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Abstract Persimmon is one of the most common native
fruits of South Korea and its leaves are well known to be
used in pharmaceuticals, cosmetics as well as beverages.
The aim of this study was to compare the antioxidant
properties of Korean major persimmon leaves on the basis
of drying methods (hot air drying and freeze-drying) and
harvesting time. Persimmon leaves from five cultivars
(‘Sangju-dungsi’,  ‘Sangam-dungsi’, ‘Cheongdobansi’,
‘Gabjubaekmok’ and ‘Suhong’) were harvested in late May
and late June followed by blanching and drying. Results
depicted that, persimmon leaves harvested in late May had
the highest amount of antioxidants content compared to the
late June. No significant difference was found between
HAD and FD treatment with respect to total phenol, total
flavonoid, tannin content, ABTS and DPPH radical-scav-
enging activity. Finally, it can be concluded that
‘Gabjubaekmok’ persimmon leaves collected during late
May and dried by hot air are richer in antioxidants.
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Introduction

Persimmon (Diospyros kaki) belongs to the family of
Ebenaceae and has been cultivated over hundreds of years
around Eastern Asia. The fruit of persimmon is eaten fresh
or dry, whereas the leaf is generally used for tea due to
their functional properties. In Japan, persimmon leaf is
infused with hot water and drunk as a green tea (kakinoha-
cha) due to its healing effects in conditions of frostbite,
paralysis, burns, as well as in stopping bleeding [1].
Antioxidants are broadly used in the food production
and nowadays extra consideration has been paid to com-
mon non-poisonous antioxidants with an end goal to shield
the human body from free radicals as well as many chronic
diseases. Persimmon leaves contain numerous bioactive
compounds such as phenols, tannins, flavonoid oligomers,
natural acids, ascorbic acid, caffeine and chlorophyll [1, 2].
Particularly, flavonoids in persimmon leaf including
kaempferol, quercetin, and catechin demonstrate robust
antioxidant activities and are associated with maintaining
blood pressure [3]. Moreover, quercetin reveals anti-can-
cer, anti-allergic and anti-inflammatory activities [4],
whereas kaempferol shows the preventive activity against
Alzheimer’s disease [5]. In addition, Naoxinging (NXQ), is
a permitted Traditional Chinese Medicine (TCM) prepared
from persimmon leaf extract (flavonoid) broadly used in
China to cure apoplexy and stroke [6]. Furthermore, the
polyphenols in persimmon leaf are broadly analyzed due to
their anti-allergic, anti-inflammatory, and antibacterial
properties. The major polyphenols in Diospyros kaki leaf
are proanthocyanidins, which have vasorelaxant and anti-
hypertensive effects [7]. Some in vitro studies have com-
mended the possible valuable effects of polyphenols on
diabetes [8, 9]. Beside this, tannin is one of the major
components of persimmon leaf, which has various
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functional properties such as anti-allergic [10], antibacte-
rial [11], reducing blood pressure [12] and scavenging free
radicals [13].

Persimmon leaf has become increasingly popular due to
its use in the food, pharmaceutical as well as cosmetic
industries. People of East Asia continuously use persim-
mon leaf as a natural food additive due to its functional
properties. More notably, the fact that, persimmon leaf
contains kaempferol, volatile oil and tannins which play
important roles in antimicrobial activity. Persimmon leaf-
based ingredients have been incorporated into rice cake
[14], cookies [15], athlete’s foot socks and soaps, and also
used as a sushi ingredient [16] due to their antimicrobial
properties.

Drying techniques are able to change the quantity and
quality of antioxidants. The features and quality of per-
simmon leaf preserved by drying depend to a great extent
on their physical, chemical as well as microbiological
stability. Moreover, the packaging, transportation as well
as storage costs are minimized due to moisture content
reduction. However, hot air-drying and freeze-drying are
the very common drying methods used in food processing.
Freeze-drying is the most superior type of drying in terms
of nutritional value preservation as well as color. There-
fore, it has been stated that freeze-drying treatment rises
the infusion of antioxidants from various goods compared
to hot air-drying [17], though it has always been considered
as the most expensive method.

To the best of our understanding, limited studies have
been reported on the antioxidant properties of persimmon
leaves. However, no report has yet been made on the
bioactive compounds from Korean major persimmon
leaves based on different drying techniques, cultivars as
well as harvesting time. This study was thus designed to
investigate the antioxidants properties of Korean persim-
mon leaves on the basis of drying methods (hot air drying
at 100°C for 30 min and freeze drying), cultivars (‘Sangju-
dungsi’,  ‘Sangam-dungsi’, ‘Cheongdobansi’, ‘Gab-
jubaekmok’ and ‘Suhong’) and harvesting time (late May
and late June).

