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ABSTRACT

Objective: The objective of this research was to determine the antibacterial activity of the toothpaste from an extract of celery leaves on Streptococcus 
mutans.

Methods: The toothpaste was formulated with various concentrations of celery leaves, F1 with concentration of extract (6.25%), F2 (12.5%), and 
F3 (25%). Each formula was tested the physical characteristics and antibacterial activity toward S. mutans. The antibacterial activity was determined 
by the agar well diffusion method using brain heart infusion agar plates. Furthermore, the antibacterial activities were assessed by the presence or 
absence of inhibition zones after the plates were incubated at 37°C for 24 h.

 Results: The results from this test illustrate that all toothpastes under study at various concentrations of celery leaves extract exhibited antibacterial 
activity. Maximum inhibition zone in antibacterial activity test was shown by F2  (12.5%). Therefore, we can use these toothpastes as natural 
antibacterial on prevention of dental caries caused S. mutans.

Conclusion: The toothpaste from an extract of celery leaves showed significant antibacterial activity against S. mutans.
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INTRODUCTION

Dental and oral diseases that are commonly found in Indonesia are 
dental caries. Dental caries is human dental decay that starts from the 
process and develops toward the teeth, the process of demineralization 
of the teeth [1]. Prevention of dental caries can be done by maintaining 
oral hygiene [2]. The microorganism associated with dental caries is 
Streptococcus mutans [3,4].

Toothpaste is a dosage form that is used together with a toothbrush to 
clean the teeth. Toothpaste used when brushing teeth serves to reduce 
plaque formation, strengthening teeth against caries [5]. The addition 
of herbs to toothpaste is expected to inhibit the growth of plaque. 
This is related to the ability of several types of herbs that can inhibit 
microbial growth. In addition, because herbs come from plants, they are 
safe and natural [6].

Celery leaves contain flavonoids, tannins, and saponins which have 
antibacterial effects. Majidah et al. (2014) stated that celery leaves 
extract (Apium graveolens L.) at a concentration of 12.5% has an 
inhibitory effect on S. mutans [7]. Celery leaves that have been proven 
activity, for easy use, it is necessary to develop in dosage form of 
toothpaste. This toothpaste will be determined the antibacterial activity 
on S. mutans to ascertain that it can prevention of dental caries.

METHODS

Plant materials
Fresh leaves of A. graveolens L. were collected from one source in Purbalingga 
district, Central Java, Indonesia. The leaves of the plant were authenticated 
by Faculty of Biology, Jenderal Soedirman University, Indonesia.

Microorganisms
Pathogenic bacterial isolates of S. mutans were obtained from the 
Department of Microbiology, Universitas Muhammadiyah Purwokerto. 

S. mutans was cultured in brain heart infusion agar (BHI-A) (HiMedia) 
at 37°C for 24 h.

Extraction of plant materials
The cleaned materials were dried in shade, grinded to fine powder with 
the help of a mixer grinder and ethanolic extract was prepared using 
96% ethanol by maceration method followed by steam evaporation 
in rotary flask evaporator [8]. Ethanol was obtained from Bratachem 
(Indonesia). The extract was transferred into clean and dried airtight 
vial and stored at 20–80°C until ready for use. A net yield of 278.3 g 
(27.83% w/w) was obtained by macerating 1000 g of dry powder of 
the leaves.

Formulation of toothpaste
The formula of toothpaste was formulated as given in Table 1. All the 
formulations were filled in regular tubes used for toothpastes. The 
storage in tubes was done to avoid the problem of crusting and drying 
of toothpaste during studies. Toothpaste formulation was done; then, 
it was evaluated such as organoleptic, homogeneity, pH, disperse, and 
adhesiveness test.

Preparation of the culture media
BHI-A was prepared by dissolving 3.7 g in 100 ml of distilled water, by 
sterilizing in the autoclave for 15 min at 15 lb pressure (121°C) and by 
pouring 5–8  ml of the prepared medium to each Petri dish and then 
storing in refrigerator.

Antibacterial activity determination
The antibacterial activity of the toothpaste of celery leaves was 
determined by the agar well diffusion method [9,10]. Bacterial 
suspension adjusted to 0.5 McFarland standard (1.5×108 colony-
forming units/ml) was made, and then, the BHI-A plates were streaked 
with a bacterial suspension using sterile swab. After that, the wells 
were made with a diameter of 6  mm by punched aseptically with a 
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sterile cork borer. Approximately 200 mg of the toothpaste at different 
concentrations of 6.25, 12.5, and 25% were loaded into the wells, and 
the positive control was used an x-brand toothpaste and an F0 (no 
extract of celery leaves) was used as a negative control.

Each test plate contained three samples of toothpaste at various 
concentrations of celery extract placed about equidistant to each other. 
After that, the plates were incubated at 37°C for 24 h. The diameter of 
inhibition zones was measured in millimeter and the study was carried 
out in triplicate.

RESULTS AND DISCUSSION

Physical characteristic
The toothpaste was tested for physical characteristics including 
organoleptic, homogeneity, pH, disperse, and adhesiveness. The results 
of physical characteristics can be shown in Table 2.

The results of organoleptic testing on all three formulas were the 
same; the results of the characteristics of semisolid dosage form, 
white color, and smell were typical of celery.

