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ABSTRACT 
Persimmon which is widely known as “Trabzon Hurması” and “Cennet Meyvesi” is a very popular fruit 
with bright orange color. In the presented study, extractable, non-extractable, total phenolic content (TPC), 
antioxidant capacity (AC) and bioaccessibility of Trabzon persimmons (astringent, non-astringent and wild 
persimmon) were determined. The results of this study indicated that all types of persimmons have great 
importance both on TPC, AC and bioaccessibility. Compared to astringent and non-astringent types, the 
wild persimmon type had the highest TPC. Another attractive result from this study, although the wild 
persimmons do not prefer for consumption, the results demonstrated that the bioaccessible phenolics of 
this type of persimmons were found to be 6.7 fold higher than the non-astringent types and 4.7 fold higher 
than the astringent types. Especially the wild type of persimmon is a good source of natural antioxidant and 
further studies should be carried out for wild type persimmon. 
Keywords: Persimmon, total phenolic, antioxidant capacity, in-vitro bioaccessibility 
 

BURUK, BURUK OLMAYAN ve YABANİ (ANAÇ) HURMALARIN TOPLAM 
FENOLİK BİLEŞEN, ANTİOKSİDANT KAPASİTE ve IN-VITRO SİMULE 

EDİLMİŞ BİYOALINABİLİRLİK ÖZELLİKLERİ 
 

ÖZ 

Parlak turuncu renge sahip olan hurma, Türkiye’de daha çok “Trabzon Hurması” ve “Cennet 
Meyvesi” olarak bilinmektedir. Bu çalışmada üç farklı çeşitte (buruk, buruk olmayan ve yabani) 
Trabzon hurmasının; ekstrakte, ekstrakte olmayan, toplam fenolik bileşen, antioksidan kapasite ve 
biyoalınabilirlikleri araştırılmıştır. Bu çalışmanın sonuçlarına göre, bütün hurma çeşitlerinde toplam 
fenolik bileşen, antioksidan kapasite ve biyoalınabilirlik büyük öneme sahiptir. Buruk ve buruk 
olmayan hurma çeşitleri ile karşılaştırıldığında, yabani hurma çeşidinin daha fazla toplam fenolik 
bileşen (864.85 mg GAE/100 g) içerdiği tespit edilmiştir. Bu çalışmadan elde edilen bir başka ilgi 
çekici sonuçta ise her ne kadar tüketim için tercih edilmese de yabani hurma çeşidinin buruk olmayan 
hurma çeşidinden 6.7 kat, buruk hurma çeşidinden ise 4.7 kat daha yüksek biyoalınabilirliğe sahip 
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olduğu tespit edilmiştir. Özellikle yabani hurma iyi bir doğal antioksidan kaynağıdır ve üzerinde daha 
fazla çalışma yapılmalıdır. 
Anahtar kelimeler: Hurma, toplam fenolik, antioksidan kapasite, in-vitro biyoalınabilirlik 

  
INTRODUCTION 
Persimmon is cultivated in a large part of China, 
Korea, Japan, Turkey, Brazil, and Italy (Butt et al., 
2015), which belongs to Ebenaceae family and 
genus Diospyros (Martínez-Calvo et al., 2013). 
Commonly, above 400 species of persimmon are 
planted worldwide. Four of them; Diospyros lotus, 
Diospyros kaki, Diospyros virginiana, and Diospyros 
oleifera (Bibi et al., 2007) have important value 
(Zheng et al., 2006). The D. lotus L. is used as a 
rootstock for D. kaki L. (Messaoudi et al., 2009) 
and it knows as a wild type in Turkey (Günal, 
2002). This persimmon is recognized as small size 
(Günal, 2002) and has a bluish-black color. The 
D. lotus, persimmon called as “Black Persimmon”, 
“Black Fruit”, “Plum Persimmon” (Baytop, 1999) 
and “Wild Trabzon Persimmon” (Günal, 2002). 
The D. kaki was made entry from the Black Sea 
region to Turkey and named the "Trabzon 
Persimmon-Trabzon Hurması". It is a 
commercially grown persimmon type. This type 
of persimmon widely spread out the many parts 
of Turkey and called as "Fruit of Paradise-Cennet 
Meyvesi" (Yeşiloğlu et al., 2017). The D. kaki 
types point out with its bright orange color and 
separated into astringent and non-astringent 
types. While the non-astringent types can eat up 
in the immature form, the astringent types solely 
can eat up in the mature form. When the 
astringent type fully turn to the mature form, just 
like a pudding form, has the delicious taste. 
 
