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Abstract

:

The widely reported adverse effects of synthetic ingredients encourage the development of green cosmeceuticals to achieve Sustainable Development Goal (SDG) 3. The waste product of mangosteen (mangosteen peel) was utilized in the formulation to reduce waste production corresponding to SDG 12, in addition to its anti-aging and pigmentation control effects. This study aimed to formulate and evaluate novel herbal face creams containing standardized mangosteen peel extract. The mangosteen creams were formulated using natural ingredients and were evaluated for their organoleptic characteristics, rheology, spreadability and pH. Furthermore, an accelerated stability study, freeze–thaw stability study and centrifugation test were conducted. In addition, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assays were conducted to assess its antioxidant effects, whereas tyrosinase inhibitory assay was conducted to determine its anti-tyrosinase activity. The formulated creams appeared light yellowish-brown and homogenous without phase separation. The creams displayed shear-thinning behavior and optimal pH which was ideal for topical application. The creams were stable after being subjected to various stability tests and were shown to have antioxidant and anti-tyrosinase activity. In conclusion, the development of mangosteen-based green cosmeceutical face cream is in line with SDG 3 and 12. It is expected to be used as a safe and effective alternative to synthetic products.
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1. Introduction


Skin is the largest organ in humans and one that plays a role in protection, regulation and sensation. It is the first line of defense against microorganisms, chemicals and radiations [1]. However, aging, genetics and environmental factors such as ultraviolet radiation, infection, smoking and other air pollutants cause skin aging [2,3]. Among these, exposure to ultraviolet radiation contributes to 80% of skin aging cases. Skin aging is defined as the accumulation of molecular damages over time and can be explained by the micro-inflammatory model developed by Giacomoni et al. [4]. Clinical manifestation of skin aging includes reduced elasticity, sagging of the dermis and wrinkle formation.



Skin aging occurs when the generation of free radicals exceeds the antioxidative activity at the target site. Hence, topical antioxidants work by inhibiting free radical-mediated cellular damage pathways, eliminating oxidative stress and stimulating DNA repair [5]. For instance, retinoids such as tretinoin and tazarotene are commonly used as antioxidants in the cosmetics field. However, topical application of retinoids is reported to cause skin itchiness, redness and scaling [6]. Furthermore, the limitation to sun exposure is vital due to its photosensitive features. The use of retinoids is also contraindicated in pregnant women due to their teratogenicity.



On the other hand, melanogenesis causes skin pigmentation. In general, skin pigmentation helps to protect our skin from detrimental ultraviolet irradiation. However, a high level of melanin leads to melasma, skin cancer, DNA damage and gene mutation. Since tyrosinase is the key enzyme in melanogenesis, the role of tyrosinase inhibitor is crucial to inhibit melanogenesis. For instance, hydroquinone, arbutin, kojic acid and azelaic acid are well known in the market as tyrosinase inhibitors. However, the chronic use of hydroquinone is carcinogenic and causes ochronosis and nail discoloration. Furthermore, skin whitening agents such as mercury are strictly banned due to the risk of nephrotoxicity, skin rashes, mental disorder and skin discoloration [7].



Moreover, synthetic ingredients such as Sodium Lauryl Sulphate (SLS), parabens, sulfides and alcohol cause skin dryness and irritation. The widely reported adverse effects of synthetic ingredients encourage the development of green cosmeceuticals to achieve Sustainable Development Goal (SDG) 3: Good Health and Well-being. Green cosmeceuticals are defined as ‘products that will not pollute the earth or deplete natural resources and can be recycled or conserved’ [8]. Green cosmeceuticals are safer, less toxic and environmentally friendly. The sustainability of green cosmeceuticals is achieved by the use of natural resources and reusable packaging materials [9]. Furthermore, the production of green cosmeceuticals requires less consumption of water, material and energy [10]. Besides, the manufacturing of green cosmeceuticals helps to reduce waste production and the cost of manufacturing in addition to its ecological, economic and social benefits [11]. The knowledge about biotechnology, chemistry, pharmaceutical technology and toxicology is becoming increasingly important to optimize the features of green cosmeceuticals [12]. For instance, the emerging use of nanotechnology in the cosmetic field provides targeted or controlled action. Moreover, nanocosmetics improve the efficacy, dispersibility, quality and texture of the final product [13]. However, the application of nanotechnology in green cosmeceuticals is not well studied.



Mangosteen (Garcinia mangostana) is mainly cultivated in Southeast Asia. However, it is being consumed worldwide due to its sweet and juicy texture. It is one of the major tropical fruits in Malaysia. Thus, the 9th Malaysia Development Plan (2006–2010) emphasized the importance of mangosteen for the domestic and export market [14]. The whole fruit consists of the outer pericarp, inner pericarp, flesh and cap. The food industry processes the mangosteen to obtain their fruit juices, concentrates and dried fruits. At the same time, the remaining waste of the mangosteen, such as peel, leads to environmental issues [15]. The potential use of mangosteen peel in the medical field is extensively studied. It was proven to have antimicrobial, antidiabetic, anticancer, antihistamine and anti-inflammatory activity [16]. Moreover, mangosteen peel extract was found to have anti-motility and anti-spasmodic effects, which are beneficial for the treatment of diarrhea [17]. The medicinal benefits of mangosteen peel extract are attributed to the presence of α-mangostin, γ-mangostin, gartanin, garcinone E, garcixanthones B and garcixanthones C [18]. In this study, novel herbal face creams were formulated with natural ingredients without the incorporation of synthetic ingredients. Mangosteen peel was utilized in the formulation to reduce waste production corresponding to SDG 12: Responsible Consumption and Production, in addition to its anti-aging, anti-wrinkle and pigmentation control effects. Polyphenols present in mangosteen peel extract demonstrate antioxidant properties that inhibit the production of advanced glycation end products. Consequently, improvement in skin elasticity and skin hydration is observed [19,20,21]. Natural antioxidants derived from natural sources such as mangosteen peel are preferable to synthetic antioxidants due to the undesirable side effects of synthetic antioxidants. Hence, the objective of this study is to formulate and evaluate novel herbal face creams containing mangosteen peel extract that was standardized to 10% α-mangostin.




