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ABSTRACT 

Currently, nutrition and health linkages focused on emerging strategy of diet based regimen to combat various 
physiological threats including cardiovascular disorders, oxidative stress, diabetes mellitus, etc. In this context, 
consumption of fruits and vegetables is gaining considerable importance as safeguard to maintain human health. 
Likewise, their phytochemicals and bioactive molecules are also becoming popular as promising demulcent 
against various ailments. The current review is an effort to sum up information regarding persimmon fruit with 
special reference to its phytochemistry and associated health claims. Accordingly, the role of its certain bioactive 
molecules like proanthocyanidin, carotenoids, tannins, flavonoids, anthocyanidin, catechin, etc. is highlighted. 
Owing to rich phytochemistry, persimmon and its products are considered effective in mitigating oxidative dam-
age induced by reactive oxygen species (ROS). The antioxidant potential is too responsible for anti-malignant 
and anti-melanogenic perspectives of persimmon functional ingredients. Additionally, they are effectual in 
soothing lifestyle related disparities e.g. cardiovascular disorders and diabetes mellitus. There are proven facts 
that pharmacological application of persimmon or its functional ingredients like proanthocyanidin may helps 
against hyperlipidemia and hyperglycemia. Nevertheless, astringent taste and diospyrobezoars formation are 
creating lacuna to prop up its vitality. In toto, persimmon and its components hold potential as one of effective 
modules in diet based therapy; however, integrated research and meta-analysis are still required to enhance me-
ticulousness. 
 
Keyword: Persimmon, phytochemicals, astringency, tannins, cardiovascular disorders, oxidative stress, diabetes 
mellitus 
 
 
 

INTRODUCTION 

Fruits and vegetables are important com-
ponent of human diet and play important role 
in maintain the human health. The health 
promoting potentials associated with their 
consumption are mainly due to presence of 

bioactive components and these phytochemi-
cals are distinct bioactive molecules widely 
acknowledged for their beneficial roles in 
human physiology (Manach et al., 2004). 
Number of plants gained popularity as 
wholesome food entities but still many hori-
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zons demand researchers attention. Amongst, 
persimmon (Diospyros kaki L.) is one of 
these nutritious fruits bestowed with strong 
antioxidant activity (Jung et al., 2005; Igual 
et al., 2008).  

Persimmon is fleshy fibrous tropical, de-
ciduous fruit belonging to Ebenaceae family. 
It is commonly cultivated in warm regions of 
the world including China, Korea, Japan, 
Brazil, Turkey, and Italy (Itamura et al., 
2005; Yokozawa et al., 2007). In 2007, the 
global production of persimmon reached 
over 3.3 million tons, with 70.0 % from Chi-
na, 10.0 % from Korea and 7.0 % from Ja-
pan. The persimmon is not so popular in Eu-
ropean communities but its demand is in-
creasing owing to consumer’s awareness re-
garding its hidden health promoting poten-
tial. Mediterranean region is also suitable for 
persimmon production that has reached up to 
110,000 tons (Jung et al., 2005; Luo, 2007; 
Bubba et al., 2009). 

Generally, over 400 species of persim-
mon are planted globally. Among these, Di-
ospyros kaki, Diospyros virginiana, Diospy-
ros oleifera, and Diospyros lotus (Bibi et al., 
2007) are of significant importance. It is in-
teresting for the readers that D. kaki (Japa-
nese persimmon) is the most promising spe-
cie (Rahman et al., 2002; Zheng et al., 2006). 
The popular varieties grown in Japan and 
their respective characteristics are discussed 
in Table 1. 

In some Asian cultures, consumers are 
aware about the health claims related to per-
simmon and its functional ingredients. The 
rich phytochemistry of persimmon opened 
new avenues of research in diet based regi-
men to cure various ailments. The health 
promoting potential of persimmon includes 
its effectiveness against free-radical produc-
tion, hypercholesterolemia, diabetes mellitus, 
cancer, dermal disorders, hypertension, etc. 
This review is an attempt to elucidate the 
phytochemistry of persimmon and im-
portance of its bioactive molecules in curing 
various health disparities.  

 
 

Table 1: Characteristics of commercially re-
nowned cultivars (Courtesy: Suzuki et al., 2005) 

Cultivars Characteristics 

Hiratanenashi (HN) Astringent 

Ishibashi-wase (IW) Bitter pulp-high sol-
uble tannin Tone-wase (TW) 

Maekawa-jiro (MJ) Non-astringent 

Matsumoto-wase-
fuyu (MF) 

Sweet pulp-low sol-
uble tannin 

 
BOTANICAL HISTORY  

AND COMPOSITION 

Being climacteric, persimmon ripening is 
regulated by ethylene. During climacteric 
phase, rapid softening occurs resulting jelly-
like flesh thus renders persimmon unmarket-
able within couple of days. Unlike other cli-
macterics, persimmon crop harvested at 
commercial maturity, produces less ethylene 
production (below 1.0 nl g-1 h-1 even at peak 
production), than that harvested at early ma-
ture stage releases higher amounts of eth-
ylene i.e. above 50 nl g-1 h-1 (Nakano et al., 
2002; Harima et al., 2003). The eating quali-
ty of persimmon is considered best at the end 
of the pre-climacteric stage owing to pres-
ence of maximum sugars and desired orange 
color. It is for further info that fruit color is 
developed just before onset of the ethylene 
induced respiration (Zheng et al., 2005; Igual 
et al., 2008; Arnal, et al., 2008). The botani-
cal classification of persimmon fruits is de-
scribed in Table 2. 

