Brazilian Journal of Biology https://doi.org/10.1590/1519-6984.200460
ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

{e) ETR

Original Article

Phyto- and Bio-Chemical evaluation of Diospyros kaki L. cultivated in
Egypt and its biological activities

S. 8. El-Hawary*, S. H. Tadros‘, M. M. AbdelMohsen®* ©, M. S. Mohamed® ©,
E. El Sheikh®, N. M. Nazif* © and M. S. EINasr®

iPharmacognosy Department, Faculty of Pharmacy, Cairo University, Kasr-EL-Ainy St., Cairo 11562, Egypt
"Phytochemistry Department, National Research Centre, 33 El-Bohouth St., Former El Tahrir St., P.O.12622,
Dokki, Giza, Egypt
“Nutrition and Food Sciences Department, National Research Centre, 33 El-Bohouth St., Former El Tahrir St.,
P.0.12622, Dokki, Giza, Egypt

*e-mail: monaamohsen@yahoo.com

Received: April 25, 2018 — Accepted: February 18, 2019 — Distributed: May 31, 2020
(With 2 figures)

Abstract

Diospyros kaki L. or Costata cultivar is the main persimmon variety progressively consumed in the Egyptian market
and exportation. The objective of this study was to investigate the bioprotective effects of the alcoholic extract of fruits
as well as leaves of D. kaki using in-vivo rat models. Petroleum ether extracts of fruits and leaves were analytically
characterized for saponifiable and unsaponifiable compounds by GC/MS. Main flavonoids were chromatographically
isolated from 80% aqueous methanol extract of leaves. Chemical evaluation for fruits and leaves namely, content of
moisture, ash, proteins, fatty acids, amino acids, fat and water soluble vitamins, minerals, carotenoids was carried out.
Total antioxidant activity was determined by radical scavenging effects using DPPH assay. The effect on biochemical
parameters and its biological activity were also performed. Results revealed the identification of the major compounds
of saponifiable and unsaponifiable matters of fruits and leaves. Scopoletin, as well as, kaempferol, luteolin, rutin and
apigenin 7-O-glucoside were isolated and identified. It showed that this plant can provide a good nutritional value and
it is safe regarding the kidney and liver functions, good source that help in enhancing the antioxidant defense against
free radicals. No abnormal effects were found in lipids profile on experimental animals and there were good results
in the ratio of HDL and LDL cholesterol. Also, this plant can help in optimizing blood sugar, enhancing the level of
blood haemoglobin. It is concluded that D. kaki displays a good source of nutrients and bioactive compounds that may
contribute to its therapeutic benefits against the risk of disease complications.

Keywords: Diospyros kaki, GC/MS, flavonoids, antioxidant activity, hyperglycemia.

Avaliacao fito e bioquimica de Diospyros kaki L. cultivado no Egito e suas
atividades bioldgicas

Resumo

Diospyros kaki L. ou Costata ¢ a principal variedade de caqui progressivamente consumida no mercado e exportagao
egipcia. O objetivo deste estudo foi investigar os efeitos bioprotetores do extrato alcodlico de frutos e folhas de D. kaki
utilizando modelos de ratos “in vivo”. Extratos de éter de petroleo provenientes de frutos e folhas foram caracterizados
analiticamente para compostos saponificaveis e insaponificaveis por GC/MS. Os principais flavonoides foram isolados
cromatograficamente, a partir de 80% de extrato aquoso de folhas de metanol. Foi realizada avaliagdo quimica de
frutos e folhas, ou seja, de teor de umidade, cinzas, proteinas, acidos graxos, aminoacidos, vitaminas lipossoluveis
e soluveis em 4gua, minerais, carotenoides. Foi caracterizada a atividade antioxidante, utilizando ensaio (DPPH).
O efeito nos parametros bioquimicos e sua atividade bioldgica também foram analisados. Os resultados revelaram a
identificacdo dos principais compostos saponificaveis e insaponificaveis de frutos e folhas. Escopoletina, bem como
kaempferol, luteolina, rutina e apigenina 7-O-glicosideo foram isolados e identificados. Também demonstraram que
esta planta pode proporcionar um bom valor nutricional e é segura em relagdo as fungdes renais e hepaticas, boa fonte
que ajuda a melhorar a defesa antioxidante contra os radicais livres. Nao foram encontrados efeitos anormais no perfil
lipidico em testes em animais, e houve um efeito satisfatorio na relagdo de colesterol HDL e LDL. Além disso, esta
planta pode ajudar na otimizagdo do acucar no sangue, aumentando o nivel de hemoglobina. Conclui-se que o D. kaki
apresenta uma boa fonte de nutrientes e de compostos bioativos que contribuem para seus beneficios terapéuticos e
contra o risco de complicagdes de doengas.