2. Materials and Methods


2.1. Materials


Mangosteen peel extract standardized to 10% α-mangostin (multiple extraction; extracting solvent: ethanol) was purchased from Chemtron Biotechnology Sdn. Bhd. (Kuala Lumpur, Malaysia). Certified pure organic refined shea butter, organic aloe vera gel, vegetable glycerine solution, hyaluronic acid solution (big molecular weight) and rose geranium essential oil were purchased from Iko Nature Sdn. Bhd (Seremban, Malaysia). D-panthenol (USP Grade), baby powder fragrance oil and Olivem 1000 were purchased from Future Food (Selangor, Malaysia). Refined avocado oil and Optiphen BD were purchased from The Soap Cellar Sdn. Bhd. (Penang, Malaysia). Additionally, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and tyrosinase inhibitor screening kit (Catalog number: MAK257) were purchased from Sigma Aldrich, United States. Methanol for analysis of EMSURE® ACS and dimethyl sulfoxide for analysis of EMSURE® ACS were purchased from Merck, Germany. Ethanol 95%, denatured, ChemAR was purchased from Systerm, Malaysia. Potassium persulphate was purchased from Kollin Chemicals. Sail brand microscope slides, glass beaker, mortar and pestle, amber glass container, Eppendorf multichannel pipettes, pipette tips, 96-well flat-bottom clear microtiter plate and reagent reservoir were available at the research institution.




2.2. Equipments


Equipments included an analytical balance (AB204-S, Mettler Toledo, Switzerland), waterbath (WB14, Memmert, Schwabach, Germany), Young Ji homogenizer (HMZ-20DN, Hana Instruments, Korea), Discovery Series Hybrid Rheometer (DHR-2, TA Instruments, New Castle, Delaware), pH meter (CyberScan PC300, Eutech Instruments, Singapore), 100 g and 200 g calibration weight (Mettler Toledo, Switzerland), humidity chamber (M200, Capromax Sdn. Bhd., Selangor, Malaysia), Heraeus Labofuge 400 R Centrifuge (Thermo Scientific, Germany) and microplate reader (FLUOstar Omega, BMG Labtech, Germany).




2.3. Physical Compatibility Test


Physical compatibility of mangosteen peel extract with excipients was determined before the formulation of creams. Mangosteen peel extract was mixed with each excipient in a 1:1 ratio using mortar and pestle for five minutes. Then, the mixtures were transferred into separate vials and kept in a stability chamber at 40 °C and 75% relative humidity (RH). The mixtures were observed initially and weekly for any color or physical changes such as changes in texture, homogeneity, odor or phase separation for one month [22,23,24]. A 1:1 ratio was used to maximize the probability of interactions between mangosteen peel extract and excipients [25].




2.4. Formulation of Cream Bases


The cream bases were formed by mixing the oil phase, water phase, actives and excipients, as shown in Table 1, without incorporation of mangosteen peel extract. First, the ingredients of the oil phase were weighted in beaker A, whereas the ingredients of the water phase were weighted in beaker B. Both beakers were heated to 75 °C over a water bath. Then, the water phase was added into the oil phase gradually and mixed at 2000 rpm for 15 min using Young Ji homogenizer (HMZ-20DN, Hana Instruments, Korea) [26]. D-panthenol, hyaluronic acid solution and excipients were weighted and added at 35–40 °C due to their heat sensitivity and volatility. The speed of the homogenizer was subsequently reduced to 1000 rpm for five minutes and further reduced to 500 rpm for another five minutes [26].




2.5. Formulation of Mangosteen Creams


Mangosteen peel extract was weighed and incorporated into the cream bases by trituration in mortar and pestle. Trituration was continued until a uniform cream was obtained, as shown in Figure 1. Male (M1) and female (F1) mangosteen cream were packaged in an amber glass container and kept at room temperature for further analysis.




2.6. Organoleptic Characteristics


The formulated creams were observed for physical appearance, color, texture, phase separation, homogeneity and odor [27]. A small amount of cream was pressed between the thumb and index finger to check for the consistency and presence of coarse particles. In addition, the stiffness, grittiness and greasiness of the creams upon application were evaluated [28].




2.7. Determination of Type of Cream (Dilution Test)


The creams were diluted with water. Oil in water (o/w) type cream shows good miscibility with water, whereas water in oil (w/o) type cream shows poor miscibility with water [29].




2.8. Washability


A total of 0.1 g of the cream was applied to the skin and washed under running tap water with minimal force [30]. Good washability of the cream is demonstrated when the applied cream is easily removed from the area of application, leaving a non-greasy skin surface.




