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ABSTRACT

Objective: This study investigated the effect of prolonged soaking in the Kawa Daun beverage on the
discoloration of nanofilled composite resin.

Materials and methods: Thirty disk-shaped specimens (6 mm diameter, 2 mm thickness) of nanofilled
composite resin were prepared and divided into six groups. The samples were soaked in Kawa Daun solu-
tion, Robusta coffee solution, and artificial saliva for 6 and 18 hours at 37°C. Color measurements were
taken before and after soaking using a Colorflex EZ spectrophotometer, and AE values were calculated.
Data were analyzed using repeated-measures analysis of variance and post-hoc tests (p < 0.05).

Results: Significant color changes were observed among the groups (p < 0.001). Soaking in Kawa Daun and
Robusta coffee solutions produced significantly greater discoloration than artificial saliva, with increased
AE values corresponding to longer soaking times.

Conclusion: Prolonged exposure to Kawa Daun beverage caused measurable discoloration of nanofilled
composite resin, likely due to pigment and acid content that degrade the resin matrix. These findings
highlight the importance of patient education regarding the esthetic effects of traditional acidic and pig-
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mented beverages on dental restorations.
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1. The habit of consuming colored and acidic drinks over a long period may cause discoloration of composite resin

Introduction

Dental restorations reconstruct lost parts of a tooth and help
regain its function and appearance by utilizing restorative
materials [1]. Due to the restoration frequently being noticea-
ble, the choice of materials should focus on visual compatibility
(color, transparency, texture) and lasting esthetic durability [2].
Composite resin serves as a widely used option for restorative
purposes [3].

Composite resin is widely used because it can closely match
tooth color [4]. Nanotechnology has led to nanocomposites
intended to improve wear performance, surface smoothness,
and mechanical properties through changes in filler
characteristics, including particle size and filler loading, with
corresponding improvements in polishability [5]. Nanofilled
composite resin is one such material [1].

Nanofilled composite resin has been associated with
smoother surfaces, reduced wear, and lower shrinkage while
maintaining acceptable esthetics [6]. These outcomes are
commonly linked to the nanomer-nanocluster filler system,
which improves packing and reduces gaps within the resin

matrix, strengthening physical performance. A key physical
property in this context is color stability [7].

The color stability of composite resins is essential since the
composite may undergo color changes at the expense of color
stability. The change in color is in part the result of time-
dependent phenomena and may indicate the loss of stability
[8]. The color stability of composite resin is the result of intrinsic
and extrinsic factors. Intrinsic factors are related to the
physicochemical changes in the most internal layers of the
composite resin. Extrinsic factors, such as certain pigments
found in food and beverages, are capable of affecting the long-
term color stability of composite resin. Food and beverages that
contain color pigments that may permeate the resin matrix,
which has water-absorbing properties [8]. The extrinsic factors
that are likely to contribute to the changes in color of the
composite resin may also include the acid molecules contained
in the food and/or beverages [9].

Several studies have quantified the discoloration caused by
conventional beverages and found that prolonged exposure to
coffee drinks significantly increased color change in composite
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Table 1. Description of treatment groups.

Treatment groups Company name Soaking time Temperature pH
Kawa Daun Solution Coffee Nicky, Kab. Tanah Datar, Indonesia 6 hours and 18 hours 37°C 6.0
Coffee Solution Coffee Nicky, Kab. Tanah Datar, Indonesia 6 hours and 18 hours 37°C 5.0
Artificial Saliva Material Chemistry Laboratory, Department of Chemistry, 6 hours and 18 hours 37°C 7.0

Faculty of Mathematics and Natural Sciences, Andalas

University

pH: Potential of hydrogen.

materials, largely due to chromogenic pigments binding to the
resin surface. Similarly, the potential of hydrogen (pH) and
chemical composition of staining solutions have been linked to
microstructural changes in resin matrices, where acidic
environments accelerate surface softening and pigment
penetration [10]. Yet, the majority of these investigations have
focused on widely consumed beverages in global contexts,
leaving less common regional drinks underexplored. One of
these drinks is Kawa Daun.

