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Inhibitory function of Kakishibu (persimmon tannin) toward cell growth of micro-
organisms. Ryuvzo Nisarvama and Micnio Kozaxr (* Tokyo Metropolitan Agricultural
Senior High School; Department of Agricultural Chemistry, Tokyo University of Agriculture,
Tokyo 183, Japan) Hakkokogaku 62: 9-14. 1984.

Commercial Kakishibu (persimmon tannin), used as a clearing agent in the making
of saké, was found to inhibit the cell growth of various microorganisms more efficiently

than green tea.

The growth-inhibitory substances in Kakishibu were proved to be

different from those of green tea by dialysis, that is, the dialyzed inner solution showed

the inhibitory effect.

Of the 40 strains tested, comprising 23 mold, 9 of lactic acid bacteria, 2 Pseudomonas
sp., 2 Acetobacter sp., 1 of Escherichia coli, and 3 of yeast, the cell growth of Pseudomonas
sp., Bacillus coaguians, Acetobacter aceti and Penicillium chrysogenum were strongly inhibited

by the Kakishibu.

BICEZBLYD FRERY) 7 =/ —DABEDOE
BRHEETIEEPELHIZL, 20T LEEDL
5 EEICBKBIEOBHTRWA T v/ a— TR
BEICOWT BRI L. T8bb, = vsu—TH#
R REEBERCRIBERE L EI L7205
KL BEOEFBECIIBVEEEZ R I L2 M-
7o BIRE= v e -7 BEROThOBAROR
Y72/ —WTiREBD, TORDBENENRE -
THT, BRII3-EFodFy75NvDRYEFm
FFVEBEDOHFF 8O THIORFL, =
o—T7RERIIFEV/EQLaT VYT Y (TN
v3, 4VF—n) OREKRTHE S uT by U?
EZ¥h T3,

—7%, BENEROERRE LTEHERVOOTY
LR, iR v ru—TREIcHERE LEFE
BAROBHEERORY 72/ —VEEATED, £
ORAReAIFNT 4=V v-3-20a v D Th
BLEN, BEOIKE->THLIIZENTHA.

ZCT, WMiEk#Y 7/ —VdBEHOEBRED
KOIBRELEZ ZDEFLEHNT, REOHEEL
Ah¥THRE L.

X B FH &

HHORE MWW GEEMFLgeEE, NE
S ObDERN. RBMEDFHERIEEER
LEOCHBH TS A3 HIL, EFBIURERIIFERE
VEBXSBREHET 7 A21EICINE Lk, ERERE
U e UTERIiCH L.

EEER AHOERC, AEBRE LK LB
JREE 8 ¥k, Pseudomonas 2%, HiEEES 2 Bk, KEBE 1 ¥k,
BERE 3 RB KU DU 2R DF 0K (DT EFEHEBE
RFISRSEYRRERE) 2RI (Table 3).

B EXUHEEMBEDOAIE  ABEIREYE
BER L UTERSN S B, ARERER (T, TT
Feith S 88D, 9 F 723 GYP b (glucose 1.0, peptone
0.5, yeast extract 0.5 35 X {f Na-acetate 1.09%,), BEEEE
Be— v (n#iEE Uicd D), Pseudomonas 33
JURBEIZHT+ 2 <R7 b vEH (meat extract 0.5,
Polypepton 1.0 B XU NaCl 0.3%), EERFIZ YM &
H (yeast extract 0.3, malt extract 0.3, peptone 0.5 &
U glucose 1.0%), HTXISEIEHRD [glucose 4.0%,
KHgPO4 0.5%, MgSO4 0.25%,, FeCls 0.001% # &
U (NH4)sSO4 1.7%] 2Rz, BEORMN 2 £
BOHREH (L, e—nvigsh3EROEE) 2
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ml i[CFEROMHM KR ML, EF/KT 4ml & Li-0
b, MEASHEE L. EHOBER, »WIhd 115
°C, IS DO MEEKBE T T -7z, chic, Hoh
U245 T 3 [ERIEEZ D A L BREE LR
RAEEKT 100 fHC BFREE S, vy bT1HT
DL, 37°C T3 ARgRE L.