2.9. Rheology


The viscosity of creams was measured using Discovery Series Hybrid Rheometer (DHR-2, TA Instruments, New Castle, Delaware) at 25 °C, over a shear rate of 0.5–100 s−1. The cream was placed between a parallel plate of 40 mm diameter [31]. The graph of shear stress (Pa) vs. shear rate (s−1) and viscosity (Pa.s) vs. shear rate (s−1) was plotted.




2.10. Spreadability


A total of 0.5 g of the cream was measured and placed within a 1 cm diameter circle which was previously marked on the center of the glass slide. Another glass slide was placed on the cream. A series of weights (100 g and 200 g) was allowed to rest on the upper glass slide for two minutes at room temperature (25 °C) [32]. The diameter of the spread of the cream (cm) was measured in triplicate to obtain the average diameter of spread ± standard deviation (SD) [33]. Spreadability was assessed initially and monthly for three months [34].




2.11. pH Determination


The pH meter was calibrated with pH 4, 7 and 10 standard buffers before use. A total of 10% w/v of the cream suspension was prepared for pH measurement at room temperature (25 °C). The pH measurement was repeated in triplicate to obtain the average pH ± SD of the cream suspension [33]. pH was measured initially and monthly for three months [34].




2.12. Accelerated Stability Study


The creams were filled into amber glass containers and covered with aluminum foil for light protection. According to ICH guidelines, accelerated stability study was conducted at 40 ± 2 °C and 75 ± 5% RH in the stability chamber for three months [35,36]. Organoleptic characteristics (color, texture, odor, phase separation), spreadability and pH of the creams were observed initially and monthly thereafter [36].




2.13. Freeze–Thaw Stability


A total of 2 g of the cream were weighed and filled into several vials before being subjected to the freeze–thaw cycle [37]. The creams were stored at −20 °C for 48 h, then thawed at room temperature (25 °C) for another 48 h. The freeze–thaw was repeated for three cycles. Physical stability, pH and spreadability of the cream were observed initially and after the completion of each freeze–thaw cycle [37].




2.14. Centrifugation Test


The centrifugation test was conducted at zero, one, two and three months of storage at 40 ± 2 °C and 75 ± 5% RH. A total of 2 g of the cream was centrifuged at 25 °C and 5000× g rpm for two runs of 10 min. The stability, phase separation and appearance of the cream after centrifugation were observed after each run [38,39]. The percentage of emulsion stability was calculated according to Equation (1) [40].


   Emulsion   stability     %  =    Height   of   emulsion   separation     Total   height   of   emulsion    × 100 %  



(1)








2.15. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay


DPPH radical scavenging assay was conducted according to the method previously described by Mogana et al. [41]. Mangosteen peel extract, hyaluronic acid, panthenol and mangosteen cream were tested for their antioxidant capacity. The stock solution of test samples was prepared in a suitable solvent (DMSO or distilled water). In a 96-well microtiter plate, 100 μL of various concentrations of test samples were plated out in triplicate. Then, 100 µL of 0.1 mM DPPH solution was added to the test samples, whereas 100 µL of methanol was added as the control of the test samples. The plate was covered with aluminum foil for light protection, shaken for 2 min and incubated for 30 min in the dark. The percentage decolorization was obtained spectrophotometrically at 550 nm.



A graph of percentage decolorization against the concentration of the test samples was plotted. Prism 9 software was used to determine the EC50 values of the test samples. DPPH radical scavenging activity increases with the reduction in DPPH absorbance. The percentage of DPPH radical scavenging activity was calculated according to Equation (2) [41].


   DPPH   radical   scavenging   activity     %  =    Abs   control    −    Abs   sample     Abs   control    × 100  



(2)




where Abs control is the absorbance of DPPH radical without test samples; Abs sample is the absorbance of DPPH radical + test samples.




2.16. 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Assay


ABTS assay was conducted according to the method previously described by Mogana et al. [41]. First, 7 mM of ABTS solution (180 mg ABTS in 50 mL purified water) and 2.4 mM potassium persulfate solution (32.4 mg in 50 mL purified water) were prepared and mixed in a 1:1 ratio to form the working solution. The working solution was kept in dark for 12–16 h before use and was stable for 2–3 days in the dark. This solution was diluted with 95% ethanol to obtain the absorbance of 0.70 ± 0.01 at 734 nm before conducting the assay. Briefly, 100 μL of test samples at various concentrations were plated out in triplicate in a 96-well microtiter plate. Then, 100 μL of ABTS•+ solution was added to the test samples to determine their antioxidant capacity. For the negative control, 95% ethanol was used. The solutions were incubated at 37 °C for 7 min, after which the absorbance was read at 734 nm. A graph of percentage decolorization against the concentration of the test samples was plotted. Prism 9 software was used to determine the EC50 values of the test samples. The percentage of ABTS radical scavenging activity was calculated according to Equation (3) [41].


   ABTS   radical   scavenging   activity     %  =    Abs   control    −    Abs   sample     Abs   control    × 100  



(3)




where Abs control is the absorbance of ABTS radical without test samples; Abs sample is the absorbance of ABTS radical + test samples.