On the basis of extent of astringency, 
persimmon is divided into astringent (Yama-
da et al., 2002; Luo, 2007) and non-
astringent types (Asgar et al., 2003; Harima 
et al., 2003; Suzuki et al., 2005). Characteris-
tics of commercially popular cultivars are 
already been described in Table 1. Persim-
mon is prominent for its nutrition (Achiwa et 
al., 1997) comprising 80.3 % water, 0.58 % 
protein, 0.19 % total lipids, 18.6 % total car-
bohydrates and some minerals (magnesium, 
iron, zinc, copper, manganese, etc.) and up to 
1.48 g and 7.5 mg total dietary fiber, and 
ascorbic acid respectively (Ozen et al., 2004;
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Table 2: Botanical classification 

Kingdom  Plantae 

Division  Magnoliophyta 

Subdivision  Magnoliophytina  

Class  Rosopsida 

Subclass Dilleniidae 

Super Order  Primulanae 

Order  Ericales 

Suborder  Ebenineae 

Family  Ebenaceae 

Tribe  Diospyreae 

Genus  Diospyros 

Species  Kaki 

 
 

Ercisli et al., 2007). Some of the research 
studies showed that persimmon also contrib-
utes in calcium and potassium availability. 
Sugar content (12.5 g/100 g) are higher in 
persimmon than other extensively consumed 
fruits such as apple, peach, pear and orange 
(Piretti, 1991). Among sugars, sucrose and 
its monomers (glucose & fructose) are boun-
tiful (Zheng and Sugiura, 1990; Ittah, 1993). 
The nutritional composition of persimmon 
fruits (raw and dried) is elucidated in Table 
3. 

 
PHYTOCHEMICALS PROFILE  

The intake of phytochemicals is depend-
ent on the consumption of fruits, vegetables, 
tea etc. (Xing et al., 2001; Miller and Snyder, 
2012). These food commodities provide 

shield against various physiological threats 
due to the presence of antioxidants i.e. poly-
phenol, carotenoids, tocopherols (Sakanaka 
et al., 2005). However, it is important to es-
tablish the scientific rationale to defend their 
use in food chain, as potential nutritionally 
active ingredients (Dillard and German, 
2000). The phytochemicals present in per-
simmon and their importance is described 
herein.  

In persimmon leaves and fruits, some 
particular components are prevalent e.g. pro-
anthocyanidins (Jung et al., 2005; Suzuki et 
al., 2005), flavonoid oligomers, tannins, phe-
nolic acids and catechin etc. (Lee et al., 
2012; Jo et al., 2003). Carotenoids and tan-
nins (Homnava et al., 1990; Yokozawa et al., 
2007) are significant fractions (Figure 1). 
Nonetheless, dry persimmon residue com-
prises of 0.16-0.25 g / 100 g polyphenols, 
0.002g / 100 g carotenoids and 0.64-1.3 g/ 
100 g proteins (Jung et al., 2005). Earlier, 
Gorinstein et al. (2001) examined the major 
phenolic contents of persimmon i.e. epicate-
chin, ferulic acid, gallic acid, protocatechuic 
acid, vanillic acid, and p-coumaric acid. The 
beneficial effect of dried persimmon leaves 
might be due to the presence of phenolic 
compounds (1.15 g/100g) and fiber (63.48 g/ 
100g) contents (Lee et al., 2006). 

 
Comparison of chemical analysis of fresh 
and processed persimmon fruit 

Fresh and dried persimmons are im-
portant nutritional product, which have high 
content of sugars, as glucose and fructose as 
a source of energy. The important parameters 
for determination the quality of fresh and 
dried persimmons are content of total dry 
matter and moisture content respectively. It 
is worth to mention that, the total solids have 
importance in the dehydration process. Most 
of the dry matter goes to simple sugars, glu-
cose and fructose, as the most represented in 
persimmon fruits. According to Fennema 
(1977), ascorbic acid is considered as an in-
dex of nutrient quality during processing and 
storage of foods, and that’s why we exami-
ned the content of vitamin C in fresh, frozen- 
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Table 3: Nutritional value of persimmons (Value per 100 grams) 

Nutrient Units 
Persimmons, 

Japanese, dried
Persimmons, 

Japanese, raw 
Persimmons, 

native, raw 

Proximates 

Water g 23.01 80.32 64.40 

Energy kcal 274 70 127 

Energy kJ 1146 293 531 

Protein g 1.38 0.58 0.80 

Total lipid (fat) g 0.59 0.19 0.40 

Ash g 1.59 0.33 0.90 

Carbohydrate, by difference g 73.43 18.59 33.50 

Fiber, total dietary g 14.5 3.6 NA 

Minerals 

Calcium, Ca mg 25 8 27 

Iron, Fe mg 0.74 0.15 2.50 

Phosphorus, P mg 81 17 26 

Potassium, K mg 802 161 310 

Sodium, Na mg 2 1 1 

Vitamins 

Vitamin C, total ascorbic acid mg 0.0 7.5 66.0 

Riboflavin mg 0.029 0.020  

Niacin mg 0.180 0.100  

Vitamin A, RAE mcg_RAE 38 81  

Carotene, beta mcg 374 253  

Cryptoxanthin, beta mcg 156 1447  

Vitamin A, IU IU 767 1627  

 
 
 

fresh and in all variant of pre-treated dried 
persimmon sheets. The content of vitamin C 
in fresh persimmon fruit was in the range on 
85.63 - 102.47 mg / 100 g or 460.872 - 
541.24 mg / 100 g on dry weight basis. In 
fresh-frozen persimmon fruit the content of 
vitamin C was in the range on 103.78 - 
112.68 mg / 100 g or 509.225 - 545.137 
mg / 100 g on dry weight basis. Generally, 
persimmon fruit is a good source of ascorbic 
acid (vitamin C) and also for carotene (pro-
vitamin A) sugar, crude fiber and minerals, 
especially potassium. The contents of all an-

alyzed parameters were higher in fresh-
frozen fruit compared to fresh persimmon 
fruits when the mostly of analyzed parame-
ters were found that had higher content in 
dried persimmon fruit sheets that were pro-
cessed from fresh-frozen fruit, the content of 
glucose and fructose mostly increased in per-
simmon fruit sheets pre-treated with K2S2O5 
where the results were in the range 9.93 - 
10.28 % and 8.61 - 8.91 % respectively. 
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Major types of phytochemical in  
Persimmons Fruit 