Kawa Daun is a beverage from West Sumatra made by
steeping dried coffee leaves in water, yielding a drink darker
than tea. The practice of consuming beverages made from
coffee leaves has also been reported in Ethiopia, Jamaica, India,
South Sudan, and even Indonesia [11]. Kawa Daun contains
caffeine, histidine, sucrose, tannins, trigonelline, chlorogenic
acid, rutin, and mangiferin [12]. Kawa Daun has been noted to
help with health issues due to bioactive compounds that help in
managing diabetes, providing antioxidant effects, and lowering
cholesterol levels [11]. Kawa Daun also has a lower caffeine and
chlorogenic acid content than coffee. Studies indicate that the
chlorogenic acid may be responsible for the breakdown of
polymer compounds in the composite resin, which may
influence discoloration in nanofilled composite resin [10].
Despite this knowledge, there are currently no published data
addressing how Kawa Daun affects nanofilled composite resins,
especially given its unique composition and lower but still
significant caffeine content.

This absence of data highlights a clear research gap. While
the staining effects of common beverages like coffee and tea
have been widely documented, the influence of traditional
herbal or leaf-based drinks like Kawa Daun on the color stabil-
ity of advanced restorative materials remains insufficiently ex-
plored. Understanding this relationship is essential because
patients in regions where Kawa Daun is consumed may exhib-
it discoloration of restorative materials differently from those
exposed to conventional beverages. Moreover, this knowl-
edge could inform material selection for different dietary envi-
ronments and support the development of improved com-
posite resins with better color retention under diverse
exposure conditions.

Therefore, this study evaluated the effect of prolonged
soaking in Kawa Daun beverage as detailed in Table 1 on the
discoloration of the nanofilled composite resin. The hypothesis
proposed was that increasing the soaking duration in Kawa
Daun results in more pronounced color changes, suggesting
thatchemicalinteractions between the beverage’s compounds
and the resin matrix may compromise the aesthetic longevity
of the restoration.

Methods
Manufacturing of composite resin samples

This research was a quantitative analytical study with a true
experimental laboratory research design, utilizing a pretest-
posttest control group design classification. Using a plastic fill-
ing instrument, Palfique LX5 (Tokuyama Dental Co., Japan)
nanofilled composite resin was inserted into a mold made of
lightweight steel (diameter =6 mm, thickness =2 mm). Celluloid
strips were then placed above and below the composite resin
mold to compress and level the composite resin samples.

The nanofilled composite resin was then light cured using a
Woodpecker light-emitting diode (LED). B light curing for 20
seconds. The curing was performed on the upper side of the
samples at a distance of approximately 1 mm from the surface.
The sample was removed from the mold and then using an en-
hanced bur, applying consistent vertical pressure and direction
during polishing, with 3-5 polishing strokes [7]. The polished
samples were placed in a desiccator at room temperature 25°C.

This research used Kawa Daun solution as the experiment
group, Robusta coffee solution as the positive control group,
and artificial saliva as the negative control group. Both the Kawa
Daun and coffee solutions were derived from Robusta coffee.
The preparation of the Kawa Daun and coffee solutions involved
using 15 grams of dried Robusta coffee leaves for the Kawa
Daun solution and 15 grams of Robusta coffee powder for the
coffee solution. These were then dissolved in 200 mL of water,
boiled simultaneously for 10 minutes, and subsequently filtered
[13].The artificial saliva was obtained from the chemical material
laboratory at Andalas University [14].