7B, LUIIEIEE L7eftmEEssd & 10 ml DBE
EREKPIC—-ASERIT 28 L. b2 Rc
B, 30°C CLOERgEE L. BOWMMER, 2
BREES X UEBED S B, Acetobacter aceti {7z DUV,
—ERFIEES% 0.1N NaOH Trhfa L, £ 4ml 34
720 OEEME TR Uz, Pseudomonas, BB LUK
BICDWTIE, BEOCHE EFOEE ana-14S B) %
ot HUIOVTRE, BRI STIKBRTEROE
&%, F o Acetobacter xylinum {CDNTIE, EREARR
DFET, ThEhRBTHE U, ik, wiEHk
KDWTOEENL, choicgEhd gy 72/ —
VER (z€AFFELT) ZEH Iml 42D
mg TR L.

RUTz/-DERE  Hidk FETEOLE
)7 =/ —niERIL Folin-Denis 3:19 G55 - /2.
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Fig. 1. Growth inhibition by extracts of Diospyros

kaki Thunb. (various unripe kaki) and Kakishibu
of L. mesenteroides strain P-60.
Cells cultivated on GYP medium at 37°C for
24 h were inoculated on 4 ml GYP medium with
1 drop of suspension (inoculum size 1 : 100) and
inoculated at 37°C for 72h. Cell growth on
GYP medium was expressed as volume (ml) of
0.1 N NaOH solution equivalent to acid formed.
—A— variety “Hiratanenashi”’, —Q— “‘Hachiya®,
—0O— Fuyu, —@— Kakishibu.

GYP #i 1 ml hic BB RES E LT 1 mg R 1
5 26mg DBZICIE 3 X S5 ML, L. mesen-
teroides P-60 DHEFICKIZTEE LRI fEE2% Fig.
LioR U7z,

RBFAEHD 5 b EAREH 26mg/ml, FiLmEH
1l mg/ml TRAHEELRTOICH LT, BEREL
7mgml THofc. FHE O BERIEL &47T 3
mg/ml THEACHFEMIE L. 7838, COBEADH
FER B itd X ORBHAEH RO RINE s— B
KEDRWMISIIEDHET 2 ¢ L RFEDOEL LAET
b5.

WikBE LCRBIHWAROLAEY 7z /= Fi
Bl KERBHIEHIKDOLRY) 7 2/ — 1Bz n 5
FELUTREL, 202D fE% Table 1 1R L7z,
TRbL, RBMEHETIRERNL 2%, T
D51 08%, BEREREHO0.48%, £ L THikkiZL. 75%,
Zhicxt LB D7D ic B -2 TI35. 0% TH -
7c.
fiite, RMBEWTHOEREXUKAK I TOBEE
NG —DHE: JEIT, B L. mesenteroides P-60 % F
WTIRSK, v/ a—THESLU%2 v = v BOAK
ERREMOBEE <& — 2B L7, ik, £B
FAETRIC OV TR TE7:0iC, 2{5BED TT
BEdb ¥ 7ol GYP ¥ 2 ml iThhis, KRN KS
FU2 v = VBROFHEYE 2T hEh—FREI]
BX2CmA, KT4ml & L7, BB, fiksl0
RBRHEHBICOWTIR, 20hicazhzssy 7
=/ =B, KM lml 57200 mg K23 X5
L.

PEKEHICHEEE B D, L. mesenteroides P-60 7% H:7E

Table 1. Total polyphenol of Diospyros kaki Thunb.
and Kakishibu (persimmon tannin).
. Total
Moisture *
Sample (%) poly%)(;lcinol
0
Diospyros kaki Thunb.
(unripe Kaki) 1 88.3 1. 08
2 88,6 1.92
3 88.5 0.48
Kakishibu (persimmon
tannin) 96.5 1.75
Green tea 6.0 5. 40

variety 1, “Hiratanenashi’>; 2, “Hachiya’; 3, “Fuyu’’.