Carotenoids 
Carotenoids are pigmented compounds 

abundant in fruits and vegetables have yel-
low, orange and red color. They usually exist 
as α, β and γ- forms with specific biological 
activities. Persimmon is rich in carotenoids 
especially β-carotenes that can be converted 
to β-cryptoxanthin. Both these component 
possesses substantial biological activities 
(Sarkar et al., 1995; Kumazawa et al., 2002). 
Various scientists (Sakanaka et al., 2005; 
Veberic et al., 2010) already reported that β-
carotenes are predominant in the persimmon 
fruit followed by β-cryptoxanthin and α-
carotenes.  

Tannins 
Tannins are one of the important catego-

ries of bioactive molecules present in the 
persimmon meat (Ahn et al., 2002) with mo-
lecular weight up to 1.12 × 104da (Bae et al., 
2000; Wu and Hwang, 2002; Jo et al., 2003). 
They contain gallic acid residues linked with 
glucose via glycosidic bonds. Considering 
the chemical properties, tannins can be split 
up into two broader groups i.e. hydrolyzable 
and non-hydrolyzable. However, on the basis 
of structural configurations, there are three 
major categories i.e. complex, condensed, 
and hydrolyzable tannins. Regarding astrin-
gency, about 2 % of condensed soluble tan-
nins are observed in particular varieties due 
to the formation of salivary protein complex-
es (Manach et al., 2004; Bibi et al., 2007; 
Yokozawa et al., 2007; Gu et al., 2008). On 
eating an astringent persimmon, the tannin 
cells present in the fruit are crushed and sol-
uble tannins are released thus resulting as-
tringent sensation (Asgar et al., 2003). How-
ever, this hedonic lacuna can be masked 
through controlled reaction with protein. 
Conversion of soluble tannins into insoluble 
form results in disappearance of astringency 
(Igual et al., 2008). Additionally, flavano-
ellagitannin (molecule of flavan-3-ol coupled 
with hydrolyzable tannin moiety through 
carbon-carbon linkage) and procyanidino-

ellagitannin (proanthocyanidins and ellag-
itannins) are also substantial phytochemical 
moieties present in persimmon. Previously, 
some scientists attempted to identify the de-
graded tannin products. For the purpose, per-
simmon tannins were deposited with 
K2HPO4 and reactions were initiated using 
benzyl mercaptan. Their results indicated 
that there are four important components i.e. 
gallo-catechin, catechin, catechin-gallate and 
gallocatechin-gallate. The structures of these 
components are portrayed in Figure 2 (Ozen 
et al., 2004; Gu et al., 2008). 

Phenolic compounds 
The phenolics present in persimmon are 

further categorized into water soluble/ ex-
tractable [EPP] and water insoluble/non-
extractable [NEPP]. The absorption patterns 
of both these categories differ from each oth-
er as EPPs are directly absorbed from the 
digestive tract. In contrary, NEPPs are not 
absorbed in the intestine and wasted in feces 
(Barry et al., 1986; Bravo et al., 1992). The 
total polyphenols are observed to be 1.45 
mg / 100 g whilst gallic acid contents 190.2–
252.2 µg / 100 g in fresh persimmon (Sa-
kanaka et al., 2005). Recently, it has been 
observed that predominant polyphenols in 
fresh leaves are water-soluble, and the con-
tents reached a maximum (2.40 % w/w) in 
June, afterwards gradually decreases (Kawa-
kami et al., 2010). The flavonoid subclass of 
phenols includes minor flavonoids (fla-
vanones and dihydroflavonols), proanthocy-
anidins, flavones and flavonols. Some of 
these flavonoids are present in persimmon 
such as proanthocyanidins and flavanols 
(Yokozawa et al., 2007). Moreover, anthocy-
anidins are pigmented aglycones of anthocy-
anins usually water-soluble including pelar-
gonidin, cyanidin, paeonidin, delphinidin, 
glucopyranosides, petunidin, and malvidin 
(Gondo et al., 1999; Ikegami et al., 2009; 
Dembitsky et al., 2011). Likewise, a new 
phenolic metabolite, 4, 8-dihydroxy-6-
methyl-1-naphthalenyl 6-O-β-D xylopyra-
nosyl- β-D glucopyranoside (Figure 3) was 
also extracted from persimmon (Gondo et 
al., 1999). 
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Figure 1: Chemical structures of phenolic acids (1～9) and catechin (10～16). 1: gallic acid, 2: proto-
catechuic acid, 3: tannic acid, 4: p-hydroxylbenzoic acid, 5: vanillic acid, 6: chlorogenic acid, 7: caffeic 
acid, 8: p-coumaric acid, 9: ferulic acid, 10: epigallocatechin, 11: catechin, 12: epicatechin, 13: epigal-
locatechin gallate, 14: gallocatechin gallate, 15: epicatechin gallate, 16: catechin gallate 
(Courtesy: Lee et al., 2012) 
 
 

 
Figure 2: Chemical structures of persimmon tannin and related catechin 
(Courtesy: Matsuo and Itoo, 1978; Ozen et al., 2004; Gu et al., 2008) 
 

 