According to the numerous studies on plant 
species; the Trabzon persimmons being one of 
the best plant sources based on their phenolics 
and antioxidant capacities (Ayaz et al., 1997; 
Loizzo et al., 2009). From obtained data it was 
clearly detected that; the relationship between 
TPC and AC related to the powerful correlation 
between them (Grygorieva et al., 2018). Phenolic 
substances consisted in plant foods; while 
phenolic acids are divided into subgroups such as 
flavonoids, lignans and stilbenes, especially 
phenolic acids and flavonoids are important as 
antioxidants (Harşıt, 2015). 
 

Polyphenolic compounds, which are found in 
fruits and vegetables and constitute the major and 
most important part of secondary plant 
metabolites (Sakakibar et al., 2003). The ferulic 
acid, p-coumaric acid, gallic acid (Yaqub et al., 
2016), catechin, epicatechin, catechin epigallo and 
condensed proanthocyanidins are the most 
commonly found phenolic compounds in 
persimmon (Giordani et al., 2011). 
 
Suzuki et al. (2005), determined in their study, the 
total phenolic substance and catechin content of 
3 astringent and 2 non-astringent types of 
persimmon. The gallic acid, catechin, epicatechin 
and epigallocatechin identified in the analyzed 
fruits. According to these results; researchers 
reported that the astringent types are rich in 
phenolic components, and consequently these 
fruits can be a good source of natural 
antioxidants. 
 
The astringency is caused by the phenolic 
compounds included in the fruit (Yönel et al. 
2008), especially tannins (Macheix et al., 1990; 
Mehmood et al., 2016). In this context, the 
persimmon fruit is defined by its high amount of 
tannins (tannic acid) which disappears when the 
fruit grows mature. The persimmon has also 
plenty of phenolic components other than 
tannins, and it has been demonstrated that these 
compounds may reduce the risk of chronic 
diseases (Gorinstein et al., 1994). 
 
In recent studies, it has been determined that the 
persimmon fruits have the properties of lowering 
both cholesterol and high blood pressure, 
enhancing the immune, are good for digestive 
system diseases and have an important place in 
protection from common cancer diseases. In 
general, the persimmon fruits have a curative 
effect on eliminating weakness, anaemia, vitamin 
deficiency and gastrointestinal diseases. This 
fruits interrupt diarrhea, increases the appetite, 
prevents the stomach gastritis and heals the 
intestinal inflammation (Bölek, 2013). 
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Moreover, the persimmon fruit is a ideal source 
of vitamins such as vitamin A, vitamin E (Tuzcu 
and Yildirim, 2000) and vitamin C as well as the 
minerals such as Ca and K (Mowat, 1990). Due to 
all these excellent features, the fruit types such as 
persimmon are called the fruit of the future 
(Kaplankıran, 2011). 
 
To the best of our knowledge, there has been no 
detailed research related to the comparison of 
three types of persimmon's extractable, non-
extractable, TPCs, antioxidant capacities of 
astringent, non-astringent and wild persimmon 
species. Another target of this study is 
determination of in-vitro bioavailability of total 
phenolic and AC of samples. In this research 

author planned to explore the properties of 
persimmons which obtained from the same 
location but in different harvest time. 
 
MATERIAL AND METHODS 
Materials 
In this study, fresh and mature varieties of the 
astringent, non-astringent (Diospyros kaki L.) and 
wild (Diospyros lotus L.) persimmons were used. 
Photographs of the samples can be seen in Figure 
1. The three different types of persimmons used 
were collected from a local garden in the center of 
Duzce, Turkey but in a different harvest time 
during the autumn in 2020. The raw materials 
were stored at +4oC until analyzed. 
 

  

 
Figure 1. Photographs of persimmon samples 

 
Methods  
Chemicals 
The Folin-Ciocalteu reagent, ethanol, methanol, 
ammonium acetate, sodium acetate, sodium 
carbonate, sodium chloride, and 
copper(II)chloride purchased from Merck 
(Germany). ABTS•+ (2,2´-azinobis(3-
ethylenbenzoline-6sulfonic acid) radical cation, 
DPPH• (2,2-diphenyl-1-picrylhydrazyl), TPTZ 
(2,4,6-tris(2-pyridyl)-s-triazine), Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), bile extract, gallic acid, 
neocuproine, hydrochloric acid (37% w/v) and 
sulfuric acid (95-98%), pancreatin, pepsin, 

potassium chloride, sodium hydroxide were 
purchased from Sigma-Aldrich (USA). All 
reagents were used for the analytical grade purity. 
The high-quality pure water was used to perform 
the analysis provided by the Milli-Q system 
(Millipore, USA).  
 