* The total polyphenol of Diospyros kaki Thunb. and
Kakishibu showed as epicatechin by Folin-Denis me-
thod.
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L, 37°C, 3 [fgs#%, 0.1 N NaOH BHERHWT
BEL, TOMBBRCEBHEZR L.

Wik, KBFHEHEELUZ v=vBICOWTOR
=)0 p — % LB U7 8RS Fig. 2 R L.
fidk B XU KR KIS, TT oL & 0.12~
0.16 mg/ml G L. mesenteroides P-60 DB AR
B0ICH L, GYP HEMTRABMAEHKIEONT
hd 1.20 mg/ml, kigsi3 1.40 mg/ml TH -7, i
2 v=vEgh TT Eah o & & 0.25 mg/ml i3t L,
GYP i3 0.60 mg/ml Thz T EPD, Hiks
JUORBRBEHBDOEE N F — VIR EB L= v
o—7TRIPEELCIICE v vBICAENM LTS &
Zz ohb. 5B, Fig. 1 kBT L. mesenteroides
P-60 icxtd 2 £BHEENRE BB OERICEBREL,
B 1 ml %720 0 REREE LTO mg TRT &,
HEOERIC X > CHILBEICE D35 - 13, Fig. 2
CBNTLRY) 7=/ ~nBELTHRETSZ L, Wik
BLURARBEF RO EEALHIEBRECED
OIS Te.

TOT &3, figkz o< 2NEERICK - THERK
PRI LAERELZIRBNLOLEbNS.

kR R ERTARED Leuconostoc mesentero-
ides P-60 [T BEBHEEN  HOMEWHIE
DTDEFTFOEHBID, KBREHREZ oY
Fa—TRAN, BREICTERKTENT 2T/,
FEAREARBLICHT 0L, FhEFREEHIIER
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Fig. 2. Inhibitory pattern by Diospyros Kaki Thunb.
(unripe Kaki) and Kakishibu in synthetic or natu-
ral medium. —@— TT medium; —O— GYP
medium. A, B, G, D, E and F are respectively
Kakishibu, variety ‘Hiratanenashi’’, ‘‘Hachiya’,
“Fuyu’’, green tea extract and tannic acid. Cells
of L. mesenteroides strain P-60 cultivated on TT
or GYP medium at 37°C for 24h were inoculated
on 4m! TT or GYP medium in 1 drop of suspen-
sion (inoculum size 1 : 100) and cultivated at 37

°C for 72 h. Cell growth is expressed as volume
(ml) 0.1 N NaOH solution equivalent to acid
formed.

MU ERB XUOBHRAKRTOLRY) 7 =/ — i
DT Table 2 ITRT. BEBIU~ v 'n -7
BOBALEIRYD, MOBARBENNKOFICHES
ROIOTHEVEHIFATDOODTHE LR SB.
138, BRTIOEEY) 7 =/ -l B, &
FNERLMABTH -7, LW THRIORY 7 2/
~VRKBAVBEAFTFOLDENZB.

7338, MEMER U RBRERNBROR AL, &
KBIU= v o—-THEOEA L RKIC, BRSER
AN E FeCls ic X M0 EBFIEBRL N
To. EEABBIUIRE T3 280nm, = v u—T
FTIR280 B LT 214 nm K2 NFNEREIISES
NicoicH L, MOBEA&R 2 BLY 206 nm TdH -
fo.

HEMKSBEOEBBRE REBXU=vso
—THRIEOWARRY 7 =/ —VRRFERLEHRT S &
BBIEALT7 un7 = YRBOKICRE®OYE %
HU, BEEESRK U YO fEOBARBEAB LU=
vyu—TBEERNE EBDTFTH LY, FUHEE
MRY)Y 72/ —NTHB. FTT, BET-1H
ED IR, WigkA 2N, 4N, 6N 3L 8N ER
HCl 2B TR T 60 HRIIKAME 2T - 7. 4
I 40°C DT CREICTEREE L, KENIT
BUREZROEL, HC ZREBgKICHE» L, pH
L, ThOOEBHENZF~/ (Table 3).