Determination of the sample size was conducted using the
formula from Federer, which states [15]:

(t-1)(r-1)=15

The number of samples required was four samples for each
treatment group. To account for the potential loss of
experimental units or dropouts, a correction was made using

n
(-7
experimental units expected to drop out. Thus, the total number
of samples required for each group was five samples. A power
analysis was performed using G*Power software version 3.1 to
determine the minimum required sample size with a significance
level of a = 0.05, an effect size of 0.4, and a statistical power of
0.8 (80%). Based on the results of this analysis, a total of five
samples per group satisfied the statistical power requirement to
detect significant differences in color change among the
treatment groups [16]. The samples were divided into six groups

the formula N = , Where f represents the proportion of



(group 1: composite resin samples soaked in Kawa Daun solution
for 6 hours; group 2: composite resin samples soaked in Kawa
Daun solution for 18 hours; group 3: composite resin samples
soaked in artificial saliva for 6 hours; group 4: composite resin
samples soaked in artificial saliva for 18 hours; group 5:
composite resin samples soaked in Robusta coffee solution for 6
hours; and group 6: composite resin samples soaked in Robusta
coffee solution for 18 hours) [9].

Each sample was measured for AE as pretest data before
soaked. Subsequently, each group was soaked in a petri dish for
the specified soaked duration. Petri dishes were filled with 10
mL of Kawa Daun solution, coffee solution, and artificial saliva
until the composite samples were completely submerged and
then labeled with paper codes. The samples were placed in an
incubator at 37°C [7].

Color measurement

After treatment, the samples were dried with tissue paper. They
were then placed in the Colorflex EZ Spectrophotometer con-
nected to a computer. The start button was pressed, and after
several seconds of processing, the sample values were obtained.
The resulting values were recorded and inserted into the color
change formula to obtain the AE value as the final color change
measurement. The AE value was obtained based on the differ-
ence between the coordinate parameters that were recorded
before and after soaking using the following formula: CIEDE2000
[17]. Calculations were performed using the CIEDE2000 calcula-
tor from Colormine software.

The average value (AE) and standard deviation (SD) were
calculated, followed by statistical analysis using Statistical
Product and Service Solutions (SPSS) software (version 27; IBM
Corp., Armonk, NY, USA). The Shapiro-Wilk test and Levene’s test
were employed to evaluate normality and homogeneity, which
served as prerequisites for conducting a repeated-measures
analysis of variance (ANOVA). The data were regarded as
normally distributed and homogeneous when the p > 0.05.
Repeated-measures ANOVA was used to compare mean AE
values across groups. If the ANOVA indicated significant
differences, post-hoc tests were conducted for pair-wise
comparisons. A significance level of p < 0.05 was considered
statistically significant.

Results

The results are presented in Table 2 as AE values.

The data were found to be normally distributed and
homogeneous, and the repeated-measures ANOVA test then
performed indicated a statistically significant difference in color
change among the groups (p < 0.001).

The post-hoc test found significant differences among the
groups, except between group 3 and group 4 (composite resin
samples soaked in artificial saliva for both 6 and 18 hours) and
between group 2 and group 6 (composite resin samples soaked
in Kawa Daun solution for 18 hours and Robusta coffee solution
for 18 hours).
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Table 2. Mean color changes in nanofilled composite resin after soaking
according to treatment group.
Treatmentgroup n

Color change of nanofiller composite resin

Mean + SD Max Min
Group 1 5 0.49 +0.08° 0.63 0.41
Group 2 5 1.31 +0.05¢ 1.37 1.23
Group 3 5 0.18 £0.08° 0.33 0.12
Group 4 5 0.19 £ 0.052 0.25 0.11
Group 5 5 0.87 £ 0.09¢ 0.95 0.75
Group 6 5 1.46 + 0.06° 1.52 1.38

*Group 1: composite resin samples soaked in Kawa Daun solution for 6 hours;
Group 2: composite resin samples soaked in Kawa Daun solution for 18 hours;
Group 3: composite resin samples soaked in artificial saliva for 6 hours; Group
4: composite resin samples soaked in artificial saliva for 18 hours; Group 5:
composite resin samples soaked in Robusta coffee solution for 6 hours; Group
6: composite resin samples soaked in Robusta coffee solution for 18 hours.
Note: Values with the same superscript letters are not significantly different (p
> 0.05), whereas values with different superscript letters are statistically
significant differences (p < 0.05). SD: standard deviation.

