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Abstract

:

Durio zibethinus Murray, or durian fruit, is considered the “King of fruit” in various parts of Southeast Asia. It is classified in the Durio genus, which has been reported to be beneficial in the medical and pharmaceutical industry. The objective of this study was to investigate the physicochemical properties, biological activities, and cosmetic applications of the polysaccharide extractions from the green (GH) and white (WH) fruit-hulls and the ethanolic extracts from the pulp (P) and seeds (S) of D. Zibethinus. The extracts were developed as cosmetic products, and skin irritation was assessed by volunteers. P, S, GH, and WH extracts gave percentage yields of 12.13, 4.01, 1.60, and 1.18, respectively. The morphological structure of GH was highly porous, while the surface of WH was flattened, with no porosity observed. The seed extract showed the highest total phenolic content and antioxidant activity (DPPH) of 0.33 ± 0.01 mg GAE/g and IC50 0.08 ± 0.00 mg/mL, respectively, while no anti-tyrosinase activity was detected in any individual extract. The total phenolic content, DPPH assay, and anti-tyrosinase activity after blending the extracts were significantly (p < 0.05) higher than in the individual extracts. Combining extracts such as SGH and SGWH gave IC50 values of anti-tyrosinase activity at 8.69 ± 1.82 mg/mL and 0.067 ± 0.00 mg/mL, respectively. No durian extracts exhibited growth inhibition against Staphylococcus aureus, Streptococcus pyogenes, and Cutibacterium acnes. A gel formulation containing durian extract was prepared by a cold process. It had good stability, with no skin irritation reported by the volunteers. Both crude durian and polysaccharide extracts showed promise as active ingredients in cosmetic products.
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1. Introduction


Durian fruit (Durio zibethinus Murray) has economic value and belongs to the Bombacaceae family. The Durio genus contains 29 species, and D. zibethinus is one of six that are edible [1]. Durian has been used in the medical industry to develop a mucoadhesive film-forming agent showing antibacterial activity [2,3] as well as antidiabetic, anticholesterol, antioxidant, digestiva, anti-inflammatory, and neuroprotective effects [4]. The fruit-hulls of the durian contain polysaccharide gel [5], mainly composed of pectin. Durian polysaccharide, containing galacturonic acid, glucose, rhamnose, arabinose, and fructose [6], is viscous and water-soluble and is used as a natural viscosity enhancer in cosmeceutical products. A previous study showed that an ethanolic extract of the inner and outer peel of the durian fruit had antioxidant activity [7], while durian fruit contained lipophilic antioxidants such as lutein, zeaxanthin, lycopene, carotene, and tocopherol [8], with antioxidant activity from phenolic compounds including caffeic acid, p-coumaric, cinnamic acid, vanillic acid, and flavonoids such as quercetin, myricetin, apigenin, and kaempferol [9,10]. Caffeic acid and quercetin were the dominant antioxidant substances in ripe durian [9]. Leverett et al. [11] reported that the seed, peel, and fruit of the durian inhibited melanogenesis. In a previous study, phytochemical screening showed that the durian leaf contains chemical compounds of flavonoids, steroids, and glycosides and that the water extract has the potential for antidiabetic activity [12]. Charoenphun and Klangbud [13] reported that extracts of the pulp, inner peel, and seeds of the durian contained total phenolic contents with anti-inflammatory and antioxidant capacities, including ABTS scavenging, nitric oxide (NO) scavenging, superoxide radical scavenging, hydroxyl radical scavenging, and metal ion chelating. Huang et al. [14] reviewed nanomaterials incorporating biopolymers with increasingly antibacterial preservatives in products. Moreover, Nosrati et al. [15] studies the delivery of antibacterial agents via polysaccharide-based scaffolds for wound healing applications; they reported that incorporating the nanomaterials into polysaccharides could prevent their aggregation, providing a sustained release system that can reduce their potential toxicity. Polysaccharides are highly biocompatible and could be used to produce a wide variety of scaffolds to deliver antibacterial agents for wound healing applications. Bioactive plant polysaccharides have various functions such as antioxidant, antidiabetic, anti-inflammatory, anticoagulant, antibacterial, and anticancer activities that are reported as beneficial to biomedical and pharmaceutical applications, such as drug delivery, wound healing, and tissue engineering [16].



