Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer 12, Issue 1 (2023) 1-9

i

Journal of Advanced Research in ASab e e
” Experimental Fluid Mechanics
and Heat Transfer

http://www.akademiabaru.com/submit/index.php/arefmht
ISSN: 2756-8202

Tribological Characterisation of Biofluid Using Four Ball
Experiment

M. Mazwan Mahat", Farah Nabillah Kazwa?, Nurul Nadiah Mohd Kamaldin?, Syahar Shawal®

1 School of Mechanical Engineering, College of Engineering, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia

ABSTRACT

This study presents the tribological characterisation of biofluid that uses plant-based oil namely sunflower oil and olive oil that has
been blended with hyaluronic acid as an additive. Plant-based oil is a type fluid that is not harmful to humans and the hyaluronic
acid helps the based fluid in absorption shock and distribution of forces. This project aims to measure the performance of this
biofluid as an artificial synovial fluid in terms of its coefficient of friction, frictional torque and the wear scar diameter produced.
Three different composition volumes of hyaluronic acid were used which are 0%, 5% and 10% in the fluid sample. This sample of
biofluid is tested by using four ball tribological testing under one of the conditions which was wear preventive condition. To obtain
the coefficient of friction and frictional torque for the biofluid by using the 3D Surface Measurement Systems, we measure the wear
scar diameter produced at the ball bearings. The results acquired for this study are the average coefficient of friction and frictional
torque that were directly proportional to the volume composition of additives. However, for the average wear scar diameter, it
depends on the suitability of volume additives that have been added. Pure sunflower oil has the lowest coefficient of friction which
is 0.065940. While, for average wear scar diameter, olive oil with 10% hyaluronic acid recorded the lowest value which is
0.64828mm. It shows that pure plant-based oil has the best lubricant ability which is producing lower coefficient of friction and
frictional torque compared to it going to be blend with hyaluronic acid. This result of this project might give benefits to the medical
engineering nowadays that related to the case that need the usage of artificial synovial fluid.
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1. Introduction

Synovial fluid is one of the main biofluids in human body. It contains physiological serum,
hyaluronic acid, proteins which are albumin and globulin and lipids [1]. Synovial liquid is created as a
ultrafiltrate of blood plasma and is fundamentally made of hyaluronan, lubricin, proteinase,
collagenases, and prostaglandins. This fluid helps to ensure the smoothness of our joint motion in
the body and could absorb shock. According to the medical dictionary, synovial fluid is a clear
thixotropic fluid that serves as a lubricant in joints. At sub-atmospheric pressures of about 50 um,
the fluid forms a thin microscopic layer of fluid on the surface of cartilage, filling all joint empty spaces
[2]. In addition, synovial fluid also acts as natural lubrication in human body that could reduce friction

* Corresponding author
Email address: mazwan@uitm.edu.my

https://doi.org/10.37934/arefmht.12.1.19



Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 12, Issue 1 (2023) 1-9

in any movement of our body joint such as knee and hip. However, composition of synovial fluid
could increase if the people adopt a healthy diet which is by taking food that contains a lot of good
nutrients. Synovial fluid produces a layer of membrane between the fluid and inner articular
cartilage. This membrane plays it important responsibility to manage the joint movement in our body
and pressure of the cartilage [3,4]. The membrane layer or film also could be destructed when
extreme pressure such as high force and temperature been applied to this synovial fluid. However,
osteoarthritis affects to the failure of the synovial fluid in human joint to maintain its functions in
human joint such as knee caused by smaller volume of the synovial fluid been degenerating in the
joint such in Figure 1 [5]. As a result, osteoarthritis causes the patients suffering in musculoskeletal
disorders, pain, and mobility limitations, lowering the patient's independence and overall quality of
life. In osteoarthritis, hyaluronic acid is easily broken down, resulting of decreasing the effectiveness
in the viscous and elastic characteristics of synovial fluid [6]. Therefore, the synovial fluid for the
human that is suffering this type of disease has lower viscosity compared to the normal viscosity
resulting in reducing the volume composition [7]. From Figure 1, it could clearly be seen that the
volume of synovial for healthy joint is greater than the person that facing osteoarthritis. This type of
disease usually occurs in older people.

