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Abstract. Black betel is a decoration plant which also have potential as source of medicine
materials and alternative of safe antiseptic. In-vitro culture method can be applied to produce
secondary metabolites using culture medium and optimal supplementation of growth
regulators, in this case 2,4-dichlorophenoxyacetic acid (2,4-D). This study was aimed to
determine the effect of 2,4-D concentration on callus induction time, percentage of explant
forming callus, callus fresh weight, dry weight, morphology, and secondary metabolites and
bioactive compounds profile. The study was designed as laboratory experiment using
completely randomized design with 6 concentrations treatment and replicated 12 times. Culture
medium used was MS medium supplemented with various concentration of 2,4-D (0.0; 0.5;
1.0; 1.5; 2.0; and 2.5 mg/L). After callus had grown, secondary metabolites content was
analyzed using phytochemical screening. Result showed that 2,4-D growth regulator affected
callus grown from black betel leaf explants. Growth regulator 2,4-D given at 2.5 mg/L was
able to induce callus faster compared to other treatment, at mean induction time of 14 days.
Explants supplemented with 2,4-D at 1.5 mg/L produced highest fresh and dry weight, at
0.8951 g and 0.0470 g respectively. Callus morphology with friable texture and yellowish
white color was resulted from 1.5 mg/L 2,4-D treatment. Phytochemical analysis of secondary
metabolites profile from 1.5 mg/L 2,4-D treatment indicated flavonoids content, while all 2,4-
D concentration treatment (0.5; 1.0; 1.5; 2.0; and 2.5 mg/L) found to contain terpenoids. The
main component is octadecanoic acid.

1. Introduction

Infectious disease is the highest cause of morbidity and mortality, especially in developing countries,
such as Indonesia. Infectious disease is a disease caused by pathogenic microbes [1-2]. Antibiotic
plays important role in treatment of infectious disease [3]. Excessive application of antibiotic occurs a
lot in the world, both in community and hospital environment. Application of certain antibiotic is
expected to produce positive result, however irrational usage of antibiotic will result in negative effect
[4].

Realization of this negative impact leads to the popularization of ‘back to nature’ concept, in
which traditional medicine made from various plant is utilized [5]. Indonesia is country with the
second largest tropical forest area in the world after Brazil, which still possesses a lot of unexplored
natural potential resources for food and medicine One of the plants used as traditional medicine is
betel leaves. Betel leaves contain chemicals that have antibacterial activity, such as chavicols,
chavibetols, tannins, eugenols, carvacrols, caryophyllenes, and ascorbic acids [6]. One of the plants
can be potentially used as medicinal plant is black betel.

Black betel (Piper betle L. var. Nigra) is a decoration plant which also has potential as medicinal
resources. Black betel can be used as alternative of safe antiseptic. The most utilized part of this plant
as medicine is the leaves, as it contains essential oils, phenyl propane, estragoles, chavicols,
hydroxychavicols, chavibetols, caryophyllenes, allipyrochatecols, cineoles, cadinenes, tannins,
diastases, starches, terpenes, sesquiterpenes, and sugars [7].

In-vitro culture can be applied to produce secondary metabolites as a source of aromatics and
fragrances, enzymes, cosmetics, natural colorings, and bioactive components [8]. Growth regulators
can affect protein synthesis and control enzymatic activity. Increasing protein synthesis as raw
materials of enzymes will result in accelerating growth. This will lead in rising biosynthesis of
secondary metabolites[9]. Based on previous elaboration, this study was designed with
supplementation of auxin growth regulator at various concentrations to induce callus from black betel
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leaf explants and to determine containing secondary metabolites in the culture.

2. Experimental Method
This study was conducted in Plant Physiology Laboratory, Department of Biology, University of
Airlangga, Surabaya for 7 months, starting from January until July 2018.

Plant material used as explant was cuts of young black betel leaves. Black betel was obtained
from Bratang flower market in Surabaya. Materials used for callus growth medium including
Murashige and Skoog (MS) medium supplemented with 2,4-D growth regulator. Leaves sterilization
used dish soap, 20% Clorox, and 70% alcohol. Other materials used included umbrella papers, sterile
distilled water, spiritus, aluminum foil, pH papers, 1IN KOH, 1N HCI, and methanol.

Tools used in the study including glass tools; measuring flasks, beaker glasses, Erlenmeyer flasks,
petri dishes, culture bottles, stirring rod, and pipettes. Dissecting tools used to prepare explants were
scalpel, tweezer, and scissor. Sterilization instruments used were autoclave, oven, Bunsen burner, hand
sprayer, and laminar airflow (LAF). Other instruments used including digital balance, pH meter,
refrigerator, culture chamber, electric stove, magnetic stirrer, and camera.

