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Abstract

:

The purpose of this study was to evaluate the antioxidant, antibacterial, and anti-UVB of three kinds of fermented fruit peel extracts by pectinase enzyme, including pomegranate, pomelo, and banana peel. The antioxidant was evaluated by the DPPH (2,2-Diphenyl-1-picrylhydrazyl) free radical scavenging method. Antibacterial activity against Escherichia coli and Staphylococcus aureus was assessed by disk diffusion assay, and the photoprotective activity was measured using a photospectrometric method. The results revealed that pomegranate peel extract at 3000 IU/g peel exhibited potent free radical scavenging property against DPPH, with the smallest IC50 value at 0.18%, which was better than that of pomelo peel extract at 55.79%. Furthermore, the results suggested that the pomegranate peel extract also exhibited antibacterial activity against E. coli better than pomelo peel extract, but none of the three samples shows the antibacterial capacity against S. aureus. Moreover, 10% pomegranate peel extract also expressed the strongest anti-UVB activity, with an SPF value of 36.582. The research demonstrates pomegranate peel’s bioactivity potential for further experiments.
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1. Introduction


People all around the world consume a huge amount of fruit every year. Much research has demonstrated the importance of fruit peels in a variety of aspects, such as fertilizer, biofuel, enzymes, food, or cosmetics. There were about 102 million tons of banana consumed in 2018, and the peel represents the 35% of the weight. Traditionally, banana peel waste has been used as a medicinal source for the treatment of anemia, diabetes, inflammation, and cancer, due to its high amount of phenolic and fiber [1]. Moreover, pomelo peel contains many bioactive compounds, such as coumarins and flavonoids, polyphenols, and vitamins, that impact health benefits beyond basic nutrition [2]. According to Zhai et al. [3], pomegranate is a popular fruit with a variety of products, such as juice, wine, and jam, in which its peel contains a large amount of phenolics, flavonoids, and tannins, which are commonly used in medicine.



Pectin is a heteropolysaccharide that contributes to the plant cell structure and has been applied in food and pharmaceuticals. It is mainly composed of α-1-4 d-galacturonic acid and some neutral sugars, which have been demonstrated to be safe in cosmetics [4]. However, there has been a limited application of these substances in cosmetic discipline. The extraction of fermented fruit peel is targeted to promote economic value, maximize the application of agricultural products, and minimize waste into the environment. The study aims to compare the antioxidant, antibacterial, and anti-UVB abilities of three fermented fruit peel extracts, including pomegranate, pomelo, and banana peel by pectinase enzyme.




2. Materials and Methods


2.1. Materials


The study was conducted in the Biotechnology Research and Development Institute at Can Tho University from August to December 2020. Fresh pomegranate (PGP), pomelo (PP), and banana (BP) were purchased at local market in Can Tho city. The fruit peels then were washed with tap water and rinse with distilled water, then cut into smaller sizes (about 3–5 mm) to prepare for next experiments. Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923) were supplied by Laboratory of Molecular Biotechnology, Biotechnology Research and Development Institute.




2.2. Methods


2.2.1. Preparation of Fermented Fruit Peel Extract


The experiment used for fermentation was a modified version of that conducted by Pocan et al. [5]. Six grams of the sample was dispensed in 100 mL of sodium citrate buffer (pH 4.8) in a 250 mL capacity Erlenmeyer flask. Different weights of pectinase enzyme powder were added corresponding to the observed concentration: 1000, 3000, and 6000 IU/g. A treatment without enzyme was also conducted to evaluate enzyme activity. The mixture was stirred lightly, then allowed to incubate and shake for 24 h at 50 °C, 150 rpm. After fermentation, the samples were incubated in boiled water at 95 °C for 5 min to inactivate the enzyme. Finally, the supernatant obtained was filtered through a filter paper and stored at 5 °C. All the experiments were conducted from this supernatant.




2.2.2. Antioxidant Activity


DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay was performed using the method of Trang et al. [6]. In short, each concentration of samples diluted with methanol were mixed appropriately with DPPH dissolved in methanol with the ratio 100 µL sample/100 µL DPPH. The diluted concentrations of each fruit peel were different due to the color of the liquid. After reacting in dark at room temperature for 40 min, the absorbance of mixture was measured at 517 nm, using methanol as the blank, and ascorbic acid was used as positive control. Percent inhibition was calculated, and a graph between the concentration and % inhibition was plotted to obtain the IC50. Radical scavenging activity was calculated using the following formula:


     (   A  c s   −  A  B l a n k   1    )  −  (   A s  −  A  B l a n k   2    )     (   A  c s   −  A  B l a n k   1    )     








where Acs is the absorbance of the control reaction (methanol + DPPH); As is the absorbance in the presence of sample; ABlank 1 is the absorbance of Blank 1, containing only methanol; and ABlank 2 is the absorbance of Blank 2, containing only the sample.