Bone

/‘\{uscles
Cartila,

S}i ovial fluid

Healthy joint Lubriem OA jomt

0

Cartilage thiming

Fig. 1. Comparison volume of synovial fluid

From observation, many medical industries nowadays are treating this type of disease by
injecting high volume of hyaluronic acid into the articular cartilage that helps to reduce the pain [8,9].
However, some of the patients who are suffering from this type of disease experience allergies with
the high concentration of hyaluronic acid. This will cause patients to face other types of disease in
their body such as pseudogout [10,11]. Due to the soaring price of high concentration of hyaluronic
acid in the global market, the medical industry is looking towards new ways to overcome this problem
[12]. Other than the hyaluronic acid, the combination of alginic sodium acid and lambda-carrageenan
could be used as additives because it gives the smaller value coefficient of friction and have been
tested by using pin on disc experiment comparing with the one type of additive only [13]. Since there
are many demands in the medical sector to help implement the artificial synovial fluid, immediate
research and work needs to be run to achieve the objective. Unfortunately, only a small number of
researchers that studied the usage of plant-based oil as biofluid for replacement of the synovial fluid
in human body joint. In order to produce the artificial synovial fluid, the biofluid with the less viscosity
need to be used to produce less friction between the biofluid and the articular cartilage in human
joint. This type of biofluid could be replaced by using the plant-based oil that having lower viscosity
such as olive and sunflower oil as a based medium and it going to blend with suitable additives such
as hyaluronic acid that could produce the membrane layer at the cartilage. Furthermore, the pure
plant-based oil does not contain any harmful substances and suitable with the human body [14]. The
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presence of suitable additives leads to the success of artificial synovial fluid caused it could increase
the viscosity of the biofluid until achieve the best viscosity that reliable to the actual synovial fluid. In
past review states that the increasing viscosity going to decrease the shear rate of the biofluid
[15,16].

Sunflower seed oil is the non-volatile oil crushed from seeds of sunflower (Helianthus annuus)
[17]. Sunflower oil regularly contains 69 percent linoleic acid, 20 percent oleic acid, and 11 percent
saturated fatty acids, but a variety of strategies have been used to present an advanced range of
sunflower oils with increased oleic acid, stearic acid, linoleic acid, palmitic acid, and low saturated
acid [18,19]. It is also viewed as plentiful in minerals like magnesium, iron, copper, calcium, zinc,
sodium, potassium, phosphorus, selenium and manganese [20]. These fundamental unsaturated fats
are pivotal in cell film development and for support of body formative exercises [21,22]. In research,
it was found that the sunflower oil facing the transition phase to form the double crystal phase when
it been applied by the pressure in the range of 440 to 500 MPa in duration of 170 hours [23]. On the
other hand, graphene reinforced sunflower oil in the form of nanoparticle produced better surface
metrology compared to other lubricating fluids [24].

Other than sunflower oil, it was found that pure olive oil could also act as the based-fluid in
producing an artificial synovial fluid. Olive oil is the oil produced from the olive tree (Olea europaea
sativa) without having been exposed to control or any treatment [25,26]. Olive oil is principally
shaped by fatty substances and different a few mixtures in little amounts. Olive oil for the most part
comprises of triacylglycerols (98-almost 100%). Triacylglycerols (TGA) are an assorted gathering of
glycerol esters with various unsaturated fats [27]. Among the glyceride division, olive oil shows a high
content of unsaturated fats and especially, a raised extent of monounsaturated unsaturated fats
(MUFA). Unsaturated acids ultimately depend on 85% of its synthesis, because it is highly saturated
in oleic acid (C18:1), which could run between 70-85% and other unsaturated fats as linoleic or
palmitoleic acid [28]. In a study, by usage of olive oil diet give beneficial in medical therapy which is
to forestall osteoarthritis illness to safeguard the articular ligament and afterward the whole joint
[29]. The unsaponifiable fraction from the olive oil also reduces joint pains while improving the
mobility of the patients that experienced osteoarthritis [30]. Hydroxytyrosol in extra virgin olive oil is
a powerful antioxidant that can influence specific signal transduction in chondrocytes that preventing
from the inflammation and cartilage degradation [31].

