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Abstract

Antioxidants were any substance that can inhibit oxidation that causes collagen disintegration, lipid breakdown,
DNA damage and protein unfolding in the aging process. The ingredients in the cosmetics has a toxin effect in
human body. To investigate the bioactive compound, an antioxidant and antiaging activity particularly as
collagenase inhibitor of the tomatoes. This study used phytochemical screening for the bioactive compounds,
DPPH scavenging activity for antioxidant assay and collagenase inhibition activity for the antiaging property.
The phytochemical screening shows that the Solanum lycopersicum L. extract (SLE) has flavonoid, phenol,
saponin, tannin and alkaloid. The lycopene (79.45 + 1.01) has an antioxidant activity better than SLE (147.20 +
16.97) from DPPH scavenging activity. Lycopene (85,09 + 1,81 pg/mL) also has the higher antiaging activity
than SLE (236,74 + 9,74 pug/mL) particularly as collagenase inhibitor. In conclusion flavonoid was the most
common in the SLE. SLE has a higher antioxidant activity through DPPH scavenging activity and antiaging

activity particularly as a collagenase inhibitor.
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1. Introduction

Antioxidants were any substance that can delay or inhibits oxidation of that substrate significantly and can
scavenge reactive oxidative stress (ROS) directly and inhibit ROS production [1]. ROS were free radicals
produced by mitochondria thought to be oxygen-centered the radicals initially, but also a product of normal
cellular metabolism from cellular redox process called reactive nitrogen species (RNS) [2,3]. The physical
changes of the skin due to transformation in the connective tissue like the formation of lipid peroxides, cell
contents and enzymes caused by the UV exposure [4]. In the aging process, ROS had an important role in
collagen disintegration, lipid breakdown, DNA damage, fragmentation and protein unfolding [5]. At least 3.500
years ago, the spices and herbs had been traded existence. Recently, the user of the spices and herbs as natural
antioxidants in the food industries increased rapidly [6]. The ingredients in the cosmetics such as paraben, coal
tar, phthalates, heavy metals and the other compounds have a toxic effect in human body [7]. Tomatoes are the
most important vegetables and rich of antioxidants such as lycopene, flavonoid, vitamins C, E, B6, folic acid,
niacin, potassium and trace elements which play important role in scavenging free radicals and cofactors of
antioxidant enzymes [8,9]. Lycopene is a powerful antioxidant agent and has the ability to prevent skin from
aging from the ability to defend the skin against the radiation of UV exposure by blocking the UV light [10,11].
Flavonoid and phenolic compounds have an antioxidant activity generally in scavenging free radicals [12]. By
knowing so much the function of the tomatoes, these study objectives are to investigate the bioactive compound,
an antioxidant using 1,1-diphenyl 2-picrylhydrazyl (DPPH) method and antiaging activity particularly as

collagenase inhibitor of the tomatoes.

2. Experimental Section

Materials

Materials used in this study are tomato (Solanum lycopersicum L.), ethanol 70%, DPPH 2,2 Diphenyl-1-
picrylhydrazyl (DPPH) (Sigma, D9132), absolute methanol (Merck 1060092500), Dymethilsufoxide (DMSO)
(Merck 1029522500), Lycopene (Chengdu BP0401), N-[3-(2-Furyl)acryloyl]-leu-gly-Pro-Ala (FALGPA)
(Sigma F5135), Collagenase from Clostridium histolyticum (Sigma C8051), Tricine (Sigma SA10377), calcium
chloride (Merck 1023821000), Sodium chloride (Merck 106406), distilled water, (Merck 1.02931.1000),
Hydrochloric acid solution (Merck 109057),

Instrumentation

Instrument used in this study are Micropipette (1-10 pL; 50-200pL; 100-1000 pL), Microplate Reader, 96 well,
Tube 15 ml, Tube 50 ml, Pipette Tips (1-10 pl, 50- 200 pl, 100-1000 pl), Multichannel Pipette 30-300 pL,

Incubator, analytical balance, vortex, tube eppendrof 1,5 ml, pH meter, beaker glass.

