plant cells and affect 

plant morphology, anatomy, biochemistry, and 

physiology differently depending on the level of 

irradiation (10). The most prominent and easily 

detectable parts of the plant after irradiation are 

the leaves (11). The leaf length of mutant plants 

is shorter than control plants. Table 1 showed 

that the average leaf length of the control plant 

about 35.90 cm. Mutant plants with the highest 

average leaf length was found in 30 Gy with 

34.97 cm, and the shortest average leaf length 

was found in 20 Gy treatment with 31 cm. 

The increasing width of the orchid leaves 

will affect the photosynthesis process and 

absorption of essential plant elements. The 

wider the leaf of the orchid, the easier it is for 

the plant to absorb water and nutrients. Based 

on Table 1, the leaf width of the mutant orchids 

is significantly differed than that of non-

irradiated. The widest leaves of mutant orchids 

were in 10 Gy dose with an average of 2.14 cm. 

The optimal dose for leaf width was known at a 

dose of 10 Gy, and the size of the leaf width 

decreased along with the increase of irradiation 

dose. Each irradiated individual plant with 

gamma rays has a different sensitivity to 
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irradiation dose. Generally, the higher the 

irradiation dose caused stunted leaf growth. 

Root length  

The root is the place where plants grow. 

The increase in root length is expected to make 

plants stronger. Irradiation on orchids is 

expected to increase the length of orchid plants. 

Based on table 1, it is known that control plants 

had the highest root length compared to all 

irradiated plants. The root length of mutant 

plants incread along with the increase of 

irradiation doses until its peak at the dose of 30 

Gy, then decreasing at dose 40 Gy. Gamma-ray 

irradiation at low doses can increase growth, 

whereas high doses showed slow growth (12). 

Gamma-ray irradiation can cause random 

mutations that can cause physiological damage 

in the metabolism of cell development so that 

its growth potential can be faster or slower (13). 

Mutant plants with the highest root length were 

found in the dose 30 Gy, and the lowest root 

length was found in 40 Gy.  

Number of roots and leaves 

Gamma-ray irradiation inhibits the 

number of roots. All mutant plants have fewer 

roots than non-irradiated plants. The same thing 

was found in Lestari et al. (14) study, that 

increasing the dose of irradiation caused the 

number of roots of Dendrobium sylvanum and 

Phalaenopsis sp. to decrease. The average 

number of roots of non-irradiated plants was 

7.75. The highest number of roots was in 

irradiated plants with a dose of 30 Gy, while the 

lowest was in a dose of 40 Gy. The low number 

of roots due to the dose of gamma-ray 

irradiation causes chromosomal changes to 

affect the growth of the radicles. 

Leaves are essential parts of plants in 

photosynthesis. The increasing number of 

leaves will affect the absorption of water and 

nutrients needed for plants. In contrast with the 

number of roots, mutant plants at all doses had 

more leaves than control. The number of leaves 

increased with the increase in irradiation dose, 

and the peak was at 40 Gy. Based on Table 1, 

the highest number of leaves were found in the 

dose 30 Gy and 40 Gy, 14 and 14.33, 

respectively. Changes in cells in plant organs 

caused by gamma-ray irradiation can interfere 

with plant physiological processes (15). 

Leaf color 

Gamma irradiation can cause cell change 

in certain organ plants. Leaf color changes can 

be identified using the Munsell Color Chart. 

The results of observations of changes in leaf 

color are shown in Table 2. Non-irradiated 

plants had light green leaves color. The same 

result was shown in mutant plants at 20 Gy, 30 

Gy, 40 Gy, and 50 Gy. While mutant plants 

dose, 10 Gy showed yellowing on leaves. The 

20-50 Gy dose gamma irradiation in this study 

did not cause discoloration of the orchid leaves, 

in contrast to Astutik (15) which showed that 

the color of the leaves darkened with increasing 

irradiation doses. Color changes occur in 

mutant orchid by irradiation of 10 Gy, which 

showed a yellowish color. Leaf discoloration of 

orchid plantlets occured due to damage in 

chlorophyll after irradiation (14). 

Table 2. Color change of vanda leaf with 

various dose treatment of gamma irradiation 

Dose Leaf Color 

0 Gy 7.5 Gy 6/6.5 

10 Gy 2.5 Gy 6/6.5 

20 Gy 7.5 Gy 6/6.5 

30 Gy 7.5 Gy 6/6.5 

40 Gy 7.5 Gy 6/6.5 

50 Gy 7.5 Gy 6/6.5 

 

Conclusion 

The increased gamma-ray irradiation 

dose in Vanda sp. hybrid can increase the 

diversity of plant height, leaf length, root length, 

and the number of roots. A 10 Gy gamma-ray 

irradiation dose increased plant height and 

changed the color of the yellowing orchid 

leaves. Irradiation doses of 20 Gy, 30 Gy, 40 

Gy, and 50 Gy resulted in the color of orchid 

leaves became light green. 
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Abstract 

A molecular marker of parent and offspring is used to find fast and accurate markers influenced by 

DNA isolation and amplification. This research aims to find the most suitable DNA isolation and 

DNA  amplification methods. This study used four DNA isolation methods; namely IM01, IM02, 

IM03, and IM04. DNA amplification used ten protocols (AP01, AP02, AP03, AP04, AP05, AP06, 

AP07, AP08, AP09, and AP010). The results of the research showed that the most suitable DNA 

isolation method for salak was  IM0, and the most suitable DNA amplification for salak was AP04 that 

produces the highest value of DNA bands. 
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Introduction 

Salak (Salacca zalacca (Gaertner) Voss) 

has excellent potential to be planted in 

Indonesia; the tropical climate supports the 

growth of salak. Thirty varieties of zalacca are 

distributed in Indonesia (1), including Ivory 

and Pondoh. Pondoh zalacca is the most 

famous zalacca compared to other zalacca 

varieties. Pondoh Salak has a sweet taste even 

though it is not yet ripe and dark brown or 

blackish-brown skin color. Salak Gading also 

consudered as a well-known zalacca variety, 

which is unique to its yellow skin and the flesh 

is thicker than Pondoh zalacca, but has a mild 

taste. This research aimed to develop salak, 

which has a sweet taste, yellow skin, and thick 

flesh. 

Zalacca breeding through crossing is 

objected to increase zalacca potential (2). 

Pondoh and Ivory zalacca crossing is expected 

to produce offspring with sweet taste, yellow 

skin, and thick flesh. According to Anna 

Meyer (3), all aspects of how living things 

look, function, and behave are determined by 

DNA. DNA analysis was carried out in this 

study to obtain accurate data in a short time. 

There are two stages of DNA analysis, namely 

DNA isolation and amplification. According to 

Thomas and Dominic (2013), DNA isolation 

aims to separate DNA in the cell nucleus from 

materials and separate DNA in the cell nucleus 

from other materials and molecules. DNA 

amplification aims to double the target DNA 

This research modifies the existing 

isolation method and DNA amplification 

protocol, then analyzes each difference in it.. 

The main objective is to find superior salak 

varieties through studying the best and most 

appropriate methods in DNA isolation and 

amplification.  

 

Materials and Methods 

This study was conducted from March 

to August 2017 in the Genetics and Plant 

Breeding Laboratory of Faculty of Biology, 

Universitas  Gadjah Mada. This research was 

conducted in three stages. First, male Pondoh 

and female Ivory were crossed in the Salak 

Nusantara Collection Garden, Bangunkerto 

Turi Temple, Sleman, Yogyakarta. Second, the 

results of the crossing were planted on Pucang 

Sawit Street RT 3 RW 2 Jebres Surakarta. 
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Third, DNA analysis was carried out at the 

Genetics and Breeding Laboratory of the 

Faculty of Biology, Universitas Gadjah Mada, 

Yogyakarta. 

This study used 4 DNA isolation 

methods, namely IM01, IM02, IM03, and 

IM04. IM01 uses DNA Nandariyah isolation 

method (4). IM02 used the Doyle and Doyle 

(5) method modified by Borges et al. (6). IM03 

used the DNA isolation method that has been 

listed in the manual of the GE Healthcare 

Nucleon Phytopure Genomic DNA Extraction 

Kits RPN 8511. IM04 used the Nandariyah 

DNA isolation method (4) with modification of 

the extraction buffer. 

DNA amplification used ten different 

protocols (AP01, AP02, AP03, AP04, AP05, 

AP06, AP07, AP08, AP09, and AP010). The 

10 DNA amplification protocols were 

distinguished by DNA concentration, primary 

type, primary concentration, cycle, 

temperature, and pre denaturation time to post 

elongation. The difference in migration of 

DNA bands in agarose gel was the difference 

in migration of individual allele (7). The 

samples used were male Pondoh (P), female 

Gading salak (G), results of crossing Pondoh 

and Gading salak (F), and other salak varieties 

(K). The number of repetitions was adjusted to 

the needs. The salak material for analysis used 

young leaves. 

 

Results and Discussion 

DNA isolation 

DNA isolation aims to obtain DNA with 

high concentration and good purity. DNA 

isolation consists of three stages, first 

destruction of cell walls (lysis), second, 

separation of DNA from other solid materials, 

and finally, DNA purification (8). The method 

of DNA isolation used depends on the type of 

plant or plant tissue (9). According to 

Syafaruddin et al. (8), the DNA isolation 

method is needed in plants containing high 

secondary metabolite compounds to get good 

quantity and quality of DNA, such as in salak 

leaves. Differences in the composition, dosage, 

time, repetition, etc., affect the DNA produced. 

This study uses 4 DNA isolation methods 

(IM01, IM02, IM03, and IM04). The 

difference between the four methods lies in the 

addition of PVP, extraction buffer, chloroform, 

isoamyl alcohol, sodium acetate, incubation at 

a specific temperature, and washing of DNA 

pellets. 

IM01, IM02, and IM04 protocols used 

PVP to facilitate the grinding of salacca leaves 

while also using extraction buffers with the 

composition of CTAB, NaCl, EDTA, Tris-HCl 

and β-mercaptoethanol. According to 

Syafaruddin et al. (8), the composition can 

eliminate polysaccharides and polyphenols. 

IM01 mixed the entire extraction buffer 

composition into one, while IM02 and IM04 

separated β-mercaptoethanol from other 

ingredients. β-mercaptoethanol had an 

unpleasant odor that disrupts DNA isolation 

activity (10). IM01 and IM04 added sodium 

acetate to keep the pH stable during the DNA 

isolation process. IM01, IM03, and IM04 

washed DNA pellets using 70% ethanol three 

times. Ethanol was easily lost by evaporating. 

IM02 washed DNA pellets using absolute 

alcohol and 70% alcohol. The absolute alcohol, 

70% alcohol, and ethanol have almost the same 

properties. 

A230, A260, A280 and A320 

The absorbance value at 230 nm 

represented polysaccharide contaminants or 

other contaminants. Nucleic acids such as 

RNA, DNA, and free nucleotides have a strong 

absorbance at 260 nm. Protein had a strong 

absorbance at 280 nm (11). The absorbance 

value at 320 nm provided a general 

measurement of the turbidity of the sample  

(12). 

 
Figure 1. Average values of A230, A260, 

A280, and A320 of the DNA isolation method 

used 

The results showed that the highest 

A230 was IM01 with a value of 16,800 and the 

lowest was IM04 with a value of 0.990. The 

highest A260 was IM01 with a value of 16.220 

and the lowest was IM04 with a value of 

0.623. The highest A280 was IM01 with a 

value of 11,300 and the lowest was IM04 with 

0

5

10

15

20

IM01 IM02 IM03 IM04

A230

A260

A280

A320



7 
 

 
 

a value of 0.336. The highest A320 was IM01 

with a value of 5.600 and the lowest was IM04 

with a value of 0.079 (Figure 1). 

DNA purity 

DNA purity compares pure DNA and 

impurities (protein) (13). A260 divided by 

A280 can be used to estimate the DNA purity. 

DNA is said to be pure if it has a purity value 

of 1.8-2.0. The value of DNA purity lower 

than 1.8 means that there was protein 

contamination; while a value higher than 2.0 

means that there was a phenol contamination. 

 
Figure 2. Average DNA purity value from the 

DNA isolation method used 

Based on the results of the research, the 

purest DNA was IM01, with a value of  1,810. 

The DNA purity value of IM02 was 1.579, 

indicating that DNA was contaminated with a 

protein. The DNA purity value of IM03 was 

1,261, indicating that DNA was contaminated 

with a protein. The DNA purity value of IM04 

was 2,143, indicating that it was phenol 

contaminated (Figure 2). 

The comparison of chloroform and 

isoamyl alcohol used in IM01, IM02, and 

IM04 was 3: 1: 3, while IM03 only used 

chloroform without the addition of isoamyl 

alcohol according to the manufacturer's 

manual. Chloroform and isoamyl alcohol 

(CIA) are significant for binding proteins and 

cell membrane lipids and dissolve them to 

form deposits (14). The dose of chloroform 

and isoamyl alcohol IM01 was enough to 

produce DNA with good purity, while IM02 

was not enough, so there were still protein 

contaminants. 

IM01 and IM04 used the same dose of 

chloroform and isoamyl alcohol but produced 

very different DNA purity, and this 

wasbecause the extraction buffer composition 

were  different. IM01 extraction buffer 

composition was 2% CTAB 20 ml, 100 mM 

Tris pH 9.0 10 ml; 1.4 M NaCl 28 ml; 20 mM 

EDTA 4 ml; H2O 38 ml; and β-

mercaptoethanol 0.1 ml; while the IM04 

extraction buffer composition was CTAB 10 

gr; 10 mM Tris-HCl 5 ml; 1.4 M 140 ml; 20 

mM EDTA pH 8 20 ml; H2O 335 ml; and 

addition of 75 µ-mercaptoethanol separately. 

According to Maftuchah et al. (15), the 

composition of extraction buffer and pH is 

very important in the optimization strategy of 

DNA isolation, and extraction buffer is the 

most important compound to prevent DNA 

from being degraded. DNA and RNA have 

insoluble properties in organic solvents (8). 

The addition of chloroform will not lose DNA 

and RNA. 

IM03 used GE Healthcare Nucleon 

Phytopure Genomic DNA Extraction Kits RPN 

8511. According to manual from the factory, 

the extraction kit can isolate the DNA of Cocos 

nucifera, which in plain view has almost the 

same properties as the salacca leaves, but 

research on salak leaves yields less satisfactory 

purity. This can be caused by the salak leaves 

that have been used for too long. 

