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ABSTRACT
In this study, the nutritional and mineral composition of Diospyros
kaki fruits from Apulia, Campania, Lazio, Sardinia and Sicily
regions was evaluated. Dietary fiber, mineral, pectin, polyphenol,
and protein contents were evaluated. Particularly high are the
contents of the dietary fiber and pectins. The mineral elements
profile was interesting due to its modest content of sodium and
high potassium concentration. Protein amounts were in line with
the quantities for this fruit. The total polyphenol content of the
fruits analysed was very variable, interesting for the quantities
found both total and gallic acid. The results obtained confirmed
the nutritional value of this fruit even for special dietary regimens
such as hypertension and heart diseases and the genuineness of
its cultivation in Central-Southern Italy.
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1. Introduction

Fruit is a fundamental part of a healthy and balanced diet, its regular intake as dem-
onstrated by the Mediterranean diet may contribute to the prevention and reduction
of multiple disease risk factors (Widmer et al., 2015; Metro et al., 2018; 2020).

Persimmon (Diospyros kaki L.) is a plant belonging to Ebenaceae family, more than
249 species are within the genus Diospyros. According to the botanical characteristics,
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D. kaki plants are tall deciduous trees with dark grey barks. The leaves are simple,
alternate, ovate-elliptic. Flowers are hermaphrodite. The cyme belongs to male flowers
and female flowers are solitary in distal leaf axil. Corolla is campaniform and yellow-
white. The fruits are berries orange-yellow, ovoid or vary in other shapes. Persimmon
is native to China and widely cultivated in warm regions worldwide. In Europe, persim-
mon cultivation is suitable thanks to the mild Mediterranean climate and the consum-
ers’ acceptability and increasing demand (Xie et al., 2015). Persimmon fruit is an
important and peculiar functional food because of its high nutritional and commercial
values. Indeed, persimmon fruits have been traditionally used for many medicinal pur-
poses such as against coughs, hypertension, frostbite, burns and bleeding, because it
contains many bioactive compounds. Previous reports showed that persimmon fruits
are a good source of both primary and secondary metabolites, respectively, sugars,
pigments, polyphenols and vitamins (Pu et al., 2013; Jim�enez-S�anchez et al., 2015).
Many phenolics are known to possess antioxidant, anti-inflammatory, cytotoxic, cardio-
protective, and neuroprotective activities (Albergamo et al., 2017; Tardugno et al.,
2018; Fej�er et al., 2019; Durazzo et al., 2019a, 2019b). Persimmon fruit skin is highly
rich in carotenoids and polyphenols, and its characteristic colour is related to these
secondary metabolites. The carotenoid, polyphenol, sugar, tannin and vitamin contents
in persimmon fruits have been deeply investigated not only for the beneficial effects
but also for flavouring and marketing purposes (Takekawa and Matsumoto, 2012; Pu
et al., 2013; Zhu et al., 2014; Jim�enez-S�anchez et al., 2015). In addition to the above-
mentioned important metabolites, persimmon fruits are a good source of dietary
fibers, minerals, pectins and few investigations have been reported on these fields.
These constituents also play an important role to confirm the nutritional value and
the health claims of D. kaki fruits. Indeed, a suitable mineral intake from foods play a
key role in human health. In Italy, persimmons are very well adapted to a wide range
of environments, and their modern cultivation started at the beginning of the 20th
Century in the Campania region (Giordani and Nin, 2013). Given the nutritional and
commercial worth of D. kaki, it is important to understand their variability. Indeed, the
plant ability to produce primary and secondary metabolites is influenced by environ-
mental and agronomic conditions (Tardugno et al. 2020). Despite the importance of D.
kaki, the nutritional and mineral analysis of Italian persimmon cultivation has rarely
been examined. The main purpose of this study was to determine dietary fiber, min-
eral, pectin, polyphenol and protein contents of persimmon fruits from different areas
in Central and Southern Italy, to better understand their intrinsic value and
genuineness.

2. Results and discussion

In this study, the nutritional and mineral characterisation of D. kaki fruits obtained
from plants grown in the area of Central and Southern Italy was carried out. In par-
ticular dietary fiber, mineral, pectin, polyphenol and protein contents were evaluated
and discussed in Tables S1–S5.