2.1. Preparation of tomato (Solanum lycopersicum L.) extract

The fruits of Solanum lycopersicum L. were collected from Bandung, West Java, Indonesia. The plants were

identified by the herbarium staff, Department of Biology, School of Life Science and Technology, Bandung
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Institute of Technology, Bandung, Indonesia. The Solanum lycopersicum L.’s fruits were mashed and extracted
using ethanol 70% with maceration method. Every 24 hours the filtrate was filtered and collected until it was

colorless. The extract evaporated until the extract become a paste form [13].

2.2. Phytochemical Screening Assay

The phytochemical screening assay on Solanum lycopersicum L. was carried out of ethanolic extraction of
Solanum lycopersicum L. to know the bioactive compounds that were useful in anti-aging and antioxidant
[13,14].

Phenols identification

Solanum lycopersicum L. extract (10 mg) was dissolved with 5 ml ddH,0. Then 500pl of FeCl; 1% was added.

The presence of green/red/purple/blue/black color indicated the phenol compound [4].

Steroid/triterpenoid identification

Solanum lycopersicum L. extract (10 mg) was placed on dropping plate, then glacial acetate was added until the
extract was soaked. After 10-15 minutes, add 1 drop of absolute sulfate acid (H,SO,). The presence of
green/blue color indicated the steroid compound if the presence of purple/red/orange color indicated the

triterpenoid compound [4].

Saponin identification

Solanum lycopersicum L. extract (10 mg) was dissolved with ddH,O into the test tube and boiled it for 5

minutes, shake vigorously. The presence of the stable foam indicated the saponin compound [4].

Tannin identification

Solanum lycopersicum L. extract (10 mg) was dissolved with 2 ml HCI 2N into the test tube and heated it in the
water bath for 30 minutes. Add 500ul amyl alcohol after the mixture was cooled down and filtered. The

presence of orange/red color indicated tannin compound [4].

Terpenoid identification

Solanum lycopersicum L. extract (10 mg) into dropping plate. Then vanillin and absolute H,SO, were added.

The presence of the purple color indicated terpenoid compound [4].

Flavonoid identification

Solanum lycopersicum L. extract (10 mg) was dissolved with HCI 2N in the test tube, and add Mg/Zn. The
mixture sample was heated for 5-10 minutes, add 1 ml amyl alcohol after the mixture cooled down and filtered.

The presence of red/orange color indicated flavonoid compound [4].
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Alkaloid identification

Solanum lycopersicum L. extract (10 mg) dissolved with 5 ml ddH,O and evaporated in the water bath. Add 5
ml HCI 2N into the residue and divided into 2 test tube. Add 3 drops of HCI 2N to the first tube for blank.
Moved the second tube to drop plate and add 3 drops of Dragendorff solution. The presence of orange sediment

indicated alkaloid compound [4].
2.3. Diphenyl-1-picrylhydrazil (DPPH) Assay

DPPH compounds are free radicals that contained hydrogen radical compounds. The reduction of DPPH
solution was the antioxidant compounds release the hydrogen atoms into the antioxidant radicals and forms into
a nonradical DPPH. Add Solanum lycopersicum L. extract (50 ul) and DPPH 0,077 mmol (200 ul) into the 96-
well plate. The mixture was incubated in the dark room for 30 minutes. The absorbance was measured using the
microplate reader with 517 nm wavelength [15]. The radical scavenging activity was measured using the

following formula:

Sample

— x 100
Control x

% scavenging =

2.4. Collagenase Assay

The mixture of the 10 ul of collagenase from Clostridium histolyticum (0.1 mg/ml), 30 pl of SLE and 60 ul of
tricine buffer (50 mM tricine, 10 mM calcium chloride, 400 mM sodium chloride, pH 7.5) were incubated at
37°C for 20 minutes. Add 20 pl FALGPA 1 mM substrate into the mixture. The absorbance was measured using
the microplate reader with 335 nm wavelength [16]. The collagenase inhibition activity was measured using the

following formula:

C x100

% inhibition =

C: negative control absorbance

S: sample absorbance

3. Result and Discussion

3.1. Phytochemical Screening of SLE

Phytochemical screening of SLE has shown the presence of flavonoid, saponin, phenol, tannin,

steroid/triterpenoid, terpenoid and alkaloid.