BEE, BXBiU-rvIso—THBEOBEE,
4N HCIBETREALHERLIDOEDICH L,
Figs DA HCL BELSHNT ic>0T, KREIK
FENSSEE 2ERABR LN, 3isbb, EOED

Table 2. Growth inhibition of L. mesenteroides
strain P-60 by addition of dialysate of aqueous
extract from Diospyros kaki Thunb.

Fraction (total polyphenol %) 0.1 N NaOH, ml

control 3.05
dialysis
(outer soln (0.03) 3.98
inner soln (1.04) no growth

Sample: unripe kaki, variety ““Hiratanenashi®
(epicatechin 1.08%,)

Cells cultivated on GYP medium at 37°C for 24 h
were inoculated into 4ml of GYP medium in 1 drop
of suspension (inoculum size 1:100) and incubated
at 37°C for 72 h. Dose of fraction added, 12 mg/
ml. Cell growth is expressed as volume (ml) of 0.1
N NaOH solution equivalent to acid formed.
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Table 3. Growth inhibition of L. mesenteroides strain P-60 by addition of
hydrolyzate of Kakishibu (persimmon tannin).

Concentration of hydrolyzate **

Sample Before
(mg/ml)* hydrolysis 9N HCI 4N HCI 6N HGI 8N HCI

Control 3.05 3.05 3.05 3.05 3. 05
Kakishibu 0. 46 3.10 3.08 3.06 3.04 3.07
(persimmon 0.92 1.90 2.35 2. 86 3.01 3,03
tannin) 1.38 1.23 2.55 2,98 2.97
1.84 1. 05 2.10 2.80
2.32 ) no growth 1.21 2.55
2.78 no growth } 1.25

3.24 no growth

Cells cultivated on GYP medium at 37°C for 24 h were inoculated on 4
ml GYP medium in 1 drop of suspension (inoculum size 1:100) and
incubated at 37°C for 72 h. Cell growth on the GYP medium (4 ml)
was expressed as volume (ml) of 0.1N NaOH solution equivalent to acid

formed.
*epicatechin

**¥The hydrolysis of Kakishibu (persimmon tannin) was

carried out in a water-bath for 60 min with 2 N, 4 N, 6 N or 8 N HCL

Wit DBFA 1.38mg THIET A2 Dicx L, 2N HCI
RT3 1.84 mg, 4 N HCI 53MZ ¢l 2.32 mg, 6 N
HCI 3% T3 2.78mg, X 51 8N HCI 78T i3 3.24
mg TR L.

Fio, BEO MBI KICRED BayE s
HCl #E»EE 5ico0T, AL >#mlTni.
3B, FEAEBIRTIE 275 nm 33 XU 206 nm IT
BRRINAE SNz 08, 8 N HCl 3#¥ Tl 275 nm
DEABZEAEHE LT

BEMEDOLEB CRETHEHE LURFMEERD
BEH  ERDOTEL, HikkMdHZ BET L me-
senteroides P-60 OEFZ[HIET 2 E2@WH/I-DT,
BEHMEIMMC OV TRROEBHEY & KB UTRE
ZfT -7 (Table 4). bbb, I LERICHIERD
BMc X > TThogembiEEINE. Tk, B
ENIMBOFRELD EF X > TS, 4D
BEHCONT, & (GT) Lhigt (K) OBEILE
BoHk®R (GT/K) 2R3 &, HPURDDOEBEDHOLN
fo. TR B, Table 3 ITRLIAL I KHTRDNT
H2&, HEOBWSDTIZ, Asp. meleus TUA 109M
2336/0.68 T534%, Asp. orpzae TUA 112M %324.0/
0.68 T35 LRI EEETDH » /e

