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Isolation of antimicrobial materials from
forest resources and manufacture of

antimicrobial paper using them
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Summary

I. Title

Isolation of antimicrobial materials from forest resources and manufacture of

antimicrobial paper using them
II. Objectives and necessity of research and development
1. Objectives of study

The production and demand of antimicrobial product Kkilling bacteria and
mold increase as concern about sanitation and health increases with the
improvement of economy and living standard. Especially in paper making
field many researches have been concentrated in the development of various
specialty functional paper to cope with the import opening to foreign
countries in the near future. In specialty functional paper many researches
go on to manufacture good antimicrobial paper as the demand of
antimicrobial paper in specialty functional paper increases.

Generally the organic chemicals are used to provide antimicrobial
properties but the use is restricted because the safeties of chemicals have
not been exemined. At present the development of natural antimicrobial
agent, of which the safeties are verified, attract public attention. Therefore
in this research the natural antimicrobial materials were searched with
Quercus species, which occupy more than 20% in forest resources covering
70% of the land of Korea, and the new technology to manufacture
antimicrobial paper and wet tissue were developed. The search of
antimicrobial materials from Quercus species can be used as the basic data

to develop the new natural antimicrobial materials, and will contribute to the



growth of paper making and other industry as the manufacture of
antimicrobial paper and wet tissue give competitive power to the market of

specialty functional paper in Korea.

2. Necessity of research and development

In antimicrobial paper for food packing and wet tissue for sanitation the
safety is a very important factor. antimicrobial agent is used to ensure the
safety, but the organic and inorganic antimicrobial agent used now have the
some problems in safety and economic aspect. Therefore, the development
of new antimicrobial agent is required and the development of natural
antimicrobial agent is suggested as a way to solve the above problems.

Because in the development of natural antimicrobial materials from forest
resource the raw material can be gathered in large quantity, and the
commercial production and the application problems, which are the weakness
of natural antimicrobial agent, can be settled, the research to search the
natural antimicrobial materials from forest resource and use commercially is
very necessary. The search of natural antimicrobial materials from forest
resource and the development of application methods are expected to affect
directly or indirectly to the technical, economical, and social and cultural

fields.

1). Technical aspect

e Search of species containing antimicrobial materials and development of
extraction methods

e Development of natural antimicrobial agent, of which the safety is ensured

e Development of method applying effectively

e Development of technique to produce economically on a commercial scale

e Development and improvement of domestic specialty functional paper



technique

e Improvement of national competitive power

2) Economical and industrial aspect

e Fostering of smaller businesses which have international competitive
power

e Effective use of domestic forestry resource

e Increase of income in rural area by cultivating valuable species

e Reduction of cost by diversifying the antimicrobial agent supply

e Activation of related industry in the country

e Creating of various demands by manufacturing the high quality paper

3) Social and Cultural aspect

e Adding high value to forestry resource and paper products
e Satisfaction of the health and sanitation-related desire of consumer
e Construction of the practical cooperation system of industry, university

and research institute

M. Content and scope of research and development

1. Study on the search for antimicrobial materials and the ability of

freshness conservation from forest resource

When the species to get antimicrobial materials from forest resource is
selected, the natural growth area of valuable plant is extensive and the raw
material can be gathered easily. So in this study the representative six
Quercus species(@.mongolica, @.dentata, Q.variebilis, Q.serrata, Q.aliena and

Q.acutissima) in Quercus species were selected on the basis of overseas

_10_



and domestic literatures about natural antimicrobial materials and their use.
The 6 species of selected Quercus species were extracted with ethanol in
each part and each species, the yield of each condition was examined, and
the best extraction condition was selected. The antimicrobial activation was
investigated by the paper disk method and the bioscreen C. Quercus species
and part showing the best antimicrobial activity were selected through
antimicrobial active examination of each fraction and substances showing
antimicrobial properties were identified by analyzing with NMR. Also, the
ability of freshness conservation of antimicrobial paper treated with Quercus

species extractives was considered.

2. Manufacture of antimicrobial paper treated with Quercus species

extractives

On the basis of the results to investigate the antimicrobial activity of
each species and each part, antimicrobial paper applying Quercus species
extractives was manufactured. The optimum concentration to reveal
antimicrobial properties was examined, and antimicrobial paper was
manufactured. The antimicrobial activity was conformed by the halo test
method and the JIS L 1902 method. Also, antimicrobial agent made by
treating with other forestry resources was applied on paper, and the
synergy effect of antimicrobial properties was investigated. When Quercus
species extractives were applied on paper, the brightness, tensile strength,
tear strength, burst strength of paper were measured and the basic physical
properties of antimicrobial paper treated with Quercus species extractives
were determined to conform the effect to the basic physical properties of

paper.

3. Manufacture of functional wet tissue

_11_



To manufacture the wet tissue treated with Quercus species extractives,
the optimum condition was chosen by investigating the antimicrobial
properties of wet tissue, which were manufactured changing the conveyer
speed of wet tissue sheet. The antimicrobial properties of functional wet

tissue manufactured was examined by the JIS L1902 method.

IV. Results of research and development and contribution to

technology development

1. Results of research and development

1) Study on searching the natural antimicrobial materials from forest

resource

To get the natural antimicrobial material from forest resource, the
extractives were prepared from xylem, leaf and bark of Quercus 6 species.
When each part of Quercus 6 species was extracted with 75% ethanol at 70
C, the yield was the highest in leaf of Quercus aliena.

Antimicrobial activity of each species and each set of Quercus 6 species
were examined by the paper disk and the bioscreen C methods. All Quercus
species show antimicrobial properties against gram positive and gram
negative. Each species showed the difference of antimicrobial properties, but
antimicrobial activity was higher in gram positive than in gram negative.
Antimicrobial properties in each species was the highest in the extractives
of Quercus aliena, and antimicrobial properties showed the highest in leaf.
The results to examine antimicrobial propety of each species and each part
of Quercus 6 species showd that leaf of Quercus aliena has the strongest

antimicrobial properties.

2) Development of the high wvaluable antimicrobial paper treated with the

_12_



extractives from forest resource

On the basis of the results to examine antimicrobial properties of Quercus
species, 5-8% of Quercus species and ethanol extractives was applied.
When antimicrobial properties of antimicrobial paper manufactured by the
above condition was examined by the halo test and the JIS L1902 methods,
antimicrobial properties was the highest in the paper applying the
extractives of the leaf of Quercus aliena. Also, when the synergy effect of
antimicrobial paper manufactured by treating together with other forestry
resources, such as Coptis chinensis extractives and citric acid, was
examined, the synergy effect of antimicrobial properties by treating together
with Coptis chinensis extractives and citric acid was shown, and the added
amount of Quercus species extractives, which must be applied in the high
concentration, can be reduced.

To examine the durability of antimicrobial properties of antimicrobial
paper manufactured by treating together with Coptis chinensis and citric
acid, antimicrobial properties was measured after 10, 20 and 30 days. As
time passes, the trend that antimicrobial properties decreases was observed,
but the result measured after 10 days showed the similiar result to that of
antimicrobial paper measured just after manufacturing.

When paper was treated with Quercus species extractives, Coptis
chinensis and citric acid, the trend that physical properties of paper
decreases all in tensile, tear and burst strength was observed, and the color
change of paper by UV treatment could not be measured because Quercus
species eXxtractives have colors and the change by UV could not be

measured.

3) Freshness conservation of antimicrobial paper treated with the Quercus

spp extractive

To investigate the freshness conservation of antimicrobial paper treated

_13_



with the Querucus spp extractive, antimicrobial paper was overlaid on
packaging paper and cucumbers were used as specimen. The weight
change of cucumber according to the storing period, the appearance of moid,
yvellowing and change in hardness were examined.

When cucumbers were stored in the untreated packing box, the spoiled
rate increased significantly as the storing period increased, but when in the
antimicrobial packaging paper treated with the Quercus spp and Coptis
chinensis extractive, and citric acid, the spoiled rate was much less than
that of control. It was conformed that the antimicrobial paper treated with
the Quercus spp extractive improves the freshness conservation.

The antimicrobial paper applying the Quercus spp extractive showed the
good antimicrobial activity by the added antimicrobial material. The
antimicrobial paper made the long term storage possible, decreasing the

rotting of cucumber.

4) Manufacture of functional wet tissue treated with the extractive of forest

resource

On the basis of the results to check the antimicrobial property of Quercus
spp extractive, the best condition to make the wet tissue was investigated.
The mixture of the Quercus spp extractive and electrolyzed water was used
as antimicrobial material to apply on the wet tissue.

The electrolyzed water is divided into acid water and alkali water.
Antimicrobial electorlyzed water was prepared by adding the extractives of
Quercus spp and Coptis chinensis extractive to electorlyzed water and
mixing. The results to check the antimicrobial activity of antimicrobial
electorlyzed water show that antimicrobial activity was the best in the
antimicrobial electrolyzed water adding the Quercus spp and Coptis
chinensis extractive. Also, as Quercus spp and Coptis chinensis extractive

were added to acid water, the antimicrobial activity was improved.

_14_



The condition to show the best antimicrobial activity in the antimicrobial
activity experiment was used to make the wet tissue sheet. One to four
times of antimicrobial electrolyzed water as much as the wet tissue was
applied controlling the speed of conveyor belt. The best condition to make
the wet tissue was chosen through examining the decreasing rate of
microorganism and brightness. The antimicrobial activity was the best,
when the four times of antimicrobial electrolyzed water was applied on the
wet tissue, and good, when the three times.

However, the treatment with the four times of antimicrobial electrolyzed
water shows the best antimicrobial activity but the value as product was
decreased because yellow color appeared on the wet tissue and the water
content of the wet tissue sheet increased. The treatment with three times
of antimicrobial electrolyzed water showed the good antimicrobial activity,
and was the best condition, when the yellow color of product and water

content are considered.

2. Contribution to technology development

As the economic level is improved and the life styles are diversified with
the growth of paper industry, the various kinds of papers and the quality
improvement of general paper are required, and the demand of specialty
functional paper, which has the high value and distinction, has been
increased rapidly. Especially, with the increased concern to health, the
antimicrobial paper and antimicrobial products, which have antimicrobial
properties, attract public attention as the high wvalued products. Therefore,
the search for natural antimicrobial materials from forest resource and the
study of applying methods suggest the new direction in the search of
antimicrobial material and the antimicrobial properties related research, of

which the application research is insufficient.
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1) Technical aspect

This study presents the possibility to develop the new natural material by
searching antimicrobial materials from forest resource. The development of
the effective application technology of antimicrobial paper and wet tissue
using Quercus species extractives is expected to be used as the basic data

for the application in the antimicrobial product areas.

2) Economical and industrial aspect

The possibility of the effective use of the domestic forest resource, which
was used limitedly, is suggested as getting the natural antimicrobial
material from forest resource. It is expected that the income in rural area
may be increased as cultivating these valuable species. Also, the activation
of antimicrobial product industry can be possible through the supply of
various antimicrobial agent. The smaller businesses, which have the
international competitive power, can be raised as manufacturing the

products, which have the competitive power.

3) Social and cultural aspect

It is expected that as getting the natural antimicrobial matrial from
Quercus species the high value is added to the forest resource including
antimicrobial material and the antimicrobial properties given products, and
that the health and sanitation related desires of consumers is satisfied by
both the industrialization and the growth of economic power through this

research and development.
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F 52 Table. 1-19 Yetd HF Zo] myo #F¥x3t+= FUFFeo dlx4
¢l 655 MAS L B AAS 9 2001, 2002 8¢9 A At A<5Ho
=z

X
>~

155 APsdd. AFE ANE= o, 79
A s AAG A8 AR} =2 FA ,
71(Samsung Electrics, CR-581W, Korea)® 3ol 150mesh(Standard
testing sieve, ITOH Co., Japan)o| T3 d %S F&58& A= A&3AH.

Table. 1-1. Quercus spp. used for experiment

Botanical name Korean name Part used
Quercus aliena Blume. ZZ 5 leaves, bark, xylem
Quercus variebilis Blume. =y 5 »

Quercus dentata Thunb. R Eign ”
Quercus serrata Thunb. A ”
Quercus mongolica Fisch. Al ZE ) 5 »
Quercus acutissima Carruth Ay »

FuFe FEe 54 FF A4S FHA flask Wel 500g°] TR
Y Algs g 10df gt 75% ol ® &S 7tste] Table. 1-29 =73
HAe P& Zol 23 wE FE3I T Y AHEAT. AL rotary
vacuum evaporator(Eyela N-N-series, Japan)E& Al &3lo] 531, 0|2 542

Axd F ugstel 4T Wgmol wastel d@ol Agsarh

oiN
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Time(hr)

Temperature(T)
25
50
75

Table. 1-2. Conditions for ethanol extractives
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Extraction of Quercus spp Blume

¢ Concentration

Concentrated extracts

Separation with hexane

v

Hexane

soluble fraction

¢ on separatory funnel

Haxane

insoluble fraction

Separation with chloform

v

Chloroform

soluble fraction

on separatory funnel

\ 4
Chloform

insoluble fraction

Separation with ethyl acetate

v

Ethyl acetate

soluble fraction

on separatory funnel

Ethyl acetate

insoluble fraction

Separation with butanol

v

Butanol

soluble fraction

on separatory funnel

Butanol

insoluble fraction

l

Water

soluble fraction

Figure. 1-1. Procedure of fractionation of Quercus spp Bleme extractive
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of OFSFAT 4T, ER 1vF 2 ¥Fo] 1¥FE Y

i=1

ANggANe TFHoz Hrste & E3e & 7=
=

Table. 1-3. List of microorganisms and media used for

antimicrobial experiment

Microorganisms Media

Gram positive bacteria

Bacillus cereus ATCC 9634 Tryptic soy broth
Listeria monocytogenes ATCC 19111 and agar
Listeria monocytogenes scott A ATCC 49594 (Difco, U.S.A)

Staphylococcus aureus ATCC 25923

Gram negative bacteria

Eschercia coli k-12 IFO 3301 Tryptic soy broth
Escherichia coli O157:H7 933 and agar
Salmonella typhimurium ATCC 14028 (Difco, U.S.A)
Yersinia entercolitica ATCC 9610

Yeast

. . YM broth and agar

Candida utilist IFO 0589

Mold

. . YM broth and agar
Fusarium moniliform ATCC 10052
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Z FEEY AsAN EHE dotry] 9o Hd® TSB #j Ao Z A F
#el 27 ¥EE 1x10° CFU/m7t | %% FFshe] 24 FFE2 2,000us/mt 7t
H A #H7Fsk H, bioscreen C(Labsystem, FP-1100-C, Finland)Z 35Tl A 24
Al zF wjeketH A o %S OD(optical density)#t o & =43tk ol uf wj

oF @ =AH%xAL Table. 1-49 2 t}.