2.17. Tyrosinase Inhibitory Assay


Tyrosinase inhibitory activity was determined using a tyrosinase inhibitor screening kit (Catalog number: MAK257) from Sigma Aldrich, United States. Mangosteen peel extract was dissolved in dimethyl sulfoxide (DMSO) and diluted to five times concentration using tyrosinase assay buffer. The concentration of mangosteen peel extract was ranged from 0.625 µg/mL to 10 µg/mL. Kojic acid (0.67 µg/mL to 10.66 µg/mL) was used as the positive control. Then, 20 µL of diluted mangosteen peel extract (S), diluted positive control (P), tyrosinase assay buffer (EC) or DMSO (SC) was plated out in duplicate in a 96-well microtiter plate. Next, 50 µL of tyrosinase enzyme solution (48 µL tyrosinase assay buffer + 2 µL tyrosinase) was added into each well, mixed well and incubated for 10 min at 25 °C. Then, 30 µL of tyrosinase substrate solution (23 µL tyrosinase assay buffer + 2 µL tyrosinase substrate + 5 µL tyrosinase enhancer) was added into each well and mixed well. The absorbance was measured in kinetic mode every 2 min for 30 min at 510 nm. The slope for S, P, EC and SC was calculated by dividing the net ∆Abs (Abs2–Abs1) by the ∆Time (T2–T1) in the linear range of the plot. The percentage relative inhibition was calculated according to Equation (4).


   Relative   inhibition     %  =    Slope      EC   −    Slope     S     Slope      EC     × 100  



(4)








2.18. Statistical Analysis


All data were recorded, edited and entered using IBM SPSS Statistics Version 20 (Chicago, IL, USA). The data obtained were expressed in average ± standard deviation (SD). The significant difference between groups was analyzed using one-way ANOVA followed by Tukey’s HSD test or independent samples t-test where applicable. p-value < 0.05 was considered statistically significant.





3. Results and Discussion


3.1. Physical Compatibility Test


The physical compatibility test demonstrated that all the combinations of mangosteen peel extract and excipients did not have characteristic changes as compared to the control, as shown in Table 2. This shows that mangosteen peel extract is compatible with other excipients. A compatibility study is vital to detect any possible incompatibility between the active ingredient and excipients in the final formulation. Hence, it plays an important role in the product development process to select appropriate excipients and ensure active ingredients’ stability [42].




3.2. Organoleptic Characteristics


The organoleptic characteristics of creams were shown in Table 3. Both male (M1) and female (F1) creams appeared light yellowish-brown with visible debris which is the characteristic color of mangosteen peel extract. Their organoleptic characteristics were similar in terms of flow property, texture, homogeneity and consistency. The only difference between M1 and F1 was the odor due to the incorporation of different essential oil or fragrance oil into the creams.




3.3. Determination of Type of Cream (Dilution Test)


Both M1 and F1 showed good miscibility with water. They were confirmed as oil in water (o/w) type creams. o/w type creams are more cosmetically acceptable due to their superior washability and relatively less greasiness as compared with water in oil (w/o) type creams [43].




3.4. Washability


Both M1 and F1 showed good washability under running tap water.




3.5. Rheology


The rheological behavior of creams was shown in Figure 2 and Figure 3. Both M1 and F1 showed pseudoplastic or shear-thinning behavior. Pseudoplastic behavior is explained by the decrease in viscosity when the shear rate increases [44]. The rheological behavior of the creams will affect their spreadability and extrudability upon application [36,45]. For instance, the flow of pseudoplastic cream increases proportionally with the shear rate/rubbing force and forms a thin layer on the site of application [45,46]. This is attributed to the alteration of both microstructure and arrangement of particles when force is applied [45].




3.6. Spreadability and pH at Room Temperature and Accelerated Stability Study


The spreadability and pH of creams at room temperature were shown in Table 4. The spreadability of M1 ranged from 4.10 cm to 6.30 cm, whereas the spreadability of F1 ranged from 3.50 cm to 6.65 cm. The diameter of the spread of the creams represents the spreadability of the creams [36]. For instance, cream with good spreadability spreads over a larger area [47]. Hence, an ideal cream should be easily spread with a small force applied. Furthermore, good spreadability improves consumer compliance and helps in the uniform application of topical formulations [48]. Spreadability of the creams reduced with the increase in storage duration. Since viscosity is closely associated with spreadability, these changes in spreadability may be due to the change in the particle size, shape and distribution of dispersed phase, continuous phase and emulsifier [49].



The physiological pH of human skin falls between 4 and 6. Thus, the pH of topical formulation or cosmetics should be adjusted nearly to the physiological pH to avoid skin irritation [46,50]. Despite the significant change in pH between duration (months), the average pH of the creams at room temperature was ranged from 5.16 to 5.42, which was ideal for topical application.



Both M1 and F1 were stable with no phase separation and no significant changes in color, texture and odor after being subjected to 40 ± 2 °C and 75 ± 5% RH for three months. However, both creams showed significant differences in spreadability and pH between duration (months), as shown in Table 4. Although these significant differences were observed, the overall spreadability and average pH were acceptable for topical application.



The spreadability of F1 at room temperature and stability chamber was statistically significantly different due to the difference in storage temperature [51]. This was attributed to the presence of shea butter in the cream that reduces the hardness and improves the spreadability of the creams at a higher temperature. Hence, the cream tends to spread rapidly at higher skin temperatures. Besides that, the application behaviors of the consumers may affect the spreadability of the cream. For instance, the rubbing of cream on the skin increases the blood flow and skin temperature which subsequently improves the spreadability of cream [52].