2.2.3. Antibacterial Activity


The antibacterial assay was performed using a disk diffusion assay described by Wiegand et al. [7] with adjustment. Briefly, the density of bacteria was standardized to 106–107 CFU/mL, and was swabbed onto the agar surface. Then, 25 μL of samples with different concentration was loaded onto sterile blank disk (7 mm). After drying, the discs were then impregnated with inoculated agar. Sodium citrate (0.05 M) and streptomycin (1 mg/mL) served as the negative and positive control, respectively. The plates were left for 15 min to allow the diffusion of samples, before being incubated at 37 °C for 24 h. Antibacterial activity was observed when the inhibition zone was measured.




2.2.4. Anti-UVB Activity


The anti-UV activity of fermented fruit peel extracts were measured by in vitro determination of sun protection factor (SPF), which is considered to be one of the most frequently used indicators for the classification of protection levels afforded by sunscreen products against sunburn, which is due mainly to harmful UV-B radiation. Spectrophotometric scanning was performed at wavelengths between 290 and 320 nm, with intervals of 5 nm, using a spectrophotometer. The SPF value was obtained according to the equation developed by Mansur et al. [8]:


  SPF = CF     ∑   290   320   EE ( λ )    I   ( λ )     A   ( λ )   








where EE(λ) is the erythemal effect spectrum, I(λ) is the solar intensity spectrum, A(λ) is the absorbance, and CF is the correction factor (10).



The values of EE(λ) × I(λ) are constants, and they were determined by Sayre et al. [9], as shown in Table 1.




2.2.5. Statistical Analysis


The data were analyzed by using Minitab 16.0 software (Coventry, UK) and displayed as means ± SE in triplicate. One-way analysis of variance (ANOVA) and Tukey tests were conducted to determine significant differences, and means were considered as statistically significant if p < 0.05.






3. Results and Discussion


3.1. Production of Fermented Fruit Peel Extracts


After fermentation, the recovery volume of each fermented fruit peel was 90 mL. The pH value of these solutions have changed during the process, which were shown in Table 2.



The results after fermentation indicated pH alternation in all of the extracts. There was a slight decrease in pH of pomelo peel (PP) to about 4.73–4.79 compare to the initial pH of 4.8, whereas pomegranate peel (PGP) and banana peel (BP) increased from about 4.84 to 5.03. The differences in final products after fermentation could lead to the changes in pH value of the solutions.



The mass of three fruit peels after fermentation were dried until reaching a constant value, and weighed to evaluate the correlation between enzyme concentration and degradation process (Table 3). The results revealed that the mass of PGP and PP decreased when increasing enzyme concentration, whereas the reverse was true for BP.




3.2. Antibacterial Activity


The antimicrobial property of three fermented fruit peel extracts against E. coli and S. aureus were estimated by the diameter of inhibition zone, illustrated in Figure 1 and Table 4.



The results reveal that among the three fruit peel extracts, PGP extract possessed potent antibacterial activity against E. coli. The highest value was reported in the treatment without enzyme, with the range of 7.33 mm, which was significantly different from the other fruit peel extracts (p < 0.05 by Tukey test). The PP extract showed an inhibition zone smaller than PGP, ranging from 1.67 to 2.33 mm, and the treatment without enzyme showed no inhibitory effect on this bacteria strain. BP extract showed no effect on bacteria growth at any enzyme concentration. It also indicated a slight decline with no significant difference of inhibition zone diameter when increasing enzyme concentration. During fermentation, the production of galacturonic acid and some neutral sugars not only possessed inhibition activity, but also promoted bacteria growth. On the contrary, none of the extracts showed any capacity at any concentrations against S. aureus.




3.3. Antioxidant Activity


PGP showed antioxidant capacity, as indicated by the dependent increase of the sample concentration being significantly different in percentage inhibition. The treatment without enzyme at a concentration of 1% exhibited the highest DPPH radical scavenging efficiency at 86.67%, comparing to the lowest percentage of inhibition, which was observed in the same treatment at a concentration of 0.25% (30.2%; Table 5).