Proanthocyanidins (PAs) 
These components accumulate in enor-

mous amount in persimmon fruit during ear-
ly development stages. They are secondary 
metabolites providing safeguard against var-

ious problems including environmental stress 
(Akagi et al., 2010). Biochemically, they are 
colorless polymers (Plumb et al., 1998; Yok-
ozawa et al., 2007) formed after condensa-
tion of flavan 3-ol units (Dixon et al., 2005). 
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Ikegami et al. (2009) identified the catalytic 
and regulatory mechanisms of phenylpro-
panoid metabolism and elaborated that PAs 
usually consisting of Xavan-3-ol units are 
formed that also include the bioactive moie-
ties like xavonols and glycosylated anthocy-
anidins (Figure 4). They comprised of two to 
many units of catechin with molecular 
weight of 1.38 × 104 Da (Ikegami et al., 
2007). PAs are present in higher amounts in 
astringent (A)-type fruits even after they 
reached full maturity. In comparison, non-
astringent (NA)-type fruits lose these func-
tional ingredients before maturation 
(Ikegami et al., 2009). In recent years, more 
attention has been paid to PAs and their 
monomers because of associated health 
claims. They are also effective in providing 
bitter mouth feel & color and of course effect 
on consumption too (Lee et al., 2008; Zhao 
et al., 2007). 

 
 

 
Figure 3: Novel phenolic compound 4, 8-
dihydroxy-6-methyl-1-naphthalenyl 6-O-β-D xy-
lopyranosyl- β-D glucopyranoside was isolated 
from Diospyros kaki. (Courtesy: Gondo et al., 
1999) 

 
Figure 4: Chemical structures of Xavonoid aglycones relevant to this study. Flavan-3-ols are mono-
mers of proanthocyanidins (PAs), whereas anthocyanidins are aglycones of anthocyanins, which con-
tain sugar moieties attached to various hydroxyl groups at A, B, and C rings (Courtesy: Ikegami et al., 
2009) 
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Catechins 
These belong to group of bioactive mole-

cules that provide protection against various 
ailments (Suzuki et al., 2005). They are 
mostly present in grapes, bananas, berries, 
cocoa and green tea (Khokhar and Mag-
nusdotir, 2002). In persimmon, soluble tan-
nins consist of catechin (Yokozawa et al., 
2007), catechin-3-gallat, galocatechin and 
galocatechin-3-gallat (Akyidiz et al., 2004). 
They further contain substantial amounts of 
gallic acid esters, for instance, epicatechin 
gallate and epigallocatechin gallate (Wu and 
Hwang, 2002; Suzuki et al., 2005; Gu et al., 
2008). The catechins contents are higher in 
astringent persimmons than that of non-
astringent cultivars (Suzuki et al., 2005).  

Oleanolic acid (OA) and ursolic acid 
(UA) are also important bioactive compo-
nents of persimmon that varied from traces 
to 88.57 and traces and 27.64 μg/g FW, re-
spectively (Zhou et al., 2010). Furthermore, 
dietary fiber is present approximately 1.20–
1.76 % whilst soluble fiber accounts for 
0.52–0.92 %. The heating/blanching of per-
simmon’s peels at 50 °C can yield better 
quality dietary fiber powder and resultant 
product holds several food applications for 
the preparation of fiber-fortified foods (Akter 
et al., 2010). In a research study, Chen et al. 
(1999) isolated novel 18, 19-secoursane 
triterpenoids, kakisaponin B (1) and kakisap-
onin C (2), an ursane type 28-nortriterpene, 
kakidiol and known triterpenoid rosamultin 
from the leaves of Diospyros kaki. It is inter-
esting to express that persimmon peel con-
tains large amount of polyphenolic com-
pounds that are necessary to protect the inner 
fleshy mass (Kim et al., 2006). 

 
HEALTH CLAIMS  

Persimmon leaves have beneficial effects 
against oxidative stress, hypertension, diabe-
tes mellitus and its complications, and ather-
osclerosis (Kotani et al., 2000; Wang et al., 
2004). The bioactive components present in 
it especially carotenoids and tannin are help-
ful in quenching free radicals, decreasing 

cardiovascular risk factors (blood pressure & 
cholesterol), and reducing the risks of diabe-
tes mellitus along with effectiveness against 
cancer insurgence (Park et al., 2002; Lee et 
al., 2006).  

The tannins present in persimmon are 
eventually responsible for curing physiologi-
cal threats. They possess antibacterial (Ka-
wase et al., 2003), anti-allergic (Kotani et al., 
2000), free radicals scavenging (Sakanaka et 
al., 2005), lowering blood pressure (Jo et al., 
2003), anticancer and antioxidant activities 
(Gali et al., 1992). The antioxidant activities 
of tannin are due to presence of nucleophiles 
moieties (Laranjinha et al., 1994; Ahn et al., 
2002) along with some antimutagenic prop-
erties (Achiwa et al., 1997) through inhibi-
tion of nitrogen reactive compounds. They 
are also effective in reducing the incidence 
of stroke (Wu and Hwang, 2002; Jung et al., 
2005) and hypertensive disorders (Sakanaka 
et al., 2005). Similarly, flavonoids obstruct 
the activity of angiotensin-converting en-
zyme that elevates the blood pressure, and 
inhibit cyclooxygenase that forms prosta-
glandins. Some in vitro studies have depicted 
inhibitory actions of flavonoids in prevention 
of platelet aggregation, and thrombosis for-
mation. According to survey conducted in 
USA, inverse relationship exists between 
persimmon consumption and coronary heart 
disease (Hertog et al., 1995; Lee et al., 
2006). The carotenoids and catechins also 
hold anticancer perspectives against various 
cancer cell lines (Achiwa et al., 1997; Pra-
kash et al., 2000). Anthocyanidins resembles 
to other flavonoids as execute antioxidative 
activities in vivo and in vitro (Rice-Evans et 
al., 1997) as well as anti-mutagenic proper-
ties in vivo. Additionally, persimmon fruit 
possesses hypocholesterolemic and antioxi-
dant potential (Yokozawa et al., 2007; Gu et 
al., 2008; Sun et al., 2011; Gato et al., 2013). 
The detailed health claims associated with 
persimmon are described herein and some 
highlights are also being placed in Table 4.  
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Table 4: Constituents of persimmon that have a positive impact on human health 

