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Section S1. Total Polyphenol Content (TPC) Determination 
Following a previously established methodology [1], the total polyphenol content 

(TPC) of the extracts was determined using the Folin-Ciocalteu assay. In brief, a 1.5 mL 
Eppendorf tube was filled with 100 µL of persimmon peel extracts and 100 µL of Folin-
Ciocalteu reagent. The solution was heated at 40 °C for 20 minutes before 800 µL of 
Na2CO3 solution (5% w/v) was added. Ultimately, a Shimadzu spectrophotometer (UV-
1700, Shimadzu Europa GmbH, Duisburg, Germany) was used to record the absorbance 
at 740 nm. A calibration curve was further prepared using gallic acid as a standard com-
pound. The TPC (CTP) was expressed as mg gallic acid equivalents (GAE) per L. The ex-
traction yield in total polyphenols (YTP) was expressed as mg GAE per g of dry weight 
(dw), using the following Equation (S1): 

YTP (mg GAE/g dw) = 
CTP × V

w  (S1)

where V is the volume of the extraction medium (in L) and w is the dry weight of the 
sample (in g). 

Section S2. Ferric Reducing Antioxidant Power (FRAP) Assay 
An earlier described technique was used to assess the FRAP [2]. The sample extracts 

were combined with 0.05 mL of FeCl3 solution (4 mM in 0.05 M HCl) in an Eppendorf 
tube, and the mixture was then incubated at 37 °C for 30 min. Following the addition of 
0.90 mL of the TPTZ solution (1 mM in 0.05 M HCl), the absorbance at 620 nm was meas-
ured after 5 minutes. Ascorbic acid was used to create a calibration curve. Ferric reducing 
antioxidant power (PR) was determined as µmol ascorbic acid equivalents (AAE) per g of 
dw, using the following Equation (S2): 

PR (µmol AAE/g dw) = 
C  × V

w  (S2)

where V is the volume of the extraction medium (in L) and w is the dry weight of the 
sample (in g). 

Section S3. DPPH Radical Scavenging Activity 
An approach that has been used before was used to evaluate the DPPH radicalsʹ ab-

sorption activity [1]. In brief, 25 µL of the obtained extract were carefully mixed with 975 
µL of 100 µM DPPH solution. The solutionʹs absorbance was then measured at 515 nm 
(A515(i)) after mixing and after 30 min of incubation in the absence of light (A515(f)). The an-
tiradical activity (AAR) was calculated employing Equation (S3): 

AAR (µmol DPPH/g dw) = 
ΔΑ

ε × l × C  × YTP (S3)

where ΔΑ = A515(i) ‒ A515(f); ε (DPPH) = 11,126 × 10‒6 µΜ‒1 cm‒1; C = CTP × 0.025; YTP is 
the total polyphenol yield of the extract (mg/g), and l is the path length (1 cm). 
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Section S4. Hydrogen peroxide (H2O2) scavenging assay 
A previously mentioned method was applied for the H2O2 scavenging assay [3]. 400 

µL of the extract along with 600 µL of H2O2 solution (40 mΜ, prepared in phosphate 
buffer, pH 7.4) was added in an Eppendorf tube. The absorbance at 230 nm was recorded 
after 10 min. The capacity to scavenge the H2O2 was expressed as: 

% Scavenging of Η2Ο2 = 
Ao − (A −  Ac)

Ao
 × 100 (S4)

where, Ao, Ac, and A are the absorbance of the blank solution, the extract solution in 
the absence of hydrogen peroxide and sample, respectively. 

Anti-hydrogen peroxide activity (AAHP) was determined as µmol ascorbic acid equiv-
alents (AAE) per g of dw, using an ascorbic acid calibration curve (CAA, 50–500 µmol/L in 
0.05 M HCl), using the following equation: 

AAHP (µmol AAE/g dw) = 
CAA × V

w  (S5)

where, V is the volume of the extraction medium (in L) and w is the dry weight of the 
sample (in g). 

Section S5. Ascorbic Acid (AA) Content 
A colorimetric test created by Dani et al. [4] was used to evaluate the ascorbic acid 

(AA) concentration. 500 µL of 10% (v/v) Folin-Ciocalteu reagent was added to 900 µL of 
10% (w/v) trichloroacetic acid after 100 µL of sample persimmon peel extract was added. 
After 10 minutes, the absorbance was measured at 760 nm. Ascorbic acid was used to pre-
pare a standard curve. 

Section S6. Determination of Total Carotenoid Content (TCC) 
The estimation of carotenoid content was carried out using a previously reported 

method [5]. The extraction step involved adding 10 mL of ethanol to 1 g of each sample 
and stirring for 30 min at 300 rpm at room temperature. The mixture was then placed in 
an ice bath for 5 min with intermittent shaking, followed by centrifugation for 5 min at 
3600× g. The resulting extract was used to determine the carotenoid content by measuring 
its absorbance at 450 nm and by using a standard β-carotene calibration curve. 