DNA concentration 

DNA concentration is used as a 

reference to improve the success of DNA 

amplification. DNA concentration was 

calculated by A260 times 50 times dilution 

factor. The higher the concentration of DNA, 

the easier it is for researchers because it can be 

diluted as needed and as a DNA stock 

 

Note: G: Salak Gading; P: Salak Pondoh; F: 

Crossing of Salak Pondoh and Gading 

Figure 3. DNA genome electrophoresis IM04 

IM02 and IM03 did not produce DNA 

bands at all. Protein contaminants in IM02 and 

IM03 caused inaccurate estimates of DNA 

concentration. According to Hoy MA (16), 

chaotropic salt contaminants, RNA, and 

proteins such as EDTA and tris buffering lead 

to inaccurate estimates of DNA concentration. 

The improper storage of IM02 and IM03 

caused DNA damage. DNA is readily damaged 

purity 
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at inappropriate temperatures. The quality of 

DNA will be maintained at low temperatures. 

IM04 produces DNA bands that are thin, 

faint, and smear because of phenol 

contamination (Figure 3). The presence of 

phenolic compounds can affect DNA quality. 

The more phenolic compounds the DNA 

quality is getting worse (8). Genomic DNA 

electrophoresis produced from the four 

isolation methods, only two showed DNA 

bands, namely IM01 and IM04. There were 

differences between IM01 and IM04; IM01 

had good DNA purity while IM04 was 

contaminated with phenols. Insufficient DNA 

purity may not necessarily produce genomic 

DNA bands. 

DNA amplification 

DNA amplification in this study used 

the PCR-RAPD method. RAPD (Random 

Amplified Polymorphic DNA) is a PCR-based 

DNA marker. RAPD is widely used in 

identifying interspecies and interspecies 

diversity (17). RAPD markers are widely used 

because they are faster, cheaper, more 

accessible, do not require special skills, do not 

use radioisotopes, do not require DNA 

sequence information, and DNA samples are 

needed (18). PCR optimization is essential to 

find the most suitable DNA amplification 

protocol. The trick is to try various DNA 

concentrations, primary types, temperatures, 

cycles, and pra denaturation times to post 

elongation (19). 

DNA amplification protocols used in 

this study were AP01, AP02, AP03, AP04, 

AP05, AP06, AP07, AP08, AP09, and AP010. 

The ten DNA amplification protocols were 

distinguished by DNA concentration, primary 

type, primary concentration, cycle, 

temperature, and pre denaturation time to post 

elongation. Based on research, only AP04 and 

AP010 succeeded in producing DNA bands. 

AP04 and AP10 have differences and 

similarities. The difference lies in the purity of 

DNA. AP04 uses IM01 DNA (good purity), 

while AP10 uses DNA IM04 (phenol 

contaminated). Maftuchah et al. (15) stated that 

PCR be done with moderate quality DNA, as 

in IM04. The AP04 and AP010 equations lied 

in the primers (OPA-16 [50]), pre denaturation 

(95.0oC for 3 minutes), denaturation (95.0oC 

for 15 seconds), annealing (36.0oC, 37.6oC, 

38.5oC and 40.0oC for 15 seconds), extension 

(72.0oC for 1 minute), post Elongation (72.0oC 

for 5 minutes) and cycle (45 times). 

Unsuccessful DNA amplification 

protocols (AP01, AP02, AP03, AP05, AP06, 

AP07, AP08, and AP09) used almost the same 

procedures have succeeded (AP04 and AP10), 

but there are some differences. AP01 used 

different annealing temperatures, annealing 

times, and PCR cycles. AP02 used annealing 

temperatures as well as different PCR cycles. 

AP03 and AP06 used different primary 

concentrations. AP05, AP07, and AP09 used 

damaged DNA. AP08 used denaturation 

temperature, denaturation time, annealing 

temperature, annealing time, extension time, 

and different PCR cycles. The quality of DNA 

used by AP08 also has declined due to 

improper storage. 

The success of PCR is influenced by the 

concentration of printed DNA, primers, MgCl2, 

and the number of cycles. A few that are not 

appropriate can affect the success of PCR (20). 

Unclear and faint DNA bands can be caused by 

the distribution of primary attachment sites to 

DNA, competition for primary attachment that 

causes specific fragments to be amplified in 

large quantities, and DNA concentrations that 

are too small (19). High DNA concentrations 

will increase the concentration of 

contaminants. Large concentrations of 

contaminants can inhibit the primary 

attachment to the printed DNA. Different 

brands of Thermocycler PCR devices can also 

affect whether DNA bands appear because 

different tools require different optimizations. 

Genetic analysis 

Efforts to increase the salak diversity 

can be made through the crossing. Crosses 

need different parental varieties to produce 

superior varieties (18). This study used male 

Pondoh salak and female Gading as parents. 

Pondoh Salak has sweet taste, brown skin, and 

medium size. Salak Gading has the properties 

of astringent taste, yellow skin, and large size. 

The expected phenotypes of the crossing are 

sweetness, yellow color, and large size. 

Crossovers between genotype can only be 

known after the plant is 4 years old when the 

plant bears fruits. The weakness can be 

overcomed by using molecular markers 

Random amplified polymorphic DNA. 

The two parents are not pure strains, 

(even tend to be hybrid varieties) so they are 

considered to have heterozygous genes. 
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Mendel's Law 2 states that two heterozygous 

parents who are crossed will freely produced 

offspring with a combination of genes. Pondoh 

and Gading salak cross will produce offspring 

with a combination of random parents 

(dominant genes in superior traits cover 

recessive genes in traits that are not pure 

strains), so they are considered to have 

heterozygous genes. Pondoh and gading cross 

will produce offspring with a combination of 

random genes. One of the results of the 

crossing will inherit the superior traits of the 

two parents (dominant genes in superior traits 

cover recessive genes in traits that are not 

superior) to create a superior variety. These 

superior varieties are expected to be found in 

this study. The next stage, propagation, was 

done vegetatively in order to maintain its 

superior nature. 

The results showed that F had a DNA 

band parallel to G, but none parallel to P. P 

gave DNA bands with sizes of 300, 450, and 

700 base pairs. G raises DNA bands with sizes 

300, 350, 400, 500, and 600 base pairs. F raises 

the DNA band with a size of 600 base pairs. F 

and G both gave DNA band on the size of 600 

base pairs. 

This study uses RAPD markers, so that 

homozygous dominant and heterozygous genes 

will both produce DNA bands. It cannot be 

distinguished which are homozygous dominant 

and which are heterozygous. Recessive 

homozygous genes do not produce DNA bands 

(Novalina and Sagala 2011). This can be 

interpreted that only dominant genes can 

produce DNA bands. Dominant genes usually 

describe superior traits, while recessive genes 

describe superior traits. 

P and G are the parents of F, so P and G 

must have passed down their genes to F. 

Figure 6 shows the absence of DNA bands that 

are parallel between P and F. This indicates 

that P passed down the recessive gene to F, but 

P did not passed the dominant gene to F. 

Figure 6 shows the presence of DNA bands 

parallel to G and F. This indicates that G 

passed recessive genes or not to F. 

Based on observations showing that F 

was not a superior variety as expected in this 

study. The expected superior varieties would 

get superior traits from both ancestors (get 

dominant genes from both ancestors). F only 

gets superior traits from G alone (F only gets 

dominant genes from G). It is assumed that the 

actual superior variety was one of the samples 

that has not been successfully observed in this 

study because the new recessive superiority 

might be seen in F2. 

This research still has many limitations. 

It is hoped that at least it can contribute 

valuable ideas. Further research is needed to 

obtain superior varieties of salacca plants. 

 

Conclusion 

The most suitable method of DNA 

isolation for salak is  IM0 that is the  extraction 

buffer composition used of 2% CTAB 20 ml; 

100 mM tris pH 9.0 10 ml; 1.4 M NaCl 28 ml; 

20 mM EDTA 4 ml; β-mercaptoethanol 0.1 

ml; and H2O 38 ml. Giving 500 µl CIA three 

times. Addition of sodium acetate 1:10 from 

reagent volume. Washing DNA pellets using 

70% ethanol. The most suitable DNA 

amplification for salak was AP04 that was 

using OPA-16 primers [50]; pradenaturation 

95.0oC 3 minutes; denaturation of 95.0°C 15 

seconds; annealing 38.5°C 15 seconds; 72.0oC 

extension for 1 minute; post elongation 72.0oC 

5 minutes; and 45 cycles. 
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Abstract 

Boiled water from bamboo shoots is often used for pneumonia and a cleanser for the wound. It is 

known that bamboo can be an antibacterial agent because it has saponin, alkaloid, and flavonoid. This 

research aims to study whether ethanol extract and sap from bamboo betung shoot (Dendrocalamus 

asper) has secondary metabolism and antibacterial activity against Klebsiella pneumoniae and 

Pseudomonas aeruginosa. The extract was taken by maceration method using ethanol 96%, and the 

sap was taken from the water of bamboo shoot. Antibacterial activity test was conducted using disc 

diffusion method to measure the magnitude of inhibitory power at six concentration ratios of b/v 

solutions (10%; 20%; 30%; 40%; 50%; 60%). The result showed that ethanol extract and sap of 

bamboo betung shoot contained saponin, quercetin, and quinine which were supposed to have 

antibacterial activity against Klebsiella pneumoniae and Pseudomonas aeruginosa. The largest 

inhibitory zone diameter was found in ethanol extract 60% with the category of moderate inhibition of 

9.05 ± 0.12 mm against Kliebsiella pneumoniae and 5.07 ± 0.13 mm against Pseudomonas 

aeruginosa. While the sap with a concentration of 60% was included in the weak inhibitory category, 

which was 5.65 ± 0.05 mm in the Kliebsiella pneumoniae and 4.81 ± 0.22 mm in Pseudomonas 

aeruginosa. 

 

Keywords: antibacterial; bamboo shoot; betung bamboo. 
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Introduction 

Klebsiella pneumoniae is a gram-

negative opportunistic pathogenic bacteria that 

can cause respiratory infections, urinary tract 

infections, nosocomial infections, and even 

death by up to 10% in humans (1). 

Pseudomonas aeruginosa is a gram-negative 

bacteria that can cause infections in wounds 

and burns that cause bluish-green pus, urinary 

tract infections, respiratory infections that 

cause pneumonia, mild external muscularity in 

swimmers, and eye infections (2). Both of 

these bacteria can be found in most human 

environments (3). 

The boiled water from bamboo shoots is 

used to treat coughing up blood (pneumonia) 

and is used as a wound cleanser (4). Bamboo 

shoots have excellent antioxidant, anti-free-

radical, and anti-aging effects because of 

flavones and glycosides (5). Betung bamboo 

leaves (Dendrocalamus asper) have 

antibacterial activity against E. coli bacteria. 

All bacteria and fungi grow well in wet media 

and humid air. Water has a vital role in life 

because microorganisms can only take food 

from outside into the solution (holophytic). 

Bamboo shoots are used as an infection 

treatment, but bamboo shoots' water content is 

relatively high. Every 100 grams of fresh 

bamboo shoots has water content of 91% (6). 

The water content of the Schizostachyum 

brachycladum Kurz bamboo shoot ethanol 

extract was 9,12% (7). So far, there has been 

no test for the antibacterial activity of bamboo 
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shoots against Klebsiella pneumoniae and 

Pseudomonas aeruginosa.  

 

Material and Methods 

This study was taken on Pharmacy 

Laboratorium and FMIPA Intergrated 

Laboratory. In this study, the extract was taken 

by the maceration method using 96% ethanol, 

and the sap was taken from the juice of 

bamboo shoots. Qualitative testing of the 

chemical content of bamboo betung using thin 

layer chromatography and tube testing. The 

antibacterial activity test used the disc 

diffusion method to measure the amount of 

inhibition at six concentration ratios of the w/v 

solution (10%;20%;30%;40%;50%;60%). 

The tools used in this study include a set 

of maceration tools, blender, flannelette, 

stirring rod, rotary evaporator (Yamato RE-

301-AW), UV light 254 nm, test tube (Pyrex), 

test tube rack, bunsen, sterile cotton swab, petri 

dish, measuring cup (Pyrex) 25 ml, ose needle, 

10-100 µl series micropipettes (Master ptt®), 

bunsen, yellow tip, tweezers, analyte scale, 

Moisture Analyzer (Ohaous MB23), Laminar 

Air Flow (Biobase), autoclave (Sturdy®), 

oven, incubator (Incubator Hotcold- M), 

refrigerators, and calipers. 

 
Figure 1. The elution identification of the 

flavonoid group at 254 nm UV light with a 

mobile phase of Butanol: Acetic Acid: Water 

(4: 1: 5). (a) Betung Bamboo Shoots Ethanol 

Extract (b) Betung Bamboo Shoots Sap (c) 

quercetin standard  

The materials used in this study included 

bamboo shoots (Dendrocalamus asper), 96% 

alcohol, flannelette, aquadest, filter paper, 

silica gel 60 F254 (Merck), quercetin 

standards, quinine standards, butanol, acetic 

acid, disc paper (Oxioid), aluminum foil, MHA 

agar media, 0.5 Mac Farland standard, 0.9% 

sterile NaCl, Amoxicillin 25µg / disk antibiotic 

(Oxioid), Kliebsiella pneumoniae bacteria 

ATCC 13883, and Pseudomonas aeruginosa 

ATCC 27853. 

Identification of ethanol extract 

compounds and bambu betung saps was done 

with TLC (Thin Layer Chromatography). The 

TLC method was used in this study because it 

has greater flexibility in selecting mobile 

phases (8). The stationary phase used was a 60 

F254 silica gel plate. This plate is used because 

it can glow at 254 nm UV light to help 

visualize spots or stains on the TLC plate (9). 

While the mobile phase used is a mixture of 

Butanol: Acetic Acid: Water (4: 1: 5) (10) as 

shown in Figure 1. 

The standard compound used to identify 

the flavonoid group is quercetin. Quercetin is a 

class of flavonoids that can be used as 

antibacterial because quercetin can bind to 

bacterial DNA gyrase, which plays a role in 

DNA replication. Quercetin interferes with the 

gyrase enzyme so that the DNA replication 

process stops (11).  In this study, 6 series of 

different solution concentrations were made, 

both ethanol and sap extracts, namely 10% w / 

v, 20% w / v, 30% w / v, 40% w / v, 50% w / 

v, and 60%. b / v. 