Discussion

The results of this study supported the proposed hypothesis,
indicating that longer soaking durations in Kawa Daun bever-
age caused greater color changes in nanofilled composite resin.
The degree of discoloration increased with the duration of soak-
ing, suggesting that the chemical composition of Kawa Daun
influences the color stability of the composite material. This out-
come aligns with the hypothesis that extended exposure to the
beverage’s compounds promotes greater pigment absorption
and chemical interaction with the resin matrix.

Pigments from foods or beverages that act as extrinsic
staining agents may cause color changes in composite resin.
High pigment concentrations, such as those found in Kawa
Daun, which contains tannin pigments with an average value of
4.29% [18]. This can increase the likelihood of composite resin
discolorotion [19].

The extrinsic factors of composite resin discoloration can also
occur due to plaque accumulation, acid molecules in food or
beverages, and depend on the degree of polymerization of the
resin matrix [20]. Acid molecules in beverages are absorbed by
the resin matrix; thus, the higher the absorption of acid
molecules, the faster the degradation of the composite resin
surface [19]. Kawa Daun (coffee leaf tea) contains lower
chlorogenic acid than coffee (mean 2.1%), yet it may still cause
discoloration, consistent with Sirang et al., who reported that
chlorogenic acid in coffee beverages can contribute to color
changes in composite resin [21, 22].

Hydrogen (H*) ions in food and beverage acid molecules can
bind to carboxylate (COO) ions in the CO,CH, group of the poly-
mer, causing it to break down into carboxylic acid (COOH) and
methyl (CH,), which results in the breaking of double bonds in
dimethacrylate compounds [9]. Research by Chumairo et al. in-
dicated that longer sample soaking periods in coffee resulted in
darker sample coloration [10]. This finding aligns with the results
of the present study, which indicates that samples soaked for 18
hours exhibit a darker color compared to those soaked for 6
hours in both Kawa Daun solution and Robusta coffee solution.
However, samples soaked in Robusta coffee solution demon-
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strate a greater darkness than those soaked in Kawa Daun solu-
tion, likely due to the naturally darker color of the Robusta coffee
solution. Meanwhile, no significant color change was observed
in samples soaked in artificial saliva or either 6 hours or 18 hours.

Water absorption can contribute to color change in composite
resin [23]. In our testing of a single nanofilled composite, uptake
occurs because hydrophilic monomers such as Bisphenol
A-Glycidyl Methacrylate (Bis-GMA) and triethylene glyol
dimethacrylate (TEGDMA) attract polar water molecules via
hydroxyl/ethoxy groups and hydrogen bonding [24]. Continued
absorption can hydrolyze silane bonds at the filler-matrix interface
(Si-O-Si [Siloxane] — Si-OH [Silanol]), weakening the material,
promoting water diffusion, and leading to hygroscopic [24, 25].

This study contributes valuable insight by examining a
traditional and culturally relevant beverage, Kawa Daun, which
has not been previously studied in relation to restorative
material discoloration. The strength of this research lies in its
novelty and its relevance to local dietary habits, providing
foundational data that can inform clinical recommendations for
patients whose consumption patterns differ from those typically
evaluated in international literature. Additionally, the study
design employed controlled conditions that allowed systematic
observation of discoloration trends over time, thereby clarifying
the proportional relationship between soaking duration and
pigment infiltration in nanofilled composite resin.