In this study, the sunflower oil and olive oil were blended with hyaluronic acid and tests were
carried out using a Fourball Tribotester and 3D Surface Measurement Systems (Alicona). Thus, the
purpose of this study is to investigate the tribological properties which are the coefficient of friction,
friction and also the wear scar diameter of the solution of biofluid.

2. Methodology
2.1 Apparatus and Procedures

For this research, Fourball Tribotester have been used by following the standard of the ASTM
D4172 which is a test method to study about the wear preventive characteristics of lubricating fluid.
Figure 3 shows the machine of Fourball Tribotester that is being used while Figure 2 shows the
schematic diagram for the position of all four balls that have been used in which 3 balls were located
at the bottom in the ball pot and another one ball was located at the top at the spindle [32]. The ball
pot has been tightened through torque wrench of 50 Ib-ft. In this study, a new set of four balls been
used for every sample that is going to be tested and it will soak in the N-Heptane to ensure the
cleanliness of every balls. The ball pot containing 10ml of the sample fluid which will drown the balls
at the bottom and it will be pressed by a ball at the top with force around 40kg (392.2N) and rotating
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at the speed of 1200rpm. In addition, the sample fluid will be heating up to 75°C and this experiment
is going to run in 60 minutes. Table 1 shows the specifications of balls that been used in this study
[33]. Other that Fourball Tribotester, 3D Surface Measurement System (Alicona) with the usage of
the optic IFM G4 10x have also been used in this research in order to measure the wear scar diameter
that is being produced at the three balls at the bottom. By using this system, the surface of wear scar
can be seen clearly in term of its surface characteristics in 3-dimension view. Figure 4 shows the
Alicona System that have been used in this research. When using the system, it must be ensured that
the usage of suitable optic such as in this study, IFM G4 10x have been used and the specimen was
also clean from any droplets of the test lubricant. Other than that, every optic has their range values
of vertical resolution that must be set up in order to obtain a clear sight of the surface that needs to
be observed. In addition, the position of the microscope needs to be adjusted until the suitable
distance between the specimen and the microscope. The brightness and contrast settings also play
important roles to get clear view of sight of the wear scar when using 3D Surface Measurement
System.

Table 1
Specification of balls [33]
Item Specification
Material Chrome alloy steel (AlISI E-52100)
Diameter (mm) 12.7
Extra polish (EP) grade 25
Rockwell hardness (HRC) 64 - 66
Chemical composition A high carbon, chromium containing low alloy steel that has

been hardened

2.2 Frictional Torque and Coefficient of Friction

The data for the frictional torque was obtained from the Fourball Tribotester machine directly. This
data increases rapidly in early few minutes before it going to be in a steady state condition. Based on
the IP-239, the coefficient of friction calculated as in Eq. (1).

u=(Tv6)/3Wr (1)

This method of calculation have also been used by other researchers [34,35]. However, in this
research, both values of frictional torque and the friction coefficient were calculated automatically
by the system of the Fourball Tribotester machine.

2.3 Test Lubricants

There are 2 types of lubricants from the plant-based oil which are sunflower seed oil and olive oil
as the medium-based oil. The plant-based oils are well-known in Malaysia for food industrial usage.
These types of oils are going to blended with the additives which is hyaluronic acid with three
different volume composition and the total volume of the biofluid was 10 ml that will put inside the
ball pot. Three volume compositions are 0%, 5% and 10% of hyaluronic acid. The tests for different
samples of biofluid were labelled from Sample 1 until Sample 12 as shown in the Table 2.
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Based on the ingredients in these two types of plant-based oil, it was containing almost the same
nutrient especially fat. It was found that the monounsaturated fat, polyunsaturated fat, saturated fat
and also trans fatty acid in both olive oil and sunflower seed oil. In order to ensure all of the nutrients
were there, the plant-based oil that have been used should not exceed its expiry date. All of the
sample of both oil and hyaluronic acid had been measured of its volume by using different syringe. It
caused the more accurate volume going to be used and followed all of the blending composition as
the scope of work in this study. The usage of different syringe for three different fluids which are
olive oil, sunflower oil and hyaluronic acid was to prevent the mixing of unwanted blending. The
blending process was done by using a glass beaker in the fume hood.