Total dietary fiber can be divided into two main fractions according to their solubil-
ity in water. In Table S1, the D. kaki fruits total dietary fiber (soluble and insoluble)
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content expressed as % is shown. The total amount of dietary fiber ranged from 4,34
to 3,55%, with a mean content of 3,9% confirming that the dietary fiber content in
these fruits is high. In Table S2, the soluble fiber pectin content is presented expressed
as mg/kg. The pectin amount ranged from 3877 to 5131,9mg/kg with a mean content
of 4311mg/kg. These data are of considerable interest in light of the beneficial effects
recognised to this component, which are associated with the improvement of intes-
tinal functions, the reduced risk of coronary heart disease and type 2 diabetes and the
improvement of weight maintenance (EFSA, 2010; Hauner et al., 2012; Dom�ınguez
D�ıaz et al., 2020).

The mean concentration of elements Ca, Cu, Fe, K, Mg, Mn, Na, Se and Zn found in
persimmon fruit samples are shown in Table S3 expressed as mg/kg. Ca amounts
ranged from 40,1 to 83,9mg/kg, respectively, for Sardinia and Sicily samples, with a
mean value of 51mg/kg. Cu ranged from 0,3 to 3,6mg/kg, respectively, for Sardinia
and Apulia samples, with a mean value of 2,0mg/kg. Fe ranged from 1,2 to 7,5mg/kg,
respectively, for Sicily and Lazio samples, with a mean value of 2,6mg/kg. K ranged
from 1670,1 to 229,6mg/kg, respectively, for Campania and Sardinia samples, with a
mean value of 2022,8mg/kg. Mg ranged from 186,5 to 258,7mg/kg, respectively, for
Campania and Sardinia samples, with a mean value of 231,2mg/kg. Mn ranged from
0,2 to 1,3mg/kg, respectively, for Apulia-Sardinia and Lazio samples, with a mean
value of 0,6mg/kg. Na ranged from 21,7 to 35,9mg/kg, respectively, for Lazio and
Sicily samples, with a mean value of 28,5mg/kg. Se contents were low ranging from
<0,1 to 0,2mg/kg for all samples. Zn ranged from 0,4 to 2,2mg/kg, respectively, for
Campania and Lazio samples, with a mean value of 0,9mg/kg. All mineral data were
comparable and in agreement with the literature with only slight modification to
Dom�ınguez D�ıaz et al. (2020) and USDA (2021) while significant differences were found
by comparing with Mir-Marqu�es et al. (2015). Persimmon fruits mineral profile were
variable across the region, nevertheless, it might be assumed that these fruits are a
good source of potassium with low levels of zinc and sodium. The intake of the other
mineral elements was adequate to the Recommended Daily Allowance (RDA). Thank
to this mineral profile these fruits could be a healthy option for people with heart dis-
eases and hypertension (Mir-Marqu�es et al., 2015).

In Table S4, the D. kaki fruits protein content express as % is shown. The total
amount of proteins ranged from 0,2 to 0,9%, respectively, for Sardinia and Campania
samples, with a mean content of 0,46%, it is a modest protein content in agreement
with the literature nutritional data for this fruit (Jim�enez-S�anchez et al., 2015; USDA).

The results regarding the total phenolic and gallic acid content are reported in
Table S5. The data were variable, ranging between 186 and 45mg/kg, respectively, for
Sicily and Sardinia with a mean value of 88mg/kg. Gallic acid was quantified by UFLC/
MS with values among 56 and 8mg/kg, respectively, for Sicily and Campania. These
findings were in agreement with total phenolic and gallic acid contents found by Pu
et al., 2013. According to Pu et al. (2013), all the samples might be considered belong-
ing to a persimmon group with low phenolic content and consecutively a weak anti-
oxidant activity. Persimmon intake can contribute to the achievement of the
polyphenolic recommended daily dose (Del Bo’ et al., 2019). Indeed, polyphenols
including phenolic acids are often included in the human diet and have been
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extensively studied due to their biological activities such as antioxidant, antimicrobial
and cardiovascular benefits (Del Bo’ et al., 2019). Gallic acid, in addition to having
astringent uses, also has several declared bioactivities, such as bacteriostatic and anti-
oxidant properties (Heleno et al. 2015).

