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Abstract

:

This is the first study to investigate the effect of ethanol concentrations on the phenolic content and biological activities of Sripanya Punica granatum peel extract. Various concentrations of ethanol, (20 to 80% v/v), were used in the maceration process. Extracts were investigated for total phenolic content by the Folin–Ciocalteu method, antioxidant activities by 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, and anti-tyrosinase activity by a spectrophotometric method. The chemical composition was investigated using high-performance liquid chromatography. The irritation of the extracts was determined by Hen’s egg test–chorioallantoic membrane assay. The results demonstrated that E60, which was extracted using 60% v/v ethanol, had the highest yield (66.23 ± 0.38% w/w), the highest total phenolic content (490.42 ± 7.20 μg GAE/g), and the highest antioxidant and anti-tyrosinase activities. IC50 values on DPPH• and ABTS•+ inhibition were 10.97 ± 0.97 and 6.48 ± 0.06 µg/mL, respectively. The 60% v/v ethanol extract (E60) possessed strong tyrosinase inhibition with an IC50 value of 0.10 ± 0.13 µg/mL, which is more potent than kojic acid. The major constituents were punicalagin (4.05 ± 0.26% w/w) and ellagic acid (0.63 ± 0.04% w/w). E60 was safe for topical application since it did not induce irritation. Therefore, we suggest that E60 is a promising agent for further product development.
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1. Introduction


Punica granatum, a medicinal plant in the family of Punicaceae, is known as pomegranate or punica apple [1]. The pomegranate is one of the most popular fruits native to Iran. It is widely grown in several tropical and subtropical countries, such as Afghanistan, Turkey, Egypt, Italy, India, China, Thailand, Chile, Spain, and the United States [2,3]. However, numerous pomegranate varieties have not yet been reported.



In Thailand, four pomegranate varieties, including Dentawan, Jarassang, Pechamporn, and Sripanya, have been discovered and registered by the Plant Varieties Protection Office of the Department of Agricultural Extension. These varieties have several identifiable characteristics compared to other existing varieties, such as the peel color (ranging from yellow to purple, pink and red, with the latter being the most common), seed-coat color (ranging from white to red), seed hardness, juice content, sweetness, and astringency. The Dentawan and Pechamporn varieties were imported from India and can provide a good yield throughout the year in the Nakhon Pathom province in Thailand. They differ in peel color and seed-coat color. Dentawan has a red peel and red seed coat, whereas Pechamporn has an orange-red peel and white-pink seed coat. Although both of them are soft and sweet, they are not popular among consumers because Dentawan can only be grown in the Nakhon Pathom, and Pechamporn has a very thick peel.



On the other hand, Jarassang, bred from an Indian and Thai native variety, can provide good yields in May, August, and December in the Nakhon Ratchasima province in Thailand. Jarassang has a red-yellow peel and orange-red seed coat. Sripanya, which is the most popular pomegranate in Thailand, has a red peel, a dark-red seed coat, and a very sweet taste. It was bred from a Spanish and Thai native variety. It can provide a good yield throughout the year in the Tak province. The Phop Phra district is situated 260–1700 m above sea level and is near the Earth’s equator, according to the District Office of Phop Phra. Additionally, Sripanya, an economic plant, is used in commercial pomegranate-juice production as it supplies a plentiful amount of juice. These manufacturing procedures generate large quantities of Sripanya pomegranate peel as waste products.



Various parts of the pomegranate tree, including the tree bark, fruit peel, seeds, and juice, have been used extensively as rejuvenation remedies since ancient times for the treatment of diarrhea, dysentery, intestinal parasites, gum bleeding, nose bleeds, and hemorrhoids. Additionally, several biological activities of the pomegranate peel have also been investigated, including antioxidant, anticarcinogenic, anti-inflammatory, anti-cardiovascular, antidiabetic, and antimicrobial activities. The medicinal value of the pomegranate peel is due to its main constituents of tannins, polyphenolic compounds, ellagictannin, and ellagic acid, which possess antioxidant, anti-tyrosinase, and anti-inflammatory activities [1,4,5,6]. Moreover, pomegranates have been used for cosmetic purposes as they can effectively reduce skin pigmentation in guinea pigs [7].



