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SUMMARY

[. Title

Development of natural food preservative for promotion of functionality and safety of

Ready-To-Eat vegetables

IT. Objectives and necessities of the research

The market demand for Ready-To-Eat (RTE) vegetables has been soaring due to
growing interests in wellness food for health promotion and expansion of food service
industry with increasing demand for convenience for food. To assure effective distribution
and safety of RTE foods, numerous chemical agents have been applied. However,
treatments of fresh vegetables with chemical agents not only cause a decrease in the value
of goods but also results in a deleterious effects on health by long-term accumulation of
harmful chemicals. Therefore, it is required to develop natural food preservatives alternative
to chemical preservatives. The world market of natural food preservatives is about $ 10
billion and growing 6% annually, and its application are varied as food addictives, medicinal
drugs, and industrial materials. Development of natural food preservative with additional
functionalities will contribute to national health promotion as well as opening new market
for value—added agricultural products. In the development of natural food preservative for
RTE vegetables, it is necessary to determine antimicrobial properties against bacteria
causing food-borne diseases, effectiveness for food preservation, sensory evaluation of food,
and economic evaluation.

Objectives of this study is to develop two types of natural food preservatives that
provide food functionalities and antimicrobial safety for RTE vegetables, which market
demands are rapidly growing. In order to develop prototype of natural food preservatives
with multi-functionalities as a high-value export product, the following six phased research

objectives are set.

1. To determine 5 natural products, among natural materials used in oriental medicine and
plant—derived materials including deciduous trees, which are applicable to natural food
preservatives bhased on their antibacterial activities that provide 909 reduction of
bacterial growth, and to develop the methodology for evaluation of multi—functionalities

(anti—oxidative and anti—cancer activity in human).

2. To develop the methodology for optimization of the process for extracting and selecting
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effective fractions from 5 selected natural materials.

3. To develop protocols utilized in the evaluation of selected natural materials for the
application to natural food preservative for RTE vegetables, with respect to their safety,

functionality, and sensory characteristics.

4. To develop final 2 types of natural food preservatives and optimize formulation and

process conditions.

5. To establish multi-functionalities of the wvalue—added natural food preservatives by
evaluating anti—bacterial activities, and effectiveness as food preservatives, sensory

satisfaction by consumers, and additional functional activities.

6. To develop the processing technology to prevent browning of RTE vegetables using

natural food preservatives by optimization of its anti—oxidative properties.

IMM. The contents and range of the research

1. Evaluation of antibacterial activities for natural product extracts

- Selection of natural products subjected to development of natural food preservatives
based on literature study and Korean Food Code

- Development of extraction methods for selecting effective natural products (aqueous
extraction method, central composite design, Mini—-TAP statistical analysis)

- 1Ist evaluation for antibacterial activities of natural product extracts (target bacteria: E.
coli, B. cereus, S. aureus)

- Selection of 6 natural products (Glycyrrhiza uralensis, Cinnamomum cassia, Paeonia
suffruticosa, Paeonia japonica, Galla rhois, Coptis chinensis)

— Optimization of extraction conditions and methods by evaluation of antibacterial activity
of selected natural products

— Comparative analysis for antibacterial properties of natural products and chemical
preservatives (potassium sorbate, sodium henzoate, sodium carbonate, lactic acid)

— Determination of optimal mixing ratio of the natural product extracts for maximizing
antibacterial effects

- Selection of final natural products applicable to developing natural food preservative

(Galla rhois, Paeonia japonica, Glycyrrhiza uralensis, Cinnamomum cassia)

2. Evaluation of safety for natural product extracts

- 1st evaluation for safety of natural product extracts (analysis of the effects of extract
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treatment on the viahility of human and mammalian cells)
Evaluation of safeness of natural products on human health (anatomical and enzymatic

analysis)

. Evaluation of functionalities of natural product extracts

Analysis of the effects of natural product extracts on food preservation by evaluating
anti-hrowning activities (analysis of radical scavenging activity and the effects on
browning characteristics of vegetables)

Evaluation of antioxidative effects of natural product extracts (cellular and molecular
analysis of cytoprotective effects on oxidatively damaged cells)

Evaluation of anticancer effects of natural product extracts (target cancer cell line:
HepG2, Hela, and AGS)

Evaluation of functionalities of individual natural product (Paeonia japonica, Paeonia
suffruticosa, Caesalpinia sappan, Hippophae rhamnoides fruit, Scutellaria barbata,
Nelumbo nucifera Gaertner, Coffee Arabica green bean etc.)

Evaluation of functionalities of the developed natural food preservative (extract

mixtures of Paeonia japonica, Galla rhois and Glycyrrhiza uralensis)

. Qualitative and quantitative analysis of active components in natural products

Analysis of active components in the extracts of selected natural products (Glycyrrhiza
uralensis—quercetin, Cinnamomum cassia-cinnamic acid, Paeonia suffruticosa-paeonol,

Coptis chinensis-berberine, Paeonia japonica—paconiflorin, Galla rhois-gallic acid)

. Evaluation of natural products for the application compatibility with vegetables

Evaluation of selected natural product extracts for the product compatibility (Sensory
test for color, fragrance, and taste)

Evaluation for the effects of the treatment vegetables with natural product extracts on
food quality (measurement of the changes of product weight)

Evaluation of natural preservative prototype for the application compatibility with RTE
vegetables (analysis of anti-browning effect, sensory characteristics, and effects on

vegetable texture)

. Development of the product line of natural food preservative prototype

Economic and marketability analysis of natural products (research on domestic supply
and product development for 43 natural materials)

Optimization of application properties of natural food preservative prototype (application
of masking method: analysis of application properties of cyclodextrin)

Determination of the formulation of natural food preservative prototype (90% of
mixture of Paeonia japonica - Galla rhois . Glycyrrhiza uralensis at 3 @ 6 @ 1, 5%

pured water, 5% cyclodextrin)
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IV. Results of research development

In this study, we developed two types of natural food preservatives that provide food
functionalities and antimicrobial safety for RTE vegetables. Selection of target natural
materials was carried out by screening of various medicinal plants and natural materials by
evaluating their multi-functionalities including antibacterial, antioxidative, anti—browning,
and anticancer activities, and the methodology for optimizing extraction of natural products
was developed. Mixing formulation of three natural product extracts (Paeonia japonica
Galla rhois - Glycyrrhiza uralensis) in natural food preservative prototype was determined
to maximize properties for preservation and sensory characteristics of vegetables. Final
prototypes of natural food preservative were developed as immersion type and spray type,
based on the results of evaluation for the application compatibility to vegetables. Overall

results of this study are as follow.
1. Evaluation of antibacterial activities for natural product extracts

a. Selection of 43 natural products
- Total 43 classes of natural products were selected to extract antibacterial materials
applicable to based on literatures and Korean Food Code (20 natural products used in

oriental medicine, 14 flowering plants, 10 deciduous trees).

b. Establishment of protocols for evaluation of antibacterial activities and screening of
natural products

— Rapid screening methodology was developed to select appropriate natural product

extracts. Primary screening for antibacterial effect and second and third selection

screening processes for optimization of effective properties were applied to assure

safety and functionalities of natural food preservative.

c. Development of methodology for extraction of natural materials

- In order to test antibacterial and application properties of natural products, aqueous
extraction method was developed and applied. To obtain extracts from natural
products, extraction was carried out and dried pellet of extracts was collected,
solubilized, and filtered to obtain final powder form of extract.

- To optimize the extraction conditions, a statistical program called central composite
design was applied. Candidate natural products were smashed and treated with 10024,
5096, and 09 ethanol mixed with water, and extracted with various solvents (10093,
50%, and 09 ethanol), temperatures (60, 70, 80 T), and times (60, 120, 180 min).

- Based on the central composite design analysis, 15 different extracts obtained from

various conditions were analyzed for antibacterial effects and extraction yields to
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determine optimal extraction condition that assures maximal antibacterial activity and

vields for each natural products, respectively.

d. Evaluation of 1st antibacterial effects of natural product extracts

- Target bacteria for testing antibacterial effects were E. coli, B. cereus, S. aureus.
Evaluation of antibacterial activities of each extract of natural products results in
significant effects on the growth inhibition of E. coli by 6 natural products,
Glveyrrhiza uralensis, Cinnamomum cassia, Paeonia suffruticosa, Paeonia japonica,
Galla rhois, and Coptis chinensis. Antibacterial activities against B. cereus was
determined in 12 natural products, Glycyrrhiza uralensis, Cinnamomum cassia, Paeonia
suffruticosa, Scutellaria barbata, Paeonia japonica, Folium perillae, Mume fructus,
Galla rhois, Yuza fruit, Coptis chinensis, Hippophae rhamnoides, and Nelumbo
nucifera Gaertner. Significant antibacterial activities against S. aureus was determined
in 10 natural products, Glycyrrhiza uralensis, Cinnamomum cassia, Paeonia
suffruticosa, Scutellaria barbata, Paeonia japonica, Galla rhois, Coptis chinensis,
Camellia sinensis, Caesalpinia sappan, and Coffee Arabica green bean.

- Significant antibacterial activity against all three species of bacteria was determined by
Ist screening and 6 candidiate natural products were initially selected to apply for
natural food preservative; Glycyrrhiza uralensis, Cinnamomum cassia, Paeonia

suffruticosa, Paeonia japonica, Galla rhois, and Coptis chinensis.

e. Determination of optimal extraction condition of selected natural products by Znd and 3rd
evaluation of antibacterial activities

- Total 20 different extraction condition (15 by central composite design and 5 from Mini

TAP) for each selected natural product was applied to obtain various extracts of

natural materials, which were then evaluated for its antibacterial activities to define

optimal extraction condition.

f. Comparative analysis for antibacterial properties of natural products and chemical
preservatives

— Chemical food preservatives in global and domestic market and 6 selected natural

product extracts were tested for their antibacterial activities. All 4 chemical food

preservatives showed antibacterial properties on all three species of bacteria.

Significantly higher antibacterial activity on all three species of bacteria were

determined from the extracts of 6 selected natural product, while Glyeyrrhiza uralensis

and Cinnamomum cassia extract showed specific antibacterial activity on E. coli.

These results suggest that the natural food preservative developed as mixture of these

natural product extracts will provide effective antibacterial activity and safety.

g. Determination of optimal mixing ratio of the natural product extracts for maximizing
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antibacterial effects

- Mixing formulation of 6 selected natural product extracts were varied and determined
which formulation provide optimal antibacterial properties. The ratio of each materials
showing optimal activity are as following; Glycyrrhiza uralensis ° Paeonia suffruticosa
: Coptis chinensis = 1 2 17, Galla rhois : Paeonia japonica . Cinnamomum cassia =
7021

h. Selection of final natural products applicable to developing natural food preservative
prototype
- Based on the results from evaluating antibacterial activity, safety, antioxidative and
anticancer properties, and sensory characteristics, 4 natural products (Galla rhois,
Paeonia japonica, Glycyrrhiza uralensis, Cinnamomum cassia) were selected, and
applied to develop the natural food preservative prototype that exhibit 99.996 bacterial
killing effects for all three bacteria.

2. Determination of safety for natural product extracts

a. 1st evaluation for safety of natural product extracts
— Treatment of mouse embryonic fibroblast cells with the extracts obtained from 6
selected natural products resulted in no significant effects on the cell viability,

suggesting theses natural products do not contain cytotoxic properties.

b. Animal tests for safeness of natural products on human health
- ICR mouse were subjected to test long-term effects of natural products on human
health. Analysis of effects on the body weight and liver of mouse fed with natural
product extracts showed no significant changes. Enzymatic analysis for ALT and AST
in these mouse showed normal level of each enzyme, while mouse treated with the
extracts from Glyeyrrhiza uralensis and Cinnamomum cassia showed slightly increased
level of both enzymes. However, large volume of titration of such extracts in the
product can avoid such deleterious effects. Therefore, anatomical and enzymatic

analysis in animal tests provide safeness of 6 selected natural product.

