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Abstract. Combining anti- inflammatory agent derived from plant essential oil like cinnamaldehyde
to bioabsorbable and osteoconductive material for bone substitute is a challenge in biomedical
technology. In this study, cinnamaldehyde as a good anti- inflammatory agent with an aromatic α,
β-unsaturated aldehyde derived from cinnamon was loaded to a composite of Plaster of Paris (POP)
and hydrogel calcium carbonate (CaCO3) for bone substitute. However, it must be considered that
blood- biomaterial interactions begin to occur after surgical implantation with blood protein
adsorption to the biomaterial surface prior to interacting with host cell. Therefore, before the device
is ready for implantation, the influence of cinnamaldehyde to the property of the composite,
especially its surface characteristics, needs to be investigated. The aim of this research was to
investigate the effect of cinnamaldehyde on the surface topography, contact angle, and surface
roughness of POP-hydrogel CaCO3 scaffold. The results indicated that cinnamaldehyde increased the
contact angle, increased surface roughness of the POP-hydrogel, and seem to be homogenous in all
surfaces.
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1. Introduction
There have been a variety of ceramics used to treat bone defects (Anzelme, 2000; Chao
et al., 2005). One of them is calcium sulphate (CS) or POP (Plaster of Paris), known as a
resorbable material that has shown the ability to enhance bone regeneration (Cirotteau,
2001). However, there is a disadvantage in using calcium sulphate related to its fast
resorption rate during osteogenesis process, making it unable to provide a long-term threedimensional framework (Fenaroli, 2011; Dewi et al., 2013; Dewi et al., 2015). To solve this
problem, in the previous studies a biocompatible and osteoconductive hydrogel calcium
carbonate (CaCO3) has been incorporated into calcium sulphate formulations (Gomes et al.,
2011; Dewi et al., 2015).
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From biomedical perspective, the implantation of medical devices often leads to
foreign body reaction related to the accumulation and activation of inflammatory cell to the
implant area. It must be noted that bone implant surgery must be considered for its
increased infection risk after the procedure. Compared to bone, soft tissues are generally
considered to show a more severe inflammatory response (Hallab et al., 2001; Higueras et
al., 2015).
In view of the phenomenon, it would certainly be advantages if essential oil which has
been known to exhibit anti- inflammatory agent, named cinnamaldehyde (CA), as described
previously (Jamali et al., 2002; Kim et al., 2010) was incorporated into an implant device.
Interesting results were shown when cinnamaldehyde was loaded in PLGA hydrogel
(Gomes et al., 2011) and hydrogel CaCO3 (Dewi et al., 2013). It was found that the
incorporation of cinnamaldehyde is beneficial as an anti- microbial and anti- inflammatory
agent (Dewi et al., 2015; Dewi et al., 2017). However, since cinnamaldehyde have both
lipophilic and hydrophilic sides, cinnamaldehyde can affect the mechanical and surface
properties of the composite when they were mixed. Meanwhile, surface properties,
especially surface chemistry, hydrophilicity, and surface topography, influence the
interaction between cells and substrate to the environment surrounding the material (Pal
et al., 2009) because in a living host, blood plasma is the first component that contact to
implant material. Further rapid adsorption of plasma protein happens onto the surface of
biomaterial prior to cell attachment, spreading, proliferation, and differentiation (Jimbo et
al., 2010).
Surface topography and hydrophilicity may influence the attachment of cells in
different ways. Hydrophilicity, as a resultant of surface chemistry, is correlated to the
wettability of the implant surface (Gittens et al., 2014). The material is categorized as
hydrophilic when the contact angle between the material and water drop is lower than 90°
(Yulianto and Margareta, 2014). Hydrophilic surfaces are important to promote good
environment for bone formation (Boyan et al., 2017). Meanwhile, smooth surfaces may
allow the cells to attach and spread more than on rough surfaces. In fact, the high wettability
with microrough surface stimulates more anti-inflammatory cytokine release by
macrophages than the hydrophilic but smooth surface (Hotchkiss et al., 2016).
Apart from other challenges in biomedical area (Elfani and Putra, 2013; Krisanti et al.,
2019; Sahlan et al., 2019; Barleany et al., 2020) , Based on the above framework, it is known
that surface characteristics are critical point for the biological cascade upon implantation.
In other words, the success of the implant depends on the materials surface and cells
interaction. Therefore, the data on surface characteristics were significant to be
investigated. The overall objective of the current study was to evaluate the effect of loaded
cinnamaldehyde in hydrogel CaCO3 incorporated into POP to their surface topography,
contact angle, and surface roughness.
2.