There have hitherto been no previous reports concerning Sripanya pomegranate peel. This study is the first to investigate suitable extraction solvents for the bioactive compounds extracted from Sripanya pomegranate peel. Moreover, the antioxidant and anti-tyrosinase activities, as well as the major chemical composition of Sripanya pomegranate peel extracts, were investigated. The irritation effect of the extracts are also reported.




2. Materials and Methods


2.1. Plant Material


The waste of Sripanya pomegranate peel was collected from the Phop Phra district of Tak, Thailand, from September to November 2017, with a voucher specimen number SPES-001. The peel was separated from the seeds before being washed and dried in a hot-air oven at 60 °C for 48 h and ground into powder using a vertical roller mill (Conversant Technology, Co., Ltd., Bangkok, Thailand). The dried powder of the Sripanya pomegranate peel was then sieved through an 80-mesh sieve and kept in a sealed container at room temperature until use. The moisture content, and loss upon drying, of dried Sripanya pomegranate peel powder were evaluated using a digital moisture analyzer (MX-50, A & D Company, Ltd., Tokyo, Japan). About 2–6 g of the dried powder was accurately weighed and transferred to an aluminum pan and held at 105 °C until the sample weight was constant.




2.2. Chemical Reagents


The analytical grade reagents including absolute ethanol, Folin–Ciocalteu reagent, potassium persulfate, and hydrochloric acid were purchased from Merck, Darmstadt, Germany; 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) were purchased from Sigma-Aldrich, Steinheim, Switzerland; dihydrochloride mushroom tyrosinase was purchased from Sigma-Aldrich, St. Louis, MO, USA; l-tyrosine was purchased from Sigma-Aldrich, Darmstadt, Germany; sodium carbonate was purchased from Ajax Finechem Pty., Ltd., Taren Point, Australia; dimethyl sulfoxide, acetonitrile, sodium hydroxide, and deionized water were purchased from RCI Labscan, Ltd., Bangkok, Thailand; and glacial acetic acid was purchased from Fisher Scientific, Loughborough, UK. The standard substances—gallic acid, ellagic acid, punicalagin, kojic acid and trolox—were purchased from Sigma-Aldrich, Buchs, Switzerland. Tween 20 and sodium lauryl sulfate were purchased from Hong Huat, Bangkok, Thailand.




2.3. Preparation of Sripanya Pomegranate Peel Extract


The dried powder of Sripanya pomegranate peel was extracted using a maceration method in various concentrations of ethanol, including 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v. Briefly, 15 g of the dried Sripanya pomegranate peel powder were macerated in 500 mL of each solvent and continuously stirred using a magnetic stirrer at 5000 rpm, at 50 °C, for 15 min before being filtered through Whatman no. 1 filter paper. The solvent was then removed by the rotary evaporator (Tokyo Rikakikai, Co., Ltd., Tokyo, Japan) with the water bath temperature set at 50 °C under vacuum. E20, E30, E40, E50, E60, E70, and E80 were obtained from the maceration using 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol, respectively. The extract was kept in a sealed container at 4 °C until used. The extractions were done in triplicate. The yield of each extract was calculated using the following equation:


   Yield     ( % )  =  (  W 1   ×   100  )  /  (  W 2  )   



(1)




where W1 is the weight of the dried Sripanya pomegranate peel extract, and W2 is the weight of the dried Sripanya pomegranate peel powder.




