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Abstract

Changes in antioxidative substance levels in eleven different cultivars of persimmon leaves during growth
were investigated. In general, the contents of soluble phenols, L-ascorbic acid and flavonoids in astringent
persimmon leaves(APL) were higher than those of nonastringent persimmon leaves(NAPL). The soluble phenol
contents in APL and NAPL showed a tendency to decrease throughout leaf growth. L-ascorbic acid content
in APL decreased rapidly during growth, whereas its content in NAPL reached its highest value at the late
of July, and then decreased rapidly. Major flavonoids in APL and NAPL were quercetin and kaempferol
which were present in comjugate forms. Before acid hydrolysis, the contents of kaempferol and quercetin in
APL and NAPL remained at a relatively constant level until the late of July, and then decreased slightly.
After acid hydrolysis, kaempferol contents in APL and NAPL varied significantly by cultivar and growth
stage, while quercetin contents decreased slowly until the late of July, and then increased drastically, reached
a maximum at the early of August, afterward continuously decreased. These results suggest that APL
harvested at the early of June may be useful as potential sources of natural antioxidants.
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Introduction fibers, thereby widely used them as a tea in ofiental

countries.
The leaves of a persimmon, Diospyros kaki The above antioxidant substances in persimmon
Thunb. (Ebenaceae) are good sources of improtant
dietary antioxidants, such as vitamin A & C,

flavonoids and tanmins. In addition, persimmon leaves

leaves have been reported to possess many
biochemical and phammacological effects, including
anticancer [1,2], antimutation [3,4] and antioxidation
also contained several kinds of minerals and dietary [57]. A persimmon tannin and leaf have been
traditionally used for treatment of hypertensive
Comresponding author : Sang-Won Choi, Dept. of Food Sci  digeases  [8-10],
and Nutr, Catholic University of Taegu-Hyosung, Hayang,
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and especially the flavonol
glucosides, such as astragalin and kaempferol 3-O-
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(2"-O-galloyl)-glucoside were recently found to be
effective  inhibitors angiotension-converting
enzyme (ACE) [11]. In addition, several reports
linked flavonoid intake to reduced cancer risk, and
also inhibited enzymes,
synthase, lipoxygenase,
related to inflammation and tumorigenesis [12].

against

suich as prostaglandin
cyclooxygenase,  closely

Several researches are available on the

quantification of antioxidative compounds from
persimmon leaves [13-15), and it was reported that
persimmon leaves have condensed tannins, vitamin C,
and flavonoids. Their contents varied dramatically,
especially as influenced by factors, such as growth,
genotype and processing [13,16]. However, there is
few report on the systematic analysis of antioxidative
compounds, such as L-ascorbic acid and flavonoids
in persimrmon leaf wsing by HPLC, and on the
changes of their compounds during leaf growth.

The purpose of present study was to determine
the conients of antioxidative substances in eleven
cultivars of persimmon leaves and to investigate the

change of their levels during growth.

Materials and Methods

Materials and reagents

Six astringent persimmon (Diospyros kaki) leaf
cultivars, Bansi, Kojongsi, Dungsi, Bongok, Tabe,
and Weulhasi, were harvested from various parts of
the young trees at the farm of Chungdo, Sangju,
Five

Kimcheon, and Youngdong, respectively.

nonastringent  persimmon  leaf  cultivars, Fuyu,
Sunsahwan, Sechonjosang, Idu, and Jiro were also
harvested from the farm at Kimhae. All persimmon
leaves were obtanined on a contimuing basis at 15
days after

September 1997. All samples were harvested in carly

intervals flowering, from June to
moming and maintained below 15°C until amival at

the laboratory. Quercetin, kaempferol, L-ascorbic
acid, and gallic acid was purchased from Sigma
Chemical Co., (St Louis, MO, USA). All other

chemicals used for this study were of analytical
grade.

