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Abstract
This study evaluated the physicochemical properties of toothpaste from combined Caulerpa racemosa and Thunnus fish bone (Tooth-
paste Caulerpa and Thunnus or TCT) and its antibacterial activity towards the colonization of selected cariogenic and periodontal 
bacterias. Four forms of toothpaste which contained C. racemosa extract and calcium carbonate or bone isolates of tuna and control 
(F1 (1.5:45); F2 (3:45); F3 (4.5:45); F4 (0:45)) were compared and analyzed for antioxidant activity (DPPH assay), organoleptic 
(sensory), homogeneity, viscosity, pH, and foamability. Antibacterial activity tests were conducted on Streptococcus mutans, Staphy-
lococcus aureus, and Porphyromonas gingivalis. The antioxidant activity of the group’s (F1, F2, F3, F4) p=0.0001 differed considerably 
(CI 95%). F3 was the most antioxidant-active formula, with 27.46 ± 3.09%. F3 also had good sensory tests, adequate homogeneity, 
optimal pH 7.64 ± 0.68, an increased viscosity level of 443.07 ± 0.12, and the least foam formations of 19.28 ± 0.07, all of which are 
significantly different (p<0.05) from other variations of TCT formulas. Interestingly, F3 has greater inhibition against the activity of 
selected bacterias. In conclusion, formula 3 (F3) is a recommended toothpaste, made from combined C. racemosa and Thunnus fish 
bone, and has promising physicochemical and antibacterial properties. A further clinical study is urgently needed.
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Introduction
According to the World Health Organization (WHO) 
(2017), caries, gingivitis, and periodontitis are the most 
common oral diseases and are caused by the formation 
of plaque (a thin layer consisting of a group of bacteria 
embedded in the extracellular matrix of the mucosa and 
the surface of the teeth in the oral cavity). Some microor-
ganisms are found in the plaque that cause several dental 
and oral diseases, for example, Streptococcus mutans, Por-
phyromonas gingivalis and Staphylococcus aureus (Lien et 
al. 2014; Parija 2014). Inflammation in the oral and dental 
area produces reactive oxygen species (ROS) that worsen 
dental caries (Miricescu et al. 2014; Pandey et al. 2015). 
Hence, some antibacterial and antioxidant agents might 
help to control dental caries.

Sea grapes (Caulerpa racemosa) have the potential 
to be harvested intensively and can be found in the 
waters around Indonesia (Pakki et al. 2020; Manoppo 
et al. 2022). Several types of research have shown that 
C. racemosa contains bioactive compounds, such as 
polyphenols, flavonoids, and antioxidants (Yang et al. 
2015; Yap et al. 2019; Manoppo et al. 2022; Permatasari 
et al. 2022). Furthermore, C. racemosa contains a cauler-
pin which potentially acts as an antibacterial agent (Lu-
nagariya et al. 2019). Previous findings explained that 
antioxidants and polyphenols contained in C. racemo-
sa had prevented dental caries (Delimont and Carlson 
2020). Accordingly, C. racemosa extract has the potential 
to be used as an active agent of dental care products such 
as toothpaste.

Besides contributing antibacterial and antioxidant 
agents, C. racemosa also contains some minerals, includ-
ing calcium and phosphorous. Calcium and phosphorous 
both play a vital role in the formation and maintenance 
of healthy teeth and gums in both children and adults. 
Ten calcium ions and six phosphate ions are required to 
form one unit cell of fluorapatite in teeth remineralization 
(Reynolds. 2008). Tuna fishbone (Thunnus sp.) is a waste 
from fish processing that is rich in calcium, phosphorus, 
and selenium (Hafsiyah 2018). The utilization of tuna 
bone as a source of calcium is an option to meet calcium 
needs while increasing the economic value of tuna bone 
waste (Nabil 2005).

Considering the potential of sea grapes and fishbone 
waste as an additive to dental and oral health products, 
this study aims to utilize the combination of C. racemosa 
with tuna fish bone waste to develop a herbal toothpaste 
(TCT). This study also aims to determine their physico-
chemical analysis and the antibacterial activity of Strep-
tococcus mutans, Porphyromonas gingivalis, and Staphylo-
coccus aureus.

Materials and methods

This experimental study was conducted from January 
2022–October 2022 in Oral Biology, Faculty of Dentistry, 
University of Indonesia, and UIN Sunan Kalijaga Yogya-

karta. The tools utilized in this study were Pyrex glass, 
autoclave, stirring rods, maceration vessels, a blender 
(Cosmos), Petri dish, porcelain dish, cover glass, hot 
plate, incubator, ose needle, analytical scales (Sartorius), 
oven, ruler, microliter pipette (Socorex), drip pipette, 
pH-meter (SCHOTT Lab 860), vacuum rotary evapora-
tor (RV 8 IKA), Brookfield viscometer, and toothpaste 
container. Aquadest, Streptococcus mutans bacteria, 
Staphylococcus aureus bacteria, Betel Nut (Areca catechu 
L.), ethanol 96%, glycerin, sterile cotton, calcium car-
bonate, menthol, sodium benzoate, sodium lauryl sul-
fate, sodium carboxymethyl cellulose, sodium saccharin, 
NaCl 0.9%, and nutrient agar (NA) were used as materi-
als in this study.