Table. 1-4. Measurement conditions for Bioscreen C

Item Condition
Wavelength single
Filter. nm 600nm
Incubation temperature 35T
Preheating time 5 min
Measurement time 24 hrs
Measurement interval 2 hrs
Shaking intensity medium

AR 2EE W
RS EEL R

TdEERH &5 dd FFE=S FYety] St AHARREIRAE
AANBGT. =X EEZE Sephadex LH-20& Al €391 AMemz=
gt (5:1, 4:1, 3;1, 2;1, 1:1, 1:2, 1:3, 1:4, v/v)& A& A}, 2

H e &F N2 fraction collector(Gilson FC 204)& o] &34

[e)
ool AFsReH, Feld &AL AR EIHI(TLOR

Ky
au
o

«

i)

A

A

JLE-1, JLE-2, JLE-3, JLE-4, JLE-5, JLE-6, JLE-crystal® 7} 7}

l'ﬂ_

= A9

of e EFRY HFTL A YL olHF HFAL olHW W AN
g

o FrEen 5 Axs] RAAdE BE

M
o

)
[

2 zqsgon BA Mg =t ey FRE%Y BFuE geeti
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Agu] S AL gste] A%ZH AzntEadg S AP HFEHow £=43
94d gFgES dAd

H g o FE &elstry] S F= 1A

TLCE #t&aten deldl stdEe ddoi s e r] 9s 23« TLC
= MERCKA}FY DC-plastickfolien cellulose

(Art5577)e & A1 &3t e A& TBA (t-butanol-HOAc-H:0, 3:1:1,
v/v/v, solvent A)¢} 6% acetic acid(solvent B)E AF&3tdct. d/ld TLCH %
< 7te Az H, 2o RE Fdsty] fste] UV =(365nm, 254nm)el A
Zatda, AR vanillin-HCI-EtOH(60:0.15:6, v/v/v)& & TLC¥el &

weli b Azste et A% #2549

_47_



Balg 388 $£5r2 oty 9ote] wzagnE s AAsg
(6. 7cm*x6.7cm) 9 cellulose TLC o] AA AR=o0=2 AMEn=
A

12 ol A2 AAENE Auz AAtE 249 9

TaARmEIRIE AEstAT. B AFdAE AAEWE 6% HOAcS

t_

L
o

#H E
-1 —

butanol-HOAc-H:0(3:1;1, v/v/v)E& A& 2 Al-&3F% .

3359 spotS UVHEZE golstn waAe oa vetys A3 Ry 3

T3 S T}

AE® 72 24L 95 F2 NMR BAMES Assgon 24gvw
methanol-d49} acetone-d6, DMSOE o] &3] 'H-NMR#Z “C-NMR<S -
=y ®ASYT
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Ethanol extracts of Quercus alina Blume

EtOAc soluble fraction

Washing with eluting solvents

Column chromatography

Sephadex LH-20

Cellulose TLC
Solvent A : TBA
SolventB : 6% HOAc

Column rechromatography

Active substance

Figure. 1-2. Isolation scheme of the ethnol extractives of Quercus aliena
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g
2=
Ui FE=9 gy 44
AUR 322 249 %9
Fu A4 FURR dEAD FF 63 (2F, 2F, 9, =7, 44,
Freudp)e 22270 FYLS g8 £39 - 208 AR 2R nE o
= F=3% ZA3%E Table. 1-50 YEFHRATE 70T A 75% de-&= 7A 7 F+
5% 4ok 9, ¥, BAY BE HAY £&e dedon, gaure 9o
1816% =2 71Y =& &5 e
Table. 1-5. Ethanol extraction yield from Quercus spp.
Yield (%, w/w)
Leaves Bark Xylem
Conc
. 25 50 75 25 50 75 25 50 75
[ime(hr)
Yield of Q. aliena(%, w/w)
3 17.04 17.23 17.77 5.02 5.62 5.03 1.98 2.02 2.24
5 17.59 17.67 17.98 5.44 5.82 5.38 2.03 2.08 2.26
7 17.87 18.01 18.16 5.64 5.92 5.86 2.09 2.19 2.38
Yield of Q. variebilis(%, w/w)
3 13.49 13.44 13.55 3.12 3.29 3.53 2.42 2.77 251
5 13.52 13.53 13.85 3.27 3.57 3.60 2.55 2.68 2.71
7 13.67 13.74 13.91 3.42 3.66 3.71 2.59 2.75 2.88
Yield of Q. dentata(%, w/w)
3 15.92 16.48 15.93 14.68 15.07 15.19 3.33 3.71 3.68
5 16.02 16.53 16.42 15.02 15.11 15.33 3.48 3.78 3.76
7 16.19 16.66 16.53 15.09 15.15 15.42 3.66 3.81 3.95
Yield of Q. serrata(%, w/w)
3 14.39 14.61 15.18 12.20 12.08 12.49 1.72 1.73 191
5 14.77 15.01 15.27 12.38 12.41 12.54 1.81 1.90 1.97
7 14.94 15.07 15.35 12.49 12.62 12.68 1.85 1.92 2.05
Yield of Q. mongolica(%, w/w)
3 14.03 14.28 13.93 9.11 9.28 9.44 1.96 1.82 1.96
5 14.17 14.50 14.02 9.27 9.32 9.47 2.02 2.02 2.02
7 14.29 14.76 14.22 9.36 9.58 9.64 2.09 217 2.25
Yield of Q. acutissima(%, w/w)
3 12.52 12.63 12.86 7.09 711 7.28 2.29 2.48 2.28
5 12.77 12.75 12.09 7.18 7.62 7.79 2.58 2.69 2.44
7 12.84 12.98 13.05 7.24 7.86 7.90 2.69 2.71 2.67
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FuF FEEY oY G AN #F 2 wAE 2T 49T,
JF AT 475, 25 1vF 2 FFo 1¥FE WAA o2 paper disk® I
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Table. 1-6. Antimicrobial activities of ethanol extractives from Quercus.

Spp
Botanical name Inhibition zone” (mm)
Q. Q. Q.
serrata mongolica acutissima
Test organism L B X L B X L B X
Bacills cereus ATCC 9634 20 11 12 15 16 14 15 12 12
L.isteria monocytogenes ATCC 19111 19 10 11 17 16 14 14 10 14
L.isteria monocytogenes scott A 19 9 14 15 14 15 14 11 15
Staphylococcus aureus ATCC 25923 16 9 10 16 13 13 13 10 12
Escherichia coli k-12 IFO 3301 12 9 11 13 10 10 9
Escherichia coli O157:H7 933 13 9 9 15 11 11 9 ¢
Salmonella. typhimurium ATCC 14028 17 9 10 13 12 11 13 9 10
Yersinia enterocolitica ATCC 9610 14 9 9 16 14 15 12 11 13
Candida utilist IFO 0589 ND” |ND | ND | ND | ND | ND | ND | ND | ND
Fusarium moniliform ATCC 10052 ND | ND| ND | ND I ND| ND | ND | ND | ND
Botanical name Inhibition zone" (mm)
Q. Q. Q.
Test organism aliena variebilis dentata
L B X L B X L B X
Bacills cereus ATCC 9634 20 15 19 13 9 13 16 13 14
L.isteria monocytogenes ATCC 19111 19 15 17 11 9 10 16 14 16
L.isteria monocytogenes scott A 19 11 18 12 10 11 14 13 15
Staphylococcus aureus ATCC 25923 16 13 20 14 10 13 18 12 15
Escherichia coli k-12 IFO 3301 2 |lulw2lolo| 9 Jw]|ul|s
Escherichia coli O157:H7 933 13 11 10 9 9 9 13 11 16
Salmonella. typhimurium ATCC 14028 17 14 16 10 9 9 17 10 13
Yersinia enterocolitica ATCC 9610 14 12 13 9 10 12 15 11 12
Candida utilist IFO 0589 ND” |ND | ND | ND | ND | ND | ND | ND | ND
Fusarium moniliform ATCC 10052 ND | ND| ND [ ND|ND | ND | ND | ND | ND

Y Two thousand ug of ethanol extractives was absorbed into paper disc (¢8 mm) and the
diameter(mm) of clear zone was measured.
? Not detected L : leaves, B : bark, X : xylem
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ATCC 96349} Listeria monocytogenes ATCC 191117 ™3] 13mm<e 3t
g o] yElyt e Escherichia coli k-12 IFO 33012 4% o EolA H ol E g
Tg =0 da Fdddol yUeuA . FES $959 A9 Bacillis
cereus ATCC 9634¢} Salmonella typhimurium ATCC 140283 oA 12mm2
clear zone©] WElw il Staphylococcus aureus ATCC 259233 Escherichia coli
k-12 IFO 3301, Yersinia enterocolitica ATCC 96102 11mm¢9 clear zone&
@ A skl

aEgFEA T agdSAT FTAA A & FdHeol e Bacillus
cereus ATCC 96349} Listeria monocytogenes ATCC 1911172 E I Eo uf
gt g e Aoyt yElWkew  Candidia utilis TFO 05899  Fusarium
moniliform ATCC 10052+ EE B & s go8s Jeyr &gy, &
EEIXIFY E 952 2HEIATH aEFATd da AY LS

BRI AL 9 ghe
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Table. 1-8. Antimicrobial activities of different solvent fractions on test

microorganisms
Solvents Inhibition zone(mm)
Microorganisms Chloroform |Ethylacetate] Butanol Water
Bacills cereus ATCC 9634 ND 13 12 ND
L.isteria monocytogenes ATCC 19111 ND 13 ND ND
L.isteria monocytogenes scott A ND 12 ND ND
Staphylococcus aureus ATCC 25923 ND 12 11 ND
Escherichia coli k-12 IFO 3301 ND ND ND ND
Escherichia coli O157:H7 933 ND 11 11 ND
Salmonella. typhimurium ATCC 14028 ND 11 12 ND
Yersinia enterocolitica ATCC 9610 ND 11 11 ND
Candida utilis IFO 0589 ND ND ND ND
Fusarium moniliform ATCC 10052 ND ND ND ND

4) FYF FZE 9 inhibition growth test

U 652 T, 545 FEF9 AFIA aH(E dotrR7] 9o
A& T F 2 Bacillus cereus ATCC 9634, Listeria monocytogenes ATCC
19111, Escherichia coli O157:H7 933, Salmonella typhimurin ATCC 14028

2t FEES 2000pg/mLA  H7Fet ) bioscreen C(Labsystem, FP-1100-C,
Finland)2 35Tl A 24413t v gF3sto] 9 A K4 HE optical density(O.D) 3k
o2 Z43%A

FE AgsAT. 4 AdHEe 2V FEE 1x10° CFU/mM7F I 52 4 F sk
Z

7}) Bioscreen CE %3 I UF 6

of\
214
"
it
it
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5
=
9.
g
O
=
li1e]
=
o
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o
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8

Bioscreen CE& 3 Iy F 6% & das FE5E ASANEHE FA 4
o2 A7l $13 tryptic soy brothell FuF o o & & FEFES 20004g/ml
A vbete] A7 xRy vusigd e 1 A3 E Figure. 1-3¥% 1-4

of thERW AT
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Figure. 1-3. Antimicrobial activity of the ethanol extractives from

Quercus spp. leaves against the growth of various
pathogene bacteria.

I Qden, I Qwtiis < Q artan, ¥ Q soran, 1y Q moolica, A @ aadissins, O o
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Figure. 1-4. Antimicrobial activity of the ethanol extractives from
Quercus spp. leaves against the growth of various
pathogene bacteria.
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1) Bioscreen C& &3 FUF 6F T3 FFE9 inhibition growth test
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Optical density(600nm)

Time (hr)
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Figure. 1-5. Antimicrobial activity of the ethanol extractives from
Quercus spp. bark against the growth of various
pathogene bacteria.

I Qden, I Qwtiis < Q artan, ¥ Q soran, 1y Q moolica, A @ aadissins, O o

_62_



2.0

Escherichia coli 0157:H7
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Optical density(600nm)
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Figure. 1-6. Antimicrobial activity of the ethanol extractives from
Quercus spp. bark against the growth of various
pathogene bacteria.
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UF 63 H52AF F5E 9 inhibition growth test
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Figure. 1-7. Antimicrobial activity of the ethanol extractives from
Quercus spp. Xxylem against the growth of various
pathogene bacteria.
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Figure. 1-8. Antimicrobial activity of the ethanol extractives from
Quercus spp. Xxylem against the growth of various
pathogene bacteria.
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5 Z#FUE FEE9 H7lol ©E inhibition growth test

AR 6% F ASAN R 4G 2e ZAYE oW dus 222
Zbzk 2000, 1000, 500, 250ps/pt # A7bstel A EA aFdeA Tl W@
AFqAEdEs dyrdn.