3. Determination of functionalities of natural product extracts

a. Analysis of anti-browning activities by evaluation of radical scavenging properties of
natural product extracts

- To determine anti-browning effects, DPPH radical scavenging assay was performed

and determined strong radical removal activity present in natural product extracts. In

particular, the extract from Paeonia suffruticos, Galla rhois, and Paeonia japonica

exhibits most significant radical scavenging activity at low concentration of 0.1
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mg/mL. All 6 tested natural product extracts exhibit radical removal effects applicable

to anti-browning materials.

b. Evaluation of antioxidative effects of natural product extracts
— Cultured mammalian cells were damaged by H:0: treatment, and incubated with
natural product extracts. Counting of viable cells stained with trypan blue showed that
the treatment with natural product extracts attenuated cell death induced by oxidative
stress. Analysis of cell viability, apoptotic cell death, cell cycle regulation showed that
the extracts from Paeonia japonica, Dioscorea batatas, Paeonia suffruticosa,
Hippophae rhamnoides, Coffea Arabica green bean, and Nelumbo nucifera Gaertner

exhibit cytoprotective effects on oxidatively damaged cells.

c. Determination of anticancer effects of natural product extracts
— Cell proliferation and the expression level of marker proteins were analyzed after
treatment of cancer cells including HepG2, Hela, and AGS with natural product.
Extracts from Paeonia japonica, Scutellaria barbata, Paeonia suffruticosa, and
Caesalpinia sappan exhibit inhibitory effects on the cell proliferation of HepGZ2 and
HelLa. In particular, most effective anticancer activities were found in Glyeyrrhiza

uralensis for HepG2, and Glyeyrrhiza uralensis and Paeonia suffruticosa for Hela.

d. Evaluation of functionalities of the developed natural food preservative prototype
— Natural food preservative prototype containing mixtures of Paeonia japonica, Galla
rhois and Glycyrrhiza uralensis extracts were tested for antioxidative effect and
showd better antioxidative activity compared to chemical preservative as well as
attenuating cytotoxicity induced by oxidative stress. Anticancer activity of the
prototype was also confirmed by determination of molecular markers related with

cancer cell proliferation.
4. Analysis of active components in natural products
a. Qualitative and quantitative analysis of active components in selected natural products
- HPLC analysis of active components in the extracts of selected natural products
confirmed effects of each natural products related with each component, Glyceyrrhiza
uralensis—quercetin, Cinnamomum cassia-cinnamic acid, Paeonia suffruticosa—paeonol,
Coptis chinensis—-berberine, Paeonia japonica-paeoniflorin, Galla rhois—gallic acid.

5. Determination of application compatibility with vegetables

a. Determination of natural product extracts for the product compatibility

- Selected natural product extracts were tested for sensory characteristics of color,
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fragrance, and taste. Treatment of carrot with each extract and following sensory test
resulted in lower scores for Paeonia suffruticosa, Coptis chinensis, and Cinnarmmomum
cassia caused by their distinct fragrance, in particular, color changes by Coptis
chinensis. Higher scores sensory test were obtained for Glyeyrrhiza uralensis, Galla

rhois, and Paeonia japonica extracts.

b. Effects of natural product extracts on food quality
- Treatment of lettuce, paprika and cucumber was performed by immersion of samples
in the natural product extracts or prototype solution, and the changes of vegetable
weight were measured. Reduction of product weight was observed less in lettuce by
Galla rhois extract, and less in paprika and cucumber by Paeonia suffruticosa, while

no significant changes in overall.

¢. Evaluation of natural preservative prototype for the application compatibility with RTE
vegetables

- Anti-browning effect of the extracts of Glycyrrhiza uralensis, Galla rhois, Paeonia
japonica, Cinnamomum cassia was tested on kohlrabic, apple, and white rose. The
mixture of Paeonia japonica, Galla rhois and Glyceyrrhiza uralensis and the mixture of
Galla rhois and Cinnamomum cassia displayed most effective anti-browning properties,
which provide the principle for the selection of natural products subjected in prototype
natural preservative.

- Sensory test for the treatment with various extract mixtures was carried out for
lettuce, carrot, and tomato. The mixture of Glycyrrhiza uralensis, Paeonia japonica,
Galla rhois, and Cinnamomum cassia was selected.

— Determination of texture changes of vegetables and analysis of anti-browning effects
indicated that the mixture of Paeonia japonica, Galla rhois, and Glyvcyrrhiza uralensis
provide best functionalities for food preservative. Immersion of vegetables in the

mixture appeared to give better effects compared to spray-type application.

6. Development of the product line of natural food preservative prototype

a. Economic and marketability analysis
— All 43 natural products initially applied in this study appeared to be obtainable easily
with low price through various routs. Except Glyevrrhiza uralensis, few products with
application of food preservative using natural products selected in this study,

suggesting competitiveness of our prototype natural preservative in the market.
b. Optimization of application properties of natural food preservative prototype

- To improve application properties of prototype mixture, cyclodextrin, a natural masking

component with properties resistant to heat and rapid pH change, was added for

_19_



masking fragrance and improving the product compatibility.
c. Natural food preservative prototype
- Optimal formulation of natural food preservative prototype was determined (9096 of
mixture of Paeonia japonica . Galla rhois : Glycyrrhiza uralensis at 3 : 6 © 1, 5%
pured water, 5% cyclodextrin). Two types of preservative prototype were produced;
concentrated immersion type applicable in washing large quantity vegetables and spray

type for easy and rapid use.

gg.

<Prototypes of natural food preservative for RTE vegetables>
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V. Achievement and its application plan

1.

b.

Achievement

Development of natural food preservative alternative to chemical preservative for
washing and preserving vegetables.

High-valued natural food preservative prototype with multi—functionalities.

Data for antibacterial, antioxidative, food preservation functions of domestic natural

products and plants used in Korean traditional medicine.

Submission and publication of 5 SCI papers and 3 KSCI papers with the results of

functional analysis for various natural products.

Application of 3 patents for antibacterial activities and functionalities for food

preservation.

Exchange of technology via academic partnershipe with industry.

Development of various tools in evaluation for food preservative.

. Application plan

Since the natural food preservative using pure natural products has not been
commercialized in worldwide, the intellectual property rights obtained in this study will
be subjected to TOT (Transfer Of Technology) and contribute to market for organic
agricultural products and food distribution.

Patents for the novel functions of domestic natural products applicable to TOT for

export domestic products.

Comparing with chemical preservative that accelerate browning of fresh food by
oxidation, our spry-type natural preservative can be used in consumer-friendly way at
home and provide effectiveness in long-term preservation of fresh vegetables, which is

competitive in well-being food market.

Development of natural food preservative will provide beneficial effects on fresh foods

and affect consumption of RTE vegetables, which lead to increase of farm income and
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export for vegetables.

e. Various tools for evaluation of functionalities of natural products was developed in this

study and will be utilized in development of functional food and food additives.
f. Technology for effective extraction of active components from medicinal plants will

contribute to advance methodology for drug development in the field of pharmacy and

medicine.
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5.2, 3xH &g7as YIlE St HH Fex=zd MY

HE AE3te] F 43714 %Od%%%
B g = 2%

R ICIEEE I =
O EC RS E R E

155}xq FEe HHENE AEd AxE SATHEAGY AT 1574 xR F=
3l & disc diffusion assay® ©]-&38to] 2214 3 E TS H7E <Fig. 14>. 224 I E s
bz 7}7334% Mini TAP EAZ =z 19 283} 8}, B. cereus # A&, S. aureus
HA3 F& JAA3 total A3 £ 571x 2o R F%3% 3 disc diffusion assayE o] &35}

o] 324 FEe-E H7He <Fig. 15>.
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P dee HEH= #HA3t F=E8 JAY <Table 11>
<Table 11> A3 279 H2xFE=E AA
=A F& I-E° kanamycin E. coli B. cereus S. aureus ]t
1 3.35 415 100 0 0 55.42 18.47
2 3.89 42.0 100 0 46.17 56.14 34.10
3 422 50.0 100 0 58.05 66.80 41.62
4 4.36 49.5 100 0 54.56 66.13 40.23
5 3.37 40.7 100 0 0 54.37 18.12
6 3.75 43.6 100 0 46.49 58.29 34.93
7 3.64 47.2 100 0 57.52 63.09 40.20
3 577 49.3 100 0 54.88 65.93 40.27
9 6.61 56.6 100 0 68.35 75.57 4797
10 5.86 58.1 100 0 71.75 71.58 49.78
11 7.32 55.0 100 0 65.19 73.45 46.21
12 7.43 58.0 100 0 65.15 77.56 47.57
13 6.62 56.8 100 0 67.05 75.84 47.63
14 6.89 57.2 100 0 H5.68 76.49 44.06
15 7.23 57.1 100 0 70.30 76.24 48.85
B. cereus
A4 - - 100 0 42.17 56.79 32.99
S. aureus
A4 - - 100 0 43.35 61.65 35.00
T& HA3 - - 100 0 45.96 54.68 33.56
total = 4] 5} - - 100 0 46.97 59.71 35.56
I- E": Inhibitory effect
Disc diffusion assay 3 ZA¥, thFx7 ¢ kanamycin®] AF5AA % 27|& Azt 10002
BASE oju 7} A AxFEEY ASAAS AV E AdFel oz YEla Hagks B
g 371 hatel wisl Hoje FdEeS UEE HAS 27 FEES LAY 10F
o Az HAs 210 FEES FAFTAAGHA A 10W 279 FEFEEZR FEXDLS O
23 2% <Table 12>,
<Table 12> #ZzFE=E9 H43 =4
Tz FE& 2= A ¢
10 E50% + W50% 60 C 3h
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A EIEEEES EXRE

12344 vt ds WrHEAE AdE 599E SAFAAEH 9A% 157 2R 5
=3 3 disc diffusion assayZ o] &3}o] 2214 it ae-S HI7ESE <Fig. 16>. 233 St &
T HI7IE3E Mini TAP SAXZ =z 199 75.%3}04 E. coli ﬁﬁﬂ B. cereus #H43s., S,
aureus HA3, F& HAF, total HA3} F 57K FACE FE3I F disc diffusion assay
g o] &3ty 324 B TS FUHSE <Fig. 17>.