Palavras-chave: Diospyros kaki, GC/MS, flavonoides, atividade antioxidante, hiperglicemia.
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1. Introduction

Medicinal foods are prescribed widely even when
their biologically active constituents are unknown,
because of their activity, safety, availability and are
easy to administer. So, it is worthy to develop some
edible compositions with prospects for the expansion of
an alternative ways of managing many diseases in the
future. The plant kingdom possesses a wide variety of
natural substances that have showed significant health
properties with few or no documented side effects. These
medicinal plants are rich in phytochemical compounds
that can provide valuable therapeutic effects for various
metabolic diseases such as diabetes, adiposity and
cardiovascular complications, offering a source of dietary
ingredients that affect human physiological function
(Sidik Junior and Ahmad, 2003; Apostolidis et al., 2007),
and are increasingly used in the manufacture of food or
consumed directly as raw ingredients, being less harmful
than synthetic products.

The genus Diospyros belongs to family Ebenaceae
and comprises about 500 species distributed in tropical
and temperate zone (Hotta et al., 1989). Diospyros kaki,
which is native to China, is now known world-wide in
tropics and subtropics (Singh and Joshi, 2011). In recent
years, it has been favored as tea for healthcare in
Southeast Asia for its beneficial effects on homeostasis,
hypertension, apoplexy, and atherosclerosis (Lee et al.,
2012). As well as, the anti- diabetic, antigenotoxic
and neuroprotective activities (Taylor and Hill, 2004;
Bei et al., 2007).

Diospyros kaki L. (Oriental persimmon) or Costata
cultivar is the main persimmon variety progressively
consumed in the Egyptian market and exportation. It grows
in clay soil under flood irrigation system. It is known to
have many bioactive compounds such as polyphenols,
flavonoids, carotenoids, dietary fiber and minerals.
Upon continued study of the different constituents in
the leaves of Diospyros plants, the present work was
designed to find comparative chemical composition
of Diospyros kaki fruits and leaves that may correlate
with its pharmacological activities. It deals with the
chromatographic study of lipid content of the fruits and
leaves, isolation of the major coumarin and flavonoidal
constituents of the leaves of Diospyros kaki L. growing
in Egypt. Also, for the purpose to develop some edible
compositions with prospects for the expansion of an
alternative ways of managing many diseases in the
future, especially in developing countries, a detailed
investigation of kaki potentials, chemical determination
of the fruits and leaves contents of minerals, tannins,
catechin, amino acids, carotenoids and fat and water
soluble vitamins has been carried out, in addition, its
antioxidant, antilipidemic, and hypoglycemic potentials
have been evaluated with regard to the kidney and liver
functions.
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2. Materials and Methods

2.1. Material for chromatography

Whatmann paper No.3 MM sheets (Whatmann Ltd.,
Maidstone, England). Silica gel aluminium sheets G60 (layer
thickness 0.2 mm) F,, (Fluka Chemie AG, Switzerland).
Silica gel 60 for CC mesh size (0.02-0.06), Polyamide 30-60
mesh (Merck, Germany), Sephadex LH-20 (25-100 pum)
for CC (Sigma-Aldrich Chemie GmbH, Germany).

2.2. Plant material, extraction and isolation of
coumarin and flavonoids

Fresh fruits and leaves of Diospyros kaki L. cv.
Costata were collected during June and August (2015)
from Aga Center, Fisha Village, Dakahlia Governorate,
Egypt. The collected fruits and leaves of the plant were
dried, separately, in an air oven at 40 °C for three days,
then grounded using an electric mill into coarse powder
and kept in tightly-closed containers. A voucher specimen
was kept at the herbarium of NRC. Each powder was
extracted by maceration in petroleum ether (40-60 °C)
at room temperature and filtered. For the investigation
of lipid content; unsaponifiable and saponifiable matter
were obtained for the petroleum ether extracts of both, the
fruits and leaves and kept for GC/MS analysis (Ichihara
and Fukubayashi, 2010).