The result of phytochemical screening of SLE can be seen in table 1.
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Table 1: Result of Phytochemical Screening of SLE

Phytochemical content SLE

Flavonoid +++
Saponin ++
Phenol +
Tannin -
Steroid/Triterpenoid -[+
Terpenoid -
Alkaloid ++

++++ :very high content; +++ : high content; ++ : moderate content; +: low content; - : not detected

The aim of this phytochemical screening of the SLE was to investigate the bioactive compounds in the Solanum
lycopersicum L. such as flavonoid, saponin, phenol, tannin, steroid/triterpenoid, terpenoid and alkaloid. Table 1
shows the presence of the high content (+++) of the flavonoid, the moderate content (++) of the saponin and
alkaloid, the low content (+) of the phenol and triterpenoid, while the tannin, steroid, and terpenoid were not
detected (-). Flavonoids were the highest bioactive compound in the Solanum lycopersicum L. extract, they were
contributed to antioxidant in the human health. The bioactive compound can react with the free radical, chelate

metals, and inhibit lipid peroxidation [17].

3.2. Diphenyl-1-picrylhydrazil (DPPH) Assay

DPPH was one of the free radical that was occurring at the electron transfer. The DPPH solution will oxidize the
plant extract compounds. This process characterized by the purple color was fading away into yellow color [18].
DPPH radical scavenging activity was the most widely method that was used for screening the antioxidant
activity of the plant extract [19]. The DPPH scavenging activity of Solanum lycopersicum L. in many

concentrations can be seen at table 2. The 1Cs, value of DPPH scavenging activity can be seen at table 3.

Table 2: Diphenyl-1-picrylhydrazil (DPPH) scavenging activity of Solanum lycopersicum L. extract and
lycopene (mean, the result of the Tukey HSD post hoc test)

Last Concentration Mean of DPPH Scavenging activity (%)

(ng/mL) Solanum lycopersicum L. Lycopene
200 54,98 + 2.61° 90.29 + 0.46'
100 47.13+1.81° 59.77 + 0.83°
50 39.95 + 1.53° 41.60 £ 0.34°
25 35.70 £ 0.94%° 33.72 £ 0.31°
125 35.37  1.42%° 29.18 + 1.19°
6.25 31.82 £ 1.90° 16.34 + 0.96°
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Data were presented as mean + standard deviation. Different small letters in the same column are significant at P
< 0.05 (Tukey HSD post hoc test).

Table 2 shows the result of the DPPH scavenging activity, the higher the concentration level, have better
potential for scavenging free radical. Based on the result, lycopene has DPPH scavenging activity higher than

Solanum lycopersicum L. extract.

Table 3: The ICs, value of 2,2-Diphenyl-1-picrylhydrazil (DPPH) scavenging activity of Solanum lycopersicum
L. extract (SLE) and lycopene

Sample Equation R’ ICso (Hg/mL) ICs (Mg/mL)
SLE (1% repetition) y = 0.0918x + 34,816 0.95 165.40
SLE (2" repetition) y =0.1250x + 31,953 0.99 144.38
5 . 147.20 £16.97
SLE (3" repetition) y =0.1287x + 33,036 0.94 13181
SLE (mean) y =0.1152x + 33,269 096  145.23
Lycopene (1% repetition) y =0.3516x + 21.716 0.97 80.44
Lycopene (2™ repetition =0.3534x + 22.288 0.97 78.42
yeopene ( | p” ) Y 79.45+1.01
Lycopene (3" repetition) y =0.3481x + 22.327 0.98 79.50
Lycopene (mean) y =0.3511x + 22.110 0.97 79.44

Table 3 shows that the 1Cs, value of Solanum lycopersicum L. was higher (147.20 + 16.97) than lycopene (79.45
+ 1.01). From this result, lycopene has antioxidant activity through 2,2-Diphenyl-1-picrylhydrazil (DPPH)

scavenging activity better than Solanum lycopersicum L. extract.