Fatty acids from durian seed oil include unsaturated fatty acids such as oleic acid 14.95% and linoleic acid 12.46%, while the saturated fatty acids are stearic acid 45.84% and palmitic acid 26.75%. Casillas-Vargas et al. [17] reported that stearic acid and palmitic acid exhibited growth inhibition against Pseudomonas aeruginosa and Staphylococcus aureus, while oleic acid exhibited growth inhibition against P. Aeruginosa, and Thunyakipisal et al. [18] reported the bactericidal activity of the polysaccharide gel extract from durian fruit rinds against oral bacteria, namely Streptococcus mutans and Aggregatibacter actinomycetemcomitans. However, the physicochemical and biological properties of D. zibethinus in relation to cosmeceutical applications have not been reported.



Therefore, here, the physicochemical properties and biological activities of durian extracts were examined for cosmetic and cosmeceutical applications, while gel formulations containing durian extracts were tested for irritation effects on human volunteers to determine the possible cosmetic value of durian wastes.




2. Materials and Methods


2.1. Chemicals and Equipment


Ethanol from Labscan (Bangkok, Thailand) was commercial grade and was redistilled before use. Citric acid, triethanolamine, dimethyl sulfoxide (DMSO), acetic anhydride (C4H6O3), ferric chloride (FeCl3), sodium carbonate (Na2CO3), 2, 2′-diphenyl-1-picrylhydrazyl (DPPH•), mushroom tyrosinase, Folin–Ciocalteu reagent, butylated hydroxytoluene, Muller–Hinton agar (MHA), Brain Heart Infusion agar (BHIA), Fluid Thioglycolate Medium (FTM), Molisch’s reagent, bromine water, potassium mercuric iodide, and potassium bismuth iodide were purchased from Sigma-Aldrich (St. Louis, MO, USA). L-DOPA was obtained from Loba Chemie (Mumbai, India). Propylene glycol, polysorbate 20, caprylhydroxamic acid, 1,2-hexanediol, and butylene glycol were purchased from NSG Namsiang group (Chiangmai, Thailand). Acrylates/C10-30 and alkyl acrylate crosspolymer were purchased from Cheme cosmetics (Bangkok, Thailand). The standard compounds, including gallic acid, L-ascorbic, and kojic acid, were obtained from Sigma-Aldrich (St. Louis, MO, USA). The equipment used included a scanning electron microscope (SEM) (Model: Quanta 450 FEI Company, Eindhoven, The Netherlands), a pH meter (Mettler toledo, Greifensee, Switzerland), a UV-Vis spectrophotometer, and a microplate reader (BioTek Synergy H1, San Leandro, CA, USA).




2.2. Sample Preparation


Fresh durian fruits were obtained from garden areas in Uttaradit Province, Thailand. The plant was identified by experts from the School of Pharmaceutical Sciences, University of Phayao, Phayao, Thailand, and a voucher specimen was retained. The durian peel was washed with water. Pulp (P), seeds (S), white fruit-hulls (WH), and green fruit-hulls (GH) were separated, dried at 60 °C for 30 min, and then powdered. Pulp and seed powders were extracted with 95% ethanol on an incubator shaker for 24 h, then filtered through Whatman filter paper No.1 and evaporated under reduced pressure until dryness. The percentage yield of each extract was calculated.



Polysaccharide gel extraction following the method described by Hokputsa et al. [6] with slight modifications. The GH and WH powders were boiled with distilled water, and the pH was adjusted with citric acid (pH 4–4.5) at the ratio 1:10 v/v for 20 min. The extracts were then filtered and centrifuged at 3000 rpm for 10 min, and the supernatants were precipitated with acid ethanol (4% citric acid in 95% ethanol) (ratio 1:2 v/v) for 5 min and then filtrated. The residue was washed with 95% ethanol and neutralized with base ethanol (0.7% triethanolamine in 75% ethanol) (ratio 1:1 v/v) and then washed again with 95% ethanol before dissolution in distilled water at 55–60 °C. The polysaccharide extracts were freeze-dried and frozen at −20 °C until required for use. The percentage yield of each extract was calculated.