= E. coli 51 B. cereus 57 5. aureus
. » 2 2
£ 25 & £
% 2 7 15 7 15
<15 X 1o X 1o
3 10 8 b}
& U s U s
5
0 0 0
AR LT R KRN R SAYD 0042000 HOM SAYD 0042000 HOM
S S S
o"’& o"’é\ o"’é\
& & &
<Fig. 16 A AIZ A o)A HanFEEe] 37HX] didete] digk daras HUt
31 E. coli 309 B. cereus 301 5. aureus
25 25
) ) )
£ £ 204 £ 20
5 5 5
< £ 15 £ 15
N N N
§ § 104 5 10-
@] @] 5 @] 5
0 0
& a7 0% 4P 27 P & a7 0% 4P 27 P
&S A B A B &S A B A B
*.?(‘ *_'b 00.\\ P ¥ j;(% ) » *.?(‘ 00.\\ \)6 ;;(% & >
& &£ F & F &8 &
o o @ ©
<Fig. 17> Mini TAP EAZ 2194 o A% By FHE g as H7}
TATFAAA G Hl o AG 15714 279 FEEF Mini TAP SAZZ a9 A 5714
Z7A9 FEHE9 A ETS UET2 kanamycin® 2 W AB3Fo] 371x] thabrtol] dia FH o
dETES el e HAg 55 AAT <Table 13>.
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<Table 13> HA 3 7o EadyFEE H4

=A F& I-E* kanamycin E. coli B. cereus S. aureus ]t

1 920 395 100 39.47 45,60 0 28.36

2 862 350 100 34.96 42.13 0 25.70

3 644 5716 100 57.59 59.97 5242 56.66

4 g5 413 100 41.34 63.83 55.01 53.39

5 827 404 100 4037 49.83 44.93 45.04

6 886 422 100 42.17 46.37 43.74 44.09

7 680 436 100 43.64 57.35 51.03 50.67

8 788 467 100 46.70 62.01 56.71 55.14

9 1251 389 100 38.90 62.70 54.62 52.07

10 1288 440 100 43.98 62.76 53.35 53.36

1 1212 441 100 44.07 59.56 55.99 53.21

12 1280 429 100 42.87 64.91 54.49 54.09

13 1234 453 100 45.26 62.16 4759 51.67

14 1256 439 100 4392 60.74 53.05 5257

15 1293 447 100 4473 62.54 49.89 52.39

sz;h : : 100 44.04 62.19 56.12 54.12

b ;;r;w : : 100 39.95 54.56 51.21 48.57
S. aureus

. : : 100 38.71 58.59 5411 50.47

= L : 100 3861 56,16 53.94 4957

total HH3 - : 100 42,62 61.00 54.26 52.63

I - E': Inhibitory effect

Disc diffusion assay 3 ZA¥}, thZ¢l kanamycin® ASAA 3 2715 Adizk 1002
HAE, oluf 7} 27 HAIFEEY ASAANGE 27]E G4 ez vl Hergk
o Fgytaes UEE HAg =1 S AA3
2 FAFAAADHA A 3H e FEEE FEXY

the3 78 <Table 14>.

<Table 14> HdIFZE9 HHg =7
P FEal

&
3 E100% 60

o |
)
N,
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ERE

B

48 FFx4 A4

1?}%4 gitis FiAYE Add FEs

gk % disc diffusion assayE o|-&3to] 2414 Fddee WU <Fig. 18>. 2244 At 3
ﬁéﬂ@ﬂr—% Mini TAP §A22a8d 483 L coli H4%, B. cereus A&, S. aureus
A3, & HH3 total AH3 = 5714 =4

o] 344 Fta oS B <Fig. 19>,

AT A R A% 1574 202 F
2

ofr

o2 FE3 & disc diffusion assays ©]-&3}

3 E. coli 35 B. cereus 57 5. aureus
B ) )
£ 2 g £
5 3 15 3 15
g g g
= 10 10 L 10
R R R
U 5 U s U s
0 0 0
RARARELRE LRGN RARARELRE LRGN RARARELRE LRGN
‘bé\ ’bés‘ ’bés‘
N N N
+‘b +‘b +‘b

30-

L]
w

E. coli 1 B. cerens 1 S. anreus
_ 25+ 20 ~ 20
£ £ £
£ 207 g g
-g 'g 15+ 'g 15+
& 18 g g
N N 10+ N 10+
3 10- 5 8
@] 5. U 54 O 54
0- 0- 0-
*(}0 eféﬁ e?} @}? ’%} 45%} *(}0 %f%’ e?} @}? %’?‘ 45%}
&,6‘ \\‘?> » 5} (@ @’9 8 &,6‘ \\> » J} (@ \’9
3 0 N # & o ¥
L &@ s‘-‘@ 40 ¥ L &@ s‘-‘@ 40
@ & @ ]

FAGAA DN A% 15714 2719 FEE3 Mini TAP EAZZ 1] A3 5714
Z7A9 FEHE9 A ETS UET2 kanamycin® 2 W AB3Fo] 371x] thabrtol] dia FH o
dETES el e HAg 555 AT <Table 15>.

_54_



<Table 15> HA3 79 FHFZF5 HA

=A F& I-E* kanamycin E. coli B. cereus S. aureus ]t

1 917 810 100 40.16 80.86 65.82 62.28

2 941 891 100 33,85 88,95 66.87 63.23

3 AT3 690 100 45.20 69.49 63.95 61.21

4 567 708 100 37.24 70.75 57.95 5.31

5 88l 762 100 47.42 76,08 72.05 65.18

6 899 745 100 49,67 74.36 63.29 62.44

7 498 808 100 49.44 80.67 69.83 66.66

8 575 836 100 45,52 83.41 72.75 67.23

9 987 826 100 43,59 82.45 67.28 66.11

10 1008 763 100 44.02 76,15 64.98 61.72

1 950 759 100 46.71 75.73 77.89 66.78

12 1037 86 100 44.65 82.38 65.17 64.07

13 1015 80 100 46.00 81.81 68.27 65.36

14 1049 842 100 46.65 84.01 69.33 66.66

15 1033 8.1 100 45.07 87.87 69.69 67.54

£ col : : 100 55,51 79.20 82.50 72.40
4735}

B. cereus - - 100 47,50 83.91 89.20 73.54
A A g}

S. aureus

. - - 100 473 63.76 83.17 66.42

w8 HA8 - - 100 47.48 80.78 8457 70.94

total A48 - - 100 46.42 78,77 79.09 63.09

I - E': Inhibitory effect

Disc diffusion assay 43 ZA¥, ™zl kanamycin® A543 275 AU g 10002
AFEEY] ASAXSE 275 A4l go= Yehlal Pazks &

3l 37HA widetel wiaEl Hde FdwEss vee HAs 29 FEES A4 o 2
7, Fd HAg 271 FEES Mini TAP BAZ2 030 9AS B cereus A3 x719]
FEER FEIUL2 U3 25 <Table 16>.

<Table 16> FHF==¢ H4 st =1
=] FE 4| Lx A7+
B. cereus &2 3} E50% + W50% 70 C %h
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2. oA AAs FE2x7

2 A

144 &4t ds H7HEAE &
=3 & disc diffusion assayZ
5 WA dNE

5 o] &3ty 324 I Ess H7HE <Fig. 21>.
a E. coli & B. cerens
— » 0
£ 25 E
g =)
R Th
X1 S 1o
3 10 3
@) U s
5
0 0
SNV B0 S0NMDME RARARLLLEE ERNANN
e@% &
*3“ +vs'~‘
<Fig. 20> SAFEA I HA A% evjARFEw2] 37FA]
309 E. coli 25 B. cereus
— 204
£ £
% E 15
5 5
o N 104
g g
o o
o U 5

$ P W8 LB 8 L8 B o8 LB 8 LB
ST TS R A s
& & & & %«0‘? > & %«0‘?
¢ & & & &
@ & @ o
<Fig. 21> Mini TAP SAZ 22 oA QujAlF&5E
TAFAA LR oA 15714 249 F=
zdd 2R FRESS G2T?
FHEes Uetlle #H43 528 44T <Table 17>.

Mini TAP EA X2 190
aureus HA 3, F& 47‘4@% total ¥ A3 =

1’0o

Al e

ol g3kel 244 FHETS

|

g oA 157FA FHoR F
718 <Fig. 20>. 234 &t &
7‘433}04 E. coli ﬁﬁﬂ B. cereus A3, S
57 A 27 om FEd I

disc diffusion assay

57 5. aureus
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<Table 17> H43} 279 eujxaE= HAA

=A & I-E* kanamycin E. coli B. cereus S. aureus 3t

1 097 124.0 100 73.89 78.66 79.74 77.43

2 278 129.3 100 75.12 77.38 79.32 77.27

3 224 129.6 100 71.17 N 75.85 74.93

4 2.82 127.1 100 73.66 76.87 78.39 76.31

5 1.10 119.6 100 69.55 80.28 79.83 76.55

6 2.18 126.4 100 67.63 78.93 75.76 74.11

7 1.74 127.2 100 73.93 78.46 76.24 76.21

8 273 131.2 100 73.88 79.15 71.26 76.76

9 374 123.8 100 73.61 77.06 77.83 76.17

10 4.38 122.7 100 74.12 75.57 81.35 77.01

11 4.27 132.8 100 70.02 75.06 79.97 75.02

12 555 120.4 100 74.85 73.69 80.02 76.19

13 474 109.8 100 69.84 75.44 77.04 74.11

14 4.47 126.4 100 71.71 76.53 76.63 74.96

15 4.85 116.7 100 72.41 75.07 77.84 75.11

Z%—*C,(Z}l - - 100 80.54 75,17 75.42 77.04

b ;;r;” - - 100 76.95 73.68 7754 76.06
S. aureus

A4 - - 100 78.83 71.16 77.47 75.82

T& HA3 - - 100 83.80 72.72 75.14 77.22

total 3 4] s} - - 100 85.47 75.41 75.94 78.94

I - E': Inhibitory effect

Disc diffusion assay 43 ZA¥, ™zl kanamycin® A543 275 AU g 10002
A ol Z+ =4 eujAFE=9 ARG AV]E HAQ fo® vehar s
ol 37FA et whal Hujel RS yUehle HAs 249 FEEE AAT 2

Al 27 FZEL Mini TAP EAZ 2180 A% total A3 2719 F=
=2 FEE£U2 Ut 25 <Table 18>.

flad

N

<Table 18> oW|AF22e) A48 =7

R Fz8
+

total 4 3} E735%

S | K
>
N

[N}
[@))
A
X
B o
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R EEEE S EE:

124 Fdetas JrEasE Ady wzoks FAFAAGHA o AS 1674 2oz F
%3 % disc diffusion assay S o]&3lo] 2243 FFE S WU <Fig. 22>. 2344 it R
T H7IA3NE Mini TAP EAZ 2190 29.%3}04 E. coli AA3, B. cereus ¥4 3, S.
aureus HA3, F& HAF, total HA3} F 57K FACE FE3I F disc diffusion assay
5 o] &3ty 324 I Ees HUIS <Fig. 23>.

1 E. coli 35 B. cereus 301 5. aureus
30 2 25
- 0
3 3 -
< 15 < <
& = 10 & 10
510 3 R
@] " Y 5 ~ 5
0 0 0
‘f}o'\ THhHoA D 0,0MMD q‘}o\ THhHoA D 0,0MMD q‘}o\ THhHoA D 0,0MMD
o’bé\ o’bé\ o’bé\
& & &
<Fig. 22> FARAA G R o) Ad wWztelZ5-2] 37k gt ek dvrds H7t
309 E. coli 259 B, cereus 218, aurens
_ 25+ 20 ~ 20
£ £ £
£ 201 g g
z = 154 1 154
5 154 £ £
N N 104 N 104
= = =
§ 10 5 3
o 5 U 5 U 5
0 T T T T T 0 0-
O i O i
&e .\f> Ca s %’% s S e,,@ A %"} N
L % L L o N ®
+ @0 &te' %\)@ 40 + + @‘0 &te' %\)@ i
® o & &
<Fig. 23> Mini TAP EA 2z 18o| o] A%t WzleFx==5-0 gyt a5 H7)

29 FZFE3 Mini TAP SAZZ 130 9A3% 571X
kanamycin®. 2 X A3sFe] 371A thabgrol] e FHhe
X4 % <Table 19>.

?ﬂ
kol

e olr

( m]o
=
FN

o r° FN

=9
f5e Y= 4 %%%
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<Table 19> HA3 7o WzlofkxE HA

=A F& I-E* kanamycin E. coli B. cereus S. aureus ]t

1 11.00 41.3 100 0 41.28 36.16 25.81

2 9.80 35.8 100 0 35.85 31.88 22.58

3 6.92 60.0 100 51.34 60.00 54.94 55.43

4 752 54.9 100 51.78 54.90 52.47 53.05

5 10.13 35.2 100 0 35.24 31.60 22.28

6 10.61 443 100 0 44.26 32.96 25.74

7 6.21 56.4 100 51.88 56.45 51.97 53.43

8 6.44 58.3 100 52.26 58.32 52.19 54.26

9 12.47 55.5 100 48.36 55.52 52.02 51.97

10 12.53 57.0 100 48.28 57.01 54.13 53.14

11 12.66 56.3 100 47.65 56.33 52,715 52.24

12 11.96 55.4 100 51.43 55.39 53.86 53.56

13 12.45 57.1 100 50.56 57.09 54.02 53.89

14 12.32 57.0 100 49.83 56.96 53.38 53.39

15 12.54 57.1 100 47.45 57.05 52.03 52.18

sz;h : : 100 0 52.54 51.92 34.82

B ;;r;w - - 100 0 53.82 52.85 35,56
S. aureus

Aa8 - - 100 0 54.14 52.46 35.53

T& FHA - - 100 0 53.08 52.66 35.25

total 343} - - 100 0 53.82 54.35 36.06

I - E': Inhibitory effect

Disc diffusion assay 43 ZA¥, ™zl kanamycin® A543 275 AU g 10002
A% oju 7} x4 WRtokREEo] AFAXG AV|E FA] geE VeRa Fargk
&3l 3714 EH’E} of sl Hue dties YehdE HAs =24 S AR

=7 52 TATAAZ A A 3 29 FEER FEXH

2R3 JJr 71%3 <Table 20>.