Methods

Upon the protocol development and approval, specimens were prepared and subjected
for Fourie Transform Infrared (FTIR) analysis, surface topography analysis, contact angle
measurement, and surface roughness analysis.
2.1. Specimen Preparation
Gypsum (CaSO4.1/2H2O) or POP and calcium carbonate (CaCO3) were purchased from
Wako Pure Chemical Industries Ltd. (Osaka, Japan). Type B Gelatin was provided by Nitta
Gelatin Inc., Osaka, Japan and cinnamaldehyde was provided by Merck, Germany. All other
chemicals were of highest grade of commercially available ones.
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Firstly, a 10ml Tween 80 solution (Sigma Aldrich, Germany) with 4ml cinnamaldehyde
was stirred for 30 minutes to result 4% cinnamaldehyde. Subsequently, 40ml H2O was
added in 2.5gr CaCO3 (stirred for 1 hour). The 4% cinnamaldehyde solution was then added
into the CaCO3 emulsion. The mixture was called cinnamaldehyde-CaCO3 solution. In the
next step, 5gr gelatin was swelled inside 46ml H2O to prepare hydrogel.
Table 1 Powder composition

Specimens

POP
POP/HCin-075
POP/HCin-050

Powder Composition (in wt.%)
POP

Cinnamaldehyde crosslinked
hydrogel CaCO3 microsphere

100
75
50

0
25
50

The swollen gelatin was then mixed with the cinnamaldehyde-CaCO3 solution in 37°
water bath continued by stirring for 2 hours. After pH was adjusted at 7.4, the solution was
put into refrigerator for 24 hours at -20°C temperature and continued by freeze drying for
72 hours. Figure 1 shows the procedure of cinnamaldehyde crosslinked hydrogel
preparation. The results of the hydrogel preparation were checked by FTIR spectroscopy,
referred to the previous study (Dewi et al., 2013).

Figure 1 Procedure of cinnamaldehyde crosslinked hydrogel CaCO3 preparation.

Freeze dried hydrogel CaCO3-cinnamaldehyde blocks were grounded to make hydrogel
beads. Through 150µm mesh, the beads were sieved and added to CaSO4.1/2 H2O powder
in 25 and 50 wt.% compositions. These compositions were notified as POP/HCin-075 (25%
addition of hydrogel microsphere) and POP/HCin-050 (50% addition of hydrogel
microsphere), respectively. After that, the powders were applied to prepare cylindrical
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specimens for the various assays using a water/powder ratio (W/P) of 1/2. The cylindrical
specimens were put in an incubator at 37°C for 24h to condition them to set completely.
Table 1 shows the composition of the specimen powder.
2.2. Surface Topography Analysis
Microstructurally, the specimen surface was analysed by scanning electron microscopy
(SEM) using a JEOL-JSM-T300 (Tokyo, Japan) at 20kV linked to an Energy Dispersive X-ray
Spectrometer (EDS). The setting of 20kV accelerating voltage, approximately 20°C
temperature, and the column vacuum 7X10-4 Pa were applied to visualize the surface
morphology. Prior to measurement, the specimens were dried and gold layer sputtercoated.
2.3. Contact Angle Measurement
A sessile drop approach was implied to measure contact angle of the specimens by
depositing a small drop of PBS on the composite disk (Figure 2). A customized home-made
device connected with digital camera was used to capture interaction between liquid and
composite disk surfaces. The image resulted from the drop profile was edited and optimized
with image-J analysis software. The angle between the surface of the specimen and tangent
line at the point of contact of the PBS droplet with the surface was defined as contact angle
(Park and Zhao, 2004; Peng and Li, 2014) and tabulated for the purpose of data analysis.