Section S7. HPLC-Based Determination of the Rutin Content and Other Polyphenolic 
Compounds 

An HPLC system was used to evaluate the sample extracts [5]. The study was con-
ducted using Shimadzu CBM-20A liquid chromatography and a Shimadzu SPD-M20A 
diode array detector (both supplied by Shimadzu Europa GmbH in Duisburg, Germany). 
The compounds were separated using a Phenomenex Luna C18(2) column from Phenom-
enex Inc. in Torrance, California, maintained at 40 °C (100 Å, 5 µm, 4.6 mm × 250 mm). 
The mobile phase consisted of 0.5% aqueous formic acid (A) and a mixture of 0.5% formic 
acid in acetonitrile/water (6:4) (B). The gradient program used was as follows: 0% B to 40% 
B, then to 50% B in 10 min, to 70% B in another 10 min and then held constant for 10 min. 
The flow rate of the mobile phase was 1 mL/min. The retention time and absorbance spec-
trum were compared to those of pure chemical standards to identify the compounds and 
then quantified using calibration curves (0–50 µg/mL). 
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Figure S1. Plots A and B display the actual response versus the predicted response (Rutin, µg/g) for 
the optimization of Persimmon peels waste extracts carried out with hydroethanolic solutions, dif-
ferent extraction methods, and the desirability function. Asterisks and colored values denote statis-
tically significant values, while inset tables include statistics relevant to the evaluation of the result-
ing model. 

 
Figure S2. Plots A and B display the actual response versus the predicted response (Total polyphe-
nol content ‒ TPC, mg GAE/g) for the optimization of Persimmon peels waste extracts carried out 
with hydroethanolic solutions, different extraction methods, and the desirability function. Asterisks 
and colored values denote statistically significant values, while inset tables include statistics relevant 
to the evaluation of the resulting model.  
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Figure S3. Plots A and B display the actual response versus the predicted response (FRAP, µmol 
AAE/g) for the optimization of Persimmon peels waste extracts carried out with hydroethanolic 
solutions, different extraction methods, and the desirability function. Asterisks and colored values 
denote statistically significant values, while inset tables include statistics relevant to the evaluation 
of the resulting model. 

 
Figure S4. Plots A and B display the actual response versus the predicted response (DPPH, µmol 
AAE/g) for the optimization of Persimmon peels waste extracts carried out with hydroethanolic 
solutions, different extraction methods, and the desirability function. Asterisks and colored values 
denote statistically significant values, while inset tables include statistics relevant to the evaluation 
of the resulting model.  
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Figure S5. Plots A and B display the actual response versus the predicted response (Η2Ο2, µmol 
AAE/g) for the optimization of Persimmon peels waste extracts carried out with hydroethanolic 
solutions, different extraction methods, and the desirability function. Asterisks and colored values 
denote statistically significant values, while inset tables include statistics relevant to the evaluation 
of the resulting model. 

 
Figure S6. Plots A and B display the actual response versus the predicted response (Ascorbic acid, 
mg/g) for the optimization of Persimmon peels waste extracts carried out with hydroethanolic solu-
tions, different extraction methods, and the desirability function. Asterisks and colored values de-
note statistically significant values, while inset tables include statistics relevant to the evaluation of 
the resulting model.  
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Figure S7. Plots A and B display the actual response versus the predicted response (Total carotenoid 
content ‒ TCC, µg CtE/g) for the optimization of Persimmon peels waste extracts carried out with 
hydroethanolic solutions, different extraction methods, and the desirability function. Asterisks and 
colored values denote statistically significant values, while inset tables include statistics relevant to 
the evaluation of the resulting model.  
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Figure S8. The optimal extraction of Persimmon peels waste extracts using different extraction 
methods and hydroethanolic solutions is shown in 3D graphs that show the impact of the process 
variables considered in the response (Rutin, µg/g). Plot (A), covariation of X1 and X2; plot (B), co-
variation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; plot (E), 
covariation of X2 and X4; plot (F), covariation of X3 and X4.  



Biomass 2023, 3, FOR PEER REVIEW 8 
 

 
Figure S9. The optimal extraction of Persimmon peels waste extracts using different extraction 
methods and hydroethanolic solutions is shown in 3D graphs that show the impact of the process 
variables considered in the response (FRAP, µmol AAE/g). Plot (A), covariation of X1 and X2; plot 
(B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; 
plot (E), covariation of X2 and X4; plot (F), covariation of X3 and X4.  



Biomass 2023, 3, FOR PEER REVIEW 9 
 

 
Figure S10. The optimal extraction of Persimmon peels waste extracts using different extraction 
methods and hydroethanolic solutions is shown in 3D graphs that show the impact of the process 
variables considered in the response (DPPH, µmol AAE/g). Plot (A), covariation of X1 and X2; plot 
(B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; 
plot (E), covariation of X2 and X4; plot (F), covariation of X3 and X4.  
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Figure S11. The optimal extraction of Persimmon peels waste extracts using different extraction 
methods and hydroethanolic solutions is shown in 3D graphs that show the impact of the process 
variables considered in the response (Η2Ο2, µmol AAE/g). Plot (A), covariation of X1 and X2; plot 
(B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; 
plot (E), covariation of X2 and X4; plot (F), covariation of X3 and X4.  
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Figure S12. The optimal extraction of Persimmon peels waste extracts using different extraction 
methods and hydroethanolic solutions is shown in 3D graphs that show the impact of the process 
variables considered in the response (Total carotenoid content ‒ TCC, µg CtE/g). Plot (A), covaria-
tion of X1 and X2; plot (B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), 
covariation of X2 and X3; plot (E), covariation of X2 and X4; plot (F), covariation of X3 and X4. 
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