For the isolation of coumarin and flavonoids, the
defatted marc of powdered leaves was extracted with 80%
aqueous methanol by percolation in room temperature, after
complete exhaustion, the extract was filtered. The combined
filtrates were dried under pressure. The residue (250 g) was
extracted by successive solvent extraction method using
chloroform, ethyl acetate and n-butanol (3x 1L) each.
The combined portions of each solvent, were evaporated.
For separation of the main compounds, the chloroform
residue (3 g) was chromatographed on sephadex LH-20
column using 100% methanol. The ethyl acetate residue
(8 g) was subjected on the top of silica gel column using
gradient elution method. The eluted fractions monitored on
silica gel plates for thin layer chromatography and using
methylene chloride: methanol, 90:10 v/v, were further
purified on sephadex LH-20 column. The n-butanol residue
was introduced onto the top of polyamide column. Gradient
elution of the column was carried out using distilled water
and decreasing the polarity by 10% stepwise addition of
methanol. The main fraction (R 0.28, paper chromatography
3MM, 15% acetic acid) was rechromatographed on sephadex
LH-20 column. Isolated compounds were identified using
UV-VIS double beam UVD3500 spectrophotometer, and
NMR Joel-300 mHz for 'TH-NMR.

2.3. Phytochemical characterization of lipid content
using gas chromatography-mass spectrometry

The analysis was performed using Gas chromatography-mass
spectrometry (GC-MS) methodology using Hewellet Hp 6890
series, gas chromatograph fitted with an injector, and fused
silica capillary column (30 mx 0.25 mm i.d. x 0.25 um film
thickness), composed of a mass spectrophotometer GC-MS
Finnigan mat SSQ7000 and electron impact ionization
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detector(EI) with an ion energy of 70 eV. The injector
temperature was 230 °C. The oven temperature was held
at 60 °C for 1 min, then increased to 230 °C at a heating
rate of 5 °C/min, then to 300 °C at 10 °C/min and held
for 1 min. The carrier gas was helium at a flow rate of
1.5 ml/min. Injection volume was 1pl. The identification
of compounds was achieved by comparing the retention
times with those of authentic compounds and by matching
their mass spectra with National Institute of Standards and
Technology 05 MS (NIST) library data.

2.4. Chemical evaluation of fruits and leaves

Moisture content and ash were determined. Crude
protein content and minerals were measured in ashed
fruits and leaves by a Varian Model Spectra AA220 Flame
Atomic Absorption Spectrophotometer Perkin-Elemer
(Model 110 B), (AOAC, 2000).

Catechin content was measured, Total phenolic (as tannins)
content was analyzed using Folin Ciocalteu’s method and
the antioxidant activity was assayed spectrophotometrically
according to DPPH free radical scavenging capacity
(Haddouchi et al., 2014). Essential and Non-essential
amino acids were estimated using an Eppendor Biotronic
LC 3000 Amino Acid Analyzer (Eppendorf- Biotronic,
Hamburg, Germany), (Yanar et al., 2010). -carotene and
lycopene were detected using HPLC methods at wave
lengths 450 nm and 472 nm, respectively (Epler et al.,
1992). Fat soluble vitamins A and E at 325 nm and 290 nm,
respectively. Water soluble vitamins B, and B, at wave
lengths 360 nm and 510 nm, respectively, and vitamin C
at 254 nm (Sami et al., 2014).