Extraction for extractable and non-
extractable phenolics 
Extractable phenolic (EP) compounds of 
persimmon samples were determined to the 
method enhanced by Vitali et al. (2009) with 
minor modifications. The following procedure 
has been followed; two grams (2.0 g) of 



E. Aydin 

 

 

672  
     

 

 

persimmon sample was mixed with 20 mL of HCl 
conc./methanol/water (1:80:10, v/v/v) and 
shaken with laboratory rotary shaker at 250 rpm 
for 2 h at 20oC. At the end of the period, the 
mixture was centrifuged at 4oC for 10 min at 3500 
rpm in a centrifuge (Eppendorf Centrifuge 
5430R, USA). The supernatants were separated 
and kept at -20oC (in dark condition) until 
experiments carried out.  
 
To insulate the non-extractable phenolics (NEP), 
the residues which were obtained from the EPs 
were used. The residues combined with the 20 mL 
mixture of methanol/H2SO4conc. (10:1) and held 
in a water bath (at 85oC) for 20 h.  At the end of 
the time, the mixtures cooled at room 
temperature and centrifuged at 3500 rpm for 10 
min at 4oC (Eppendorf Centrifuge 5430R, USA). 
The supernatants of EP and  NEP were kept in 
dark condition at -20oC until the analyses carried 
out.  
 
Determination of total phenolic content  
Total phenolic content was determined using a 
modified version of the Folin-Ciocalteu 
colorimetric procedure according to Xu et al. 
(2009). The diluted persimmon extracts (0.5 mL) 
were mixed with 2.5 mL deionized water and 0.5 
mL of 1.0 M Folin-Ciocalteu reagent and the 
mixture vortexed at room temperature for 10 min. 
1.5 mL sodium carbonate (7.5%) was added to the 
mixture and blended gently for 30 min at room 
temperature. At the end of the time, the 
absorbance was measured at 750 nm with 
Shimadzu UV-VIS spectrophotometer. The 
absorbance was compared to a standard curve of 
gallic acid (GA). The standard curve was (0-500 
mg/L) plotted using gallic acid. TPC content was 
calculated the sum of EPs and NEPs. The results 
were expressed as the mg of GAE/100g dw. 
 
Determination of bioaccessible phenolics  
The bioaccessible phenolics were determined via 
simulated digestion system. In order to achieve 
this, the in-vitro digestion enzymatic extraction 
method was used that adopted from Vitali et al. 
(2009) with minor modifications. To provide the 
digestive system, the conditions in the human 
gastric and gastrointestinal tract was created in 

this assay. According to this method, for 
simulating the gastric digestion, 1.0 g of 
persimmon sample was mixed with 10 mL 
distilled water and 0.5 mL of pepsin solution (20 
g/L in 0.1 mol/L HCl) was added and incubated 
at 37oC in a shaking water bath for 1 h. After then, 
pH was adjusted to 7.2 and thus simulation of 
gastric digestion was stopped. Additionally, the 
intestinal-simulated digestion was performed with 
the addition of 2.5 mL of bile/pancreatin solution 
(2.0 g/L of pancreatin and 12 g/L of bile salt in 
0.1 mol/L NaHCO3) and 2.5 mL of NaCl/KCl 
(120 mmol/L NaCl and 5 mmol/L KCl) were 
added the samples and incubated in shaking water 
bath at 37oC for 2.5 h. After incubation, the 
persimmon samples were centrifuged at 3500 
rpm/10 min and the supernatant was used for 
determination of bioaccessible phenolics which 
were stored -18oC until the analyses carried out. 
Bioaccessible phenolics were determined using 
Folin-Ciocalteu spectrophotometric method and 
expressed as gallic acid equivalents (mg of 
GAE/100g dw). Bioaccessibility was also 
estimated as the percentage of TPC. The 
bioaccessibility of antioxidants and phenolics (%) 
was estimated according to Anson et al. (2009).   
 