2.3. Physical and Chemical Properties of the Extracts


2.3.1. Morphological Properties


Surface morphologies of the polysaccharide extracts (GH, WH) were examined using scanning electron microscopy (SEM) at an acceleration voltage of 15.00 kV. The samples were spread directly on the surface of the stub and coated with gold (20 nm) using a sputter coater [19].




2.3.2. Absorption Properties


To determine their absorption properties, 10 mg of GH and WH extracts were dissolved in 3 mL of distilled water in a beaker and stirred with a magnetic stirrer. The time required for complete swelling of the extracts was recorded for measuring the swelling rate. The profile of swelling capacity versus time of a sample is obtained by performing free-absorbency capacity measurements at consecutive time intervals. The absorption properties test was performed at 25 ± 2 °C. All experiments were conducted in triplicate.




2.3.3. Relative Concentrations of Extract Physical Properties


Relative concentrations of the physical properties of the ethanolic (P, S) and polysaccharide (GH, WH) extracts were determined by dissolving them in distilled water and propylene glycol (ratio 3:1 w/w) to concentrations of 20, 10, 5, 2.5, and 1.25 mg/g. The pH values of all concentrations of test samples were measured by pH meter, while the color, odor, and appearance characteristics of all concentrations of test samples were also recorded. All experiments were conducted in triplicate.




2.3.4. Relative Acid–Base Values for Extract Physical Properties


Relative acid–base values for the physical properties of the ethanolic (P, S) and polysaccharide (GH, WH) extracts were determined by dissolving them in distilled water and propylene glycol (ratio 3:1 w/w) to a concentration of 20 mg/g. The pH was adjusted to between 4 and 8 using HCl and NaOH solutions. Color, viscosity, and odor were recorded. All experiments were conducted in triplicate.




2.3.5. Stability of the Extracts


The stability of the ethanolic (P, S) and polysaccharide (GH, WH) extracts at varying temperatures was determined by dissolving them in distilled water and propylene glycol (ratio 3:1 w/w) to concentrations of 20, 10, 5, 2.5, and 1.25 mg/g. The stability test was performed at 4 °C, room temperature, and 45 °C for 30 days. Acid–base value, color, precipitation, viscosity, and odor were recorded at 0, 1, 4, 9, 16, and 30 days. All experiments were conducted in triplicate.





2.4. Phytochemical Screening


Bioactive compounds such as flavonoids, tannins, triterpenoids, steroids, alkaloids, and carbohydrates were chemically tested using the following standard procedures used in [20,21]. All experiments were conducted in triplicate.



2.4.1. Test for Carbohydrates


Molisch’s test was performed according to the previous method with some modifications [20,21]. The crude extracts (10 mg) were mixed with 2–3 drops of Molisch’s reagent in a test tube. Two milliliters of concentrated H2SO4 were then added down the sides of the test tube to facilitate the formation of a layer and avoid mixing. The development of a purple ring at the interface layer formed by the concentrated acid is a positive indicator for Molisch’s test. If no purple or reddish-purple ring arises, the given analyte does not contain any carbohydrates.




2.4.2. Test for Flavonoids


The Shinoda test was used to determine the presence of flavonoids, which was performed according to the previous method with some modifications [20,21]. The crude extracts (10 mg) were dissolved in distilled water and 5% DMSO. Then, a few fragments of magnesium ribbon and concentrated hydrochloric acid in 2–3 drops were added to the ethanolic extracts. A red to pink color appearing after a few minutes indicated the presence of flavonoids.




2.4.3. Test for Steroids


The Liebermann–Burchard test was performed according to the previous method with some modifications [20,21]. The crude extracts (10 mg) were mixed with 2 mL of acetic anhydride. The mixture was then boiled and cooled before adding 1 mL of concentrated H2SO4 down the sides of the test tube. The appearance of a green ring indicated the existence of steroids, while a deep red ring indicated the presence of triterpenoids.




2.4.4. Test for Tannins


The test for tannins was performed according to the previous method with some modifications [20,21]. The crude extracts (5 mg) were dissolved in 2 mL of distilled water and 1 mL of 5% DMSO before mixing with 1% gelatin solution containing 10% sodium chloride. The formation of a white precipitate indicated the presence of tannins.