Materials and methods
Chemicals and reagents

Folin—Ciocalteu reagent, catechin, and gallic acid were
purchased from Sigma Chemicals (St Lous, MO, USA).
DPPH and 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sul-
phonic acid) were obtained from TCI Co., Ltd. (Tokyo,
Japan). Sodium carbonate, sodium nitrite, and aluminum
chloride were obtained from Junsei Chemical Co., Ltd.
(Tokyo, Japan). Sodium hydroxide, methanol, and ethanol
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were bought from Duksan Pure Chemicals Co. Ltd. (An-
san, Korea). Vanillin was obtained from Samchun
Chemical Co., Ltd. (Seoul, Korea). All other chemicals
were analytical grade.

Samples

Leaves of four cultivars (‘Sangju-dungsi’, ‘Sangam-
dungsi’, ‘Gabjubaekmok’ and ‘Suhong’) of persimmons
(Diospyros kaki) were harvested from persimmon experi-
ment station, Sangju, South Korea on 25th May (flowering
stage) and 25th June (fruiting stage) in 2016. At the same
time, ‘Cheongdobansi’ persimmon leaves were collected
from Cheongdo, South Korea. Prior to sample collection,
six rows of trees were selected and six trees within each
row labeled for further sample collections.

Drying treatments of raw material

Persimmon leaves were blanched at 100°C for 2 min and
then dried using two drying methods. (1) Hot air drying at
100°C for 30 min; (2) freeze-drying for 72 h in a vacuum
freeze dryer.

Preparation of aqueous extracts of persimmon leaf

The dried persimmon leaf was ground to a fine powder
(particle size < 1 mm) by using a blender (Shinil Industrial
SMX-9400MD, South Korea). The extraction was per-
formed with a product to water ratio of 1:10 (w/w) at 90°C
for 60 min. The extracts were filtered through Whatman
filter paper (4 Whatman™; 150 mm (J, Buckinghamshire,
UK). Filtrates were collected and kept at 4°C prior to
further investigation.

Analytical determinations
Determination of total phenolic content

The total phenolic content (TPC) was measured by spec-
trophotometry, according to the method described by
Singleton and Rossi [18] with slight modifications. Briefly,
0.2 mL of the sample solution was added to 1 mL of 10%
Folin—Ciocalteu’s phenol reagent in the flask. After 10 min,
0.8 mL of 7.5% sodium carbonate (Na,COj3) was equally
added into the flask. The flask was then allowed to stand at
room temperature for 2 h and the absorbance was measured
at 765 nm using a spectrophotometer (Shimadzu Corp.,
Kyoto, Japan). The standard curve consisted of gallic acid
between the concentration arrays of 0-200 ppm for the
total phenolic content. Results were expressed as mg gallic
acid equivalents per gram of dry matter (mg GAE/g d.m.).
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Determination of total flavonoid content

Total flavonoid content was evaluated by using the modi-
fied colorimetric technique as stated in Dewanto et al. [19].
Concisely, 0.25 mL of the sample was added to 1 mL of
distilled water in a test tube, followed by the mixing of
75 pL of a 5% sodium nitrite (NaNO,) solution. After
6 min, 150 pL of a 10% aluminum chloride (AICI;) was
mixed and the solution was kept for a further 5 min before
0.5 mL of 1 M sodium hydroxide (NaOH) was mixed.
Lastly, 2 mL of distilled water was added and the absor-
bance was measured instantly at 510 nm using a
spectrophotometer (Shimadzu Corp., Kyoto, Japan). The
results were expressed as mg of (+)-catechin equivalent
per gram of dry matter (mg CE/g).

Determination of tannin content

The tannin content was determined following the proce-
dure of Broadhurst and Jones [20] and as described by Xu
and Chang [21]. Briefly, 0.5 mL of the extract, 3 mL of a
4% methanol vanillin mixture and 1.5 mL of hydrochloric
acid (conc.) were mixed. The solution was kept for 15 min
at room temperature. The tannin content was determined
spectrophotometrically at 500 nm against methanol as a
blank. Results were expressed as mg catechin equivalents
per gram of dry matter (mg of CE/g) using the calibration
curve of (+)-catechin.