Study was designed as completely randomized experiment with single factor of 2,4-D growth
regulator at 6 varying concentrations replicated for 12 times for each concentration. Concentration of
2,4-D growth regulator applied to determine the difference in secondary metabolites content were
presented in Table 1.

Table 1. Concentration of 2,4-D applied to each treatment group

Group 2,4-D growth regulator concentration (mg/L)
Do 0,0
Dos 0,5
D, 1,0
DI,S 1 ,5
D, 2,0
DZ,S 2,5

Medium Preparation. 1000 mL MS medium was prepared by dissolving following macronutrient
chemicals; 1.650 mg/L. NH4NO3, 1.900 mg/L KNO3, 440 mg/L. CaCl,.2H»0, 370 mg/L MgSO4.7H,0,
170 mg/L KH,POy, into 500 mL sterile distilled water. After all macronutrients had dissolved, medium
was added 5 mL iron stock solution, 1 mL micronutrient stock, 4 mL vitamin stock, and 2,4-D stock at
concentration according to respective group. Next, 100 mg Myo-inositol was dissolved into solution
and 30 g sucrose was added. Solution was noted of its pH using pH paper, then pH was regulated until
it reached optimal MS medium pH (5.6-5.8) using IN KOH and IN HCI. Lastly, solution volume was
adjusted by adding distilled water until it reached 1000 mL before 8 g agar powder was dissolved into
it. Medium was filled into culture bottles, + 20-40 mL per bottle. Culture bottles were closed using
aluminum foil and labelled accordingly. After medium had solidified, culture bottles were sterilized
using autoclave at temperature of 121°C and pressure of 1.2 atm for 15 minutes.

Explants Sterilization. Black betel leaves were washed using dish soap; both upper and lower surface
rubbed clean, then leaves were submerged in soap water for 3 minutes, shaken for 2 minutes, before
rinsed with running tap water to clear any remaining dirt in the leaves. Inside LAF, black betel leaves
were sterilized by shaking them in 70% alcohol for 3 minutes and rinsed with sterile distilled water for
3 times. Leaves were then shaken in 20% Clorox solution for 5 minutes before lastly rinsed 3 times
with sterile distilled water.

Explants Planting and Maintenance. Black betel leaves were first cut into pieces of + 1 cm?, leaving
out the margin part. Leaf pieces were then put on culture bottles filled with callus induction medium
supplemented with 2,4-D growth regulator at different concentration. Culture bottles were closed
again with aluminum foil and stored in incubation chamber at temperature of 20-25°C under 20-watt
neon lamp.
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Callus Extraction. All callus was harvested at 8 weeks after planting. Fresh and dry weight of callus
were noted, then callus was dried and crushed into powder. Callus powder was macerated using
methanol solvent for 1 day.

Phytochemical Screening.
Flavonoid compounds test
1 mL of black betel callus methanol extract was put into test tube, then 0.5 mL concentrated HCl
and 4 pieces of Mg bands were added. Flavonoids presence was indicated by red, orange, or green
color depending on flavonoid structure contained in the sample [10].
Alkaloids compounds test
Three test tubes were filled each with 1 mL extract. Two drops of Mayer, Dragendorf, and Wagner
reactor solution were added to the first, second, and third tube respectively. Positive alkaloids content
was signified by white sediment in the first tube, and reddish brown in the second and third tube [11].
Terpenoid and steroid compounds test
As much as three drops of extract was put on spot test board. Three drops of anhydrous acetate
(Ac20) and a drop of concentrated sulphuric acid (H.SO4) were added to it. Terpenoids content was
marked by red/brown color, while steroids were indicated by blue color [11].
Saponin compounds test
Saponin content analysis was performed using Forth method, by putting 1 mL methanol extract
into test tube before 5 ml hot water and two drops of 2M HCI were added. Tube was shaken. Foam
formed in the tube (= 10 minutes) indicated positive saponins content [12]. Bioactive compounds was
analyzed with Gas Chromatography Mass Spectra

3. Results and Discussion
Based on result, shortest callus induction time was found from explants planted in MS medium
supplemented with 2.5 mg/L 2,4-D growth regulator, at 14.83 + 1.9462 days, while longest induction
time was from 1.0 mg/L 2,4-D treatment, at 20.67 + 0.7784 days (Table 2).

Table 2. Mean callus induction period of black betel leaf

Treatment Mean callus induction time (days)
Do 0,00 + 0,000*
Do 18,83 + 0,8348"
D, 20,67 + 0,7784¢
Dis 16,33 + 2,0597¢
D, 19,17 £ 2,0816¢
Dys 14,83 + 1,9462¢

*) Numbers followed by different letter indicating significant difference based on Mann-Whitney test at 5%
significance level.

