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1) 23 Y5 (Ginkgo biloba L)

2 AoA AREF 23R 2 119 Mg 2 A FA F35H
WA EERH EF 55 I sto BT FHE 2T Y2
FHTE 2~33] FAS H 718 AAT F SAsHL, T4 7(HMF-340,
Hanil, Korea)2 £43le] F&8& A|E2 AFE3ST.

i

2) Alef & 74

FZo| AF&3k Methanol, n-Hexane, Chloroform, Ethylacetate, Butanol-2
Duksan(Korea)Al¢] A]¢FS AL&3} % t}h Paper disc& Whatmen(England)A}
o] AEL ALY, membrane filter® Advantec(US.A)S] AEL A&
St

3) A AF R WA

iz Azl AFEE  Tryptic Soybean Agar(TSA), Tryptic Soybean
Broth(TSB), Plate Colony Agar(PCA)E Difco(US.A)AFS] AES AL&319
T, AHE TFE AW INATY fRALHoRRE BoF wol AT
sho] 37Col A 24 ~48A17F wjokste] & A3 AAH AL-&-FATHTable 1).



Table 1. List of microorganisms and media used for antibacterial

activity tests.

Temp.
Microorganism tested Media used
(T)
Escherichia coli ATCC 9637 TSA&TSB 37
Gram
negative
Salmonella typhimurium ATCC 14028 TSA&TSB 37
Staphylococcus aureus ATCC 25923 TSA&TSB 37
Gram
positive

Listeria monocytogenes ATCC 19115 TSA&TSB 37




FZ29& oA (Whatman NO.2)Z A73 ¥ 3d FFL7|(Rotary
evaporator N-1000, EYELA, JAPAN)Z 45T 2 &AM 7Y =39
o},

Metanol F&F2 =49 Wl n-hexane, chloroform, ethylacetate,
butanolZ Fig.l o e vle}l Zo] £3xez gu BEI5H. F,
methanol #Z 9] 10819 FF59 nhexaned #H7lslel £33 F 7#<t
FZ3tY n-hexane AFEEL dgrt. Y3t "oz chloroform,
ethylacetate, butanol, water & E&3slo] Z1zte] AFZFES At
NEZEL g 2 &3AAH @ 045m membrane filter= &3t
4Ce] WA BERASHA AP AMESATt n¥ 2 FH
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Ginkgo biloba LINNAEUS leaves

extracted with MeOH
concentrated

Methanol extract Residue

suspended in H>O
n-Hexane : H,O (1:1)
I
I |

n-Hexane layer Aqueous layer

Chloroform : H>O (1:1)

Chloroform layer Aqueous layer

Ethylacetate : H.O (1:1)
| |

Ethylacetate layer Aqueous layer

Butanol : H>O (1:1)
| | |

Butanol layer Aqueous layer

Fig. 1. Scheme of extraction and solvent fractionation of methanol

extract from Ginkgo biloba L. leaves.
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Table 2. Yield ratios of extraction of Ginkgo biloba L. leaves by

methanol.

extract Yields (%, w/w)

MeEX 24.35

MeEX: methanol extract

solid in extract gr
Extraction yield (%) = x 100

raw material gr(dry weight)
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Table 3. Yield ratios of extraction of Ginkgo biloba L. leaves by solvents

Reextracts Yields (%, w/w)
HeEX 8.6
ChEX 18.21
EtEX 4.64
BuEX 16.05
WaEX 40.19

HeEX: n-hexan reextract from MeEX
ChEX: chloroform reextract from MeEX
EtEX: ethylacetate reextract from MeEX
BuEX: butanol reextract from MeEX

WaEX: water reextract from MeEX

solid in solvent fraction gr
Reextraction yield (%) = x 100

solid in MeOH extract gr(dry weight)
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Table 4. Antibacterial activity of the methanol extract from Ginkgo

biloba L. leaves on several microorganisms.

Clear zone diameter(mm)?*

Escherichia Staphylococcus Salmonella Listeria
coli aureus typhimurium monocytogenes
7.57 7.43 7.46 7.30

* Values are the diameter of inhibitory zone of including the disc(6mm).
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Table 5. Antibacterial activity of the solvent reextract from Ginkgo biloba

L. leaves on several microorganisms.

Clear zone diameter(mm)®

Reextractions
. Escherichia Staphylococcus Salmonella Listeria
(1mg/disc)
coll aureus typhimurium monocytogenes
HeEX 7.64 7.70 7.53 7.30
ChEX 7.64 7.70 7.93 7.30
EtEX 8.78 7.950 7.84 7.37
BuEX 8.78 7.18 7.84 7.37
WaEX 8.78 7.20 7.84 7.37