Souble phenolic compounds

The extraction and measurement of total soluble
phenolics was performed according to the method of
Swain and Hillis [17). Fresh persimmon leaf (5g)
was homogenized with distilled-HzO for lmin, filtered
through Whatman No. 2 filter paper, and finally
filled up to 100m{ with distilled-H;O. Sample (5mf)
was mixed with 5nl of 0.2N Folin-Ciocalteau reagent
and throughly shaken for 3min Further 5mf of
saturated sodium carbonate (75g/ £) was added to
the mixture and then shaken. The aborbance of the
solution at 765nm was measured after lhr with a
spectrophotometer (Spectronic Genesys, Milton Roy,
USA). Quantification was based on the standard
curve of 100, 200, 300, 400, and 500mg/ £ of gallic
acid prepared as the same time.
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Fig. 1. Typical HPLC chromatograms of L-ascorbic
acid(Ad) and flavonoid  aglycones(B)
isolated from the extracts of persimmon
leaves. 1, L-ascorbic acid; 2, quercetin; 3,
kaempferol. FPLC conditions were the
same as illustrated in the Materials and
Methods.

L-Ascorbic acid analysis

L-Ascorbic
according to the method of Wimalasin and Wills

acid extraction was  performed
[18]. Fresh persimmon leaf (5g) was homogenized in
80mi of 3% citric acid, filtered, and then filled up
to 100m¢ with the same solvent. The extract (4mf)

was passed through Sep-Pak Cyg cartridges to remove
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Table 1. Changes of soluble phenol contents in eleven different persimmon leaves dwing growth

(mg/g, fresh weight)

Date
Type Cultivar 6/4 6/20 7/4 7/20 8/4 8/20 9/4 9/20
Kojongsi 11.74 8.13 6.43 3.97 5.05 6.77 7.48 458
Dungsi 11.23 10.42 8.33 6.20 7.10 8.52 9.10 7.69
APL! Bongok 11.37 10.74 8.69 7.74 6.82 7.59 6.83 5.01
Weulhasi 10.63 8.88 6.24 6.15 5.73 5.79 591 5.25
Tabe 11.27 6.88 5.24 4.63 523 6.20 421 3.89
Bansi 12.01 9,70 9.11 5.43 6.25 6.98 5.76 5.44
Sunsahwan 9.22 8.80 817 7.08 7.41 6.45 6.20 5.52
Jiro 9.45 7.04 5.79 498 416 478 410 3.90
NAPL? Idu 10.66 9.58 8.39 6.62 510 532 4.55 430
Fuyu 9.54 8.01 7.41 6.81 5.54 5.62 5.44 5.37
Sechonjosang 911 787 7.39 5.42 5.39 6.61 7.10 6.24

The data were means of duplicate determination.

! Astringent persimmon leaf.
2. . .
Nonastringent persimmon leaf.

interfering compounds prior to HPLC analysis. The
first 3m¢ was discarded and next 1m¢ was used for
analysis, HPLC analysis was performed using a
Bondapak-NH; column (3.6mm x 30cm, Waters
Associates, Milford, MA, USA) with a mobile phase
of CH;CN/H,0 (70:30) with 0.0IM ammonium
dihydrogen phosphate (pH 4.3) at a flow rate of 1m{
/min with monitoring at 254nm (Fig.1). Recovery
rate for ascorbic acid was 99%.

Flavonoid analysis

The procedure for the extraction and analysis of
flavonoids was slightly modified from the method of
[19].
analyzed before and

Hertog et al Flavonoid aglycones were

after acid hydrolysis of
flavonoid conjugates. HPLC chromatograms were
compared with quercetin and kaempferol standards,
Fresh persimmon leaf (5g) was homogenized in
80m¢ of 60% aqueous methanol, filtered through
filter paper, washed with same solvent and filled up
to 100mf. Extract (5m{) was passed through Sep-Pak
Ciz cartridges, and used for quercetin and kaempferol
quantitation by HPLC. The other extract (3mf) was
hydrolyzed with 10mf of 2N HCI in 50% methanol
at 90°C for 1hr, and then concentrated to a small

volume in vacuo. The flavonoid aglycones were

extracted with ethyl acetate (20mf), and then dried
with anhydrous sodium sulfate and concentrated to
dryness. The resulting residue was redissolved in 5ml
of 50% acetonitrile, and then quantified kaempferol
and quercetin by HPLC using a ODS-5 column
(4.6mm x 25cm, Nomura Chem., Saito, Japan), with
a solvent system of CH;CN/H:O (50:50), pH 3.0
with phosphoric acid at 1m{/min monitoring at
375nm (Fig.1). Recovery rates were: quercetin 96%,
kaempferol 97%. Duplicate analyses of all sample
were conducted on duplicate samples.