In general, the PP extracts showed a tendency to quench DPPH free radicals in all treatments (Table 6). In comparison, there was almost no significant difference in the proportion inhibition of three enzyme concentration treatments when increasing solution concentration. In addition, the treatment without enzyme had weaker reducing power than that in the remaining treatments.



The highest percentage of antioxidant activity for BP was observed in 6000 IU/g peel: 85.93% at 100% sample concentration (Table 7). In addition, the treatment without enzyme also indicated good antioxidant potential similar to 6000 IU/g peel treatment with no significant difference at all concentration.



The ascorbic acid sample concentration-dependent increase was significantly different in its percentage inhibition (Table 8). The percentage inhibition was higher than 50% at the concentration of 20 µg/mL.




3.4. IC50 Values


PGP exhibited considerable potential for free radical scavenging activity, with the lowest IC50 value at 0.18%. The other extracts showed moderate antioxidant ability, as indicated by the concentration-dependent increase in percentage inhibition. In particular, in PP and BP extract had IC50 value ranging from 37.98% to 55.79% and 34.69% to 49.12%, respectively (Table 9).




3.5. Anti-UVB Activity


The results show that the PGP treatment of 1000 IU/g peel had the highest SPF value of 36.58, about five times higher than the banana peel without enzyme treatment (SPF = 7.43) at a concentration of 100%. The SPF value of PGP tended to decrease from 36.58 to 28.82 when the enzyme concentration increased from 1000 to 6000 IU/g peel. In contrast, PP samples had a significant increase in SPF values from 26.84 to 29.28 when increasing enzyme concentration (Table 10).





4. Discussion


This research focused on the preliminary biological activities of fermented fruit peels. Some compounds present in fruit peels, such as pectin, polyphenols, flavonoids, and terpenes, play an important role in fruit peel bioactivities. Ruangtong et al. [10] has synthesized a nano material by ZnO and banana peel extract applied in cancer treatment, thanks to the available bio-compounds. Pomegranate peels have been demonstrated as a valuable source of antioxidant compounds, with a high amount of ellagic acid and flavonoids [11]. In addition, pomelo peel essential oil has been widely used in traditional medicine. It contains many phytochemicals, such as terpenes, aldehydes, and ketones. Although many studies have verified the biological activities of fruit peels, the application of these natural materials are still limited.



The antibacterial property of three fermented fruit peel extracts were evaluated using two bacteria strains: E. coli and S. aureus. As shown in Table 4, most of the fermented fruit peel extracts did not shown the antimicrobial activity, except pomegranate peels. In contrast, some research has shown the antibacterial capacity of banana peels with different extracts. Mokbel et al. [12] reported the inhibition zone of ethyl acetate extract against E. coli and S. aureus to be 9 ± 0.2 and 12 ± 0.4 mm, respectively. In addition, different kinds of banana peel ethanol extract cultivated in Bali possess antibacterial activity against two bacteria strains, ranging from 11.00 to 14.77 and 9.00 to 13.37 mm, respectively [13]. Another study on pomelo peel ethyl acetate extracts also indicated that the antibacterial effect on E. coli and S. aureus were 8.1 and 9.0 mm, respectively, at 75 ppm [14]. Different extraction methods might lead to obtaining different secondary metabolite compounds. These phytochemical contents provide an antibacterial property in different bacteria cytotoxic mechanisms, such as cell membranes, cell wall biosynthesis enzymes, protein synthesis, or nucleic acid replication repair, which acts via an anti-metabolite mechanism ([15]).



The importance of the antioxidant constituents from natural materials is raising interest among scientists; these antioxidants protect the body against reactive oxygen species (ROS). There was no correlation between enzyme concentration and antioxidant activity in PGP extract. It could be explained that antioxidant properties not only depend on antioxidants concentration, but also on the interaction and structure among antioxidants [16]. Therefore, increasing enzyme concentration does not totally lead to an increase in the synergism among bioactive compounds in the mixture.