IS FEEd A5dA aaE S48 A% Ad EF 2 Bacillus

cereus ATCC 9634, Listeria monocytogenes ATCC 19111, Escherichia coli
O157:H7 933, Salmonella typhimurin ATCC 14028< At&38 . 2+ A&+ 9
271 %8 1x10° CFU/m7 | =5 HFsa 23uy FFES 2000, 1000,
500, 250ug/mb7F H A #H7Fsk 3 Bioscreen C (Labsystem, FP-1100-C,
Finland)Z 35Tl Al 24A13F wjsle] 79 ASJHE optical density(O.D)%k
0w =439t}

7}) Bacillus cereus ATCC 9634 o3t inhibition growth test

=]
=

it

Aol o, Y, 525 oee F S Z+Z} 2000, 1000, 500, 250ug/ul
A H7Fskel Bacillus cereus ATCC 9634 tidt A5 A aol dial 54
st A3 &5 Figure. 1-9°] WetWlT. A3y 9o F&E 2000ugs H7Msa <
W 24413 Fob A5 A ZHE el Az, 1000xg ¥ 500pgel A= 12 A ZE
e AF A aRE JHEUS I dEE FEFES 1000pgol A HAR
NEE FE= 500pg oAl A 24 A 7F skl A5 A (S el
ey o 9, 545 oes& FEE Wgt Bacillus cereus ATCC
96349 A5 As EIde= EE F99 dEE FEEo] 500 ol HUMAE
g A& A &35 Yebdo. Figure. 1-99 A3 o wlg HF
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2.0

Bacillus cereus
Quercus aliena (xylem)
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Figure. 1-9. Antimicrobial activity of the ethanol extractives from
Quercus aliena against the growth of Bacillus cereus.
£ 2000ug/st,  -1000ug/ut, L 50000/, M 250ua/u8,  -O-control

W) Listeria monocytogenes ATCC 9634¢] o3+ inhibition growth test

Figure. 1-102 Z @y o, 3, H4d5F das F2E5S 77 2000,
1000, 500, 250ug/wt 2 H7}ste] Listeria monocytogenes ATCC 8]
A5 A &4 E bioscreen CE ol&ato] AP Ao, Ay o des
FEES 20000 AE&FRS W 2447 o] AFAN EHE HEHI oW,
1000pgel A= 10A13F Ao A5 A8 T ek 5009 2504 ©]

of A% Azl EdE dHedAo. ZFUF 9 dus FEES 250, 500,
1000, 2000xg A &3t RS = 8AF o] 9

o EAE g FEE9 HAS L S A& ¥
E Y. gz nvete] EFE ASAASHE YEIW oY Bacillus
cereus ATCC 9634E.t} A&7 @& Aoz LEGET.
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Figure. 1-10. Antimicrobial activity of the ethanol extractives from
Quercus aliena against the growth of Listeria
monocytogenes.

FF 2000ug/ut,  -1000ug/ul, £ 500u0/ut, M 250ua/u8,  -O-control
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Figure. 1-11. Antimicrobial activity of the ethanol extractives from

Quercus aliena against the growth of Escherchia coli
0157:H7
F 2000u0/x0, —-1000ug/r8, L 500u0/ut, M 250u0/ut,  “O-control

2}) Salmonella typhimurium ATCC 14028 o3+ inhibition growth test

Figure. 1-12+= Salmonella typhimurium ATCC 140289 W3t Z3UF H ¢
Hooete FEE9 AFAYN 35 vEd Ao, H7F F=UF F7FE w
g ASAHE a7t Tt E dte AES E S dorn gz s Fed
dqebs FEE2 O 5% AFAN 235 veloy 2 53t m ksl
g, 2FUSF 9 deags FEES Sy 545 duaE FEE b 9 =
2> ASAN axkE velly 283X d Salmonella typhimurium ATCC
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Salmonella typhimurium
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Figure. 1-12. Antimicrobial activity of the ethanol extractives from
Quercus aliena against the growth of Salmonella
typhimurium.

FF 2000ug/ut,  -1000ug/ul, £ 50040/, M 250ua/u8,  -O-control

A5 659 FoW 4]
FUF ds FAHo g &gl Ras odEolAHoE, M FRZIEO
2 #8¥%e S Axstn £ =9 paper disk & €3 I &4
e T3 g F4S et dEotAEHoES RErs R IE Ut F
=l AFAAEZHE 2w,

7}) Ethylacetate & & & 9] inhibition growth test

Figure. 1-137} 1-14% o golMHol= £ E ASANEANE Yerd A
© 2 Bacillus cereus ATCC 9634°] o3t A& A a2 500ug oA A8 sk
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ool AsAdAEHE vdelloen 250us AestAS ol 18AIZF o] 4
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Figure. 1-13. Inhibitory effects of ethylacetate fraction from ethanol
extractives of Quercus aliena leaf against various
pathogenic bacteria.

[ 2000u0/x0, B-1000ug/18, L 500u0/ut, M 250u0/ut,  O-control
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Figure. 1-14. Inhibitory effects of ethylacetate fraction from ethanol
extractives of Quercus aliena leaf against various
pathogenic bacteria.

[ 2000u0/x0, B-1000ug/18, L 500u0/ut, M 250u0/ut,  O-control
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1}) Butanol ¥ 3 & 9] inhibition growth test

Figure. 1-15¢} 16 H&& #8 =S5 77t 2000, 1000, 500, 250ug/pwb® 3 7}
st izt Hludte] AF AN EHRE et A, Bacillus cereus ATCC
9634+ 500ug ©ld H7MstA S BT 24A% ot AsAMEZAE UeHloH
250pugs H7Fetd S W 8AIF A= AsdAadnEs ue Wt Listeria
monocytogenes ATCC 191112 1000ug ©l7gol A 24A17r AHAHH &5 E
wom  500ugel A 18A1%He] AFAAEIHE  YELWT.  Escherichia  coli
O157:H73} Salmonella typhimurium ATCC 14028 Wi = =7 Ho =
S AsgAaEdE yedley a3t vk Ao yeud. FuEs B
of tet dedA e dFol we Aole Aoy gl wla] aE
FATol ° =& AFANEAE HEH T
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Figure. 1-15. Inhibitory effects of Butanol fraction from ethanol
extractives of Quercus aliena leaf against various
pathogenic bacteria.

1 2000u0/ut, MB-1000u0/it, AN 500u0/ut, A 250u/ut,  -O-control
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Figure. 1-16. Inhibitory effects of Butanol fraction from ethanol
extractives of Quercus aliena leaf against various
pathogenic bacteria.

1 2000u0/ut, MB-1000u0/it, AN 500u0/ut, A 250u/ut,  -O-control
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Fagddol g Ak A dEd Z2RuUF d FEE dEotAlEolE &9
=5 JLEEZ ®Wdsta JLEY 3% 9¢d SdF=S sy fdste £9 =
(6g)S methanolo] &3] A7 column chromatographyS A At o, olu =
&4 Sephadex LH-20& A&ttt 4 McOH:H.0(5:1, v/v)& A}

° WA FEd s AE =29 HES SUHAA A4S ZA T

S
oM B $¥L FYNROY wUE F84 FFE A5 v A

ofr
oL
2
®
o
A
=
Ho

o] AAE(McOH : H:O = 5: DE AZE &3
FHeAT. AdAE = Iml/ming 55 FA3It. 449 fractions FF
% &4 71x3t9 rechromatographyE &3l & & sl TLC cellulose
platedel A FAFE  f1AS EI=78 IS AeRew, JLEL(0.2g),
JLE3(0.41g), JLE4(3.586g), JLE5(0.791g), JLE6(0.418g)3% A ZAAH <3t
JLEcrystal(0.425g)S 42 t&, AL T v EF A2 paper disk
test®} Bioscreen CZ &t | F7 XS Yetd= JLE4E t©A column
chromatography 2 A Aldtd o, HF 2 o2 JLE42233 JLE42340 A FHF 4 o
2 162mg, 39mgs Ao oo tiF FddAgel I AFE Table. 1-9°
et ZFdEel Avie des FEE, dYotAEHclE, JLE4234,
JLE4223 o & : % ol e dd 4=
Uetyrintg o8 B AeadE 434S vEdS & & g g
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JLE
69

Sepahdex LH-20 column chromatography
with MeOH:H,0(5:1)

A A A 4 A A A A
JLE1 JLE2 JLE3 JLE4 JLES JLEG JLE crystal
0.29 0.38g 0.41g 3.5869 0.791¢g 0.4189 0.425g

Sepahdex LH-20 column chromatography
with MeOH:H,0(1:1)

A 4 A 4 A 4 A 4 A 4
JLE41 JLE42 JLE43 JLE44 JLE45
0.271g 1.669 0.1379g 0.6943¢g 0.02569

JLE42
1.669

Sepahdex LH-20 column chromatography
with MeOH:H,0(1:3)

A 4 A A 4
JLE421 JLE422 JLE423
86mg 336mg 940mg

Sepahdex LH-20 column chromatography
with EtOH:Hexane(4:1)

A 4 A 4 Y A A \ 4
JLE4221 JLE4222 JLE4223 JLE4224 JLE4225 JLE4226
17mg 51mg 162mg 68mg 24mg 10mg
JLE423
940mg

Sepahdex LH-20 column chromatography
with EtOH:Hexane(4:1)

4 A \ 4 A \ 4 A
JLE4231 JLE4232 JLE4233 JLE4234 JLE4235 JLE4236
63mg 660.3mg 96mg 39mg 56.8mg 19.4mg

Figure. 1-17. Sephadex LH-20 column chromatographic
procedure of ethyl acetate fractions from

ethanol extractives of Quercus aliena leaf
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Table. 1-9. Antimicrobial activities of ehtanol extractive, ethylacetate
fraction and JLE4234 and JLE4223 on test microorganisms.
Inhibition zone(mm)”
Solvents
Butanol |Ethylacetate (+)-3
. . JLE4234 JLE4223 .
. . fraction fraction catechin
Microorganism
Bacillus cereus 20 12 1 9 ND
ATCC 9634 '
Listeria monocytogenes
ATCC 19111 19 14 12 N.D N.D
Listeri t
isteria monocytogenes 19 13 19 ND ND
scott A
Staphylococcus aureus ) )
ATCC 25923 20 20 16 10 N.D
Escheria coli
k-12 TFO 3301 17 15 10 N.D N.D
FEscheria coli
O157:H7 933 1 14 10 N.D N.D
Salmonella typhyimurium 9)
ATCC 14028 12 11 N.D N.D N.D
Yersinia enterocolitica
ATCC 9610 14 11 N.D N.D N.D

D Two thousand pg of ethanol extractives was absorbed into paper disc(8mm) and the

diameter(mm) of clear zone was measured.

? Not detected.

® Control(standard (+)-catechin)
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—» Solvent B

— Solvent A

Solvent A : t-butanol-HOAc-H20(3:1:1, v/v/v), R{0.33)
Solvent B : 6% HOAc, R{0.33)
A : JLE4223 compound
Figure. 1-18. Two dimensional cellulose thin layer chromatogram of

the isolated compound
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1z

2) BAEA T4

e

tt& & '"H-NMR# “C-NMRe| 4 ZA}eo]r},
"H-NMR (400mHz, 8, CH30H) spectrum :
2.50(1H, dd, J=2.1Hz, 16.1Hz H-4,,), 2.84(1H, dd, J=5.4Hz,16.1Hz H.-4),
3.97(1H, m, H-3), 456(1H, d, J=7.4Hz, H-2), 5.85(1H, d, J=2.1Hz, H-6),
5.92(1H, d, J=2.1Hz, H-8), 6.71(1H, dd, J=1.8Hz, J=8.1Hz H-5"),
6.76(1H, d, J=8.1Hz, H-6"), 6.83(1H, d, J=1.7Hz, H2")
BC-NMR(100MHz, 8, CH30H) spectrum :
28.92(C-4), 69.21(C-3), 83.24(C-2), 95.89(C-8), 96.68(C-6), 101.21(C-10),
115.65(C-2"), 116.48(C-5'), 120.45(C-6'), 132.61(C-1"), 146.62(C-3"),
146.64(C-4"), 157.31(C-9), 157.98(C-5), 158.23(C-7)

o] Ae] Ao A (+)-catechin®} FAF3FL Figure. 1-18 o A= (+)-catechin
o] Ry #xE vEFW 21 (0.33,0.33) vanillin-HCI-EtOH 2] 24 2 o] 2 4 o 2wk
St W A FAHE A S catechin® NMR datagt v x &4 3
% T

Figure. 1-2001 A ¢t %ol 'H-NMR 2=#EJ A 85859 592014 F 7]
double H-63 H-89 I A =ZA Jzko] 2.1Hz9 2.1Hzol B2 ¥ ol A meta
couplinge] &< & F oW, Figure. 1-21914 “C-NMR 2= E & o] A &=
896.687 95.897F Zt7F vrElU Al 9l o X 2 phloroglucinol A% e 5 A< I =A
FEE zta Aot 625044 Y EFY= double doublet ¥ A= H-49] axial
A2 A vicinal 49 H-3°| o9&l 81Hz =9 J# 3 geminal 49 H-4
9] equatorial =4 9@l A 5.4Hzo JIHS zZre=u. T3 §2.84 o yEY
= double doublet ¥ 2= H-49] equatorial 4224 H-33 H-49 axial &4
of °Jal A 54Hzst 16.1Hze J#< zbeth 63979 93 H-39 24 H-49
FaSo 93 multiplete = JEFE O § 4569 doublet ¥ A= H-30 2 A
H-2¢ 3] jgkel 742 uetytth. "C-NMR =3 E @A § 28929 e A
g A<l flavan-3-0l9 C-4 33224 FgdHxol=7} 2zt carbonyl7| 2 74 4

FeSs & F oSt 6 69213 83249 VAL ZZ C-33 C-20] dNFH
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B3o] Fxi= catecholel FEIZ A 8§ 146.629 146.6491 4 <F2t7]7F A d
C-3'7 C-4'9 ¥ =7t dEtY Jom C-2', 5, 62 Z+zt § 11565, 116.48,
1204501 4 vEbvba gl o] 22 A H 3 catechol B39 “C-NMR =&
4 FHE RgFE Folth. 'H-NMR ~HEA4dA H-2'¢ 73 56839
/] meta coupling® o J#, 1.7Hz% doublete & uYElYt o™ H-5'+= §6.719] A
H-6"< ortho couplingel ¢ a4 Jzko] 81Hz2 doublete & Y EFWT. H-6'2
86.7691 A 1 H 3 F2Eo] 23] doublete®Z UEloW oy AFAsE WA
Ao} A3 dataE AU

ol el A A AT DA=He s+ x+= flavon-3-0ldd
(+)-catechin® 2 &3ttt o 33 &2 19029 Perkinol ¢ 3to] epicatechin
I A vsstY YRR RE Hx2 g9 A2, dA7A 5" 7HE

NFEEZAE (+)-catechin(C) <} (-)-epcatechin(EC),
(-)-epigallocatechin-3-gallage(EGCG), (+)-epogallocatechin(EGC) El
(-)-epocatechin gallage(ECG)% HA &< Aoz Iy o E3| oE 3}
dE2> Fd ZA&oly ¥ 2 sHAI AgAKLE T ZHAUE dow,