DPPH radical-scavenging activity

DPPH radical-scavenging assay was carried out following
the method of Shahidi et al. [22] with some modifications.
Briefly, 0.1 mL of the sample diluted in methanol (1 mL
extract/5 mL methanol) was mixed with 3.9 mL of a
methanolic mixture of DPPH (methanol: water; 80:20)
(0.025 mg/mL). The solution was shaken and allowed to
stand for 30 min at ambient temperature. Absorbance was
measured at 510 nm using the spectrophotometer (Shi-
madzu Corp., Kyoto, Japan). The antioxidant activity (%)
of the samples was calculated according to the following
formula:

% inhibition of DPPH = [(Aconirol — Asample)/ (Acontrol )]
x 100

where A onior 18 the absorbance of DPPH solution without
the sample.

ABTS radical-scavenging activity
The ABTS radical-scavenging activity was evaluated using

the procedure explained by Thaipong et al. [23] with some
modifications. A 7.4 mM ABTS™ (0.203 g/50 mL) solution

and 2.6 mM (0.035 g/50 mL) potassium persulfate solution
were mixed in equal quantities and allowed to stand in an
amber color bottle in the dark for 12 h. Then the ABTS™
stock solution was diluted by adding 1 mL ABTS" solution
with 24 mL ethanol to an absorbance of 1.5 +0.02 at
734 nm using the spectrophotometer (Shimadzu Corp.,
Kyoto, Japan). The fresh ABTS solution was set up for
each assay. Finally, 0.3 mL sample was added with 2.7 mL
of the ABTS solution and the absorbance was measured
after 7 min at 734 nm. The scavenging activity was
expressed as a percentage (%) according to the following
formula:

Scavenging activity (% ) = 100

— [(O.D. of sample/O.D. of control)

x 100]

Statistical analysis

The data were reported as the mean + standard deviation of
triplicate measurements. Analysis of variance (ANOVA)
was accomplished to estimate the effect of process vari-
ables (harvesting time, drying method, and leaf variety). A
significant difference (p < 0.05) within means was ana-
lyzed using the Statistical Analysis System (SAS 9.3)
program.

Result and discussion
Total phenolic content

The result demonstrated that there were no significant
differences between hot air and freeze drying methods with
respect to phenolic compounds (Fig. 1). Although, few
reports have demonstrated that the freeze-dried sample
shows greater antioxidants compared to other drying
methods [17, 24]. However, Martinez-Las et al. [25]
showed the hot air drying was the optimum method com-
pared to freeze drying regarding phenolic compounds in
Spanish persimmon leaves. However, in this present study,
similar result was obtained from both methods of drying.
Perhaps, during freeze drying enzymatic activity increase
upon thawing might have affected degradation of some
phenolic compounds [26]. Freeze-drying treatment possi-
bly enriches the browning reaction which is responsible for
the oxidation of phenolic compounds by the activity of the
enzyme. Also, low temperature during dehydration affec-
ted the degradation of phenols for a long time of drying.
However, the higher temperature during hot air drying
destructs the tissue and allowed more extraction of phe-
nolic compounds. This is because; drying has an ability to
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Fig. 1 Total phenolic content (mg gallic acid/g dry matter) of
persimmon leaves extracts. (A) Hot air drying treatment; (B) freeze-
drying treatment. Values are mean £ SD of three (n = 3) measure-
ments. Lower case letters (a and b) within bars of the same cultivar
with different harvesting times and capital alphabet letters (A—
E) within bars of the different cultivars across same harvesting time
are significantly different (p < 0.05). Sangju, Sangju-dungsi; Sangam,
Sangam-dungsi; Gabju, Gabjubaekmok; Cheongdo, Cheongdobansi

break the cellular components of food matrix to release the
polyphenol [27].

The results showed that the total phenolic content of
‘Gabjubaekmok’ persimmon leaf was the highest
(p < 0.05) at both harvesting times (late May and late June)
compared to other cultivars by hot air and freeze-drying
treatments (Fig. 1). The figures were 112.09 £ 0.3 and
84.72 £ 0.7 (mg GAE/g d.m.) by hot air drying treatment
in late May and late June, respectively. Also, 112.09 + 0.3
and 84.21 &£ 0.61 (mg GAE/g d.m.) of phenolic compound
were obtained by freeze-drying method in late May and
late June, respectively. ‘Cheongdobansi’ and ‘Sangam-
dungsi’ had the lowest amount of phenolic compounds
during the late May and late June, respectively.