 

Results and Discussion 

Characteristics of the extraction results 

obtained in this study were examined in 

organoleptic, yield calculations, and water 

content. The yield determination aims to 

quantify how much plant extract was obtained 

(12). A total of 150 grams of betung bamboo 

shoots macerated with 96% ethanol yielded 7 

grams of the thick extract or around 4.67%. 

The extract obtained was relatively small 

because the main component of bamboo shoots 

was water. This is supported by research from 

Nofriyati and Ratima (6) that every 100 grams 

of fresh bamboo shoots contained 91% water. 

The characteristics of the ethanol extract of the 

Betung bamboo shoots can be seen in Table 1. 

Table 1. Characteristics of tunas bambu betung 

ethanol extract 

Examination Result 

Organoleptic 

Consistency Thick 

Color Brown-yellow 

Aroma Distinctive 

Extract yield 4,67% 

Water content 28,7 % 
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The water content requirement for an 

extract, according to Depkes RI (13), is less 

than 10%. The water content in the extract that 

was less than 10%; which aimed to avoid the 

rapid growth of the fungus in the extract (14). 

Based on the test results, it was found that the 

water content of the betung bamboo shoots 

ethanol extract was 28.7%, so that the resulting 

extract was not used for storage for a long 

time. 

 

Identification of ethanol extract compounds 

and bambu betung saps 

This identification test was conducted to 

qualitatively determine the content of 

secondary metabolites in the ethanol extract 

and sap of Betung bamboo shoots. According 

to Kalita et al (15), bamboo can have 

antibacterial activity because it has compounds 

of flavonoids, alkaloids, and saponins. From 

the results in Table 2, it can be seen that the 

ethanol extract and the sap of Betung bamboo 

shoots have quercetin compounds because the 

Rf value is the same (0.88). This result 

confirmed the research of Susilowati et al (10) 

that the Rf value of quercetin compounds with 

the mobile phase of Butanol: Acetic Acid: 

Water (4: 1: 5) is 0.88. Hence, it is confirmed 

that the ethanol extract and sap of Betung 

bamboo shoots positively have quercetin 

compounds. 

 

Table 2. Results of the calculation of the rf 

value for the flavonoid group 

 

The identification of alkaloids is shown 

in Figure 2, the standard compound used was 

quinine. Quinine can be used as an 

antibacterial agent because it can interfere with 

peptidoglycan components in bacterial cells so 

that the cell wall layer is not formed entirely 

and causes cell death (16). The ethanol extract 

of betung bamboo shoots contained quinine 

compound because the Rf value was the same 

as the standard Rf value, which was 0.63 

(Table 3). This confirmed the results of 

Susilawati et al. (10) that the Rf value of 

quinine compounds with the mobile phase of 

Butanol: Acetic Acid: Water (4: 1: 5) was 0.61. 

In contrast, the sap of bamboo shoots did not 

have quinine compounds because its Rf value 

was not the same as the Rf value of quinine. 

 

 
Figure 2. The results of the identification of 

alkaloids in UV light 254 nm with mobile 

phase Butanol: Acetic Acid: Water (4: 1: 5). 

(a) Betung Bamboo Shoots Ethanol Extract (b) 

Betung Bamboo Shoots Sap (c) quinine 

standard 

 

Table 3. Results of the calculation of the rf 

value for the alkanoid group 

Sample Rf value 

Betung Bamboo Shoots Ethanol 

Extract 

0.60 

Betung Bamboo Shoots Sap 0.88 

Quinin standar 0.63 

 

              
 

Figure 3. The results of identification of 

saponin compounds in the extract and sap of 

bamboo shoots of Betung bamboo. (a) Betung 

Bamboo Shoots Ethanol Extract (b) Betung 

Bamboo Shoots Sap 

 

Saponin identification test was carried 

out by shuffling. Saponin compounds can be 

detected because of their ability to form foam. 

Saponins can damage bacterial cytoplasmic 

membrane cells by increasing the permeability 

of bacterial cell membranes (17). Based on the 

study results shown in Figure 3, there was 1 

Sample Rf value 

Tunas Bambu Betung Ethanol 

Extract 
0.88 

Betung Bamboo Shoots Sap 0.88 

Quercetin standar 0.88 

(a) (b) 
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cm foam after being shaken for 15 minutes. 

Hence, it can be seen that the ethanol extract 

and sap of Betung bamboo shoots were 

positive for saponins. 

 

Antibacterial activity test of ethanol extract 

and saps of betung bamboo shoots 

In this study, the antibacterial activity 

test used the Kirby Bauer or Disc Diffusion 

method. This method was used because it does 

not require special equipment. Its 

implementation was more accessible and more 

practical, suitable for liquid samples because 

of the saturation of the sample on disc paper 

(18). 

The positive control used was the 

amoxicillin antibiotic because amoxicillin is a 

broad-spectrum antibiotic that works by 

preventing the synthesis of bacterial cell walls 

(19). The agar medium used was Mueller 

Hilton Agar (MHA) because this media was 

not a selective medium so that all types of 

bacteria can grow (20).  

When viewed from the inhibition zone 

category according to Davis et al (20), the 

results of the inhibition zone diameter 

measurements of the ethanol extract of bamboo 

shoots against Kliebsiella pneumoniae were in 

the moderate category; while those in 

Pseudomonas aeruginosa were in the weak 

category. Betung bamboo shoot sap has weak 

inhibitory power against Kliebsiella 

pneumoniae and Pseudomonas aeruginosa. 

Based on the table 4, the largest 

diameter of the inhibition zone was found in a 

60% concentration solution sample, both in the 

ethanol extract and sap of the bamboo shoots 

of Betung. In the 60% ethanol extract, the 

inhibition zone diameter was 9.05 ± 0.12 mm 

in Kliebsiella pneumoniae and 5.07 ± 0.13 mm 

in Pseudomonas aeruginosa. While the sap of 

Betung bamboo shoots with a concentration of 

60% resulted in an inhibition zone diameter of 

5.65 ± 0.05 mm in Kliebsiella pneumoniae and 

4.81 ± 0.22 mm in Pseudomonas aeruginosa. 

Positive control resulted in an inhibition zone 

diameter of 6.09 ± 0.03 mm for Kliebsiella 

pneumoniae and 5.65 ± 0.05 mm for 

Pseudomonas aeruginosa. The negative control 

used, namely sterile aquadest, did not show 

antibacterial activity. 

Table 4. Result of inhibition zone diameter measurement 

Sample 
Concentration 

(%) b/v 

Average Inhibition Zone Diameter * (mm) ± SD 

Kliebsiella pneumoniae Pseudomonas aeruginosa 

Betung Bamboo 

Shoots Ethanol 

Extract 

10 5.43±0.40 - 

20 6.36±0.39 3.16±0.15 

30 6.74±0.18 3.63±0.46 

40 7.13±0.19 3.46±0.4 

50 8.10±0.13 4.21±0.21 

60 9.05±0.12 5.07±0.13 

Betung Bamboo 

Shoots Sap 

10 - - 

20 - - 

30 - 2.14±0.07 

40 3.51±0.32 2.68±0.31 

50 4.53±0.26 3.65±0.20 

60 5.65±0.05 4.81±0.22 

Positive control 

(Amoxicillin 

25µl/disk) 

- 

6.09±0.03 5.65±0.05 

Negative control 

(Aquadest 

25µl/disk) 

- 

0 0 

 

Figure 4. The graph between inhibition zone diameter and solution concentration. Kliebsiella 

pneumoniae; Pseudomonas aeruginosa 
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The diameter of the inhibition zone in 

the sap of the Betung bamboo shoots began to 

appear at a concentration of 30%, and the 

resulting average inhibition value was smaller 

than that of the ethanol extract. This can occur 

because the water content in the sap was higher 

than in the extract. The water content in the 

sample can affect the inhibition of bacteria 

because water is a medium for bacterial 

growth.  

The greater the concentration, the 

greater the resulting inhibitory power because 

the more significant the concentration, the 

greater the active substance contained (21). 

Based on the Figure 4, it can be seen that the 

diameter of the inhibition zone is directly 

proportional to the total concentration of the 

solution. However, there may be a decrease in 

the area of the inhibition zone at a greater 

concentration. Research conducted by 

Ningtyas (21) stated that the diameter of the 

inhibition zone is not always directly 

proportional to the increase in antibacterial 

concentrations. This can occur due to 

differences in diffusion rates of antibacterial 

compounds on agar media and differences in 

the concentration of antibacterial compounds. 

 

Conclusion 

Qualitatively, the ethanol extract and sap 

of the bamboo shoots (Dendrocalamus asper) 

contain flavonoids, alkaloids, and saponins. 

The ethanol extract of bamboo betung has a 

moderate bacterial inhibitory power in 

Klebsiella pneumoniae and a weak 

Pseudomonas aeruginosa. Meanwhile, the sap 

of bamboo shoots has weak inhibition in the 

Klebsiella pneumoniae and Pseudomonas 

aeruginosa bacteria. It is necessary to research 

the activity test of the extract and sap of the 

shoots of bamboo betung against other 

bacteria, using other methods, and looking for 

other active compounds in the bamboo betung 

plant. 
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Abstract 

Tribulus terrestris is conventionally propagated using seeds but has limited germination capacity. One 

approach that can be done for this plant multiplication is in vitro tissue culture. This study was 

conducted to determine the growth potential of T. terrestris in vitro by the addition of auxin (IAA) and 

cytokinin (BAP) as growth regulators at several concentrations. The study was conducted at the 

Laboratory of Plant Physiology and Biotechnology, Faculty of Agriculture, Universitas Sebelas Maret 

Surakarta from February to December 2017. The experiment employed factorial Completely 

Randomized Design (CRD) method with 2 factors, namely IAA concentration (0 ppm, 0.1 ppm, 0.2 

ppm, 0.3 ppm), and BAP concentration (0 ppm, 0.3 ppm, 0.5 ppm, 0.7 ppm). The observed growth 

parameters were shoot emergence time, leaf emergence time, root emergence time, number of leaves, 

and number of roots. Data were analyzed using analysis of variance followed by DMRT with a 95% 

confidence level. The results showed that the addition of IAA only affects leaf emergence time, while 

the addition of BAP had a significant effect on the leaf emergence time and number of leaves. The 

interactions between IAA and BAP had a significant effect on leaf emergence time. 
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Introduction 

Tribulus terrestris L. (Zygophyllaceae) is 

a plant that originates from the Mediterranean 

region and has been spread widely in warm 

climate regions such as Africa, Australia, and 

Asia (1). This plant is used in the practice of 

Chinese medicine for several diseases (2). 

Tribulus plant contains several active chemicals 

that are used as antibiotics and contain steroidal 

substances that function as an aphrodisiac. One 

of the main characteristics of this plant is the 

high amount of steroid chemicals contents. 

Steroid saponins, diosgenin, furostanol, 

spirostanol, tigogenin, ruscogenin, chlorogenin, 

and gitogenin are important chemical 

constituents which contents are very high in T. 

terrestris (3). The plant is rich in protein and 

calcium and also contains oil, peroxidase, 

diastase, resins, and even various glucosides in 

dried fruit from T. terrestris. These 

characteristics make T. terrestris a valuable 

plant for medicines and other uses such as 

stimulants and stamina enhancers (4). 

Tribulus terrestris is conventionally 

propagated using seeds. Based on a study 

conducted on the multiplication of seeds, the 

germination rate capability by the seeds of this 

plant is very small (5). In Indonesia, the 

cultivation of this plant is quite difficult 

because it can only grow in certain conditions 

and times. In one year, cultivation can only be 

done one season in early May to August. The 

characteristics of seed dormancy and low 

germination from Tribulus terrestris makes this 

plant a suitable specimen for the study and 

development of plant propagation methods by 

in vitro tissue culture methods. The plant’s 

tissue culture aims to provide information about 

the correct method in propagation by 

micropropagation for the purpose of seed 
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formation from cultured plantlets and other 

utilities. This also opens the pathway to 

medicinal substance production of T. terrestris 

secondary metabolite within the method of a 

bioreactor in vitro as the substitution for 

cultivation by means of a more sustainable 

method of agricultural production. 

Modification of tissue culture media by 

regulating growth regulators needs to be done 

to increase the percentage of plant growth rate 

in tissue culture by means of propagation. 

There are two types of plant hormones (auxin 

and cytokinin) that are widely used in 

propagation in vitro. This experiment aims to 

observe whether the addition of IAA 

(Indoleacetic Acid) and BAP (Benzyl Amino 

Purine) at certain concentrations can promote 

Tribulus terrestris plant’s grown in tissue 

culture. 

 

Material and Methods 

The research was conducted from 

February to December 2017 at the Laboratory 

of Plant Physiology and Biotechnology, Faculty 

of Agriculture, Universitas Sebelas Maret. The 

material used in this study were the seed 

sprouts of Tribulus terrestris plants as explants. 

The medium used was MS type, with aqua dest 

composition, sugar (80 g/L), macronutrient 

solution (50 ppm), micronutrient solution (5 

ppm), vitamins (50 ppm), Fe-EDTA solution 

(50 ppm), IAA (Indoleacetic Acid) and BAP 

(Benzyl Amino Purine), Kinetin (0.3 ppm), 

white agar (8 g/L), spiritus fuel, methanol, 70% 

alcohol, formalin, 5% chlorox, detergent, 

fungicide (Mankozeb) 0.1 g/100 mL, 

bactericidal (Agrept/Streptomycin) 0.1 g/100 

mL, antibiotic solution (amoxycillin) 0.1 g/100 

mL, ascorbic acid, and betadine 2 mL/100 mL. 

The tools used included autoclave, laminar 

airflow cabinet (LAFC), oven, bunsen lamp, 

hand sprayer, culture bottle, measuring cup, 

analytic scale, hot plate stirrer, tweezers, scalpel 

knife, pH meter, pipette, cutter, and petri dish. 

This research was carried out using a 

completely randomized design (CRD) with two 

factors. The first factor was the addition of 

auxin growth regulator of Indole-acetic Acid 

(IAA) (0; 0.1; 0.2; 0.3 ppm) and the second 

factor was the addition of cytokinin growth 

regulator of Benzyl Amino Purine (BAP) (0; 

0.3; 0.5; 0.7 ppm). Research activities 

initialized by tools and materials preparation, 

explant sterilization, explant inoculation, and 

data observation. Data observation was done 

within 60 days after planting. The variables 

observed in this study were shoot emergence 

time (the day after planting/DAP), leaves 

emergence time (DAP), number of leaves, root 

emergence time (DAP), and number of roots. 