Sampling and extraction of sea grapes

Fresh Caulerpa racemosa (10 kg) have been accumulated 
in the sea grapes cultivation pond in the region of Jepara, 
Indonesia (6°35'12.5"S, 110°38'36.0"E; Central Java).

Botanical identification and authentication were con-
firmed by Dian Aruni Kumalawati, M.Sc by using mac-
roscopic and sensory (organoleptic) approaches (Nurko-
lis et al. 2022a, b), at the Integrated Laboratory of the 
Faculty of Sciences and Technology (Herbarium Labora-
tory), UIN Sunan Kalijaga, Yogyakarta-55281, Indone-
sia. Detailed instructions are provided by descriptions, 
including, (1) form; (2) shape and size; (3) color, exte-
rior marks, and texture; (4) fracture and interior color; 
and (5) organoleptic features in materials (odor, taste, 
and mouth feel) (Upton et al. 2020). The existence of the 
predicted traits serves as important clues to the iden-
tification of the plant, while the intensity of the color, 
scent, or flavor gives clear indications as to the caliber of 
the plant. The result complies with National Center for 
Biotechnology Information (NCBI) Taxonomy ID 76317 
(Eukaryota/Viridiplantae/Chlorophyta/Ulvophyceae/
Bryopsidales/Caulerpaceae/Caulerpa). The researchers 
(authors) declare and confirm that all the methods per-
formed in this study comply with the guidelines and reg-
ulations applicable to in vitro studies on dental materials 
(Faggion 2012).

The C. racemosa has been rinsed thoroughly with an 
aquadest, air-dried at room temperature for 30 minutes 
and in a 40 °C oven for 72 hours, then powdered using 
an electric-powered mill (BENSRA Laboratory Mills 
L120). The crushed powder (1 kg) was macerated for 72 
hours in ethanol from Merck Millipore Germany (96%) 
and extracted in triple-time, yielding 34% crushed 
powder. The crude extract was filtered with Whatman 
41 filter paper. The entire filtrate was concentrated and 
evaporated at 40 °C with a rotary evaporator (RV 8 IKA) 
beneath decreased pressure (100 mb) for 90 minutes. It 
was then evaporated in a 40 °C oven to provide a thick 
extract. Extracts were stored in refrigerators at 8 °C until 
they were used in research. This preparation method fol-
lowed our previous research which showed the effective 
extraction method for Caulerpin (Nurkolis 2022; Per-
matasari et al. 2022) .
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The production of tuna fishbone powder

Tuna fish bone was collected from the fish market in 
Manado, North Sulawesi, Indonesia. The production of 
tuna bone begins by boiling the fish bones and tuna fish 
heads until the fish meat and skin are separated from its 
bones and heads. After boiling, the bones are cleaned and 
washed to remove the remains of the meat that are still at-
tached. After cleaning, the fish bones are softened and the 
bone size is reduced to 5–10 cm. The bone was then dried 
at a temperature of 55 °C and was milled and sieved with 
a 120-mesh sieve to obtain the powder. This method was 
modified from Trilaksani et al. 2006.

Toothpaste (TCT) formulation

The formula was modified from Afni et al. 2015 (Table 1) 

(Afni et al. 2015). The natrium carboxymethylcellulose 
(Na CMC) was developed in hot water at 100 °C for ap-
proximately 15 minutes and stirred homogeneously using 
the VELP Multi-HS 6/15 Digital Multi-Position Hot Plate 
Magnetic Stirrer (mass 1). The tuna bone powder and 
sodium lauryl sulfate were poured and stirred homoge-
neously into mass 1 (mass 2). Glycerin was then poured 
into mass 2 to produce a viscous and wet mass. Carbomer, 
sorbitol, and sodium benzoate were dissolved in the re-
maining water and sodium benzoate in the remaining wa-
ter were mixed and stirred homogeneously to form a paste 
mass. Lastly, menthol was added to the paste mass and it 
was packed into a dry and clean container.

In vitro test of antioxidant activity of 
the toothpaste (TCT)

Antioxidant activity was determined using DPPH (2,2-di-
phenyl-1-picyrl-hydrazyl-hydrate). The stock solution 
was created by dissolving 24 mg of DPPH in 100 mL of 
methanol. Methanol was used to filter the DPPH stock 
solution, and the result was a useful combination with 
an absorbance of around 0.973 at 517 nm. 100 μL of TCT 
and 3 mL of DPPH working solutions were mixed in a test 
tube. As a standard, 3 mL of DPPH solution in 100 mL of 
methanol is frequently provided. The tubes were then left 

in full darkness for 30 minutes. Last, the absorbance was 
calculated at 517 nm with three replicates. Antioxidant ac-
tivity was calculated by equation 1 as follows:

Inhibition %
A0 A1
A0 100%

Note:
A0 = Blank absorbance.
A1 = Standard or sample absorbance.

Physicochemical evaluation of the 
toothpaste (TCT)

Organoleptic test
The sensory evaluation of TCT was tested for texture, 
smell, and taste using descriptive methods and open cri-
teria (Agustina and Fadhil 2021). About 10 g of TCT was 
taken and observed objectively for its overall physical ap-
pearance by semi-trained panelists. This observation was 
carried out on day 1, day 7, day 14, and day 21 of storage 

(Afni et al. 2015).