Table 2
Test lubricant's labels
Test (run) Sample Type of lubricants
1st 1
Olive oil + 0% m| HA
2nd 2
1st 3 . . o
nd 4 Olive oil + 5% ml HA
1st 5 . . o
>nd 6 Olive oil + 10% ml HA
1st 7 .
nd 3 Sunflower oil + 0% m| HA
1st 9 4L co
2nd 10 Sunflower oil + 5% m| HA
1st 11 . o
nd 12 Sunflower oil + 10% m| HA

2.4 Wear Scar Diameter

With the help of 3D Surface Measurement System, every scar produced after the wear preventive
test had been done is going to be measured. By using the high resolution and optical microscope
which is IFM G4 10x, the surface characteristics such as diameter was captured. In addition, the
vertical resolution of the microscope also been set up to 500 nm to obtain a clear sight of the wear
scar characteristics. Every three balls at the bottom in every test had been measured. Nonetheless,
the average of the diameters been calculated to reduce the error value.
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3. Results
3.1 Effect on Frictional Torque and Coefficient of Friction

From the result of frictional torque, the value increases for a few seconds in the early stage of
the Fourball Tribotester testing before it remains in a steady state condition. Frictional torque was
the torque produced from the applied force which is about 392.2 N when the ball on the top was in
contact with three balls at the bottom. The result of frictional torque for every sample of test
lubricant based on the medium-based oil obtained is illustrated in Figure 2 (a) and (b). The coefficient
of friction (COF) for olive-based oil is depicted in Figure 3(a) and for the sunflower-based oil, the
Figure 3(b).
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Fig.2. Fictional torque of (a) olive oil (b) sunflower oil
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Fig. 3. Coefficient of friction (COF) of (a) olive-based oil (b) sunflower-based oil

4. Conclusions

In summary, the additive of hyaluronic acid was not suitable to blend with the plant-based oil which
are olive oil and sunflower oil. This is due to the increase of the coefficient of friction and producing
larger wear scar diameter. Pure plant-based oil has the better lubricant ability compared with the
blended oil. However, for the olive oil, it is suitable to be blended with 10 percent volume
composition of hyaluronic acid which produce smallest average wear scar diameter which is
0.64828mm that seen to be a lubricant that having higher preventive conditions. While, pure
sunflower oil which is Sample 7 producing the smallest average coefficient of friction and frictional
torque which is 0.065940 and 1.17495818727008kgm respectively. All in all, with the aid of the
hyaluronic acid, olive oil as medium-based oil has better result in term of it tribological characteristics
compared to sunflower oil. It is clearly seen on the results, where with the based- medium of olive
oil produce less frictional torque, coefficient of friction and also smaller wear scar diameter. As a
result, it is expected that the contribution of this chapter would be advantageous not only to the
defined lubricant outline, but also to the general academic and tribology community.



Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 12, Issue 1 (2023) 1-9

Acknowledgement

The authors would like to acknowledge the Ministry of Higher Education in providing the
Fundamental of Research Grant Scheme (FRGS) No (435/2019) and School of Mechanical
Engineering, College of Engineering, UiTM Shah Alam for the financial support of this research.

References

[1]  Prekasan, D., and K. K. Saju. "Review of the tribological characteristics of synovial fluid." Procedia Technology 25
(2016): 1170-1174. https://doi.org/10.1016/j.protcy.2016.08.235

[2] MOSNEGUTU, Valeria, Veturia CHIROIU, and Rodica IOAN. "On the friction coefficient of synovial fluid in knee
joint." In Symposium of the Institute of Solid Mechanics, pp. 148-152. 2009.