Agrimonia pilosaZ 38 E# % 3% 9 catechin°l A Staphylococcus aureus %
Agtel Al &4 S vetdrha iy gl
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Figure. 1-19. The structure of (+)-catechin
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Figure. 1-20. 'TH-NMR spectrum of (+)-Catechin
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Figure. 1-21. ®C-NMR spcectrum of (+)-Catechin
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Table. 1-10. Antimicrobial activities of ethanol extractives from Coptis

chinensis
Botanical name Inhibition zone" (mm)
Coptis chinensis
Test organism

Bacills cereus ATCC 9634 14
L.isteria monocytogenes ATCC 19111 11
L.isteria monocytogenes scott A 11
Staphylococcus aureus ATCC 25923 13
Escherichia coli k-12 TFO 3301 13
Escherichia coli O157:H7 933 13
Salmonella. typhimurium ATCC 14028 14
Yersinia enterocolitica ATCC 9610 12
Candida utilist IFO 0589 ND
Fusarium moniliform ATCC 10052 ND

Y Two thousand ug of ethanol extractives was absorbed into paper disc ($8 mm) and the
diameter(mm) of clear zone was measured.
? Not detected

2) 348 FEEF9 #H7Fd w2 inhibition growth test
7}) Bacillus cereus ATCC 9634 o3 inhibition growth test

gd FEES ZHzZE 2000, 1000, 500, 250pg/uwt® A 7F3dtel  Bacillus cereus
ATCC 96340 gt A& A el el 4T Z34= Figure. 1-220] 4
Bt 3d FEES 2000 H7tstdls A9 14A s AS A 235
et 1000pgs A7Fe A9+ 10A T AR
dxe] ASAs adE veErWlth 24A 70l A IS AS 2000ugS HIHS
74 99 O.D(optical density)@t= W=7+ R ¢ %2 & vedy ASEH7)
247 7ko] A Folk AEHHSE ¢ F AAY. Bacillus cereus ATCC 9634
of W3 FdH FEE AFAS = 250ug ol HrAS AS 8A A=

gen drhwrel 7%l wet A ANEAE o A

1o
ox
Ho
2
ol
ot
ik
il
i
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2.0

Bacillus cereus

15

Optical density(600nm)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

Figure. 1-22. Antimicrobial activity of the ethanol extractives from
Coptis chinensis against the growth of Bacillus cereus
ATCC 9634
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control

W) L.isteria monocytogenes ATCC 1911 W] 3 inhibition growth test

gd FE2E9 HI7MH F7Fd w2 Listeria monocytogenes ATCC 19119]
A5 A &3E Figure. 1-23°] Yebdln. & 225 250 H7HE 4§
Listeria monocytogenes ATCC 1911 o3 A& <
Ebut o w500, 1000pg o2 H7MES S/ S A9 % AFdAZRE v ofst
A vdetgd. 38 FEE 2000ueS A7 9w 243§ o)
ey o 24A1gke] AP S AS dlExzael vE] e OD#E e AR
e 249 A%e Wz 743 OD#S YErdl Listeria monocytogenes
ATCC 1911 digk AFAAEdE A7 HAalAA= 2000pg ©l %= FH7Fsf okt

=
s ¢ F Ay AsdAad HAA A3 Fd FEEL Listeria
_"

H
2
=
(ot
o
B
O>~
o,
h=)
12
ok
S
tlo
Jok
r o
]
4
%0
32
iv)

monocytogenes ATCC 191
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2.0

Listeria monocytogenes

Optical density(600nm)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

Figure. 1-23. Antimicrobial activity of the ethanol extractives from
Coptis chinensis against the growth of Listeria
monocytogenes ATCC 19111
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control

t}) Escherichia coli O157:H7 933°] ©] 3l inhibition growth test

= HMHS 2edtd A& AS Wl Escherichia coli O157:H7

9339 tha] el AFAAEHE Figure. 1-24° yeElWc 3d F&E 2000

pg A7FE A 1047 Ao AFAfEAdE el e 500ug@ 10004 S
H7tek A% 8AZF ol AS A aRE e 250es HFSE A5

5 dEtd H7bEol SFEe we S AR E A=

%2 Escherichia coli O157:H7e] o= %

Ueds & F )T, Escherichia coli O157:H7¢ tjg 3

o
A L= 250pg0l Y AT S B F 8AIZE o]t A A A
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2.0

Escherchia coli 0157:H7

Optical density(600nm)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

Figure. 1-24. Antimicrobial activity of the ethanol extractives from
Coptis chinensis against the growth of Escherichia coli
O157:H7
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control

2}) Salmonella typhimurin ATCC 140289 o] 3+ inhibition growth test

Salmonella typhimurin ATCC 14028 W3t 3d FEE9 ASIATHE
Figure. 1-25°1 Y e Wt 3d FZES 2000 H 713 A

FAAZHA7E dEb e, 1000ug F 500ues A& A 8AIF AE AKY
AZAE Yetg oy 250ues FA7R S wWe ASANE A7 dEbv A gt
Salmonella typhimurin ATCC 14028 w3 32

500pg ©ld H7TAE BF 8AIZE o4 AFAA &
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Figure. 1-25. Antimicrobial activity of the ethanol extractives from

Coptis chinensis against the growth of Salmonella

typhimurin ATCC 14028
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1z

e FFBHE FAF ARE dEd ot FTEA £Fel & EE
3 Azt h, Candidia utilis TFO

e Ao FHE

4 FEBY TA Fol FrAs] GEo

f

<o

=
0589¢} Fusarium monoiliform ATCC 10052 %9 7

4 AEstoe Fddol vdebA st

Table. 1-10. Antimicrobial activities of ethanol extractives from Coptis

chinensis
Botanical name Inhibition zone" (mm)
Mixture of
Test organism Quercus aliena and Coptis chinensis
Bacills cereus ATCC 9634 17
L.isteria monocytogenes ATCC 19111 15
L.isteria monocytogenes scott A 15
Staphylococcus aureus ATCC 25923 16
Escherichia coli k-12 TFO 3301 16
Escherichia coli O157:H7 933 16
Salmonella. typhimurium ATCC 14028 15
Yersinia enterocolitica ATCC 9610 15
Candida utilist IFO 0539 ND
Fusarium moniliform ATCC 10052 ND

Y Two thousand ug of ethanol extractives was absorbed into paper disc ($8 mm) and the
diameter(mm) of clear zone was measured.
? Not detected

2) W& A3 g &2 Hrel wE inhibition growth test
7}) Bacillus cereus ATCC 9634 o3t inhibition growth test

AR 9 FEEC Fd FEES B8 A FEE4ES 2000, 1500,
500, 250ug/pt 7 7F8bel Bacillus cereus ATCC 9634¢] 3t AsdAaxns
4% 235 Figure. 1-260] yeillth 234y A3 348 F5&88
g FqE=dS 2000 A& A 12A70 AR AFAAELRE HEWU S
™

1000ug# 500pgss H7F B5%= 1043 A= AFAAasdsE e

&
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Hexgdt & a9 Bacillus cereus ATCC 9634 ™3dk 7L 250u¢

ol AANE A% 8L o Fe $5E AKAATA} e,

2.0

Bacillus cereus

Optical density(600nm)

Time(hr)

Figure. 1-26. Antimicrobial activity of mixture of Quercus aliena lief

and Coptis chinensis on the growth of Bacillus cereus
ATCC 9634

FF 2000ug/ut,  -1000ug/ul, £ 500u0/ut, M 250ua/u8,  -O-control
W) Listeria monocytogenes ATCC 19111 W] 3 inhibition growth test

23usr FEEd #Fd FEES B8 AYd FHEAS  Listeria
monocytogenes ATCC 19119 w3 A& A 23 E Figure. 1-27° YEFH S
ok 250pg 3} 500pgs H7FE AS 8A AEe AKAAEZHRE UEHOH
1000pgE A 7betak 10417 A== AFAAas7t 7kt em 2000ugs A7t
P o 12A7F o) ASAdALRE YEWT. Listeria monocytogenes
ATCC 19111 oigt ASAA TR = 2500l H7EAS A5 641 o)<
T AsdA LR E YEW

g
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2.0

Listeria monocytogenes

15
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Figure. 1-27. Antimicrobial activity of mixture of Quercus aliena lief
and Coptis chinensis against the growth of Listeria
monocytogenes ATCC 19111
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control

t}) Escherichia coli O157:H7 933°] ©] 3l inhibition growth test

Escherichia coli O157:H7 933 W& A F A& 35 Figure. 1-28¢] e
th 250uge] = FEEAS AT A AP dFod gE) 6417 o] e A
AdAEHE vHEHon HrbE: d <]

S dEW oy 1000uget 2000pugE H7HE Ao AFAdAEZdE s o3
S7b7F mHl & Atk Escherichia coli O157:H7 933 thgk A& A &= 250

pg ©o1F AAIE W 6413t ol s AsAdAadE el

AL Fhte AF

Ho
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2.0

Escherichia coli O157:H7

15

Optical density(600nm)

Time(hr)

Figure. 1-28. Antimicrobial activity of mixture of Quercus aliena lief
and Coptis chinensis against the growth of Escherichia
coli O157:H7
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control

2}) Salmonella typhimurin ATCC 140289 o] 3+ inhibition growth test

Z2FAusr d FEEH FA FEES WHEAYT AS Salmonella
typhimurin ATCC 140284 tigt ASgA &3 A#E Figure. 1-299 e
o ERITEAS 250 AR S A AFAAZAE vHEA UYERS
W 500pgs H7bskA 641 Ao ASAALHRE

EF Witk 1000ug 3 2000pug
S A A 10 A= ASK = Hom, HAtEr F7hel
et ASAAaERE FUrstE AFES YHEW Y. Salmonella  typhimurin
ATCC 140282 A% HE At dd=2E 500ug0ld H7HAS ol 6413 9]
Ao g A Es e
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2.0

Salmonella typhimurium

15

Optical density(600nm)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time(hr)

Figure. 1-29. Antimicrobial activity of mixture of Quercus aliena lief
and Coptis chinensis against the growth of Salmonella
typhimurin ATCC 14028
FF 2000ug/ut,  -1000ug/ul, £\ 50040/, M 250ua/u8,  -O-control
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Table. 2-2. Antimicrobial spectrum of treatment solution.

Botanical name

Dipping time :

20 sec

Inhibition zone® (mm)

Q. Q. Q.

Test organism serrata mongolica acutissima

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 8 9 9 8 8 9 8 9 9
Psedomonas aeruginosa 8 9 9 8 8 9 8 9 10
Staphylococcus aureus 8 8 8 8 8 9 8 8 10
Bacillus subtillus 8 8 9 8 8 9 8 8 9
Listeria monocytogenes 8 8 8 8 9 9 8 8 9

2B 5B 3B 2B 5B 3B 2B 5B 3B
FEscherchia coli 8 8 9 8 8 9 8 3 9
Psedomonas aeruginosa 8 8 10 8 8 9 8 8 9
Staphylococcus aureus 8 8 10 8 8 9 8 8 9
Bacillus subtillus 3 8 9 3 8 9 8 3 9
Listeria monocytogenes 8 8 9 8 8 9 8 8 9

2X 5X 38X 2X 5X 38X 2X 5X 38X
FEscherchia coli 8 8 9 8 8 9 8 3 9
Psedomonas aeruginosa 8 8 9 8 8 9 8 8 9
Staphylococcus aureus 8 8 9 8 8 9 8 8 9
Bacillus subtillus 3 8 9 3 8 9 8 3 9
Listeria monocytogenes 8 8 9 8 8 9 8 8 9

Botanical name Inhibition zone” (mm)
Q. Q. Q.

Test organism aliena variebilis dentata

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 8 8 9 8 8 9 8 8 9
Psedomonas aeruginosa 8 9 10 8 8 10 8 8 9
Staphylococcus aureus 8 8 10 8 9 9 8 9 9
Bacillus subtillus 8 8 10 8 8 9 8 8 9
Listeria monocytogenes 8 8 9 8 8 9 8 9 9

2B 5B 3B 2B 5B 3B 2B 5B 3B
FEscherchia coli 8 8 9 8 9 9 8 3 9
Psedomonas aeruginosa 8 9 9 8 9 9 8 9 9
Staphylococcus aureus 9 9 9 8 8 9 8 8 9
Bacillus subtillus 3 8 9 3 8 9 8 9 9
Listeria monocytogenes 8 8 9 8 8 9 8 8 9

2X 5X 38X 2X 5X 38X 2X 5X 38X
FEscherchia coli 8 8 9 8 8 9 8 3 9
Psedomonas aeruginosa 8 9 9 8 9 9 8 9 9
Staphylococcus aureus 8 9 9 8 8 9 8 8 9
Bacillus subtillus 3 8 9 3 8 9 8 3 9
Listeria monocytogenes 8 8 9 8 8 9 8 9 9
Size of test sample : 8mm, 1) Size of clear zone
2, 5, 8 © Concentration of ethanol extractives, L : leaves, B : bark, X @ xylem
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Table. 2-3. Antimicrobial spectrum of treatment solution.

Botanical name

Dipping time :

40 sec

Inhibition zone” (mm)

Q. Q. Q.

Test organism serrata mongolica acutissima

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 9 10 10 8 10 10 8 3 9
Psedomonas aeruginosa 8 9 11 9 9 11 9 9 10
Staphylococcus aureus 9 9 11 8 9 11 8 10 10
Bacillus subtillus 9 9 9 8 8 10 9 9 9
Listeria monocytogenes 9 9 9 9 9 10 8 9 9

2B 5B 8B 2B 5B 8B 2B 5B 8B
Escherchia coli 9 9 10 8 10 10 8 8 10
Psedomonas aeruginosa 9 9 10 9 9 10 8 10 10
Staphylococcus aureus 8 8 10 8 10 10 8 10 10
Bacillus subtillus 8 9 10 8 9 10 8 8 10
Listeria monocytogenes 8 9 10 8 8 10 8 9 10

2X 5X 8X 2X | 5X 8X 2X | 5X 8X
Escherchia coli 8 9 10 8 9 10 8 9 10
Psedomonas aeruginosa 8 9 11 9 9 10 9 9 10
Staphylococcus aureus 8 9 10 8 9 10 9 9 10
Bacillus subtillus 8 10 10 8 9 10 8 8 10
Listeria monocytogenes 8 9 10 8 9 10 8 8 10

Botanical name Inhibition zone” (mm)
Q. Q. Q.