Homogeneity test
A homogeneity test was done by applying 10 g of tooth-
paste on a slide to observe its homogeneity. If no grains 
on the object glass are present, then the toothpaste being 
tested is considered homogeneous, while the presence of 
coarse grains indicates that the toothpaste is not homoge-
neous. Tests were carried out on day 1, day 7, day 14, and 
day 21 of storage (Afni et al. 2015).

Viscosity
The samples were put in a 250 ml beaker glass until the 
sensor on the spindle closed. The viscosity was evaluat-
ed using a Brookfield rotational viscometer and spindle 
by simulating the external forces through the set speed of 
rotation (50 rpm). The spindle was allowed to rotate, and 
the viscosity was calculated based on the reading of the 
number. Tests were carried out on day 1, day 7, day 14, 
and day 21 of storage (Afni et al. 2015).

pH test
The pH measurement was done by immersing the pH me-
ter (SCHOTT Lab 860) into the toothpaste until it showed 
a constant number. The value shown was recorded as the 
pH value. Tests were carried out on day 1, day 7, day 14, 
and day 21 of storage (Afni et al. 2015).

Foam formation
The toothpaste foam formation test was carried out by 
making a 1% toothpaste solution from each TCT formula, 
which was achieved by diluting 0.25 g of TCT in 25 mL 
of aquadest. Then it was put in a 50 ml measuring cup 
and shaken vigorously for 1 minute using a GS-20 Orbital 
Shaker Lab. The height of the formed foam was measured 
using a ruler on the side of the measuring cups. Tests were 
carried out on day 1, day 7, day 14, and day 21 of storage 

(Afni et al. 2015).

Table 1. Toothpaste (TCT) formulation with a variation of con-
centration of C. racemosa extract.

Ingredients (% w/w) Function Formula*
F1 F2 F3 F4

C. racemosa extract Active Agent 1.5 3 4.5 0
Fishbone powder Abrasive 45 45 45 45
Glycerin Humectant 25 25 25 25
Natrium carboxymethylcellulose 
(Na CMC)

Binder 1.5 1.5 1.5 1.5

Sodium lauryl sulfate Surfactant 1 1 1 1
Sodium benzoate Preservative 0.1 0.1 0.1 0.1
Sodium saccharine Sweetening 0.2 0.2 0.2 0.2
Menthol Perfume 0.2 0.2 0.2 0.2
Aquadest Solvent ad 100 ad 100 ad 100 ad 100

*The toothpaste formula was modified from Afni et al. 2015. The active ingredient 
and abrasive agent were changed to C. racemosa extract and fishbone powder.
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Antibacterial activity assay of TCT

Sterilization of tools and materials
Sterilization was carried out in a way that is suitable for 
each tool. Sterilized tools must be clean and dry. Test 
tubes, measuring cups, and Petri dishes were covered with 
cotton and aluminum foil and then sterilized in the oven 
at 180 °C for 2 hours. The seed medium and NaCl solution 
were sterilized by autoclaving at 121 °C for 30 minutes 
using a Hirayama HVE-50 Autoclave. Tweezers and ose 
needles were sterilized by immersing them in a flame.

Preparation of nutrient agar (NA) medium
Nutrient agar (NA) medium was weighed out to 2.3 grams 
and dissolved in 100 ml of distilled water using a Pyrex 
Erlenmeyer. The medium was homogenized over a water 
bath in a Memmert WTB 6 until the NA medium was 
completely dissolved. The solution was then sterilized in 
an autoclave at 121 °C for 15 minutes, stored in the refrig-
erator, and reheated to 65 °C when used.

Test bacteria setup
Test bacteria Staphylococcus aureus ATCC® 6538TM, Strepto-
coccus mutans ATCC® 25175 TM, and Porphyromonas gingi-
valis ATCC® 33277 TM were derived from pure cultures and 1 
ose of each bacteria was taken. This was inoculated through 
streaking on inclined nutrient agar (NA) medium. After 
that, it was incubated at 37 °C for 24 hours in a Memmert 
IN55 Incubator. One ose of the bacterial cultures (0.5 ml) 
was taken with a sterile needle and then suspended in a test 
tube containing 10 ml of 0.9% NaCl solution until the tur-
bidity of the bacterial suspension was obtained, which was 
the same as the standard Mc. Farland turbidity. This means 
the concentration of the bacterial suspension was 108 CFU/
ml. The concentration of the bacterial suspension was 108 
CFU/ml which was used in the antibacterial activity test.

Toothpaste antibacterial activity test
The antibacterial power test in this study was conduct-
ed with the diffusion method using wells. Nutrient agar 
(NA) medium was prepared, which was sterilized in an 
autoclave at 121 °C for 15 minutes. Then, while still warm, 
15 ml of the nutrients was poured into 10 sterile Petri dish-
es, measuring 9 cm each, then allowed to stand until sol-
id. A bacterial suspension of Staphylococcus aureus ATCC 
6538, Streptococcus mutans ATCC 25175, and Porphyro-
monas gingivalis ATCC 33277 was prepared, which had 
been inoculated in 0.9% NaCl. A sterile cotton swab was 
then dipped into the bacterial suspension and smeared on 
the NA medium. A 7 mm diameter tip was used to make 
a hole in the nutrient medium, then a sample of 0.1 g of 
TCT at various concentrations of 1.5%, 3%, 4.5%, and 
control was prepared. The test was carried out by inserting 
toothpaste with various concentrations of 0.1 g each into 
the well, then the Petri dish was incubated for 24 hours at 
37 °C. Measurements were made on the clear zone formed 
around the well, which indicates the zone of inhibition of 
bacterial growth. Measurements were done in triplicates.