Constituent Impacted human diseases Research work 

Carotenoids 
Antioxidant effects Mathews-Roth, 1993 

Cardiovascular diseases Gaziano and Hennekens, 1993 

Tannin 

Hypertensive diseases Wu and Hwang, 2002; 

Antiallergic Kotani et al., 2000 

Scavenging free radicals Sakanaka et al., 2005 

Anticarcinogen Gali et al., 1992 

Antimutagen Achiwa et al., 1997 

Flavonoids     

Flavanols  

Antioxidant effects Gondo et al., 1999  

Anticarcinogen Suzuki et al., 2005 

Antimutagen  Rice-Evans et al. 1997 

Cardioprotective effects   

Anthocyanidins 

Antioxidant potential Han et al., 2002 

Exercise hypercholesterolemia Jung et al., 2005; Yokozawa et al., 2007 

Scavenging free radicals 
Gorinstein et al., 1998 

Gu et al., 2008 

 
 

Coronary Care 
In the developed societies, coronary heart 

diseases (CHD) are major reason for human 
morbidity and mortality. Several researchers 
attempted to identify major risk factors for 
cardiovascular health ailments. In this re-
gard, accumulated evidences suggested that 
atherosclerosis, imbalance lipid profile, hy-
pertension, and high blood pressure are ma-
jor causative agents. Moreover, apolipopro-
teins A-I, B, CI and CIII are also important 
determinants (Larsson et al., 2013; Antman 
and Jessup, 2014). Moreover, free radicals 
can initiate the oxidation of low density lip-
oproteins (LDL) is another risk factor re-
sponsible for onset of atherosclerosis (Avi-
ram, 1993; Chen et al., 2003; Matsuura et al., 
2006). The oxidation of LDL is closely 
linked with accumulations of lipids in the 
arteries thus enhancing the risk of atheroscle-
rosis (Gorinstein et al., 2000; Mashima et al., 
2001; Chen et al., 2003). In the last couple of 
decades, nutritionists and dietitians focused 
on development of such dietary strategies 
that include the utilization of antioxidants 

rich sources in order to reduce the risk of 
cardiovascular disorders. Therefore, diets 
rich in these natural antioxidants are in de-
mand (Kromhout et al., 2002; Park et al., 
2006). 

The consumption of higher amounts of 
fruits and vegetables is responsible for are is 
associated with lower concentrations of total 
and low-density lipoprotein cholesterol and 
with the risk of CVD per se in a dose-
response manner (Hertog et al., 1995; Dau-
chet et al., 2009; Baldrick et al., 2011; Ros et 
al., 2013; Woodside et al., 2013). Persimmon 
is one of nutritious entities that hold hypo-
cholesterolemic effects. The reasons include 
presence of bioactive compounds that pos-
sess the plasma lipid lowering and antioxi-
dant properties (Gorinstein et al., 2000; Kim 
et al., 2009). The bioactivity of persimmon is 
associated with its water-soluble dietary 
fibers, minerals, trace elements and phenol-
ics (Hertog et al., 1995). Dietary fiber is pre-
sent in persimmon in the amounts of 1.20–
1.76 % and soluble fiber accounts for 0.52–
0.92 %. Dietary fiber holds well defined ef-
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fects on the lipid metabolism thus persim-
mon can help in meeting the recommended 
dietary allowance of dietary fiber i.e. 30–45 
g (Roller et al., 2007). Along with dietary 
fibers, minerals and essential trace elements 
present in persimmon fruits can prevent cor-
onary atherosclerosis and its complications 
(Baxter et al., 1996; Kiechl et al., 1997).  

Supplementation of persimmon can im-
prove the plasma lipid metabolism and total 
antioxidant activity (Gorinstein et al., 1998). 
Number of scientific investigations provided 
evidences that the whole persimmon or its 
parts hold lipid lowering effects in hypercho-
lesterolemic rats. Persimmon leaf powder 
improved plasma and hepatic lipid levels 
profile partly via increased fecal lipids excre-
tion (Jung et al., 2012). These beneficial ef-
fects may be due to the properties of its phe-
nolic compounds (1.15 g / 100g) and high 
fiber (63.48 g / 100g) content (Innami et al., 
1998; Gorinstein et al., 1999). In another 
study, Lee et al. (2006) supplementation 
powdered whole persimmon leaf (5 %) and 
observed that supplementation results in 
lowering of blood cholesterol and triglycer-
ide, while increased ratio of HDL-C/total-C 
was also observed. In another study, Matsu-
moto et al. (2006) supplemented diet with 
young persimmon fruit (10 %) that reslted in 
similar results i.e. lowering of total & LDL 
cholesterol and triglyceride. They reported 
that the improved lipid profile might be due 
to increased expression of cholesterol 7 al-
pha-hydroxylase (CYP7A1) gene’s expres-
sion. CYP7A1 regulates bile acid synthesis 
thus holds imperative role in balancing cho-
lesterol homeostasis. As mentioned earlier, 
higher amounts of LDL are also harmful for 
human health due to their sucesptibility to 
oxidation that can further lead to an inflam-
matory burst resulting in proliferation of en-
dothelial vascular cell to arteries thus leading 
to the menace of atherosclerosis (Singh et 
al., 2007). The persimmon and its bioactive 
molecules like flavone can inhibit prolifera-
tion of rat vascular smooth muscle cells ex-
posed to high levels of LDL. They may exert 
vascular protection by inhibiting vascular 