SUNE, Asp. orpzae TUA 110M $318.0/1.10C 16
fe, Rhizopus delemar TUA 056 M $310. 3/0. 68 T154%,
R. arrhizas TUA 059M 23 20.0/1.38 G145, Asp.
niger TUA 068M %324, 0/2. 20 G114, Asp. niger TUA

105M s 36,0/3.6, Pen. chrysogenum TUA 060M 23
2.70/0. 27, Pen. funiclosum TUA 104M 2%311.0/1. 10
T, #hZFh10fL, Pen. spinosus Nakagawa LU
Pen. cyclopium TUA 074 M 32 1 £3110.8/1.1T9. 8
IR EMEN -7, ¥ 5IC M. jansseni TUA 079M
13 13.4/2.2, M. hiemalis IFO 8448 {32.70/0.55, R.
chinensis TUA 088M }35.30/1.10, Asp. oryzae TUA
076 M 3. 5.40/1. 30, Ab. glauca Sank 31672 i3 8. 10/
2.20C, EhTh3. Tp56. 1ETH -7 DT
BRHHEEBENS DI, M. pseudolamprosporus TUA
194M, M. lamprosporus TUA 194M 23, £ 2 2. 70/
1. 10C2. 54&, Asp. sgjae TUA 089M, M. spinosus TUA
061M, M. spinosus TUA 186M 232, 70/1. 66 TZ <
1. 642, M. javanicus TUA 081M $32.70/2. 2071, 2
=35 X T8 R. niveus TUA $52.75/2.75 T LOfEIL &C
Hot.

OB D, Filkl3 Asp. niger TUA 105M, R.
niveus TUA 205M, Asp. niger TUA 068M, M. jansseni
TUA 079M, M. javanicus TUA 081M B XU A4b.
glauca Sank 31672 i3t L Tid, 2.2005 3.60 mg/ml
THEMDMEN DS, Pen. chrysogenum TUA 060M, M.
hiemalis IFO 8448, Asp. oryzae TUA 112M, Asp. meleus
TUA 109M B LT R. delemar TUA 056 M lcf LT
13, 0.27H5 0.68 mg/ml & DBROKMTHIET 2T
Ehsbhipotc.

M, BROBa, HEOEHNLDTI, Ps. aureo-
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Table 4. Inhibition by Kakishibu (persimmon tannin) and green tea of the
growth of microorganisms.

Minimum amount for
growth inhibition (mg/ml)*  Temperature Culture

Microorganism Kakishibu green tea ratio media
(GT) (GT/K)
Asp. oryzae TUA 076M 1.38 5.40 3.9 \
Asp. oryzae TUA 110M 1,10 18.0 16
Asp. oryzae TUA 112M 0.68 24.0 35
Asp. niger TUA 068M 2.20 24,0 11
Asp. niger TUA 105M 3.60 36.0 10
Asp. meleus TUA 109M 0.68 36.0 53
Asp. sgjae TUA 089M 1.65 2.70 1.6
Pen. chrysogenum TUA 060M 0.27 2.70 10
Pen. spinosus NAKAGAWA 1.10 10.8 9.8
Pen. cyclopium TUA 074M 1.10 10.8 9.8
Pen. funiclosum TUA 104M 1.10 11.0 10
M. jansseni TUA 079M 2,20 13.4 6.1 30 a
M. spinosus TUA 061M 1.65 2.70 1.6
M. spinosus TUA 186M 1.65 2.70 1.6
M. lamprosporus TUA 194M 1.10 2.70 2,5
M. hiemalis IFO 8448 0.55 2.70 4.9
M. psuedolamprosporus TUA 194M 1.10 2.70 2,5
M. javanicus TUA 081M 2.20 2.70 1.2
R. delemar TUA 056M 0.68 10.8 16
R. arrhizas TUA 059M 1.38 20.0 14
R. niveus TUA 205M 2.75 2.75 1.0
R. chinensis TUA 088M 1.10 5. 30 4.8
Ab. glauca SANK 31672 2.20 8.10 3.7
L. mesenteroides P-60 1. 40 6. 40 4.6 37
L. plantarum ATCC 8041 5.50 27.5 5.0
L. plantarum ATCC 8014 3.24 12.0 3.7
L. arabinosus 8.A 3.60 25.0 6.9 30
L. brevis TUA 404L 1.26 14.0 11 b
L. fermentum TUA 023L 0.90 9. 60 11
L. acidophilus TUA 002L 0.90 6.40 7.1
Sc. faecalis IFO 3128 0.72 4.50 6.3 37
B. coagulans TFO 3886 0.41 5.30 13
A. aceti TUA 3908 0. 45 3.40 7.6
A. xylium TUA 380B 0,54 8.10 15 } ¢
Ps. auregfaciens TUA 301B 0.14 4.10 29
Ps. fluorescens TAM 3903 0.14 0.81 5.8 30 } d
E. coli 215 0.62 1.40 2.3
K. japonica TUA 082Y 9.80 8.70 0.9
S. cerevisiae TUA 465Y 8.10 7.50 0.9 } e
H. anomala TFO 0138 8.10 7.60 0.9