Statistical analysis

The data obtained in the physical and chemical quality 
tests were analyzed descriptively. Antioxidant and anti-
bacterial activity data were statistically processed using the 
one-way ANOVA at a 95% (0.05) confidence level using 
the MacBook version of the GraphPad Prism 9 program. 
Then, for organoleptic (sensory), homogeneity, viscosity, 
pH, and foam formation data were analyzed descriptively. 
All tests were carried out in three repetitions (thrice).

Results
In vitro test of antioxidant activity in 
toothpaste (TCT)

The four formulations (F1, F2, F3, and F4) of C. racemo-
sa extract toothpaste were statistically analyzed for their 
antioxidant activity against 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) in vitro using one-way ANOVA at 95% CI. The 
results of the test analysis are available in Fig. 1.

Antioxidant activity from the DPPH assay for all tooth-
paste formulas found a significant difference. There was a 
significant difference in antioxidant activity between F4, 
or control, with F1, F2, and F3 p=0.0001 (p<0.05) (Fig. 1). 
F3 is the formulation that has the highest antioxidant ac-
tivity, namely 27.46 ± 3.09%.

Results of quality evaluation of tooth-
paste (TCT)

In addition to the antioxidant activity test, an evalua-
tion test of the quality of the toothpaste was also carried 
out, which included organoleptic, homogeneity, viscosi-
ty, pH, and foamability. The test results are presented in 
Tables 2–6 below.

Figure 1. Antioxidant Activity of Toothpaste. (****)p=0.0001; 
(**)p=0.0099; (ns)=0.5126.
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The results of the organoleptic test in Table 2 showed 
the different characteristics of each toothpaste formula. 
Toothpaste characteristics were observed for color, scent, 
and viscosity. Each formula showed the same characteris-
tics after 3 weeks of storage.

The results of the homogeneity test in Table 3 show that 
all formulations, from F1 to F4, have homogeneous proper-
ties, starting from the test on days 1, 7, and 14 until day 21.

The results of the pH test in Table 4 show each tooth-
paste formula has a pH value of around 6 to 7. After 3 
weeks of storage, the pH value for each formula slightly 
increased.

The results of the viscosity test in Table 5 show different 
viscosity levels for each toothpaste formula. Formula F3 
has the highest viscosity level, and formula F4 has the low-
est viscosity level. Each formula shows a slightly different 
viscosity level after 3 weeks of storage.

The results of the foam formation test in Table 6 show 
different foam formations for each toothpaste formula. 
Formula F3 has the lowest foam formation level and for-
mula F4 has the highest foam formation level. Each for-
mula shows a different foam formation level after 3 weeks 
of storage.

The third formulation (F3) is toothpaste (TCT) which 
has the potential to be further developed in subsequent 
research (Fig. 2). F3 has greater inhibition against the 
activity of Staphylococcus aureus ATCC 6538, Streptococ-
cus mutans ATCC 25175, and Porphyromonas gingivalis 
ATCC 33277 (F3 > F1, F2, F4/control). Statistically, ANO-
VA showed that there was a significant difference from all 
samples in the inhibition of the activity of the three bacte-
ria (p<0.05) (Fig. 2).

Discussion

Toothpaste involves the use of C. racemosa extract as an 
antioxidant that reduces free radicals and reactive species 
at some stage in its kinetics process. Based on Fig. 1, the 
in vitro assay of antioxidant activity, performed by DPPH 
assay, showed that F3 has the greatest antioxidant activity, 
reducing 27.45 ± 3.09% of DPPH oxidants (Fig. 1). The F3 
formula carried out has the best antioxidant activity due 
to its higher concentration of C. racemosa, proving that 
the higher the C. racemosa concentration, the better the 
antioxidant activity will be.

Based on organoleptic observation (Table 2), the tooth-
paste of F1, F2, and F3 had a brownish color due to the ad-
dition of C. racemosa, whereas F4 has a white color since it 

Table 2. Organoleptic test of toothpaste formulas.

Formulas Organoleptic Observations
Day 1 Day 7 Day 14 Day 21

F1 Beige, 
menthol scent, 

moderately 
viscous

Beige, 
menthol scent, 

moderately 
viscous

Beige, 
menthol scent, 

moderately 
viscous

Beige, 
menthol scent, 

moderately 
viscous

F2 Beige-brown, 
menthol scent, 

viscous

Beige-brown, 
menthol scent, 

viscous

Beige-brown, 
menthol scent, 

viscous

Beige-brown, 
menthol scent, 

viscous
F3 Brown, 

menthol scent, 
very viscous

Brown, 
menthol scent, 

very viscous

Brown, 
menthol scent, 

very viscous

Brown, 
menthol scent, 

very viscous
F4/control White, 

menthol scent, 
moderately soft

White, 
menthol scent, 
moderately soft

White, 
menthol scent, 
moderately soft

White, 
menthol scent, 
moderately soft

Table 3. Homogeneity test of toothpaste (TCT) formulas.