The similar result was reported by Widowati and her collegues [18], which reported that the ICsq of DPPH
scavenging activity of Jasminum sambac extract was higher (94.13 + 10.54 pug/mL) than eugenol (2.28 + 0.12
pug/mL). Widowati and her collegues [4] reported that the I1Csq of DPPH scavenging of Hibiscus sabdariffa
extract was higher (195.73 + 18.63 pg/mL) than ascorbic acid (5.91 + 0.66). Boulanouar and his collegues [20]
reported that the ICsq of T. algeriensis extract (111 + 1.12 pg/mL) was higher than ascorbique acid (16 + 1.22
pg/mL) Based on the results indicate lycopene more potent as antioxidant particularly as DPPH scavenging

activity than Solanum lycopersicum L. extract.

The antioxidant activity was influenced with the density of the extract, the high density of the extract presents
the higher bioactive compound and the low density of the extract present the lower bioactive compound in the
extract [21]. The bioactive compound also has hydrogen donating ability associated with the replacement of
hydroxyl groups in the aromatic ring systems of the phenolic compounds [22]. The antioxidant activity from
flavonoid was through suppressed the oxidative stress in the cell [23]. DPPH was a stable free radical when the
antioxidant reacts with DPPH, the DPPH reduced into hydrazine [24].

4. Hyaluronidase assay

Collagen was a structural protein that was correlated in the skin thickness and strength [25]. Collagenase is a
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group of metalloproteinase enzyme that has important role in collagen degradation. One of the aging problems
was the increasing the collagen degradation [26]. The collagenase inhibitor activity of Solanum lycopersicum L.

extract and lycopene in some concentration can be seen at table 4 and the 1C5, values can be seen at table 5.

Table 4: The anti-collagenase activity of Solanum lycopersicum L. extract and lycopene (mean, the result of the
Tukey HSD post hoc test)

Final Cocentration (ug/mL) Mean of collagenase inhibitor (%6)
Solanum lycopersicum L. Lycopene

250.00 52.39 + 1.89' 84.55+ 1.10"
125.00 30.88 + 0.26° 54.99 + 0.34°
62.50 22.84 £ 0.84° 48.53 + 1.32°
31.25 19.04 + 1.03° 43.33 £ 0.46°
15.63 15.74 +0.94° 35.95 + 0.05°
7.81 10.51 £ 1.19% 28.85 + 0.45%

*) Data were presented as mean + standard deviation. Different small letters in the same column are significant
at P <0.05 (Tukey HSD post hoc test).

Table 4 shows that various concentration Solanum lycopersicum L. extract and lycopene, the higher of the
concentration level, more potential the antiaging activity particularly as collagenase inhibitor. Based on the

result, lycopene has an antiaging activity better than Solanum lycopersicum L. extract.

Table 5: The ICsq value of anti-collagenase of Solanum lycopersicum extract (SLE) and lycopene

Sample Equation R? 1Cso (Mg/mL)
(Mg/mL)
SLE (1% repetition) y = 0.1667x + 11.794 0,98 229,19
SLE (2" repetition) y = 0.1508x + 12.642 099 247,73
236,74 £9,74
SLE (3" repetition) y = 0.1638x + 11.788 0,98 233,28
SLE (mean) y =0.1604x + 12.075 0,99 236,44
Lycopene (1% repetition) y = 0.2057x + 32.844 0,96 83,40
Lycopene (2" repetition) y =0.2123x + 31.981 0,97 84,88
’ - 85,09+ 1,81
Lycopene (3™ repetition) y =0.2030x + 32.338 0,97 87,00
Lycopene (mean) y =0.2070x + 32.388 0,96 85,08