2.5. HPLC analysis conditions for vitamin A, E, C,
lycopene and [f-carotene

HPLC separation used a 250x4.0 mm RP C18, 5 um
column (Merck, Darmstadt). The isocratic mobile phase
was a mix of acetonitrile and water (75: 25). The flow
rate applied was 1 ml/min and analysis were performed at
room temperature. Column temperature was maintained
at 40 °C using a column oven. For, vitamin C, the mobile
phase applied was a mix of acetonitrile and water (50:50).
The dry residues obtained from tetrahydrofuran (THF)
extraction of fruits and leaves was saponified with 5.5%
KOH in ethyl alcohol (w/v) for 15 min at room temperature.
Carotenoids were extracted from the filtrate with the same
volume of diethyl ether. The upper phase was evaporated
under nitrogen and the dry residue was dissolved with
1 ml of a mixture of 50 ul THF+950 pl of acetonitrile:
water (75:25), filtered through a 0.22 um GHP syringe
filter, and transferred into a 2-ml glass screw-top vial for
automatic sampling, using 40 pl. for injection. For the
determination of vitamin A and E, 1g of pyrogallic acid,
70 ml ethanol and 30 ml (50%) KOH were added to
the samples of fruits and leaves (5 g, each) for reflux,
then extracted with ether, prepared for injection. For
vitamin C, the samples were homogenized with 10 ml of
metaphosphoric acid solution 3% (w/v) for one minute,
then filtered for HPLC analysis.
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2.6. Biological evaluation of fruits and leaves of
Diospyros kaki L.

2.6.1. Animals

Fifteen male Wistar rats (200-220 g) were obtained from
the Animal House of the Horticulture Research Institute.
The procedure in this study was subjected to the scrutiny
of the NRC (FWA 00014747) Animal Ethics Committee
and was approved before beginning of the experiment
(certificate no. 17-135). Animals were acclimatized to
conventional laboratory conditions, and maintained at room
temperature (20-25 °C) with free access to water and food.

2.6.2. Kits

Kits for the determination of plasma albumin, total
protein, alkaline phosphatase, GOT and GPT, creatinine,
urea, total cholesterol, HDL cholesterol, LDL-cholesterol,
total lipids, triglycerides, malondialdehyde and catalase were
obtained from Biodiagnostic Company, BIODIAGNOSTIC,
Egypt. Blood glucose was recorded by the Accu-Chek
Go and strips that was purchased from Roche. Drabkin’s
reagent for hemoglobin test was obtained from Vitro Scient.

2.7. Experimental design

The rats were randomly divided into three experimental
groups. All groups were fed on a balanced diet, containing
15% Casein (80% protein), 5% cellulose, 8% corn oil,
10% sugar, with adequate vitamin and mineral mixtures
as provided by the AIN-93, for one week (Reeves et al.,
1993). Then, control group: rats received only the balanced
diet as mentioned above.

Fruits group: rats received balanced diet, but, fortified
with fruits powder (10%) The fresh fruits were collected,
dried in an oven, then grounded into coarse powder
(as mentioned in plant material) then added to balanced
diet in the ratio of 10:90.

Leaves group: rats received balanced diet, but, fortified
with leaves powder (10%) The fresh leaves were collected,
dried in an oven, then grounded into coarse powder
(as mentioned in plant material) then added to balanced
diet in the ratio of 10:90.

All diets were completed to 100g using starch. The diets
were prepared and stored frozen for the duration of the
experiment (4 weeks). At the end of the experiment, rats
were fasted overnight, total food intake, final rats body
weight gain were recorded. Food efficiency ratio was
calculated according to the equation: food efficiency
ratio = body weight gain/food intake (Proll et al., 1998).
Blood samples were withdrawn from the retro-orbital
venous plexus under light ether anesthesia, in heparinized
tubes, and the serum was separated by centrifugation at
3000 rpm for 15 min. The plasma was liquated and stored
at -20 °C until used for biological analysis.

2.8. Biochemical analysis

Blood glucose levels (mg/dl) using Accu-check Go
strip (Roche) test in a glucometer, haemoglobin (mg/dl),
albumin function (g/dl) were measured (Louise, 1977;
Doumas et al., 1971). Total proteins (g/dl) were measured
and Globulin (g/dl) was calculated by the difference between
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total proteins level and the level of albumin (Gornall et al.,
1949). Liver functions such as alkaline phosphatase (ALP),
(Belfield and Goldberg, 1971), GOT and GPT activities
were determined by the method of Reitman and Frankel
(1957). For Kidney function; the levels of creatinine and
urea were measured (Bartels et al., 1972; Fawcett and Scott,
1960). The serum lipid Profile including, total cholesterol
(Richmond, 1973), total lipids (Zollner and Kirsch 1962),
triglycerides (Fossati and Prencipe, 1982), HDL-and
LDL-cholesterol were determined. The antioxidant Enzymes;
Catalase activity (Sinha, 1972), and malondialdehyde
(MDA) (Ohkawa et al., 1979) were measured.