Test organism aliena variebilis dentata

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 9 11 12 9 10 12 9 9 10
Psedomonas aeruginosa 10 11 13 8 11 12 9 10 10
Staphylococcus aureus 10 10 12 9 10 12 9 10 11
Bacillus subtillus 9 9 12 10 10 12 9 9 10
Listeria monocytogenes 9 9 11 9 9 12 9 9 10

2B 5B 8B 2B 5B 8B 2B 5B 8B
Escherchia coli 9 9 10 8 9 10 9 9 10
Psedomonas aeruginosa 9 10 12 9 10 11 8 10 11
Staphylococcus aureus 9 10 12 9 10 10 9 9 10
Bacillus subtillus 8 10 11 8 9 10 8 9 11
Listeria monocytogenes 8 9 10 8 10 10 9 9 10

2X 5X 8X 2X | 5X 8X 2X | 5X 8X
Escherchia coli 8 9 9 9 9 11 8 9 10
Psedomonas aeruginosa 9 9 12 10 10 11 9 10 11
Staphylococcus aureus 8 9 12 9 10 10 9 10 10
Bacillus subtillus 9 9 10 8 9 9 8 9 10
Listeria monocytogenes 8 9 11 8 9 10 8 10 10

Size of test sample : 8mm,

1) Size of clear zone

2, 5, 8 : Concentration of ethanol extractives, L : leaves, B : bark, X : xylem
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Table. 2-4. Antimicrobial spectrum of treatment solution.

Botanical name

Dipping time :

60 sec

Inhibition zone" (mm)

Q. Q. Q.
Test organism serrata mongolica acutissima

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 8 10 13 9 10 14 9 10 13
Psedomonas aeruginosa 10 12 13 11 14 14 10 13 14
Staphylococcus aureus 11 14 13 10 14 14 11 13 14
Bacillus subtillus 9 10 12 8 10 12 9 11 14
Listeria monocytogenes 8 10 12 8 10 12 8 10 13

2B 5B 8B 2B 5B 8B 2B 5B 8B
Escherchia coli 9 11 13 8 10 12 9 11 14
Psedomonas aeruginosa 10 13 14 9 11 14 10 13 14
Staphylococcus aureus 10 13 14 10 13 14 10 13 14
Bacillus subtillus 8 10 12 8 10 12 8 10 13
Listeria monocytogenes 9 9 13 8 10 12 8 10 12

2X 5X 8X 2X 5X 8X 2X 5X 8X
Escherchia coli 8 10 12 8 10 19 9 9 10
Psedomonas aeruginosa 9 11 14 10 13 14 11 13 14
Staphylococcus aureus 9 11 14 10 13 14 10 14 14
Bacillus subtillus 8 10 12 8 9 12 8 9 12
Listeria monocytogenes 8 9 13 8 9 12 9 9 11

Botanical name Inhibition zone" (mm)
Q. Q. Q.
Test organism aliena variebilis dentata

2L 5L 8L 2L 5L 8L 2L 5L 8L
Escherchia coli 8 10 14 8 10 13 9 10 12
Psedomonas aeruginosa 10 12 14 10 14 14 10 11 13
Staphylococcus aureus 10 12 14 10 13 14 10 12 14
Bacillus subtillus 9 10 14 9 12 14 8 9 13
Listeria monocytogenes 8 10 13 9 12 14 8 9 13

2B 5B 8B 2B 5B 8B 2B 5B 8B
Escherchia coli 8 10 13 8 10 13 8 11 13
Psedomonas aeruginosa 10 12 13 10 12 14 10 13 14
Staphylococcus aureus 9 12 14 10 14 13 10 13 14
Bacillus subtillus 8 8 13 8 9 12 9 11 13
Listeria monocytogenes 8 10 14 8 10 13 8 11 13

2X 5X 8X 2X 5X 8X 2X 5X 8X
Escherchia coli 9 11 14 9 10 12 9 10 13
Psedomonas aeruginosa 10 13 13 10 13 14 11 12 13
Staphylococcus aureus 10 14 14 10 14 14 10 14 14
Bacillus subtillus 8 9 13 8 9 12 9 11 13
Listeria monocytogenes 8 10 13 8 9 12 8 11 14

Size of test sample : 8mm,

1) Size of clear zone

2, 5, 8 : Concentration of ethanol extractives, L : leaves, B : bark, X : xylem
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Figure. 2-11. Decreasing rate of biocide in different treatment solution
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Figure. 2-13. Decreasing rate of biocide in different treatment solution
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Figure. 2-15. Decreasing rate of biocide in different treatment solution

Staphylococcus aureus

Pseudomonas aeruginosa

L : leaves, B : bark, X : xylem
Figure. 2-16. Decreasing rate of bacteria in different treatment solution
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Table. 2-5. Antimicrobial spectrum of treatment solution.

Antimicrobial agents Dipping time : 60 sec
Inhibition zone" (mm)

Test organism A B C D E F G H
Escherchia coli 9 10 10 11 11 11 12 13
Psedomonas aeruginosa 9 11 10 11 12 11 12 14
Staphylococcus aureus 9 10 10 10 10 12 12 14
Bacillus subtillus 9 11 10 11 11 12 12 13
Listeria monocytogenes 9 11 10 10 10 12 12 14

I J K L M N (@) P
Escherchia coli 13 14 14 14 15 16 16 17
Psedomonas aeruginosa 13 15 14 15 15 16 16 17
Staphylococcus aureus 14 15 14 14 16 16 17 17
Bacillus subtillus 14 14 14 15 16 16 16 17
Listeria monocytogenes 14 15 14 15 15 16 16 17

. Coptis chinensis 05% B : Coptis chinensis 1% C : Citric acid 0.3% D : Citric acid 0.5%
. Quercus aliena 5% + Coptis chinensis 0.5%
© Quercus aliena 5% + Coptis chinensis 1%
* Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%
© Quercus aliena 8% + Coptis chinensis 0.5%
© Quercus aliena 8% + Coptis chinensis 1%
! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%

© Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%
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! Quercus aliena 5% + Coptis

! Quercus aliena 5% + Coptis
. Quercus aliena 5% + Coptis
: Querucs aliena 5% + Coptis
. Quercus aliena 5% + Coptis
Quercus aliena 5% + Coptis
! Quercus aliena 8% + Coptis
! Quercus aliena 8% + Coptis

I Quercus aliena 8% + Coptis

chinensis 0.5%

chinensis 1%

chinensis 0.5% + Citric acid 0.3%
chinensis 0.5% + Citric acid 0.5%
chinensis 1% + Citric acid 0.3%
chinensis 1% + Citric acid 0.5%
chinensis 0.5%

chinensis 1%

* Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
* Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%

! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%

chinensis 1% + Citric acid 0.5%

Figure. 2-20. Halo test of Escherchia coli
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* Quercus aliena 5% + Coptis chinensis 0.5%

! Quercus aliena 5% + Coptis chinensis 1%

! Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
. Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

I Quercus aliena 8% + Coptis chinensis 1%

! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-21. Halo test of Listeria monocytogenes
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* Quercus aliena 5% + Coptis chinensis 0.5%

! Quercus aliena 5% + Coptis chinensis 1%

! Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

I Quercus aliena 8% + Coptis chinensis 1%

! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-22. Halo test of Pseudomonas aeruginosa
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3k halo test A¥folth, AR o FEF1 3dd FEES 83 A9 4

@it A& F9ol shadow mark7} FAEHA e Fpiof e H7beFol F7hgl

whel FEPY FEERE v AL BAF 5 AUk Ciwie acid® W EA e 3
2 3

AS 9 clear zoneo] FAE UL, citric acide] H7}go] =7}t wiel A
o] F7tatd ot mokehE ld AT FHAE HWEAY A A5 AT
8%} & FEE 1% 18] citric acid 05% & H7I8I9 S 4% M =2 g dA
< e

- 140 -



A
B
C
D
E
F :
G
H
I
J
K
L

* Quercus aliena 5% + Coptis chinensis 0.5%

! Quercus aliena 5% + Coptis chinensis 1%

! Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

I Quercus aliena 8% + Coptis chinensis 1%

! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-23. Halo test of Bacillus subtillus

- 141 -




ul) Staphylococcus aureus©] ™3t halo test
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* Quercus aliena 5% + Coptis chinensis 0.5%

! Quercus aliena 5% + Coptis chinensis 1%

! Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

I Quercus aliena 8% + Coptis chinensis 1%

! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-24. Halo test of Staphylococcus aureus
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Figure. 2-25. Decreasing rate of biocide in different treatment

solution.
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Figure. 2-26. Decreasing rate of biocide in different treatment
solution.
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I : Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
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K : Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
L : Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-27. Decreasing rate of biocide in different treatment
solution.
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Figure. 2-28. Decreasing rate of bacteria in different treatment

solution.
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Table. 2-6. Antimicrobial spectrum of treatment solution.

10-day after antimicrobial paper manufacture

Antimicrobial antsge Inhibition zone"” (mm)

Test organism A B C D E F
Escherchia coli 12 12 13 13 13 14
Psedomonas aeruginosa 11 12 13 14 13 14
Staphylococcus aureus 12 13 13 13 14 14
Bacillus subtillus 12 13 13 14 14 14
Listeria monocytogenes 11 12 13 13 13 14

G H I J K L
Escherchia coli 13 14 15 15 16 17
Psedomonas aeruginosa 13 15 15 16 16 17
Staphylococcus aureus 13 14 15 16 16 16
Bacillus subtillus 13 15 15 15 16 17
Listeria monocytogenes 13 15 15 15 16 17

* Quercus aliena
* Quercus aliena
' Quercus aliena
: Querucs aliena
* Quercus aliena

* Quercus aliena -

5% +
5% +
5% +

Coptis chinensis 0.5%

Coptis chinensis 1%

Coptis chinensis 0.5% + Citric acid 0.3%
Coptis chinensis 0.5% + Citric acid 0.5%
Coptis chinensis 1% + Citric acid 0.3%
Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

! Quercus aliena 8% + Coptis chinensis 1%

: Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%

. Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%

: Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

PR —"ZoEEOOW >

Size of test sample : 10mm, 1) Size of clear zone
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Table. 2-7. Antimicrobial spectrum of treatment solution.

20-day after antimicrobial paper manufacture

Antimicrobial antsge Inhibition zone"” (mm)

. A B C D E F
Test organism
Escherchia coli 11 12 12 12 12 13
Psedomonas aeruginosa 11 11 12 12 12 13
Staphylococcus aureus 11 11 11 12 13 13
Bacillus subtillus 11 11 12 12 12 14
Listeria monocytogenes 11 12 11 12 13 13

G H I J K L

Escherchia coli 12 13 14 14 14 14
Psedomonas aeruginosa 11 13 14 14 14 15
Staphylococcus aureus 12 13 14 14 14 14
Bacillus subtillus 11 14 14 14 14 14
Listeria monocytogenes 12 14 14 14 14 15
A : Quercus aliena 5% + Coptis chinensis 0.5%
B : Quercus aliena 5% + Coptis chinensis 1%
C : Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%
D : Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
E : Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%
F : Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%
G : Quercus aliena 8% + Coptis chinensis 0.5%
H @ Quercus aliena 8% + Coptis chinensis 1%
I : Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
J 1 Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%
K : Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
L : Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Size of test sample : 10mm, 1) Size of clear zone
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Table. 2-8. Antimicrobial spectrum of treatment solution.

30-day after antimicrobial paper manufacture

Antimicrobial antsge Inhibition zone"” (mm)

Test organism A B C D E F
Escherchia coli 10 10 10 10 10 11
Psedomonas aeruginosa 10 10 10 11 10 11
Staphylococcus aureus 10 10 11 10 10 11
Bacillus subtillus 10 10 10 11 10 11
Listeria monocytogenes 10 10 10 10 11 11

G H I J K L
Escherchia coli 10 11 11 11 12 12
Psedomonas aeruginosa 11 11 12 12 12 12
Staphylococcus aureus 11 11 11 12 12 13
Bacillus subtillus 10 10 12 12 12 12
Listeria monocytogenes 10 11 12 12 12 12

* Quercus aliena
* Quercus aliena
' Quercus aliena
: Querucs aliena
* Quercus aliena

* Quercus aliena -

5% +
5% +
5% +

Coptis chinensis 0.5%

Coptis chinensis 1%

Coptis chinensis 0.5% + Citric acid 0.3%
Coptis chinensis 0.5% + Citric acid 0.5%
Coptis chinensis 1% + Citric acid 0.3%
Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

! Quercus aliena 8% + Coptis chinensis 1%

: Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%

. Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%

: Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

PR —"ZoEEOOW >

Size of test sample : 10mm, 1) Size of clear zone
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Figure. 2-31. Decreasing rate of biocide in different treatment

solution.
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Figure. 2-32. Decreasing rate of bacteria in different treatment

solution.
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Figure. 2-33. Decreasing rate of biocide in different treatment

solution.
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Figure. 2-34. Decreasing rate of bacteria in different treatment

solution.
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Figure. 2-35. Decreasing rate of biocide in different treatment
solution.
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Figure. 2-36. Decreasing rate of bacteria in different treatment
solution.
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! Quercus aliena 5% + Coptis chinensis 0.5%

! Quercus aliena 5% + Coptis chinensis 1%

! Quercus aliena 5% + Coptis chinensis 0.5% + Citric acid 0.3%

! Querucs aliena 5% + Coptis chinensis 0.5% + Citric acid 0.5%
! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.3%

! Quercus aliena 5% + Coptis chinensis 1% + Citric acid 0.5%

! Quercus aliena 8% + Coptis chinensis 0.5%

: Quercus aliena 8% + Coptis chinensis 1%

! Quercus aliena 8% + Coptis chinensis 0.5% + Citric acid 0.3%
! Querucus aliena 8% + Coptis chinensis 0.5% + Citirc acid 0.5%

! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.3%
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! Quercus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

Figure. 2-37. Antifungal properties of various antimicrobial agent
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20 day
12.31+£3.12
12.03+£3.27
11.78+2.78
11.54+3.02

ek o

15 day
9.214£2.86
8.87+2.36
9.00+2.32
7.34+2.09

Storage period
8 day
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5.73+1.37
457+1.46
5.00+1.21
o] -5 Table. 3-2°I
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5 day
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=

2 day
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bl

Querucus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%
[e)