In the ferric chloride test, the crude extracts (5 mg) were dissolved in distilled water and 5% DMSO (1 mL) before mixing with 1% ferric chloride (1 mL). The appearance of a blue-green color suggested the presence of tannins.



In the bromine water test, the crude extracts (5 mg) were dissolved in 5 mL of 95% ethanol and filtered. The filtrate was then added with 3–4 drops of bromine water. The appearance of a buff color indicated the existence of condensed tannins whereas hydrolyzable tannins gave no color indication.



For the lime water test, the crude extracts (5 mg) were dissolved in 5 mL of 95% ethanol and filtered. The filtrate was then added with 3–4 drops of lime water. The appearance of a brown precipitation indicated the existence of condensed tannins.




2.4.5. Test for Alkaloids


Mayer’s test was performed according to the previous method with some modifications [20,21]. The crude extracts (5 mg) were mixed with 2–3 drops of Mayer’s reagent (potassium mercuric iodide solution). The formation of a white color precipitate suggested the presence of alkaloids.



Dragendorff’s test was performed according to the previous method with some modifications [20,21]. The crude extracts (5 mg) were mixed with 2–3 drops of Dragendorff’s reagent (potassium bismuth iodide solution). The formation of a reddish-brown precipitate indicated the presence of alkaloids.





2.5. Antibacterial Activity


The antibacterial activity of the extracts was tested by the disc diffusion method using S. aureus, S. pyogenes, and C. acnes. Bacterial inoculums of 1.0 × 108 CFU/mL were swabbed on cultures of S. aureus in Muller–Hinton agar (MHA) at 37 °C for 18–24 h, S. pyogenes in Brain Heart Infusion agar (BHIA) at 37 °C, 5% CO2 for 48–72 h, and C. acnes in Fluid Thioglycolate Medium (FTM) at 37 °C for 48–72 h under anaerobic conditions. The extracts (P and S extracts 500 mg/mL; GH and WH extracts 100 mg/mL) were diluted in ethanol and water and impregnated into 6 mm sterile filter paper disks at 15 µL for each sample. Clindamycin (2 µg/disc) and distilled water were used as the positive and negative controls, respectively. Antibacterial activity was indicated by the inhibition zone that was measured after treatment [22,23]. All samples were performed in triplicate.




2.6. Total Phenolic Content


The total phenolic content of the extracts was determined by the Folin–Ciocalteu assay following the method described by Mungmai et al. [24] with slight modifications. Briefly, 40 µL (1 mg/mL) of the extracts were mixed with dimethyl sulfoxide (DMSO) (40 µL) and deionized water (200 µL) then mixed thoroughly with Folin–Ciocalteu reagent (250 µL) and shaken for 5 min at room temperature. Next, 250 µL of 5% (w/v) sodium carbonate was added, and the mixture was left to stand for 1 h in the dark at room temperature. Absorbance was measured at 750 nm using a UV-Vis spectrophotometer, with results reported as mg gallic acid equivalent per g dry weight (GAE; mg gallic acid/g extract). All samples were assayed in triplicate.




2.7. Free Radical Scavenging Assay


Free radical scavenging of the extracts was evaluated using 2, 2′-diphenyl-1-picrylhydrazyl (DPPH•), with the method adjusted slightly from an existing protocol [24]. Briefly, 100 µL of each extract (20–100 µg/mL) were mixed with 67 µL of 1 M Tris-HCl (pH 7.9) and 100 µL of 130 µM DPPH• solution in a 96-well plate. The mixture was then left to stand for 30 min in the dark at room temperature, and the absorbance was measured at 517 nm using L-ascorbic acid as the positive control. All samples were assayed in triplicate. The percentage of DPPH radical scavenging activity was calculated using the following equation:


% DPPH radical scavenging activity = [(Acontrol − Asample)/Acontrol] × 100








where Acontrol is the absorbance of the control, and Asample is the absorbance of the sample containing all reagents including the test compound.