Table 4 shows that the ICsyvalue in antiaging activity assay, 1Cs value of Solanum lycopersicum L. has higher
value than lycopene (ICs, of lycopene = 85,09 + 1,81 ug/mL; ICs, of Solanum lycopersicum L. extract = 236,74
+9,74 pg/mL).
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This study has a similar result was reported by Widowati and her colleagues [16]. Which reported that the 1Cs
value of the collagenase inhibition of Oryza sativa extract was 816.78 pg/mL, the result indicated the Oryza
sativa extract has lower antiaging activity particularly as collagenase inhibition compared with the other
compounds. Widowati and her colleagues [18] reported that ICs, of the collagenase inhibition of Jasminum
sambac extract was 339.30 £ 7.87 pg/mL, the result indicated the Jasminum sambac extract has lower antiaging
activity particularly as collagenase inhibition compared with the other compounds. Based on this study,

Solanum lycopersicum L. extract has a potential as antiaging activity particularly as collagenase inhibitor.

The bioactive compound dramatically induced the collagen synthesis as a booster of collagen in the skin and
inhibited the collagen activity via reduced the collagen breakdown [27]. The collagenase inhibition activity
delays the aging process such as wrinkle formation via delay the forming pre-collagen fibres [28]. The
polyphenols such as flavonoid that found in the plant extract have an anti-collagenase activity has been used as a

basic material for synthesizing several antiaging molecules [29].

5. Conclusions

From the result, lycopene has potential antioxidant and antiaging activity through collagenase inhibitor higher
than Solanum lycopersicum L. extract. In conclusion, the bioactive compound that presence in the Solanum
lycopersicum L. was flavonoid, phenol, saponin, tannin and alkaloid. The compound in the Solanum
lycopersicum L. made it had antioxidant activity through DPPH scavenging activity and antioxidant activity
particularly as collagenase inhibitor, so Solanum lycopersicum L. can be used as an antiaging product. For the

recommendation, the extract needed to be purified to get the bioactive compound for the antiaging sources.

Acknowledgements

The author would say thanks to DR. dr. I Nyoman Ehrich Lister, M.Kes., AIFM and Edy Fachrial, S.Si., M.Si as
mentor, dr. Linda Chiuman, M.K.M as dean, DR. Chrismis Novalinda Ginting, M.Kes as chancellor, and Aretha

Medika Utama for supporting this research.

References

[1] KS. Sonam, S. Guleria. “Synergistic Antioxidant Activity of Natural Products”. Annals of
Pharmacology and Pharmaceutics, vol. 2(16), pp. 1-6. Sep. 2017.

[2] EA. Sisein. “Biochemistry of Free Radicals and Antioxidants”. Scholars Academic Journal of
Biosciences, vol. 2(2), pp. 110-8. 2014.

[3] OE. Ifeanyi. “A Review on Free Radicals and Antioxidants”. International Journal of Current Research
in Medical Sciences, vol. 4(2), pp. 123-33. 2016.

[4] W. Widowati, AP. Rani, RA.Hamzah, S. Arumwardana, E. Afifah, HSW. Kusuma, DD. Rihibiha, H.
Nufus, A. Amalia. “Antioxidant and Antiaging Assays of Hibiscus sabdariffa Extract and Its
Compounds”. Natural Product Sciences, vol. 23(3), pp. 192-200. 2017.

[5] Manisha, W. Hasan, R. Rajak, D. Jat. “Oxidative Stress and Antioxidants: An Overview”. International
Journal of Advanced Research and Review. Vol. 2(9), pp. 110-9. 2017.