<Table 20> wW2lof=ZL o] A8} %7

o 4 o Fz80 e A7
3 E100% 60 C Zh
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vk FAS] HA3 FExd AA

124 g as HHESE Add SAE FAREAGHA A 167K 22 F&
3l & disc diffusion assays ©]&3te] 2314 tE S H71E <Fig. 24>. 2314 it ds
P71 A 3}E Mini TAP BAZ2 1980 A3t I coli A&, B cereus FAE, S. aureus
HA3, & A3, total A F 57HA =24

o2 FE3 & disc diffusion assays ©]-&3}
o 344 I EsS F7HE <Fig. 25>.

1 E. coli 301 B. cereus 301 8. aureus
30 25 25
e £ 20 £ 20
g 2 15 2 15
< 15 < <
b b b
310 g1 g
o 5 o 5 o 5
c rvr1rrrrorrroroTrorTrord c c
RARARL LR ERNANNR RARARL LR ERNANNR RARARL LR ERNANNR
& & &
(3 (3 (3
& & &

<Fig. 24> A A G JAYL SAFZ=E] 37HA ddwtel t3 Fas F7f
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o 20 20
£ 204 g g
=1 = 154 T 151
g 157 g g
N N 104 N 104
= = =
819 8 8
L ~ & U 54
0 T 0- 0-
& 4 4 ’i} ’t} o 4 4 a B o 4 4 a B
I AR S S, I AR S S, I AR S S,
S 7Y g A P N & Y g
2 ¥ ¥ " 2 ¥ ¥ " 2 ¥ ¥ ®
¥ & @o@ 40 + & & 40 + & & 0
L @ & 9 & &

<Fig. 25> Mini TAP A2z 1do| A% SAFEF=2 IrEs H7}

A9 FEFEY Mini TAP BA2ZZ 13 ¢ A3 5714
kanamycin®. = B A3Ie] 37F4] thakatel tisl] e
A A3 <Table 21>.

?ﬂ
kol

e olr

( m]o
=
FN

o rO 1‘)4

=9
f5e Y= 4 %%%
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<Table 21> #HAs} 272 SAFE=E A

=A F& I-E* kanamycin E. coli B. cereus S. aureus 3t

1 335 534 100 0 53.45 4803 3383

2 389 M5 100 0 44.49 2080 2846

3 122 41 100 0 45.13 0 15.04

4 43 431 100 0 43.05 0 1435

5 337 485 100 0 48,55 4710 3188

6 375 482 100 0 48.18 571 3130

7 364 413 100 0 41.26 0 1375

8 577 413 100 0 4134 0 1378

9 661 498 100 0 49.77 5045 334l

10 58 507 100 0 50.70 962 B4

1 732 507 100 0 50.74 497 3190

12 743 500 100 0 50.04 4524 3176

13 662 521 100 0 52.08 641 283

14 689 466 100 0 46,57 4726 3128

15 723 507 100 0 50.70 4531 3200

b ;;r;” : : 100 0 46.45 U4 BB
> aam - 100 0 4881 4303 3061
g HH8 - : 100 0 47.75 509 0%
total AHsk - : 100 0 50.36 4590 309

I - E': Inhibitory effect

Disc diffusion assay 43 ZA¥, ™zl kanamycin® A543 275 AU g 10002
HAZE olw 7} 21 SAFEFEY] ASAXG AV E HAQ] FoE YEeha Pagks T

gl 37kA] tfdtel wiEl Hdle] FwrEss dERE HAS 27 FEES AT 1042
3 &A HAA 21 FEELS SATAAGRA QA 11 A9 FEER FEXAS O
&3 2& <Table 22>.
<Table 22> SAFEES H2s =4
S A F&-8 e A 7+
1 W100% 60 C 2h
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E. coli®t S. aureusel| U

e

j2)

S. aureus
7.33 £ 0.58

7= <Table 23>.

]

>3

=

B. cereus

BEA Qe AFAAGE 27

6_]_

E. coli
11.87 £ 0.34
11.63

}

il

°
pad

X

<Table 23> 37}x] dj’dxtel d
318t E A

890 = 0.36
890 = 0.26

7

0.5

+l

%l
o)
o Sk

873 £ 0.57
11.00 + 1.00
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11.67 £ 1.53
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91 Ay A AR HAS 671A] HAES FvE TS AHEWAE B cereusdl WA EF
g4 FrEsE YENY, 471A] FtEEA JEET o Hold SeHEA AR F
HIAHZ-F2 B, cereusol| WA it dso] YER] &8s <Fig. 29>, <Table 25>.
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<Fig. 29> B. cereus®| ™3t i85
<Table 25> B. cereus?| tdt Jf4 &5 v H 7}t
o g+t o9 A EA FAFAE (%)

1 kanamycin 100
2 a] 83.0
3 S vl =} 747
4 S 70.9
5 ol Z} ok 60.5

B. cereus 6 5 59.0
7 57 527
8 B2t 39.0
9 HAUES 337
10 oA A ER 337
11 S E2RAN DR -

(3) S. aureusol| 3t FHE S W wLH 7}

ol
o
S
>

9 Aol A HAA HA3Z 671 HAES] FHE 2
g4 P a e YER, 47HA] gtrEA dEET o H
SAVEFS S qureusol WslA I E o] YJEFUYA &8 <Fig. 30>, <Table 26>.
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7. 8285 SSE fst Ao Est=MH| ME

T59 rapid screening 7| H-& ALt F 43714 A HAAdE F AEE 671A AAEG
Z, ey, WzreE o wizl HA, ) s ohddt vE= E3kste] HulY JHE TS @
St ZHHeol xANE 71X = formulation E3E-S A Zd 3L, 2o A& fdltel ] St
a5s HUhgEh

Al 6714 AAE F 2958w E coliol Wi Holdk %% HAW fhxet 9
A1t B. cereus$t S. aureuso] W3 HolW e HAW Hoy, 3AAE U v &2 &
@ato] FaTs ﬁ7}a’ EPHE>1:1:1,7:2 , 3011 2 &%, 45 <
Forop o of o xdom E33 <Table 27>. 144 %%557&::4 Hzx, 59y, FAFZE5%
714 &2 o] 3‘401"}74] U 20 FEEGEE 109, 5939 39, 3 159 disiA] vjed
2 233 & RS disc diffusion assay® ¥ }?}. oA A A ERFEE dE
FEEXT EE 4t diEl & Esol T%O}IL, 1 P FEEC] 144 SFEE
Wy gt ase] 43 B 2Agur Ax s By 3y =127 4 o, dHiEeol

<Table 27> 7%, 2ty 3o &39n| &

Bl FEE 3 &
1 % (333 pg/pl) + By (333 pug/pl) + (333 pg/ub) 1:1:1
2 3 (60 pg/uh) + %%ﬂ (20 pg/pl) + %‘rﬁd (20 pg/pl) 3:1:1
3 2 (20 pg/pwh) + BT (60 pug/wl) + B (20 pg/ub) 1:3:1
4 2 (20 pg/pwh) + B9 (20 pg/ul) + B (60 pg/ul) 1:1:3
5 2 (70 pg/wh) + 9] (20 pg/wh) + S8 (10 pg/uh) 7:2:1
6 2 (70 pug/wh) + 9] (10 pg/wh) + S8 (20 pg/uh) 7:1:2
7 2 (20 pg/ph) + BT (70 pug/wl) + B (10 pg/ub) 2:7:1
8 7 (10 pg/pwh) + B9 (70 pug/wl) + B (20 pg/ul) 1:7:2
9 72 (20 pg/ph) + Eeks] (10 pg/wh) + S8 (70 ug/ul) 2:1:7
10 22 (10 pg/pl) + 23] (20 pg/pl) + A (70 pg/ph) 1:2:7

<Table 28> 7%, B¢ty 3@ EdFH5E9 A AR 27

x4 E. coli B. cereus S. aureus
Kanamycin (1.5 ug/uh) 26.40 £ 054 21.49 + 0.33 21.02 + 0.50
1 794 £ 012 959 + 050 1051 £ 0.39
2 9.97 £ 0.63 9.66 £ 0.25 10.67 £ 0.95
3 9.15 £ 0.26 896 + 1.03 8.44 + 0.65
4 794 £ 0.23 1151 £ 0.27 12.31 = 0.41
5 9.78 £ 0.98 10.27 £ 0.24 1041 = 0.82
6 11.32 = 0.24 1054 £ 0.71 11.01 £ 0.33
7 9.66 + 0.69 85 + 0.87 9.73 £ 0.13
8 861 + 1.36 8.83 £ 0.99 895 + 0.78
9 8.85 £ 0.75 12.38 = 0.28 12.92 + 0.16
10 9.35 + 0.3 13.02 + 0.66 14.08 + 0.37
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i F2Ee) FRET b Helske, B colidl vl
= 64 —7}*%“1‘4 Frasol 7P wHoluAN Hge g W 10W FEEC] 37HA HF
Wel Farnsel Y $U.

—_

<Table 20> %, Hdy, 3Fd 31098 SdF=9 AFAAS 27

FTEE £7 E. coli B. cereus S. aureus

Kanamycin (1.5 ug/ub) 26.95 + 0.62 2091 + 042 2154 + 048
1 10.18 = 0.10 10.88 = 0.47 12.36 = 0.31
2 995 £ 0.78 1091 £ 0.53 11.35 £ 0.34
3 10.05 £ 0.80 9.24 £ 0.32 10.13 = 0.04
4 1047 £ 0.26 13.92 £ 0.54 14.40 = 0.03
5 11.01 + 1.12 11.45 £ 0.63 10.60 £ 0.69
6 11.00 £ 0.74 1056 = 0.32 12.01 £ 0.79
7 - 911 £ 1.17 10.17 + 0.12
8 957 £ 0.94 9.10 £ 0.60
9 11.00 £ 0.21 13.64 £ 0.27 1578 £ 0.17
10 13.61 + 0.14 13.71 + 0.30 15.79 + 0.36

E. coli®t S. aureus®| W34 100 FE=2 Fraso] 74 HouY, B cereusol t3lA
=59 fﬁ'ﬁ'ﬁbo] 7}** Hojux|wk Jggtez HW 10H FEFEo] 37FA 59

= EE=EE 10 = ESEEEEe 10
E 7
=
S
X3 oA
o T
3 =g 3=~ = =g
S ‘P-.:P & '~ & <
< << = < <& ==
2> o > =1