Interestingly, there was a big difference between flow-
ering (late May) and fruiting (late June) stages with respect
to phenolic compounds. The highest (p < 0.05) amount of
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polyphenol was found at the flowering stage compared to
the fruiting stage among all cultivars. The results were
consistent with the findings of Jung and Jeong [28] and
Chung et al. [29]; they found that persimmon leaf har-
vested in May had the higher amount of phenolic
compounds among different harvesting times. Moreover,
Zou et al. [30] indicated that mulberry leaves harvested in
May had the highest polyphenol contents than April.
However, no explanation was provided about that fluctua-
tion of antioxidants. The possible reason for this
phenomenon could be the movement of antioxidants from
leaves to fruits during fruiting. Another possible reason the
differences among harvesting time can be associated to
plant physiological characteristics, environmental condi-
tions particularly light intensity, temperature and the
various phases of fruit growth and development. It has been
stated that the amount of polyphenol may change according
to the growth phase, the part of the plant and the envi-
ronment condition [31].

Total flavonoid content

Similar trends were found in flavonoid content as total
phenol, where no significant differences were observed
between the both types of drying (Fig. 2). These results are
in agreement with the findings reported by Alonzo-macias
et al. [32] on dried strawberry, where freeze-dried samples
exhibited similar flavonoids as hot air dried samples. Also,
Martinez-Las et al. [25] found that the hot air and freeze
dried persimmon leaves showed the similar result at 90 °C
of extraction with respect to flavonoid content. Generally,
freeze-drying considered the optimum method for pre-
serving antioxidant contents, but in this study, it is showing
the similar tendency as hot air drying. The loss of flavo-
noids could be due to the polymerization and oxidation
during the freeze-drying process. Horszwald et al. [33]
demonstrated that freeze-drying treatment yielded com-
paratively less flavonoid on aronia powders compared with
hot air and oven vacuum drying.

‘Gabjubackmok’ persimmon leaf extracts had the
highest (p < 0.05) amount of flavonoid content in late May
(flowering) and late June (fruiting) compared to other
cultivars when processed by both types of drying method.
The figures were 37.83 4= 0 and 34.17 £ 0.83 (mg CE/g of
d.m.) by hot air drying method in late May and late June,
respectively. Also, 36.55 £ 0.54 and 34.44 £ 0.96 (mg CE/
g of d.m.) of flavonoid content were obtained when pro-
cessed by freeze-drying method in flowering and fruiting
stages, respectively. There were no significant differences
were observed among ‘Sangju-dungsi’, ‘Sangam-dungsi’,
‘Cheongdobansi’, and ‘Suhong’ persimmon leaf extracts
during the flowering time when dried by hot air. ‘Sangam-
dungsi’ and ‘Sangju-dungsi’ considered the poorer cultivar
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Fig. 2 Total flavonoid content (mg catechin/g dry matter) of
persimmon leaves extracts. (A) Hot air drying treatment;
(B) freeze-drying treatment. Values are mean =+ SD of three
(n = 3) measurements. Lower case letters (a and b) within bars of
the same cultivar with different harvesting times and capital alphabet
letters (A-C) within bars of the different cultivars across same
harvesting time are significantly different (p < 0.05). Sangju, Sangju-
dungsi; Sangam, Sangam-dungsi; Gabju, Gabjubackmok; Cheongdo,
Cheongdobansi

regarding flavonoid content among all cultivars during
flowering and fruiting stages, respectively.

However, the highest (»p < 0.05) amount of flavonoid
content were obtained in the flowering stage compared to
the fruiting stage (Fig. 2). ‘Sangju-dungsi’, ‘Sangam-
dungsi’, ‘Gabjubackmok’, ‘Cheongdobansi’, and ‘Suhong’
leaf extracts were 14.18, 14.13, 9.69, 9.65 and 12.73%
respectively richer in flavonoids content in late May
compared to late June. It might be the same reason as total
phenol, where there is a possible movement of flavonoids
from leaves to fruits during fruiting stage. Jung and Jeong
[28] and Chung et al. [29] reported that the persimmon leaf
contains the highest amount of flavonoid from late May to
early June among different harvesting times.