Further studies should be addressed to investigate possible fruit contamination by
secondary metabolites from mycotoxins since they may occur in commodities, food
and raw agricultural products, at pre-and post-harvest steps since they can colonise a
wide variety of food and may represent a risk for health (Santini et al., 2009; Miku�sov�a
et al., 2013).

3. Experimental

Experimental details related to this article are available online (see supplemen-
tary data).

4. Conclusions

The present experimental work highlights interesting results on the nutritional and
mineral composition of D. kaki cultivated in Central and Southern Italy. The dietary
fiber, mineral, pectin, polyphenol and protein contents were evaluated. Good levels of
all chemical analysed were found in all the collection sites, confirming the genuine-
ness of the cultivation of this fruit in the Italian sites. A certain variability has been
observed mainly due to environmental pedoclimatic condition. Valuable contents in
dietary fiber and pectins were found, confirming this fruit suitable for special regimens
such as weight maintenance, cardiovascular diseases and diabetes and their related
possible health claims. The mineral profile with its high level of potassium and low
level of sodium could be introduced in the dietary regimen for subjects with cardio-
vascular and heart diseases.

The rational analysis of the phytochemical profile with respect to agronomical and
nutritional data allows achieving quality food production of healthy important food
such as D. kaki fruits.

Disclosure statement

The authors declare no conflict of interest.

ORCID

Gaetano Cammilleri http://orcid.org/0000-0001-6300-6571
Vincenzo Ferrantelli http://orcid.org/0000-0002-4911-5074

References

Albergamo A, Rotondo A, Salvo A, Pellizzeri V, Bua DG, Maggio A, Cicero N, Dugo G. 2017.
Metabolite and mineral profiling of “Violetto di Niscemi” and “Spinoso di Menfi” globe arti-
chokes by 1H-NMR and ICP-MS. Nat Prod Res. 31(9):990–999.

4 R. TARDUGNO ET AL.

https://doi.org/10.1080/14786419.2021.1921768
https://doi.org/10.1080/14786419.2021.1921768


Del Bo’ C, Bernardi S, Marino M, Porrini M, Tucci M, Guglielmetti S, Cherubini A, Carrieri B,
Kirkup B, Kroon P, et al. 2019. Systematic review on polyphenol intake and health outcomes:
is there sufficient evidence to define a health-promoting polyphenol-rich dietary pattern?
Nutrients. 11(6):1355.

Dom�ınguez D�ıaz L, Dorta E, Maher S, Morales P, Fern�andez-Ruiz V, C�amara M, S�anchez-Mata MC.
2020. Potential nutrition and health claims in deastringed persimmon fruits (Diospyros kaki L.),
variety ‘Rojo Brillante’, PDO ’Ribera del X�uquer. Nutrients. 12(5):1397.

Durazzo A, Lucarini M, Novellino E, Daliu P, Santini A. 2019a. Fruit-based juices: Focus on antioxi-
dant properties-Study approach and update. Phytother Res. 33(7):1754–1769.

Durazzo A, Lucarini M, Souto EB, Cicala C, Caiazzo E, Izzo AA, Novellino E, Santini A. 2019b.
Polyphenols: A concise overview on the chemistry, occurrence, and human health. Phytother
Res . 33(9):2221–2243.

EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). 2010. Scientific Opinion on
Dietary Reference Values for carbohydrates and dietary fibre. EFSA J. 8(3):1462.

Fej�er J, Kron I, Pellizzeri V, Pl'uchtov�a M, Elia�sov�a A, Campone L, Gervasi T, Bartolomeo G, Cicero
N, Babejov�a A, et al. 2019. First report on evaluation of basic nutritional and antioxidant prop-
erties of Moringa Oleifera Lam. from Caribbean Island of Saint Lucia. Plants. 8(12):537.

Giordani E, Nin S. 2013. Evolution and challenges of persimmon production in Italy after one
hundred years of cultivation. Acta Hortic. 996:29–41.

Hauner H, Bechthold A, Boeing H, Br€onstrup A, Buyken A, Leschik-Bonnet E, Linseisen J, Schulze
M, Strohm D, Wolfram G. 2012. German Nutrition Society. Evidence-based guideline of the
German Nutrition Society: carbohydrate intake and prevention of nutrition-related diseases.
Ann Nutr Metab. 60(s1):1–58.