=
== 804
o
S 04
£
=
S 40 R =2E=E=ESEE 10
= E 2=
= 204 | =cH)
o
= R =2
o-
o & R ] > &
.‘-'6‘%.“‘&&0 F'&%.““és“"o oo ?6‘@09&0
LTS gt ((ﬂdb,.b\) @oe._:bo
S - -] -
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<Table 31> Q.¥jx}, wizlef SAo] Z3Hd| &
z=7 FEE 34
1 L uiAF (333 peg/pl) + W=k (333 pg/ul) + SA (33.3 pg/ul) 1:1:1
2 QERAF (20 pg/pl) + WEF (60 pg/pl) + SA (20 pg/uh) 1:3:1
3 QA (60 pe/ul) + MWAE (20 pg/pl) + A (20 pg/ul) 3:1:1
4 QMR (20 pg/pl) + MASE (20 pg/pl) + FA (60 pg/pl) 1:1:3
5 S HfAF (20 pg/pl) + WMASE (70 pg/pl) + %74] (10 pg/pl) 1:7:2
6 QAL (10 pg/ph) + MAF (70 pg/pl) + A (20 pg/pulb) 1:7:2
7 QWAL (70 pg/pl) + MAOk (20 pg/pl) + %7-1] (10 pg/pl) 7:2:1
8 QA (70 pe/pl) + MWAE (10 pg/pl) + A (20 pg/pl) 7:1:2
9 QMR (10 pe/pl) + MAFF (20 pg/pl) + FA (70 pg/pl) 1:2:7
10 QMR (20 pg/pb) + MAOE (10 pg/pl) + FA (70 pg/ 1) 2:1:7
<Table 32> Q¥jx}, wiztel &7 EdFF=9 BFAA
FEE 2 E. coli B. cereus S. aureus
Kanamycin (1.5 pg/ub) 2074 £ 0.25 21.48 = 0.70 21.78 + 0.33
1 14.25 + 0.01 13.74 + 0.27 1410 + 0.12
2 1357 £ 0.16 13.43 + 0.61 13.36 + 0.22
3 1833 = 0.29 15.32 + 0.26 1558 + 0.44
4 13.62 £ 0.37 13.25 + 0.12 13.12 + 0.40
5 13.78 = 0.55 13.46 + 0.25 1331 + 0.24
6 13.38 £ 0.27 11.74 + 0.45 12.44 + 0.42
7 18.80 + (.24 1580 + 0.44 16.20 + 0.53
8 1759 £ 0.55 1576 + 0.40 16.13 + 0.82
9 12.35 £ 0.25 12.09 + 0.33 1250 + 0.21
10 13.65 £ 0.22 12.74 + 0.12 1372 + 0.23
3714 el tElA TH FEEL gardo] v 93y, e gte R TH FEES &
HHo] 7MY Hold Aoe= Hrhd
<Table 33> S.vjx}, Wzlef SA 279 Z3dFF5E29 ASAX 3
FE&E x4 E. coli B. cereus S. aureus
Kanamycin (1.5 pg/ub) 20.81 = 0.60 21.31 £ 0.33 2181 £ 0.27
1 1634 £ 0.72 14.35 + 0.22 13.90 £ 0.33
2 1572 £ 0.09 13.80 £ 0.19 13.31 £ 0.08
3 19.06 = 0.35 15.07 £ 0.23 15.02 £ 0.30
4 1620 £ 0.28 13.60 + 0.23 13.24 £ 0.60
5 1626 £ 0.43 13.73 = 0.11 1357 £ 0.08
6 15.08 = 0.76 13.49 £ 0.29 13.06 £ 0.35
7 19.09 + 0.27 16.14 + 0.30 15.80 + 0.38
8 19.06 = 0.63 15.49 + 0.55 1584 + 0.18
9 1423 £ 0.50 12.94 + 0.19 13.00 = 0.32
10 1460 £ 0.25 13.35 £ 0.30 13.64 £ 0.55
37FA wFoll A 7TH FEEY FrHo] M o Hurgtow HlE TH FEHE9 I
ol 71 ¢4 <Fig. 33>.
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7Fe <Table 39>, <Fig. 40>.
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[e]
47}
A" <Table 41>, <Fig.

€l
ElRc—

|
# A

wl
=
713k

A
Z]
0.1 mg/mL=

f

A
A1 =

3|

s
Z0A4 E coli®t S. aureusel Tt

F 50 pg/mLE =

41>.

A
Al
A

J,]; 2
;‘_':

=
=

l

<Table 41> #H2A

S. aureus

HAAH# 5% (mg/mL)

E. coli
> 0.1
> 0.1
> 0.1
> 0.1

S. aureus

HAaA 8l F 2 (ug/mlL)

E. coli
> 50
> 50
> 50
> 50

ey
Kb
-
or

_IL

> 0.1
> 0.1
> 0.1
> 0.1

> 50
> 50
> 50
> 50

Sl

52
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oS4

T
4 o_u.

< B RE,

S3i~

AN
—
~
R
S
V

(2) 99.9% ©|

%

4+ 99.9

5

s

HAAWEAE

A2l

Ho
Iy

ojy

3] A B (peptone

1mL 9]

& ol

]

of A

gl

7]

9l

S ImLA #H3Fe] petri filmel

37 Tl A 18A|H&<Sk, S. aureus

Fof 3031

H7ts
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15A]7HE < v kAl A A
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1.

-
1.
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3
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I FEE F%(mg/mL) U4 AESF A2 AEF s
E 01 x 10° > 10
s1 1.0 o 30 o 0 999 %
S. aureus 217 x 10 > 10
- 0 E coli 301 x 10 > 10* 009 %
S aureus 217 x 107 > 10 A
E. coli 3.01 x 107 > 10
S3 1.0 , . 99.9 %
S. aureus 217 x 10 > 10
E. coli 01 x 10° > 10
s4 1.0 coli 301> 10 0 9.9 %
S. aureus 217 x 10 > 10
Potassi bate (19) 10,0 E. coli 3.01 x 10’ > 10 99.9 %
1uam 1y .
OHSSIm, sobate 1170 S aureus 217 x 10 > 10° 9.0 %
E.coli S.aureus
1w | wdl ]
10% 10%4
..E; 10%= _EJ 104
= 1044 = 104
tE'.: 107+ ;E'_: 102
1074 102
107+ 107
10° I 1 I 1 10° I I I 1
I . < d*s& & G P P e
&5 ; ) S
< oﬁf
<

(3) Masking A A hf-3F AA

SHFd A 319 &S AAAAE maskingAA = AAR Ao]F 2 Y AE H(cyclodextrin) 2
s AT APHdEALE FE masking Al Al 9] ROl H ) 10% mIWEI-S Q1S AL,
450~650nm oA e FH/E S-S Tl 1~5%=2 HAE AAT <Fig 43>, <Table
43> .

Relative absorbance

P ..g\“ S 2\ S\ S\ o\ e

Concentration (%)

<Fig. 43> Aol 2R YAEY FHgel B2 FRE 34
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z4 1 2 3 4 5
23 FEE (%) 90 90 90 90 90
AATF (%) 9 8 7 6 5
AolgRd2EY (%) 1 2 3 4 5
(4) Masking AA &f-zFoll & FF a5 H7}
shol2ResEd el 42 FRETS P/d AdATE Ba Ao2RdrEde
Frdeo] §lv Ao = HrtE <Fig 44>

E. coli®t S. aureusell 3t St & s HI7IE E3 Ao|FRUAEYHS X
AlAE AR 240 ugl EFE=ELS 90%, AA = 5~9%, Aol F=2
2]
=

Shgale AIES A RSl disc diffusion assay® i &5 H Mg

aureus 7 7FA| wtFol s RolFmYAE™ 5% i Al A S E TS JUEY <Fig
45, 46>, <Table 44, 45>,
10 10
E s E s
E E
a & a 6
S S
B4 B4
- -
o 2 o 2
o . — o . .
S o S > - A v A o> o
S1 sixter, ouixt, S| S2 wyxtor, "o ulx}, 2=
12 A2
"é‘10 E‘IU
E . E 5
@ @
g °© g °
5 4 ; a
@ i
[} 2 [} 2
o v o v r -
™ a ~® > " e g e ™ >
S3 @H{ X} 4| S4 @ HHX}, Zt=x=

<Fig. 45> Rol|ZF=d2Ed Ff{3Fol w2 L coliol Wi dras H7}
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<Table 44> Ao]FZYER ikl WE E colidl gk AsAA g =27

o RolFund 2l SH%F (%)
T I =X
CHTEE 19% 2% 3% 4% 5%
o _ S1 748 + 011 7776 £ 019 802 + 008 732 +0.12 814 = 0.24
AFAA S
S2 751 £ 014 767 £031 732 006 739 £ 020 836 = 0.20
S3 842 + 0.11 812 £ 035 794 + 038 847 £ 0.08 10.10 = 0.80
S4 763 £ 010 811 £ 011 7656 £ 031 874 £ 081 945 = 0.27
= 101 £ 10
E 4 E
g . g,
° " g -\:“: > = ° ™ "l-"l‘ "':‘; > "
51 sxror "o uyx}, S S2 wyxter, ol x, ZFz=
K" E™
g . 2 .
° ™ '-an" ™ > ~" ° n.—"l' w";’ w'; »> 2
S3 @H{X} =4 S4 QH|X}, Z+==
<Fig. 46> Aol 2 A~EQ gf3Fdd wE S qureusel| W3 Sdvras A7)
<Table 45> #Ao|F2UA~EY ko] WE S qureuso] i ASA A3 =7
o o) a].o]ﬂgﬂlz\Ea z;sj} (/)
Kok == =
CHTEE 19 2% 3% 4% 5%
o _ S1 941 £ 023 874 + 030 917 + 0.18 886 £ 0.23 9.77 £ 0.07
AFAA S
S2 913 £ 037 848 + 0.17 932 = 0.16 875 £ 041 9.53 £ 0.16
S3 953 £ 013 878 = 0.10 10.06 £ 022 98> = 043 1053 + 0.26
5S4 977 £ 010 895 + 0.18 885 + 024 1068 £ 0.04 1075 + 0.73

ol sk HAs AyE ng oz HF Jdd HAHEA AAES AZ
8- <Table 46>.

BN
)

flo

9 g
o5 7+
1

EEL N

<Table 46> HAKZA AAZE A2 =4

AAREA AAF ALETE

TEFEE 49 [1.0 mg/mlL] 90 %
AA 5 %
Aolg2d2EH 5 %
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7kl 2 AFEZ IukAEQl ALT, AST

3

o]l ELISA ®H2] © 2 Alanine Aminotransferase(ALT), Aspartate Aminotransferase
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3.81 + 0.30
405 + 0.40
437 + 0.29
434 + 0.29
3.70 + 0.35
492 + 0.28
468 + 0.60
437 + 0.24

151 + 0.14
1.33 £ 0.18
1.60 £ 0.19
1.59 £ 0.22
143 + 0.14
1.47 £ 0.08
1.55 £ 0.28
1.60 £ 0.13

0.22
0.59
0.17
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0.65 + 0.36
0.15 + 0.36
040 + 0.21
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1.60 £ 0.15
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U mEZ=gold EAEE 7MY dEAd 4R Axrt fyEw Qe W ALTE A&7}

& of =otttuy A s ks A7 AsdA Hal o= AR £ fn e uhEhA
7z

. 1 2

of Eao At BL4E BHOR A3 o] Wol HAPHE Suloln, ALTEZY H4
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<Fig. 50> &3 W ALT &4 &4 =4

ALTE A2 A A3, 132 AAE 671K HAAE A olA EF A5 UHd 5~46

(U/L)skel 23te = Aoz AL ow kA HFE2 median W99 20~30 (U/L)ell 2.4
AS AQd RE Ao dPHE Aoz Hruby, Az 291 + 62 (U/L), 293= 251
+ 52 (U/L), 342 248 + 25 (U/L), QuIA+= 143 + 1.4 (U/L), WEFL 242 + 6.7 (U/L),

7= 31.0 £ 102 (U/L)= A7Fe <Fig. 50>. weba b S gk ALTE A H 7kl A, 1
Az AAE 674 AAE wE AAREA Agel U AL AFH