The ability of the sample to scavenge DPPH• was expressed in terms of the IC50 value (mg/mL). The IC50 value was the dose–response curve plotted between the percentage DPPH radical scavenging and the various concentrations of sample extracts.




2.8. Tyrosinase Inhibition Assay


The tyrosinase inhibition activity of the extracts was evaluated using L-DOPA and mushroom tyrosinase [25]. The samples were dissolved in 10% DMSO, 20 µL of the samples (20–100 µg/mL), 40 µL of 0.1 M phosphate buffer at pH 6.5, and 20 µL of tyrosinase solution in phosphate buffer (47 units/mL) were added in a 96-well plate. The plate was left to react at 25 ± 2 °C for 10 min and then added with 20 µL of 2.5 mM L-DOPA in phosphate buffer. Kojic acid was used as the positive control. Absorbance of the mixtures was measured at 480 nm using a microplate reader. All samples were assayed in triplicate. The percentage of tyrosinase inhibition activity was obtained using the following equation:


% tyrosinase inhibition = [(Acontrol − Asample)/Acontrol] × 100








where Acontrol is the absorbance of the control, and Asample is the absorbance of the sample. The IC50 value (mg/mL) of tyrosinase inhibition was obtained from the sample concentration at 50 % inhibition activity.




2.9. Preparation of Gel Formulations Containing Durian Extract


Gel formulations were evaluated for physicochemical properties and stability, with the most suitable base incorporated into the durian extract. The formulations consisted of distilled water, propylene glycol, polysorbate 20, butylated hydroxytoluene, caprylhydroxamic acid, 1,2-hexanediol, butylene glycol, caprylhydroxamic acid, 1,2-hexanediol, butylene glycol, triethanolamine, acrylates/C10-30, and alkyl acrylate crosspolymer. The gel base was continuously homogenized and then incorporated with the extracts (0.65%).




2.10. Stability Test


The gel formulations were evaluated at room temperature, 4 °C, and 45 °C for 3 months and a heating/cooling process for 6 cycles (45 °C, 48 h alternated with 4 °C, 48 h for 1 cycle). Changes in physicochemical appearance were observed, including color, pH, odor, and spreadability [26]. All samples were assayed in triplicate.




2.11. Study Design of the Skin Irritation Test


Measurement methods were approved by the University of Phayao Human Ethics Committee, Thailand (Approval number 3/013/62). The skin irritation study was carried out using a Finn Chamber® with 30 normal healthy volunteers. The Draize scoring system was employed to calculate the primary dermal irritation index (PDII); the backs of the volunteers were covered with a Finn Chamber® that contained the test samples, consisting of deionized water (negative control), S, GH and WH extracts, gel base, SGWH gel, and 5% w/v sodium lauryl sulfate solution (positive control) for 48 h. Then, they were observed for any irritating reaction such as erythema and edema at 24 h, 48 h, and 1 week after removal of the patch. These methods were slightly adjusted from an existing protocol [27].




2.12. Statistical Analysis


Results, summarized from three independent experiments, were presented as means ± SD and analyzed by one-way ANOVA following Tukey’s multiple comparisons using the Statistical Package for the Social Sciences (SPSS), version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).





3. Results


3.1. Physicochemical Properties of the Extracts


Percentage yield of the P crude extract from 95% ethanol at 12.13% was higher than S (4.01%), while polysaccharide extracts showed percentage yields of GH (1.60%) higher than WH (1.18%), as shown in Table 1. Extract characteristics are shown in Figure 1. Crude extracts of P and S were dark brown; polysaccharide extracts of GH were grayish-white; while WH extracts were orange to pink in color.



Top-view scanning electron micrograph (SEM) images of (a) GH and (b) WH at a magnification of 500× and side-views of (c) GH and (d) WH at a magnification of 200× are depicted in Figure 2. The morphological structure of GH was highly porous, while the surface of WH was flattened with no porosity observed. This result concurred with the absorption property of GH, presenting a significantly different (p < 0.05) absorption time of 23.53 ± 1.03 min compared to WH at 31.26 ± 2.15 min. The porosity impacted the ability of durian polysaccharide extract to absorb water. Increasing the porosity showed greater absorbency, with less time taken to absorb water.