smooth muscle cell growth associated with 
hypercholesterolemia (Ouyang et al., 2004). 
Later, Matsumoto et al. (2008) conducted 
studies to check the influence of young per-
simmon fruit (YP) at 5 % for 10 weeks. YP 
significantly lowered plasma chylomicron, 
very low-density lipoprotein (VLDL) and 
LDL cholesterols, and triglyceride. Addi-
tionally, the lipid lowering response of die-
tary persimmon (7.0 %) was accompanied by 
an elevation of fecal bile acid excretion and 
eventually led the hepatic cholesterol and 
triglyceride values to become normal (Lee et 
al., 2006). The persimmon-vinegar is tradi-
tional fermented product and is used in tradi-
tional medicines and cuisine application. 
However, persimmon-vinegar (2 mL / kg of 
body weight) holds the potential to signifi-
cantly decrease the serum triglyceride & 
cholesterol along with reducing the liver 
cholesterol (Moon and Cha, 2008).  

In some Asian countries, persimmon 
leaves are used in tea formulations to cure 
hypertension. The clinical trials revealed that 
Renin angiotensin system (RAS) and angio-
tensin converting enzyme (ACE) are im-
portant targets to control or manage the hy-
pertension. Sa et al. (2005) separated the an-
ticoagulant fraction from leaves of persim-
mon. They reported that extraction fraction 
delayed thrombin time (TT), activated partial 
thromboplastin time (APTT), and prothrom-
bin time (PT). The effects could be due to 
presence of astragalin that has been reported 
to suppress ACE activity (Paul et al., 2006; 
Cho et al., 2014). The importance of ACE 
inhibitors in the chronic treatment of various 
cardiovascular diseases is now well estab-
lished (Remuzzi and Ruggenenti, 2006; Lee 
et al., 2007a) and several ACE inhibitors are 
in the market. Later, Matsumoto et al. (2010) 
confirmed hypolipidemic effects & bile acid-
binding properties of persimmon. They were 
of the view that persimmon fruits enhanced 
the bile acid excretion through feces. The 
excretion of bile acids is closely linked with 
reduced concentration of lipids in liver and 
blood. The mechanism of action remained 
centered around up-regulation of expression 
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of the sterol regulatory element-binding pro-
tein-2 gene, 7α-hydroxylase, and the low-
density lipoprotein receptor. The effective-
ness of dietary persimmon prevented the in-
cidence of stroke due to the radical scaveng-
ing action and inhibition of lipid peroxida-
tion (Ahn et al., 2002).  

In the nutshell, the cholesterol lowering 
effects of persimmon and its products are 
due to decreased cholesterol absorption, cho-
lesterol & fatty acids synthesis. Indeed, phe-
nolic compounds and dietary fiber are the 
main constituents responsible for its cardio-
protective effects. 

 
Antioxidant potential and protection 
against DNA damage 

The process of oxidation is essential in 
vitality of life coupled with production of 
free radicals. A natural balance exists be-
tween the production of reactive oxygen spe-
cies (ROS) and the endogenous antioxidant 
defense system. These reactive free radicals 
results in induction of oxidative stress that 
can damage the cell bound structures and 
some essential components e.g. proteins and 
DNA. However, the imbalance can be over-
come through supplementation of antioxi-
dants. In this regard, polyphenols, carote-
noids, flavonoids, tocopherols, anthocyanins, 
and tannins are of considerable importance 
(Ahn et al., 2002; Lee et al., 2006; Butt et al., 
2008; Gu et al., 2008).  

Persimmon is naturally bestowed with 
bioactive molecules including phenolic com-
pounds such as proanthocyanidins, tannins, 
catechins (Suzuki et al., 2005), carotenoids, 
sinapine, leucoanthocyanidin, catechin, 
kaempferol, quercetin, etc. (Park et al., 
2006). Most of these bioactive components 
scavenge free radicals, bind metals, and in-
hibit the lipid peroxidation. The condensed 
tannins and flavonoids also contributes to-
wards antioxidant potential of persimmon 
thus can be considered as effective agents to 
prevent various lifestyle related disorders 
(Gali et al., 1992; Gorinstein et al., 1994; 
Lee et al., 2006). Persimmon also contains 
carotenoids, polyphenols, and ascorbic acid 

that have antioxidant properties (Yokozawa 
et al., 2007) and most of them can play pro-
tective roles against oxidative stress-related 
diseases (Homnava et al., 1990; Suzuki et 
al., 2005; Bubba et al., 2009). Proanthocya-
nidins (PAs) present in persimmon are also 
considered as potent antioxidants thus can be 
an important factor for reducing oxidative 
stress induced ailments. However, their effi-
cacy for medicinal purposes needs further 
elaborations. In one study, oligomer and pol-
ymeric PAs suppressed oxidative stress in-
volving the mechanism like scavenging free 
radicals (oxygen and nitrogen reactive spe-
cies) and lipid peroxidation inhibition (Kim 
and Yokozawa, 2009). Additionally, PAs 
had a strong inhibitory effect on the murine 
tyrosinase and melanin synthesis that could 
be again due to suppression of oxidative 
stress (Kim et al., 2010).  