64



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2019) Volume 52, No 1, pp 57-66

[6] DB. Kapadiya, BK. Dabhi, KD. Aparnathi. “Spices and Herbs as a Source of Natural Antioxidants for
Food”. International Journal of Current Microbiology and Applied Sciences, vol. 5(7), pp. 280-8. Jul.
2016.

[7] V. Jadhav, S. Dhande, V. Kadam. “Cosmetic Side Effects”. World Journal of Pharmacy and
Pharmaceutical Sciences, vol. 6(1), pp. 327-343. Dec. 2016.

[8] W. Klunklin, G. Savage. “Effect on Quality Characteristics of Tomatoes Grown Under Well-Watered
and Drought Stress Conditions”. Foods, vol. 6(56), pp. 1-10. Jul. 2017.

[9]1 V. Nour, I. Trandafir, ME. lonica. “Antioxidant Compounds, Mineral Content And Antioxidant
Activity Of Several Tomato Cultivars Grown In Southwestern Romania”. Not Bot Horti Agrobo, vol.
41(1), pp. 136-142. 2013.

[10] SC. Mondal, P. Singh, B. Kumar, SK. Singh, SK. Gupta, A. Verma. Ageing and Potential Anti-Aging
Phytochemicals: An Overview. World Journal of Pharmacy and Pharmaceutical Sciences, vol. 4(1), pp.
426-54. Dec. 2015.

[11] MA. Shahtalebi, AH. Siadat, S. Karbasizade. “Preparation and Evaluation of the Clinical Efficacy and
Safety of Tomato Lotion Containing Lycopene”. Journal of HerbMed Pharmacology, vol. 4(4), pp.
142-8. Jul. 2015.

[12]JR. Sihombing, A. Dharma, Z. Chaidir, Almahdy, E. Fachrial, E. Munaf. “Phytochemical Screening
and Antioxidant Activities of 31 Fruit Peel Extract from Sumatera, Indonesia”. Journal of Chemical
and Pharmaceutical Research, vol. 7(11), pp. 190-6. 2015.

[13]D. Rusmana, R. Wahyudianingsih, M. Elisabeth, Balgis, Maesaroh, W. Widowati. “Antioxidant
Activity of Phyllanthus niruri Extract, Rutin and Quercetin”. The Indonesia Biomedical Journal, vol.
9(2), pp. 84-90. May. 2017.

[14]M. Umar, A. Zubairu, HS. Hamisu, IB. Mohammed, JO. Oko, IM. Abdulkarim, A. Salisu, AA. Yaya,
AA. Aliko. “Evaluation of Phyotochemical and In Vitro Antiomcrobial Effects of Solanum
lycopersicum Linn. (Tomato) on Oral Thrush and Human Cariogenic Pathogens. Journal of Advances
in Medical and Pharmaceutical, vol. 11(4), pp. 1-9. Jan. 2016.

[15]W. Widowati, T. Herlina, H. Ratnawati, G. Constantia, IDGS. Deva, M. Maesaroh. “Antioxidant
Potential Of Black, Green And Oolong Tea Menthanol Extracts”. Biology, Medicine, & Natural
Product Chemistry, vol. 4(2), pp. 38-43. 2015.

[16]W. Widowati, N. Fauziah, H. Herdiman, M. Afni, E. Afifah, HSW. Kusuma, H. Nufus, S.
Arumwardana, DD. Rihibiha. “Antioxidant and Anti Aging Assays of Oryza Sativa Extracts, Vanillin
and Coumaric Acid”. Journal of Natural Remedies, vol. 16(3), pp. 88-99. Jul. 2016.

[17]R. Karamian, M. Asadbegy. “Antioxidant Activity, Total Phenolic and Flavonoid Contents of Three
Onobrychis Species From Iran”. Pharmaceutical sciences, vol. 22, pp. 112-9. Jun. 2016.