Despite these contributions, several limitations should be
acknowledged. First, this investigation was conducted under in
vitro conditions, which do not fully reflect the complexity of the
oral environment. Factors such as salivary flow, enzymatic
activity, temperature variation, and mechanical abrasion from
mastication were not simulated. These conditions may
significantly influence the discoloration behavior of resin
composites in vivo. Second, the study was limited to a single
type of nanofilled composite resin and one beverage solution,
which restricts the generalizability of the findings to other
materials or staining agents. Variations in filler particle size,
matrix composition, and finishing techniques could yield
different results under similar exposure. Third, while the color
measurements captured visible changes, the study did not
assess surface roughness, microhardness, or chemical
degradation at the microscopic level, which could provide more
detailedinsightintothe underlying mechanismsof discoloration.

Future research should therefore include both in vitro and in
vivoanalyses that more accurately represent the oral environment.
Investigations comparing natural and synthetic drinks with
different pH levels and pigment compositions could enhance
understanding of how beverage chemistry interacts with resin
matrices. In addition, exploring multiple composite systems with
different filler types and testing parameters such as brushing
simulation, temperature cycling, and enzyme exposure would
yield a more comprehensive evaluation of color stability.

Conclusion

These results imply that composite resin materials may be sus-
ceptible to surface deterioration and color absorption when

exposed to acidic, colored conditions. The statistically significant
differences in color change seen following 6 hours and 18 hours
of soaking in Kawa Daun solution support this conclusion.

In practical terms, this suggests that frequent consumption
of naturally tinted beverages, herbal drinks, or acidic foods may
gradually compromise the esthetic integrity of composite
restorations. Over time, such exposure could lead to noticeable
discoloration, affecting patient satisfaction and potentially
prompting premature replacement of restorations. Therefore,
clinicians should emphasize preventive advice, including
moderating intake of staining substances and performing
immediate rinsing or brushing after consumption. Additionally,
the selection of composite materials with greater color stability
and improved surface resistance should be prioritized for
restorations in esthetically demanding areas. By integrating
these findings into clinical decision-making, dental practitioners
can enhance the longevity and visual quality of composite
restorations, thereby improving overall treatment outcomes.

Acknowledgements

We extend our sincere gratitude to the Department of Dentistry,
Andalas University, Indonesia for supporting this study.
Additionally, we would like to thank Material Chemistry
Laboratory (Department of Chemistry, Faculty of Mathematics
and Natural Sciences, Andalas University) for providing the arti-
ficial saliva used in the preparation of the experimental.

Declaration of interest statement

All authors declare no conflicts of interest.

Author contribution statement

Conceptualization, D.M. and S.M.; methodology, D.M. and S.M.;
software, S.M,; validation, D.M.; formal analysis, S.M.; investiga-
tion, D.M. and S.M.; resources, D.M. and S.M.; data curation, S.M.;
writing — original draft preparation, S.M.; writing - review and
editing, D.M. and S.M,; visualization, D.M. and S.M.; supervision,
D.M. and S.M,; project administration, D.M.; funding acquisition.

Data availability statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

References

[1 Karimzadeh A, Ayatollahi MR, Shirazi HA. Mechanical properties of
a dental nano-composite in moist media determined by nano-scale
measurement. Int J Mater Mech Manuf. 2014;2(1):67-72. https://doi.
org/10.7763/1JMMM.2014.V2.102

[2] Widyastuti NH, Hermanegara NA. Difference in color change
between conventional composite resin, hybrid, and nanofill after
soaking in 0.2 percent chlorhexidine gluconate mouthwash. J
IlImu Kedokt Gigi. 2017;1(1):52-7. https://doi.org/10.23917/jikg.
v1i1.4157


https://doi.org/10.7763/IJMMM.2014.V2.102
https://doi.org/10.7763/IJMMM.2014.V2.102
https://doi.org/10.23917/jikg.v1i1.4157
https://doi.org/10.23917/jikg.v1i1.4157

[4]

[5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Sakaguchi R, Ferracane J, Powers J. Craig’s restorative dental materi-
als. 13th ed. St. Louis, MO: Elsevier Inc.; 2019. p. 139-42. https://doi.
org/10.1016/C2015-0-01767-1

Shen C, Rawls HR, Esquivel-Upshaw JF. Phillips’science of dental mate-
rials. 14th ed. St. Louis, MO: Elsevier Health Sciences; 2022. p. 99-100.
Hawsawi RA, Redwan HS, Badr NA. Role of distribution of nanome-
ter-sized fillers in wear resistance and hardness of resin composites.
JInt Dent Med Res. 2024;17(2):572-577.