Results and Discussion

Quantification of total souble

compounds

phenolic

The changes of total souble phenol contents in
eleven cultivars of persimmon leaves during growth
are shown in Table 1. At the early stage of growth,
most of APL had higher the souble phenol contents
than NAPL. Their contents of APL were the highest
at the early of June, decreased rapidly until the late
of July, and then slightly increased, and thereafter
continuously decreased with development of fruit.
Their contents of NAPL also showed the same
pattern of change. Thus, the decrease of total souble
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Table 2. Changes of L-ascorbic acid contents in eleven different persimmon leaves during growth

(mg/g, fresh weight)

Date

Type Cultivar 6/4 6/20 7/4 7/20 8/4 8/20 9/4 9/20
Kojongsi 7.78 5.40 4.56 316 3.96 2.58 1.74 0.74
Dungsi 6.56 447 477 4.80 5.84 498 3.31 1.12

APL! Bongok 8.10 7.66 6.53 5.30 1.99 0.99 0.78 0.92
Weulhasi 8.04 7.68 6.52 5.35 3.53 2.94 1.21 0.97
Tabe 5.90 418 2.86 1.55 2.66 1.25 0.33 0.47
Bansi 6.97 6.82 4.67 294 0.65 0.98 0.67 0.34
Sunsawhan 1.23 0.82 1.53 4.36 219 0.41 0.35 0.25
Jiro 1.53 1.24 1.75 1.81 212 142 0.91 0.67

NAPL? Idu 458 4.79 5.89 6.21 247 0.90 0.61 0.43
Fuyu 1.13 1.68 273 301 2.04 1.34 1.20 0.96
Sechonjosang 232 222 3.92 571 2.30 211 1.64 1.33

The data were means of duplicate determination.
1 . .

Astringent persimmon leaf.

ZNonastringent persimmon leaf.

phenol contents after flowering may mainly be
caused by movement of souble phenol in leaf to
persimmon fruit with development of persimmon
fruits [20]. This result support an earlier report that
the souble phenol content in persimmon leaves have
a tendency to decrease and increase during growth
[13,20].

Quantification of L-Ascorbic acid

The changes of L-ascorbic acid content in eleven
cultivars of persimmon leaves during growth are
given in Table 2. At the early stage of growth, a
large cultivar variation in L-ascorbic acid level,
manging from 1.13mg/g to 8.10mg/g, was noticed.
Most of APL had higher the L-ascorbic acid
contents than NAPL. Tts contents in APL was the
highest at the early of June, rapidly decreased until
the late of July, and then slightly increased again,
afterward decreased drastically. An exception was
“Weulhasi”, “Bansi” and “Bongok” persimmon
leaves, which were decreased sharply throughout
growth. Meanwhile, its content in NAPL increased
rapidly during the leaf development stage (between
June and July), reached maximum value at the late
and then
continnously decreased. This result support that

of July or the ealy of August,

ascorbic acid content in fiuits and vegetables has
varied greatly among cultivars and growth[21]. In

particular, these ascorbic acid concentrations were
considerably lower than previous results from similar
persimmon leaf cultivars[13]. Differences may be due
to experimental conditions, ie. HPLC analyses is
useful” methed for simultaneous determination of
L-ascorbic ‘acid and' dehydroascorbic acid, whereas a
2,4-dinitrophenyl- hydrazine (DNP) method used for
measurement of a total vitamin C can not be
differentiated L-ascorbic acid from dehydroascorbic
acid [13,18].

Quantification of flavonoids

It is well-known that persimmon leaves contained

major flavonol aglycones, such as kaempferol,
quercetin and their glycosides together [6,9]. So, we
determined flavonol aglycone contents in APL and
NAPL during growth before and
hydrolysis, respectively (Table 3). In the previous
report [22], it was found that a 30min hydrolysis
with 2N HCl in 50% aqueous MeOH at 90°C was

foond to be the most effective acid  hydrolysis

after acid

conditions for analysis of flavonoid aglycones.