2.4. Total Phenolic Content Determination


Total phenolic concentrations of Sripanya pomegranate peel extracts were determined by the Folin–Ciocalteu (FC) colorimetric method according to the method of Li et al. [8] with some modifications. Briefly, 100 μL of 1:10 diluted Folin–Ciocalteu reagent was mixed with 20 μL of the test sample solution and incubated for 4 min at room temperature. After that, 80 μL of a saturated sodium carbonate solution (0.75 g/mL) was added to the mixture and incubated for another 2 h at room temperature. The absorbance of the mixtures was measured at 760 nm using a microplate reader (Beckman Coulter, Inc., Lagerhausstrasse, Austria). All experiments were performed in triplicate, and gallic acid was used as a standard substance.




2.5. Antioxidant Activity Determination


2.5.1. 1,1-Diphenyl-2-Picrylhydrazyl Radical Scavenging (DPPH) Assay


The scavenging activity on the DPPH• of Sripanya pomegranate peel extracts was determined via DPPH assay according to the method of Brem et al. [9], with some modifications. Briefly, 180 µL of the DPPH• solution were mixed with 20 µL of the test sample solution in DMSO and incubated in the dark for 30 min. The absorbance of the mixture was measured at 520 nm using a microplate reader (Spectrostar Nano, BMG Labtech GmbH, Ortenberg, Germany). The scavenging activities on the DPPH• of the Sripanya pomegranate peel extracts were reported as % inhibition, which was calculated using the following equation:


   %   inhibition  =  [   (  A − B  )    −    (  C − D  )    /    (  A − B  )   ]    ×   100  



(2)




where A is the absorbance of DMSO and the DPPH solution; B is the absorbance of DMSO and DI water; C is the absorbance of the sample and DPPH solution; and D is the absorbance of the sample and DI water. IC50 was calculated using GraphPad Prism version 2.01. All experiments were performed in triplicate, and gallic acid was used as a standard substance.




2.5.2. 2,2’-Azinobis(3-Ethylbenzothiazoline-6-Sulphonic Acid) (ABTS•) Radical Scavenging Assay


The ABTS•+ scavenging activity of Sripanya pomegranate peel extracts were determined by ABTS assay according to the method of Tachakittirungrod et al. [10], with some modifications. Briefly, 2 mL of the 7 mM ABTS solution was mixed with 3 mL, or 2.45 mM, of potassium persulfate solution to generate the ABTS•+ solution. After incubation in the dark for 24 h, the ABTS•+ solution was diluted 20 times by ethanol to obtain an absorbance of 0.7 ± 0.1 units at 750 nm. Afterward, 180 µL of the ABTS•+ solution was mixed with 20 µL of the test sample solution in DMSO. After 5 min, the absorbance of the mixture was measured at 750 nm using a microplate reader (Spectrostar Nano, BMG Labtech GmbH, Ortenberg, Germany). The ABTS•+ scavenging activity of Sripanya pomegranate peel extracts were reported as % inhibition, which was calculated using the following equation:


   %   inhibition    =    [   (  A − B  )    −    (  C − D  )    /    (  A − B  )   ]    × 100  



(3)




where A is the absorbance of DMSO and the ABTS solution; B is the absorbance of DMSO and DI water; C is the absorbance of the sample and the ABTS solution; and D is the absorbance of the sample and DI water. IC50 was calculated using GraphPad Prism version 2.01. All experiments were performed in triplicate, and trolox was used as a standard substance.





2.6. Tyrosinase Inhibitory Activity Determination


The tyrosinase inhibitory activity of Sripanya pomegranate peel extracts was determined via a tyrosinase inhibitory assay according to the method of Saeio et al. [11], with some modifications. Briefly, 10 µL of the test sample solution was mixed with 30 µL or 250 units/mL of the tyrosinase enzyme and 60 µL of PBS with a pH of 6.8. After incubation at room temperature for 10 min, 100 µL of 2.5 mM L-tyrosine was added and incubated again for 30 min. The absorbance of the mixture was measured with a wavelength of 450 nm using a microplate reader (Spectrostar Nano, BMG Labtech GmbH, Ortenberg, Germany). The tyrosinase inhibitory activity of Sripanya pomegranate peel extracts was reported as % inhibition, which was calculated using the following equation:


   %   inhibition    =    [   (  A − B  )    −    (  C − D  )    /    (  A − B  )   ]    ×   100  



(4)




where A is the absorbance of ethanol, 250 units/mL of the tyrosinase enzyme, and L-tyrosine; B is the absorbance of ethanol, 250 units/mL of the tyrosinase enzyme, and PBS with a pH of 6.8; C is the absorbance of the sample, 250 units/mL of the tyrosinase enzyme, and l-tyrosine; and D is the absorbance of the sample, 250 units/mL of the tyrosinase enzyme, and PBS with a pH of 6.8. IC50 was calculated using GraphPad Prism version 2.01. All experiments were performed in triplicate, and kojic acid was used as a standard substance.




2.7. High-Performance Liquid Chromatography (HPLC) Analysis


HPLC analysis was used to investigate the chemical compositions of Sripanya pomegranate peel extracts. The HPLC method was modified from the previous study of Li et al. [12]. The Agilent 1100 series equipped with the corresponding photodiode array detector (Hewlett Packard, Waldbronn, Germany), a column-temperature controller, and an auto sampler. Data analysis was performed with the Agilent 3D ChemStation software (Hewlett Packard, Waldbronn, Germany). The chromatographic separation was performed on a phenomenex C-18 column (5 µm, 4.6 × 250 mm) using a glacial acetic acid solution with a pH of 3.0 (A) and acetonitrile (B) as a mobile phase. The mobile phase was set at a flow rate of 1 mL/min. The gradient program was set as follows: 0–10 min, 5–10% B; 10–30 min, 10–15% B; and 30–40 min, 15–20% B. The column temperature was maintained at 30 °C. The chromatogram was detected by a UV-spectrophotometer (Hewlett Packard, Waldbronn, Germany) at a wavelength of 280 nm. The injection volume of each sample and standard solutions was 10 µL. The HPLC mobile phase, samples, and standard solutions were filtered through a 0.45 µm membrane filter (ANPEL Laboratory Technologies, Inc., Shanghai, China) before use. The samples were dissolved in HPLC-grade methanol at a concentration of 0.25 mg/mL. Punicalagin and ellagic acid were used as standard compounds in the HPLC analysis.



The punicalagin A content was calculated using the following equation:


   x    =    (   y    +   3297.2  )    /   15.611 ,        (   R 2   )    =   0.9997  



(5)




where x is the concentration of punicalagin A (mg/L), and y is the area under the curve (AUC) of the HPLC chromatogram peak of punicalagin A at a retention time of around 16.5 min (mAU).



The punicalagin B content was calculated using the following equation:


   x    =    (   y    +   3623.3  )    /   17.624 ,        (   R 2   )    =   0.9996  



(6)




where x is the concentration of punicalagin B (mg/L), and y is the area under the curve (AUC) of the HPLC chromatogram peak of punicalagin B at a retention time of around 17.8 min (mAU).



The ellagic acid content was calculated using the following equation:


   x    =    (   y    +   1446  )    /   43.511 ,        (   R 2   )    =   0.9992  



(7)




where x is the concentration of ellagic acid (mg/L), and y is the area under the curve (AUC) of the HPLC chromatogram peak of ellagic acid, at a retention time of around 28.9 min (mAU).