Figure 2 Schematic Diagram of the Contact Angle Measurement Process (Peng and Li, 2014).
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2.4. Surface Roughness Analysis
The surface roughness tester SJ-201P, Japan was used to measure surface roughness.
Scan were performed on both sides of the samples (n=5).
3.

Results and Discussion

3.1. Hydrogel Formation
The powder composed of POP and hydrogel CaCO3 were successfully developed. The
composites were notified as POP/HCin-075 (25% addition of hydrogel microsphere) and
POP/HCin-050 (50% addition of hydrogel microsphere), respectively. Figure 3 and 4 show
the possible reactions that occur between cinnamaldehyde, CaCO3, and gelatin. Gelatin
contains a hydroxyl group (OH-) and an amine group (NH2) which have an active side that
can bind to the ions that are released around it. As for CaCO3, when dissolved with water,
CaCO3 turns into Ca2+ and CO3- ions. The Ca2+ ions bind with double O ions from the hydroxyl
group of gelatin. Oxygen element in cinnamaldehyde is released and bound to H+ of the
amines in gelatin, referring to a condensation reaction, so that the cinnamal which loses O
forms a Schiff base imine (C = N) bond with gelatin.

Figure 3 Synthesis reaction between gelatin, cinnamaldehyde, and CaCO3.

Figure 4 Synthesis reaction between cinnamaldehyde with hydrogel CaCO3 continued by physical
crosslinking by de- hydrothermal treatment.
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The FTIR confirmation (Figure 5) was done to analyse the results of cinnamaldehyde
crosslinked hydrogel. It was shown that cinnamaldehyde is bound to hydrogel and forms
an imine bond (C=N) at wave number of 1685cm-1. The formation of imine bond reduces
the N-H stretching vibration of the gelatin as shown at 3407cm-1 wave number. After FTIR
confirmation for the hydrogel, the cylindrical specimens for the various assays using a
water/powder ratio (W/P) of ½ were then prepared, incubated at 37°C for 24h to achieve
complete setting, then analysed for the following results.

Figure 5 FTIR spectra confirmation of the gelatin hydrogel, hydrogel CaCO3, and hydrogel CaCO3
crosslinked with cinnamaldehyde.

3.2. Microstructure of the Composite
Figure 6 shows the micrograph of hydrogel CaCO3 loaded with cinnamaldehyde, before
being combined with POP. It was observed from the figure that cinnamaldehyde was
dispersed homogenously inside hydrogel system. The addition of Tween 80 seemed to be
effective to homogenously dispersed hydrophobic cinnamaldehyde. Figure 7 shows the
surface topography after combining hydrogel CaCO3 that loaded by cinnamaldehyde with
POP. Pore size and porosity of the scaffold are two important factors that will influence cells
growth in the scaffold and extracellular matrix formation (Peter et al., 2010). Scanning
electron microscope showed that hydrogel calcium carbonate with cinnamaldehyde caused
the POP surface topography to have rough texture. The advantage of rough texture is the
increased porosity needed for cell to grow.
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Figure 6 Scanning electron microscopy of the cinnamaldehyde loaded hydrogel CaCO3 at 100X (A)
and 500X (B) magnitude.

Figure 7 Scanning electron microscopy of the composite POP and hydrogel CaCO 3 with different
ratio, POP-100 (A) POP/HCin-075 (B), and POP/HCin-050 (C), at 1000X magnitude.

3.3. Contact Angle
Table 2 shows the results of contact angle measurement by sessile drop method. It was
not possible to measure air- water contact angle of the POP (N/A) since the sessile drop
water on the surface of the POP was resorbed very fast. The result of the study showed
contact angle of both POP/HC-050 and POP/HC-075 was less than <90° showing
hydrophilicity.
Table 2 Contact angle of the composites

Contact Angle
(Average + SD)
Surface Roughness
(Average + SD)