* Values are the diameter of inhibitory zone of including the disc(6mm).
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Fig. 2. Antimicrobial activity of the methanol extract and the solvent
reextracts of Ginkgo biloba L. leaves on E. coli ATCC 9637(A: MeEX, B:
HeEX, C: ChEX, D: EtEX, E: BuEX, F: WaEX).
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Fig. 3. Antimicrobial activity of the methanol extract and the solvent
reextracts of Ginkgo biloba L. leaves on S. aureus ATCC 9637(A: MeEX,
B: HeEX, C: ChEX, D: EtEX, E: BuEX, F: WaEX).
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Fig. 4. Antimicrobial activity of the methanol extract and the solvent
reextracts of Ginkgo biloba L. leaves on S. typhimurium ATCC 9637(A:
MeEX, B: HeEX, C: ChEX, D: EtEX, E: BuEX, F: WaEX).
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Fig. 5. Antimicrobial activity of the methanol extract and the solvent
reextracts of Ginkgo biloba L. leaves on L. monocytogenes ATCC 9637(A:
MeEX, B: HeEX, C: ChEX, D: EtEX, E: BuEX, F: WaEX).
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Table 6. Minimum inhibitory concentration(MIC) of the extracts and

the solvent reextracts of Ginkgo biloba L. leaves against several

microorganisms.
MIC (ug/ml)
extracts Escherichia  Staphylococcus — Salmonella Listeria
coli aureus typhimurium — monocytogenes

MeEX 1000 1000 - -

HeEX 500 1000 1000 500
ChEX - 1000 1000 1000
EtEX - - . .
BuEX 62.5 31.25 62.5 62.5
WaEX - - - -

.. not detected
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Fig. 6. Growth curves of E. coli in the media adding the extract and the
solvent reextracts of Ginkgo biloba L. leaves.
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Table 7. Contents of phenolic compound from the extracts of Ginkgo
biloba L. leaves.

Extracts Contents of phenolic compound(%)
MeEX 0.303

HeEX 0.172

ChEX 0.167

EtEX 0.660

BuEX 0.732

WaEX 0.189
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Fig. 11. Contents of phenolic compound from the extracts of Ginkgo
biloba L. leaves.
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Fig. 12. Relative growth promoting activity of the methanol
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Table 8. Synergistic effect of antimicrobial activity of the detergent
added methanol extract of Ginkgo biloba L. leaves preventing E.coli

growth.
Experimental condition Viable count(CFU/ml)
Control 3.1 x 10"
Detergent only 1.3 x 10*
Detergent + 500 ppm Methanol Extract 21 x 10°
Detergent + 1000 ppm Methanol Extract 22 x 10°
Detergent + 1500 ppm Methanol Extract 1.0 x 10"

control : no detergent
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Table 9. Synergistic effect of antimicrobial activity of the detergent

added methanol extract of Ginkgo biloba L. leaves preventing S. aureus

growth.
Experimental condition Viable count(CFU/ml)
Control 317 x 10°
Detergent only 41 x 10°
Detergent + 500 ppm Methanol Extract 21 x 10°
Detergent + 1000 ppm Methanol Extract 14 x 10°
Detergent + 1500 ppm Methanol Extract 50 x 107

control : no detergent
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Table 10. Synergistic effect of antimicrobial activity of the detergent
added methanol extract of Ginkgo biloba L. leaves preventing S.

typhimurium growth.

Experimental condition Viable count(CFU/ml)
Control 1.97 x 10°
Detergent only 1.37 x 10°
Detergent + 500 ppm Methanol Extract 114 x 10°
Detergent + 1000 ppm Methanol Extract 79 x 107
Detergent + 1500 ppm Methanol Extract 28 x 10°

control : no detergent
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Table 11. Synergistic effect of antimicrobial activity of the detergent
added methanol extract of Ginkgo biloba L. leaves preventing

L.monocytogenes growth.

Experimental condition Viable count(CFU/ml)
Control 51 x 10°
Detergent only 15 x 10°
Detergent + 500 ppm Methanol Extract 1.64 x 10°
Detergent + 1000 ppm Methanol Extract 13 x 10°
Detergent + 1500 ppm Methanol Extract 27 x 10

control : no detergent
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Fig. 16. Synergistic effect of antimicrobial activity of the detergent

added methanol extract preventing E. coli growth.
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Fig. 17. Synergistic effect of antimicrobial activity of the detergent

added methanol extract preventing S. aureus growth.
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9. Silica gel column chromatography
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Fig. 20. Antimicrobial acitivity against E. coli of the fractions of the

butanol reextract fractionated by the silica gel column chromatography.
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Fig. 21. Antimicrobial acitivity against S. aureus of the fractions of the

butanol reextract fractionated by the silica gel column chromatography.
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Fig. 22. Antimicrobial acitivity against S. fyphimurium of the fractions of
the butanol reextract fractionated by the silica gel column

chromatography.
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Fig. 23. Antimicrobial acitivity against L. monocytogens of the fractions
of the butanol reextract fractionated by the silica gel column

chromatography.
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10. Thin Layer Chromatography
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Fig. 24. Thin layer chromatogram of antimicrobial activity fraction(44~65
in number) of the butanol fraction separated by the silica gel column

chromatography shown Fig. 20~23.
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Abstract