Culture media: a, synthetic medium [glucose 4.0%,, KHsPO4 0.5%, MgS0O4 0.25%,, Fe-
Cls 0.0019%,, (NH4)2SO4 1.7%]; b, GYP medium; c, beer medium; d, meat extract pe-

ptone medium; ¢, YM medium. Four-ml portion of inoculated medium were incubated
for 72 h (mould for 240 h). *epicatechin

faciens TUA 301B %54.10/0.41 @ 29 f& - &gdic, A.  #514.0/1 26, L. fermentum TUA 023L 39, 60/0. 90,
xylinum TUA 380B 538.10/0.54 T154%, B. coagulans  FHRZFNIYEREBEIL -2, 2T, 4. aceti TUA
IFO 3886 734,50/0,41 ¢ 134%, L. brevis TUA 404L 390B {3.3.40/0.45, L. arabinosus B.A % 25.0/3. 60,
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Sc. faecalis TFO 3128 {34.50/0. 72, Ps. fluorescens IAM
3903 {30.81/0. 14, L. plantarum ATCC 8041 {3 27.5/
5.50, L. mesenteroides P-60 |16.40/1. 407+ h & h
4657665 Th - 7o s, HEBHIERIMENS DL,
L. plantarum ATCC 8014 %312, 0/3. 2473, 745, E. coli
215251.40/0.62 T2. 341 ETH -7z, X bic, K
Japonica TUA 082Y |1 8.70/9.80, S. cerevisiae TUA
465Y {3 7.50/8.10 33 L U® H. anomala IFO 0138 |
7.60/8.10TC, W HEERHI0. 9 & K h - 7.

CDORRMLS, Hitkix K. japonica TUA 082Y, S.
cerevisiae TUA 465Y 3 X8 H. anomala IFO 0138 13
EORBRICK UCid, BiIcfEMMNEL, DOTHE
BED S B¢ L. plantarum ATCC 8041, L. arabinosus
BA BXU L. plantarum ATCC 8014 pS{EVDHSE I
a7, TR LT Ps. aureofaciens TUA 301B, Ps.
Sluorescens YAM 3903, B. coagulans IFO 3886, E. coli
215 B KT 8. faecalis IFO 3128 izt LCi20. 14 05
0.72 mg/ml OS> BOMREEIMCHELE Uiz,

E )

HERESOERAE LTHO SN T BRI
FIOWT, REDHELADLETRNET o7, #
ROBEYEBHEYHIRX ERLTVENIFTH D,
BEMEDOEB N LT, BED LOEESR L:.

& T Ps. auregfaciens, Ps. fluorescens, B. coagulans, A.
aceti 33 X T8 Pen. chrysogenum 13 X\t LCiz, LBOD
FBIINT, ThODOROEBELZMEIET 3 C & dsbh

-7z,
RERETSCHID, RELTBEMESRD O ORI B%
RERZEENO/NREIUEEICE RO LE T,

AHEOBEIHMSTER A AREEELks (4 H, B ©
REL.
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