3.7. Freeze–Thaw Stability


The spreadability of the creams at 100 g and 200 g was significantly different between freeze–thaw cycles. This may be due to the change in the properties of the emulsifier when it is subjected to stress conditions [53]. However, no phase separation was observed in the creams. Thus, both M1 and F1 were thermodynamically stable according to Table 5.



The average pH of the creams before and after each freeze–thaw cycle was consistent. The average pH of M1 falls around 5.16 to 5.25, whereas the average pH of F1 falls around 5.17 to 5.20. Despite the significant differences in pH between freeze–thaw cycles, the average pH of both M1 and F1 was near to the physiological pH (4–6) of the human skin. Hence, it does not cause skin irritation [46,50].




3.8. Centrifugation Test


The emulsion stability of M1 and F1 was 100% for two runs of 10 min at 0, 1, 2 and 3 months. They remained stable with no observable phase separation after centrifugation. This may be attributed to the similarity in density between the oil and water phase or the strong interfacial interaction between the ingredients. Centrifugation is a type of stability test that applies strong centrifugal force to the sample and separates the ingredients with different densities [38]. Creaming, coalescence, caking and phase separation normally occur as a result of product instability [38,54].




3.9. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay


DPPH free radical scavenging assay is commonly used to study the free radical scavenging activity of natural antioxidants. It is expressed in EC50 which is known as the effective substrate’s concentration that reduces the DPPH color by 50% [55]. Furthermore, EC50 is inversely proportional to the free radical scavenging activity of antioxidants. The EC50 of test samples was shown in Table 6.



In this study, the EC50 of mangosteen peel extract (37.31 µg/mL) was lower than the EC50 of ascorbic acid (46.54 µg/mL), butylated hydroxytoluene (BHT) (49.50 µg/mL) and Trolox (57.75 µg/mL) [56,57]. Hence, the antioxidant capacity of mangosteen peel extract was stronger than the positive controls. BHT is commonly used as an antioxidant and preservative in cosmetic products. However, it may cause skin irritation and pulmonary toxicity. In addition, further studies are required to evaluate the long-term efficacy and safety of BHT for topical application [58]. In contrast, mangosteen peel extract is a natural antioxidant that is relatively safe and effective as compared to BHT. Antioxidants are widely incorporated in anti-aging cosmetics due to their free radical scavenging activity that helps to reduce or prevent skin oxidative stress.



The antioxidant activity of mangosteen peel extract is attributed to the presence of phenolic compounds such as α-mangostin, flavonoids, epicatechins and tannins. Jung et al. [21] demonstrated that α-mangostin, γ-mangostin, smeathxanthone A, gartanin and 8-hydroxycudraxanthone G had potent antioxidant activity. Among these, α-mangostin is the major xanthone present in the mangosteen peel. However, different types of mangosteen peel extract affect the level of phenolic compounds and, subsequently, the radical scavenging activity. This is due to the utilization of different extracting solvents that have distinct affinities for compounds and the ability of sample penetration during extraction [59,60,61]. For instance, the EC50 of mangosteen peel extract ranged from 12.84 µg/mL to 154.7 µg/mL [61,62,63,64,65]. Hence, the mangosteen peel extract used in this study was standardized to 10% α-mangostin to impart their antioxidant effects to the mangosteen cream.



The development of a green cosmeceutical from fruit waste such as mangosteen peel is in line with Sustainable Development Goal (SDG) 12: Responsible Consumption and Production. The ultimate goals of the United Nations are to reduce waste production and promote efficient use of natural resources and sustainable living [66].



The DPPH free radical scavenging activity of hyaluronic acid (HA) was concentration-dependent. At 100 mg/mL, the average free radical scavenging activity of HA was 27.54 ± 2.64%. Hence, the antioxidant activity of HA was lower than mangosteen peel extract. In contrast, Ke et al. [67] demonstrated that 1600 µg/mL low molecular weight hyaluronic acid-1 (LMWHA-1), HA and LMWHA-2 showed DPPH radical scavenging activity of 59.38%, 53.65% and 50.23%, respectively. The differences in free radical scavenging activity of HA may be due to the variation in their molecular weight. In this study, the molecular weight of HA was 8–15 kDa, whereas Ke et al. [67] utilized LMWHA-1, LMWHA-2 and HA with molecular weights of 1.45 × 105 Da, 4.52 × 104 Da and 1.05 × 106 Da, respectively. However, the relationship between antioxidant activity and the molecular weight of HA requires further investigation.



The average DPPH scavenging activity of panthenol at a concentration of 100 mg/mL was 21.81 ± 4.81%. Panthenol is commonly used in cosmetic products as a humectant that minimizes transepidermal water loss and provides skin protective effects [68]. In addition, panthenol promotes wound healing and rarely causes skin irritation after application [69]. However, further studies should be conducted to discover the antioxidant effect of panthenol.



The EC50 of mangosteen cream was 9.05 ± 4.14 mg/mL. Due to the weak antioxidant effects of hyaluronic acid and panthenol, the antioxidant effect of mangosteen cream is mainly attributed to the 0.5% of mangosteen peel extract. Besides, the concentration of mangosteen peel extract in the cream was approximately 5 mg/mL, which is higher than the EC50 of mangosteen peel extract alone (37.31 µg/mL). Natural antioxidants derived from natural sources such as mangosteen peel are preferable to synthetic antioxidants due to the undesirable side effects of synthetic ingredients. Moreover, the mangosteen cream was free from synthetic color, sulfide, alcohol, parabens and SLS in addition to the utilization of natural surfactant and fragrance. Besides, the ingredients incorporated in the formulation have a long history of safe use in cosmetics and are used within the concentration range specified by Cosmetic Ingredient Review (CIR).