POP

POP/HCin-075

POP/HCin-050

N/A

76.60 + 1.85

85.50 + 1.54

1.216 + 0.09

13.80 + 0.29

14.06 + 0.21
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The finding corroborates with the theory that hydrogel system is known to be
hydrophilic (shown by contact angle <90o). This is due to macromolecular chains of gelatin
polymer (being a hydrophilic polymer since the presence of amide and carboxyl groups) is
hydrolyzed quickly in the presence of water (Pogorzelskia et al., 2012). The result also
showed that hydrogel addition to the POP composite enhanced water barrier properties of
polymer- based film due to their hydrophobicity. The POP/HCin-075 has a slightly
hydrophilic (76.60+1.85) than the POP/HCin-050 (85.50+1.54) but the differences were
not statistically significant (p>0,05). This may be because cinnamon as essential oils have
water barrier properties (Supova, 2009).
In view of two materials bonding or adherence, wetting is an important factor. Wetting
depends on the energies or surface tension of the interfaces between two materials. Based
on interfacial interaction concepts, wetting is often characterized by a liquid drop and solid
surface formed contact angle. So far, a conventional method to evaluate wettability and
surface energy is a drop shape analysis (Yulianto and Margareta, 2014). Wetting depends
on the hydrophilicity or polarity. Hydrophilicity enables a molecule to transiently bond with
water through hydrogen bonding. Oppositely, a hydrophobic substance interacts within
themselves and with other substances through van der Waals forces and have low or no
capacity to form hydrogen bonds (Tung et al., 2008; Youn et al., 2008; Wu et al., 2009;
Yulianto and Margareta, 2014). Hydrophilicity influences the adsorption of blood protein
(Vogler, 2012; Xu et al., 2016) that will promote cellular attachment onto the material
surface (Thomas and Puleo, 2008).
Supova (2009) studied the contact angle between polymer and HA and the result
showed that the polymers studied are found to exhibit lower contact angles (60°) on the
ceramic. It is in line with the previous studies (Ojagh, 2010; Park and Zhao, 2004) which
found that the hydrophilicity of the chitosan films decreased by the addition of cinnamon.
The decrease of hydrophilicity might be due to moisture content value of the film caused by
the loss of free amino and hydroxyl groups (Zaika, 1988).
3.4. Surface Roughness
The result of this study indicated that both groups showed almost the same surface
roughness value. The POP/HCin-075 has a slightly rough surface (13.80±0.29) than the
POP/HCin-050 (14.06±2.05) but the differences were not significant statistically (p>0,05).
This indicated that adding hydrogel CaCO3-cinnamaldehyde improved the surface to be
smoother but not influenced the surface roughness significantly (Table 2).

Figure 8 Young contact angle on ideal surface (A) and the apparent contact angle on rough surface
(B).
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Material surface roughness or topography is an important factor influencing cellular
adhesion. Hallab and co-workers (Zdolsek et al., 2007) confirmed that cellular adhesion is
correlated with the biomaterial surface roughness and surface energy. Increased cellular
adhesion is associated with increased surface roughness. In this point, the data also showed
that materials with lower surface energy (i.e., polymer) has higher surface roughness.
Meanwhile, the higher surface energy materials like a metal has a little change in cellular
adhesion strength with increased surface roughness.
As previously explained, surface topography and hydrophilicity may influence the
attachment of cells in different ways (Hotchkiss et al., 2016). The wettability of a liquid in
contact with a material surface plays a crucial role in many applications, such as adhesion,
coating, and painting. Meanwhile, the wettability is influenced by various parameters such
as porosity, surface roughness, heterogeneity, and material surface [Shupe et al., 1998].
The contact angle on ideal surface is called Young contact angle, while contact angle on
rough surface is called the apparent contact angle as described in Figure 8. Accordingly,
when the contact angle values decrease, the surface roughness values increase (Yorur et al.,
2017). On a hydrophilic surface such as wood, more roughness often means a larger surface
area for liquid to spread [Piao et al., 2010].
4.