2.8. Irritation Test by Hen’s Egg Test–Chorioallantoic Membrane (HET–CAM) Assay


An acute irritation test of Sripanya pomegranate peel extracts was determined by a modified HET–CAM method [13,14]. The fertilized eggs were obtained from the Faculty of Agriculture, Chiang Mai University. The eggs were kept for 10 days in an incubator set at 37 ± 1 °C and 55 ± 0.5% RH. After that, the eggshell was opened using a dental rotary saw-blade. After removing the white egg membrane, viable embryos with the yolk sac were kept in the incubator. The samples were then placed on the chorioallantoic membrane (CAM). The irritation reactions including vascular lysis, vascular hemorrhages, and vascular coagulation, were observed within 300 s after sample applications via a stereo microscope (OLYMPUS, Spacemed, Bangkok, Thailand). Blood vessels on the CAM were continually investigated for 1 h for long-term irritation. The photographs were taken under a stereo microscope (OLYMPUS, Spacemed, Bangkok, Thailand). The irritation score (IS) was calculated using the following equation:


   IS    =   [ ( 301 − t  ( h )  / 300 × 5  ] + [  ( 301 − t  ( l )  / 300 × 7  ] + [   (  301 − t  ( c )  / 300 × 9  ]   



(8)




where t(h) is the time of the first vascular hemorrhages, t(l) is the time of the first vascular lysis, and t(c) is the time of the first vascular coagulation. The time was recorded in seconds. Result classification was as follows: no irritation: IS = 0–0.9; slight irritation: IS = 1.0–4.9; moderate irritation: IS = 5.0–8.9; severe irritation: IS = 9.0–21.0. All experiments were performed in duplicate. Sodium lauryl sulfate (1% w/w) was used as a positive control, and normal saline solution (0.9% w/w NaCl) was used as a negative control.




2.9. Statistical Analysis


The mean values of the results were calculated for all triplicate experiments, and the results were expressed as mean ± standard deviation. The data was subjected to a t-test and one-way ANOVA, with a statistical difference of p < 0.05.





3. Results and Discussion


3.1. Dried Sripanya Pomegranate Peel Powder


The dried powder of Sripanya pomegranate peel was fine and yellow. The average moisture content and loss upon drying of the powder were 8.04 ± 0.06% and 7.55 ± 0.10%, respectively. The results were in an acceptance citeria of WHO, who designate an average moisture content and loss upon the drying of the plant materials as no more than 10% [5]. Therefore, the raw material of the Sripanya pomegranate peel met the quality standard for further use.




3.2. The Effect of Ethanol Concentration on the Yield of Sripanya Pomegranate Peel Extracts


All Sripanya pomegranate peel extracts were dark-brown semisolid masses. The yields of each extract are shown in Figure 1. The results show that a higher concentration of ethanol led to a higher yield of Sripanya pomegranate peel extracts. A likely explanation is that the chemical components of the Sripanya pomegranate peels were able to dissolve better in ethanol (ε = 24.5) than DI water (ε = 80.1). However, the maximum yield was obtained at an ethanol concentration of 60% v/v (p < 0.05). The yield then tended to decrease when the ethanol concentraion was 70% and over. This might be because the maximum extraction efficiency of ethanol had already been reached at 60% v/v and no more semipolar compounds could be extracted by higher concentrations of ethanol. Lower polar compounds could have been extracted less due to the lower content of DI water in the extracted solvents. Therefore, it should be concluded that the concentration of ethanol that is most suitable for the highest yield (66.23 ± 0.38% w/w) of Sripanya pomegranate peel extracts is 60% v/v (p < 0.05).




3.3. Total Phenolic Content of Sripanya Pomegranate Peel Extracts


Total phenolic concentrations of Sripanya pomegranate peel extracts are shown in Figure 2. The results interestingly show that a 60% v/v or higher concentration of ethanol yielded the highest total phenolic concentrations (p < 0.05), and a plateau of total phenolic content was observed. Ethanol concentrations of 60%, 70%, and 80% v/v yielded the same concentrations of phenolic compounds (p > 0.05), which were 490.42 ± 7.20, 490.12 ± 3.65, and 490.07 ± 2.02 μg GAE/g, respectively.