2.9. Statistical analysis

Statistical analysis was carried out by one-way analysis
of variance (ANOVA) followed by Tukey test. Expression
of data was done as mean = SD. P<0.05 was considered
statistically significant.
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3. Results

3.1. Gas Chromatography-Mass Spectrometry of
unsaponifiable Matter of Fruits and Leavesof Diospyros
kaki L.

GC-MS analysis of the unsaponifiable matter of
fruits revealed the identification of 13 compounds,
representing 85.61% of the total. Oxygenated compounds
constituted the major percent (84.38%), in which
aromatic compounds were the major (57.52%). Phthalic
acid bis (2-ethylhexyl) phthalate was predominant
(42.9%). GC-MS analysis of the unsaponifiable matter
of leaves revealed the identification of 10 compounds,
representing 87.16% of the total. The oxygenated
compounds constituted the major percent (70.67%), in
which terpene compounds were the major (56.81%).
o —amyrin (42.39%) constituted the major terpene
(See Figure 1).
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Figure 1. GC-MS chromatogram of unsaponifiable matter of fruits (a) and leaves (b).
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3.2. Gas Chromatography-Mass Spectrometry of
saponifiable Matter (Fatty Acids) of Fruits and Leaves
of Diospyros kaki L.

GC/MS analysis of the fatty acids methyl esters
of fruits revealed the presence of 13 fatty acids,
representing 84.79% of the total, the major of which
was ethyl stearate (saturated, 26.87%) and methyl
palmitoleate (unsaturated, 9.68%). GC/MS analysis
of the fatty acids methyl esters of leaves revealed the
presence of 10 fatty acids, representing 91.07% of the
total. The major saturated fatty acid methyl ester was
methyl palmitate (40.74%), while the major unsaturated
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fatty acid methyl ester was methyl 9-octadecenoate
(17.61%), (See Figure 2).

3.3. Identification of isolated compounds

Four flavonoids and one coumarin were isolated from
the aqueous methanol extract (80%) of leaves of Diospyros
kaki L.; Kaempferol and scopoletin were isolated from
chloroform fraction, luteolin and rutin from ethyl acetate
fraction, and apigenin 7-O-glucoside from n-butanol
fraction. All compounds were identified on the basis of
their absorption bands in the ultraviolet/ visible region, and
'"H-NMR spectral data which were confirmed by comparison
with that reported in the literature (Mabry et al., 1970).

TioT arToTass O

(B)

Figure 2. GC-MS chromatogram of saponifiable matter of fruits (A) and leaves (B).
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3.4. Moisture, ash, proteins and minerals

The results (as shown in Table 1), showed that
the moisture content was higher in fruits, while ash
was less than the leaves, and almost equal percentage
in protein content. The major macro elements were
potassium and calcium in the fruits, while phosphorous,
magnesium and sodium were the major in leaves, which
also contained higher amounts of micro elements
(mg/kg) dry weight.

3.5. Chemical Evaluation of Fruits and Leaves

Evaluation of amino acid content, showed that the
fruits contained higher level of non-essential amino acids
(884.8 mg/100g), while leaves content of essential amino
acids was higher (912.1 mg/100 kg). Carotenoids analysis,
showed that the fruits content of B-carotene and lycopene
was higher than the leaves. As for vitamins, the fruits were
found to contain higher content of vitamin B, C and E,
however, the leaves contained higher content of A and B,
(as shown in Table 2).