N
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Table. 3-1. Weight reduction rate of the cucumber as a function of storage
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Table. 3-3. Mold growth of the cucumber as a unction of storage period

Test sample Storage period
P 2 day 5 day 8 day 15 day 20 day
Control - = - +++ +++

A - - - ++ ++
B - - - ++ ++
C - - - + ++

A : Querucus aliena 8%

B @ Quercus aliena 8% + Coptis chinensis 1%

C : Querucus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

+ © mold—1-10

++ @ moid—10-20

+++ : mold—20 1

3) A% 7]3ke mE o] FwW)

2ol E AAse v FWH NS #HE A} E Table. 3-40] WEFHTE A
4 8ol ARG A UETE EHE URE 2A0A W @4 WA
gkorom 15do] A uyA AAl A= 10% A= stz T A7) Az,
Az 200l AHRg A dEz2TY A5 W= 50% A% dAHAeH, A
FuF 8 s FEE2Y, 3W FE= 9 citric acidg HE Ay A5 &
W7l dolurlt AW vekd Aow et

Table. 3-4. Yellowing of the cucumber as a function of storage period

Test sample

Storage period

2 day 5 day 8 day 15 day 20 day
Control - - - ¥ Tt
A - - + + ++
B - - - +
C - - - +

A
B
Cc

 Querucus aliena 8%
" Quercus aliena 8% + Coptis chinensis 1% o )
* Querucus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%

+ 1 0-10% of the whole sample
++ 1 10-50% of the whole sample

+++

: 50% of the whole sample

- 181 -



Zvzbe] o o8 AdHE Qolo HAx W3 E Table. 3-501 YEHth Qo
! ow 2090 A 187.61+28.34Kgf
2 ALt 13% A% A drt. 2dEE A% 20 AL 10%0lse] Aw

HaEe degon Ag 249 W mE e Wit vngg

Table. 3-5. Hardness change of cucumber after 20 days

Test sample Hardness(Kg - force)
Before storage 216.21+12.27
Control 187.61+28.34
A 202.46+15.62
B 199.28+12.47
C 202.13+13.89

A : Querucus aliena 8%
B : Quercus aliena 8% + Coptis chinensis 1%
C : Querucus aliena 8% + Coptis chinensis 1% + Citric acid 0.5%
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7.

Table. 4-1. Antimicrobial spectrum of antimicrobial agents

Antimicrobial agents

Inhibition zone" (mm)

Test organism A B C D E
Escherchia coli 10 10 10 10 11
Psedomonas aeruginosa 10 10 10 11 10
Staphylococcus aureus 10 10 10 10 11
Bacillus subtillus 10 10 10 10 11
Listeria monocytogenes 10 10 10 10 10

Inhibition zone' (mm)
F G H I J
Escherchia coli 11 11 11 11 12
Psedomonas aeruginosa 10 11 10 11 12
Staphylococcus aureus 11 11 11 11 12
Bacillus subtillus 11 12 11 11 12
Listeria monocytogenes 11 12 10 11 12

A @ Acid water
B ! Acid water
C @ Acid water
D : Acid water
E : Acid water
F ! Acid water
G Acid water
H
I:

: Acid water

+

+

+

+

+

+

+

Quercus aliena 1%
Quercus aliena 1%
Quercus aliena 1%
Quercus aliena 3%
Quercus aliena 3%
Quercus aliena 3%

Quercus aliena 5%

+ Coptis chinensis 0.5%

+ Coptis chinensis 1%

+ Coptis chinensis 0.5%

+ Coptis chinensis 1%

Acid water + Quercus aliena 5% + Coptis chinensis 0.5%

J ¢ Acid water + Querucus aliena 5% + Coptis chinensis 1%

Size of test sample : 8mm

1) Size of clear zone
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Table. 4-2. Antimicrobial spectrum of antimicrobial agents

Antimicrobial agents

Inhibition zone” (mm)

Test organism K L M N 0)
Escherchia coli 10 10 10 10 11
Psedomonas aeruginosa 9 10 10 10 10
Staphylococcus aureus 10 10 10 10 11
Bacillus subtillus 9 10 10 10 10
Listeria monocytogenes 10 10 10 10 10

Inhibition zone” (mm)
P Q R S T
Escherchia coli 11 11 11 11 12
Psedomonas aeruginosa 10 11 11 12 12
Staphylococcus aureus 11 11 11 11 11
Bacillus subtillus 10 11 11 12 12
Listeria monocytogenes 11 11 11 11 11

HOwWoOYWOoZZCR

: Alkali water
: Alkali water + Quercus aliena 1%
. Alkali water + Quercus aliena 1% + Coptis chinensis 0.5%
© Alkali water + Quercus aliena 1% + Coptis chinensis 1%
¢ Alkali water + Quercus aliena 3%
. Alkali water + Quercus aliena 3% + Coptis chinensis 0.5%
: Alkali water + Quercus aliena 3% + Coptis chinensis 1%
© Alkali water + Quercus aliena 5%
. Alkali water + Quercus aliena 5% + Coptis chinensis 0.5%

© Alkali water + Querucus aliena 5% + Coptis chinensis 1%

Size of test sample : 8mm 1) Size of clear zone

- 193 -



=
@
e
N

o
A

</

3
12
‘.ﬂo
o
Jo

oo
o
)
o
el

fruze]
_Zrl
H

==
<

ar

dJojutriy A Eo @A 7}x]7}

o]

1
2

2 93] wet tissueo] %

]

=

o 7}

=

Paper disk 2

52 Agd 3

A

=

=K

ojp

27} A sFA 7] A

koA
=3

SEREERE

S

stal A E

Az

=
=

I wet tissue

3

ko)

ok BAAA

=

tol AlzH wet tissue®] ®
Q]

©

155 wet tissue A<

At

Z} Elrepho 3000 AF-&

o]

7}l 2] 3]

=]
=

9/]

N

oH

P
ojibal A &9

T wet tissue® Z3

5}

Az

Aol -5

ol

L&H o]

&

s

ZFell w2}

=

o

AL 5

i

o

3|
17 o]

5
Rus

[

3k wet tissue<t

+ wet tissue

gl

k)
A5 2AY

# 2]

Els

T

wet tissue YA 24 o]
A=

2]

7} E

Ly
a

Ho

—

X
of-
ﬁo

o

Aol doj}r] wFEo wet tissue

T

Z,]

) 2] o

-
=

- 194 -

=

UEFH O wet tissue

7HA]

94

tissue AZE 93

=3



90

86l
w 82}
7}
o
S
c 7
= 78
S
m

74}

70

Control A B C D E
Test sample

A : Acid water
B : Acid water + Quercus aliena 1%
C : Acid water + Quercus aliena 1% + Coptis chinensis 0.5%
D : Acid water + Quercus aliena 1% + Coptis chinensis 1%
E : Acid water + Quercus aliena 3%

Figure. 4-1. Effect of various antimicrobial electrolyzed water
brightness
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I : Acid water + Quercus aliena 5% + Coptis chinensis 0.5%
J ¢+ Acid water + Querucus aliena 5% + Coptis chinensis 1%

Figure. 4-2. Effect of various antimicrobial electrolyzed water
brightness
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Table. 4-3. Conditions of antimicrobial wet tissue manufacture

Conveyer speed AEW content
175m/min wet tissue sheet wetight x 1
150m/min wet tissue sheet wetight x 2
125m/min wet tissue sheet wetight x 3
100m/min wet tissue sheet wetight x 4

AEW : antimicrobial electrolyzed water
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-53 ¥ s 1 US01/28739

-l AR S EE, dol2Ad, Tl AdGAdA

dae dFTA A BE gk 99 A
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MIXTURE OF PHENOLIC AND INORGANIC MATERIALS WITH

ANTIMICROBIAL ACTIVITY
-~E3 W3 : EP 1190 622 Al

ANTIMICROBIAL PACKING MATERIALS
~EFBW3E - WO 03041516
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lysine cellulose ester®} arginine cellulose ester, ornithine cellulose ester,

histidine cellulose esterg &% 3l Ax7F 7testva Aysta
A 248 A= ARE

e Screening of antioxidant and antimicrobial activities of anise(Pimpinella
anisum L.) seed extracts
-A A} : Ilhami Gulcin, Munir Oktay, Ekrem Kirecci, O. Irfan Kufrevioglu.
-Journal : Food Chemistry (2003)
-7 & 2 AFE anise TAE = dE©E FEF3H4
FEAE AET dH&elth anised F7HA FEEol WHEd FAsAd S free
radical scavenging, superoxide anion radical scavenging, hydrogen
peroxide scavenging, metal chelating activityS #H7}st . 3 o e &

FZ& 59 20upg/mlE= linoleic acid Al = #l o] A peroxidationo] o3| 99.1% ¢}

775%2 AggS velW or o]i= a-tocopherols FYd} TE=2 HEIS
g 2o o & AFAEES et o' vt ’\J?i‘r*% BHA<® BHT
18] 31 a-tocopherol® TFAE A3} A H 2 & ¢4 U}, anise A9 & F
EE2 e FEE Ho ¢ ¥ s v8S vErUT drAdel d

!

sk Age 107 T Fo W g2=a g4F wH (disc diffusion method) S
[e

e Antifungal and larvicidal cordiaquinones from the roots of Cordia
curassavica

-# & : Jean-Robert Iost, Andrew Maston, Mahabir P. Gupta, Kurt
Hostettmann.

—-Journal : Phytochemistry 53 (2000) p.613-617

-7l & : Cordiaquinones A%} Beol A F 714 2 & cordiaquinone J9F KZ H

W3 F7FA A -8 meroterpenoid naphtoquinoness Cordia curassavica®
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e REagrt. 9 A FxE= EL D/l 2F =47, 'H, "H-NMR,
2D-NMR Ae s Z 3l A3 o 47} A naphtoquinones 2]

=

Caldosporium cucumerinum®l| o3+ antifungal &4 & =493 tt.
e Antimicrobial activity of plants used in traditional medicine fo San Juan
province, Argentine.
-A A} : Gabriela Egly Feresin, Alejandro Tapia, Silvia N. Lopez, Susana
A. Zacchino
—-Journal : Journal of Ethnophamacology 78 (2001) p.103-107
-/ & : Acaenta magellamica, Bacharis grisebachii, Ephedra breana,
Oxalis erythrohiza, Pachylaena atriplicifolia, Satureja, pravifolia® %€ 4
S 18709 F&E & agar dilution methodE Al-&3to] uvld g ole} FFo]it
o W3 FrFALE AMsAT. B, grisebachii®t O. erythorhiza®
&3 dichloromethane(DCM) F &= FFolo st
& UeUS. 2E FEE9 A 9 25-1000pg/mlE
°

A7FA S o verd ot Trichophyton rubrum® F&%
o

==

Y Crytpcoccus neoformans® F&& & MIC =

oA FrdAS UetWEd ol B. grisbachii®l DCM FZ& &4 93 A
olt}. O. erythrorhiza®l DCM3} B. grisebachii® DCM FZ&E2L& 125-500
wg/mlE H 713 S W methicillin-resistant®} methicillin-sensitiveE 7}A &

Staphylococcus aureuso] W3 TS vEldt. B, grisebacchii®

DCM = &2 methicillin-sensitive strain Xt} methillin-resistantel] Tt 3j
H =2 g3E veE G,

e Antimicrobial activity of extracts of eastern North American hardwood
trees and relation to traditional medicine
-# # : S. Omar, B. Lemonnier, N. Jones, C. Ficker, M. L. Smith, C,
Neema, G. H. N. Towers, K. Goel, J. T. Arnason.
-Journal : Journal of Ethnopharmacology 73 (2000) p.161-170

A & 14Fe Hops BEFe BANG S FEBS 8% e
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ofb¢} 6% <9 F@Fo] ol dEle I FAHASE YEUE 5SS 7HA 9
ot gow AR Hojglth,  F9FEFEL methicillin - sensitive
Staphylococcus aureusel ™a 86% ol AL YetWow, Bacillus
sutillusoﬂ el A= 71%, Mycobacterium phileil ™8]l A = 79%9 & &

= Ueilhg. 545 FEE2L 5y FEE v 22 dHdAdSs vE
‘;’iﬂ}. Staphylococcus aureusdl Wal A= 72%, Bacillus subtillusel d &l A
= 36%, Mycobacterium phileidl ™3l A = 43%9 g AHS ey, &
Bolge Aom g Fo FFo] wel ] FFFoldo] HdERon F
JFEFo HAY FEE HUY ¢ =2 FoFAHS YerdlY. Juglans

cinerea®l ¥ %% C(Candida albicans® Saccharomyces cerevisiae,

UH

Cryptococcus neoformans, Trichophyton mentaforphytes, Microsporum
gypseum, Aspergillus fumigatus®l W3] 3 DS vebdleh.
HAog FEEL aggAd T axdSEd v da o =2 FdEAHE YE

o7

ox
o

Wil yeast-like fungi ¥ U} filamentous fungiol &l © ¥ & 3770

e o

e Antimicrobial activity of aqueous and methanol extracts of Juniperus
oxycedrus L.
-# # : I. Karaman, F. Sahin, M. Guluce, H. Ogutcu, M. Sengul, A.

Adiguzel
- & B WEE FZFo o3 Juniperus Oxycedrus 9o ddAdAL
invitro 4¥8S S3 AESFAT. Ao A& *—‘1 2 S Gebzedl Pelitili

village®} Kocali, =282 E 7] ¢ Marmata A < ol A kS 3}@1 AF-&3F A Tk,
Juniperus oxycedrusv= ZHW9W XZAZ H7I9 T
=%

At #19 FE=2 5659 el ol 5% 9

N

=& 7}A] 1 disc-diffusion assay ®¥H 3 MIC, MBC
S AASAT. J. oxycedured & FEES AP ALE&H T Fol dg g
TEdH7F YEUYA oy We s FE2E 247 drH o F T MId
570 sl dad&d S et on, 31.25-250pg/ml1e] W S

=

s FeaAel u

- 214 -



NEe

o Hl = 3}

524 Q)

]

d] A 2 (Undecylenic acid)®l

AR 8

_04

%
5} v} A5 <)

: http://www.chemicaldaily.co.jp

)

A

=
=

T
&
+e

8

-

°©

Al 34 3 9

!