Similar to the above results of the extracted yields, it can be seen that phenolic compounds were extracted better using ethanol than DI water. Higher concentrations of ethanol in the extraction solvents led to higher total phenolic concentrations. These results are in good agreement with previous studies reporting that phenolic compounds, such as anthocyanins, hydroxycinnamic acids, and hydroxybenzoic acids, were more soluble in organic solvents compared to DI water [1,6]. Interstingly, the maximum yield and maximum total phenolic concentrations were obtained at the same concentration of ethanol in the extract solvents, which was 60% v/v. Therefore, it might be concluded that the most abundant components of Sripanya pomegranate peel extracts are phenolic compounds, which can be extracted well by ethanol, the most effective concentration of which is 60% v/v. Several previous studies have also confirmed that the pomegranate peel is a remarkable source of phenolic constituents, including hydrolysable tannins (ellagitannins, i.e., punicalagin isomers, ellagic acid derivatives, and gallic acid), flavonoids, and anthocyanins [15]. Interestingly, the Sripanya pomegranate peel extracts in the present study contained much more phenolic content than previous studies have reported. The total phenolic concentrations of the pomegranate peel from Iran, Turkey, Spain, Southern Tunisia, and South Africa were in a range from 54.84 to 295.5 mg GAE/g [6,16,17,18,19]. Therefore, Sripanya pomegranate can be suggested as a good souce of natural phenolic compounds. Other than the variety of pomegranate, growing seasons and agricultural practices might also lead to differences in total phenolic content [20].




3.4. Antioxidant Activities of Sripanya Pomegranate Peel Extracts


There are several models for analyzing the antioxidant activities of natural compounds. Normally, more than one method is used to analyze and summarize the results because there are various mechanisms inhibiting the oxidation process. However, the present studies employed two different methods to evaluate the free radical scavenging activities of Sripanya pomegranate peel extracts, including the DPPH and ABTS assays. This is because these methods are simple, convenient, and rapid and can be applied to many types of samples.



The DPPH• scavenging activities of Sripanya pomegranate peel extracts are shown in Figure 3. The E60 extract significantly possessed the most potent DPPH• scavenging activities with an IC50 of 10.97 ± 0.97 µg/mL (p < 0.05). The ABTS•+ scavenging activities, as shown in Figure 4, were perfectly correlated with the DPPH• scavenging activities. The E60 extract possessed the most potent ABTS•+ scavenging activities with an IC50 of 6.48 ± 0.97 µg/mL (p < 0.05). It was noted that Sripanya pomegranate peels extracted using at least 60% v/v of ethanol possessed potent DPPH• and ABTS•+ scavenging activities. These results relate well with their phenolic content. Therefore, phenolic compounds can be suggested as being major components that are responsible for the antioxidant activities of Sripanya pomegranate peel extracts. These results are in accordance with previous studies reporting that the presence of phenolic compounds is an important factor in the antioxidant activity of natural products [15,18]. Various phenolic compounds have been reported for free radical scavenging activities, including ellagitannins, anthocyanins, gallagylesters, hydroxybenzoic acids, gallotannins, dihydroflavonol, and hydroxycinnamic acids. The proposed mechanism is due to an ability to donate a hydroxyl hydrogen and resonance stabilization from the resulting antioxidant radicals [21]. Additionally, the likely mechanism of the radical scavenging property is the capability of rapidly deactivating reactive oxygen species (ROSs) and reactive nitrogen species (RNSs) via electron transfer [22]. Therefore, Sripanya pomegranate peel extracts, especially the E60 extract, can be suggested as natural antioxidants.