[3] Jayson, M. I., and A. St Dixon. "Intra-articular pressure in rheumatoid arthritis of the knee. 3. Pressure changes
during joint use." Annals of the rheumatic diseases 29, no. 4 (1970): 401. https://doi.org/10.1136/ard.29.4.401

[4] Lu, Y, J. R. Levick, and W. Wang. "The mechanism of synovial fluid retention in pressurized joint
cavities." Microcirculation 12, no. 7 (2005): 581-595. https://doi.org/10.1080/10739680500253527

[5] More, S., A. Kotiya, A. Kotia, S. K. Ghosh, Leonidas A. Spyrou, and loannis E. Sarris. "Rheological properties of
synovial fluid due to viscosupplements: A review for osteoarthritis remedy." Computer Methods and Programs in
Biomedicine 196 (2020): 105644. https://doi.org/10.1016/j.cmpb.2020.105644

[6] Balazs, Endre A., and J. L_Denlinger. "Viscosupplementation: a new concept in the treatment of osteoarthritis." The
Journal of Rheumatology. Supplement 39 (1993): 3-9.

[71 Anadere, I, H. Chmiel, and W. Laschner. "Viscoelasticity of “normal” and pathological synovial
fluid." Biorheology 16, no. 3 (1979): 179-184. https://doi.org/10.3233/BIR-1979-16306

[8] Wang, Chien-Chih, Chin-Tien Wang, Wan-Ching Chou, Chung-Lan Kao, and Kun-Ling Tsai. "Hyaluronic acid injection
reduces inflammatory and apoptotic markers through modulation of AKT by repressing the oxidative status of
neutrophils from osteoarthritic synovial fluid." International Journal of Biological Macromolecules 165 (2020):
2765-2772. https://doi.org/10.1016/j.ijbiomac.2020.10.154

[9] Vincent, Patrice. "Intra-articular hyaluronic acid in the symptomatic treatment of knee osteoarthritis: a meta-
analysis of single-injection products." Current Therapeutic Research 90 (2019): 39-51.
https://doi.org/10.1016/j.curtheres.2019.02.003

[10] Ong, Kevin L., Maria Runa, Zhimin Xiao, Wilson Ngai, Edmund Lau, and Roy D. Altman. "Severe acute localized
reactions following intra-articular hyaluronic acid injections in knee osteoarthritis." Cartilage 13, no. 1_suppl
(2021): 14745-1486S. https://doi.org/10.1177/1947603520905113

[11] Bitterman-Deutsch, Ora, Leonid Kogan, and Faris Nasser. "Delayed immune mediated adverse effects to hyaluronic
acid fillers: report of five cases and review of the literature." Dermatology Reports7, no. 1 (2015).
https://doi.org/10.4081/dr.2015.5851

[12] J. Rosen, F. Niazi, and S. Dysart, “Cost-Effectiveness of Treating Early to Moderate Stage Knee Osteoarthritis with
Intra-articular Hyaluronic Acid Compared to Conservative Interventions.,” Adv. Ther., vol. 37, no. 1, pp. 344-352,
Jan. 2020. https://doi.org/10.1007/s12325-019-01142-x

[13] C.Y.Su,C.C.Chen,Y.L.Huang,S.W. Chen, and H. W. Fang, “Optimization of biomolecular additives for a reduction
of friction in the artificial joint system,” Tribol. Int.,, vol. 111, no. March, pp. 220-225, 2017.
https://doi.org/10.1016/].triboint.2017.03.016

[14] Bakour, Meryem, Najoua Soulo, Nawal Hammas, Hinde EL FATEMI, Abderrazak Aboulghazi, Amal Taroq,
Abdelfattah Abdellaoui, Noori Al-Waili, and Badiaa Lyoussi. "The antioxidant content and protective effect of argan
oil and Syzygium aromaticum essential oil in hydrogen peroxide-induced biochemical and histological
changes." International Journal of Molecular Sciences 19, no. 2 (2018): 610. https://doi.org/10.3390/ijms19020610