Tannin content

The effect of different drying techniques on tannin content
was similar to total phenolic as well as flavonoids. Hot air
dried samples yielded the same tannin contents as shown
the freeze-dried samples (Fig. 3). Stewart et al. [34] sug-
gested that the freeze-drying should be avoided in tannin
research, where air drying was considered as the most
desirable drying method. A long time during freeze drying
may affect the amount of tannin from persimmon leaves.
Similar characteristics were found in the tannin content,
where ‘Gabjubaekmok’ persimmon leaf extracts showed
the highest tannin content while the opposite scenario was
seen in ‘Cheongdobansi’ leaf extracts during the flowering
stage (late May) by both types of drying treatment
(» < 0.05). The figures were 81.33 £+ 5.03 and
28.67 £ 1.15 (mg CE/g d.m.) by hot air drying and
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Fig. 3 Tannin content (mg catechin/g dry matter) of persimmon
leaves extracts. (A) Hot air drying treatment; (B) freeze-drying
treatment. Values are mean + SD of three (n = 3) measurements.
Lower case letters (a and b) within bars of the same cultivar with
different harvesting times and capital alphabet letters (A—D) within
bars of the different cultivars across same harvesting time are
significantly different (»p < 0.05). Sangju, Sangju-dungsi; Sangam,
Sangam-dungsi; Gabju, Gabjubaekmok; Cheongdo, Cheongdobansi
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78.67 £ 1.05 and 26.69 £ 1.15 (mg CE/g d.m.) by freeze-
drying treatment, respectively. In comparison, ‘Sangju-
dungsi’ and ‘Sangam-dungsi’ were considered the poorer
cultivars regarding tannin content in the fruiting stage,
while the opposite was true in ‘Gabjubackmok’ persimmon
leaf extracts by both types of drying treatment (p < 0.05).

The tannin content in persimmon leaves reduced dra-
matically from flowering to fruiting stage among all
cultivars (p < 0.05). ‘Sangju-dungsi’ and ‘Sangam-dungsi’
leaf extracts showed almost four times higher tannin con-
tent in late May compared to the late June. Chung et al.
[29] reported that the persimmon leaves; particularly,
‘Cheongdobansi’ had the highest level of tannin content in
early June among different harvesting times. Possibly it
could be due to the transformation of tannin content into
fruits during fruiting. Scogings et al. [35] stated that the
levels of polyphenols and tannins were higher in all species
in the early stage.

DPPH radical-scavenging activity

To evaluate the scavenging effects of DPPH in persimmon
leaf extracts, percentage (%) of inhibition was investigated
and the results are shown in (Fig. 4). DPPH radical-scav-
enging activity represents the capacity of the antioxidant
extract to scavenge free radicals through hydrogen or
electron donating mechanisms. The results demonstrate
that percentage (%) inhibition of DPPH was similar in hot
air and freeze dried samples. The loss of DPPH activity
could be due to the enzymatic degradation by the Maillard
reaction during freeze-drying. Previous studies have
reported that the hot air and freeze dried samples showed
similar trends in terms of antioxidants activity from rasp-
berry powders [36] and dried strawberry [32]. However,
Martinez-Las et al. [25] reported that the hot air drying was
superior compared to freeze drying method with respect to
DPPH activity in Spanish persimmon leaves. Probably this
might be due to differences in soil types, fertilizers, climate
and management and also the duration of freeze drying.

Percentage of DPPH was the highest in ‘Gabjubaekmok’
persimmon leaf extracts while the lowest amount of DPPH
was seen in ‘Cheongdobansi’ leaf extracts in both har-
vesting times by hot air and freeze-drying treatments
(p < 0.05). 54.09 = 1.97 and 48.19 + 0.27% of DPPH
activity were recorded in ‘Gabjubaekmok’ persimmon leaf
extracts, while this percentage was 41.11 £ 1.25 and
35.65 £ 0.69 in ‘Cheongdobansi’ leaf extracts by hot air
drying treatment in late May and late June, accordingly.
‘Sangju-dungsi’ and ‘Sangam-dungsi’ leaf extracts showed
the similar percentages of DPPH activity by both drying
methods.