Before acid hydrolysis, the contents of kaempferol
and quercetin in APL and NAPL remained at a
relatively constant level until the late of July, and
after
contents of two flavonoids in

then decreased acid
hydrolysis, the

persimmon leaves were very variable according to

slightly. In contrast,
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Table 3. Changes of Kaempferol contents in eleven different persimmon leaves during growth

(mg/kg, fresh weight)

Date
Type Cultivar 6/4 6/20 7/4 7/20 8/4 8/20 9/4 9/20
Kojongsi 56112 32423 37245 38246 31329 27567 21646  301.27
(200 (150) (170) (180) (93) (86) (72) (61)
Dungsi 42043 48357 46437 45383 35443 43249 40467  369.53
(150) (130) (130) (140) (82) (51) (51) (49)
Bongok 41448 31578 48446 58292 47567 48834 31267 22184
APL! (120) (110) (110) (130) (110) (56) (52) (50)
Weulhasi 40745 26738 30146 43623 37828 33426 27848  267.57
(98) (77) (39 (100) (79) (48) (44) (40)
Tabe 33824 49348 69425 87139 57569 37895 31286 26435
(97) (190) (210) (230) (210) (130) (110) (90)
Bansi 44523 37357 32439 31484 38439 32839  267.58 243.67
97) (110) {84) (70 (49) (38) (32) 29)
Sunsahwan 24556 22587 21034 18957 44637 4128 321.9 256.65
(81) (88) (69) (59) (39 (36) (32) (29)
Jiro 53436 51952 42851 32954 31035 281.04 24363 22034
(130) (120) (110) (120) (110) (75) (71) (68)
NAPL* Idu 22956 21045 18998 178.94 37435 27087 23849 25852
(92) (59) (80) (47) (75) (53) (50) (41)
Fuyu 208.67 18658 27873 34567 33414 33407 27584 30243
(81) (57) (68) (86) (100) (70 (69) (58)
Sechonjosang  306.92 30453 25659 228.84 543.67 45695 339.24  289.72
(110) (99) 87) (93) (48) (45) (40) (38)

The data were means of duplicate determination.
! Astringent persimmon leaf.

2Nonast-ringent persimmon leaf.

( ) : Before acid hydrolysis.

cultivars. At the early stage of growth, kaempferol
contents in APL were higher than those of NAPL,
but the contents of quercetin in APL were not
significantly ~different from those of NAPL. The
in APL
remained at a relatively constant level throughout
growth, except “Tabe”, which has the highest content
at the late of July. in NAPL
decreased slightly until the late of July, and then
at the

except

contents of kaempferol and quercetin

Their contents

rapidly increased, rcached a maximum value
early of August, afterward decreased rapidly,
“Jiro”, which have a tendency to decrease during
growth.  Thus, high
kaempferol and quercetin levels when compared to
other fruits and vegetables [23], thereby can play an
important role in protection against risk of coronary
heart disease and cancer [24]. This result also
indicated that flavonoid glycosides may be mainly

contibuted to the change of flavonoid contents in

persimmon  leaves  have

two types of persimmon leaves during growth. From
above these resulis, it was found that the levels of
antioxidative substances in persimmon leaves varied
greatly according to cultivars and growth. Although
the best quality of persimmon leaf cultivars did not
speculate, our data suggest that APL harvested at the
early of June may be useful as potential sources of
natural antioxidants due to higher souble phenols,
L-ascorbic acid and flavonoid levels. Further research
on the antioxidative activity of APL harvested at the
early of June using a rat liver microsomal lipid
peroxidation system is now in progress.

8 o
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Table 4. Changes of quercetin contents in eleven different persimmon leaves during growth

(mg/kg, fresh weight)

Date
Type Cultivar 6/4 6/20 7/4 7/20 8/4 8/20 9/4 9/20
Kojongsi 18945 11035 16792 23498 80.82 142711 11953  100.05
) (89) (51) (62) (62) (27) (31) (30) (28)
Dungsi 128.65 18699 23952 26784 143.67 17922 15954 169.74
(30) (62) (83) (26) (40) (36) (35)
Bongok 13034 11546 28594 356.66 19994 22572 20851 204.72
APL! (39) (30) (82) (38) (43) (40) (39)
Weulhasi 12853 9143 18472 28491 15753 14423 11052 10415
(40) (19) (66) (23) (12) (11) (10)
Tabe 7243 16356 45655 63054 246.67 18435 143.9 120.35
(40) (59) (140) (180) (73) (64) (60) (59)
Bansi 185.93 18419 16853 16792 28755 19432 16754 14851
@ @ @) (3 @y @ 1)
Sunsawhan 11021 90.12 7912 69.73 33849 24788 21891 189.62
(60) (52) (54) (55) (24) (22) (20) (17)
Jiro 30752 31834 27872 21043 20093 1785 156.72  145.98
(130) (120) (120) (120) (72) (53) (50) 41)
NAPL? Idu 9582 10004 100.04 11356 29478 23003 200.04 15791
(30) (34) (45) (66) (34) (31) (24)
Fuyu 135.67 11357 12205 13835 23856 20142 18943 117.11
(31) (68) (64) (61) (62) (47) (42) (31)
Sechonjosang 15797 14387 12965 11762 37344 25683 20894 188.83
(83) (79) (75) (30) (28) (21) (13)