Analysis of antioxidant capacity 
ABTS•+ assay 
The ABTS•+ (2,2-azinobis-(3-
ethylbenzothiazoline-6-sulphonic acid)) radical 
cation assay was analysed described by Apak et al. 
(2007). To generate the ABTS•+ solution, the 
7mM ABTS•+ and 2.45 mM potassium persulfate 
was mixed and incubated at room conditions for 
12-16 h in the dark. The ABTS•+ solution was 
diluted with ethanol (98%) at a range of 1:10 to 
dilute the blue-green color. Four mL ethanol and 
1.0 mL ABTS•+ solution was mixed and stored in 
the dark for 6 min. At the end of the period the 
absorbance was measured at 734 nm (Ablank) by 
using Shimadzu UV-VIS spectrophotometer. On 
the other hand, the x mL extract of persimmon, 
(4-x) mL ethanol and 1 mL ABTS•+ solution was 
mixed and kept in the dark for 6 min. At the end 
of the time, the absorbance was read (Asample). The 
standard curve was plotted with using different 
concentrations (10-150 μL) of Trolox. Results of 
AC  were utilized with the calibration curve and 
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estimated in μmol Trolox/g sample. The ABTS•+ 
radical scavenging activity was calculated with the 
following equality: 

ABTS•+  %= (Ablank-ASample)/(ABlank) x 100 
 
CUPRAC assay 
CUPRAC estimation was carried out according to 
the method outlined by Apak et al. (2007). In 
order of 1.0 mL 1x10-2 M CuCl2+, 1.0 mL 7.5x10-

3 M neocuproine, 1.0 mL 1M NH4Ac buffer 
solution and x mL extract of persimmon and (4-
x) mL of diluted water were added and mixed. 
The mixture was let to stand at room temperature 
for 30 min. The final absorbance measured at 450 
nm (Shimadzu UV-VIS spectrophotometer). The 
phenolic antioxidants were estimated as Trolox 
Equivalents Antioxidant Capacity (TEAC) in this 
method. 
 
DPPH• assay 
Estimation of DPPH• (2,2-diphenyl-1-
picrylhydrazyl) assay was conducted according to 
Brand-Williams et al. (1995). Briefly, the DPPH• 
solution was mixed with the standard Trolox 
solution that prepared at 10, 25, 50, 75 and 100 μL 
concentrations (the total volume=4.0 mL). The 
mixture was left in the dark for 5, 10, 15, 20, 25 
and 30 min to determine the maximum and the 
unchanging absorbance. The absorbance was 
measured at 515 nm. The results of the assay were 
calculated in μmol Trolox/g sample. 
      
FRAP assay 
Ferric reducing antioxidant power (FRAP) was 
conducted according to the method of Benzie and 
Strain (1996). To prepare the FRAP reagent; 25 
mL of 0.3 mol/L acetate buffer (pH 3.6), 2.5 mL 
of 20 mmol/L FeCl3 x 6H2O and 2.5 mL 10 
mmol/L TPTZ solution in 40 mmol/L HCl was 
mixed cautiously. This solution kept at 37oC in a 
water bath. To analyse, 100 μL extracted 
persimmon samples and 300 μL diluted water was 
mixed with 3 mL freshly prepared FRAP reagent 
and incubated at 37oC for 40 min. At the end of 
the time, absorbance was measured at 595 nm. 
The standard calibration curve was prepared 
between 10 to 100 μmol/L. The results of FRAP 
assay were expressed as in μmol Trolox/g sample.     
 

Statistical evaluation 
Data obtained from persimmon analyzes were 
evaluated statistically by using variance analysis 
with JMP IN 7.0.0 (Statistical Discovery from 
SAS 2005. Institute Inc., Chicago, USA). The 
LSD test (Least Significant Differences) was used 
to determine the statistical difference between the 
mean values obtained.  
 