)

t

~
.60

)

%27 gl

ot 715 %59

&

~
io

ﬂ_

o]

=
=

ol =& 2 ¥ (acrylol) 7]

%

0

~
o

ojp

20

22

o)
A

<0

ml

——
o

. http://release.nikei.co.jp

A

=
=

_zéE_

]

N

o
)

t

~
.60

T/

ajo

3} 3= ol

A2 9l

o

R

07]

R

A=

5}

ATt eolY candidai?s 9

9
83t e

p=2

[}

MRSA
7k A]

e E 7] wZel o]

ol

gase]

[e;

1

;OL

ol

21 A ol

o

z 3

oo

Azl Ab

W

jgase]

o &

21 A ol

H

oo

3l

4
ao

)

Mr
ol
s

NI

d
ol
T
all
o)

0

N

<]

o

o] 79

&

3]

=3
ol
0

w
<

]
)3

~
.50

b
e

1o

oo

oj
i
ul
T

. The New Scientist Magazine

1

&

=

_zéE_

Hin
<
B
—_—
1o

~O

P

o
=

R

&

Y

o

!

H
ze)
B
oF

o
Hr
Nfo

—

<

=

R

A

O

B

P

o))
R

0

ey

~
;00

)

%

ToR

uhel Ao

=

o]

g A = =

o] 2

N

1

whe ok o] A4 of

] .5} of

- 215 -



Technion

IE Y

S

o] 2}l

2ol o e

Institutes of Technology ™3 Ao ol 4t

= ot

-
it

)

0

Tor

it
o

o)

o
ol

Listeria ¥#& X

)
=

AEL E. coli 0157

Tor

linalool”

2
=

§off = 71w ol

=]
=

B

23
‘.ﬂo

ﬂ\_wo
ee!

Njo

: http://www.ccen.net

A

-ARE

o 4|

i3] 98-99% ©

5ol

, mold, candida alvicans

A

A=

&

23

ki

ﬂo

T

K

oh

: http://www.bio.com

A

- RE

syl

el
ojn

—

el

T a1

o

oo

=

A A

5}

<

B/

o Al

pu
R

]_

o

o]

=0

o
=

—

j0)

il

o

N

ol

‘mo

2

2

Lobophora variegata©l A

a_
ol

ol
s

B

=

vl

Tor
o
)
-
Hr

)

=
= =

A A

&}

(macrolide) A

=

o = 2 2} o]

N
wr

,.J%O

T
_ﬂ

vl

=
()
el

~
.60

ol
=

T
Ho

T/

O

- 216 -



fron

~
.50

)
il
il

o

Lo

fron

R

b mE Hsh A

0

o
0

83
ToR

Bl

o

0

83
ToR

(]

!

X

=
o7
o
el
op

R

H

0

B

R

ToR

B

()
el
h3

ﬂo

E)
el

o

N

oj
oA

o

T

B = 7

=)

B

: http://www.bio.com

A<
IT

]

o

58

Cadida alvicans®l
_zé H

A

=
=

7}

=

o &h

Candida alvicans®l

p—

oe
uArO
o

w

M. Candida 2w F &0

oj
=0
o

b

o

o
il
)

i
fi%e)

el

: http://www.unisci.com

|

- RE

t}. Daniel Y. C. Fung X<

3
|
R

el
50
o
oy
ol

ol

=y
-

A

KR
T

Leslie Thompson

o
Tor

8

%ol 3%

FS e

S

ki3

o

I

S5

il

Gl
\mo
<
op

B

<

s
el

=
~o

o
)
o

mo

—

<
ofp

H

el

!

i

o
)

o)
50

o))
I~
o)
4

B

)

R

ﬂ|
o

o

—~
1o

=

or
o

—

<
No

o
e
Nro
H
B

gl 2 of,

Jjo
o

: Le Monde(AFP)

1

- R E

<]
el
H

<

)

!

A
—_
o
™
X
el

0

~
‘.@O

23

- 217 -



AR
o = 7]—X]:ﬂ_

~
!
g F 0 a
Jo E! IS
o = F B L o <
Eﬂﬂ o e 0 .nlmw ‘o|# T
= W ™ < 0 S = T o = o)
F® T 2 mm%ﬁmamﬂn
T 0 < e L Y RGN =
@Eﬁrgaﬂ S5 ol Hp hﬂ__oﬁ W
o LE ™~ el = do o oy ol oW
gl o o - oy X o — athi] ol 0
oMo ar 57 a mow oy Jo N = (> %_}TM
%ﬂl%@ &%ﬂ@.iﬂwéﬂmqmﬂcﬂ@ho
o = o N T o T K B oo 3 ™o W
= o ar 8o oy oo m S 1 = il
RO ~o ofp —~ K of s T =l
urm}au7 ﬂﬂﬁ__oy}aeaoi =2 T e
o)) o [ ~o o ° M X i o+ o O o
Wl m . KON X0 Ao o oy ol = » 1o or o
ath] " = = s o o R o qr =
woA]E Y o~ X B =X w ¢w 1] "
%ﬂw%ﬂ ﬁa.mmﬁﬂ,%@l ﬂo,lguﬂ@ﬂ
oy %Eﬁ :J wriﬂohﬂoﬁﬂfrﬂ%mluz}
maﬂuiw . % e T T N
g e ﬂ@qo%go%gq g T SRR
.,mar.ﬂég « aewac%ourvL]a. ﬁlﬁp@
oK o M LG A o B T © RNy bl o 0 e
o ) | o =K ~ o X oy DA ou KA ~ Moo Po - k o oF !
MR \oul WI He Wm H ! . X0 M jod T = — M \LXI o o st M
ma}@ o :ﬂ%fﬂd,ﬂ.ﬂn%ﬁo%co%o
o = B = TN or = < = 5 1o° X T Jo
o F o R N ol | - o) o R o MU a9 TN
mMiﬂﬁcb wn%urmo_aﬂ% _céﬁqnﬁa — o O ﬂi7
12%%59 w < @&Mﬂﬁ%nqﬂﬂ:i&uﬂugﬂoﬂﬂ
LT " FTIs %f;?;?iiig
p— o i
ﬂ_:ﬂﬂr.ﬂae gﬂw _aomgww mﬂﬁo@ @loﬁbﬁﬂ_c%%ﬂ
e NE o B MH_ g o = % sy N o T fat mo X = %O 3 Y Ol m
op O o = v SN ol T oy Ao =
vaﬂ ZO X .. \Nﬂ \ﬁl —_— F; OME — O# oL = _ \ﬁlArO Ho
o oz & T 17@|ﬂ_:%&uﬂﬂ = X 0O o
_Qﬂ%oﬂo Drﬂ.ﬂ7hﬂuﬂh ﬁlﬂ%ﬂﬁ%
2 ogﬂ,& o o A o g X % %ﬂ,g
S do do T % o ° N < = Hu o /TN o T oo
Ho® B o T To = I . T G
R F R T = ° H oy op- H oo B o = 9
My o IRy “ ~ = i g o M ol o - olp
VI ﬂnoM ‘lqi Of dAiO _ O#E ““Da © 7AO Vl \Bl
o;auwyél_w%a,_fﬂﬂ
[ e 2 s i0° Mo = o M
o o Fo o -
M= &o o
oA A

- 218 -



HN 78 a2z 8

1. o™+, FA%, #LE, “5 7led FodA ¢ (Development of

specialty funtional Hanji with antibacterial properties.)”, At8tg T A 7, 65

p.25-33 (2002)
2. oW, A=, &, Ao, 49 dEwY Fuwade HAFE BEA HIL
o O% ArEs’, FFATF|FI FAFELERALAY, p
110-115 (2002)
3. oW T, fAT, F

pul

“Fhol el oF FHEN FHVLE ]

:t.I
)
fo
f4°

Tote] =8 % Ty -um@, p.116-120 (2002)
4 olWT, FAE, FRE, DL, AAND FEFES o §F FEAS, FH
ZFolwots F7A%t&LHUE, pl70-175 (2002)
2 A4 %, “FE BgE A4 we FEA

Fol&srs FA=TRA I, p176-180 (2002)

FAStEE X Y3 2R H, pdl-42 (1999)
“Manufacture of Antimicrobial Paper for Food

Product.”, Proceeding of Pre-symposium of the 10th ISWPC, p.217-220

(1999)
8. oW, oW, VIEAS ol&3 FHA AX", AA7V|E, 13F p57-63

(1999)
9. oW, W%, ‘A o 71AFA T A & (Effect of Antifungi
Agents on Rash Inhibition of Diaper.)”, 3t X F o] F 53] F7 8t &d 3

W ERAF, p.37-40 (1999)
" oAy, ey “AE AL FHA A ZX(Manufacture of
H 3 Fol7]&, 32(1) p.65-71

10.  ©]

antimicrobial paper ofor food products.)”,

(2000)
11. P. R. Austin, C. J. Brine, J. E. Castle, and J. P. Zikakis, Science, 212,

749 (1981)
12. J. P. Zikakis(Ed.), "Chitin, Chitosan and Related Enzymes”, p.119-133,

- 219 -



13.
14.
15.
16.

17.

18.

19.

20.

21.

22.
23.

24.
25.

26.

27.
28.

29.

Academic Press, Inc..(1984)

T =BE, mEEH N e, SA AT 7 /e o-FM AP~ p645 (1986)

Tracey, M. V., Rev. Pure Appl. Chem., 7.1(1957)

Hackman, R. H., Austr. J. Biol, Sci., 7, 168 (1954)

BRITANNICA WORLD ENCYCLOPAEDIA, @=5geiyA A &3,

p.605 (1994)

DOOSAN WORLD ENCYCLOPIA, 52 3] AL F4F &oF 28, p.568 (1996)
g FAXE A i @ A

C

lothing and Textiles Vol, 14, NO.

2AdF, 2RSS, EvY, I 42
7, Journal of the Korean Society of
3, p.216-221 (1990)
o A, +ES, HAAdF H

=& Faad” FaddAFeE A, 24(2), p.293-298 (1995)
Muzzarelli, R. A. A., In Chitin, Pergamon Press, Oxford, p.1 (1977)
Clark, G. L., and Smith, A. F., J. Phys. Chem., 40, 863 (1937)
AR, 7—F7 2709, 61 (1986)

DA, “Il=Ats o] &3 WAF o sty (D-GotAd el w

pud

CMdE, AR, wR, LEA W TR F

& 387337 Journal of the Korean Fiber Society, Vol, 33, No, 6,
7 (1996)

NH %, *F v, X P vo ittt 7—F7 2201 -2, 22, (1988)

Morse, S. I, and Me., Staphylococci. In, Brnade, A. T.(ed.), Infections
Disease and Medical Microbioloy, 2nd and ed. Philadelphia, The W. B.
Saunders Co., p.236-242 (1986)

Jawetz, E., Melnick, J. L., and Adelberg, E. A., The Staphylococci. In,
Review of Medical Microbiology, 17th ed. Connectcut, The Appleton and
Lange Co., p.217-222 (1987)

Takno et al.,, J. Food Sci. 44, p.112-115 (1979)

Lori N. C., and Douglas L. M., Monolaurin Preparation Method Affects
Acticity Against Vegetative Cells of Bacillus cereus, Lebensm.-Wiss.
U.-Technol., 30, p.830-833 (1997)

C. H. Kim, J. W. Choi, H. J. Chun and K. S. Choi. Polym. Bull., 38, 387

- 220 -



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(1997)

S. Kasai, S. Watanabe, J. Kawabata, S. Tahara and J, Mizutani.,
"Antimicrobial catechin derivatives of agrimono pilosa.”, Department of
Angircultural Chemistry, 31, p.787-789 (1992)

Beuchat, L. R., and Golden, D. A. : Antimicrobials occuring naturally in
foods. Food Technol., 43, 134 (1989)

Board, R. G. : The microbiology of Hen's egg. In Advances in Applied
Microbiology, Vol. II, Perlman, D. (ed.), AP, New York (1969)

Orman, J. D. and Reiter, B. : Inhibition of bacteria by lactoferriin and
other iron chelating agents. Biochem. Biophys. Acta, 170, 351 (1968)
Zaika, L. L. : Spices and herbs : Their antimicrobial activity and its
determination. J. Food Safety 9, 97 (1988)

Tansey, M. R. and Appleton, J. A. : Inhibition of fungal growth by
garlic extract. Mycologia, 70, .397 (1978)

Scott, V. N. : Safety considerations for new generation refrigerated
foods. Dairy food Environ. Sanitation, 8, 5 (1988)

Davidson, P. M. and Pose, L. S. : Naturally occuring and miscellaneous
food antimicrobials. In "Antimicrobials in foods.: eld., Branen, A. L. and
Davidson, P. M., p.371, Mcrcel Dekker, Inc., New York (1983)

Branen, A. I, Go, H. C., and Genske, R. P. : Purification and properties
of antimicrobial substnaces produced by Strptococcus diacetilacis and
Leuceonostoc citrivorum. J. Food. Sci., 40, 446 (1975)

g, AR, Aok oF AFER I #I A4 (A 1K) B A
AokAel b R E T g Esters] A, 22, p.9l (1979)

Cutter, C. N. and Siragusa, G. R. 1994. "Efficacy fo organic acids
against Escherichia coli O157:H7 attached to beef careass tissue using a
pilot scale model carecass washer.”, J. Food Prot, 57, p.97-103

Griffin, P. M. and Tauxe, R. V., "The epidermiology of infections caused
by Escherichia coli O157:H7, other enterohemorrhagic E. coli, and the
associated hemolytic uremic syndrom.”, Epoderiol. rev, 13, p.60-98 (1991)

- 221 -



42.

43.

44.

46.

47.

48.

49.

50.

5l.

52.
53.

54.