Many previous studies have shown the antioxidant potential of dried fruit peels when extracting with different kinds of solvent, such as methanol (IC50 = 1.7 μg/mL in pomelo) and ethanol (IC50 = 0.37 μg/mL in banana) [17,18]. According to Castro-Vazquez et al. [19], several treatments, including far-infrared radiation, alkaline hydrolysis, enzyme treatment, and heat treatment, have been proposed to release more bioactive compounds from several species of citrus. Through this connection, it has been found that dried fruit peel extracts contain much higher concentrations of phenolic compounds than fresh ones, and hence exhibit greater antioxidant activity. Therefore, depending on the raw materials and methods, the results are different.



In the experiment, the antioxidant activity did not correlate with the enzyme concentration. Van Hung et al., [20] reported the antioxidant activity of pomelo peel powder, using enzyme-assisted powder with water extraction over 60 min. It showed a lower DPPH scavenging ability compared with this study at any concentration (28.6%  ±  1.1%). The studies of Ali et al. [17] and Fidrianny et al. [18] resulted in the IC50 values of PP extract and BP extract being 1.7 μg/mL and 0.37 μg/mL, respectively, using dried peel with polar solvents. In ethanol extract, pomelo peels possess ability against oxidation, with an IC50 value of 68.55 µg/mL [21]. The free radical scavenging activity of fruit peel extracts vary among studies, depending on the origin of samples and extraction methods. According to Sun and Ho [16], the antioxidant properties not only depend on antioxidants concentration, but also on the interaction and structure among the antioxidants. Therefore, increasing enzyme concentration does not totally lead to an increase in synergism among bioactive compounds in the mixture.



UVB light has proven to be a principal factor causing skin cancer. UVB rays (290–320 nm) have been found to be 1000 times more likely to cause sunburn than UVA rays, leading to skin cancer and affecting genes. Phytochemicals from plant, such as phenolics and flavonoids, are considered as a conjugated aromatic system with the capacity to absorb UV light [22]. Punica granatum extract has widely applied as an oral supplement in skin care products, due to its potent photoprotection through the inhibition of free radicals or erythema and burning [23]. In this study, pomegranate peel expressed anti-UV capacity, with the SPF value higher than a commercial sunscreen (Dermatone) at the enzyme concentration 1000 IU and 10% [24] . In addition, pomegranate peel methanol extracts have also resulted in the highest SPF value among B. monosperma flowers, N. cadamba leaves, P. granatum, and C. citratus leaf extracts (6.06 at 40.0 μg/mL) [25]. Banana peel ethanol extract with bisulfite immersion has demonstrated potential skin protection, with an SPF value 10.67, slightly higher than our findings [26].




5. Conclusions


In this research, fermented pomegranate peel extract exhibited good bioactivity against oxidation, bacteria, and UVB light. In particular, pomegranate peel had the highest diameter of inhibition zone against E. coli, whereas the banana peel had no activity on this bacteria strain. The fermented pomegranate peel extract has potential as a skin care product, and should be further analyzed for clinical trials.
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Figure 1. Inhibition zone of three fermented fruit peel extracts against E. coli (purple medium) and S. aureus (white medium) bacteria (mm). (A) Pomegranate peel; (B) pomelo peel; (C) banana peel. 
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Table 1. EE(λ) × I(λ) values used in calculation of sun protection factor (SPF).
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	Wavelength (nm)
	EE × I





	290
	0.0150



	295
	0.0817



	300
	0.2874



	305
	0.3278



	310
	0.1864



	315
	0.0839



	320
	0.0180
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Table 2. The pH values of fermented fruit peel extracts.






Table 2. The pH values of fermented fruit peel extracts.





	
Enzyme

	
pH Value




	
Concentration

	
PGP

	
PP

	
BP






	
1000 IU

	
4.97 b ± 0.03

	
4.79 de ± 0.02

	
5.03 a ± 0.02




	
3000 IU

	
4.86 c ± 0.01

	
4.7 f ± 0.02

	
5.01 ab ± 0.01




	
6000 IU

	
4.73 f ± 0.02

	
4.77 ef ± 0.02

	
5.037 a ± 0.01




	
0

	
4.84 cd ± 0.01

	
4.78 e ± 0.01

	
4.97 e ± 0.01




	
CV

	
2.38








Note: values (mean ± SD) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test. PGP: pomegranate peel; PP: pomelo peel; BP: banana peel; CV: coefficient of variation.
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Table 3. Mass of constant dried samples after fermentation.
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Enzyme Concentration

	
Weight (g)