The scientists tested the antioxidant and 
persimmon and it bioactive through various 
in vitro and in vivo assays. In one such study, 
Chen et al. (2008) observed the radical scav-
enging activities against ABTS and DPPH 
radicals of the Mopan persimmon i..e 23.575 
and 22.597 microm trolox eq/g f.w., respec-
tively. The proanthocyanidin supports the 
protective potential oxidative damage under 
aging process (Lee et al., 2008). Later, Lee et 
al. (2010) studied and reported t he positive 
aspects of the oral administration of PAs in 
spatial and object recognition impairment in 
Senescence-accelerated mouse prone/8 
(SAMP8). The positive impact of persimmon 
in providing protection against memory im-
pairment with aging is due to presence of 
oligomeric proanthocyanidins (Yokozawa et 
al., 2014). Previously, it was reported that 
phytochemical rich fractions (acetone-
extract) suppresses the tyrosinase expression 
thus inhibiting melanin biosynthesis in 
mouse B16 melanoma cells (Ohguchi et al., 
2010). Consequently, extracts from persim-
mon leaves can be considered important in 
natural skin care owing to their antioxidant 
perspectives (Mure et al., 2007).  
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Persimmon preventive role against cancer 
insurgence and DNA damage  

Several researchers across the globe at-
tempted to provide evidences regarding anti-
cancer perspectives of persimmon and its 
bioactive components (Jung et al., 2013). In 
this context, Khanal et al. (2010) studied the 
anticancer properties of 24-hydroxyursolic 
acid. They reported that selected compound 
inhibited cell proliferation through activation 
of AMP-activated protein kinase (AMPK) 
pathway in colon cancer (HT-29 cells) along 
with inhibiting cyclooxygenase (COX-2) ex-
pression, inducing apoptosis by activation of 
poly (ADP-ribose) polymerase (PARP), 
caspase-3, and phosphorylation of p53 at 
Ser15. In addition, 24-hydroxyursolic acid 
blocked the EGF-induced extracellular sig-
nal-regulated kinase (ERK) phosphorylation. 
Recently, Kim et al. (2010) investigated the 
effect of an acetone extract of D. kaki leaves 
(KV-1) on HL-60 cell differentiation that 
indicated that persimmon leaves has the abil-
ity to enhance HL-60 cell differentiation and 
suggest that it may be useful in blood cancer 
(acute promyelocytic leukemia) therapy. The 
mode of action includes inhibition of protein 
kinase C (PKC) and ERK pathways. The ex-
tracts of persimmon prevented H2O2-induced 
DNA damage to human peripheral lympho-
cytes (Kim et al., 2006). Previously, Bei et 
al. (2005) pretreated NG108-15 cells with 
Flavonoids from the leaves of Diospyros ka-
ki L (FLDK-P70) that resulted in alleviation 
of H2O2-induced cell injury and apoptosis by 
up-regulation Bcl-2 expression and improv-
ing redox imbalance. The FLDK-P70 further 
reported to modulate the decline in the intra-
cellular endogenous antioxidants including 
glutathione and glutathione peroxidase.  

Reactive oxygen/nitrogen species or free 
radicals can cause DNA damage that can ul-
timately leads to cancerous growth and im-
portant mediator in aging and degenerative 
disorders (Michel et al., 2012). Carotenoids 
and flavonoids are amongst the high potency 
natural antioxidant with excellent abilities to 
scavenge free radicals (Hanasaki et al., 1994; 
Fiedor and Burda, 2014). Moreover, the phy-

tochemicals like polyphenols and anthocya-
nins are also linked with anticancer perspec-
tive of the foods. These bioactive compo-
nents can reduce the DNA damage caused by 
various genotoxic factors (Kapiszewska et 
al., 2005). Researchers attempted to study 
the effects of persimmon and its fraction and 
one such study was conducted by In-Cheol et 
al. (2010). They observed that 50 mg/ml of 
extracts provided higher protection against 
H2O2 induced DNA damage (Figure 5). 
These effects could be due to presence of 
carotenoids and flavonoids (Takahashi et al., 
2006), tannin (Lee et al., 2007a) and ascorbic 
acid. 

The antioxidant potential of persimmon 
can be exploited to cure various maladies 
including degenerative disorders, cancer, and 
improving the skin tone. Thus persimmon 
and its bioactive molecules are potential as 
food or cosmetic applications.  

 
Diabetes mellitus  

Despite the heterogeneity, hyperglycemia 
and allied complications are the foremost 
common metabolic disorders in diabetic pa-
tients. Diabetes mellitus can be caused by 
multiple factors that include hyperglycemia, 
decreased insulin concentrations or its sensi-
tivity. Sometimes, the beta cells of pancreas 
are damaged thus limiting the insulin pro-
duction. These conditions results in insulin-
stimulated improper glucose transport in the 
body (Ziel et al., 1988). In order to overcome 
these problems, some targeted anti-diabetic 
drugs are in use as glucose-lowering agents 
including metformin, rosiglitazone and 
pioglitazone (Yonemitsu et al., 2001). Drug 
therapies often lose their effectiveness with 
time and natural compounds are gaining at-
tention for curing diabetes mellitus and allied 
complications (Wild et al., 2004; Lapshina et 
al., 2006). In Asian communities, natural 
products are more popular to cure type 2 di-
abetes mellitus (Sa et al., 2005). However, 
these drugs often accompany escalating side 
effects. In response, natural foods are replac-
ing these drugs to control the menace of dia- 
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Figure 5: The effect of extracts (50 μg/ml) from persimmon calyx, seed, peel and flesh by methanol, 
ethanol, acetone and water on 200 μM H2O2–induced DNA damage in human leukocyte. Values are 
mean with standard deviation of triplicate experiments. NC, 1% DMSO treated negative control; PC, 
200 μM H2O2 treated positive control. Values not sharing the same letter are significantly different 
from one another (p < 0.05) by Duncan’s multiple range tests. (Courtesy: Jang et al., 2010) 

 
 

betes mellitus and its complications (Sultan 
et al., 2009).  