Mangosteen peel extract, aloe vera gel, glycerine, panthenol and hyaluronic acid work synergistically to prevent, slow down and treat skin aging. Aloe vera gel is rich in antioxidants such as ascorbic acid and vitamin A, which helps in the reversal of skin aging. Furthermore, it is widely used to treat eczema, psoriasis and promotes wound healing due to its moisturizing and soothing effects [70]. On the other hand, glycerine and panthenol act as humectants and skin protectants that promote skin hydration and provide skin protection. Furthermore, HA is commonly used in anti-aging skin care products due to its skin conditioning effects.




3.10. 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Assay


The EC50 of mangosteen peel extract was 21.02 µg/mL, which is close to the EC50 reported by Widowati et al. (15.93 µg/mL) [71] and Li et al. (24.6 µg/mL) [64]. This demonstrated that mangosteen peel extract was having stronger free radical scavenging effects than α-tocopherol (EC50: 38.51 µg/mL), Trolox (EC50: 58.14 µg/mL), BHT (EC50: 73.1 µg/mL) and ascorbic acid (EC50: 75.15 µg/mL) [72,73,74]. The mangosteen peel extract used in this study was standardized to 10% α-mangostin. α-mangostin is well known as the active ingredient in mangosteen due to its antioxidant effects [75]. Despite its antioxidant properties, batch-to-batch variation may occur due to the growth conditions and geographical, environmental and genetic factors of G. mangostana. Thus, standardization is required to ensure the quality, safety, efficacy, consistency and reproducibility of mangosteen peel extract by implementing Good Manufacturing Practices (GMP). The herbal extract comprises a complex build-up of constituents that work synergistically for their desired medicinal effects. However, some of the constituents remain unknown, which makes the quality control of herbal products much more challenging [76].



At 100 mg/mL, HA demonstrated ABTS radical scavenging activity of 9.98 ± 1.39%. The ABTS radical scavenging activity of HA (EC50 > 100 mg/mL) was lower than mangosteen peel extract (EC50: 21.02 µg/mL). In contrast, the ABTS radical scavenging activity of HA isolated from bivalve mollusk, Amussium pleuronectus was 71.35% at 1 mg/mL [77]. According to Braga et al. [78], 900 kDa of hyaluronic acid manufactured by Equality demonstrated significant concentration-dependent ABTS free radical scavenging activity, from 0.62 mg/mL (14.04 ± 0.94%) to 2.5 mg/mL (47.22 ± 2.91%). In addition, both in vitro and in vivo studies reveal the antioxidant activity of HA.



Panthenol demonstrated ABTS radical scavenging activity of 27.29 ± 3% at 100 mg/mL. However, further studies should be conducted to evaluate the role of panthenol as an antioxidant.



The EC50 of mangosteen cream was 5.96 ± 2.77 mg/mL. The antioxidant effects of mangosteen cream are strongly attributed to the 0.5% mangosteen peel extract incorporated into the cream base, since HA and panthenol showed weak antioxidant effects. Furthermore, the concentration of mangosteen peel extract in the cream was approximately 5 mg/mL, which is higher than the EC50 of mangosteen peel extract alone (21.02 µg/mL). The formulation of green cosmeceutical mangosteen herbal face cream with free radical scavenging effects helps to improve skin appearance and alleviate skin conditions. According to McEachern et al., green cosmeceuticals are crucial for environmental protection, animal welfare and species preservation by the responsible use of non-renewable resources [79].



As shown in Table 6, the EC50 of mangosteen peel extract obtained via ABTS assay was significantly lower than the EC50 obtained via DPPH radical scavenging assay (p < 0.05). This may be due to the variation in steric accessibility of the compounds to the active sites of the radicals [80,81]. On the other hand, the EC50 of mangosteen cream via ABTS and DPPH assay was not significantly different.




3.11. Tyrosinase Inhibitory Assay


Mangosteen peel extract (IC50: 1.603 µg/mL) strongly inhibits tyrosinase enzyme as compared with kojic acid (IC50: 3.57 µg/mL), as shown in Figure 4. In contrast, Widowati et al. [82] reported that γ-mangostin (IC50: 50.35 µg/mL) showed more potent tyrosinase inhibitory activity than garcinone C (IC50: 65.66 µg/mL), α-mangostin (IC50: 70.92 µg/mL), garcinone D (IC50: 107.86 µg/mL) and mangosteen peel extract (IC50: 181.08 µg/mL). Meanwhile, Arif et al. [62] demonstrated that 50 µg/mL of ethyl acetate mangosteen peel extract inhibits tyrosinase by 61.66%, whereas 200 µg/mL of methanolic mangosteen peel extract inhibits tyrosinase by 7.46%. The anti-tyrosinase activity is attributed to the structural similarity between G. mangostana derived xanthones and tyrosine or dihydroxyphenylalanine (DOPA) [62,83].



There are a few limitations in this study. Firstly, the information about mangosteen fruit such as origin, growth conditions and maturity level are limited. In addition, the method of mangosteen fruit harvesting, processing and drying temperature is not known. All these factors contribute to the variation in phenolic content and subsequently the antioxidant capacity of mangosteen peel extract. Thus, the reproducibility of the study will be impossible without standardization. Standardization is required to ensure the quality, safety, efficacy and reproducibility of mangosteen peel extract. Furthermore, the organoleptic characteristics such as texture, greasiness and absorption are subjective and may vary from person to person. Hence, it is impossible to generalize the results to the whole population.