Conclusions

Surface property, especially surface chemistry, hydrophilicity, and surface topography
were known to influence the interaction between cells and substrate to the environment
surrounding the implant material. The study demonstrated that cinnamaldehyde as an antiinflammatory agent has been successfully loaded to hydrogel CaCO3 prior to incorporation
of the hydrogel into POP to form POP- hydrogel CaCO3 composite. The results indicated that
adding cinnamaldehyde into the hydrogel system increased the contact angle, but it was
still lower than 90o (hydrophilic). The surface roughness of the POP-hydrogel CaCO3 also
increased accordingly. The increased contact angle and surface roughness may influence
blood protein adsorption and cell attachment, thus further investigation on the in vitro
cytotoxicity and in vivo animal studies are awaiting in our laboratory.
Acknowledgements
This study was financed by Faculty of Dentistry, Universitas Gadjah Mada Grant Aid,
contract number 6031/KG/PP/2014-2019 as a part of the fulfilment of PhD study of Anne
Handrini Dewi. The publication of this study is a part of World Class University Program
supported the Indonesian Ministry of Research and Technology/ National Agency for
Research and Innovation managed by Institut Teknologi Bandung. Award number:
1913G/I1.B04.2/SPP/2020.
References
Anzelme, K., 2005. Osteoblast adhesion on biomaterials. Biomaterials, Volume 21, pp. 667681
Barleany, D.R., Ananta, C.V., Maulina, F., Rochmat, A., Alwan, H., Erizal, 2020. Controlled
release of metformin hydrogen chloride from stimuli-responsive hydrogel based on
Poly-(N- Isopropylacrylamide)/ Chitosan/ Polyvinyl Alcohol Composite. Int J Technol,
Volume 11(3), pp. 511-521
Boyan, B.D., Lotz, E.M., Schwartz, Z., 2017. Roughness and hydrophilicity as osteogenic
biomimetic surface properties. Tissue Eng: Part A, Volume 23, pp. 23-24.

Ana (et al.)

55

Chao, L.K., Hua, K.F., Hsu, H.Y., Cheng, S.S., Liu, J.Y., Chang, S.T., 2005. Study on the antiinflammatory activity of essential oil from leaves of Cinnamomum osmophleum. J Agric
Food Chem, Volume 53, pp. 7274-7278
Cirotteau, Y., 2001. Behavior of natural coral in a human osteoporotic bone. Eur J Orthop
Surg Traumatol, Volume 11, pp. 149-160
Da Silva, C.M., Da Silva, D.L., Modolo, L.V., Alves, R.B., De Resende, M.A., Martins, C.V.B., De
Fa’tima, A., 2011. Schiff bases: A short review of their antimicrobial activities. J Adv Res,
Volume 2, pp. 31
Dewi, A.H., Ana, I.D., Wolke, J.G.C., Jansen, J.A., 2013. Behavior of Plaster of Paris-calcium
carbonate composite as bone substitute. A study in rats. J Biomed Mater Res A, Volume
101(8), pp. 2143-2150
Dewi, A.H., Ana, I.D., Wolke, J.G.C., Jansen, J.A., 2015. Behavior of POP–calcium carbonate
hydrogel as bone substitute with controlled release capability: A study in rat. J Biomed
Mater Res A, Volume 103A, pp. 3273-3283
Dewi, A.H., Ana, I.D., Jansen, J.A., 2016. Calcium carbonate hydrogel construct with
cinnamaldehyde incorporated to control inflammation during surgical procedure. J
Biomed Mater Res A, Volume 104A, pp. 768–774
Dewi, A.H., Ana, I.D., Jansen, J.A., 2017. Preparation of a calcium carbonate-based bone
substitute with cinnamaldehyde crosslinking agent with potential anti-inflammatory
properties. J Biomed Mater Res A, Volume 105A, pp.1055–1062
Elfani, M., Putra, N.K., 2013. Biomedical engineering and its potential for employment in
Indonesia. Int J Technol, Volume 4(1), pp. 34-44
Fenaroli, G., 2002. Fenaroli’s handbook of flavour ingredients, 4th ed, CRC, Boca Raton
Gittens, R.A., Scheideler, L., Rupp, F., Hyzy, S.L., GeisGerstorfer, J., Schwartz, Z., Boyan, B.D.
2014. A review on the wettability of dental implant surfaces II: biological and clinical
aspects. Acta Biomater, Volume 10, pp. 2907
Gomes, C., Moreira, R.G., Perez, E.C., 2011. Poly (DL-lactide-co-glycolide) (PLGA)
nanoparticles with entrapped trans-cinnamaldehyde and eugenol for antimicrobial
delivery applications. J Food Sci, Volume 76, pp. 2
Hallab, N.J., Bundy, K.J., O’Connor, K., Moses, R.L., Jacobs, J.J., 2001. Evaluation of metallic and
polymeric biomaterial surface energy and surface roughness characteristics for
directed cell adhesion. Tissue Eng, Volume 7(1), pp. 55-71
Higueras, L., Carballo, G.L., Gavara, R., Munoz, P.H., 2015. Reversible covalent
immobilization of cinnamaldehyde on chitosan films via Schiff base formation and their
application in active food packaging. Food Bioprocess Technol, Volume 8(3), pp. 526538
Hotchkiss, K.M., Reddya, G.B., Hyzya, S.L., Schwartza, Z., Boyan, B.D., Olivares, N., 2016.
Titanium surface characteristics, including topography and wettability, alter
macrophage activation. Acta Biomater. Volume 31, pp. 425–434
Jakhetia, V., Patel, R., Khatri, P., Pahuja, N., Garg, S., Pandey, A., Sharma, S., 2010. Cinnamon:
pharmacological review. J Adv Sci Res, Volume 1(2), pp. 19-23
Jamali, A., Hilpert, A., Debes, J., Afshar, P., Rahban, S., Holmes, R., 2002.
Hydroxyapatite/calcium carbonate (HA/CC) vs. Plaster of Paris: A Histomorphometric
and Radiographic Study in a Rabbit Tibial Defect Model. Calcif Tissue Int, Volume 1, pp.
172-8
Jimbo, R., Ivarsson, M., Koskela, A., Sul, Y., Johansson, C.B., 2010. Protein adsorption to
surface chemistry and crystal structure modification of titanium surfaces. J Oral
Maxillofac Res, Volume 1(3), pp. e3-p.1