3.5. Tyrosinase Inhibitory Activities of Sripanya Pomegranate Peel Extracts


Tyrosinase is an enzyme involved in a melanogenesis process, which leads to skin pigmentation and a darker skin color [23]. Inhibition against this enzyme is a major way to whiten the skin. The present study investigated the whitening effect of Sripanya pomegranate peel extracts. The anti-tyrosinase activity of each extract is shown in Figure 5. The E60 extract possessed the most potent anti-tyrosinase activity with an IC50 value of 0.67 ± 0.98 µg/mL. These results relate very well with the total phenolic concentrations of the Sripanya pomegranate peel extracts. Therefore, it can be remarked that phenolic compounds are responsible for the whitening effect of Sripanya pomegranate peels. The likely anti-tyrosinase mechanisms of Sripanya pomegranate peel extracts are the chelation of copper atoms and a binding with the tyrosinase hydrophobic binding pocket surrounding the binuclear copper active site [24]. Interestingly, all Sripanya pomegranate peel extracts possessed significantly higher tyrosinase inhibitory activity than kojic acid, a well-known commercial whitening compound, of which the IC50 value was 7.88 ± 1.00 µg/mL (p < 0.05). Therefore, the E60 extract can be suggested for use as a natural whitening compound in further cosmetic product development instead of kojic acid, which reportedly irritates skin [25].




3.6. Chemical Compositions of Sripanya Pomegranate Peel Extracts


Since the E60 extract possessed the most potent antioxidant and anti-tyrosinase activities, it has been suggested for further use as an active natural compound in cosmetic and cosmeceutical products. However, the standardization of naturally occurring bioactive compounds is very important for the quality control of the products [26]. HPLC was hence used in the present study to investigate the chemical compositions of Sripanya pomegranate peel extracts. Punicalagin and ellagic acid have been reported as major components responsible for various biological activities of pomegranate peel [16,27,28]. Therefore, these compounds were used as biological markers for Sripanya pomegranate peel extracts in the present study.



The HPLC chromatogram of the E60 extract is shown in Figure 6. There were several components, but three major components—punicalagin A, punicalagin B, and ellagic acid—were detected at retention times of 16.5, 17.8, and 28.9 min, respectively. Punicalagin A and B were found to be the most abundant components of the E60 extract, with a total concentration of 4.05 ± 0.26% w/w. The results are in accordance with a previous study reporting that punicalagin derivatives are predominant compounds of pomegranate peel [16]. In addition, ellagic acid was another major component, of which the concentration was 0.63 ± 0.04% w/w. These compounds have been suggested for use as active biological markers for the standardization and quality control of Sripanya pomegranate peel extracts. Since punicalagin A, punicalagin B, and ellagic acid have been previously reported as having antioxidant and anti-tyrosinase activities [29], it can be said that these compouds are responsible for the potent biological activities of the E60 extract. Ellagic acid has been reported to bind with copper with high affinity at the active site of tyrosinase and hence inhibits the tyrosinase function in melanogenesis [6,7,30]. Additionally, ellagic acid has been found to suppress the UV-induced skin pigmentation of guinea pigs [7]. On the other hand, both punicalagins have been reported as showing dose-dependently decreased tyrosinase activity via a downregulation of microphthalmia-associated transcription factor (MITF) and tyrosinase expression [29]. Therefore, both punicalagins and ellagic acid were considered in this study as major bioactive components of Sripanya pomegranate peel extracts, especially the E60 extract. Furthermore, these compounds can be suggested for use as biological markers for quality control or quantitative determination of Sripanya pomegranate peel extracts in future experiments.




3.7. Irritation on the Chorioallantoic Membrane of the Sripanya Pomegranate Peel Extracts


Since irritation is a major consideration for cosmetic and cosmeceutical product development, the E60 extract, which has been suggested for use as an antioxidant and a whitening agent, was investigated for irritation effect in the hen’s egg test–chorioallantoic membrane (HET–CAM) assay. The CAM was examined for vascular damage, including vascular hemorrhages, vascular lysis, and vascular coagulation, after being exposed to the E60 solution at concentrations ranging from 10 μg/mL to 1 mg/mL. The IS scores as shown in Table 1 show that 1% w/v SLS (a positive control) induced severe irritation, whereas 0.9% w/v NaCl (a negative control) induced no irritation. Moreover, SLS induces vascular lysis as shown in Figure 7. On the other hand, the E60 extract did not induce any irritation at any concentrations tested, as shown in Figure 8. Therefore, we suggest that the E60 extract is a safe natural compound for topical application.