When relative concentrations of polysaccharide extracts (GH and WH) increased, the viscosity also increased. GH and WH extracts can be used to increase the viscosity and consistency of cosmetic products. This did not occur in the crude ethanolic P and S extracts. All the extracts (P, S, GH, and WH) underwent color and odor changes with changing extract concentrations. The acid–base values of P, S, GH, and WH were 5–5.5, 4.5, 5.5, and 5.5, respectively. Acid–base values (pH 4–8) gave darker colored crude extracts (P and S) at pH 8 than at pH 4–7, while the viscosity did not change. Polysaccharide extracts (GH and WH) showed color changes from grayish-white of GH and orange to pink of WH to brown at pH 7 and 8, while viscosity decreased when pH values increased to pH 6–8. Odor stability for P and S extracts changed at pH 8, while GH and WH extracts did not change. Physical properties of the extracts at varying temperatures did not change.




3.2. Phytochemical Screening


Phytochemical analyses of the different durian extracts were conducted to determine the active constituents as carbohydrates, flavonoids, steroids, triterpenoids, tannins, or alkaloids. Results revealed that the P extract contained bioactive compound groups of flavonoids and triterpenoids, the S extract had groups of flavonoids, steroids and condensed tannins, while the GH and WH extracts presented carbohydrates and triterpenoids. Chang & Shen [28] and Liang et al. [29] reported that acetone extracts of durian shells contained condensed tannins. Alkaloids were not present in all extracts. However, alkaloids, flavonoids, tannins and triterpenoids were found in methanolic extracts of durian pulp [30], while durian seed and fruit-hulls presented flavonoids and triterpenoids [31], and durian leaf presented flavonoids and alkaloids [12]. Diverse testing results were due to different solvent extraction methods, planting sites, and harvest times, with results shown in Table 1.




3.3. Antibacterial Activity


Antibacterial screening revealed that no durian extracts exhibited growth inhibition against S. aureus, S. pyogenes, and C. acnes, from previous reports. Thunyakipisal et al. [18] reported that polysaccharide gel extract from durian fruit rinds showed inhibitory activity against bacteria such as S. mutan and A. actinomycetemcomitans, while polysaccharide extracts from Cordyceps cicadae displayed broad spectrum activity against Escherichia coli, Pseudomonas aeruginosa, and S. aureus. [32]. Kusumaningrum and Yuliana [33] reported that durian-rind pectin showed a weak antibacterial activity, while the sterilized durian-rind pectin showed strong antibacterial activity towards S. aureus and E. coli. They concluded that depolymerization and de-esterification of durian-rind pectin by heat sterilization was able to improve the antibacterial activity. Previous studies reported that flavonoids, steroids, and tannins showed inhibitory activity against a wide range of pathogenic microorganisms [34,35,36]. Crude P and S extracts contained flavonoids, steroids, and tannins with no inhibition activity against bacteria. Results differed depending on the extraction, extraction process, and planting sites.




3.4. Total Phenolic Content


Phenolic compounds are more soluble in polar organic solvents due to the presence of hydroxyl groups that facilitate free radical scavenging [37] and control the antioxidant properties of plants [38]. Total phenolic content results are shown in Table 2. The P, S, GH, and WH extracts showed significantly (p < 0.05) different values at 0.09 ± 0.01, 0.33 ± 0.01, 0.21 ± 0.02, and 0.26 ± 0.00 mg gallic acid/g extract, respectively. Total phenolic content was dependent on the extraction solvent used [26] and the sample components. The P extract presented the lowest total phenolic content and was not selected for the next experiment. Total phenolic contents of the combined extracts for SGH (S + GH), SWH (S + WH), GWH (GH + WH) (ratio 1:1 mg/mg), and SGWH (S + GH + WH) (ratio 1:1:1 mg/mg) were 0.85 ± 0.05, 0.83 ± 0.01, 0.47 ± 0.01, and 0.88 ± 0.02 mg gallic acid/g extract, respectively. High synergism was observed for mixtures of the S extract, with significantly (p < 0.05) higher total phenolic contents than the individual extracts. Previous studies reported total polyphenols were found in durian extracts (seeds and peels) [13]. Therefore, durian wastes are potential sources of phenolic content.