Yadav RD, Jindal D, Mathur R. A comparative analysis of different fin-
ishing and polishing devices on nanofilled, microfilled, and hybrid
composite: a scanning electron microscopy and profilometric study.
Int J Clin Pediatr Dent. 2016;9(3):201-8. https://doi.org/10.5005/
jp-journals-10005-1364

Rusmayati A, Erlita |, Nahzi MYI. Difference in color change of nano-
filler composite resin that is polished and not polished after soak-
ing in green tea solution. J Kedokt Gigi. 2017;2(1):72-76. https://doi.
org/10.20527/dentino.v2i1.2604

Viola M, Rattalino D, Beltrami R, Colombo M, Poggio C. Discoloration
of different esthetic restorative materials: a spectrophotometric eval-
uation. Eur J Dent. 2017;11(2):149-56. https://doi.org/10.4103/ejd.
ejd_313_16

Istibsyaroh |, Lestari S, Nugroho R. Color change of nanofiller composite
resin after soaking in fermented milk beverage (in vitro study). Indones
JHeal Sci. 2018;10(1):1-23. https://doi.org/10.32528/the.v10i1.1453
Novita R, Kasim A, AnggrainiT, Putra DP. Kahwa daun: traditional knowl-
edge of a coffee leaf herbal tea from West Sumatera, Indonesia. J Ethn
Foods. 2018;5(4):286-91. https://doi.org/10.1016/j.jef.2018.11.005
Defri |, Palupi NS, Wahyudi ST, Yuliana ND. Antioxidant analysis
of Kawa Daun (Coffea Canephora) beverage by in vitro and in sil-
ico approaches. Indones J Chem. 2022;22(2):374-86. https://doi.
org/10.22146/ijc.6942

Chumairo SM, Merry CDR, Nugroho R. The effect of Robusta Coffee
(Coffea robusta) drinking habits on nanofiller composite resin dis-
coloration. [Scientific article of student research]. Jember: Jember
University PRESS; 2014. p. 1-4

Asmira S, Nurhamidah, Analdi A. Antioxidant activity and total phe-
nols in Kawa Coffee leaves which have potential as an alternative
functional food. Sci J Farm Kesehat. 2020;10(2):200-7. https://doi.
org/10.36434/scientia.v10i2.234

Widyastuti W, Septiani AT. Color changes in nanofiller composite resin
restoration materials upon artificial saliva immersion with pH 5. Integr
Dent Med J. 2024;6(1):1-5. https://doi.org/10.25105/jkgt.v6i1.20795

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

BIOMATERIAL INVESTIGATIONS IN DENTISTRY 336

lhwah A, Wijana S, Dewi IA, Deoranto P. Comparative study between
Federer and Gomez method for number of replication in complete
randomized design using simulation: study of areca palm (Areca
catechu) as organic waste for producing handicraft paper com-
parative study between Federer and Gomez. IOP Conf Ser Earth
Environ Sci. 2018;131:012049. https://doi.org/10.1088/1755-1315/
131/1/012049

Kang H. Sample size determination and power analysis using the
G * PowerSoftware. J Educ Eval Health Prof. 2021;18(17):1-12. https://
doi.org/10.3352/jeehp.2021.18

de Oliveira DCRS, Ayres APA, Rocha MG, Giannini M, Rontani RMP,
Ferracane JL, et al. Effect of different in vitro aging methods on
color stability of a dental resin-based composite using CIELAB
and CIEDE2000 color-difference formulas. J Esthet Restor Dent.
2015;5:322-30. https://doi.org/10.1111/jerd.12155