	
PGP

	
PP

	
BP






	
1000 IU

	
1.68 ab ± 0.02

	
1.38 fg ± 0.01

	
1.39 f ± 0.02




	
3000 IU

	
1.64 bc ± 0.02

	
1.37 fg ± 0.02

	
1.46 e ± 0.02




	
6000 IU

	
1.54 d ± 0.01

	
1.35 g ± 0.01

	
1.47 e ± 0.01




	
0

	
1.72 a ± 0.02

	
1.63 c ± 0.02

	
1.38 fg ± 0.02




	
CV

	
8.77








Note: values (mean ± SD) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test. PGP: pomegranate peel; PP: pomelo peel; BP: banana peel; CV: coefficient of variation.
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Table 4. Inhibition zone of three fermented fruit peel extracts.
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Sample

	
Diameter of Inhibition Zone (d) ± SD (mm)




	
E. coli

	
S. aureus






	
PGP-1000 IU

	
5.33 c ± 0.57

	
-




	
PGP-3000 IU

	
6.67 bc ± 0.57

	
-




	
PGP-6000 IU

	
5.33 c ± 0.57

	
-




	
PGP-0 IU

	
7.33 b ± 0.57

	
-




	
PP-1000 IU

	
2.33 d ± 057

	
-




	
PP-3000 IU

	
2.33 d ± 0.57

	
-




	
PP-6000 IU

	
1.67 d ± 0.57

	
-




	
PP-0 IU

	
-

	
-




	
BP-1000 IU

	
-

	
-




	
BP-3000 IU

	
-

	
-




	
BP-6000 IU

	
-

	
-




	
BP-0 IU

	
-

	
-




	
Buffer

	
-

	
-




	
Streptomycin 1 mg/mL

	
9.67 a ± 0.57

	
4.67 ± 0.57




	
CV

	
67.32








Note: values (mean ± SE) in the table are the average values of triplications. The average values with the same letter in the same column are not significant at 95% probability based on a Tukey test. PGP: pomegranate peel; PP: pomelo peel; BP: banana peel; CV: coefficient of variation.
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Table 5. DPPH free radical scavenging activity of pomegranate peel.
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Enzyme Concentration

	
Diluted Concentration (%)




	
(IU/g Peel)

	
0.25

	
0.35

	
0.5

	
0.75

	
1




	

	
DPPH Radical Scavenging Ability (%)






	
1000

	
33.63 k ± 0.51

	
44.59 h ±0.36

	
53.37 f ±1.54

	
72.70 c ± 0.28

	
78.68 b ± 0.48




	
3000

	
39.53 i ± 1.04

	
48.24 g ±0.28

	
62.53 e ± 1.42

	
74.56 c ± 0.43

	
80.55 b ± 0.81




	
6000

	
32.94 k ± 0.04

	
40.48 i ±0.35

	
50.31 g ± 1.15

	
68.63 d ± 0.67

	
78.26 b ± 0.22




	
0

	
30.2 l ± 1.48

	
36.17 j ±0.13

	
55.24 f ± 0.72

	
70.20 d ± 0.73

	
86.67 a ± 0.59




	
CV

	
31.74








Note: values (mean ± SE) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test. CV: coefficient of variation.
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Table 6. DPPH free radical scavenging activity of pomelo peel.






Table 6. DPPH free radical scavenging activity of pomelo peel.





	
Enzyme Concentration

	
Diluted Concentration (%)




	
(IU/g Peel)

	
20

	
40

	
80 100




	

	
DPPH Radical Scavenging Ability (%)






	
1000

	
32.47 h ± 1.82

	
48.17 e ± 0.13

	
76.46 b ± 1.98

	
82.47 a ± 0.23




	
3000

	
32.29 h ± 0.54

	
48.62 e ± 1.26

	
77.17 b ± 0.58

	
82.24 a ± 0.46




	
6000

	
38.08 g ± 0.85

	
52.44 d ± 0.49

	
77.04 b ± 0.79

	
83.54 a ± 0.66




	
0

	
32.65 h ± 0.65

	
45.37 f ± 0.58

	
65.19 c ± 0.07

	
64.32 c ± 0.18




	
CV

	
32.6








Note: values (mean ± SE) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test. CV: coefficient of variation.
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Table 7. DPPH free radical scavenging activity of banana peel.






Table 7. DPPH free radical scavenging activity of banana peel.