(2) Aspartate Aminotransferase(AST) &4 24 =4

ICR mouse°] "8 E 6714 HAES 6Y &<t Fos &, 2454 Hrts 93 4 A
# 3l Aspartate Aminotransferase(AST) &4 ELISA #2lo 2 =Ae ASTE A= 71, 4
, wA, T8, A SolA vEsHA BvlHe BAR AXxvE g3 EHW 2 gkl |
ASTEAVE €9 &5 ZolthA s avts FA7F B5eA =l ol& 1hs ¥338te vk
g I 7Y EAE ouEh wEkA o] Al FA U FEFE SR Qs AU £49
e ol molAlE Ao, AEEAAA Y ASTEAS] AdFA HE 10~50 (U/L) 4.
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ASTEAS 54 29, #Hx9 A5 A QujAp, wWRRoF 47}A] HAES A
Al 919 10~50 (U/L) ¢koll 23ty = Ao @y = 388 + 0.2 (U/L), 3d-&
372 £ 05 (U/L), Swix= 376 + 1.1 (U/L), W2reFe 341 + 29 (ULE H7ME. #x+
515 £ 7.2 (U/L), &74+= 653 + 345 (U/L) & H7IE <Fig. 51>. 18y Tt A A= &

A7 g ARRE ALHAQ HHE fAsHY AATFARTY %8 A WEeA R, 54
AN E FAVF ERA0RE 1 @9 oo R Skt vl o] Ade Fofr|ike] 6
Y2 AP RRE o] AR FAR FAo] Urtal K= ofga, Ed AESY A vEE
208H oAt B A &tr] wEol @, SAE HAwEA] Fgo] e odd Aow HriE, uet
A 67FA A E B5F ASTEZ dieiA® ebde Ao = Hrhg, dAR AEH= spus
Xﬂ 2 potassium sorbate Foiw 2] Aol AE E HAFzHNA ASTEA 71 50 (U/L)HT}

= veba, wEbd AEREA Hgo WA s 671A] HAZ BF BEA g g
= HAE 5F9 4-$ potassium sorbated] H]
o] ©

f
o,
)
uit)
1

i

‘&Zﬂ*éoﬂ =AZE floH, 53] FAE A vE
al ASTE A H7be] gk =2 haAS Fud 5 AU
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2, MAFEEo| M= LY gats

Foh
or
OE!

7t

A AEF FH wjol AFolAl £(MEF;, Mouse Embryonic Fibroblast)E 342 #1(100
IU/mL), Z=EfEnLo]A(100 g/mL), 10% FBS(fetal bovine serum)E %3+ DMEM
(Dulbecco’s Modified Eagle's Medium)®| X & 2L 37 TE FA3H 5% oAt A& x5
gk ey WolAl vl 59 ARl ¥ E 60mm dishel ZF 35x10° cellymL® £53
of wjjekadl 3 A ¥o| H.O:(Hydrogen peroxide)® AteAd AEYAES Fu3ta, 7%, $7,
|, wkeok ouliat, H FE:=S APste] #¥E Trypan blue® A3 & AEXFE
Astel H:027F sk Atsha] &4bol dia] 4 550 AXRs &35 YetdlieA Alx
AEES Sl HrFgh 23, WAfFEwo] 4hs4 A2 SAo| ths] HE &so] Hojurhe=
e 1THE <Fig. 53>.
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— =
= 0.6 - Ell'
S g o e
a 0.4 C|
- e
= 0.2
(=
0.0
L)
C:;"*
<Fig. 53> H.0.7} 53 237 &abo| sk HAFEE AZEHE &% P77}
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AbstA A E S tia Hold IR ss e #WA ke i Ak e Ve Ad AT
2183t 70% ethanol= FZE3 W2AFFEE9 AXEHE MTT assays &3l H7Fg AdA
EFe #H HH o} Alf-obM E(MEF; Mouse Embryonic Fibroblast)E #]oFale] wiz}of3 & 551
MTT A % 33379 570nmolAd AE AEES A A3 AX &=L 5= &
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Name Function
Feroxiredoxin 1 A scavenger of reactive oxvzen speces (ROS)

—

. &n antoxidant enzyme that uses cysteine residues to decompose peroxides

. : 2. Catalase and glutathione perozidase to scavensge low levels of hydrogen peroxide

Peroxiredoxin 2
3. Mammalian peroxiredezin family of thiel preteins It is mpertant in antiezidant defense and

redox signaling

-

. The suppression of annexin A3 expression inhibits DNA synthesis,
Annexin A3 2. Plays an important rele in the signalling cascade in rat liver regeneration,
. Might serve as a nevel biomarker for lymph nede metastasis and pregnosis

w

—

. Protection from oxidative stress-induced damaze

ra

. Mitochondrial prohibitin complexes control cell proliferation, cristae meorphogenesis and
the functienal integrity of mitochondria,
. & transcriptional corepressor for ERalpha in witro and in wivo

Prohibitin

oW

. & tumor suppresser potein, plays an important role in the twranscriptional resgulation of various
genes imvolved in cell-cycle control and prolif eraticn.

—

. Tumer suppressor
. The APC gene can modulate the base excision repair (BER) pathway throuzh an interaction with

ra

Adenomatous DHNA polymerase b (Pol-b) and flap endonuclease 1 (Fen-1),
polyposis coli 3. APC perticipation in GL/8 is attributed to its recognized role in Wnt signaling.

s

. Interaction between tumor suppressor adenomatous polyposis coli and topoiscmerase llalpha:
implication for the G2/ transition.

<Fig. 98> 2-DEE o] &3 vtz FFo A WXHAF:EE2] FUdaE s ¥4

M

- 107 -



Embryonic
12 Al A

%

MEF (Mouse
z

_ﬁf

P
)

dF=E

<Fig. 99>.

7

3

F cell viability assay@ ¥

R
22 o3

Fibroblast) Al

70%= " Al

ok
)

°f

o)
=

0.1 mgimlL

=5

1204

1004

<Fig. 99> MEF AlxZ A&

o}
o

e

j2)

Nlo

il

100>.

Img/ml)

<Fig. 100> E35E5

179

ok
)

°f

o)
=

10% 4= A2

B
ok
S

-
XN

H:0p @A 8lame] Al
&8 oF 27% =,

7he.

3

X

Hluz A3

=z O
==

2

1 Ho0, A A2

3]

g o T AE

assay

P
)

2

-
XN

= AgTe Al

FE

q}

s =
&, =

AL ]

<Fig. 101>.

- 108 -



25N T
3 9T =
—_ T oh OE % Mo
~ Y 2 o =
ﬂnﬂo 17_A| io N ;Q# ,umnl m fAI
©oSh ity
A Moo - Sty
) Ua “W_OH K M - s ‘_J_,Al
W OZFERT & = 2
ui S~ ﬂ m UT.E nW- | o Ow.c w ﬂﬁﬂc —_
S TN g S _ W = wo
= MU e 2 = g0 8
G &2 ) = 5 "
wﬁ oo g M FP = i
2 —~ Wi B = gt & \/ vi
£ Z.E N = o o i % od s L T
E N ~ % W o 4 =R
t5} _l ~ © MurU Y.)All E — erl dﬂ
G [ % * o - T . 2
i @@ ;Ot o) o} or — d Nro Wo mi —I UE
(e ) M= ME NMM ° T %o @ N " <5 il
= %%%D B EEEER mﬁ ﬂﬂuﬂ m__mw
- O S e oy O I =
W o ¢ 1 W EZF & I W = %o H/M . H %, g o)
P & om W g
Wb & . C r om 2HE .
e oR Ho \% ] =) X T B X % S
Tl _ e T ol IR g o
P o > o X 2 s ~ 7 3 on
ETEEEEE £e A e ) ! |
N 2 ® 0o % W dﬂ »n .M \ml T.E s ‘ul o ZL
?.L.ﬁ.l_? | ‘.:L E.E © m M,.# | = Wu ﬂ \MM _ﬂT.c m r.a a2 T T n ﬂymo
i W E ofp o i @u B %o (%) Annqein 192 aAneRy _
s Al N e 3
ofF v oS oW - i o i
—_ o) B N W A o ol d ~ =
™ ~ P = i e S m
g Twd, s F = TRg
am o o R Mo fro o of do F N
K o TP o)) —_ &
A T " £838% %R ° e O =
m w oy 0 % ZH - - _ L N\ ‘mﬁ ‘MJI E#E O# oD
= 7 1\_”m ol ) wE=2F = Iy m i o T 2
5 S W B g S ¥ AW vV
.ﬂm 7.._ =0 Eﬁ — . = ‘n_A||
Vi I o o o0 1_,_AI, = o}
) N -
o 8w o = X ¥ &M
N2 o] T of B ¢
an Bl i ol & %
e z o
[ o

- 109 -



T
THo

7]

i

2

)

=
B

DPPH assay

O
<.

A dez ve Frola #y

7he.

3

b2

=

<Fig. 104>.

k)

:H_

(= (=] (= (=]

(%) Ayanoe BuiBuaaess |eoipey

o
T
a
)

Concentration [mg/mL]

<Fig. 104> E33E5

5 %

ol

H20, @5A 2] A

7het

3

b2

= 23

o)
=
=

=
=

MTT assay

)
s

g

s

A 45% = °F 28%

L&

-
XN

] o] Al

FFEE

» A F

1 H20

3]

17%<1 ] 4]

<Fig. 105>.

(%) Angeia (o2 anneRy

Concentration [mg/mL]

e

j2)

<Fig. 105> H-0-7}

e, AGS:

RIS O R

3|

(HepG2:

2% dAx

7het

3

b2

o] MTT assay @

285

el

0.5 mg/mL2] %

FollA =

Al

1.0 mg/mLe TE=, 9%

] ZFA o) A=

B

i

)

1

2 70% o]

g,

AZ FEelA Tt

110 -



HepG2 cells AGS cells

_120 __120
R 8
~ 1004 < 100
E‘wa ‘f:
E 80 g 80
2 60 ; 60
] ]
Q &)

404 40
5 20- 5 209
[}

o
= 0 3 . 0 :
Concentration [mg/mL] Concentration [mg/mL]

<Fig. 106> &3FZF5 Aol wE 2A7F FAEF(HepG2, AGS)S] A=& H3} 4

- 111 -



6. EE MHES 7IsM Il

HZ2 MdE HAREA AAEY FUd A2A%E s 7] 98] DPPH assayE 33
<Fig. 107>. A A3 200 uM DPPHE 1 @ 12 @24 308 B¢k vh& A7) 5 233579
ARnmoll A F4% Uiz o=z 4l FAATLEsIAIQ] BHT(Butylated hydroxytoluene)E Ab

Gato]l v da, BHTHEU of 10% %<2 @tud 284S Boli= AR Hof AAEe
ksl o] Hojdg &

001'

[=:]
o
J

404

20+

Radical scavening activity (%)

AbEhA Aol gk AlAIES] ME S E3 H7)g <Fig 108>. A
BAEA H:0:% Abst4 2EHAE fdstal AAES A MTT Ag 5 £3354 9
570nmeol A Alx ABEES FA4T 43, HO0.E @xo= AHysh Ao Ax AEE] oF
3096919 Hl=l, H:0: AA e $ AAES Aes dda °F 60%=, °F 30%6AH%
AXE AELo] T7HEE Hel olE Tl AAEY =&

AlE el A T g

__ 80 _120
2 =
< = m o
Esu- 5100
E ﬁ 80 =
2 40- Z 60
) Q
E b o -
2 20- 2
& g 20-
& c m C T T T T -ﬁ-
Q 'I?Q §'° @Q Q’@
H,0, Concentration [uM]
<Fig. 108> Hx027} of g AAEe MY¥RT g% H7t
AAFSY FEESE a7 918 2F72] AT FAEF(Hela; A4 54, AGS; 919h)
of AAEFE HeElste]l MTT assay® MXE AEES H7FF <Fig. 109>. 0.1 mg/mL §%