The data were means of duplicate determination.
!Astringent persimmon leaf.

*Nonastringent persimmon leaf.

{ ) : Before acid hydrolysis.

st SR 8RB EE, vER C
4 Zoly o] =(quercetin & kaempferol) = A 3}
Hrk dREe] HapAe SR S84
E3RE, vigEl C 2 E9jRwolze] o] &
sttt Wezdd B 97 fa4uEsgE
e AT ot Folslded, tiAlFe
= A% tEe ise AFE JERAT:
wWozde veR C g3 AR3E 47 Ak
s o), B eledAe 79274 Fuz w3t
v o)F F4s] ZAsty. 2 EAd=
F8 ZdHxo]|=9¢] kaempferol?} quercetin®
= WRAEA Edsged, WierHa 2
oA F71A] EefRiolz e TUL7A] A9
Qgedo, 2 olF o4 BastAT BY 4
7teislE 7o) kaempferol FHke 5 L A
FANE 423 Ze|s BYeu, quercetin 3k
& THI7A AT 2 olF A F7e
89z A 22§ T oA stk ol
g AFE vFo] B o g27UE 6dxd +=F

3tal, AAPABEA YEEA AHEEE R0
Agsria Aadch

References

1. Glatthaar, B.E., Homig, D.H. and Moser, U.
(1987) The 1ole of
carcinogensis. Annual Report of Hoffmann-La
Roche Co., Ltd., p.12-18, Swizerland.

2. Kim, BG, Rhew. TH., Choe, ES, Chung,
HY. Park, KY. and Rhee, SH. (1993) Effect
.of selected persimmon leaf \\k\:omponents against

ascorbic  acid in

Sarcoma 180 induced tumor in mice. J. Korean
Soc. Food Nurt.,, 22, 334-339.

3. Moon, SH.,, Kim, JO, Rhee, SH,, Park, K.Y,
Kim, KH and Rhew, T. H (1993)
Antimutagenic effects and compounds identified
from hexane fraction of persimmon leaves, J.
Korean Soc. Food Nurt., 22, 307-312.

4. Moon, SH., Kim, J.O. and Park, K.Y. (1993)



13.

Antioxidative Substances and Their Changes in the Leaves of Persimmon (Diaspyros Kaki) during Growth 7

identified  from
chloroform fraction of persimmon leaves. J.
Food ‘Sci. Nutr.,, 1(2), 203-207.

Kang, W.W,, Kim, G.Y., Patk, P.5, Park, MR.
and Choi, S.W. (1996) Antio-xidative properties
of persimmon leaves. Foods and Biotechnology,
5(1), 48-53.

Choi, S.W., Kang, WW, Chung, SK. and
Cheon, SH. (1996) Antioxidative activity of
flavonoids in persimmon leaves. Foods and
Biotechnology, 65(2), 119-123.

Choi, S.W., Jang, EJ. and Kim, HJ. (1997)
Antioxidative activities of catechin derivatives
from persimmon leaf. HSJAS, 5, 209-215.
Funayama, S. and Hikino, H. (1979) Hypotensive
principles of Diospyros kaki
Pharm. Bull,, 27, 2865-2868.
Uchida, S., Ikari, N, Ohta, H, Niwa, M,
Nonaka, G., Nishioka, 1. and Ozaki, M. (1987)
Inhibitory  effect of
angiotensin-converting enzyme. Jpn. J. Pharmacol.,
43, 242-247.