[15] Rothammer, Benedict, Max Marian, Florian Rummel, Stefan Schroeder, Maximilian Uhler, J. Philippe Kretzer,
Stephan Tremmel, and Sandro Wartzack. "Rheological behavior of an artificial synovial fluid—influence of
temperature, shear rate and pressure." Journal of the Mechanical Behavior of Biomedical Materials 115 (2021):
104278. https://doi.org/10.1016/j.imbbm.2020.104278

[16] Rebenda, David, Martin Vrbka, David Necas, Evgeniy Toropitsyn, Seido Yarimitsu, Pavel Cipek, Martin Pravda, and
Martin Hartl. "Rheological and frictional analysis of viscosupplements towards improved lubrication of human
joints." Tribology International 160 (2021): 107030. https://doi.org/10.1016/].triboint.2021.107030

[17] Ganesan, Kumar, Kumeshini Sukalingam, and Baojun Xu. "Impact of consumption and cooking manners of
vegetable oils on cardiovascular diseases-A critical review." Trends in Food Science & Technology 71 (2018): 132-
154. https://doi.org/10.1016/j.tifs.2017.11.003

|II



https://doi.org/10.1016/j.protcy.2016.08.235
https://doi.org/10.1136/ard.29.4.401
https://doi.org/10.1080/10739680500253527
https://doi.org/10.1016/j.cmpb.2020.105644
https://doi.org/10.3233/BIR-1979-16306
https://doi.org/10.1016/j.ijbiomac.2020.10.154
https://doi.org/10.1016/j.curtheres.2019.02.003
https://doi.org/10.1177/1947603520905113
https://doi.org/10.4081/dr.2015.5851
https://doi.org/10.1007/s12325-019-01142-x
https://doi.org/10.1016/j.triboint.2017.03.016
https://doi.org/10.3390/ijms19020610
https://doi.org/10.1016/j.jmbbm.2020.104278
https://doi.org/10.1016/j.triboint.2021.107030
https://doi.org/10.1016/j.tifs.2017.11.003

Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 12, Issue 1 (2023) 1-9

(18]
(19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Khan, Sheeba, Saumya Choudhary, Anamika Pandey, Mohd Kamran Khan, and George Thomas. "Sunflower oil:
Efficient oil source for human consumption." Emergent life sciences research 1 (2015): 1-3.

Sanchez-Muniz, F. J., S. Bastida, and Juana Benedi. "Sunflower oil." (2016): 217-226., doi: 10.1016/B978-0-12-
384947-2.00674-7. https://doi.org/10.1016/B978-0-12-384947-2.00674-7

Nandha, Ruchika, Harpal Singh, Kamlesh Garg, and Seema Rani. "Therapeutic potential of sunflower seeds: An
overview." International Journal of Research and Development in Pharmacy & Life Sciences 3, no. 3 (2014): 967-
972. https://doi.org/10.3390/membranes11070479

Mukerjee, Souvik, Abdulaziz S. Saeedan, Mohd Nazam Ansari, and Manjari Singh. "Polyunsaturated fatty acids
mediated regulation of membrane biochemistry and tumor cell membrane integrity." Membranes 11, no. 7 (2021):
479. https://doi.org/10.3390/membranes11070479

Hashimoto, Michio, and Shahdat Hossain. "Fatty acids: from membrane ingredients to signaling
molecules." Biochemistry and Health Benefits of Fatty Acids (2018): 1-20.
https://doi.org/10.5772/intechopen.80430

Pawlicki, L. T., A. J. Rostocki, D. B. Tefelski, R. M. Siegoczyniski, and S. Ptasznik. "Mechanical properties of sunflower
oil under pressure." European Food Research and Technology (2022): 1-5. https://doi.org/10.1007/s00217-021-
03880-1

Danish, Mohd, Munish Kumar Gupta, Saeed Rubaiee, Anas Ahmed, and Murat Sarikaya. "Influence of graphene
reinforced sunflower oil on thermo-physical, tribological and machining characteristics of inconel 718." Journal of
Materials Research and Technology 15 (2021): 135-150. https://doi.org/10.1016/j.jmrt.2021.07.161

Alimentarius, Codex. "Codex standard for olive oil, virgin and refined, and for refined olive-pomace oil." Codex
stan 8 (2001): 25-39.