&0] °F 5% 2, ALAZLAANE HAEZ BEE
- ?:}/‘ﬂﬁi—"zl‘ —‘lj—l:roﬂ EH?SL B'OJ?S]— ‘6]—01- T

ol

=0
=



Al o A gt

35
4
Ay

HelLa AGS

~ 1207 120~
s s
> 100- > 100-
5 80 5 80
2 s
= 60 2 604
8 8
@ 404 o 404
Z 2
;f 20 ;f 20-
o o o s

o "4 o "4

S S

"0 N\ & Ny

<Fig. 109> A A& Ao w2 Q13 A X F(HeLa, AGS)] LS W3l 24
F579] <7t oA EF(Hela, AGS)ol thal AJAZF2o] et &3 western blottingS %3]
Gl oA HULg A AES A F-dA e 9 A2l gk & apoptosis ¥¥ v
¢l Bax®} Bcel-2& 913t dlxvd vl e A AF-AA L AAES HE s Al

A

22 v]arsle] apoptosis PFAQl Baxe] Ed =
ul-3] 2k

T

f
2 oy

o
< FAaHE As F9F <Fig. 110>, # Z2HE F3f AAF©] Bax9t Bel-2 71345

3 apoptosisE F =3t AFAFLAREY] AEES AL S FHIN

Control AlHIE
T B

Bcl-2

o e
s £

<Fig. 110> AAl5 2 elol] W& AgdF-dAxe] duld v F4 ot

Bax

B-actin

AIdA XA AAEFES HYEAS Al xR+ Hwdte] Baxet Bel-29] @d @S 8213t Ay}
A& H- A Ee} e il e oS gl = 9 <Fig. 111>, o] & B3 A4 5
A E 2} FAFSE apoptosis TRV AES EE AlAEo] AUAEL HMEESS TAALES TH
3
g

- 113 -



Al HIF

Control

Bcl-2

Bax

£
0
7
@

7}

3

1 v B

S1grA e T

]l uhE

%

hoa
T

<Fig. 111> A A3

~
23!

A

-
XN

Al

2=
IR

W qbsty e

-
XN

Al

s

O 7F

B
&

H

i3

AA R A

2RI o

X

114 -



a

- A

<Fig. 112>.

3}
i

oK o R M L
Wop ¥ 2 YR
— = T =
] W o ~— © LA

= 02 E Y
) N S0 o 2
~£ — ﬂwl OE = \BIL N
o = O = No ° J

S C R <

whe T g Mgy
ST - N .
5 ™ = m = A 3

I
X of w9 < ® wwm
Jl 1__/|,A R — o
W _wmd TR

. T ° = Y o
= T 7o s Mo
H LJW o) 9 ﬂ ™ o~
= TSR s o = &
= B o = 0
g & HH = o =

@U 3 ﬁw —_ M B HL
Al XA o I= ! ..
< o o W_M o o m
A F Lo =
N D=7 X @ B &
= = ot g
4 X \;._mo ,AE ]
. I, o
jet o T EE o
% u&l J‘l 1J| re Eo M 7D m
T ) FeEe w2
L ‘.j_.wO . — ‘)LA| \H_Ol m _Zﬁ ‘H n
w5 (T HE R g
.5 P Hom®H IS
~ g
3 mﬂ, R
O 5 T A T NN M =
s T ~ -
R ERgrom e
X0 X0 Ny T oy RE -4 e =

;QL ;QL o} x ) # L.C m o

o w4 W oHe g =y <A

. of of X wr TK S 97 W
B oy T T OwT S
7o T 0T S HPmueg
g )
e g N g ‘_u‘Lf_v.« = o8 X % S - =
W oRm s X5 N LS N R
ol — 0 G R I R SR
7 ~ = o o2l R wl = K o

115 -

<Fig. 113>.

o]
=]

Quercetin® X%+ ol#i et 7



o A}&3F. Quercetin
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Quercetin
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@9 ppm = Quercetin's ug/extract mL

A= TE 1E
S. aureus A3} 134 + 0.04 61.6
B. cereus &4 3} 1.39 + 0.03 56.8

I- E": Inhibitory effect
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(1) &A19] F3a4+%2 cinnamic acid

o Cinnamic acid

Cinnamic acidi= Al94b & A4 B-ddolz ol gl ® &y, 3H5F24]2 CoHsO:%. 714, Al

A, e Fd s T A EAR de o]&Hol gow olyg oy JHA 29
o ¢l cinnamic aldehyde®} cinnamic aadi dHA e HAEX|

A Al g shokA) FAEEE ATFAIRY B, SA9] A =4 EA] cinnamic acidgE F
A2 A #EEZA] cinnamic acid® ZAH wl7t QL. gk HERS JFR AR
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<Fig. 117> Cinnamic acid®] %
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F 2422 cinnamic acid®t cinnamic aldehyde® EF=E2S Alvbo| A F- 3}
1o /\}%?}. Cinnamic acid®} cinnamic aldehyde ¥FE& AAA & A3}
A & HPLCHE Methanol 10 mLel] =<9 %, membrane filterel] ©f3}3}

g
A% <Table 49>. & A FH 24dS 98l 1, 5 10, 50, 100 ng/mLé] == 3

M od &
o
ok

=

> o 2

J &}

.

_I

<Table 49> Cinnamic acid®] ¥4 =7

Instrument HP1100 series HPLC
RP-C18 column
Column (250mm X 4.6mm X 5pm, Agilent
Technologies)
Detector PDA detector 260nm
A : 0.05% phosphoric acid 0.3 ml/min
Mobile Phase B : Acetonitrile 0.2 ml/min, isocratic
elution for 20min
Column flow 0.5 mL/min
Injection volume 10 pl
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(1) Etylo] f 8452 paeonol

© Paeonocl

B = st = e, e, A9, 14, €4 T8 LAEAR e o] &Ho gtow,
ol o] 7FA] Z&eo WUl =AHAELS 59 FAAES paeonolE YHA A& HEIH F
o] 3l B3 AFEE paeonold} 19 #iHA|Ql  paeonoside, paeonolide,
apiopaconoside, suffruticoside E&©°| <¢#A 23 monoterpene WA 24  paeoniflorin,
oxypaeoniflorin, benzoyl-paeoniflorin, benzoyl-oxypaeoniflorin 5t o}y g Aakslz-go] ¢l
monoterpene B A = A galloyl-oxypaeoniflorin®} suffuticoside A, B, C, D7} H.irg. o}&#
Eoto]  wgypae]l AR thdle]  sterol, methyl gallate, benzoyl-paeoniflorin,
benzoyl-oxypaconiflorin, paconiflorin®] ¢4 5. Hoy e o st AF 2+ FA532
&3 FAEQ paconold EFAFAA ol ek 28 L paconold FEHAWo|YAd #3H

AT-7F B9, Paeonol?] 7%= of#f ¢} 72 <Fig. 120>.

HO

O

5

<Fig. 120> Paeonol®] 1%

2y o] f a8 paconold) EFEEZAS Al anbo A FYdFe] Ao AFE3F Paeonol 3
TEA S AAAEE A3r3] 0.01 g AFH3E & HPLCE Methanol 10 mLel] ¢ &

Z B A}£3 <Table 50>. 5 A=A AL 98 1, 5, 10,
)

<Table 50> Paeonol® &4 zx=7A

Instrument HP1100 series HPLC
RP-CI18 column
Column (250mm X 4.6mm X 5pm, Agilent
Technologies)
Detector PDA detector 274nm
A : 2% glacial acetic acid 0.5 mL/min
Mobile Phase B : Acetonitrile 0.5 mL/min, isocratic
elution for 20min
Column flow 1.0 mL/min
Injection volume 10 pL
Temperature 25 C
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(6) 44 zAom F%8 2uve] fEAE A%
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<Fig. 123> A% 2702 339 2

Y

¢ : ppm = Paeonol’s ug/extract mL

A= T5 LE

S. aureus &4 3} 0.78 = 0.10 47.3
B. cereus % 3} 1.43 + 0.05 436
E. coli A3} 79 + 0.96 41.0

I- E": Inhibitory effect
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10 uL
30 “

1.0 mL/min

B : Acetonitrile

RP-CI18 column
(250mm X 4.6mm X 5pm, Agilent
Technologies)
PDA detector 254nm
10mM hexanesulfonic acid
gradient elution for 40min
AB = 8515 — 65:35(20min)

HP1100 series HPLC
65:35 — 20: 80(40min)
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Instrument
Column
Detector

Mobile Phase
Column flow
Injection volume
Temperature
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<Fig. 127> #HA 702 FZ4 o] m=vE 1

}ma?

,5’-4 a7

@¢$] : ppm = Berberine’s ug/extract mL

A= T5 LE

S. aureus &4 3} 165 + 3.6 80.8
B. cereus % 3} 181 + 1.7 91.6
E. coli A3} 219 £ 0.9 84.0

I- E": Inhibitory effect
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(1) wzrefe]l /a4 82 Paeoniflorin

o Paeoniflorin® 7]%4

mrop e wvpglolAu) g Fhefe] HElE 9yl A e A RS ¥ Aoz AL AA
st A& wEfofolefal g shHboll Al X, 1A, F-9lok, nESt 5§ ¥ AT AZAR dE
AbeE A 9le. 2 YA EZAZA paconiflorin ¥ albinoflorin® 22 o Ry =249 &
2ZFA O] (monoterpen glucoside)9} Bd 2 lE4F o] 2 dH A Q& ] ek <l
TEE ISARIEY, Fzrd, AL, A 2, FAkst fg8 Fo] By

Paconiflorin®] %+ ol#f o} 28 <Fig. 128>.

HO O

O

O-

Hﬂxgcf{j HOH
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<Fig. 128> Paeoniflorin®] +%

o)
ol T,

<Table 52> Paeoniflorin® +4z%

membrane filterol
52>, & A=A FAS e 1, 5, 10, 50, 100 ng/mLe] == 34

& Baoji Herbest Bio-Tech Co.Ltdol A <
AAA S AHEste] A g3

of5g F ¥

13}
00lg A#H3 =
Ao ALg3F <Table

o

Zil

Instrument HP1100 series HPLC
RP-C18 column
Column (250mm X 4.6mm X 5pm, Agilent
Technologies)
Detector PDA detector 260nm
A 0.0126  phosphoric acid 0.83
mL/min

Mobile Phase

B : Acetonitrile 0.17 mlL/min, isocratic

elution for 30min

Column flow

1 ml/min

Injection volume

10 pL
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@9 : ppm = Paeoniflorin’s ug/extract mL
A= = LE
S. aureus A g} 13.0 + 05 52.5%
B. cereus 3% 3} 122 + 0.2 53.8%
E. coli A3} 139 + 2.2 -

I- E": Inhibitory effect
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o Gallic acid9] 7]
Gallic acidve 21 &3 73
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ouA, SR 03
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==

A8+ polyhydroxylphenolic

=4 F9 3=,
AR, 52, £ 9l nlvpu), Atal A Fol| Bol EA% B
3E Gallic acidoll+= &t &4, & violy A, 95 a37) & Ao wre o, FHtole
W AgAgd, Hek, ddd, e Sl F9Ed-E vt Bang, ATt gallic acide
scavenge ROS(reactive oxygen species)o] 743t < dtalE&8d = <A, &g 315F ol
AojA] F&3 AE 9 3EZ 4y A, Gallic acid®] FxE ot# 9t 22 <Fig. 132>.
OH
HCO
OH
[l
OH
<Fig. 132> QGallic acid®] +%
(2) Gallic acid ¥4 WH 2 FA3x7
ewzte] FaAAE gallic acide] TE=AE Alavfol A F9)5ke] EAof| AFEE. Gallic
acid¥i =& 2ES AAAEES AMEsle] AE3] 001lg AFHT & HPLCHE Methanol 10 mLel =
¢l & membrane filtero] o]3}3F & B0 AL83F <Table 53>. 5 A=A A4S 98 1,
5, 10, 50, 100 ng/mL2% T == 3|43}
<Table 53> Gallic acide] ¥4 =x=7
Instrument HP1100 series HPLC
RP-CI18 column
Column (250mm X 4.6mm X 5pm, Agilent
Technologies)
Detector