	
Enzyme Concentration

	
Diluted Concentration (%)




	
(IU/g Peel)

	
20

	
40

	
80

	
100




	

	
DPPH Radical Scavenging Ability (%)






	
1000

	
23.58 l ± 0.65

	
48.09 i ± 0.62

	
77.74 f ± 0.33

	
82.81 bcd ± 0.39




	
3000

	
28.16 k ± 0.51

	
52.59 h ± 0.12

	
82.15 cde ± 0.05

	
80.24 e ± 0.38




	
6000

	
35.43 j ± 0.58

	
58.71 g ± 0.41

	
83.74 bc ± 0.32

	
85.93 a ± 0.55




	
0

	
34.77 j ± 1.17

	
57.35 g ± 0.24

	
81.05 de ± 0.30

	
84.33 ab ± 1.89




	
CV

	
35.62








Note: values (mean ± SE) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test. CV: coefficient of variation.
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Table 8. DPPH free radicals scavenging activity of ascorbic acid.






Table 8. DPPH free radicals scavenging activity of ascorbic acid.





	Concentration (µg/mL)
	DPPH Radical Scavenging Ability (%)





	4
	20.748 h ± 1.633



	8
	26.985 g ± 0.770



	12
	37.859 f ± 0.375



	16
	43.603 e ± 0.871



	20
	51.973 d ± 0.102



	24
	60.420 c ± 1.299



	28
	73.316 b ± 0.056



	32
	80.434 a ± 0.828







Note: values (mean ± SE) in the table are the average values of triplications. The average values with the same letter are not significant at 95% probability, based on a Tukey test.
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Table 9. IC50 values of fermented fruit peel extracts and ascorbic acid.






Table 9. IC50 values of fermented fruit peel extracts and ascorbic acid.





	Sample
	Regression Equation
	IC50





	PGP-1000 IU
	y = 60.618x + 22.04 (R² = 0.9592)
	0.46%



	PGP-3000 IU
	y = 54.742x + 29.88 (R² = 0.9375)
	0.18%



	PGP-6000 IU
	y = 61.756x + 18.92 (R² = 0.9864)
	0.50%



	PGP-0 IU
	y = 76.186x + 12.27 (R² = 0.9834)
	0.49%



	PP-1000 IU
	y = 0.6414x + 21.40 (R² = 0.9834)
	44.58%



	PP-3000 IU
	y = 0.6422x + 21.55 (R² = 0.9782)
	44.31%



	PP-6000 IU
	y = 0.5776x + 28.12 (R² = 0.9875)
	37.98%



	PP-0 IU
	y = 0.4192x + 26.61 (R² = 0.9277)
	55.79%



	BP-1000 IU
	y = 0.7405x + 13.62 (R² = 0.9588)
	49.12%



	BP-3000 IU
	y = 0.6687x + 20.66 (R² = 0.9093)
	43.87%



	BP-6000 IU
	y = 0.6301x + 28.14 (R² = 0.9346)
	34.69%



	BP-0 IU
	y = 0.6142x + 27.53 (R² = 0.9416)
	36.59%



	Ascorbic acid
	y = 2.1593x + 10.55 (R² = 0.9936)
	18.27 µg/mL







PGP: pomegranate peel; PP: pomelo peel; BP: banana peel.
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Table 10. SPF values of three fermented fruit peel extracts.






Table 10. SPF values of three fermented fruit peel extracts.










	Sample
	Concentration
	SPF Value





	PGP-1000 IU
	10%
	36.58 a ± 0.03



	PGP-3000 IU
	10%
	31.94 b ± 0.35



	PGP-6000 IU
	10%
	28.82 c ± 0.03



	PGP-0 IU
	10%
	36.16 a ± 0.48



	PP-1000 IU
	100%
	26.84 e ± 0.41



	PP-3000 IU
	100%
	27.71 d ± 0.12



	PP-6000 IU
	100%
	29.28 c ± 0.14



	PP-0 IU
	100%
	29.24 c ± 0.38



	BP-1000 IU
	100%
	7.74 g ± 0.07



	BP-3000 IU
	100%
	9.03 f ± 0.09



	BP-6000 IU
	100%
	9.18 f ± 0.05



	BP-0 IU
	100%
	7.43 g ± 0.02



	CV
	47.74
	







Note: values (mean ± SE) in the table were average values of triplications. The average values with the same letter were not significant at 95% probability, based on a Tukey test. PGP: pomegranate peel; PP: pomelo peel; BP: banana peel; CV: coefficient of variation.
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