Formulas Observations
Day 1 Day 7 Day 14 Day 21

F1 Homogeneous Homogeneous Homogeneous Homogeneous
F2 Homogeneous Homogeneous Homogeneous Homogeneous
F3 Homogeneous Homogeneous Homogeneous Homogeneous
F4/control Homogeneous Homogeneous Homogeneous Homogeneous

Table 4. pH test of toothpaste (TCT) formulas.

Formulas pH of Toothpaste
Day 1 Day 7 Day 14 Day 21

F1 7.01 ± 0.01 6.85 ± 0.05 7.23 ± 0.03 5.62 ± 2.87
F2 6.78 ± 0.02 6.81 ± 0.01 6.12 ± 0.02 7.34 ± 0.05
F3 6.91 ± 0.07 7.06 ± 0.01 6.59 ± 0.02 7.64 ± 0.68
F4/control 7.05 ± 0.02 6.83 ± 0.06 6.84 ± 0.88 7.48 ± 0.07

Table 5. Viscosity test of toothpaste (TCT) formulas.

Formulas Viscosity (Cp)
Day 1 Day 7 Day 14 Day 21

F1 221.33 ± 1.15 235.33 ± 0.57 221.24 ± 0.11 235.00 ± 4.00
F2 331.33 ± 1.15 312.99 ± 0.57 386.44 ± 0.50 370.03 ± 0.06
F3 414.14 ± 0.16 443.07 ± 0.12 433.44 ± 0.38 433.03 ± 0.06
F4/control 206.07 ± 0.12 208.44 ± 0.38 220.11 ± 0.11 242.22 ± 0.19

Table 6. Foam formation test of toothpaste (TCT) formulas.

Formulas Storage Foaming
Day 1 Day 7 Day 14 Day 21

F1 29.10 ± 0.10 23.44 ± 0.38 27.22 ± 0.29 26.14 ± 0.16
F2 23.33 ± 0.30 21.22 ± 0.19 20.00 ± 0.10 20.63 ± 1.48
F3 19.40 ± 0.36 22.92 ± 0.12 26.16 ± 0.28 19.28 ± 0.07
F4/control 55.22 ± 0.30 60.17 ± 0.16 68.16 ± 0.29 57.47 ± 0.32

Figure 2. Antibacterial activity towards the colonization of car-
iogenic & periodontal bacterias. ns= Not Significant (p>0.05), 
*=0.0294, **=0.0026, ****<0.0001.
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does not contain C. racemosa extract. All the formula has a 
consistent organoleptic appearance as well as homogene-
ity until day 21. Table 3 showed that the formulated tooth-
paste has various pHs and the increase of C. racemosa ex-
tract led to the emerging number of pH values (F1= 7.27; 
F2= 7.32; F3= 7.97; F4= 7.55). All formulated toothpaste 
has met the pH requirement of the ISO IS0 11609:1995(E) 
for toothpaste characteristics (pH<10.5). In line with the 
study by Lugo-Flores et al. (2021), plant-derived substanc-
es have great potential for formulating oral healthcare 
products due to their promising antibacterial, antioxidant, 
and flavoring properties (Lugo et al. 2021).

Some of the substances contained in C. racemosa have 
a potent antibacterial, which inhibits the bacterial growth 
of S. aureus, B. cereus, and P. aeruginosa (de Gailande et 
al. 2016). A study by Yap (2019) estimates that Caulerpin, 
Caluerpa’s distinctive alkaloid, is the reason for its potent 
antibacterial activity. This antibacterial effect is thought 
to be due to the secondary metabolite from the terpenoid 
group, such as squalene, carvacrol, and the functional 
group such as peptides, polysaccharides, sterol, ketone, 
etc. The polyphenol, flavonoid, and alkaloid components 
in C. racemosa may prevent oral diseases, including caries, 
gingivitis, and periodontitis, due to the secondary metab-
olites having anti-cariogenic activity as shown in Fig. 3 

(Wells et al. 2017). This is because of the direct inhibitory 
effect on S. mutans from the secondary metabolite that 
prevents the attachment of bacterial cells to tooth surfaces 
and inhibits some enzymes, which include amylase and 
glucosyl transferase (Kakiuchi et al. 1986).

Fish bones contain 60–70% minerals with the compo-
nents mostly consisting of bioapatite, including hydroxy-
apatite, carbonated apatite, and 30% collagen protein 

(Mutmainnah 2017). Hydroxyapatite is well-known to be 
biomimetic, or a bionic active ingredient, when used in 
oral care. Human enamel consists of approximately 97% 
hydroxyapatite. By synthesizing these hydroxyapatite-like 

properties, called fluorapatite, it can be used as a reminer-
alizing agent in oral care products (Abou et al. 2016). An-
other analyzed physical property is viscosity. The viscos-
ity of the toothpaste increased as a result of the emerging 
number of extracts. This is the first research that succeeds 
in using C. racemosa extract and marine waste (tuna fish 
bone) for making toothpaste. The unexplored bioactive 
component of TCT is our limitation, and this concern 
will be explored in further studies that will be carried out. 
These include metabolomic profiling and looking at the 
potential of molecular docking metabolites that play a role 
in inhibiting several bacteria that cause toothache.