Foscolou, Alexandra, Elena Critselis, and Demosthenes Panagiotakos. "Olive oil consumption and human health: A
narrative review." Maturitas 118 (2018): 60-66. Dec. 2018. https://doi.org/10.1016/j.maturitas.2018.10.013
Gorzynik-Debicka, Monika, Paulina Przychodzen, Francesco Cappello, Alicja Kuban-Jankowska, Antonella Marino
Gammazza, Narcyz Knap, Michal Wozniak, and Magdalena Gorska-Ponikowska. "Potential health benefits of olive
oil and plant polyphenols." International journal of molecular sciences19, no. 3 (2018): 686.
https://doi.org/10.3390/ijms19030686

Jimenez-Lopez, Cecilia, Maria Carpena, Catarina Lourengo-Lopes, Maria Gallardo-Gomez, Jose M. Lorenzo,
Francisco J. Barba, Miguel A. Prieto, and Jesus Simal-Gandara. "Bioactive compounds and quality of extra virgin
olive oil." Foods 9, no. 8 (2020): 1014. https://doi.org/10.3390/foods9081014

Musumeci, Giuseppe, Francesca Maria Trovato, Karin Pichler, Annelie Martina Weinberg, Carla Loreto, and Paola
Castrogiovanni. "Extra-virgin olive oil diet and mild physical activity prevent cartilage degeneration in an
osteoarthritis model: an in vivo and in vitro study on lubricin expression." The Journal of nutritional biochemistry 24,
no. 12 (2013): 2064-2075. https://doi.org/10.1016/j.inutbio.2013.07.007

Gelmini, Fabrizio, Massimiliano Ruscica, Chiara Macchi, Viviana Bianchi, Roberto Maffei Facino, Giangiacomo
Beretta, and Paolo Magni. "Unsaponifiable fraction of unripe fruits of Olea europaea: An interesting source of anti-
inflammatory constituents." Planta Medica 82, no. 03 (2016): 273-278. https://doi.org/10.1055/s-0035-1558155
Chin, Kok-Yong, and Kok-Lun Pang. "Therapeutic effects of olive and its derivatives on osteoarthritis: From bench
to bedside." Nutrients 9, no. 10 (2017): 1060. https://doi.org/10.3390/nu9101060

Ing, T. Chiong, A. K. M. Rafiq, Y. Azli, and S. Syahrullail. "Tribological behaviour of refined bleached and deodorized
palm olein in different loads using a four-ball tribotester." Scientia Iranica 19, no. 6 (2012): 1487-1492.
https://doi.org/10.1016/j.scient.2012.10.027

Jabal, Mohammed Hassan, Muhannad Zedan Khlefia, Israa S. Ahmed, and Hind Dawood Salman. "Performance
features of the sunflower seeds oil as a hydraulic bio fluid under various normal loads." Jurnal Teknologi 82, no. 2
(2020): 1-6. https://doi.org/10.11113/jt.v82.13354



https://doi.org/10.1016/B978-0-12-384947-2.00674-7
https://doi.org/10.3390/membranes11070479
https://doi.org/10.5772/intechopen.80430
https://doi.org/10.1007/s00217-021-03880-1
https://doi.org/10.1007/s00217-021-03880-1
https://doi.org/10.1016/j.jmrt.2021.07.161
https://doi.org/10.1016/j.maturitas.2018.10.013
https://doi.org/10.3390/ijms19030686
https://doi.org/10.3390/foods9081014
https://doi.org/10.1016/j.jnutbio.2013.07.007
https://doi.org/10.1055/s-0035-1558155
https://doi.org/10.3390/nu9101060
https://doi.org/10.1016/j.scient.2012.10.027
https://doi.org/10.11113/jt.v82.13354