Anitmicrobial Activities of the Extract of

Gingko biloba L. leaves on the food-borne pathogens

Sung, Ki-Ok
Department of Food and Nutrition
Graduate school

Sungshin Women’s University

The substances from the methanol extract of leaves of Gingko biloba L, the
plant grows naturally in Korea, have been fractionatedby four solvents
according to polarities in order to investigate antimicrobial compounds in
nature. Antimicrobial effects against four microorganisms (Escherichia coli,
Salmonella typhimurium, Staphylococcus aureus, and Listeria monocytogenes) were
measured by paper disc method. Furthermore, minimum inhibitory
concentrations (MIC) growth inhibition curve, 24 hour - inhibitory effect rate,

phenol compound contents, and heat & pH safety analyses have been



performed. Synergistic effect was identified by adding extract of kitchen
detergent sold at a market. In order to purity antimicrobial substances from the
butanol fraction, which exhibited a strong antimicrobial activity, silica gel
column chromatography, thin layer chromatography(TLC) were applied. The

following results were obtained

1. The yield ratio of methanol of Gingko biloba L. leaves extact was 24.35%. The
yield ratios of Water, chloroform,and butanol fractions were 40.19%, 18.21%,
and16.05% respectively. However n-hexane fraction and ethylacetate fraction

were taken in the ratio of less than 10.00%.

2. Using paper disc method, the methanol extract showed an antimicrobial
effect against all test microorganisms(7.5mm). Ethylacetate fraction, butanol
fraction ,and water fraction showed a strong antimicrobial effect against E.

coli(9mm) and S. typhimurium(8mm).

3. MICs of microorganisms obtained by broth micro-dilution method were
62.5ug/ml for E. coli, S. typhimurium, and L. monocytogens and 31.15¢g/ml for S.
aureus. The lowest value indicated that the substance could exhibit

antimicrobial activity at the low level concentration.

4. Inhibitions for all species grown in the medium with various fractions of
Gingko biloba L. leaves extract increased proportionally to the concentration of
extract solutions. In addition, the antimicrobial effects lasted for at least 48

hours for all species.

5. The results of identifying antimicrobial inhibitory effect rates showed that
methanol extract had more than 20%, especially 60% of inhibitory effect
against S. aureus. Butanol fraction was obtained, and high inhibitory effect
rates of more than 50% against E. coli, S. typhimurium and L. monocytogenes.

Ethylacetate had an inhibitory effect rate more than 20% against all



microorganism and water fraction had more than 20% except S. aureus.
n-Hexane fraction had 74% against E. coli and more than 100% against S.

aureus. Chloroform fraction had 88% against S. aureus.

6. At the result of phenol compound contents of Gingko biloba L., butanol
fraction was more than twice as much asmethanol extract. Moreover, the value
for ethylacetate was similar to that of butanol fraction. According to water
fraction, methanol extract, chloroform fraction and n-hexane fraction decreased

the phenolic compound contents.

7. After heat treatment to the methanol extract and butanol fraction at 40, 80,
100, and 120? for an hour, growth ratesof S. typhimurium were measured for
each case. According to the result of growth rates, there was no difference in
antimicrobial activity on all tests and controls. Especially, methanol extract
treated with heat at 120? had antimicrobial activity, which means that

methanol extract is a very stable substance with heat.

8. In result of growth of S. aureus in the medium adding the methanol extract
treated with various pH conditions(2, 5, 7, 9, 11), there was no difference in
antimicrobial activity. Therefore, its stability on pH was high quality. While
butanol fraction was stable against acid, the more alkali side was the lower

activity.

9. The number of survival microorganisms was counted as an antimicrobial
effect against S. aureus for kitchen detergent, added with the methanol extract
at various concentrations. Especially, antimicrobial effect against E. coli was
superior to the others. The extract of 500 ppm, 1500pm had 16.15%, 0.08% of
microorganism of the detergent, respectively. Against S. aureus, the extract of
500 ppm, 1000ppm, and1500pm had 49%, 34%, and 0.12% of microorganism of
the detergent, respectively. Against S. typhimurium, the extract of 500 ppm,
1000ppm, and 1500pm had 83%, 58%, and 20% of microorganism of the

detergent respectively. Against L. monocytogenes, the extract of 1500pm



had5.29% of microorganism of the detergent.

10. In order to isolate antimicrobial substance,the butanol fraction which
exhibited a strong antimicrobial activity was purified by silica gel column
chromatography. The antimicrobial effect for 4 microorganisms of the 49~60
subfractions among the obtained 118 fraction was increase against butanol

fraction.

11. The 49~60 subfractions that increased antimicrobial effect by silica gel
column chromatography isolated by TLC. The Rf value of 0.38 was regarded

the antimicrobial substances.

As results, Gingko biloba L. leaves contain antimicrobial activity components,
and it showed the strongest antimicrobial effect upon the butanol fraction.
Since it was stable with changing temperature and pH, it implied that it could
be used for process property widely as a broad spectum. Using normal
detergents, it was confirmed that Gingko biloba L. leaves extract exhibit
antimicrobial synergistic effect, and the results suggested thatit is highly
applicable to use as an antimicrobial material. In order to isolate and
purifyantimicrobial substances, solvent fractionation, silica gel column
chromatography, TLC analysis techniques were applied. Also, Gingko biloba L.
growing naturally in Korea is invaluable to develop as a natural antimicrobial

material after isolation and identification.
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