3.6. Biochemical analysis

Results showed that, no significant differences
(»<0.05) were found in the levels of total food intake or
food efficiency ratios between all experimental groups.
However, at the end of the experimental period, the group
fed with fruits diet, demonstrated a significant decrease
in blood glucose level, also a significant increase in the
blood hemoglobin level (as shown in Table 3). The results
obtained for liver and kidney functions, showed no
significant difference in all the evaluated parameters,
all the values agreed with the control group fed on the
balanced diet (as shown in Table 4). The healthy effect
of Diospyros kaki L. fruits and leaves on the plasma
lipid profile showed a significant reduction (p< 0.05)
in the plasma total cholesterol and triglycerides values,
but non-significant decrease in total lipids. Also, showed
non-significant increase in HDL/LDL ratio (as shown

Table 1. Moisture, ash, protein (%), and minerals content of
fruits and leaves of Diospyros kaki L.

Parameter Fruits Leaves
Moisture (% W/W) 92.6+1.1 89.6+0.6
Ash (% W/W) 0.8+0.2 1.6+0.1
Protein (% W/W) 0.7+0.1 09+0.2
Macro Elements (mg/kg) Dry Weight
Potassium 5791.1+10.6 2299.7 + 8.1
Phosphorus 848.7+0.1 1080.7+1.8
Calcium 1368.8 £ 3.0 279.7+0.1
Magnesium 2141+5.1 2487.1+1.1
Sodium 1860.2+ 1.2 2470.1+£4.5
Micro Elements (mg/kg) Dry Weight
Iron 26.7+1.4 753.7+1.8
Zinc 45.6+0.5 50.8 +£0.2
Copper 2.5+0.1 13.6£0.6

Values are mean & SD.
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in Table 4). For the antioxidant enzymes; catalase and
MDA, the results showed no significant decrease in their
activities when comparing the fruits and leaves groups
to the control group (as shown in Table 4).

Table 2. Chemical evaluation of fruits and leaves of
Diospyros kaki L.

Parameter Fruits Leaves
Catechin (mg/kg) 8270.9 5890.2
Tannins (mg/kg) 10610.2 11770.7
Non-essential amino acids
(mg/kg)

Aspartic acid 1260.6 1240.1
Serine 480.2 230.2
Glutamic acid 790.3 460.9
Glycine 400 370.8
Alanine 960.6 1200.6
Cystine 116.5 -
Tyrosine 1990.4 1140.1
Proline 1780.2 1200.5
Essential amino acids

(mg/kg)

Threonine 540.5 1020.6
Methionine 750.7 400.4
Isoleucine 390.2 1050.1
Leucine 76.9 47.4
Phenylalanine 710.3 1600.4
Histidine 1180.3 1030
Lysine 560.6 1230.4
Valine 340.6 710.1
Arginine 1050.3 1580.7
Carotenoids (mg/kg)

B-carotene 210.4 130.2
Lycopene 1470.3 140.7
Fat soluble vitamins

(mg/kg)

Vitamin A 120.8 800.7
Vitamin E 2780.2 3250.9
Water soluble vitamins

(mg/kg)

Vitamin B, 480.9 430.1
Vitamin B, 430.2 470.7
Vitamin C 620.9 590.3

Table 3. Blood glucose and hemoglobin levels of
experimental groups.

Group* Glucose** Hemoglobin**
(mg/dl) (mg/dl)
Control diet 88+ 12 15.03 £0.77
Fruits diet 63.67 +£4.04" 16.76 £2.62*
Leaves diet 75.67 £15.57® 13.36+0.54°

**Values are means + SD. Same letters in each column means
non-significant difference; Different letter means significance
difference (p< 0.05).
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Table 4. Liver and kidney function of experimental groups.

Parameter Groups
Control Fruits Leaves

Liver function
Albumin (g/dl) 3.75+0.21¢ 4.09+0.20° 3.86+0.22¢
Total protein (g/dl) 849+2.10° 8.60+232¢ 9.85+0.46°
ALP (mg/dl) 176.6 +40.90 * 168.1 £22.58 ¢ 158.6+17.59 ¢
GOT (unit / ml) 66.0+£0.38% 63.0+0.23¢ 65.0+0.02°
GPT (unit / ml) 35.0+0.06* 32.0+0.04° 342+0.02°
Kidney function
Creatinine (mg/dl) 3.6+0.71° 33+0.78° 35+£1.19¢
Urea (mg/dl) 86.21 £1.57% 76.13 £7.35% 7277 +£4.03
Lipid profile
Total cholesterol (mg/dl) 102.68 £2.38" 96.86 +6.62° 81.05+841*
Total lipids (mg/dl)
Triglycerides (mg/dl) 502.97+134.89* 438.71 £175° 44193 +17.7*
HDL (mg/dl) 92.77 £2.94 80.52 +£8.37 68.52+11.31°
LDL (mg/dl) 402+5.10° 73.6+6.3% 604+22%
HDL/LDL ratio 1609+ 142 143.3+23.2° 125.3+21.3°®
Antioxidant elements 0.24+0.03° 0.52+0.04*° 0.48 +£0.01°
Catalase (U/L) 453.8+£20.2¢ 4154+£29.2¢ 428.8+303°
MDA (U/L) 3.7+£0.6° 3.5+0.8? 32+032