Uchida, S., Ohta, H, Niwa, M, Mor, A,
Nonaka, G., Nishioka, 1. and Ozaki, M. (1990)
life span of
hypertensive  rtats

Antimutagenic  compounds

leaves. Chem.

condensed tanning on

Prolongation  of stroke-prone
(SHRSP)

ingesting persimmon tannin. Chem. Pharm. Bull,

38, 1049-1057.

Kameda, K., Takakn, T., Okuda, H. and Kimura,

Y. (1987) Inhibitory effects of various flavonoids

isolated :

spontaneously

from leaves of persimmon on
angiotensin-converting enzyme activity. J. Natural.
Products, 50, 680-683.

Smith, T.J. and Yang, C.S. (1994) Effect of
food phytochemicals on xenobiotic metabolism
and tumorigenesis. In Food Phytochemicals for
Cancer Prevention I, Haung, M.T., Osawa, T.,
Ho, CT. and Rosen, RT. (Ed) p.17-48.
American Chemical Society, Washington, DC.
USA.

Chung, S.H., Moon, K.D., Kim, JK., Seong, J.H.
and Sohn, TH. (1994) Changes of chemical

components in persimmon leaves during growth

14.

15.

16.

17.

18.

19.

20.

2L

22.

—329—

for processing persimmon leaves tea. Korean J.
Food Sci. Techmol., 26(2), 141-146.

 Park, Y., Kang, MH, Kim, ]I, Park, OJ,

Lee, MS. and Jang, HD. (1995) Changes of
vitamin C and superoxide dismutase (SOD)-like
activity of persimmon leaf tea by processing
method and extraction condition. Korean J. Food
Sci. Technol., 27, 281-285.

Kang, M.Y. and Yeun, JB. (1997) Quantification
and screening of flavonoids and dietary fibers in
persimmon fruits. Astract No. P-034 presented at
the 58th Korean Soc. of Food Sci. and Technol.
Congress, Taejeon, Korea.

Ayaz, FA. and Kadioglu, A, (1997) Changes in
phenolic acid contents of Diopyros lotus I.
during fruit development. J. Agric. Food Chem,,
45(7), 2539-2541.

Swain, T. and Hills, W.E. (1959) The phenolic
The
qunatitative analysis of phenolic constituents. J.
Sci. Food Agric., 10, 63-68.

Wimalasiri, P. and Wills, RBH. (1983) Simu-
acid and de-

hydroascorbic acid in fruit and vegetables by

constituents of Prunus domestica L.

ltancous analysis of ascorbic
high-performance liquid chromatography, J. Chro-
matogr., 246, 368-371.

Hertog, M.GL.,, Hollman, P.CH and Venema,
D.P. (1992b) Optimization of a quantitative HPLC
determination of potentially anticarcinogenic
flavonoids in vegetables and fruits. J. Agric.
Food Chem., 40, 1591-1597.

Solm, T.H. and Scong, J.H. (1982) The natural
removal of astringency in sweet persimmon fruit

and the distribution of tannin substance in leaf

and fruit. J. Korean Agric. Chem., 25(4),
201-208.
Howard, IL.R., Smith, RT., Wagner, AB,

Villalon, B. and Bums, EE. (1994) Provitamin
A and ascorbic acid content of fresh pepper
cultivars  (Capsicum annuum) and  processed
jalapenas. J. Food Sci., 59, 362-367.

Choi, SW., Kim, LH, Kim, GY. and Kang,
W.W. (1997) Quantitative analysis of antioxidant



23.

FTAEAFRTEEA A4 A353097)

substances in persimmon leaves. HSJAS., 6(1),
111-118.

Hertog, M.GL., Hollman, P.CH. and Katan,
MB. (1992a) Content of potentially anticarcino-
genic flavonoids of 28 vegetables and 9 fruits
commonly consummed in the Netherlands. J.
Agric. Food Chem., 40, 2379-2383.

24, Hertog, M.GL.,, Kromhout, D., Aravansis, C.,

Blackburn, H., Fdanza, F,
Giampaoli, S., Jasen, A., Menotti, A., Feskens,
EJM., Hollman, P.CH. and Katan, M. (1995)
Flavonoid intake and long-term risk of coronary

Buzina, R,

heart disease and cancer in the seven country
study. Arch. Intemn. Med., 155, 381-394.

(19973 1149 158 )