RESULTS AND DISCUSSION 
Extractable, non-extractable and total 
phenolic contents of persimmon samples 
The TPC of persimmon samples which is the sum 
of the phenolic content of EPs and NEPs are 
presented in Figure 2. According to Figure 2, 
statistically (P <0.05) significant differences in 
EPs, NEPs and TPC among the different types 
were recorded. Sample which is the wild type had 
the highest TPC (864.85 mg GAE/100g) while 
the lowest content (220.85 mg GAE/100g) was 
recorded in the non-astringent type. On the other 
hand, the TPC of the astringent type was found 
to be 336.28 mg GAE/100g. Karhan (2003) 
reported that the level of the TPCs of Fuyu (39.6-
84.70 mg/kg) which is a non-astringent 
persimmon type was lower than Hachia (132.05-
3745.40 mg/kg) which is an astringent 
persimmon type. In another study TPC of D. lotus 
(wild persimmon) fruit extract was found to be 
130.3 mg/100g dw (Murathan, 2020). This result 
was considerably lower than in the present study. 
In a previous study carried out by the Kayacan 
(2020), it was found that the TPC of fresh 
persimmon was 265.1 mg GAE/100g. On the 
other hand, the TPC of persimmon was found to 
be 364.88 mg GAE/100g by Senica et al (2016). 
Their results were similar to the present study. 
 
The EPs and NEPs compounds were found to be 
from 67.81 to 101.22 mg GAE/100g and from 
137.29 to 766.62 mg GAE/100g, respectively 
(Figure 2). There were significant (P <0.05) 
differences observed between EPs and NEPs 
compounds. According to the data obtained from 
a study published by Imeh and Khokhar (2002), it 
was reported that these differences could be 
related to the different varieties, genomics and 
harvest season of the samples. In this context, the 
samples of this study were harvested from late 
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September to early December. Moreover, samples 
were different variations in this present study. On 
the other hand, all these parameters can effect the 

synthesis and accumulation of phenolic 
compounds in some parts of the plant (Imeh and 
Khokhar, 2002). 

 

 
Figure 2. Extractable, non-extractable and total phenolic content of persimmon samples 

 
Bioaccessible phenolics and phenolic 
bioaccessibility (%) of persimmon samples 
Bioaccessibility (%) of phenolic content means 
that the amount of the phenolic contents which 
passes through the cell membrane in the intestine. 
Original phenolic content of food samples is 
depended to the availability of phenolics within 
these cells (Gunathilake et al., 2018). In this sense, 
as reported in the study by Sahan et al. (2017); 
along with the gastrointestinal digestion, 
antioxidants may interact with other food 
components, metabolized or be degraded. 
Therefore, the evaluation of bioaccessibility is 
important for a preferable knowledge of the 
usefulness associated with the consumption of 
persimmon types. 
 

The contents of bioaccessible phenolics and 
phenolic bioaccessibility (%) of persimmon 

samples are presented in Table 1. Statistically (P 
<0.05) significant differences were recorded 
among the samples. The concentration of 
bioaccessible phenolics of persimmon samples 
ranged from 97.23 to 650.83 mg GAE/100g. 
Although the consumption of non-astringent 
types of persimmon is preferred by the people, 
the astringent types have approximately 1.5 fold 
higher bioaccessible phenolics than the non-
astringent types. Another attractive result from 
this study, although the wild persimmons do not 
prefer for consumption, the results demonstrated 
that the bioaccessible phenolics of this type of 
persimmons were found to be 6.7 fold higher than 
the non-astringent types and 4.7 fold higher than 
the astringent types. 
 

  

Table 1. Bioaccessible phenolics and phenolic bioaccessibility of persimmon samples* 

Samples 
Bioaccessible Phenolics 
(mg GAE/100g) 

Phenolic Bioaccessibility 
(%) 

Diospyros kaki L. 
Astringent 137.93±1.21b 40.99±3.03b 

Non-Astringent 97.23±9.96c 44.29±6.31b 

Diospyros lotus L. Wild Persimmon 650.83±1.32a 75.15±1.62a 

*Mean values ± standard deviation with different superscript in the same row are significantly different (P <0.05). 
GAE=Gallic Acid Equivalents 
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The phenolic bioaccessibility (%) of persimmon 
samples ranged between from 40.99 to 75.15 %. 
Likewise, the wild persimmons had a higher 
phenolic bioaccessibility (%) than the other types 
of persimmon (Table 1). 
 
Antioxidant capacity of persimmon samples 
ABTS•+, CUPRAC, DPPH• and FRAP methods 
were used to determine the AC of persimmon 

types. The results are presented in Figure 3. In the 
comparison of the levels of ABTS•+, CUPRAC, 
DPPH• and FRAP antioxidant capacities among 
persimmon samples, significant (P <0.05) 
differences were observed in both EPs and NEPs. 
It is clear that the NEPs were higher than the EPs 
according to all antioxidant assays.  
 