However, during the flowering stage (late May), the
highest (p < 0.05) amount of antioxidant activities were
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Fig. 4 DPPH radical- scavenging activity (%) of persimmon leaves
extracts. (A) Hot air drying treatment; (B) freeze-drying treatment.
Values are mean £ SD of three (n = 3) measurements. Lower case
letters (a and b) within bars of the same cultivar with different
harvesting times and capital alphabet letters (A—D) within bars of the
different cultivars across same harvesting time are significantly
different (p < 0.05). Sangju, Sangju-dungsi; Sangam, Sangam-dungsi;
Gabju, Gabjubackmok; Cheongdo, Cheongdobansi

observed than the fruiting stage (late June). Though, there
were variations in antioxidant activities according to per-
simmon cultivars. According to the result here, it can be
said that flowering time of persimmon leaf was the richest
regarding DPPH activity than the fruiting time. A previous
report showed that early stage of plants had the highest
antioxidant activity compared to the late stage [30]. Also,
Wang [37] reported that preharvest condition particularly
climate, light intensity, temperature, types of soil, fertil-
ization, compost, the amount of CO, in the atmosphere, all
can affect the antioxidants and antioxidant activity of the
harvested fruits. However, the potential reason of these
changes of antioxidant activity level in persimmon leaves
are still ambiguous. Therefore, it can be said that the
probable reason for this transformation could be the
movement of antioxidants from leaves to fruits during
fruiting.



Antioxidant properties of Korean major persimmon (Diospyros kaki) leaves 183

ABTS radical-scavenging activity

ABTS radical-scavenging activity by hot air and freeze dried
samples are illustrated in (Fig. 5). There were no consider-
able effects detected on the ABTS radical-scavenging
activity of freeze dried and hot air dried leaf extracts. Mar-
tinez-Las et al. [25] stated that the hot air dried persimmon
leaves extracts showed higher antioxidant activities com-
pared to freeze dried extracts. Probably this might be due to
the duration of freeze drying. This is because in this present
study freeze-drying was done for 72 h instead of 24 h.
However, ABTS radical-scavenging activity was higher than
those of DPPH radical-scavenging activity at the same
condition. Lee et al. [38] reported that ABTS™ have a higher
scavenging activity when compared with DPPH radical-
scavenging activity from the natural plants extracts.
‘Gabjubaekmok’ persimmon leaves extracts had the
highest percentage of ABTS activity in both harvesting
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Fig. 5 ABTS radical- scavenging activity (%) of persimmon leaves
extracts. (A) Hot air drying treatment; (B) freeze-drying treatment.
Values are mean £ SD of three (n = 3) measurements. Lower case
letters (a and b) within bars of the same cultivar with different
harvesting times and capital alphabet letters (A—E) within bars of the
different cultivars across same harvesting time are significantly
different (p < 0.05). Sangju, Sangju-dungsi; Sangam, Sangam-dungsi;
Gabju, Gabjubaeckmok; Cheongdo, Cheongdobansi

times, while the lowest percentage was recorded in
‘Cheongdobansi’ and ‘Sangam-dungsi’ leaf extracts in late
May and late June, respectively. Percentage of ABTS
ranked in a decreasing order; with the highest percentage
being observed in ‘Gabjubackmok’ followed: ‘Sangju-
dungsi’ > ‘Sangam-dungsi’ > ‘Suhong’ > ‘Cheong-
dobansi’ in late May by both drying methods. In contrast,
the order in late June was ‘Gab-
jubaekmok’ > ‘Suhong’ > ‘Sangju-dungsi’ > ‘Cheong-
dobansi’ > ‘Sangam-dungsi’ by both drying treatments.

The percentage of ABTS was superior in late May
compared to that observed at the late June in all cultivars
(p < 0.05), although the variation rate was different
according to the cultivars. This fluctuation could be a result
of different ecological, morphological, genetic, and envi-
ronmental factors [39]. However, the actual reasons for these
variations during fruiting in persimmon leaves are still
vague. This could be attributed to the movement of
antioxidant activity from leaves to fruits during fruiting.

Due to antioxidant properties of persimmon leaves, it could
be a good way to increase the economic value of this decid-
uous plant. The application of drying is able to increase the
antioxidants content and antioxidant activities of persimmon
leaves. The present research introduced the hot air drying as
the optimum drying method to evaluate the antioxidant con-
tents from persimmon leaves due to the short time of drying
and less energy consumption, while the similar result was
obtained from freeze drying method. If the maximum yield
can be reached in a shorter time with minimum cost, it will
lead to a greater productivity in the industrial point of view.
‘Gabjubaekmok’ persimmon leaf and late May were consid-
ered to be a better cultivar and harvest time in the context of
antioxidants and antioxidant activity, accordingly. Also,
‘Cheongdobansi’ and ‘Suhong’ persimmon leaves were con-
sidered the poorer cultivars with respect to bioactive
compounds. These bioactive compounds could have con-
tributed to the functional food as well as cosmetic industries.
Further work is required on the identification and quantifica-
tion of phenolic profiles using HPLC-DAD-MS/MS.
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