Explants supplemented with 0.5, 1.0, 1.5, 2.0, and 2.5 mg/L 2,4-D concentrations were found to
be 100% forming callus, while control explants given 0.0 mg/L 2,4-D failed to grow callus (Table 3).

Table 3. Percentage of explants forming callus from various 2,4-D treatments

Treatment Percentage of explants forming callus (%)
Do 0%
Dos 100%
D 100%
Dis 100%
D» 100%
Dys 100%
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Based on Mann-Whitney test result, highest fresh weight was obtained from callus given 1.5
mg/L 2,4-D, which was found to be significantly different from other treatment (Table 4).

Table 4. Mean fresh weight of black betel callus

Treatment Mean callus fresh weight(g)
Do 0,0000 + 0,0000*
Do,s 0,4046 + 0,4280
D, 0,1307 + 0,1021°
Dis 0,8951 £ 0,6408¢
D» 0,2584 + 0,1239¢
Dys 0,1816 = 0,0840"

*) Numbers followed by different letter indicating significant difference based on Mann-Whitney test at 5%
significance level.

Similar as previous result, highest callus dry weight was found from explants given 1.5 mg/L
2,4-D at 0.0470 g and statistically different from other concentration (Table 5).

Table 5. Mean dry weight of black betel leaf callus

Treatment Mean dry weight (g)
Do 0,0000 + 0,0000*
Dos 0,0216 + 0,0098"
D 0,0144 + 0,0097¢
Dis 0,0470 = 0,0187¢
D, 0,0250 + 0,0088°
Dys 0,0176 + 0,0063

*) Numbers followed by different letter indicating significant difference based on Mann-Whitney test at 5%
significance level.

Callus morphology formed from black betel leaf explants at 8" week of culture period was
presented in Table 6, while result of extract phytochemical screening was presented in Table 7, and
bioactivity of methanol extract presented in Table 8.

Callus produced from in-vitro culture is formed because of injury to tissue and response towards
growth regulator. Callus emerges at the wounded part of explant due to stimulus from plant tissue to
close off the injured part. Cell division directed to callus formation occurs because of response to
injury and endogenous or exogenous hormone supply in the explant [13].

Explants given 2.5 mg/L 2,4-D were able to induce callus growth at shortest period (two weeks).
This was due to containing nutrients in MS medium had already able to induce callus growth. In
addition, 2,4-D supplement at 2.5 mg/L concentration was able to stimulate cell division in the
explants at optimal balance thus the cells were induced faster to continuously divide and
dedifferentiate, resulting in callus formation in relatively shorter time. However, shorter induction
time do not ensure higher number of callus formation at the end culture period [14].

The failure of explant to grow callus is theorized due to the difference of tissue ability to absorb
nutrient and growth regulator from callus induction medium. In addition, the color of explants failed
to grow callus had turned from green to brown before finally dead. This is possibly occurred because
of phenolic compounds discharge from the explant. According to [15] phenolic acids together with
abscisic acids (ABA) were endogenous inhibitors that discourage the formation of callus.

Biomass produced by tissue culture is found to be highly dependent on division, multiplication,
and augmentation rate of cells. Cell division rate can be affected by growth regulator at certain
concentration based on plant species and external factors such as light intensity and temperature[16].

The best treatment to increase fresh and dry weight of callus in current study was found from 1.5
mg/L concentration of 2,4-D. This was because 2,4-D activity affecting explants. One of the working
mechanisms of auxin was to elongate the cells. Auxin stimulated cell elongation in coleoptile and
plant segments. Cell elongation mainly occurs to vertical direction, followed with cell augmentation
and increase of fresh weight[17].
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Table 6. Morphology of black betel callus at 8" week of culture period

No 2,4-D concentration Figure Morphology
(mg/L)
1 0.0

All explants planted colored
black and failed to grow
callus

Wavy explants, calli had
white color and friable
texture

Fringe of explants colored
brown, explants turned wavy,
calli grown colored white
and brownish white with
friable tcexture

Wavy explants, calli grown
with white or yellowish
white color and friable

texture

Explants fringe colored
brown, explants wavy, calli
had white and brownish
white color with friable
texture

Fringe of explants turned
brown, explants curled, calli
colored white and brownish

white, calli had friable
texture

Table 7. Phytochemical screening of black betel callus extract supplemented with various
concentration of 2,4-D growth regulator

Result of phytochemical screening of callus given various 2,4-D

Compound concentration (mg/L)

0.5 1.0 1.5 2.0 2.5
Flavonoids - - + - -
Terpenoids + + + + +
Steroids - - - - -
Alkaloids - - - - -
Saponins - - - - -
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Table 8.Bioactive compounds of methanol extract of black betel