56

Effect of Cinnamaldehyde on the Surface Characteristics of POP-CaCO3 Hydrogel
for Biomedical Purposes

Kim, B.H., Lee, Y.G., Lee, J., Lee, J.Y., Cho, J.Y., 2010. Regulatory effect of cinnamaldehyde on
monocyte/ macrophage-mediated inflammatory responses. Mediat Inflamm, pp. 1-9
Krisanti, E.A., Hijrianti, N., Mulia, K., 2019. Preparation and evaluation of alginate-chitosan
matrices loaded with red ginger oleoresin using the ionotropic gelation method. Int J
Technol, Volume 10(8), pp. 1513-1522
Mazor, Z., Mamidwar, S., Ricci, J.L., Tovar, N.M., 2011. Bone repair in periodontal defect using
a composit of allograft and calcium sulfate (dentogen) and a calcium sulfate barrier. J
Oral Implantol, Volume 37(2), pp. 287-292
Mazzola, L., Bemporad, E., Carassiti, F., 2012. An easy way to measure surface free energy
by drop shape analysis. Measurement, Volume 45, pp. 317–324
Meiron, T.S., Marmur, A., Saguy, I.S., 2004. Contact angle measurement on rough surfaces. J
Colloid Interface Sci, Volume 274, pp. 637–644
Ojagh, S.M., Rezaei, M., Razavi, S.H., Hosseini, S.M.H., 2010. Development and evaluation of
a novel biodegradable film made from chitosan and cinnamon essential oil with low
affinity toward water. Food Chem, Volume 122, pp. 161-166
Ooms, E.M., Wolke, J.G.C., Waerden, J.P.C.M., Jansen, J.A., 2002. Trabecular bone response to
injectable calcium phosphate (Ca-P) cement. J Biomed Mater Res, Volume 61, pp. 9-18
Orsini, G., Ricci, J., Scarano, A., Pecora, G., Petrone, G., Lezzi, G., Piatelli, A., 2004. Bone-defect
healing with calcium-sulfate particles and cement: an experimental study in Rabbit. J
Biomed Mater Res B, Volume 68B, pp. 199-208
Pal, K., Banthia, A.K., Majumdar, D.K., 2009. Polymeric hydrogels: characterization and
biomedical applications- a mini review. Des Monomes Polym, Volme 12, pp. 197-220
Park, S., Zhao, Y., 2004. Incorporation of a high concentration of mineral or vitamin into
chitosan-based films. J Agric Food Chem, Volume 52, pp. 1933-1939
Peng, Y., Li, Y., 2014. Combined effects of two kinds of essential oils on physical, mechanical
and structural properties of chitosan films. Food Hydrocoll, Volume 36, pp. 287-293
Peter, M., Ganesh, N., Selvamurugan, N., Nair, S.V., Furuike, T., Tamura, H., Jayakumar, R.,
2010. Preparation and characterization of chitosan-gelatin/ nanohydroxyapatite
composite scaffolds for tissue engineering applications. Carbohydr Polym, Volume 80,
pp. 687-694
Piao, C., Winandy, J.E., Shupe, T.F., 2010. From hydrophilicity to hydrophobicity: A critical
review: Part I. Wettability and surface behavior. Wood Fiber Sci, Volume 42(4), pp. 490510