Hsb UH, Pane HW. Utilization of coffee leaves (Kawa Daun) as a
low blood pressure lowering in contraceptive injection acceptor. J
Kesehat Komunitas. 2020;6(17):292-7. https://doi.org/10.25311/kes-
kom.Vol6.Iss3.584

Miletic V. Dental composite direct restorations. 1st ed. New York:
Springer International Publishing; 2018. p. 89-96. https://doi.
org/10.1007/978-3-319-60961-4

Putri K, Sari WP, Darmawangsa D. Difference in color stability
of non-dental e-glass fiber reinforced composite due to dura-
tion of soaking in artificial saliva. J llm dan Teknol Kedokt Gigi.
2023;19(2):106-11. https://doi.org/10.32509/jitekgi.v19i2.2181
Monteiro A, Colomban S, Azinheira HG, Guerra-Guimaraes L, Do Céu
Silva M, Navarini L, et al. Dietary antioxidants in coffee leaves: impact
of botanical origin and maturity on chlorogenic acids and xanthones.
Antioxidants. 2019;9(1):6. https://doi.org/10.3390/antiox9010006
Sirang SV, Anindita PS, Juliatri. The effect of Arabica coffee on the
color change of hybrid composite resin. e-GIGIl. 2017;5(1):53-7.
https://doi.org/10.35790/eg.v5i1

Riva YR, Rahman SF. Dental composite resin: a review. AIP Publ.
2019;2193(1):020001. https://doi.org/10.1063/1.5139331

Annisa H, Pintadi H. The influence of black coffee concentration
towards color change in hybrid composite resin. Idj. 2013;2(1):63-7.
https://doi.org/10.18196/di.v2i1.560

Poggio C, Vialba L, Berardengo A, Federico R, Colombo M, Beltrami R,
et al. Color stability of esthetic restorative materials: a spectrophoto-
metric analysis. J Funct Biomater. 2016;7931(1):95-101. https://doi.
org/10.3390/jfb8030026


https://doi.org/10.1016/C2015-0-01767-1
https://doi.org/10.1016/C2015-0-01767-1
https://doi.org/10.5005/jp-journals-10005-1364
https://doi.org/10.5005/jp-journals-10005-1364
https://doi.org/10.20527/dentino.v2i1.2604
https://doi.org/10.20527/dentino.v2i1.2604
https://doi.org/10.4103/ejd.ejd_313_16
https://doi.org/10.4103/ejd.ejd_313_16
https://doi.org/10.32528/the.v10i1.1453
https://doi.org/10.1016/j.jef.2018.11.005
https://doi.org/10.22146/ijc.6942
https://doi.org/10.22146/ijc.6942
https://doi.org/10.36434/scientia.v10i2.234
https://doi.org/10.36434/scientia.v10i2.234
https://doi.org/10.25105/jkgt.v6i1.20795 
https://doi.org/10.1088/1755-1315/131/1/012049
https://doi.org/10.1088/1755-1315/131/1/012049
https://doi.org/10.3352/jeehp.2021.18
https://doi.org/10.3352/jeehp.2021.18
https://doi.org/10.1111/jerd.12155
https://doi.org/10.25311/keskom.Vol6.Iss3.584
https://doi.org/10.25311/keskom.Vol6.Iss3.584
https://doi.org/10.1007/978-3-319-60961-4
https://doi.org/10.1007/978-3-319-60961-4
https://doi.org/10.32509/jitekgi.v19i2.2181
https://doi.org/10.3390/antiox9010006
https://doi.org/10.35790/eg.v5i1
https://doi.org/10.1063/1.5139331
https://doi.org/10.18196/di.v2i1.560
https://doi.org/10.3390/jfb8030026
https://doi.org/10.3390/jfb8030026