Leyer, G. J., Wanf, L. L. and Jhonson, E. A. "Acid adaptation of
Escherchia coli O157:H7 increases survival in acidic foods.” Environ,
Microbiol, 61, p.3752-3755 (1995)

Miller, L. G. and Kaspar, C. W., "Escherchia coli O157:H7 acid tolerance
and survival in apple cider.” J. Food Prot, 57, p.460-464 (1994)
Paghubeer, E. V. Michael, J. K and Meyer R. S., "Fate fo Escherchia
coli 0O157:h7 and other coliforms in commercial mayonnaise and

refrigerated salad dressing.”, J. Food Prot., 58, p. 13-18 (1995)

5. Todd, E. C. D.”Preliminary estimates of costs of food borne disease in

the United Stated.”, ]J. Food Prot, 52, p.595-601 (1989)

Frack, J. F., "Control of L. monocytogenes in food processing
environments.” J. Korean Soc., Food Nutr., 19, p.491-493 (1990)

ols&, 4T, A, “sEuete HACCP A= AAdG 4 F34
g A FAR I DY, 4, p14-16 (1999)

Monitor : population and health. National statistics. Goverment
saltistical service, London : Office for National ststistics (1996)

Silk, T. M. and Donnelly, C. W., "Increased detection of acid-injured
Escherichia coli O157:H7 in autocalved appl cider by using nonselective
repair on trypticast soy agar.”, J. Food Prot., 60, p.1483-1486 (1997)
Essenlen, W. B. and A. S. Levine.,, "Bacterial food poisoning and its
control.”. A review, Dept, fo Food Technol.,, Univ, Massachusetts. Bull,
p.493 (1959)

Bryan, F. L., "Food-borne disease of contemporary importance.”, US
EPA public Health Sevice. Center for disease Control. Atlanta, Georgia
(1972)

AW s, “AFe nAswee REA FA7E AF71E, 81, 93 (1994)
Brane, A. L. "Toxicological and Dbiochemistry of butylateed
hydroxyanusole and butylated hydroxytoluene.”, JAOCL. 52, p.59-63
(1975)

AEA, ol AR, 719

of

= _ . _
, AEH, ol 4, A2, 3 d, 284, Ao,

- 222 -



55.

56.

o7.

58.

59.

60.

61.
62.

63.

64.

65.

66.

M
_‘2
oY
N
ox
ri
oft
1>
— o
)
20
Q,
i
=2
o
2\
Q,
%
i
i
=
e
=
r dl
(ot
s
-
ro

4% 8t 3] A 31, p.1667-1678 (1999)
E-3

dEs, BAE, “9AY FHAd =20 w3 AT, FHAE AT A, 24,

p.552-557 (1992)
Shelef. L. A. Naglik, O. A. and Bogen D. W., "Sensitivity of some
common food-borne bacteria to the spices sage, resemary, and allspice.”,
J. Food Sci., 45, 1042-1044 (1980)
Ziauddin K. S., Rao. H. S. and Faroze, N., "Effect of orgainc acids and
spices on quality and self-life of meat at ambient temperature.”, J. Food
Sci. Techol., 33, p.255-258 (1996)
Smith-palmer, A., Stewart. J. and Fype. L., "Antimicrobial properties of
plant essential against five important foog-bome pathogens.”, Lett, Appl,
Microbial., 26, p.118-122 (1998)
A2, Asa, AIF, “ Az sSAE 2 FnA= 247, J. Food
Sci, Techol., 29, p.400-406 (1997)
"5, A%, “Graphfruit TA FE52&E9 2L 2 uAE A7 39
nA = G, e EA G FEE A, 3(2), p187-193 (1996)

4, AAzss A7, Aedda 35, p.9-17 (1999)
Larry R. Beuchat and David A. Golen, "Antimicrobials occurring
naturally in foods.” J. Food technoloy, Jan., p.134-142 (1989)
Maria B. Z., lamar S. R. Jose S. M. Minam L. S. and Amaldo R. L. :
Volatile sulfides of the amazonian garlic bush.”, J. Agric, Food chem, 32,
p.1009-1010 (1984)
Jamal N. B. and Ibrahim A. W. ’citric acid and antimicrobial affect
microbiologucal suability and quality of tomato juice.”, J. Food Sci, 59,
p.130-134 (1994)
ezt “HA A Bde AFdAGy AFETLEol e o &7, AFEH
A4, 23, p.130-134 (1994)
Fleming, H. P., W. M. Walter, JR., J. L. Etchells, "Isolation of a
Bacterial Inhibition from Green Olives.” Applied Microbiology, 18(5),

10

]—_TL].

- 223 -



67.

68.
69.
70.

71.

2.
73.
74.

75.

76.

7.

78.
80.

81

p.856-860 (1969)

Kang, H. Y., "The biochemical role of tree extractives.” Mokchae Kon%
ak, 22(1) p.5-11 (1994)
A, “ghare] 57 weAE (1996)

g, e FEAE

Sofos, J. N., Beuchat, L. R., Davidson, P. M. and Johnson, E. A.
Naturally occuring antimicrobials in foods.”, Regul. Toxicol. Pharmacol.,
28, p.71-72 (1998)

Dalgaard. P., Garcia Munoz. L. and Mejiholm. O., "Specific inhibition of
Photobacterium phosphoreum extends the shelf life of modified
atmosphere-packed cod fillets.”, J. Food Prot., 61, p.911-1194 (1998)
Lancini & Parenti, "antibiotics.: (1995)

AFwl, “watA 2 A AET, FEE AR A (1997)

Hughey, V. L. and Johnson, E. A., "Antibacterial activity of lysozyme
against bacteria involved in food spolage and food-borne disease.”, Appl.
Environ. Microbiol. 53, p.97-105 (1983)

Golocinsky, E. V., Maneva, L. S., Angelov., I. 1., eljanova, K. D., Sniker,
D. J. and Stankevich, E. K., "antibacterial and antitumor activity of some
derivatives of ureidosuccinic acid.”, Neoplasma, 23, 4, p.3-46 (1976)
Quattara, B., Simard, R. E., Holley, R. A., Piette, G. J.,, and Begin. A,
"Antibacterial activity of selected fatty acids and essential oils against
six meat spoilage organism.” Int. J. Food Microbiol., 37, p.155-162 (1997)
Galbraith, H., Miller, T. B., Panton, A. M., and Thompson, J. K,
"Antibacterial activity of long chain fatty acids and the reversal with
calcium, magnesium, erogocalciferol and cholestrol.”, J. Appl. bacteriol.,
70, p.397-401 (1978)

J. F. Petrie, and B. A. Dave., "Phytopathology.”, 72, p.1008 (1982)

C. L. Wilson and M. E. Wisniewski, Annu., : Rev. Phytophoto., 27,
p.425-441 (1989)

. M. E. Wisniewski and C. L. Wilson, "Hortscience.”, 27, p.94-98 (1992)

- 224 -



82.

83.

34.

85.

36.

87.

38.

89.

90.

91.

Med, B, 2o, ‘a2 FEE '

ok

1o
odt
=l
ol
k)
o,
J)'

C@dEg g
Oguni, I., nasu, Yamamoto, S. and T. Nomura, "On the antitumor
activity of fresh green tea leat.” Agric. Biol. Chem., 52, p.1879 (1988)
A, 45S, 4%, gz HetdR 0 PV ATRA", 4 F
g} 3] %], 29(3), p.400-406 (1997)

NT, £%7), AW, AeE, BBl dr A BFAs 4

Aol M= 7, =25 733 A, 30(6), p.1404-1408 (1998)

‘\'r’

ntsl, w3, Ay, iaed, Ty A FuAE=ES 2=
3,4-Dihydroxycinnamic acid 2. =2 F33%, 28(3), p.600-603
(1996)

322 A %3, “ L. monocytogenese ZF A Ao mE Wy 9 i)
of g

= FEE9 +9d 5247 =2 F #4383 A, 26(5), p.539-544

s, A%, v9T, A, Y, ‘=5uF FEE FEE&0 o
w3, 40(4), p.7-12 (1998)

A=, B3, “FIa oo &g % FnAE 247, FxFse 3
A, 38(4), p.2

AAFF, w2y, “AaztE e AATE Ad 4 #-E A=Y F4 H
A7, gk A E ks 2] 29(6), p.1275-1280 (1997)

Todd, E. C. D., "Preliminary estimates of costs of foodborne disease in

the United States.”, J. Food Prot., 52, p.595-601 (1989)
7]

100. A58, D85, #A%, “FWAL FE§4E FEE @ Fwd A4
3]
=1

101.

S 54, sk #2383 A, 29(4), p.808-818 (1997)
An, E. Y., Han, J. S. and Shin, D. W., "Growth inhibition of Listeria

= =

A

monocytogenes by pure conpound isolated from extract of Morus alba

Linne bark.”, Korean J. Food Sci. Technol., 29, p.1236-1240 (1997)

102. Oh, D. H, S. S., Park, B. K. Ahn C., and Yu J. Y., "Antimicrobial

activities of natural medical herbs on the food spoilage or foodborne
disease microorganisms.”, Korean J, Food Sci. Technol., 30, p.957-9 63

(1998)

- 225 -



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Eun, J. S, Lim, J. P., Park, Y. K. Choi, D. S., and Ahn, M. S,
"Hepatoprotective activity for Salcvia miltiorrhizae Radix extract.”,
Korean J. Pharmacogn 22, p.95-100 (1991)

Tang. W. and Eisenbtand, G., "Chinese drug of plant prigin
Springerverlag.”, Berlin, Germany. p.891-902 (1992)

Ikeshiro, Y., Mase, I. and Tomita. Y., "Abientance type diterphenoid
from Salvia Milltiorrhizae.”, Phytochemistry 28, p.3139-3141 (1989)

Gao, Y. G, Song, Y. M., Yang, Y. Y., Liu, W. F. and Tang, J. X,
"Phamacology of tanshinone.”, Yao Hsueh pao, 14, p.75-82 (1979)

Luo, H. W., Sheng, L. S., Zhang, S. Q., Xu, L. F. and Wei, P.
Tanshinone, "Antimycobacterial agents its bile excretion and
biotransformation in rat liver.”, Yao HsueX® Pal., 18, p.1-6 (1983)

Lee, B. W. and D. H. Shin, "Screening of natural antimicrobial plant
extract on food spoilage microorganisms.”, Korean J. Food Sci. Tehnol,,
23(2), p.200-204 (1991)

T. Ojala, S. Remes, P. haansuu, H. Vuorla, R. Hiltunen, K. Haahtela, P.
Vuorela, "Antimicrobial activity of some cumarin containing herbal
plants growing in Finland.”, Journal of Ethopharmacology, 73, p.299-305
(2000)

Sasaua, T., Y. G. kim and C. K. Moon., "On the Recent Investigation
of the Wood Extractives.” Res. bull. of Experiment Forests, Gyeongsang
National University, 7, p.39-51 (1997)

Yatagai, M., Y. Miyazaki and S. I. Morita., "Extractives from Yakusugi
Bogwood and Their Termicidal Acticity and Growth Requlation Effects
on Plants Seeds.”, Mokkuzai Guakkaishi. 37(4), p.345-351 (1991)
S. Omar, B. Lemonnier, N. Jones, C. Ficker, M. L. Smith, C. Neema, G.
H. N. Towers, K. Goel, J. T. Arnason. "Antimicrobial activity of
extracts of estern North American hardwood trees and relation to
traditional medicine.”, Journal of Ethnopharmacology, 73, p.161-170
(2000)

- 226 -



113.
114.

115.

116.

117.

118.

119.

120.
121.

122.

123
124

125

1z

e TS AdAse HA FdA4 =49
A7 b= A F 383 %], 23(2), p.200-204 (1991)

Min-Young Kim, Yun-Geun Kim, Tae-hong Kim, Jong-Soo Jo,
Jae-Kyung Yang., "Antimicrobial Activity and Antioxidative Activity in
the Extractives of Quercus dentata Thunberg.”, Mokchae Konghak,
28(3), p.42-51 (2000)

Y. J. Kong, T. S. kang, M. K. Lee, B. K. Park and D. H. oh,
"Antimicrobial and antioxidative activities of solvent fractions of
Quercus mongolia Leaf.”, J. Korean Soc. Food Sci., Nutr. 30(2),
p.338-343 (2001)

Bae, Y. S.,, Burger, J. F. W., Steynberg, J. P.,, D and Hemingway, R.
W., "Flavan and procyanidin glycosides”

M. Mallea, D. Pesando, P. Bernard and B. Khoulalene, "Comparison
between antifungal and antibacterial activities of several stains of
Epicoccum purpurascens from Mediterranean area.”, Mycopathologia,
115, p.83-88 (1991)

A. Redwne, H. B. Lazrek, S. Bouallam, M. Markouk, H. Amarouch, M.
Jana., "Larvicidal acticity of extracts from Quercus Lusitania var
infectoria galls(Oliv).”, Journal of Ethnopharmacology, 79, p.261-263
(2002)

Harborne, J. B., "The flavonoids.”, Chapman and hall, p.463-497 (1988)
Markham, K. R., "Techniques of Flavinoid Identification.”, Academic
press, p.72-93 (1982)

AT, M, “FDAANUT] FEEolE FEAHE,

A], 23(2), p.94-99 (1995)

ro

=5 )

ok
ok

+3]

. Ikegaya, K., "Nippon Shokuhin Kogyo Gakkaishi.”, 32, p.61 (1985)
. Namiki, K., Yamanaka, M., Tateyama, C. Igarashi, M. and Namiki, M.,

"Nippon Shokuhin Kogyo Gakkaishi.’, 38, p.189 (1991)

L EE, Aok AT, S A E|AR, 57 (1988)

- 227 -



	산림자원으로부터 기능성 항균물질의 탐색 및 고부가가치 항균지 개발

	요 약 문
	목 차
	제 1장 연구개발과제의 개요

	제 1절 연구개발의 목적과 필요성
	제 2절 연구 개발의 범위 및 연구수행체계

	제 2장 국내 ․ 외 기술개발 현황

	제 1절 천연계 항균 물질의 개발
	제 2절 기능성 항균지와 항균 wet tissue 제조

	제 3장 연구개발 수행내용 및 결과

	제 1절 산림자원으로부터 항균 물질의 탐색
	제 2절 고부가가치 항균지 개발
	제 3절 산림자원 추출물을 적용한 항균지의 선도유지 기능
	제 4절 기능성 항균 wet tissue의 제조

	제 4장 목표 달성도 및 관련분야에의 기여도

	제 1절 연구개발 목표의 달성도
	제 2절 기술개발의 기여도

	제 5장 연구개발결과의 활용계획

	제 1절 추가연구의 필요성
	제 2절 타 연구에의 응용
	제 3절 기업화 추진방안

	제 6장 해외과학기술정보

	제 1절 해외 특허 자료
	제 2절 해외 논문 자료

	제 3절 해외 연구 개발 동향

	제 7장 참고문헌