The obtained data were analyzed using analysis 

of variance followed by further DMRT 

(Duncan Multiple Range Test) with a 

confidence level of 95%. 

 

Results and Discussion 

Shoot emergence time 

The appearance of shoots is an indicator 

in tissue culture studies that plants can grow 

and develop with the given treatment. The 

growth and regeneration process is determined 

by three factors, which are cultivar selection of 

explant used with certain regeneration 

capability, explant source optimization, and 

media adaptation to the given genotype (6). 

Embryo culture has shoot growth characteristics 

that emerged between cotyledons, characterized 

by the appearance of plumula. Adaptation of 

explants in in-vitro media is determined by 

nutrient availability factors, microclimate 

conditions that are following ex-vitro 

conditions, and additional concentrations of 

growth promoter (7). The mean value of shoots 

emergence time with various IAA and BAP 

concentrations were shown in Figure 1. 

The fastest shoot emergence time was 

shown by the treatment of 0 ppm IAA and 0.7 

ppm BAP which was 8.67 DAP, while the latest 

shoot emergence time shown by 0.3 ppm IAA 

and 0.3 ppm BAP which was 22.67 DAP. 

Based on the average value of shoot emergence 

time from IAA treatment independently, the 

response of the fastest shoot time was shown in 

the treatment of 0 ppm IAA, which was about 

13 DAP on average, while the longest shoot 

emergence time was shown at 0.3 ppm IAA 

which was 19 DAP in average. This showed 

that the use of BAP independently without the 

addition of IAA has been able to give better 

shoot emergence times than the addition of 

IAA. Despite this result, another study on 

Cucumis melo L. (8) showed that IAA and BAP 

independently did not significantly affect the 

regeneration and shoot induction, but the 

combination of both proved highly affecting 

differentiation, development, and elongation of 

new buds. 
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Description: I0B0: IAA 0 ppm + BAP 0 ppm; I0B1: IAA 0 ppm + BAP 0.3 ppm; I0B2: IAA 0 ppm + BAP 0.5 ppm; I0B3: 

IAA 0 ppm + BAP 0.7 ppm; I1B0: IAA 0.1 ppm + BAP 0 ppm; I1B1: IAA 0.1 ppm + BAP 0.3 ppm; I1B2: IAA 0.1 ppm + 

BAP 0.5 ppm; I1B3: IAA 0.1 ppm + BAP 0.7 ppm; I2B0: IAA 0.2 ppm + BAP 0 ppm; I2B1: IAA 0.2 ppm + BAP 0.3 ppm; 

I2B2: IAA 0.2 ppm + BAP 0.5 ppm; I2B3: IAA 0.2 ppm + BAP 0.7 ppm; I3B0: IAA 0.3 ppm + BAP 0 ppm; I3B1: IAA 0.3 

ppm + BAP 0.3 ppm; I3B2: IAA 0.3 ppm + BAP 0.5 ppm; I3B3: IAA 0.3 ppm + BAP 0.7 ppm. 

Figure 1. The average time of shoot emergence in various IAA and BAP concentrations 

Leaf primordia have accumulated IAA in 

apical tissue (9). This endogenous IAA content 

provides the needs of explants to carry out the 

growth process. The addition of exogenous IAA 

made the IAA concentration used by explant 

tissue to be excessive and not optimal, which 

resulted in growth inhibition. This was 

indicated by the lower average value of shoot 

emergence time from the use of IAA 

concentrations when the concentration was 

increased. An increase in IAA concentration did 

not affect the growth of shoot biomass on 

tomato seeds (10). Auxin at lower 

concentrations compared to cytokinins is 

needed in the shoot induction process because 

the combination of the two with the appropriate 

concentration will accelerate the process of cell 

division (11). 

 

Table 1. The effect of BAP treatment on 

average shoot emergence time (DAP) 
 BAP Concentration (ppm) 

 0 0.3 0.5  0.7  

Shoot 

emergence 

time 

17.91ab 20.5b 15.58ab 14.41a 

Description: Number followed by the same letters 

showed no significant difference (P<0.05). 

 

Based on the results in Table 1, the 

fastest shoot emergence time was indicated by 

the treatment of 0.7 ppm BAP independently 

which was 14.41 DAP; while the slowest shoot 

emergence time was shown in the use of 0.3 

ppm BAP which was 20.5 DAP. Table 1 

showed that a higher concentration of BAP in 

the treatments brought a faster explant shoot 

emergence time. The addition of BAP to tissue 

culture can increase the growth rate of shoots, 

so BAP is often used in tissue culture due to 

this several superior properties compared to 

other types of cytokines (12, 13).  

 

Table 2. The result of the analysis of the 

various uses of IAA and BAP concentrations on 

the leaves emergence time. 
Treatments Leaf Emergence Time 

IAA 0.011* 

BAP 0.000** 

IAA * BAP 0.000** 

Description: * has a significant effect (P<0.05), ** 

has a very significant effect (P<0.01) 

Leaves emergence time 

Leaf formation in explants has a function 

to carry out essential physiological processes 

such as photosynthesis which is used as a place 

energy generator for other physiological 

processes such as cell proliferation and 

organogenesis. Time of leaf emergence was 

positively correlated with leaf growth and 

biomass (14). The results of variance analysis 
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of leaves emergence time of Tribulus terrestris 

explants at several IAA and BAP 

concentrations are shown in Table 2. 

Based on the results in Table 2, all 

treatments of IAA, BAP, and combination 

concentrations have a significant effect on the 

growth response of leaves emergence time. 

Changes in leaf growth, leaf area, and biomass 

were followed by changes in the content of 

cytokinin concentrations in the media and 

tissues (15). The effect of IAA and BAP 

concentrations combination on the response of 

leaves emergence time is shown in Table 3. 
 

Table 3. Effect of IAA and BAP concentrations on leaves emergence time (DAP) 

 BAP Concentration (ppm) 

IAA Concentration (ppm) 0 0.3 0.5 0.7 

0 18.33abcd 26.00def 28.00ef 16.67abc 

0.1 26.00def 25.33def 15.00ab 16.00abc 

0.2 23.33cde 24.00cde 12.50a 25.00def 

0.3 32.75f 26.33def 19.33abcd 22.33bcde 

Description: Number followed by the same letters shows no significant difference in DMRT test of 5% level. 

Table 3 showed the fastest response time 

for leaf emergence was indicated by of the 0.2 

ppm IAA and 0.5 ppm BAP treatments, which 

were 12.5 DAP; while the latest leaves 

emergence time was shown by 0.3 ppm IAA 

and 0 ppm BAP which was 32.75 DAP. The use 

of 0.2 ppm IAA concentration and 0.5 ppm 

BAP was able to increase the response rate of 

leaf emergence by 160% faster than the use of 

0.3 ppm IAA and 0 ppm BAP with a very 

significant difference. 

Based on the average value of the IAA 

treatment, the fastest response time of leaves 

appearance time was shown in 0.1 ppm IAA, 

which was 20.58 DAP, while the highest 

average value of leaves emergence time was 

shown by 0.3 ppm IAA which was 25.5 DAP. 

This showde that the use of IAA at low 

concentrations in this study gave better results 

in the growth response of leaf organogenesis 

compared to high IAA concentrations. The 

growth rate of shoots and the average time of 

shoot emergence decreased with increasing 

concentration of auxin in the media, which 

indicates that excess exogenous auxin actually 

reduces the rate of organogenesis (16). 

Depending on concentration and tissue, auxin 

stimulates or inhibits cell elongation. Thus, 

differential auxin is stimulated and distributed 

to all organs, such as roots or stems, leading to 

differential growth which results in organ 

formation (17). 

The average time of leaf emergence on 

the use of BAP concentration independently 

showed the fastest value in the treatment of 

BAP 0.5 ppm which was 18.83 DAP. The 

average time of leaf emergence was indicated 

by the use of BAP with a concentration of 0 and 

0.1 ppm with a value of 25.54 DAP on average. 

This data showed the different effects of BAP 

concentration on the growth response of shoots 

emergence time, with the fastest shoot 

emergence time indicated by BAP 0.7 ppm. 

Cytokinins have an important role in bud and 

root formation, regulate seed development, 

abiotic stress, and plant senescence (18, 19, 20, 

21, 22). The role of BAP as the most stable type 

of cytokinin is to encourage cell proliferation, 

tissue lengthening, and tissue enlargement. 

Hamad and Taha (23) showed that a positive 

correlation between the number of shoots, total 

weight, total length, biomass, and propagule 

from the results of the tissue cell proliferation 

process was obtained from media added with 

the concentration of BAP. 

Root emergence time 

Roots emergence indicates good explant 

growth. Root induction is influenced 

predominantly by auxin activity in explants. 

Research about in vitro culture of Pecan plants 

by Zhang et al. (24) showed that exogenous 

auxin had an effective influence on root growth. 

IAA content in meristematic tissues can trigger 

root growth as apical meristem tissue. IAA as 

phytohormone can regulate many aspects of 

plant growth and development, such as 

branching in shoots and roots, as well as 

differentiation of the vascular vessel system 

(25, 26). Apart from playing a role in 

organogenesis in the apical meristem, IAA also 

determines the regulation of phyllotaxis (27). 

The effect of the use of IAA and BAP growth 

regulators on the root emergence time in 

Tribulus terrestris explants is presented in 

Figure 2. 
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Description: I0B0: IAA 0 ppm + BAP 0 ppm; I0B1: IAA 

0 ppm + BAP 0.3 ppm; I0B2: IAA 0 ppm + BAP 0.5 ppm; 

I0B3: IAA 0 ppm + BAP 0.7 ppm; I1B0: IAA 0.1 ppm + 

BAP 0 ppm; I1B1: IAA 0.1 ppm + BAP 0.3 ppm; I1B2: 

IAA 0.1 ppm + BAP 0.5 ppm; I1B3: IAA 0.1 ppm + BAP 

0.7 ppm; I2B0: IAA 0.2 ppm + BAP 0 ppm; I2B1: IAA 

0.2 ppm + BAP 0.3 ppm; I2B2: IAA 0.2 ppm + BAP 0.5 

ppm; I2B3: IAA 0.2 ppm + BAP 0.7 ppm; I3B0: IAA 0.3 

ppm + BAP 0 ppm; I3B1: IAA 0.3 ppm + BAP 0.3 ppm; 

I3B2: IAA 0.3 ppm + BAP 0.5 ppm; I3B3: IAA 0.3 ppm + 

BAP 0.7 ppm. 

Figure 2. The root emergence time of Tribulus 

terrestris explant with various concentrations of 

IAA and BAP 

Figure 2 showed that not all samples 

were able to grow roots. The root can only 

grow in 4 treatments, which were 0 ppm IAA 

and 0.7 ppm BAP; IAA 0.1 ppm and BAP 0.3 

ppm; IAA 0.1 ppm and BAP 0.7 ppm; 0.2 ppm 

IAA and 0.5 ppm BAP. Roots emergence time 

ranged from 7-24 DAP with the fastest response 

root appearance time on the treatment of 0 ppm 

IAA and 0.7 ppm BAP which is 7 DAP and the 

latest root emergence time in the treatment of 

0.1 ppm IAA and 0.7 ppm BAP. 

The absence of roots in most of the 

samples was suspected because the condition of 

the radicular tissue in the newly planted 

explants was not in good condition. This was 

shown in the visual observations that most of 

the roots grow from newly grown sprouts are 

transparent and withered in color media, 

indicate that the tissue that has been died 

caused by the sterilization process. The root 

induction in some samples comes from the buds 

of the new roots from the root base, not the 

lateral root shoots of the radicular development. 

Besides being due to the dead radicular tissue 

conditions, the influence of auxin was also 

thought to play a role in the growth response. 

This was showed by the control treatment 

without external IAA addition which can still 

grow roots. IAA used in the media is thought to 

have not been in optimal condition since the 

sterilization process in the autoclave. IAA’s 

ability as a plant growth regulator will 

experience a reduction in enzymatic work at 

high temperatures (28). 

Number of leaves 

Leaves are one of the organs of plants 

that are very important especially for 

photosynthesis which is used as a food 

production factory and supports optimum 

growth (29). The number of leaves is one of the 

important indicators in determining tissue 

potential which is regulated by genetic factors 

and growth hormone. The analysis result of the 

effects of IAA and BAP growth regulators on 

the response of leaf growth in Tribulus 

terrestris are shown in Table 4. 

Table 4. Analysis result of various IAA and 

BAP concentrations effect on the number of 

leaves 

Treatment Number of Leaves 

IAA 0.518ns 

BAP 0.050* 

IAA * BAP 0.238ns 

Description: * has a significant effect, ns has no 

significant effect. 

Table 4 showed that the addition of BAP 

independently has a significant influence on the 

number of leaves (P<0.05). The effect of IAA 

addition and the interaction between IAA and 

BAP on the number of leaves did not occur. 

Akhiriana et al. (30), suggested that the addition 

of IAA was independently able to affect the 

process of leaves formation, especially in a low 

concentration of 0.15 ppm. The previous 

research showed that significant changes in leaf 

growth, leaf area, and biomass were followed 

by changes in the content of cytokinin 

concentrations in the media and tissues (15). 

The average number of leaves from the 

treatment given by various IAA and BAP 

concentrations were shown in Figure 3. 

Figure 3 showed the highest average 

response value of the number of leaves which 

were indicated by the treatment of 0.1 ppm IAA 

and 0.7 ppm BAP with 2.33 strands; while the 

least average number of leaves was 1 piece 

which obtained by  4 different treatments: IAA 

0.1 ppm and BAP 0 ppm; 0.2 ppm IAA and 0 

ppm BAP; 0.2 ppm IAA and 0.7 ppm BAP; and 

IAA 0.3 ppm and BAP 0 ppm. One of the roles 

of auxin in leaf growth is to help the 

development of meristem tissue of leaf 

induction (29). Cytokinin such as BAP in leaf 

formation is used for morphogenesis and leaves 

enlargement and the result will be used for 

growth and increasing the number of leaves 

(31). 
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Description: I0B0: IAA 0 ppm + BAP 0 ppm; I0B1: IAA 0 ppm + BAP 0.3 ppm; I0B2: IAA 0 ppm + BAP 0.5 ppm; I0B3: 

IAA 0 ppm + BAP 0.7 ppm; I1B0: IAA 0.1 ppm + BAP 0 ppm; I1B1: IAA 0.1 ppm + BAP 0.3 ppm; I1B2: IAA 0.1 ppm + 

BAP 0.5 ppm; I1B3: IAA 0.1 ppm + BAP 0.7 ppm; I2B0: IAA 0.2 ppm + BAP 0 ppm; I2B1: IAA 0.2 ppm + BAP 0.3 ppm; 

I2B2: IAA 0.2 ppm + BAP 0.5 ppm; I2B3: IAA 0.2 ppm + BAP 0.7 ppm; I3B0: IAA 0.3 ppm + BAP 0 ppm; I3B1: IAA 0.3 

ppm + BAP 0.3 ppm; I3B2: IAA 0.3 ppm + BAP 0.5 ppm; I3B3: IAA 0.3 ppm + BAP 0.7 ppm. 