Heleno SA, Martins A, Queiroz MJRP, Ferreira ICRF. 2015. Bioactivity of phenolic acids: metabo-
lites versus parent compounds: a review. Food Chem. 173:501–513.

Jim�enez-S�anchez C, Lozano-S�anchez J, Marti N, Saura D, Valero M, Segura-Carretero A,
Fern�andez-Guti�errez A. 2015. Characterization of polyphenols, sugars, and other polar com-
pounds in persimmon juices produced under different technologies and their assessment in
terms of compositional variations. Food Chem. 182:282–291.

Metro D, Papa M, Manasseri L, Gervasi T, Campone L, Pellizzeri V, Tardugno R, Dugo G. 2020.
Mediterranean diet in a Sicilian student population. Second part: breakfast and its nutritional
profile. Nat Prod Res. 34(16):2255–2261.

Metro D, Tardugno R, Papa M, Bisignano C, Manasseri L, Calabrese G, Gervasi T, Dugo G, Cicero
N. 2018. Adherence to the Mediterranean diet in a Sicilian student population, Natural
Product Research. Nat Prod Res. 32(15):1775–1781.

Miku�sov�a P, �Srob�arov�a A, Sulyok M, Santini A. 2013. Fusarium fungi and associated metabolites
presence on grapes from Slovakia. Mycot Res. 29(2):97–102.

Mir-Marqu�es I, Domingo A, Cervera ML, de la Guardia M. 2015. Mineral profile of kaki fruits
(Diospyros kaki L.). Food Chem. 172:291–297.

Pu F, Ren XL, Zhang XP. 2013. Phenolic compounds and antioxidant activity in fruits of six
Diospyros kaki genotypes. Eur Food Res Technol¼ Zeitschrift Fur Lebensmittel-Untersuchung
und -Forschung. A. 237(6):923–932.

Santini A, Ferracane R, Somma MC, Aragon A, Ritieni A. 2009. Multitoxin extraction and detec-
tion of thricotecenes in cereals: an improved LC-MS/MS approach. J Sci Food Agric. 89 (7):
1145–1153.

Takekawa K, Matsumoto K. 2012. Water-insoluble condensed tannins content of young persim-
mon fruits-derived crude fibre relates to its bile acid-binding ability. Nat Prod Res. 26(23):
2255–2258.

Tardugno R, Pozzebon M, Beggio M, Del Turco P, Pojana G. 2018. Polyphenolic profile of
Cichorium intybus L. endemic varieties from the Veneto region of Italy. Food Chem. 266:
175–182.

Tardugno R, Serio A, Purgatorio C, Savini V, Paparella A, Benvenuti S. 2020. Thymus vulgaris L.
essential oils from Emilia Romagna Apennines (Italy): Phytochemical composition and anti-
microbial activity on food-borne pathogens. Nat Prod Res. :1–6.

NATURAL PRODUCT RESEARCH 5



USDA-Food Composition Databases. Available online: https://ndb.nal.usda.gov/ndb/foods.
(accessed on 21 January 2021).

Widmer RJ, Flammer AJ, Lerman LO, Lerman A. 2015. The mediterranean diet, its components,
and cardiovascular disease. Am J Med. 128 (3):229–238.

Xie C, Xie Z, Xu X, Yang D. 2015. Persimmon (Diospyros kaki L.) leaves: a review on traditional
uses, phytochemistry and pharmacological properties. J Ethnopharmacol. 163:229–240.

Zhu JC, Niu YW, Feng T, Liu SJ, Cheng EX, Xu N, Yu HY, Xiao ZB. 2014. Evaluation of the forma-
tion of volatiles and sensory characteristics of persimmon (Diospyros kaki L.f.) fruit wines using
different commercial yeast strains of Saccharomyces cerevisiae. Nat Prod Res. 28(21):
1887–1893.

6 R. TARDUGNO ET AL.

https://ndb.nal.usda.gov/ndb/foods

	Abstract
	Introduction
	Results and discussion
	Experimental
	Conclusions
	Disclosure statement
	Orcid
	References