  

 
Figure 3. Antioxidant capacities of extractable and non-extractable phenolics of persimmon samples 

 
After the discharged by intestinal microflora 
fermentation, the NEPs may escape from upper 
gastrointestinal digestion and are absorbed into 
the blood plasma. So this bound phenolics that is 
non-extractable form may have subscribed to 
more health benefits (Arranz et al., 2009; Pérez-
Jiménez and Torres, 2011). In a previous study 
carried out by Sun et al. (2002), it was reported 
that almost 24% of phenolic compounds in fruit 
still consisted in non-extractable form.   
 
The ABTS•+ values were determined between 
from 109.90 to 158.25 µmol Trolox/100g (NEPs) 
and from 12.86 to 90.64 µmol Trolox/100g (EPs) 
in persimmon samples (Figure 3). The AC of non-
astringent type persimmon (Fuyu)  was found to 
be 18.17 µmol TEA by Kim et al. (2020). In the 
study published by Grygorieva et al. (2018), the 
AC of D. kaki cultivars found to be 47.86-3716.28 
μmol/100 g. In the same study, the authors 
reported that the AC (ABTS•+) of D. virginiana 
genotypes (American persimmon) ranged from 
51.68 to 100.87 μmol Trolox/g. Oksuz et al. 
(2015) investigate the AC of persimmon by 

ABTS•+ methods and the result was found to be 
364.85 mg TEAC/100g. In another study, Pu et 
al. (2013) investigated the AC of D. kaki cultivars 
by ABTS•+ method from 47.86 to 3716.28 
μmol/100g. 
 
In the non-extractable phenolics of CUPRAC 
values between 13.14 and 506.28 µmol 
Trolox/100g were determined, whereas in 
extractable phenolics were ranged between from 
2.56 to 19.67 µmol Trolox/100g (Figure 3). 
Kayacan et al. (2020) investigated the AC of fresh 
persimmon sample by CUPRAC method and the 
result found to be 635.2 mg TE/100g dm. In their 
study, Kim et al. (2020) determined the AC of 
non-astringent type (Fuyu) persimmon was 29.12 
µmol TEA.  
 
As can be observed in Figure 3, the AC of the 
DPPH• method exhibited lower than the other 
methods (ABTS•+, CUPRAC and DPPH•). 
According to the results, the AC of non-
extractable phenolics ranged from 39.77 to 56.30 
µmol Trolox/100g likewise in extractable 
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phenolics the values changed between 10.44-
16.07 µmol Trolox/100g. Pu et al. (2013) 
evaluated the AC of D. kaki cultivars by DPPH• 
method and reported that the results ranged from 
190.83 to 2223.11 μmol/100 g. Kayacan et al. 
(2020) investigated the AC of fresh persimmon 
sample by DPPH• method and the result found to 
be 299.7 mg TE/100 g dm. Similar with this 
results, Oksuz et al. (2015) reported that AC of 
persimmon that determined by the DPPH 
method was 217.60 mg TEAC/100g. In another 
study, the AC of the persimmon sample was 
found to be 3.24 mg Trolox eq/g dm (Heras et al. 
2017). 
 
In this study, results showed that the AC of the 
FRAP method exhibited higher than the other 
methods (ABTS•+, CUPRAC and DPPH•) (Figure 
3). The non-extractable phenolics of FRAP values 
were dedicated within the range of 289.84-954.88 
µmol Trolox/100g, whereas in extractable 
phenolics were 48.97-210.49 µmol Trolox/100g 
in this study. Likewise, Grygorieva et al. (2018) 
obtained the AC of D. virginiana between 45.06 to 
109.30 μmol Trolox/g. In another study, Pu et al. 
(2013) investigated the antioxidant activity of D. 
kaki cultivars by FRAP method found to be from 
90.10 to 957.74 μmol/100g. 
 

It was found that persimmon types had the 
highest AC. In the present study, the best AC was 
detected in the sample of wild persimmon. In the 
comparison of two types, the AC of astringent 
type has been found higher than non-astringent 
type. In the literature, the persimmon has 
different concentrations of TPC. This may be due 
to differences in harvest time, climatic conditions, 
and methods of analysis. 
 