No | Compound Area (%)
Concentration of 2,4D (mg/mL)
0,5 1 1,5 2 2,5
1 Ethoxymethyl Oxirene 0,09
2 Dimethylsulfoxide 8,08
3 Tetradecametyl heptasiloxane 0,05
4 5-buthyl-2-4-pentylphenyl- 0,05
pyrimidine
5 Methylester hexadecanoic acid 0,14
6 Methylester 14 methyl 0,07 0,09
pentadecanoic acid
7 Tridecanoic acid 1,64
8 Hexadecanoic acid 0,16
9 Eicosamethylcyclodecasiloxine 0,10
10 | Methylester 11 Octadecanoic acid 0,33
11 | Methylester 7 Octadecanoic acid 0,17 0,22
12 | Methylester 9 Octadecanoic acid 0,11
13 | Ethyloleate 0,09
14 | Methylester Octadecanoic acid 0,06
15 | Octadecadienoic acid 0,07
16 | 9-Octadecanoic acid 1,80
17 | Octadecanoicacid 0,49
18 | Semicarbazone3,3 diphenyl 0,06
Acrylophenone
19 | dihidrobenzothiazole 0,06

Parameters of callus morphology observed from current study including callus color and texture.
Explant growth indicators in in-vitro culture, callus color, reflects the visual appearance of callus that
indicate whether cells in callus still actively dividing or not. Callus texture is one of markers used to
evaluate callus growth. Friable texture indicates that callus will develop to be somatic embryo[18],
while compact texture which is solid and difficult to be released, indicates that callus will potentially
grow into plant organs (organogenesis), such as roots or sprouts [19].

Based on result, initial formation of calli from black betel leaf explants occurred at various time,
however callus from respective treatment possessed the same characteristic initial color of white. Along
culture period up to observation at 8" week, forming calli had white, yellowish white, and brownish
white color. The difference of color is thought to be caused by varying chemicals content according to
secondary metabolites each callus contained.

Extraction of black betel callus in current study was performed using methanol solvent, as conducted
in many other studies isolating organic compounds from natural sources, because of its ability to dissolve
secondary metabolite compounds[20]. Based on result [21], phytochemical screening of black betel leaf
methanol extract contained flavonoids, terpenoids/steroids, and alkaloids.

Flavonoid test performed in current study produced change of color, which indicated positive
flavonoid content. Extract of callus given 1.5 mg/L 2,4-D had color alteration from brownish yellow into
green, while other 2,4-D concentration (0.5, 1.0, 2.0, and 2.5 mg/L) produced negative result. Based on
previous finding [21], methanol extract of black betel leaves positively contained flavonoids.

Terpenoids and steroids screening from callus extract indicated positive result. Callus given 0.5 and
2.5 mg/L 2,4-D produced color change brownish yellow into red, while callus given 1.0, 1.5, and 2.0
mg/L concentration had color alteration from brownish yellow into brown. Both color changes indicated
positive terpenoids/steroids content. Based on previous study [21] methanol extract of black betel leaves
positively contained terpenoid/steroid.

Result of alkaloids screening did not produce sedimentation, either for Meyer, Dragendorf, or
Wagner tests, indicating negative alkaloids content. Based on previous study methanol extract of black
betel leaves contained alkaloids [21]. As callus resulting from current study was found to have no or low
level of alkaloids, nitrogen in the medium was not used to form coordinate covalent bonds with K+,
resulting in orange sediment [21]. Saponin screening to callus extract did not form foam. Based on
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previous study [20], methanol extract of black betel leaves did not contain saponins. First, it could be
caused by not all bioactive compounds could be dissolved by methanol. In addition, foam did not form
might also because callus extract could not dissolve in water, thus saponins contained in the extract was
not hydrolyzed and foamed when shaken [23]. Stearic acid, also called octadecanoic acid, is one of the
useful types of saturated fatty acids that comes from many animal and vegetable fats and oils, this
compound has antimicrobial activity [24].

The difference of chemical content in the methanol extract of black betel callus and leaves was that
callus only contained flavonoids and terpenoids, while leaves contained flavonoids, terpenoids/steroids,
and alkaloids. Difference of chemical content between callus and leaves can occurs as secondary
metabolites synthesis was affected by several factors, such as extraction method, sample particle size,
condition and time during extraction process, and size ratio of sample with solvent (Harborne, 2006). The
role of growth regulator is also a critical factor in plant metabolism.

4. Conclusion

Variation of 2,4-D growth regulator concentration affected callus induction time, percentage of explant
forming callus, callus fresh weight, dry weight, and morphology. Phytochemical screening result of black
betel callus secondary metabolites profile resulting in positive flavonoids content of callus supplemented
with 1.5 mg/L 2,4-D and terpenoids from callus given 0.5, 1.0, 1.5, 2.0, and 2.5 mg/L 2,4-D
concentrations. The main component is octadecanoic acid.
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