3.5. Free Radical Scavenging Activity


DPPH radical scavenging ability of the S extract (IC50 = 0.08 ± 0.00 mg/mL) was higher than the other extracts (GH; 0.31 ± 0.08 mg/mL, WH; 0.18 ± 0.08 mg/mL) and also related to the GAE values of 0.33 ± 0.01, 0.21 ± 0.02, and 0.26 ± 0.00 mg gallic acid/g extract. DPPH radical scavenging activity was not detected for the P extract. Shi et al. [39] reported that polysaccharides of Camellia sinensis cultivars showed potent scavenging ability against superoxide and hydroxyl radicals and increased activities of superoxide dismutase, glutathione peroxidase, and peroxidase. Moreover, Shang et al. [40] reported that polysaccharides from Silphium perfoliatum extract showed significantly increased free radical scavenging activity against ABTS and DPPH radicals. The combined extracts presented IC50 values higher than the individual extracts, except for the GWH sample. The combined extracts SGH, SWH, and SGWH indicate a synergistic effect, while GWH showed an antagonistic effect. DPPH radical scavenging activity was related to the GAE values of the combined samples and confirmed their synergistic effects. The phenolic compounds greatly influenced the antioxidant activity of the extracts [41]. A positive correlation (p < 0.05) was observed between total phenolic content and free radical DPPH• scavenging efficacies, except for the GWH sample. Results also indicated that the combined extracts showed significantly higher (p < 0.05) total phenolic contents than the individual extracts, except for the GWH sample (Table 2). Skroza et al. [42] concluded that mixed phenolic compound samples presented both synergistic and antagonistic effects, with antioxidant activity dependent on compound structure, number, distribution of substituents, and concentration.




3.6. Tyrosinase Inhibition Activity


Mushroom tyrosinase was used to determine the role of the extracts in the process of melanogenesis. The inhibitory effects of the extracts on tyrosinase enzyme activity were determined to evaluate their potential as skin-whitening agents, with results shown in Table 2. The samples (P, S, GH, WH, SWH, and GWH) did not show tyrosinase inhibition activity. Tyrosinase inhibition activity was recorded at IC50 values of SGWH and SGH samples was 0.067 ± 0.00 mg/mL and 8.69 ± 1.82 mg/mL, respectively, whereas kojic acid as the positive control showed IC50 of 0.07 ± 0.00 mg/mL. The results were significantly different (p < 0.05). The tyrosinase inhibition activity of SGWH and SGH indicated correlation between total phenolic content and DPPH radical scavenging activity. Cha et al. [43] reported that phenolic compounds contribute directly to antioxidant activity, while antioxidants exhibit potent inhibitory activities toward tyrosinase. Condensed tannin was also reported to inhibit tyrosinase activity. Huang et al. [44] and Liang et al. [29] suggested that acetone extracts from durian shells showed potential as antioxidants and tyrosinase inhibitors.




3.7. Stability of Gel Formulations Containing Durian Extract


For biological activities, the SGWH extracts exhibited relatively high DPPH scavenging activity and the highest anti-tyrosinase activity. Therefore, the SGWH sample as a by-product from durian was selected for incorporation in gel formulations and investigated for stability.



The gel was stored under various conditions including a heating-cooling cycle and different temperatures: room temperature, 4 °C, and 45 °C. The color remained the same at orange to brown, and the odor did not change. Moreover, pH changes among the conditions were 5.96 ± 0.47 and not statistically significant (p < 0.05), with spreadability changes 11.50 ± 0.50 mm that were also not statistically significantly different (p < 0.05).




3.8. Skin Irritation Patch Testing


Patch testing at 1 h, 24 h, and 48 h showed that for deionized water, S, GH and WH extracts, gel base, and SGWH gel did not irritate the skin or induce the formation of erythema or edema (PDII value = 0.00). A 5% w/v sodium lauryl sulfate solution showed slight formation of erythema (PDII value = 0.42) but was non-irritating with low PDII of <0.5. Therefore, the ingredients of the formula were considered safe to apply on the skin.