This study highlighted that TCT was formulated from 
novel ingredients, Caulerpa racemosa and Thunnus fish 
bone (Fig. 2). Moreover, aside from the antibacterial activ-
ity, this study performed the determination of the antioxi-
dant potential of TCT (Fig. 2). Notably, this study has sev-
eral limitations. First, considering that there are various 
kinds of cariogenic and periodontal bacteria, the TCT has 
not been evaluated on other cariogenic and periodontal 
bacteria, such as Fusosbacterium nucleatum, Lactobacillus 
acidophilus, Aggregatibacter actinomycetemcomitans, and 
others. Furthermore, a study on animal models regarding 
TCT has not been performed to support the antibacterial 
claim of TCT. Additionally, some methods utilized in this 
study were categorized as simple methods (sensory test, 
foamability, and homogeneity tests). These limitations can 
be addressed in future research to further solidify the evi-
dence regarding the antibacterial potency of TCT against 
the colonization of cariogenic and periodontal bacteria.

Conclusion

Caulerpa racemosa, or sea grapes, can be combined with 
tuna fish bone flour for making toothpaste (TCT). TCT 
with F3 formula (4.5:45), C. racemosa extract, calcium 
carbonate or bone isolates of tuna, has promising anti-

Figure 3. Possible mechanism of combined C. racemosa and Thunnus fish bone flour toothpaste to cariogenic & periodontal bacte-
ria. This figure is an original figure produced by the author(s) for this article.
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bacterial and antioxidants properties to inhibit the col-
onization of cariogenic and periodontal bacteria, such 
as Streptococcus mutans, Porphyromonas gingivalis, and 
Staphylococcus aureus). A clinical study using animal 
(in vivo) and human clinical trials will be welcomed in 
future studies.

Acknowledgments

We offer a great thank you to the Chairman of the Indo-
nesian Association of Clinical Nutrition Physicians, and 
Professor Hardinsyah, Ph.D. (as President of Federations 
of Asian Nutrition Societies), who has reviewed and pro-
vided suggestions with motivational support, as well as 
input on the draft of this critical review article.

This research was supported by PUTI Q2 2022 from 
Universitas Indonesia (contract number NKB-1269/UN2.
RST/HKP.05.00/2022) to CFT. The datasets generated 
and/or analyzed during the current study are available 
in the [Figshare] repository, https://doi.org/10.6084/m9.
figshare.21431925.v1.

FN and CFT: conduct experiments, analyzed data, write 
the manuscript, design research, and conceptualize ideas; 
while CFT, FN, EI, TWY, and CDV: contribute to data anal-
ysis, critiquing manuscript, interpret manuscript results, as-
sisting in the processing of data, as well as helping to revise 
and graphical figure editing. DS, CFT, EI, FN, NAT, APN: 
critiquing, writing – review & editing manuscript. All au-
thors have read and also approved this final manuscript.

The authors and/or contributors to the study stated that 
they had no conflict of interest.

References
Abou Neel EA, Aljabo A, Strange A, Ibrahim S, Coathup M, Young AM, 

Bozec L, Mudera V (2016) Demineralization-remineralization dy-
namics in teeth and bone. International Journal of Nanomedicine 11: 
4743–4763. https://doi.org/10.2147/IJN.S107624

Afni N, Said N, Yuliet (2015) Uji aktivitas antibakteri pasta gigi ekstrak 
biji pinang (Areca catechu L.) terhadap Streptococcus mutans dan 
Staphylococcus aureus. GALENIKA Journal of Pharmacy 11): 48–58. 
https://doi.org/10.22487/j24428744.2015.v1.i1.7900

Agustina R, Fadhil R (2021) Organoleptic test using the hedonic and de-
scriptive methods to determine the quality of Pliek U. InIOP Confer-
ence Series: Earth and Environmental Science 644(1): 012006. [IOP 
Publishing]

de Gaillande C, Payri C, Remoissenet G, Zubia M (2016) Caulerpa 
consumption, nutritional value and farming in the Indo-Pacific re-
gion. Journal of Applied Phycology 29(5): 2249–2266. https://doi.
org/10.1007/s10811-016-0912-6

Delimont NM, Carlson BN (2020) Prevention of dental caries by grape 
seed extract supplementation: A systematic review. Nutrition and 
Health 26(1): 43–52. https://doi.org/10.1177/0260106019887890

Faggion Jr CM (2012) Guidelines for reporting pre-clinical in vitro stud-
ies on dental materials. Journal of Evidence Based Dental Practice 
12(4): 182–189. https://doi.org/10.1016/j.jebdp.2012.10.001

Hafsiyah NA (2018) Analisis Kandungan Gizi Tepung Tulang Ikan Tuna 
(Thunnus sp.) sebagai Alternatif Perbaikan Gizi Masyarakat (Doctor-
al dissertation, Universitas Islam Negeri Alauddin Makassar).