4. Conclusions


Green cosmeceutical herbal face creams containing standardized mangosteen (Garcinia mangostana) peel extract which are skin-friendly and physically stable were successfully formulated. The uniqueness of the mangosteen creams was demonstrated by the absence of SLS, sulfides, parabens and alcohol that frequently cause skin irritation. In addition, natural surfactants and fragrances were used to improve their stability and acceptability. The development of green cosmeceutical mangosteen herbal face cream helps to boost the local economy and increase the chance of international collaboration. Furthermore, the utilization of fruit waste such as mangosteen peel reduces waste generation and achieves sustainability development goals advocated by the United Nations. This study demonstrated that mangosteen peel extract shows antioxidant and anti-tyrosinase activity. Hence, mangosteen-based cream is expected to be used as a safe and effective alternative to synthetic antioxidant and whitening products. However, randomized controlled trials should be conducted to evaluate the anti-aging and pigmentation control effects of mangosteen-based facial cream.
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Figure 1. Formulation of mangosteen cream. 
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Figure 2. Graph of Shear stress (Pa) vs. Shear rate (s−1). 
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Figure 3. Graph of Viscosity (Pa.s) vs. Shear rate (s−1). 
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Figure 4. Tyrosinase inhibitory activity of mangosteen peel extract and kojic acid. 
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Table 1. Formulation of mangosteen creams.






Table 1. Formulation of mangosteen creams.





	
Composition

	
Quantity for 100 g (%)




	
Male Cream (M1)

	
Female Cream (F1)






	
Actives

	

	




	
Mangosteen peel extract (10% α-mangostin)

	
0.5

	
0.5




	
D-panthenol (USP Grade)

	
3

	
3




	
Hyaluronic acid solution

	
2

	
2




	
Excipients

	

	




	
Optiphen BD

	
0.3

	
0.3




	
Baby powder fragrance oil

	
0.1

	
-




	
Rose geranium essential oil

	
-

	
0.1




	
Oil phase

	

	




	
Refined shea butter

	
10

	
10




	
Refined avocado oil

	
8

	
8




	
Olivem 1000

	
3

	
3




	
Water phase

	

	




	
Organic aloe vera gel

	
24

	
24




	
Vegetable glycerine solution

	
5

	
5




	
Distilled water

	
q.s. to 100 g

	
q.s. to 100 g
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Table 2. Physical compatibility of mangosteen peel extract and excipients.
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No.

	
Combination of Ingredients

	
Duration (Weeks)




	
1

	
2

	
3

	
4






	
1

	
MG

	
NCC

	
NCC

	
NCC

	
NCC




	
2

	
MG:AO

	
NCC

	
NCC

	
NCC

	
NCC




	
3

	
MG:AO:SB

	
NCC

	
NCC

	
NCC

	
NCC




	
4

	
MG:AO:SB:O

	
NCC

	
NCC

	
NCC

	
NCC




	
5

	
MG:AO:SB:O:H2O:G

	
NCC

	
NCC

	
NCC

	
NCC




	
6

	
MG:AO:SB:O:H2O:G:AV

	
NCC

	
NCC

	
NCC

	
NCC




	
7

	
MG:AO:SB:O:H2O:G:AV:HA

	
NCC

	
NCC

	
NCC

	
NCC




	
8

	
MG:AO:SB:O:H2O:G:AV:HA:P

	
NCC

	
NCC

	
NCC

	
NCC




	
9

	
MG:AO:SB:O:H2O:G:AV:HA:P: Opt.

	
NCC

	
NCC

	
NCC

	
NCC








Abbreviations: NCC: No characteristic changes as compared to control; MG: Mangosteen peel extract (10% α-mangostin); AO: Refined avocado oil; SB: Refined shea butter; O: Olivem 1000; H2O: Distilled water; G: Vegetable glycerine solution; AV: Aloe vera gel; HA: Hyaluronic acid solution; P: D-Panthenol; Opt.: Optiphen BD.
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Table 3. Organoleptic characteristics of creams.
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Male Cream (M1)

	
Female Cream (F1)






	
Odor

	
Baby powder scent

	
Rose scent




	
Color

	
Light yellowish-brown with visible debris




	
Flow property

	
No flow when inverted 180°




	
Texture

	
Smooth, creamy, thick




	
Homogeneity

	
Homogenous




	
Consistency

	
Good




	
Phase separation

	
Absent




	
Coarse particles

	
Absent




	
Stiffness

	
Absent




	
Grittiness

	
Absent




	
Greasiness

	
Absent




	
Absorption

	
Within 1–2 min
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Table 4. Spreadability and pH of creams at room temperature and accelerated stability study.
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Room Temperature

	
Accelerated Stability Study




	
Formulation

	
Duration (months)

	
Spreadability a (cm) ± SD

	
pHa ± SD

	
Spreadability a (cm) ± SD

	
pH a ± SD




	
100 g

	
200 g

	
100 g

	
200 g






	
Male Cream (M1)