4. Conclusions


This work reveals that D. zibethinus extract can be appropriated as an ingredient for the cosmetic industry. Durian extracts showed promising physicochemical properties and biological, antioxidant, and anti-tyrosinase activities, with interactions between combined extracts having a synergistic effect. The extracts are used as antioxidants and whitening agents in cosmetic products. Crude durian extract can be used as an active ingredient, while the polysaccharide extract can be used as an active ingredient and as a raw material to improve cosmetic formulation stability and increase viscosity. The polysaccharide extract showed rheological and sensorial properties, with a moisturizing effect on the skin [45]. Formulations containing the extract did not irritate the skin, and no allergic reactions were reported by the volunteers. The product was considered safe to use as an active ingredient in cosmetic formulations. Utilization as an active ingredient and raw material in cosmetic products adds value to durian by-products.
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Figure 1. Durian extracts: (a) pulp (P); (b) seed (S); (c) green fruit-hulls (GH); (d) white fruit-hulls (WH). 
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Figure 2. Top-view SEM image of polysaccharide extracts at 500× magnification: (a) green fruit-hulls (GH) and (b) white fruit-hulls (WH). Side-view of polysaccharide extracts at 200× magnification (c) green fruit-hulls (GH) and 250× magnification (d) white fruit-hulls (WH). 






Figure 2. Top-view SEM image of polysaccharide extracts at 500× magnification: (a) green fruit-hulls (GH) and (b) white fruit-hulls (WH). Side-view of polysaccharide extracts at 200× magnification (c) green fruit-hulls (GH) and 250× magnification (d) white fruit-hulls (WH).



[image: Cosmetics 10 00087 g002]







[image: Table] 





Table 1. Chemical constituents of different durian extracts.
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Crude Extract

	
% Yield

	
Chemical Constituents




	
Carbohydrates

	
Flavonoids

	
Steroids

	
Triterpenoids

	
Tannins

	
Alkaloids




	
Gelatin

	
Ferric Chloride

	
Bromine Water

	
Lime Water

	
Mayer

	
Dragendorff






	
Pulp (P)

	
12.13

	
-

	
+

	
-

	
+

	
-

	
-

	
-

	
-

	
-

	
-




	
Seed (S)

	
4.01

	
-

	
+

	
+

	
-

	
+

	
+

	
+

	
+

	
-

	
-




	
Green fruit-hulls (GH)

	
1.60

	
+

	
-

	
-

	
+

	
-

	
-

	
-

	
-

	
-

	
-




	
White fruit-hulls (WH)

	
1.18

	
+

	
-

	
-

	
+

	
-

	
-

	
-

	
-

	
-

	
-








(+) = positive test, (-) = negative test.
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Table 2. Total phenolic content, IC50 standard equivalent of antioxidant activity, and tyrosinase inhibition activity of the durian extracts.
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	Crude Extract
	Total Phenolic Content

(mg GAE/g)
	DPPH Radical-Scavenging Activity (IC50, mg/mL)
	Tyrosinase Inhibition Activity

(IC50, mg/mL)





	Pulp (P)
	0.09 ± 0.01 F
	ND
	ND



	Seed (S)
	0.33 ± 0.01 D
	0.08 ± 0.00 A
	ND



	Green fruit-hulls (GH)
	0.21 ± 0.02 E
	0.31 ± 0.08 B,C
	ND



	White fruit-hulls (WH)
	0.26 ± 0.00 E
	0.18 ± 0.08 A,B
	ND



	S + GH (SGH)
	0.85 ± 0.05 B
	0.04 ± 0.00 A
	8.69 ± 1.82 B



	S + WH (SWH)
	0.83 ± 0.01 A,B
	0.04 ± 0.00 A
	ND



	GH + WH (GWH)
	0.47 ± 0.01 C
	0.46 ± 0.15 C
	ND



	S + GH + WH (SGWH)
	0.88 ± 0.02 A
	0.04 ± 0.02 A
	0.067 ± 0.00 A



	L—ascorbic
	-
	0.002 ± 0.00
	-



	Kojic acid
	-
	-
	0.07 ± 0.00







- = not determined; ND = not detected. Data are mean ± standard error (SD) of three replicates (Letters A, B, C, D, E and F represent statistical differences between groups).
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