Values are means = SD. Same letters in each row means non-significant difference; different letters mean significant difference

(p< 0.05).

3.7. DPPH results

The DPPH assay has been used because it is rapid, simple
and due to the stability of the DPPH radical (Sun et al.,
2011). The free radical scavenging activity of the aqueous
methanolic extract of the fruits and leaves were determined
through the DPPH method, Trolox (Sigma-Aldrich), an
antioxidant, was used as a synthetic reference. The results
showed that the leaves extract had higher antioxidant
activity (93.3%) than that of fruits (83.2%) both being
comparable to that of Trolox (98.5%). Since there are a
large number of different types of antioxidant compounds,
it is not clear which exactly are responsible for the observed
antioxidant activity. It has been shown that high phenolic
content increases this activity. The antioxidant activity of
Diospyros kaki extracts are due to the presence of these
phytochemicals, including, tannins which are the main
phenolic compound of persimmon kaki, carotenoids, and
vitamin C (Veberic et al., 2010). In the current investigation,
the leaf extract was more potent antioxidant, suggesting
that the activity is mainly due to more polar constituents,
revealing the presence of flavonoids and was also justified
by the higher content of tannins compared to that of fruits,
which on the other hand, contained higher amounts of
catechin, (as shown in Table 2). Thereby providing an
ample advocacy of the use of the plant as an alternative
source of natural antioxidants (Noreen et al., 2017).

4. Discussion

Recent studies have found the association between
the lower status of dietary antioxidants and decline in
the cognitive function, as increasing intake of natural
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antioxidants may help to maintain a tolerable antioxidant
status. Plant phenolic compounds in the human diet are
numerous. Plants consumed by humans contain thousands
of dietary polyphenols, the effect of which are of great
importance because of their antioxidative properties.
They scavenge free radicals, thus breaking the free radical
chain reaction of lipid peroxidation. Polyphenols, also
quench reactive oxygen and nitrogen species generated
in biological systems (Farkas et al., 2004; Pal et al.,
2012). Components of these plants with natural occurring
antioxidant activity can be used to control the balance
between free radicals and antioxidant stress in diabetic
patients (Manaharan et al.,2011; Gulati et al., 2012).
Persimmon, like other fruits contains a number of functional
compounds which are useful in promoting human health.
The present work is aimed at appraising the chemical
profile of fruits and leaves of persimmon (Diospyros kaki)
with reference to its prospective bioactive components to
encourage impending applications in disease prevention.
In the present study, the GC-MS analysis of the petroleum
ether extract of fruits and leaves, revealed that aromatic
compounds were the major oxygenated compounds of the
unsaponifiable matter (57.52%), and the major fatty acid
methyl ester was that of palmitic acid (40.74%), which
exhibit antioxidant activity (Richard et al., 2008).
Previous studies suggest that the flavonoids present in
persimmon leaves could contribute to its health benefits
(Bei et al., 2009). Four flavonoids were isolated from the
aqueous methanol extract of Diospyros kaki L. leaves
in this study, namely, Kaempferol, luteolin, apigenin
7-0O-glucoside, representing flavonols and flavones
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containing a catechol group in ring B, these compounds
are found to be highly active, with flavonols more potent
than the corresponding flavones because of the presence of
the 3-hydroxyl group. Rutin, was also isolated, it is a lipid-
soluble analogue of flavonoids, with C-3 glycoside group
in ring C. Notice that, this galloylated flavonol glycoside
mixture had a strong antioxidant activity approximately
two fold stronger than that of the non galloylated flavonol
glycosides (Kawakami et al., 2011). The total flavonoids
containing aqueous methanol extract of kaki leaves
possess a good water-soluble efficacy, and its flavonoid
aglycones, reportedly possess strong antioxidant activities
by acting as oxygen radical scavengers and metal chelators
(Birtetal., 2001). These polyphenols prevent the diabetes
resulting from oxidative stress, suggesting the relation
to its protective effect and antihyperglycemic activity
(Sancheti et al., 2011; Choi et al., 2016).