Homogeneity test was to determine the homogeneity of extracts in 
toothpaste. Homogeneity of dosage form will affect the antibacterial 
power of toothpaste. This is because with a homogeneous toothpaste, 
the distribution of the active ingredients in toothpaste will be evenly 
distributed so that the release of the active compound by the base through 
the test media will be good and the antibacterial effect will be maximized.

The difference in the concentration of celery extract does not affect 
the homogeneity of toothpaste because the process or treatment of 
each formula is the same. And then, disperse test was conducted to 
determine the ability of ointment’s diffusion on the skin. The easier 
the ointment is flattened on the skin, the greater the absorption of 
its active substances [11]. The addition of the extract can decrease 
the disperse of toothpaste; however, the addition of the extract can 

increase the adhesiveness of toothpaste. On the results of pH testing, it 
was found that the higher the concentration did not affect the pH value 
of each formula. The pH value of the three formulas still meets the SNI 
requirements of 4.5–10.5 [12].

Antibacterial activity determination
In the study, positive control (x-brand toothpaste) was found to 
produce zones against S. mutans that were insensitive to the negative 
control (F0); hence, no zone of inhibition was noted for the negative control.

The zones of inhibitions are shown by toothpaste of celery leaves at 
different concentrations against S. mutans depicted in Table  3 and 
Fig.  1. The test results showed that the higher the concentration of 
celery extracts, so the smaller the inhibitory power. Hence, F2 has the 
greatest inhibitory power than F1 and F3 (p<0.05). A compound in a 
pharmaceutical dosage form to cause an effect must bind to the receptor, 
whereas the ability of the receptor to be able to bind to compounds is 
different. If a receptor is saturated, even though the dosage is increased, 
then the receptor is no longer able to bind to active compounds so that 
the effect decreases at continuously increasing concentrations [13].

The antibacterial activity of toothpaste of celery leaves can be 
attributed to the different phytochemicals present in the celery leaves. 
There is growing interest in correlating the phytochemical constituents 
of a medicinal plant with its pharmacological activity. Phytochemicals 
are non-nutritive plant chemicals that may have protective or disease 
preventive antibacterial activities. Due to their structural differences 
from those of the more studied antibacterial sources, their mode of 
action may too differ [14].

Flavonoids, alkaloids, and saponins are found to be associated with 
antibacterial effects in various studies using plant extracts [15]. These 
phytochemicals have been found to be present in the celery leaves in other 
scientific studies [16]. Flavonoids have been found to exhibit antibacterial 
activity through various mechanisms such as inhibition of nucleic acid 
synthesis, inhibition of cytoplasmic membrane function, and energy 

Table 1: Formula of toothpaste selected for study

Material Formulation code (w/w)

F1 (6.25%) F2 (12.5%) F3 (25%) F0 (‑)
Extract 6.25 12.5 25 ‑
Calcium carbonate 40 40 40 40
Glycerol 18 18 18 18
Sorbitol 10 10 10 10
Sodium carboxymethyl cellulose 1 1 1 1
Saccharin 0.2 0.2 0.2 0.2
Sodium benzoate 0.1 0.1 0.1 0.1
Sodium lauryl sulfate 1 1 1 1
Oleum menthae piperitae 0.3 0.3 0.3 0.3
Purified water ad 100 ad 100 ad 100 ad 100
F1: Toothpaste with 6.25% extract concentration, F2: Toothpaste with 12.5% extract concentration, F3: Toothpaste with 25% extract concentration, F0: Toothpaste with 
0% extract concentration as negative control

Table 2: Physical characteristic test result

Test Formulation code

F0 F1 F2 F3
Organoleptic

Form Semi‑solid Semi‑solid Semi‑solid Solid
Smell None Specific Specific Specific
Color White Light green Green Dark green

Homogeneity Homogen Homogen Homogen Homogen
Disperse (m) 0.053±0.001 0.047±0.001 0.043±0.0015 0.039±0.0005
Adhesiveness (s) 25.67±15.9 35.67±2.0 46.67±1.5 51.33±15.9
pH
F1: Toothpaste with 6.25% extract concentration, F2: Toothpaste with 12.5% extract concentration, F3: Toothpaste with 25% extract concentration, F0: Toothpaste with 
0% extract concentration as negative control
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metabolism [17]. The mode of action of antibacterial effects of saponins 
seems to involve membranolytic properties [18]. Saponins might increase 
the permeability of bacterial cell membrane without destroying them [19]. 
The mechanism of the action of highly aromatic quaternary alkaloids is 
attributed to their ability to intercalate with DNA [20]. These may explain 
the probable mechanism of antibacterial activity of the plant.

CONCLUSION

The study reveals the antibacterial activity of the toothpaste of celery 
leaves against S. mutans. F2 has the greatest inhibitory power. The 
present study can pave a way for further research to develop newer 
antibacterial dosage form in this era of antibacterial resistance.
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Fig. 1: Inhibition zone of the toothpaste formulation 
(FI, F2, and F3) and control group

Table 3: Antibacterial activity result

Replication Formulation code (mm)

F0 F1 F2 F3 F4
I 0 18 19 12 24
II 0 17 18 12 25
III 0 18 18 13 24
Average±SD 0 17.6±0.57 18.3±0.57 12.3±0.57 24.3±0.57
F1: Toothpaste with 6.25% extract concentration, F2: Toothpaste with 12.5% 
extract concentration, F3: Toothpaste with 25% extract concentration, 
F4: X‑brand toothpaste as positive control, F0: Toothpaste with 0% extract 
concentration as negative control. SD: Standard deviation