Figure 3. The average number of leaves of T. terrestris explant with various concentrations of IAA 

and BAP 

Table 5. The effect of BAP concentrations on 

the number of leaves 

 
BAP Concentration Treatment 

(ppm) 

 0 0.3 0.5  0.7  

Number of 

Leaves 
1.25a 1.33a 1.97b 1.67ab 

Description: Number followed by the same letters 

shows no significant difference in DMRT test of 5% 

level. 

The use of 0.5 ppm BAP concentration 

independently showed a significantly different 

and greater effect compared to the 

concentration of BAP 0 ppm and 0.3 ppm. The 

concentration of BAP of 0.7 ppm gave a 

relatively lower average number of leaves 

compared to the number of leaves from the 

treatment of a 0.5 ppm BAP concentration. 

Thus, the concentration of BAP of 0.5 ppm was 

assumed as the best concentration in this study 

with regard to the number of leaves. Table 5 

shows that the number of leaves tends to 

increase in line with the increase in BAP 

concentration. This followed the previous 

research by Kristina (31) which stated that 

cytokines such as BAP in leaf formation have a 

role in morphogenesis and leaves enlargement 

which is used for supporting the growth and 

increase the number of additional leaves. The 

role of BAP in leaf formation is more dominant 

than the effect of IAA. 

Higher number of leaves formed will 

give more energy for explant tissue to grow. 

The increasing number of leaves and leaf area 

width will support the growth and yield of 

plants, due to the increasing number of leaves 

that allow more sunlight to be received which 

improve photosynthesis rate, produce many 

photosynthates which then stored as 

carbohydrates (32). 

Number of roots 

High quantity, large, and long-sized roots 

are very useful for the absorption of nutrients 

from the media because the field of absorption 

of nutrients from the media will be wide. Roots 

can be formed optimally on the media if 

supported by the appropriate concentration of 

growth regulator, especially from the auxin 

group. The number of roots is an indicator of 

the ability of total tissue potential. Although in 

embryo culture the explants have formed roots, 

the supplementation of auxin and cytokinin will 

trigger explants to form additional roots. The 

effect of the use of IAA and BAP growth 

regulators on the number of Tribulus terrestris 

roots is shown in Figure 4. 

Figure 5 showed that not all explant 

samples observed can grow roots. Root only 

appears in 4 treatments, which were 0 ppm IAA 

and 0.7 ppm BAP; 0.1 ppm IAA and 0.3 ppm 

BAP; 0.1 ppm IAA and 0.7 ppm BAP; 0.2 ppm 

IAA and 0.5 ppm BAP. The highest number of 

roots was produced by explants with the 

treatment of 0.1 ppm IAA and 0.7 ppm BAP 

which was 4 pieces, while the smallest number 
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of roots was shown by explants from 0 ppm 

IAA treatment and 0.7 ppm BAP. 

 

 
Figure 4. T. terretris explant with 0.1 ppm IAA 

and 0.3 ppm BAP with 3 strands of leaves 

 

 

Description: I0B0: IAA 0 ppm + BAP 0 ppm; I0B1: IAA 

0 ppm + BAP 0.3 ppm; I0B2: IAA 0 ppm + BAP 0.5 ppm; 

I0B3: IAA 0 ppm + BAP 0.7 ppm; I1B0: IAA 0.1 ppm + 

BAP 0 ppm; I1B1: IAA 0.1 ppm + BAP 0.3 ppm; I1B2: 

IAA 0.1 ppm + BAP 0.5 ppm; I1B3: IAA 0.1 ppm + BAP 

0.7 ppm; I2B0: IAA 0.2 ppm + BAP 0 ppm; I2B1: IAA 

0.2 ppm + BAP 0.3 ppm; I2B2: IAA 0.2 ppm + BAP 0.5 

ppm; I2B3: IAA 0.2 ppm + BAP 0.7 ppm; I3B0: IAA 0.3 

ppm + BAP 0 ppm; I3B1: IAA 0.3 ppm + BAP 0.3 ppm; 

I3B2: IAA 0.3 ppm + BAP 0.5 ppm; I3B3: IAA 0.3 ppm + 

BAP 0.7 ppm. 

Figure 5. The number of root from various IAA 

and BAP concentrations 

 

From the data, we cannot yet conclude 

the influence of each type of growth regulator 

treatment on the growth response of root 

growth. The addition of IAA can increase the 

formation of root numbers but this does not 

mean that without the external IAA, explants 

can’t grow roots. Root induction as meristem 

tissue is dominantly affected by the function of 

endogen auxin such as IAA (33). It was because 

explants used in this research already have an 

endogenous growth regulator, so that the 

content of endogenous IAA might have beed 

sufficient  to grow roots. Root cells generally 

contain enough or almost enough auxin to 

elongate normally. Therefore, the addition of 

hormones is expected to stimulate faster and 

denser rootd growth.  

The number of roots has a positive effect 

on explant growth. From all four explants that 

produce roots, their growth response by the 

number of leaves and the life span of the media 

which were relatively larger than the treatments 

that does not give rise to roots. This was due to 

the high number of roots increased the amount 

of nutrient uptake by explants. The inability of 

other explants in inducing roots was thought to 

be because the content of endogenous auxin 

was not able to stimulate the organogenesis 

process, especially the formation of lateral roots 

so that the addition of auxin concentration is 

needed.  

Conclusion 

The addition of IAA independently did 

not affect all explant growth variables observed, 

whereas the addition of BAP affects the growth 

response on leaves emergence time and the 

number of leaves. The combination treatment of 

0.2 ppm IAA and 0.5 ppm BAP was a growth 

regulator concentration with the greatest effect 

on the leaves emergence time response, which 

was 12.5 DAP. 
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Abstract 

This study aims to obtain purslane plants as a source of local food and a quality bioactive component 

from various altitudes in East Java, Indonesia. Purslane planting materials were collected from the 

lowlands <200 m asl in Surabaya, medium plains 200-800 m asl in Malang DAU, and highlands> 800 

m asl in Batu, Malang. Analysis of vitamin E was as total tocopherol. The results of the analysis of the 

content of Portulaca oleraceae L. of vitamin E were as followed: in the highlands 0.1056%, medium 

lands 0.1253%, and lowlands 1.162%. The analysis showed that Portulaca oleraceae L. could be a 

source of high quality local food and bioactive components because it contains vitamin E and 

antioxidants. 
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Introduction 

Public demands for natural food 

ingredients that have a higher health function, 

along with the many degenerative diseases, 

such as cancer, coronary heart disease, diabetes 

mellitus, liver, kidney failure, etc. One of the 

plants that have multiple benefits, both as a food 

with high nutritional value and medicinal 

properties (functional food), is purslane 

(Portulaca oleracea L.). 

Purslane contain many components of 

active compounds. Some compounds include 

organic acids (oxalic acid, caffeine acid, malic 

acid, and citric acid), alkaloids, coumarin, 

flavonoids, cardiac glycosides, anthraquinone 

glycosides, alanine, catecholamines, saponins, 

and tannins. There are five types of flavonoids 

in purslane namely kaempferol, apigenin, 

myricetin, quercetin, and luteolin. Purslane also 

contains urea, calcium, iron, phosphorus, 

manganese, copper, and fatty acids, especially 

omega-3 fatty acids (1). Omega-3 fatty acids are 

an important chemical component that the body 

cannot produce. The seeds contain β-sitosterol. 

All parts of this plant contain l-norepinephrine, 

carbohydrates, fructose, vitamin A, vitamin B1, 

vitamin B2, vitamin E and are rich in ascorbic 

acid (2) and beta carotene (3,4). 

Purslane is a weed that has nutritional 

value (5). The purslane is used as a source of 

food that has very good benefits. Purslane has 

several advantages by looking at its nutritional 

content, including as a local food resource, 

easily obtained and cultivated, and affordable. 

In addition to being a food source, it also has 

medicinal properties. The quality of purslane 

plants as quality food requires proper handling 

during its cultivation, harvest, and post-harvest 

to maintain good nutritional content. Among the 

efforts to maintain the quality of secondary 

metabolite contents is by knowing the effect of 

altitude on antioxidant activity, phenolic 

content and flavonoids. This research aimed to 

obtain purslane plants as a source of quality 
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local food and bioactive components from 

various altitudes in East Java, Indonesia. 

 

Material and Methods 

The study was conducted by taking 

purslane planting materials from the lowlands 

<200 m above sea level in Surabaya, medium 

plains 200-800 m above sea level DAU in 

Malang, and highlands> 800 m above sea level 

in Batu, Malang. 

The analysis of vitamin E was conducted 

in the Center for Food and Nutrition Studies 

laboratory at Gadjah Mada University, 

Jogjakarta, Indonesia. 

Analysis of vitamin E as total tocoperol 

Methods: Analysis of vitamin E 

conducted with a sample weighing of 1 g, 

dissolved in 10 ml Hexane; then take 1 ml of 

stock solution, heated in a water bath until only 

oil remainined. Add 3.5 ml of 2.2 Bipyridine 

0.07%, and add 0.5 ml of FeCl3 0.02%, then 

dilute to 10 ml using 96% ethanol, Tera at λ 520 

NM (AOAC, 1995). 

% Vit E content=
Xn Dilution factor

Weight sample (mg)
×100% 

X=
y-α

b
 

Examination of vitamin E content in Purslane 

Plants (code samples 5-23, 5-26 and 5-29) 

Purslane samples are washed and 

drained. After draining, roasted at 60 ° C to dry, 

then the dried Simplicia is blended and sieved. 

Simplisia powder weighed as much as 1 gram, 

put into a 100 ml measuring flask. Add 

methanol p.a. right up to the mark. 

Ultrasonication for 30 minutes. Shake with 

hands for 1 minute then let it settle. Take the 

methanol extract and filter it with a 0.45-micron 

membrane filter. The filtrate analyzed by 

HPLC. Instrument = Agilent 1100 Series HPLC 

with autosampler and PDA detector. Column = 

Merck LiChrosper 100 RP-18, 4 × 250 mm, 5 

um. Eluent = 100% methanol 1 ml / minute. 

Column temperature = 30 ° C. Duration of 

observation = 284 nm. Injection volume of 100 

Ul. 

 

Results and Discussion 

Table 1. Analysis of the content of Portulaca 

oleracea L. 

Analysis 

Upland 

(>800 m 

asl) 

Mediumland 

(200 m – 800 

m asl) 

Lowland 

(< 200 m 

asl) 

Vitamin E (%) 0.1056 0.1253 1.162 

Vitamin E 

Antioxidants are substances that can slow 

down the oxidation processes that harm the 

body, such as damaged cells, thus accelerating 

premature aging of the skin, causing cancer, 

heart disease, etc. Antioxidants found in plants 

are used to ward off free radicals. Plants that are 

used as antioxidants usually contain carotenoid 

compounds, flavonoids, polyphenols, and allyl 

sulfide. These antioxidants are found in fruits, 

vegetables, and seeds. The colors of fruits and 

vegetables are useful pigments as antioxidants. 

Antioxidants can protect the skin from 

the negative effects of free radicals that can 

cause skin disorders. Types of antioxidants that 

can benefit the skin are vitamin A, vitamin E, 

carotenoids, beta-carotene, lycopene, 

polyphenols, flavonoids, and lutein (6). Vitamin 

E is a fat-soluble vitamin that is very useful in 

addition to being an antioxidant and protects the 

body from polyunsaturated fatty acids 

(PUFAs), such as oleic acid, linoleic linolenic 

acid, and arachidonic acid. Besides, vitamin E 

in the body is an antidote to free radicals and 

oxygen molecules important in preventing the 

peroxidation of unsaturated fatty acid 

membranes (7). 

Vitamin E is an efficient stopping 

reaction for the cause of free radicals in the fat 

membrane because the form of free radicals is 

stabilized by resonance. Therefore the vitamin 

E radical has a small tendency to extract a 

hydrogen atom from another compound and 

spread the reaction. Vitamin E radicals can also 

regenerate in the presence of vitamin C or 

glutathione (8). As an antioxidant, vitamin E 

functions as a hydrogen ion donor capable of 

changing peroxyl radicals (lipid peroxide 

yields) into less reactive tocopherol radicals, so 

it cannot damage the fatty acid chain (9). 

The antioxidant mechanisms of 

tocopherol include the transfer of one hydrogen 

atom from the 6-hydroxyl group to the chroman 

ring and the inactivation of oxygen singlets and 

other reactive species. The phytopillol 

tocopherol chain is bound to the bilayer cell 

membrane, while the active chroman ring is 

located on the cell surface. This unique structure 

causes tocopherol to work effectively as an 

antioxidant and can be regenerated through 

reactions with other antioxidants such as 

ascorbic acid (10). The analysis of vitamin E 

based on altitude were 0.1056% in the 

highlands, 0.1253% in the middle plains, and 

1.162% in the lowlands. 
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Conclusion 

Based on the results of the study, the 

analysis of the content of Portulaca oleraceae 

L. Analysis of vitamin E at highland 0.1056%, 

medium plain 0.1253%, and lowland 1.162%. 

This shows that Portulaca oleraceae L. can be a 

source of quality local food and bioactive 

components because it contains vitamin E and 

antioxidants. 
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Abstract 

Daun duduk (Desmodium triquetrum L.) is a medicinal plant that has the power to treat hemorrhoids, 

but has not been widely cultivated. This research was conducted to obtain the right concentration and 

time interval of kinetin application to increase the growth of Daun duduk seedlings. This research was 

conducted from November 2019 until March 2020 at the Screen House, Faculty of Agriculture, UNS. 

The factors of the experiment were concentration of kinetin (0 ppm, 10 ppm, 20 ppm and 30 ppm) and 

the time interval of application (once every three months, once every 1.5 months and once a month). 