Bioaccessible antioxidants and 
bioaccessibility (%) of antioxidant capacity of 
persimmon samples 
Table 2 also showed the bioaccessible 
antioxidants of persimmon samples. According to 
the Table 2, the bioaccessible antioxidants of 
ABTS•+, CUPRAC, DPPH• and FRAP methods 
represented 65.36-112.95 μmol Trolox/g, 40.02-
550.24 μmol Trolox/g, 19.18-232.56 μmol 
Trolox/g and 17.69-542.69 μmol Trolox/g of the 
initial contents of the samples (Table 2). As can 
be observed, the bioaccessible antioxidants of 
wild persimmon were higher than the astringent 
and non-astringent types. In the study carried out 
by Kayacan et al. (2020), the bioaccessible TPC 
and CUPRAC of fresh persimmon was found to 
be 265.1 mg GAE/100g dm and 635.19 mg 
TE/100g dm, respectively.  
 

  
Table 2. Bioaccessible antioxidants of persimmon samples* 

Sample 

Bioaccessible Antioxidants 
(µmol Trolox/g) 

ABTS•+ CUPRAC DPPH• FRAP 

Diospyros kaki L. 
Astringent 78.02±2.95b 47.12±3.61b 22.04±4.85b 47.33±2.57b 

Non-Astringent 65.36±3.62c 40.02±1.84c 19.18±3.75c 17.69±0.34c 

Diospyros lotus L. Wild Persimmon 112.95±1.48a 550.24±1.30a 232.56±3.08a 542.69±1.84a 

* Mean values ± standard deviation with different superscript in the same row are significantly different (P <0.05) 

 
ABTS•+, CUPRAC, DPPH• and FRAP methods 
were used to determine the bioaccessibility (%) of 
antioxidant capacity of persimmon types and the 
results are presented in Figure 4.  
 
As can be observed by the results, the 
bioaccessibility of the astringent and non-
astringent persimmon was found to be 56.83  and 
67.50 % in ABTS method, respectively. When 

viewed from the aspect of wild type of 
persimmon, the bioaccessibility results were 
found to be 84.14% (CUPRAC) and 86.05% 
(FRAP). This results showed greater than average 
50% antioxidant bioaccessibility. Heras et al. 
(2017) announced that bioaccessibility (%) of the 
total AC of persimmon samples was found to be 
33%. 
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Figure 4. Bioaccessibility (%) of antioxidant capacity for persimmon samples 

 
CONCLUSION 
In this study, three different types of (astringent, 
non-astringent and wild) persimmons were 
applied to determine the effect on antioxidant 
capacities, TPCs and bioaccessibilities. In this 
sense, this study was the first evaluation to show 
the differences between astringent, non-
astringent and wild (rootstock) persimmon 
related to the antioxidant capacities, TPCs and 
bioaccessibilities. Obtained results demonstrated 
that all persimmon extracts have a high 
antioxidant capacity, that associated with the 
TPC. According to these considerations, the types 
of persimmons have a great importance both on 
TPC, antioxidant capacity and bioaccessibility. 
The results showed that especially the wild type of 
persimmon is a good source of natural 
antioxidant. Additionally, it can be concluded 
from the results that, further studies should be 
carried out for wild type persimmon. 
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Ayaz, F.A., Kadioğlu, A., Reunanen, M. (1997). 
Changes in phenolic acid contents of Diospyros 
lotus L. during fruit development. J Agric Food 
Chem, 45(7):2539-2541, doi:10.1021/jf960741c. 

Baytop, T. (1999). Türkçe Bitki Adları Sözlüğü. 
Atatürk Kültür, Dil ve Tarih Yüksek Kurumu, 
Türk Dil Kurumu Yayınları, No 578, Ankara, 
1999, 156 s. 

Benzie, I.F.F., Strain, J.J. (1996). The ferric 
reducing ability of plasma (FRAP) as a measure of 
antioxidant power: the FRAP assay. Anal Biochem, 
239:70-76, doi:10.1006/abio19960292.  

Bibi, N., Khattak, A.B., Mehmood, Z. (2007). 
Quality improvement and shelf life extension of 
persimmon fruit Diospyros kaki. J Food Eng, 
79:1359-63, doi:10.1016/j.jfoodeng.2006.04.016. 

56.82

34.19

16.15

34.46

67.50

41.49

19.92

18.33

17.69

84.14

36.30

86.05

0 20 40 60 80 100 120 140 160 180

ABTS

CUPRAC

DPPH

FRAP

Astringent Non-Astringent Wild Persimmon



E. Aydin 

 

 

678  
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