[18]W. Widowati, WB. Janeva, S. Nadya, A. Amalia, S. Arumwardana, HSW. Kusuma, Y. Arinta.
“Antioxidant and Antiaging Activities of Jasminum Sambac Extract, and Its Compounds”. Journal of
Repots in Pharmaceutical Sciences, vol. 7(3), pp. 270-85. Jul. 2018.

[19]RK. Sahu, M. Kar, R. Routray. “DPPH Free Radical Scavenging Activity of Some Leafy Vegetables
Used by Tribals of Odisha, India”. Journal of Pharmacognosy and Phytochemistry, vol. 4(1), pp. 21-7.
2013.

65



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2019) Volume 52, No 1, pp 57-66

[20]B. Boulanouar, G. Hadjira, R. Maria, G. Abdelaziz. DPPH Free Radical Scavenging Activity of
Ethanolic Extract of Twenty Two Medicinal Species from South Algeria (Laghouat Region)”.
Medicinal & Analytical Chemistry International Journal, vol. 1(1):1-7. Aug. 2017.

[21]1. Firdrianny, A. Rizkiya, K. Ruslan. “Antioxidant Activities of Various Fruit Extracts from Three
Solanum sp. Using DPPH and ABTS Method and Correlation with Phenolic, Flavonoid and Carotenoid
Content”. Journal of Chemical and Pharmaceutical Research, vol. 7(5), pp. 666-72. 2015.

[22] ASN. Formagio, CRF. Volobuff, M. Santiago, CAL. Cardoso, MDC. Vieira, ZV. Pereira. “Evaluation
of Antioxidant Activity, Total Flavonoids, Tannins and Phenolic Compounds in Psychotria Leaf
Extracts”. Antioxidants,vol. 3, pp. 745-57. Nov. 2014.

[23]OA. Qjo, CO. Akintayo. “Assessment of Antioxidant Activity of Ficus Asperifolia Mig Aqueous
Extract In Vitro Studies”. The Journal of Phytopharmacology, vol. 3(1), pp. 16-21. Feb. 2014.

[24]S. Basumatary, AK. Das, R. Nanjian, GD. Sharma. “In Vitro Evaluation of Antioxidant Properties of
Hodgsonia Heteroclita (Cucurbitaceae) Fruit”. Journal of Applied Pharmaceutical Science, vol. 5(3),
pp. 80-3. Nov. 2015.

[25] MIA. Rodrigue, LGR. Barros, ML. Sanchez. “Collagen: A Review on Its Sources and Potential
Cosmetic Applications”. Journalof Cosmetic Dermatology, vol. 17, pp. 20-6. 2018.

[26]S. Utami, P. Adityaningsari, I. Sosiawan, S. Endrini, QR. Sachrowardi, SP. Laksono, S. Nafik, BC.
Arrahmani, et al. “Antioxidants and Anticholinesterase Activities of the Characterized Ethanolic of ripe
Sesoot (Garcinia picrorrhiza Mig.) Fruit Extract (GpKar) and Xanthone”. Traditional Medicine Journal,
vol. 22(3), pp. 160-5. Dec. 2017.

[27]P. Limtrakul, S. Yodkeeree, P. Thippraphan, W. Punfa, J. Srisomboon. “Anti-aging and Tyrosinase
Inhibition Effects of Cassia fistula Flower Butanolic Extract”. BMC Complementary and Alternative
Medicine, vol. 16(497), pp. 1-9. 2016.

[28] G. Ndlovu, G. Fouche, M. Tselanyane, W. Cordier, V. Steenkamp. “In Vitro Determination of the
Anti-Aging Potential of Four Southern African Medicinal Plants”. BMC Complementary and
Alternative Medicine, vol. 13, pp. 1-7. Dec. 2013.

[29] A. Simo, N. Kawal, G. Paliyath, M. Bakovic. “Botanical Antioxidants for Skin Health in the World of
Cosmeceuticals”. International Journal of Advanced Nutrituonal and Health Science, vol. 2(1), pp. 67-
88. Aug. 2014.

66