The parameters observed in this study were plant height, stem diameter, number of leaves, number of 

branches, number of roots, root length, fresh stover and dry stover. The results showed that the single 

factor of kinetin concentration could increase plant height, stem diameter, number of leaves, number of 

branches and dry stover. Meanwhile, the time interval for application and the interaction between the 

two factors did not have any significant effect. The most effective kinetin concentration in increasing 

the growth of Daun duduk was 30 ppm. 
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Introduction 

Indonesia is a country that has a tropical 

climate, so that the level of biodiversity is very 

high, one of which is medicinal plants. 

Nowadays, many people are returning to using 

herbal medicine as an alternative treatment. 

According to Ismail (1), the factor that 

encourages people to look for alternatives in 

reducing chemical drugs is that herbal medicines 

are considered more economical and have fewer 

side effects. 

Central Bureau of Statistics (BPS) data (2) 

states that the export value of medicinal plants 

from Indonesia in 2018 reached USD 601.2 

million; which makes Indonesia potential in 

medicinal plants development. However, not 

many people have cultivated medicinal plants. 

According to Salim and Ernawati (3), medicinal 

plants have not been widely cultivated. One of 

the reasons is that it is difficult to maintain, 

especially those from the forests. Wild plants 

grow well in ther habitats because of the 

optimum environmental condition. 

Daun duduk is a medicinal plant that 

grows and develops in Indonesia. Daun duduk is 

efficacious as a hemorrhoid medicine. Besides 

that, they can also be used to cure several 

diseases, including dysentery, fever, prostate, 

obesity and diabetes. Daun duduk can be used, 

especially the leaves, as herbal medicine. 

Secondary metabolites produced by Daun duduk 

are saponins, flavonoids, glycosides, 

trigonelline, tannins, phenolics, alkaloids and 

terpenoids. 

Daun duduk has not been widely 

cultivated in general, and this is due to a lack of 

information about the properties and good 

cultivation practice of this plant. Daun duduk 
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still comes from their natural habitat; and the 

harvest must be limited to maintain forest 

sustainability; hence, Daun duduk cultivation is 

necessary. Karmawati et al. (1996) in Mirza et 

al. (4) stated that the cultivation of medicinal 

plants in Indonesia faces obstacles, namely 

fluctuations in production caused by not 

implementing good cultivation. Propagation of 

Daun duduk plants is done generatively, namely 

using seeds. One of the growth regulators that 

can affect plant growth is kinetin. Kinetin is a 

cytokinin group that functions to regulate cell 

division and morphogenesis (5). The purpose of 

this study was to determine the kinetin 

concentration and the right time to increase the 

growth of Daun duduk seedlings. In addition, 

this research is also intended to add information 

about the excellent cultivation of Daun duduk 

(1).  

 

Material and Methods 

This expertiment was conducted from 

November 2019 to March 2020 at the Screen 

House, Faculty of Agriculture, Sebelas Maret 

University. The materials used in this study, the 

seeds of Daun duduk, were obtained from the 

Balai Besar Penelitian dan Pengembangan 

Tanaman Obat dan Obat Tradisional 

(B2P2TOOT) Tawangmangu, E. Merck 

trademark kinetin (98% kinetin) (0 ppm. 10 ppm. 

20 pp. 30 ppm), andosol soil, roasted husks and 

cow manure. 

This research used a factorial Completely 

Randomized Design (CRD), which consisted of 

two factors. The first factor was the kinetin 

concentration consisting of 4 levels, namely K0 

(0 ppm), K1 (10 ppm), K2 (20 ppm) and K3 (30 

ppm). The second factor was the time interval of 

administration consisting of 3 levels, namely W1 

(once every three months), W2 (once every 1.5 

months) and W3 (once a month) for three 

months of observation. The variables observed 

in this study were plant height, stem diameter, 

number of leaves, number of branches, number 

of roots, length of roots, fresh and dry stover. 

 

Results and Discussion 

General conditions of the research 

The research location was in the Screen 

House, Faculty of Agriculture, Sebelas Maret 

University, Surakarta. The geographic location 

of the research location is 7°33'39.5 "South 

Latitude and 110° 51'31.4' East Longitude is at 

an altitude of 95 meters above sea level and has 

an average temperature of 26.4°C-37.8°C with 

air humidity 37% -70%.  

This research used andosol soil type 

growing media. Andosol soil came from 

volcanic materials found in areas around 

volcanoes and are known as fertile soils 

compared to other soil types. Andosol soil has 

the characteristics of a dark brownish color, 

especially in humus horizons, has high levels of 

organic matter, looks loose, has crumbly soil 

structure, and feels slippery when held (6). The 

pests found at the study sites were grasshoppers 

(Atractomorpha crenulata) and urethens 

(Lepidiota stigma). 

 

Plant height 

Height is one of the parameters in plant 

growth, where the plant cell divides so that the 

plant will increase in length. Following Hakim et 

al. (1986) in Haryadi et al. (7), the event of cell 

division and extension dominated by the tip of 

the plant shoot will cause an increase in the size 

of a plant. 

Table 1. Effect of kinetin concentration and time interval on the growth of daun duduk  
Treatment Height Stem diameter Number of 

leaves 

Number of 

branches 

Dry stover 

K0 (control) 36.08a 4.04a 32.89a 9.89a 5.30a 

K1 (10 ppm) 38.58a,b 4.06a 36.11a 12.67a 6.62a 

K2 (20 ppm) 38.50a,b 4.27a,b 38.67a,b 12.67a 7.45a,b 

K3 (30 ppm) 43.29b 4.61b 44.56b 16.44b 9.78b 

W1 (once every three 

months) 

39.27a 4.25a 38.67a 13.17a 7.38a 

W2 (once every 1.5 months) 40.32a 4.33a 38.75a 12.83a 8.10a 

W3 (once a month) 37.73a 4.15a 36.75a 12.75a 6.38a 
a,b The numbers followed by the same letter in each treatment show no significant effect (P<5%) 

 

The results of the ANOVA analysis test 

with a level of 5% indicated that a single 

treatment of kinetin concentration has a 

significant effect on the plant height of Daun 

duduk. In contrast, the treatment interval 

between kinetin administration and the 
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interaction between the two treatment factors did 

not significantly affect plant height parameters. 

Table 1 shows that the K3 treatment (30 ppm) 

was the best in this study after the 5% DMRT 

difference test was carried out; an average of 

43.29 was obtained. K3 treatment (30 ppm) was 

significantly different compared to K0 treatment 

(control), which was  36.08 on average. This is 

presumably because the kinetin concentration 

given was sufficient to stimulate the height 

growth of Daun duduk. Kinetin can play a role 

in shoot growth, when shoot growth is good, it 

will affect the size of the plant. Cytokinins play 

a positive regulatory role in shoot development 

and a negative regulatory role in root 

development. Cytokinins move acropetally 

through the xylem and systemically through the 

phloem. Following the research results of Bakar 

et al. (8), the use of kinetin with a concentration 

of 3 ppm showed a significant effect on plant 

height Dendrobium. The average plant height at 

a concentration of 3 ppm was 1.510, then the 

control treatment of 1.043. Treatment K1 (10 

ppm) and K2 (20 ppm) did not show 

significantly different results compared to 

treatment K0 (control). This was presumably 

because the treatment of K1 (10 ppm) and K2 

(20 ppm) were still inaccurate so that it did not 

give any natural effect. Growth regulators can 

positively influence growth and development, 

influenced by several factors, one of which is the 

concentration (9). 

 

Stem diameter 

Stem diameter width that is balanced with 

the height of a plant will make the plant stand 

firm to support the growth and development of 

the plant. 

The results of the ANOVA analysis test 

with a level of 5% can be seen that the time 

interval for giving kinetin and the interaction 

between the concentration and the time interval 

application of kinetin did not have a significant 

effect on the stem diameter of Daun duduk. 

However, in a single treatment, the kinetin 

concentration significantly affected the stem 

diameter of Daun duduk, then continued with the 

DMRT difference test of 5%. Table 2 showed 

that the best treatment was found in K3 treatment 

(30 ppm) with an average of 4.61. The results of 

K3 treatment (30 ppm) were significantly 

different compared to K0 treatment (control), 

with on average of 4.04. This was presumably 

because the K3 treatment (30 ppm) was 

considered to have met the right concentration in 

stimulating cell division so that it can stimulate 

plant diameter enlargement. Trisna et al. (10) 

explained that growth regulators quickly diffuse 

into the plant body and strengthen and enlarge 

the stems. Following the research results of 

Fatima and Bano (1998) in Naeem et al. (5), an 

expansion in rod diameter was seen after kinetin 

application. Treatment K1 (10 ppm) obtained an 

average of 4.06, significantly different when 

compared to treatment K0 (control). Treatment 

of K2 (20 ppm) obtained an average of 4.27 and 

did not show significantly different results 

compared to treatment of K0 (control) and K3 

(30 ppm). Growth regulators in the right 

concentration will work well, but on the other 

hand, if given in the wrong concentration, it will 

inhibit the growth of stem diameter. Each type of 

plant has a different response to the provision of 

growth regulators in type and concentration (11). 

 

Number of leaves 

The number of leaves are counted to 

determine the vegetative growth of the plant. 

The number of leaves can be counted when the 

leaves are fully opened. Leaves are plant organs 

used to synthesize food. 

The results of the ANOVA test analysis at 

a 5% level in a single treatment, namely the 

kinetin concentration, gave significant results on 

the parameter of the number of leaves. This was 

presumably because the function of cytokinins, 

among others, is to stimulate the growth of 

lateral shoots and stimulate morphogenesis. In 

contrast, the treatment interval of kinetin 

application and the interaction between the two 

treatments did not have a significant effect. 

Sawan et al. (12) explained that the application 

of exogenous growth regulators in plants could 

work actively depending on the application 

speed, application time and the stage of plant 

development at the time of application. After the 

DMRT difference test at 5% level was carried 

out in table 3, the best results were obtained on 

the leaf number parameter, was the K3 treatment 

(30 ppm), the average result was 44.56. It was 

significantly different when compared to the K0 

treatment (control) with an average of 32,89. 

Following Naeem et al. (5)'s research, the 

application of kinetin increased the number of 

dark green leaves. This increase may be due to 

cell division and increased meristem activity 

promoted by growth hormone. Mukherjee and 

Kumar (13) added that there were significant 

increases after kinetin application in the number 

of leaves, number of branches, and leaf area in 
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previous studies. During the cell expansion 

phase, cytokinins help stimulate cell expansion 

and differentiation. As a result, the addition of 

cytokinins can produce an increase in leaf and 

rosette size, which is triggered by a higher rate 

of cell expansion, which results in higher 

biomass. Treatment K1 (10 ppm) obtained an 

average result of 36.11, and treatment K2 (20 

ppm) obtained an average result of 38.67. The 

two treatments were not significantly different 

when compared to the K0 treatment (control). 

The indirect effect of kinetin was thought to be 

due to inaccurate kinetin concentrations. Yunus 

et al. (14) stated that several factors could 

determine the success of the application of 

growth regulators, including the concentration 

used, the method of administration, the time of 

administration and the combination of growth 

regulators used. 

 

Number of branches 

Observation of the number of branches in 

this study is an essential variable because 

flowers will form on plant branches. The 

appearance of flowers is significant for 

propagation, especially in plants that are usually 

propagated sexually, such as Daun duduk. 

The 5% ANOVA analysis test results 

showed that a single treatment kinetin 

concentration significantly affects the growth of 

Daun duduk branches, then the DMRT 

difference test was carried out at the 5% level. 

Table 4 showed that the treatment with the 

highest results, namely the K3 treatment (30 

ppm), obtained an average of 16.44, significantly 

different compared to treatment K0 (control) 

which obtained an average of 9.89. This was 

presumably because growth regulators of 

cytokinins influence the growth of plant 

branches. Lakit (1996) in Darmanti et al. (15) 

stated that cytokinin hormones have an essential 

role in branch formation because the cytokinins 

found at the root tips will be transported through 

the xylem to the top of the plant. Cytokinins play 

a role in promoting shoot branching by 

activating the axillary buds. Sari and Tatik (16) 

added that in previous research, treatment of 30 

ppm kinetin concentration could increase the 

number of chrysanthemum mother plant shoots 

compared to treatment without kinetin 

administration. Kieber and Eric (17) stated that 

cytokines' characteristics play a role in cell 

division and control of meristem activity, then 

the cells that divide will develop into shoots, 

branches and leaves. The results of observations 

on K1 (10 ppm) and K2 (20 ppm) treatments 

obtained the same average values of 12.67, 

indicating that it was not significantly different 

when compared to K0 treatment (control). When 

compared to K3 treatment (30 ppm), however, it 

showed significantly different results. The 

response of plants to growth regulators depends 

on the type, concentration, plant genotype and 

phases of plant physiology (1). 

 

Dry stover  

Dry stover is a growth parameter that can 

be used to measure plant growth along with all 

the events it has experienced. Dry weight is 

obtained by reducing water content, and the 

metabolic process has stopped until it reaches a 

constant weight. Solichatun et al. (18) stated that 

the size of growth is net weight. About 90% of 

the dry matter content of plants is the 

accumulation of material resulting from the 

photosynthesis process. 

The results of the ANOVA test analysis at 

a 5% level showed that the kinetin concentration 

treatment has a significant effect on the dry 

stover parameter of Daun duduk, then continued 

with 5% DMRT difference test. Table 5 showed 

that the treatment with the highest yield of dry 

stover parameters, was the K3 treatment (30 

ppm), with an average of 9.78, which was 

significantly different from the K0 treatment 

(control) with an average of 5.30. This was 

because the treatment of 30 ppm kinetin 

concentration in most of the previous parameters 

was the treatment with the best growth results 

and undoubtedly contributed to plant weight. 

According to Larcher (1975) in Suntoro et al. 

(19), plant dry weight was obtained from an 

accumulation of coassimilation2 during plant 

growth and development. The accumulation of 

dry matter and increase in wet weight are 

considered as the growth of a plant. So, the better 

the plant growth, the more dry weight will 

increase. Harjadi (1993) and Hopskin (1990) in 

Sartika and Djoko (20) added that the increase in 

plant size or dry weight reflects the increase in 

protoplasm that occurs due to the increased of 

size and  number of cells. Moringa leaf extract 

and cytokinins were applied to the leaves, and 

both treatments significantly increased the 

biomass of tomato plant shoots. K2 treatment 

(20 ppm) obtained an average of 7.45, where the 

treatment was not significantly different when 

compared with K0 treatment (control) and K3 

treatment (30 ppm). 
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Meanwhile, K1 treatment (10 ppm) 

obtained an average of 6.62, which was not 

significantly different from K0 (control). This 

was presumably because the application of 

growth regulators with inappropriate 

concentrations will not have a natural effect and 

can even inhibit the growth and development. 