4. Conclusions


The present study revealed the most effective concentration of ethanol for extracting bioactive compounds from Sripanya pomegranate peel. E60, which was Sripanya pomegranate peel extracts by maceration in 60% v/v of ethanol, had the highest yield (66.23 ± 0.38% w/w), the most abundant total phenolic content (490.42 ± 7.20 μg GAE/g), and the most potent biological activities, including antioxidant and anti-tyrosinase activity. The IC50 values on DPPH• and ABTS•+ inhibition were 10.97 ± 0.97 and 6.48 ± 0.06 µg/mL, respectively. Furthermore, the E60 extract possessed strong tyrosinase inhibitory activity with an IC50 value of 0.10 ± 0.13 µg/mL, which is more potent than kojic acid (IC50 = 7.88 ± 1.00 µg/mL), a commercial whitening agent. Moreover, phenolic compounds were found to be responsible for both antioxidant and anti-tyrosinase activity. Punicalagin and ellagic acid were found to be the major constituents of the E60 extract, with amounts of 4.05 ± 0.26% w/w and 0.63 ± 0.04% w/w, respectively. The E60 extract can safely be developed as a topical product since it showed no irritation on a CAM. Therefore, the E60 extract is promising as an active agent for pharmaceutical and cosmeceutical purposes. Additionally, further biological activities, including the anti-inflammatory and anti-aging activities of the E60 extract, can be considered for a variety of other applications in the field of cosmetics.
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Figure 1. Yield of Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol, respectively. Different letters denote statistically significant differences among groups; p < 0.05). 
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Figure 2. Total phenolic concentrations of Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol. Different letters denote statistically significant differences among groups; p < 0.05. 
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Figure 3. The IC50 values of the DPPH• scavenging activity of gallic acid (GA) and Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol. Different letters denote statistically significant differences among groups; (p < 0.05). 






Figure 3. The IC50 values of the DPPH• scavenging activity of gallic acid (GA) and Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol. Different letters denote statistically significant differences among groups; (p < 0.05).



[image: Cosmetics 07 00007 g003]







[image: Cosmetics 07 00007 g004 550] 





Figure 4. The IC50 values of the ABTS•+ scavenging activity of trolox (TX) and Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol. Different letters denote statistically significant differences among groups; (p < 0.05). 
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Figure 5. The IC50 values of the tyrosinase inhibitory activity of kojic acid (KJ) and Sripanya pomegranate peel extracts. E20, E30, E40, E50, E60, E70, and E80 were Sripanya pomegranate peel extracts obtained by maceration in 20%, 30%, 40%, 50%, 60%, 70%, and 80% v/v of ethanol. Different letters denote statistically significant differences among groups; (p < 0.05). 
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Figure 6. HPLC chromatogram of the E60 extract, which was Sripanya pomegranate peel extract obtained by maceration in 60% v/v of ethanol. (a) and (b) are punicalagin derivatives, whereas (c) is ellagic acid. 
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Figure 7. Photographs of the chorioallantoic membrane before and after exposure to 0.9% w/v sodium chloride (NaCl) and 1% w/v sodium lauryl sulfate (SLS). 
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Figure 8. Photographs of the chorioallantoic membrane before and after exposure to the Sripanya pomegranate peel extract obtained by maceration in 60% v/v of ethanol (E60). 
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Table 1. Irritation score and irritation assessment of Sripanya pomegranate peel extract by the HET–CAM method.
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	Samples
	Irritation Score
	Irritation Assessment





	Positive control (1% w/v SLS)
	9.12 ± 0.15
	Severe irritation



	Negative control (0.9% w/v NaCl)
	0.00 ± 0.00
	No irritation



	E60 (10 μg/mL)
	0.00 ± 0.00
	No irritation



	E60 (50 μg/mL)
	0.00 ± 0.00
	No irritation



	E60 (100 μg/mL)
	0.00 ± 0.00
	No irritation



	E60