Kakiuchi N, Hattori M, Nishizawa M, Yamagishi T, Okuda T, Namba T 
(1986) Studies on dental caries prevention by traditional medicines. 
VIII. Inhibitory effect of various tannins on glucan synthesis by 
glucosyltransferase from Streptococcus mutans. Chemical and Phar-
maceutical Bulletin (Tokyo) 34: 720–725. https://doi.org/10.1248/
cpb.34.720

Lien H, Tseng C, Huang C, Lin Y, Chen C, Lai Y (2014) Antimicrobial 
activity of Antrodia camphorata extracts against oral bacteria. PLOS 
ONE 9(8): e105286. https://doi.org/10.1371/journal.pone.0105286

Lunagariya J, Bhadja P, Zhong S, Vekariya R, Xu S (2019) Marine nat-
ural product bis-indole alkaloid caulerpin: Chemistry and biology. 
Mini-Reviews in Medicinal Chemistry 19(9): 751–761. https://doi.or
g/10.2174/1389557517666170927154231

Lugo-Flores MA, Quintero-Cabello KP, Palafox-Rivera P, Silva-Espino-
za BA, Cruz-Valenzuela MR, Ortega-Ramirez LA, Gonzalez-Aguilar 
GA, Ayala-Zavala JF (2021) Plant-derived substances with antibac-
terial, antioxidant, and flavoring potential to formulate oral health 
care products. Biomedicines 9(11): 1669. https://doi.org/10.3390/
biomedicines9111669

Manoppo JIC, Nurkolis F, Pramono A, Ardiaria M, Murbawani EA, 
Yusuf M, Qhabibi FR, Yusuf VM, Amar N, Karim MRA, Subali AD 
(2022) Amelioration of obesity-related metabolic disorders via sup-
plementation of Caulerpa lentillifera in rats fed with a high-fat and 
high-cholesterol diet. Frontiers in Nutrition 9: 1010867. https://doi.
org/10.3389/fnut.2022.1010867

Miricescu D, Totan A, Calenic B, Mocanu B, Didilescu A, Mohora M, 
Spinu T, Greabu M (2014) Salivary biomarkers: relationship between 
oxidative stress and alveolar bone loss in chronic periodontitis. Acta 
Odontologica Scandinavica 72(1): 42–47. https://doi.org/10.3109/00
016357.2013.795659

Mutmainnah M, Chadijah S, Rustiah WO (2017) Hidroksiapatit dari 
tulang ikan tuna sirip kuning (Tunnus albacores) dengan metode pre-
sipitasi. Al-Kimia 5(2): 119–126. https://doi.org/10.24252/al-kimia.
v5i2.3422

Nabil M (2005) Pemanfaatan limbah tulang ikan tuna (Thunnus sp.) se-
bagai sumber kalsium dengan metode hidrolisis protein (Doctoral 
dissertation, Bogor Agricultural University).

Nurkolis F, Hardinsyah H, Taslim NA, Visnu J, Kumalawati DA, Achadi 
E, Rifqiyati N, Kurniatanty I, Vivo CD, Tanner MJ, Sabrina N (2022a) 
Effect of sea grapes-antioxidants extract on lipid profile and PGC-1α 
levels in obese men: 4 Weeks randomized-double blind controlled 
trial. Proceedings of the Nutrition Society 81: OCE2. https://doi.
org/10.1017/S0029665122000866

Nurkolis F (2022) RAW Data Physicochemical characterization of Caul-
erpa racemosa and thunnus fish bone flour toothpaste. [figshare. 
Dataset] https://doi.org/10.6084/m9.figshare.21431925.v1

Nurkolis F, Yusuf VM, Yusuf M, Kusuma RJ, Gunawan WB, Hendra IW, 
Radu S, Taslim NA, Mayulu N, Sabrina N, Tsopmo A (2022b) Me-
tabolomic profiling, in vitro antioxidant and cytotoxicity properties 
of Caulerpa racemosa: Functional Food of the Future from Algae. 
https://doi.org/10.21203/rs.3.rs-2158307/v1

https://doi.org/10.6084/m9.figshare.21431925.v1
https://doi.org/10.6084/m9.figshare.21431925.v1
https://doi.org/10.2147/IJN.S107624
https://doi.org/10.22487/j24428744.2015.v1.i1.7900
https://doi.org/10.1007/s10811-016-0912-6
https://doi.org/10.1007/s10811-016-0912-6
https://doi.org/10.1177/0260106019887890
https://doi.org/10.1016/j.jebdp.2012.10.001
https://doi.org/10.1248/cpb.34.720
https://doi.org/10.1248/cpb.34.720
https://doi.org/10.1371/journal.pone.0105286
https://doi.org/10.2174/1389557517666170927154231
https://doi.org/10.2174/1389557517666170927154231
https://doi.org/10.3390/biomedicines9111669
https://doi.org/10.3390/biomedicines9111669
https://doi.org/10.3389/fnut.2022.1010867
https://doi.org/10.3389/fnut.2022.1010867
https://doi.org/10.3109/00016357.2013.795659
https://doi.org/10.3109/00016357.2013.795659
https://doi.org/10.24252/al-kimia.v5i2.3422
https://doi.org/10.24252/al-kimia.v5i2.3422
https://doi.org/10.1017/S0029665122000866
https://doi.org/10.1017/S0029665122000866
https://doi.org/10.6084/m9.figshare.21431925.v1
https://doi.org/10.21203/rs.3.rs-2158307/v1


Theodorea CF et al.: Caulerpa racemosa and Thunnus fish bone flour toothpaste8

Pakki E, Tayeb R, Usmar U, Ridwan IA, Muslimin L (2020) Effect of oral-
ly administered combination of Caulerpa racemosa and Eleutherine 
americana (Aubl) Merr extracts on phagocytic activity of macro-
phage. Research in Pharmaceutical Sciences 15(4): 401–409. https://
doi.org/10.4103/1735-5362.293518

Pandey P, Reddy NV, Rao VA, Saxena A, Chaudhary CP (2015) Estima-
tion of salivary flow rate, pH, buffer capacity, calcium, total protein 
content and total antioxidant capacity in relation to dental caries se-
verity, age and gender. Contemporary Clinical Dentistry 6(Suppl 1): 
S65–S71. https://doi.org/10.4103/0976-237X.152943

Parija S (2014) Textbook of Microbiology & Immunology. 2nd edn. Lon-
don: Elsevier Health Sciences APAC, 173–182.