The K0 treatment (control) gave the lowest yield 

on dry stover parameters, presumably because 

there was no addition of growth regulators to the 

treatment, so the growth was not as good as the 

other treatments. Following the statement of 

Trisna et al. (10), that some growth regulators 

can function to stimulate plant growth and 

development under normal conditions, while 

plants that do not use growth regulators will have 

a slower growth rate. 

 

Number of roots 

Roots are vegetative organs that support 

plant growth which is very important in 

obtaining food. According to Irwan (2015) in 

Putri et al. (9), roots function as a means of 

absorption or absorption of nutrients from the 

soil and as a place to store food reserves. 

Figure 1. Effect of Concentration and Time Interval of Kinetin on the Daun Duduk Number of Roots. 

K0 (control, K1 (10 ppm, K2 (20 ppm), K3 (30 ppm), W1 (once every three months), W2 (once every 

1.5 months) and W3 (once a month) 

 

The results of the ANOVA analysis at a 5% level 

showed that all treatments, both kinetin 

concentration, kinetin administration time 

interval and the interaction between the two, did 

not have a significant effect on the growth of the 

number of sitting leaf roots. The difference in 

kinetin concentration does not affect the increase 

in the number of roots. This is presumably 

because the growth regulators of cytokinins are 

more focused on stimulating the vegetative 

growth of the canopy, not on root growth. 

According to Wybouw and Bert (6), cytokinins 

harm root initiation. Lateral and auxin 

accumulation. Fastest callus initiation speed, 

namely on media with the addition of a growth 

regulator 2,4-D 1 ppm and kinetin 0.1 ppm, 

where the kinetin concentration is lower than the 

2,4-D concentration. This is because 2,4-D is a 

type of auxin that can cause root growth, while 

kinetin can stimulate cell division in plant tissue. 

The number of roots was not consistent 

among all treatments in this study, and this was 

presumably because the endogenous auxin 

contained in the plant was sufficient to support 

root growth. Without the provision of growth 

regulators, each plant naturally produces growth 

regulators in its body, such as auxins. Asra et al. 

(21) stated that auxins could be found in 

meristematic areas such as stem tips, root tips, 

flower buds (at the time of flower formation) and 

seed embryos. Then auxin will be translocated 

towards the bottom of the stem to stimulate plant 
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root growth. According to Wattimena (1991) in 

Indriani et al. (11), root growth only requires 

auxins without cytokinins or cytokinins in low 

concentrations. Putriana et al. (22) added that 

kinetin is a growth regulator for the cytokinin 

group, which generally has an organogenetic 

effect on inducing shoot growth so that the 

response to root growth is not affected. 

Roots length  

Roots are planted vegetative organs that 

can grow and develop if growth-supporting 

factors such as sunlight, water, space to grow 

and nutrient needs are met. Ai and Patricia (23) 

explained that long roots would be able to absorb 

more water. 

 
Figure 2. Effect of Concentration and Time Interval of Kinetin on the Daun Duduk Length of Roots. 

K0 (control, K1 (10 ppm, K2 (20 ppm), K3 (30 ppm), W1 (once every three months), W2 (once every 

1.5 months) and W3 (once a month) 

 

The results of the ANOVA analysis at a 

5% level showed that all treatments in this study, 

both kinetin concentration, kinetin 

administration time interval and the combination 

of the two, did not have a significant effect on 

Daun duduk roots length. This is thought to be 

because, according to Angelina et al. (24), 

cytokinins are not growth regulators that focus 

on affecting root growth but affect various 

physiological processes in plants, especially in 

promoting cell division. Root length is 

influenced by the media planting media, such as 

soil density in the growing medium and limited 

root space. The higher the soil density and the 

lower the volume of the planting medium, the 

longer roots will be less. This is because the plant 

roots will continue to look for water and 

nutrients in the soil. Root length growth was 

almost uniform across all treatments because this 

study using polybags of the same size. Marzukoh 

et al. (25), in their research, said that planting  

tomatoes in polybags will cause the space to 

grow roots to be more limited, so that root 

growth and development are also limited. The 

volume of soil in polybags also causes the 

volume of available water to be limited, so root 

growth is not optimal. 

Endogenous auxins play a role in root 

length parameters. Auxins that are synthesized 

near the shoot meristem will be translocated to 

the bottom of the stem. Asra et al. (21) explained 

that when translocated to all parts of the plant, 

each part gets a different amount of auxin levels. 

This causes the response to plant growth, such as 

root length, to vary from plant to plant. Gunawan 

(1992) in Aprilyani (26) added that the balance 

between exogenous and endogenous growth 

regulators can spur growth and development. 

Suryanto (2005), in Wijayanto and Iftitah (27), 

stateed that the physiological concept of root 

growth is based on the morphogenetic balance 

between roots and plant canopy. 

 

Fresh stover 

Fresh stover was obtained by weighing the 

plants at the end of the observation. According 

to Sitompul and Guritno (1995) in Sartika and 

Djoko (20), fresh stover is influenced by water 

in cells, metabolism, and moisture conditions of 

a plant. 
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Figure 3. Effect of Concentration and Time Interval of Kinetin on the Daun Duduk Fresh Stover. K0 

(control, K1 (10 ppm, K2 (20 ppm), K3 (30 ppm), W1 (once every three months), W2 (once every 1.5 

months) and W3 (once a month) 

 

The results of the ANOVA test analysis 

at a 5% level showed that all treatments did not 

have a significant effect on the fresh stover of 

Daun duduk. This was suspected because, 

according to Sitompul and Guritno (1995)  in 

Sartika and Djoko (20), fresh stover is still 

influenced by the presence of water in the cells, 

metabolism, and moisture conditions of a plant. 

Fresh stover accumulates photosynthate weight 

in the form of biomass and water content in 

plants, especially in the leaves. Biomass is an 

accumulation of photosynthate products in the 

form of carbohydrates, proteins and lipids. 

Metabolic processes in plants will run well if the 

plants have a heavier weight. Likewise, if the 

biomass of a plant is low, it indicates an obstacle 

in the plant's metabolic process. Yunus et al. (14) 

said that growth regulators used in the right 

concentration could increase yield, whereas they 

can inhibit growth, poison, and even kill the 

plant at high concentrations. 

 

Conclusion 

1. The concentration of 30 ppm kinetin alone 

can increase the growth of Daun duduk on 

plant height parameters obtained by an 

average of 43.29, and stem diameter 

obtained an average of 4.61. The number of 

leaves obtained an average of 44.56, the 

number of branches obtained an average 

16.44 and dried stover obtained an average 

of 9.78. In contrast, the time interval of 

offering kinetin alone did not stimulate the 

growth of sitting leaves in all experimental 

parameters. 

2. The most effective kinetin concentration in 

increasing the growth of Daun duduk was 30 

ppm, while the time interval for offering 

kinetin has not got the right time. 

3. The interaction between the concentration 

and the time interval of kinetin 

administration did not affect all the 

experimental parameters. 
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Abstract  
Intestinal parasitic infections are caused by protozoa, STH and non-STH worms. Immunity, which can 

be determined by measuring nutritional status, and personal hygiene can affect the occurrence of 

intestinal parasite infections. This study aims to determine the relationship between personal hygiene 

and nutritional status against intestinal parasite infections in elementary school students in Simo 

Boyolali. This type of analytic observational research with a cross sectional approach. Total sampling 

was taken at elementary school of Wates, Talakbroto 1, and Kedunglengkong 1 Simo, Boyolali. There 

were 11 students with worms infections, 16 with protozoa infections, and 4 with worms and protozoa 

infection. There was a relationship between washing hands before eating (p = 0.004), after eating 

(0.027), after defecating (p = 0.04), biting nails (p = 0.008), wearing footwear when leaving the house 

(p = 0.008) , removing shoes while playing during school breaks (p = 0.001), and nutritional status (p 

= 0.002) with intestinal parasite infection. There was no relationship between nail clipping once a 

week (p = 0.118) and the availability of a latrine (p = 0.416) with intestinal parasitic infections. So, 

there is a relationship between personal hygiene (washing hands before eating, after eating, after 

defecating, biting nails, wearing footwear when leaving the house, removing shoes when playing 

during school breaks, and nutritional status) and intestinal parasitic infections. 
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Introduction  

Intestinal parasitic infections mostly occur 

in areas with tropical and subtropical climates, 

especially in developing countries (1). Indonesia 

is one of the endemic countries for intestinal 

parasitic infections, mainly caused by protozoa 

(most commonly Entamoeba histolytica, Giardia 

lamblia, and Blastocystis hominis), worms that 

are classified as Soil Transmitted Helminths 

(STH) (Ascaris lumbricoides, Trichuris trichiura, 

Necator americanus, Ancylostoma duodenale 

and Strongyloodenale. stercoralis) and non-STH 

worms, namely Enterobius vermicularis and 

Taenia sp. (2,3). One of the factors that influence 

the occurrence of intestinal parasitic infection is 

the individual factor consisting of immunity and 

personal hygiene. Immunity is influenced by the 

intake of nutrients that enter 

 
the body where the intake of these nutrients 

can be determined by measuring nutritional 

status. Decreased nutritional status indicates 

decreased immunity so that the body is 

susceptible to intestinal parasitic infections. 

Personal hygiene includes washing hands, nail 

hygiene, defecating, and wearing footwear. 

Intestinal parasite transmission through faecal 

oral and intestinal parasite contamination in 

food and water, so that personal hygiene is the 

most priority in preventing the occurrence of 

this intestinal parasitic infection (4, 5, 6, 7).  
As much as one third of the world's 

population has intestinal parasitic infections 
(2). The highest prevalence is in 270 million 

pre-school children and 600 million school-age 
children (7). This infection in children occurs 

because the child does not maintain personal 
hygiene and is less aware of clean and healthy 
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living, and in children who have poor nutritional 

status can also affect the occurrence of this 

intestinal parasitic infection (1, 4). The 

prevalence of intestinal parasitic infection in 

Boyolali, Central Java, cannot be found equally, 

but it has been found in several locations in 

Boyolali, where 35 children (47.3%) had STH 

infection in Teras District, Boyolali Regency  
(8). In addition, to determine the possibility of 

intestinal parasitic infection, it can be seen 

from the proportion of risk factors for 

intestinal parasitic infection, namely personal 

hygiene, including washing hands properly 

(56.75%) and defecating behavior (89.42%) at 

ages 5-9. years and 89.36% at the age of 10-14 

years can indicate that the behavior of washing 

hands and defecating is not correct, so that 

intestinal parasitic infections can occur (9, 10). 

Geographically, the soil structure of Boyolali 

Regency, especially in the northeast area 

around the sub-district Karanggede and Simo 

consist of clay / clay so that the possibility of 

intestinal parasitic infection can still occur. 

The nutritional status of children aged 5-12 

years in Boyolali Regency is 31.43%, not 

included in the normal group where the 

nutritional status is not normal can cause the 

body to be susceptible to intestinal parasitic 

infections so that it can strengthen the 

possibility of developing intestinal parasitic 

infections (9). The purpose of this study was to 

determine the relationship of personal hygiene 

to intestinal parasitic infection of elementary 

school students in Simo, Boyolali and to 

determine the relationship of nutritional status 

to intestinal parasitic infection of elementary 

school students in Simo, Boyolali. 

 

Material and Methods  
This type of research is analytic 

observational with a cross sectional approach. 

This research was conducted in 2 stages, namely 

data collection was carried out at elementary 

school of Wates, Talakbroto 1, and 

Kedunglengkong 1 which are located in Simo 

District, Boyolali Regency, Central Java from 

February to August 2020 by providing a sheet of 

willingness to be the subject of research to 

student guardians and Guardians who agree were 

given a personal hygiene questionnaire to fill out, 

then the BMI of the students were measured and 

stool samples taken. The second stage was 

sample examination which was carried out at the 

Parasitology Laboratory of the Faculty of 

Medicine, Sebelas Maret University, 

 
 

 

Surakarta City, Central Java from February to 
August 2020 using the Kato Katz method and 
Trikrom staining.  

The population of this study were 68 

students of Wates elementary school, 53 of 

Talakbroto 1 elementary school, and 74 of 

Kedunglengkong 1 elementary school, so that 

the total population of the three elementary 

schools was 195 people. The sample of this 

study used a non-probability sample, namely 

total sampling technique or saturated sampling 

technique, in which all members of the 

population become the research sample (11). 

The data obtained from this study were 

analyzed statistically using SPSS, by 

performing univariate analysis, bivariate 

analysis using chi-square test, and multivariate 
analysis using logistic regression test. 

 

Results and Discussion 

Description of research location  
Simo District is one of the sub-districts in 

Boyolali Regency and is located in the middle of 

the western part and directly adjacent to 

Semarang Regency. The area of Simo District is 

4,804,0275 Ha (more than 44% of rice fields) and 

a population density of 1,026 people per km2. 

Simo sub-district consists of 13 villages, namely 

Pelem, Bendungan, Temon, Teter, Simo, Walen, 

Pentur, Gunung, Talakbroto, Kedunglengkong, 

Blagung, Sumber, and Wates (12). This research 

was conducted in 3 villages, namely Talakbroto 

village at Talakbroto 1 elementary school, 

Kedunglengkong village at Kedunglengkong 1 

elementary school, and Wates village at Wates 

elementary school. Simo sub-district is located at 

an altitude of 150,325 m above sea level with a 

moderate climate, which is around 27 ° C. The 

rainfall in Simo District reaches 1,938 mm. Soil 

structure in Simo sub-district is clay soil with the 

association soil of dark gray grumosol and dark 

brown mediterranean soil (13). 
 

 

Subject characteristics  
The age characteristics of the respondents 

in table 1 showed that the average age of the 

respondents was 9.7 years, with the youngest age 

being 6 years old as many as 4 students and the 

oldest age being 13 years as many as 2 students. 

Age 11 years was the age of the most respondents 

in this study, as many as 30 students. The gender 

characteristics of the respondents in table 2 

indicate that there were 



 
 

 

more female respondents than male 
respondents. 
 