The persimmon contains various bioactive substances
that are valuable for the proper physiology of human
health. Our results revealed that the fruits contain higher
amounts of potassium (5791.1 mg/kg), and calcium
(1368.8 mg/kg), while leaves contain higher amounts of
phosphorus (1080.7 mg/kg), magnesium (2487.1 mg/kg)
and iron (753.7 mg/kg), beside other minerals, including,
zinc and copper (as shown in Table 1).

Tannins, which are an important group of phenolics,
were found in high concentrations in fruits (1061.2 mg/100g)
and leaves (1177.7 mg/100g) as shown in Table 2. These
group of compounds present in persimmon are 20 times
more potent than antioxidant vitamin E (Ueda et al., 2013).
Dietary intake of persimmon tannin was found to prevent
hypercholesterolemia in some animal models and humans
(Gato etal., 2013). The fruits showed a higher concentration
of catechin (827.9 mg/100g) and are also rich in lycopene
(147.3 mg/100g) beside B-carotene (21.4 mg/100g), notice
that these are excellent lipid-soluble antioxidants, having
the ability to scavenge free radicals in a lipid-soluble
environment and thus preventing the oxidation of lipids.
These antioxidant activities could contribute, at least in part,
to the traditionally claimed therapeutic benefits of persimmon
leaves. Some of these carotenoids present in persimmon
are precursors of vitamin A, having immunoregulatory and
antiaging effects. The findings of this study showed that
fruits and leaves had a significant reduction in plasma total
cholesterol and triglycerides values (as shown in Table 4),
which agreed to the beneficial effects of the kaki leaves as
an anti-atherosclerosis, where the lowering effects of this
leaves in the triglyceride, total cholesterol, LDL-Cholesterol
levels and the increasing effect on the HDL level in blood
of the experimental rats were studied and confirmed
(Matsumoto et al.,2006). Fruits and leaves showed high
levels of vitamin E (278.2 mg/100g and 325.19 mg/100g
respectively), vitamin C (62.9 mg/100g and 59.3 mg/100g
respectively). Thus, Diospyros kaki is an excellent source
of ascorbic acid, vitamin E, tannins and carotenoids, having
healthy aspects owing to their antioxidant and other health
protecting activities (Karaman et al., 2014).
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Medicinal plants are widely used by the population of
developing countries as alternative therapy. The development
of novel prophylactic approaches is required for the
prevention of diabetic disease. Egypt, presently, is one
country with leading number of diabetics. Our study
gives a considerable focus on the edible nutritious dietary
supplement from Diospyros kaki to treat diabetes and its
associated toxic manifestations. It is interesting to notify
that persimmon leaves tea is infused with hot water and
drunk as green tea in Japan, as it has been regarded as a
famous nutrient and anti-aging tea rich in vitamin C, thus
its regular consumption is considered to be extremely
useful in arresting degenerative and senescence process,
promoting longevity, enlivening the body and enhance
immunity (Tsurunaga et al., 2011), Naoxinqing tablet made
from the extract of persimmon leaves have been recorded in
Chinese Pharmacopeia 2010, and is patented and approved
drug of Traditional Chinese Medicine (TCM) used for
the treatment of cerebral arteriosclerosis (ChPC, 2012).

5. Conclusion

In conclusion, the present study showed that Diospyros
kaki is a rich source of dietary fibers, minerals, vitamins
and considerable amounts of phenolic compounds, which
appear to be responsible for its significant antioxidant
potential and may contribute to the therapeutic activity
observed. Our results encourage wide cultivation and
local consumption. Further investigation to determine the
potential use of kaki leaves in the functional food industry
could be considered.
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