Persimmon owing to rich phytochemistry 
can contribute imperative role in prevention 
and cure of diabetes mellitus. In this regard, 
Kawakami et al. (2010) studied the effects of 
persimmon leaf in conjunction with dietary 
starch and observed dose-dependent decrease 
in the blood glucose level in rodent modeling 
studies. They were of the view that inhibition 
of pancreas alpha-amylase could be one of 
major mechanisms responsible for the anti-
diabetic role of persimmon (Ramasubbu et 
al., 2004). However, the antidiabetic effects 
are dependent on degree of polymerization 
of bioactive components of persimmon. Lee 
et al. (2007b) explicated that the polymeric 
proanthocyanidins inhibited α-amylase sig-
nificantly but inhibitory potential of oligo-
mers was little weaker against the same en-
zyme. In contrast, the inhibitory potential of 
oligomeric proanthocyanidins against α-
glucosidase was higher than oligomeric pro-
anthocyanidins. More recently, Xiao et al. 
(2013) reviewed the role of dietary polyphe-
nols in diabetes mellitus with special refer-
ence to their anti α-amylase activities. They 
presented highlights of different researches 
and concluded that the molecular structures 

influence the inhibition e.g. hydroxylation of 
flavonoids, unsaturated 2,3-bond in conjuga-
tion with a 4-carbonyl group, The galloylat-
ed catechins have higher inhibition than 
nongalloylated catechins; the catechol-type 
catechins were stronger than the pyrogallol-
type catechins, glucoside moiety attached 
with cyanidin results in higher inhibition 
than galactoside and diglucoside, and ellag-
itannins with β-galloyl groups are more ef-
fective than α-galloyl and nongalloyl ellag-
itannins. In comparison, glycosylation, 
methylation and methoxylation of flavonoids 
results in reduced antidiabetic activity as 
witnessed from decreased inhibition of α-
amylase. 

Persimmon leaves may also have a ther-
apeutic potential against diabetes due to 
modulation of insulin dependent glucose 
transport. The persimmon leaves influence 
the insulin-stimulated muscular glucose 
transport and thus can be used as insulin sen-
sitizers for the treatment of diabetes (Kawa-
kami et al., 2010). The ethyl acetate-
extracted fraction, water-extracted and etha-
nol-precipitated fraction of persimmon 
leaves have potential value in the treatment 
of diabetes. The mechanism of action of the 
antioxidant is related to the hypoglycemic 
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effects of extracts from persimmon leaves 
(Deng et al., 2012). 

Diabetes mellitus results in oxidative 
stress that involves the due to non-enzymatic 
glycation of proteins that can lead to the pro-
duction of undesirable Schiff base and 
Amadori products (Robertson et al., 2003). 
In addition, diabetes induced oxidative stress 
further weakens enzyme mediated antioxi-
dant defense system of the body. Thus, 
dwindling of oxidative stress is important to 
cure pathological damage and diabetes com-
plications (Basta et al., 2004; Lapshina et al., 
2006). Persimmon is rich in antioxidants and 
has potent scavenging action against reactive 
oxygen species (Han et al., 2002; Jung et al., 
2005) that can be exploited to control diabe-
tes complications. Lee et al. (2008) investi-
gated the protective effect of proanthocya-
nidins from persimmon peel in a db/db type 
2 diabetes model. The increased oxidative 
stress in db/db mice was attenuated by the 
daily administration of 10 mg/kg body 
weight oligomers. The acetyl-coenzyme A 
carboxylase mRNA decreased and hepatic 
carnitine palmitoyltransferase-I mRNA in-
creased as suggested by Moon and Cha 
(2008). The persimmon polyphenols (PPP) 
can be categorized into high molecular-
persimmon peel polyphenols (HMPPP) and 
low molecular-persimmon peel polyphenols 
(LMPPP). The low molecular fractions or 
LMPPP contains higher amounts of oligo-
meric proanthocyanidins are more effective 
than HMPPP (rich in polymeric proanthocy-
anidins) in reducing the extent of oxidative 
stress (Yokozawa et al., 2007). Persimmon 
and its bioactive components/fractions also 
attenuated the protein expressions of cy-
clooxygenase-2 and inducible nitric oxide 
synthase (Yokozawa et al., 2007; Lee et al., 
2008). Moreover, persimmon can ameliorate 
inflammatory responses in diabetes suppres-
sion owing to its ability to scavenge free rad-
icals and elevating the ratio of reduced gluta-
thione/oxidized glutathione (Lee et al., 
2007a). In another investigation, oral admin-
istration of persimmon extract at 50 and 
100 mg/kg body weight per day to diabetic 

rats was found to possess significant dose 
dependant hypoglycemic and hypolipidemic 
activity (Dewanjee et al., 2009). In the nut-
shell, administration of persimmon or its 
functional ingredients may be effective in 
especially designed preventive strategies for 
diabetes mellitus or reducing the extent of 
diabetes complication through lowering 
blood pressure, blood lipids, and modulating 
of oxidative stress and inflammatory re-
sponses (Lee et al., 2008). 

 
CONCLUSIONS 

Persimmon is naturally bestowed with 
bioactive molecules including proanthocya-
nidins, flavonoids, tannins, phenolic, carote-
noids, dietary fiber, and etc. Persimmon 
leaves and fruit have imperative significance 
for coronary health because of hypocholes-
terolemic, anti-atherosclerosis and antioxi-
dant perspectives. Although hypotensive and 
anticancer responses have been reported for 
persimmon and its bioactive especially con-
densed tannin and flavonoids too but yet 
demands further probing to unveil their ther-
apeutic mechanisms. In the last, utilization of 
persimmon and its bioactive components can 
be effective in reducing the burden of diabe-
tes mellitus. However, coherent and system-
atic research is still required to bring meticu-
lousness.  
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