Table 1. Subject characteristics by age 

 Mean Mod SD Min Max 

9.7 11 1.652 6 13 

Table 2. Subject characteristics by gender 

 Gender Frequency (n) (%) 

 Male  59  44.7 

 Female  73  55.3 

 Total  140  100 

 

Intestinal parasitic infection  
Table 3. Frequency distribution of intestinal 
parasitic infection  
 Intestinal Frequency (%) 

 Parasitic (people)  

 Infection   

 Positive 31 23.5 

 Worms   

 A. 4 3 

 lumbricoides   

 Hookworm 1 0.8 

 T. trichiura 5 3.8 

 A. 1 0.8 

 lumbricoides   

 and T. trichiura   

 Protozoa   

 B. hominis 13 9.8 

 E. coli 1 0.8 

 E. histolytica 1 0.8 

 B. hominis 1 0.8 

 and E. coli   

 Worms dan   

 Protozoa   

 B. hominis 4 3 

 and A.   

 lumbricoides   

 Negative 101 76.5 

 Total 132 100 

 

Table 3 above showeds that there were 31 

respondents experiencing intestinal parasitic 

infections, so no more than 50% of the total 

respondents experienced intestinal parasitic 

infections. Of the 31 respondents, there were 15 

people who only experienced infection of one 

protozoan species, this shows that protozoa 

infection was the most common infection in this 

study. Respondents were 1 person infected with 

two species of protozoa, namely Blastocystis 

hominis and Entamoeba coli. There were 10 

respondents who were infected with one species 
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of worm. Respondents with infection of two 

species of worms namely Ascaris lumbricoides 

and Trichuris trichiura were 1 person. 

Respondents with concurrent worm and 

protozoa infections, namely Blastocystis 

hominis and Ascaris lumbricoides infection 

were 4 people. Blastocystis hominis infection 

occurs most frequently in this study because 

Blastocystis hominis infection occurs because 

there is an association with poor personal 

hygiene, exposure to animals, consumption of 

air or food contaminated with this parasite, and 

in immunocompromised people (14). The age 

of children can also be one of the reasons for 

this infection because the age of children with 

personal hygiene and toilet training is still low 

and children with low nutritional status can 

cause low body immunity so that the body is 

susceptible to infection with these parasites. 

STH worm infections including Ascaris  
lumbricoides, Trichuris trichiura, and Hookworm 

are only a few infected, this can be due to 

personal hygiene, especially the use of good 

footwear so that there are fewer infections. 

 

Analysis of the relationship between the habit of 

washing hands and parasitic intestinal infection 

The  relationship  between  the  habit  of washing 

hands before eating, after eating, and after   

defecating   with   intestinal   parasitic infections 

in this study showed a relationship between the 

two, this is in line with other studies which state 

that there is a relationship between the habit of 

washing hands and the incidence of 

asymptomatic  giardiasis  (15).  Another  study 

also states that there is a relationship between the 

habit of washing hands before eating and after 

defecating with the incidence of worms (16). The 

results of this study also showed that students 

who had done the habit of washing their hands 

before eating, after eating, and after defecating  

were  still  infected  with  intestinal parasites  due  

to  improper  or  incorrect  hand washing, 

personal hygiene apart from bad hand washing,  

not  washing  hands  before  eating snacks, food 

hygiene, food processing, and poor food 

equipment, unavailability of hand washing 

facilities  or  inadequate  facilities  such  as 

unavailability of soap or clean running water, 

lack  of  knowledge  about  the  importance  of 

washing    hands    in    preventing    disease 

transmission , and other parties such as health 

workers, families, and teachers who are lacking 

in doing basic health promotion such as hand 
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washing habits (16,17). Students who do not 
have the habit of washing their hands both 

before and after eating and after defecating but 

not infected with intestinal parasites can occur 
because personal hygiene besides washing 

hands is good and is supported by a good 
environment. 

 

Table 4. Analysis of the relationship between 
the habit of washing hands and parasitic 
intestinal infection  

Intestinal Parasitic Infection  
Positive Negative P-value 

before Yes 24 97 

0/004 
eating No 7 4  

after Yes 27 99 

0/027 
eating No 4 2  

after Yes 28 100 

0.04 
defecating No 3 1   

Note: *Fisher test 

 

Analysis of the relationship between nail 
hygiene and Intestinal parasitic infection  

The results of this study indicate that there 

was no relationship between the habit of cutting 

nails once a week with intestinal parasitic 

infections, but there was an association between 

nail biting habits and intestinal parasitic 

infections. Another study which is in line with 

the study stated that there was no association 

between nail hygiene and STH infection (18). 

The absence of this relationship was due to the 

many factors, both personal hygiene and the 

student's environment that affect intestinal 

parasitic infections. Although though one did not 

cut their nails once a week, one still conducted 

other personal hygiene procedure such as 

washing hands to prevent the occurrence of 

intestinal parasitic infections. Different nail 

growth between individuals can cause 

differences in the frequency of cutting nails in 

that individual. As many as 9 students in this 

study were not infected even though they did not 

have the habit of cutting nails once a week where 

the number was more than students who were 

negative for intestinal parasitic infections even 

though they had practiced the habit of cutting 

nails once a week. This could also indicate that 

there was no relationship between the these two 

variables. Students who did not bite their nails 

but are still infected can be caused by other poor 

personal hygiene, as well as in children whom 

were not infected, although nail biting can be 

caused by other factors that cause intestinal 

parasitic infection. 

 
 
 

 

Table 5. Analysis of the relationship between 
nail hygiene and intestinal parasitic infection  

Intestinal Parasitic Infection 

  Positive Negative   P-value 

The habit of Yes 25 92  

cutting nails 
No 6 9 

0.118 

once a week 
 

    

Nail biting Yes 8 7 

0.008 
habit No 23 94   

Note: *Fisher test 

 

Analysis of the relationship between Footwear 
and intestinal parasitic infections  
Table 6. Analysis of the Relationship between 
Footwear and Intestinal Parasitic Infection  

Intestinal Parasitic Infection 

  Positive Negative    P-value 

The habit of Yes 23 94  

wearing     

footwear    

0.008 
when No 8 7  

leaving the     

house*     

Habit of Yes 18 26  

Taking Off     
Shoes While    

0.001 
Playing No 13 75  

School 

Break**  
Note: *Fisher test; *Chi-Square test 

 

The results of this study indicated that 

there was a relationship between the habit of 

wearing footwear when leaving the house and the 

habit of removing shoes when playing at school 

breaks with intestinal parasitic infections. This is 

in accordance with other studies which stated that 

there is a relationship between the habit of 

wearing footwear and worm infections (17); as 

well as other studies which stated that not using 

good footwear has 14 times greater risk of 

experiencing worm infections than using good 

footwear (19). Students whom were not infected 

even though they did not use footwear can occur 

because they practice good personal hygiene 

procedures. Whereas children whom were 

infected even though they already have the habit 

of wearing footwear can be caused by other 

factors that cause intestinal parasitic infection. 
 

 

Analysis of the relationship between latrine 
availability at home and parasitic intestinal 
infection  

The results of this study indicated that 
there was no relationship between the 



 
 

 

availability of latrines at home with intestinal 

parasitic infections. This is in line with other 

studies which stated that there is no relationship 

between the availability of latrines for intestinal 

parasite infections (20). The absence of this 

relationship might be due to the various factors 

regarding latrine availability described above 

which were not examined in this study. Students 

who already have a latrine but were still infected 

with intestinal parasites can be caused by the 

latrine that was not in accordance with healthy 

latrine standards. Requirements for a healthy 

latrine are as follows: not polluting water sources 

(minimum distance from water sources 10-15 

meters), odorless, not polluting the surrounding 

environment, water and soap available, cleaning 

tools available, watertight floors and adequate 

space, adequate lighting and ventilation, 

available, protective walls and roofs, untouched 

dirt, easy to clean and safe (21). 
 

 

Table 7. Analysis of the relationship between 
latrine availability at home and parasitic 
intestinal infection  

Intestinal Parasitic Infection  
Positive Negative P-value 

Latrines Yes 30 100 

0.416 
at home No 1 1   

Note: *Fisher test 

 

Analysis of the relationship between nutritional 

status and parasitic intestinal infection  
Table 8. Analysis of the Relationship Between 
Nutritional Status and Parasitic Intestinal 
Infection   

Intestinal Parasitic Infection   
  Positive Negative P-value 
     

Nutritional 
Normal 20 91 

0.00 

Below 
  

status 11 10 2 
Normal      

Note: *Fisher test 
 

Nutritional status in this study became an 

independent variable against intestinal parasitic 

infection, so that nutritional status was one of the 

causes of intestinal parasitic infection. The 

results of this study indicated that there was a 

relationship between nutritional status and 

intestinal parasitic infection. This indicated that a 

BMI below normal, which is below the SD-2 line 

affected the occurrence of intestinal parasitic 

infections, which means that poor nutritional 

status can decrease immunity in response to 

parasitic infections. Another study stated that 

poor nutritional status will lead to a 
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weak immune system so that the body will be 

susceptible to infection, one of which is 

intestinal parasitic infection (22). Students who 

have normal nutrition but were infected with 

intestinal parasites can occur due to various 

factors that affect intestinal parasitic infections, 

one of which is personal hygiene. Hence, if 

personal hygiene is not good but the nutritional 

status is good, intestinal parasitic infections can 

occur. 

 

Personal hygiene, nutritional status, and 
intestinal parasitic infection 
Table 9. Hosmer and Lemeshow Test 

Chi- 
df 

P-value 

square 
 

  

2,929 5 0.711  
Note: *Regression Logistic test  

Table 9 shows that the p-value was 
0.711, where the value was greater than the 

significance level of 0.05 so that the logistic 

model was appropriate, this means that this 
logistic model can predict the occurrence of 

intestinal parasitic infections based on personal 
hygiene and nutritional status. 

 

Table 10. Omnibus Test of Model Coefficients  
Chi- Df P-value square  

 

Step 1 45,801 9 0.000 

Step    

Block 45,801 9 0.000 

Model 45,801 9 0.000  
Note: *Regression Logistic test 

 

Table 10 above shows that the p-value 
was 0.000, which was less than the significance 

value of 0.005, so it was found that there was 
at least one independent variable in this study, 

namely each question points on personal 
hygiene and nutritional status of respondents, 

that affect the dependent variable of this study, 
namely intestinal parasitic infection. 

 

Table 11. Model summary  

-2 Log Cox & Snell Nagelkerke R 

likelihood R Square Square 

98.097 0.293 0.442   
Note: *Regression Logistic test 

 

Table 11 showed the Nagelkerke R 
Square value of 0.442, this means that the 
independent variables in this study were able to 
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explain 44.2% of the dependent variable and 
the remaining 55.8% were explained by other 
variables outside of this study. 
 

Table 12. Variable in the Equation 

Variable Exp(B) 

The habit of washing hands before 

8.675 
eating  

The habit of washing hands after 

2.077 
eating  

The habit of washing hands after 

5.119 
defecating  

The habit of cutting nails once a 

3.385 
week  

Nail biting habit 0.275 

The habit of wearing footwear 

6.508 
when leaving the house  

The habit of removing shoes when 

0.170 
playing during school breaks  

Availability of latrines at home 0.002 

Nutritional status 0.138  
Note: *Regression Logistic test 

 

Table 12showed the value of exp (B), 
which is the odd ratio value, so that the 
following interpretation is obtained.  
a. People with the habit of not washing their 

hands before eating are at 8 675 times the 
risk of developing intestinal parasitic 

infections.  
b. People who do not wash their hands after 

eating have a 2 077 times risk of developing 
intestinal parasitic infections.  

c. People with a habit of not washing their 
hands after having a bowel movement have 
a 5 119 risks of experiencing intestinal 
parasitic infections.  

d. People who do not cut their nails once a 
week are at 3 385 times the risk of 
developing intestinal parasitic infections.  

e. People with a habit of biting their nails are 
0.275 times more likely to develop 
intestinal parasitic infections.  

f. People with the habit of not wearing 
footwear when leaving the house are 6.508 
times more likely to experience intestinal 
parasitic infections.  

g. People with the habit of removing their 
shoes while playing during school breaks 
are 0.17 times more likely to develop 
intestinal parasitic infections.  

h. Unavailability of toilets at home has 0.002 
times the risk of developing intestinal 
parasitic infections. 

 
 

 

i. People with below normal nutritional status 
have 0.138 times the risk of experiencing 
intestinal parasitic infections.  

Multivariate analysis in this study 

showed that the logistic model of this study can 

predict the occurrence of intestinal parasitic 

infections according to personal hygiene and 

nutritional status. There was a relationship 

between the habit of washing hands before 

eating, after eating, after defecating, the habit 

of biting nails, the habit of using footwear 

when leaving the house, the habit of removing 

shoes while playing during school breaks, and 

nutritional status with intestinal parasitic 

infections. In addition, it was also found that 

44.2% of the independent variables in this 

study were able to explain the dependent 
variable, namely intestinal parasitic infection. 

The value of each odd ratio of personal 

hygiene and nutritional status with intestinal 

parasitic infection can assess the risk of each 

independent variable on the dependent 

variable. The indicated odds ratio showed that 

latrine unavailability had the greatest risk of 

experiencing intestinal parasitic infection 

compared to other independent variables. 

Although there was no relationship between 

the two but it can be seen from the discussion 

that the absence of a latrine can cause intestinal 

parasitic infection due to the transmission of 

intestinal parasites through human feces more 

often occurs. 

 

Conclusion  
This study showed that there was a 

relationship between personal hygiene which 

includes the habit of washing hands before 

eating, after eating, after defecating, biting 

nails, wearing footwear when leaving the 

house, and removing shoes when playing 

during school breaks with intestinal parasitic 

infections. Other personal hygiene practices, 

namely cutting the nails once a week and the 

availability of latrines were not associated with 

intestinal parasitic infections. Nutritional status 

was associated with intestinal parasitic 

infections.  
Suggestions for future research are to 

conduct further research related to factors outside 

of this study that affect intestinal parasitic 

infections and to use research instruments as 

accurate and detailed as possible.  
Suggestions for the public are to be able to 

provide knowledge and awareness about the 

importance of personal hygiene and nutrition to 



 
 

 

determine nutritional status as a defense for the 
body's immunity in preventing intestinal 
parasitic infections.  

Suggestions for health service agencies 
are to routinely check intestinal parasitic 
infections to prevent transmission of intestinal  
parasitic infections. Meanwhile, the 

government should always improve adequate 
health facilities to minimize the transmission 

of intestinal parasitic infections. 
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