Pogorzelskia, S.J., Berezowskib, Z., Rochowskia, P., Szurkowskia, J., 2012. A novel
methodology based on contact angle hysteresis approach for surface changes
monitoring in model PMMA-Corega Tabs system. Applied Surf Sci, Volume 258, pp.
3652– 3658
Sahlan, M., Fadhan, A.M., Pratami, D.K., Wijanarko, A., Lischer, K., Hermansyah, H., Mahira,
K.F., 2019. Encapsulation of agarwood essential oil with maltodextrin and gum Arabic.
Int J Technol, Volume 10(8), pp. 1541-1547
Supova, M., 2009. Problem of hydroxyapatite dispersion in polymer matrices: a review. J
Mater Sci. Mater Med, Volume 20, pp. 1201-1213
Shupe, F., Hse, C.Y., Choong, E.T., Groom, L.H., 1998. Effect of wood grain and veneer side
on loblolly pine veneer wettability. Forest Prod J, Volume 48(6), pp. 95-97
Thomas, M.V., Puleo, D.A., 2008. Calcium sulfate: Properties and clinical application. J
Biomed Mater Res B, Volume 88B, pp. 597-610
Tung, Y.T., Chua, M., Wang, S., Chang, S., 2008. Anti-inflammation activities of essential oil
and its constituents from indigenous cinnamon (Cinnamomum osmophloeum) twigs.
Bioresource Technol, Volume 99, pp. 3908-3913

Ana (et al.)

57

Wu, Y.C., Min Lee, T., Hsun Chiu, K., Yu Shaw, S., Yu Yang, C., 2009. A comparative study of
the physical and mechanical properties of three natural corals based on the criteria for
bone–tissue engineering scaffolds. J Mater Sci: Mater Med, Volume 20(6), pp. 1273-80
Vogler, E.A., 2012. Protein adsorption in three dimensions. Biomaterials, Volume 33(5), pp.
1201-1237
Xu, L., Bauer, J., Siedlecki, C.A., 2014. Protein, platelets, and blood coagulation at biomaterial
interfaces. Colloid Surf B Biointerfaces, Volume 124, pp. 49-68
Yorur, H., Erer, A.M., Oğuz, S., 2017. Effect of Surface Roughness on Wettability of Adhesive
on Wood Substrates. The 3rd International Conference on Science, Ecology and
Technology, Rome, Italy, 14-16 August
Youn, H.S., Lee, J.K., Choi, Y.J., Saitoh, S.I., Miyake, K., Hwang, D.H., Lee, J.Y., 2008
Cinnamaldehyde suppresses toll-like receptor 4 activation mediated through the
inhibition of receptor oligomerization. Biochem Pharmacol, Volume 75, pp. 494-502
Yulianto, H.D.K., Margareta, R., 2014. Contact angle measurement of dental restorative
materials. Jurnal Tekno Sains, Volume 3(2), pp. 112-119
Zaika, L.L., 1988. Spices and herbs: their antibacterial activity and its determination. J Food
Saf, Volume 23, pp. 97-118
Zdolsek, J., Eaton, J.W., Tang, L., 2007. Histamine release and fibrinogen adsorption mediate
acute inflammatory responses to biomaterial implants in humans. J Transl Med, Volume
5, pp. 31