Permatasari HK, Nurkolis F, Hardinsyah H, Taslim NA, Sabrina N, Ibra-
him FM, Visnu J, Kumalawati DA, Febriana SA, Sudargo T, Tanner 
MJ (2022) Metabolomic assay, computational screening, and phar-
macological evaluation of Caulerpa racemosa as an anti-obesity with 
anti-aging by altering lipid profile and peroxisome proliferator-ac-
tivated receptor-γ coactivator 1-α levels. Frontiers in Nutrition 9: 
939073. https://doi.org/10.3389/fnut.2022.939073

Reynolds E (2008) Calcium phosphate-based remineralization systems: 
scientific evidence? Australian Dental Journal 53: 268–273. https://
doi.org/10.1111/j.1834-7819.2008.00061.x

Trilaksani, Wini, Ella Salamah, Muhammad Nabil (2006) Pemanfaatan limbah 
tulang ikan tuna (Thunnus sp.) sebagai sumber kalsium dengan metode 
hidrolisis protein. Jurnal Pengolahan Hasil Perikanan Indonesia 9(2).

Upton R, David B, Gafner S, Glasl S (2020) Botanical ingredient identi-
fication and quality assessment: strengths and limitations of analyt-
ical techniques. Phytochemistry Review 19: 1157–1177. https://doi.
org/10.1007/s11101-019-09625-z

Vivo CD, Idrus E, Theodora CF, Nurkolis F, Mayulu N, Taslim NA, 
Permatasari HK, Wewengkang DS (2022) Physicochemical anal-
ysis and antibacterial activity of sea grapes (Caulerpa racemosa) 
Toothpaste: A novel solution for eco-friendly oral hygiene. Proceed-
ings of the Nutrition Society 81: OCE2. https://doi.org/10.1017/
S002966512200091X

Wells ML, Potin P, Craigie JS, Raven JA, Merchant SS, Helliwell KE, 
Smith AG, Camire ME, Brawley SH (2017) Algae as nutritional and 
functional food sources: revisiting our understanding. Journal of Ap-
plied Phycology 29: 949–982. https://doi.org/10.1007/s10811-016-
0974-5

WHO (2017) Sugars and Dental Caries, World Health Organisation, Ge-
neva, Switzerland.

Yang P, Liu DQ, Liang TJ, Li J, Zhang HY, Liu AH, Guo YW, Mao SC 
(2015) Bioactive constituents from the green alga Caulerpa racemo-
sa. Bioorganic and Medicinal Chemistry 23(1): 38–45. https://doi.
org/10.1016/j.bmc.2014.11.031

Yap WF, Tay V, Tan SH, Yow YY, Chew J (2019) Decoding antioxidant 
and antibacterial potentials of Malaysian green seaweeds: Caulerpa 
racemosa and Caulerpa lentillifera. Antibiotics 8(3): 152. https://doi.
org/10.3390/antibiotics8030152

https://doi.org/10.4103/1735-5362.293518
https://doi.org/10.4103/1735-5362.293518
https://doi.org/10.4103/0976-237X.152943
https://doi.org/10.3389/fnut.2022.939073
https://doi.org/10.1111/j.1834-7819.2008.00061.x
https://doi.org/10.1111/j.1834-7819.2008.00061.x
https://doi.org/10.1007/s11101-019-09625-z
https://doi.org/10.1007/s11101-019-09625-z
https://doi.org/10.1017/S002966512200091X
https://doi.org/10.1017/S002966512200091X
https://doi.org/10.1007/s10811-016-0974-5
https://doi.org/10.1007/s10811-016-0974-5
https://doi.org/10.1016/j.bmc.2014.11.031
https://doi.org/10.1016/j.bmc.2014.11.031
https://doi.org/10.3390/antibiotics8030152
https://doi.org/10.3390/antibiotics8030152

	Physicochemical characterization of novel toothpaste from Caulerpa racemosa and Thunnus fish bone: Antibacterial potency against colonization of selected cariogenic-periodontal bacteria
	Abstract
	Introduction
	Materials and methods
	Sampling and extraction of sea grapes
	The production of tuna fishbone powder
	Toothpaste (TCT) formulation
	In vitro test of antioxidant activity of the toothpaste (TCT)
	Physicochemical evaluation of the toothpaste (TCT)
	Organoleptic test
	Homogeneity test
	Viscosity
	pH test
	Foam formation

	Antibacterial activity assay of TCT
	Sterilization of tools and materials
	Preparation of nutrient agar (NA) medium
	Test bacteria setup
	Toothpaste antibacterial activity test

	Statistical analysis

	Results
	In vitro test of antioxidant activity in toothpaste (TCT)
	Results of quality evaluation of toothpaste (TCT)

	Discussion
	Conclusion
	Acknowledgments
	References