	
0

	
5.05 ± 0.05 c,d,e

	
6.30 ± 0.26 c,d,e

	
5.16 ± 0.01 d,e

	
5.05 ± 0.05 d,e

	
6.30 ± 0.26 d,e

	
5.16 ± 0.01 c,d,e




	
1

	
4.50 ± 0.05 b,d,e

	
5.70 ± 0.20 b,e

	
5.17 ± 0.01 d,e

	
4.70 ± 0.20 d,e

	
5.90 ± 0.20 e

	
5.26 ± 0.01 b,d,e,f




	
2

	
4.20 ± 0.10 b,c

	
5.30 ± 0.10 b

	
5.31 ± 0.01 b,c,e

	
4.20 ± 0.10 b,c

	
5.50 ± 0.10 b

	
5.41 ± 0.01 b,c,e,f




	
3

	
4.10 ± 0.10 b,c

	
5.20 ± 0.15 b,c

	
5.36 ± 0.01 b,c,d

	
4.10 ± 0.15 b,c

	
5.10 ± 0.15 b,c

	
5.45 ± 0.01 b,c,d,f




	
Female Cream (F1)

	
0

	
5.40 ± 0.10 c,d,e

	
6.65 ± 0.05 c,d,e

	
5.19 ± 0.01 d,e

	
5.40 ± 0.10

	
6.65 ± 0.05 c,d,e

	
5.19 ± 0.01 c,d,e




	
1

	
4.30 ± 0.10 b,d,e

	
5.10 ± 0.20 b,d,e

	
5.18 ± 0.01 d,e

	
5.10 ± 0.10 f

	
6.20 ± 0.20 b,f

	
5.27 ± 0.01 b,d,e,f




	
2

	
3.60 ± 0.10 b,c

	
4.40 ± 0.20 b,c

	
5.41 ± 0.01 b,c

	
5.10 ± 0.10 f

	
6.10 ± 0.10 b,f

	
5.41 ± 0.00 b,c,e




	
3

	
3.50 ± 0.06 b,c

	
4.25 ± 0.15 b,c

	
5.42 ± 0.01 b,c

	
5.30 ± 0.15 f

	
6.30 ± 0.10 b,f

	
5.45 ± 0.01 b,c,d,f








a Average of 3 readings. One-way ANOVA followed by Tukey’s HSD test was used to detect significant differences between duration (months), where p-value < 0.05 was considered significant. b There was a statistically significant difference as compared with the result at 0 month. c There was a statistically significant difference as compared with the result at 1 month. d There was a statistically significant difference as compared with the result at 2 months. e There was a statistically significant difference as compared with the result at 3 months. Independent Samples t-test was used to detect significant differences between storage condition (accelerated stability study vs. room temperature), where p-value < 0.05 was considered significant. f There was a statistically significant difference as compared with the result at room temperature (25 °C).
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Table 5. Spreadability, pH and physical stability of creams throughout freeze–thaw cycles.
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Formulation

	
Cycles

	
Spreadability a (cm) ± SD

	
pH a ± SD

	
Phase Separation




	
100 g

	
200 g

	

	






	
Male Cream (M1)

	
0

	
5.05 ± 0.05 c,d,e

	
6.30 ± 0.26 c,d,e

	
5.16 ± 0.01 c,e

	
Absent




	
1

	
4.15 ± 0.05 b

	
5.15 ± 0.05 b

	
5.25 ± 0.00 b,d,e

	
Absent




	
2

	
4.05 ± 0.05 b

	
5.10 ± 0.00 b

	
5.17 ± 0.01 c,e

	
Absent




	
3

	
4.10 ± 0.10 b

	
4.90 ± 0.00 b

	
5.21 ± 0.01 b,c,d

	
Absent




	
Female Cream (F1)

	
0

	
5.40 ± 0.10 c,d,e

	
6.65 ± 0.05 c,d,e

	
5.19 ± 0.01 e

	
Absent




	
1

	
4.20 ± 0.20 b,e

	
4.80 ± 0.10 b

	
5.20 ± 0.00 e

	
Absent




	
2

	
4.15 ± 0.15 b,e

	
4.95 ± 0.05 b,e

	
5.19 ± 0.00 e

	
Absent




	
3

	
3.70 ± 0.10 b,c,d

	
4.65 ± 0.15 b,d

	
5.17 ± 0.01 b,c,d

	
Absent








a Average of 3 readings. One-way ANOVA followed by Tukey’s HSD test was used to detect significant differences between cycles, where p-value < 0.05 was considered significant. b There was a statistically significant difference as compared with the result at cycle 0. c There was a statistically significant difference as compared with the result at cycle 1. d There was a statistically significant difference as compared with the result at cycle 2. e There was a statistically significant difference as compared with the result at cycle 3.
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Table 6. Antioxidant capacity of test samples.






Table 6. Antioxidant capacity of test samples.





	
Test Samples

	
EC50 a ± SD

	
p-Value *




	
DPPH Assay

	
ABTS Assay






	
Mangosteen peel extract

(10% α-mangostin)

	
37.31 ± 4.73 µg/mL

	
21.02 ± 2.92 µg/mL

	
0.007




	
Mangosteen cream

(0.5% mangosteen peel extract)

	
9.05 ± 4.14 mg/mL

	
5.96 ± 2.77 mg/mL

	
0.343




	
Hyaluronic acid

	
>100 mg/mL

	
>100 mg/mL

	
-




	
Panthenol

	
>100 mg/mL

	
>100 mg/mL

	
-








a Average of 3 readings. * Independent Samples t-test was used to detect significant differences between DPPH and ABTS assay, where p-values < 0.05 was considered significant.
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