PDA detector 260nm

Mobile Phase

Column flow

A 1 0.01% phosphoric acid
© Acetonitrile gradient elution for
35min
AB = Omin, 95:5
— 7min, 955 — 12min, 83:17

— 2Zomin, 83:17 — 27min, 80:20

Injection volume

1 ml/min
10 pl
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<Fig. 135> HAA zHdo =z F&9 ouxe azvtE 1y

@& ppm = Gallic acid’s pg/extract mL

A= T5 LE

S. aureus % 3} 82 +16 775%
B. cereus 43} 72 + 17 73.7%
E. coli A3} 56 £ 14 80.6%

I- E": Inhibitory effect
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]

L =}
3.8t1.5
4912
4518

) 5 oF
3.7£1.5
3.1£1.0
3.521.0

N
N

Control

characteristics

3.6%20
55%1.6
5.0+1.3
6.0£1.9

4516
0.2%1.8

39+14
4716

5218
5215
5.2+14
5hxl.1
6.3+1.8

6.9+1.6
0.0£1.3
44+15
0.2%1.5
6.4+1.6

6.9+14
6.2+14
RRSEIRS
5.7+18

6.9+1.1
6.3+1.3
6.7+1.3
6.7+0.9
8.01.0

Color
Flavor
Taste
Total
preference
Texture

ToH

<Fig 150>.
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4. AHE E7I

20
jmi -
& ZAFM, AL 1AM 30T B FAS AAF Hme] M oy A3 o] R

AE= [(AL)?+(Aa)? +(AD)2 ]V
fxrrows X8 Adry x4l dd¥W H71E<2 L-ascorbic acid 1%, 579, A
o FEHI o AFHEAS Bio-sano.® A Aste] A@S ATt HA A H
A 2] et Zen)e] AES] e <Table 61>3 75, {294 zto]E wo}3ly]
Ae AN AAE S29) S3¢ A 77 = 4 5)
Bio-sanki.t} MEWsl7} A Aow A4, Hd YA 58E FAYNL, THF A

T 5ARE FAE o] S2, S37F o] gH T MEWETL A4S Aoz SA .

]
]
]_

o
£ o oly

Ol

e}
9]

A

<Table 61> A2 2] g Fepn]ep 25223 Zepv] e AR
AR

NII_
treatment
Dip 3404 19410  19+107  46+05°  15t057 46105  54+17* 5809
Spry 20+08°  22+410°  13+05°  44%12%  26+02°  2305° 4814 5809
VAE=V(ALP +(Aa) +(Ab), 2 wi=iof : owat: A (3:6: 1), 7w oAb P& (3:6: 1), 7

SRR SA 80 2), Y elAl 7R (81 2), ¥ L-ascorbic acid 1%, 7 AlEl $EH130E AAHEAL Bio-san

Values in the sharing a common letter are not significantly different (p<0.05)

Sample

S1? 527 s3? S4” L-a”  Bio-san” Water

Kohrabie spray

Kohrabie dip
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A7 Aeld AR B3 AL Abshe] AES) e <Table 62> 2§
o TR FY AWHE 483 FR4E Aeld ALTe 329 AW gho
At A AAE F szl Awsst b A0 24

A2 AL A
]

=49, At

<Table 62> | #2|gk Apafeo} 5 A 2d Abte] AR

AEl)
S 1 . - Non—
ample 517 52° 53" s4° L-a°  Bio-san’  Water
treatment
32+1.4% 484017

26+06™  33x02% 31£1.3% 42:07"  26+0.1™
43403  39:06® 36202°  48:01°
D, ¥ wzpor guﬂz}:@zw 160 1), Y
AR EA 2l Bio-san

Dip 2.2+0.7°

Spry 2.4%0.2° 2.1+0.4° 2.5%0.6° 2.2+1.0°
VAE= V(AL +(Aa)? + (Ab)*, 2 mizkol : omjz} 1 §7) (316 :
SuiAl s A 81 2), Y ulRk 72 (81 2), ¥ L-ascorbic acid 1%, 7 A1F] EHIIE
Values in the sharing a common letter are not significantly different (p<0.05)

Apple spray

Apple Dip

slolER =9l BX g s so]EZ =9 AE2 & <Table 63> 7&. 2%

A4 A
Ael e HolER=e] A9 ST MY B A} ZAHAYS. FFIHE Ho|ER2E A
gt A% Sle] g we AMHRE ey,

<Table 63> A=A g3l FolEZ =9 HIE g sl solEZ = AEF

AEl)
S 1 . - Non—
ample 517 52° 53" S4” I-a®  Bio-san’ Water
treatment
14+06%  1.3201%  29+04° 25+05™  45+07°

Dip 20:0.1  21:06™  0520.1°
spray 14027 232039 25:08™7  17+02 20077 28+1.0° 36+04™ 4507
PAE= V(AL)? + (Aa)* + (Ab)*, ¥ wiztor 1 ouilz} : S (3:6: 1), ) wWzkol : oulx} : 72 (3:6: 1), !
Sl s &7 8:2), Y 2ulR 1 & 8 :2), ¥ L-ascorbic acid 1%, 7 AlFel] #5319 AAREAS] Bo-san

Values in the sharing a common letter are not significantly different (p<0.05)

- 147 -



Rose spray

Rose dip
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JAEE°] 65-7.09 AFE LI Bio-san® 2 717 =

NAE AGE 54-6.80]a EQ Bio-sandt & 7tz 52 9 649 HASFE WS 93
Foll A= 829k S49] A=t vad A WU ¥ <Table 656>

<Table 65> A &9 ol #zH7| A4 A3}

Appearance score

Sample

S1” S2” S3” S4” Bio—san” Water
Carrot 6.2+2.0° 6.2+2.1° 6.7+2.23 6,619 6.4%2.0° 6.3£2.2°
CheITy a a a a a a
6.62.2 70+1.7 6.52.1 6.8+1.9 6.7+1.9 6,619
Tomato
Lettuce 5.4+2,5% 6.5+1.6% 59+2,0% 6.8+1.7° 5.2+2.0 6.4+1.8%

Uiangper : oA} 0 A (3:6: 1), 7 WKoF: Qulrb: & 3:6: 1), T Lulzt: KA (812
Y oAt I (81 2), 7 AFo] FEE s HAREA Bio-san

Values in the sharing a common letter are not significantly different (p<0.05)

Appearance of lettuce Appearance of cherry tomato Appearance of carrot

10 104 10
8 8
e e 2 6

o o o
b b ? 4
2
0

<Fig. 164> A 59| & #537}

W7t AAES] e 97 & A AAEE A G2 51-649 HFE HuE 2
kil X9 Bio-san¥ =& A3k 72 717} 56 9 589 HFE LS WEEVIEE A
AEESo] 5.0-659 HFE Wi Bio-sand &2 747 61 3 609 HFE BS. FAF9
ANAF AeFe 44-6.003L 2] Bio—san¥ =& 717t 5.2 ¢ 559 HF4E BE 54 S
2 Sl3h Sa%h 2ol FepAel F& vhehl AV ArbE AAEE A% Wb Wk sle
o) AAL el gkoFAle] Fo]l drial A& T|EF. AlFel fFEHIL e AFEEAC
Bio-san®] 74-¢ 19 ¢3s o] AA ke ool doew dAAHom S2¢ S47F
N A 2 A4E g7l 28 <Table 66>.

<Table 66> A &e] & B 7} A<= Ax}
Samol Aroma score
ampie 517 S0 s3” s4? Bio—san’ Water
Carrot 5618 6.0£1.8° 51217 6.4£1.6° 5.6£2.5° 5.8+1.9°
Ch
. errz 56160 60197 5.0+1.9° 6.5£2.0° 61£19% 60197
omato
Lettuce 5.1+2.3% 6.0+1.5 4.4+2.3° 5.8+2.3% 5242.20% 55+2.1%

Dislgok : oAb+ S (3:6: 1), 7 W=k oujAl : & (3:6: 1), 7 QA KA (8:2)
P ouAL 7 (81 2), Y AFl FEHIYE AAREAL Bio-san

Values in the sharing a common letter are not significantly different (p<0.05)
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Aroma of lettuce

104

A
roma of cherry tomato

Aroma of carrot
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= L < 217k 6.2 3 639 HFE UE &
* e 5966013 x<l Bio-san?t =& A7 51 ¢ 649 HFE I3
= S|

o Es T .
Aol Bt Aol 529 s49] Hgrh Wy wA H7F Eekal deEl dd 2
o= -‘I_ - E]U

<Table 68> A& HIAH H-H HA¢ A3

Texture score

Sample

S1” S2” S3” S4” Bio—san” Water
Carrot 5.742.0° 6.5+1.6% 5.8+2.4* 6.7+1.7 6.2+2.4* 6.9+1.7*
Cherry a a a a a a
6.2+2.0 6.142.2 5.8+2.2 5.8+2.3 6.2+1.9 6.3+1.8

Tomato
Lettuce 59+2.1* 6.4+1.9" 6.4+2.0° 6.6+2.0 51425 6.4+2.1*

Uialzkor s oulRl L §A 3:6: 1), 7 WAeE: QulA R 3:6: 1), 7 QHIR: A (8:2)
Y oAt 1 gk (81 2), ¥ AFl FEE I HAREA Bio-san

Values in the sharing a common letter are not significantly different (p<0.05)

Texture of cherry tomato Texture of lettuce Texture of carrot

Score
Score
Score

-

&S
Q-’\af’ﬁ\

<Fig. 157> Alg29] H3adA #A-zH7}

6
ARk Rl ZZ oA EEE S2¢F S47F F2 HUFE wda ATl #fEHa =
7S S

= -
Bio-san® 4% ¢3is H7FE Qe @egrr HAevl "HolX e As ¢ F s <Table

<Table 69> A 52 AAAS 7|z A5H7 AF Ay

Preference score

Sample STV S27 S37 S47 Bio—san’ Water

Carrot 5.1£2.0° 592.1° 5.2£2.2° 6.1£2.4° 5.12.4° 6.0£1.8°

CheITy a a a a a a
6.3+1.9 6.6+1.9 5.7+1.8 6.7+1.6 6.3+2.1 6.2£2.0

Tomato

Lettuce 5.1£2.0% 6.2+1.9° 5.0£2.2° 59423 48426 552,32

Uiangper : oA} 0 A (3:6: 1), 7 WKoF: Qulrb: & 3:6: 1), T Lulzt: KA (812
Y oAt I (81 2), 7 AFo] FEE s HAREA Bio-san
T

Values in the sharing a common letter are not significantly different (p<0.05)
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Preference of carrot Preference of cherry tomato Preference of lettuce

Score
Score
Score

> £
o

<Fig. 158>

129 ANRE UWHoR AAFY weBrt ARG S29 Savh s S B, oY
3 Aok HE AAIES] AEe] SAR A E

<Table 70>A|AI&¢] W7 A3t

Al A 9 o ot o~ % N %
S1 A A A 0 A
S2 0] 0] 0] 0] 0]
S3 A A A 0 A
S4 0) 0) 0) 0) 0)

S1 ek uizl: A (3:6: 1
S2 wizkek 9w} 2 (3:6: 1)
S3 o FA 8 2)

: )

AAE ALl e EW A% WHRE 450 9stel Rzmelnt® AAE A4 F, 4
T A WSS rexture andlyzeri ol88] 2AF AAFL Al g xw

<Table 71> F A X g ol w&E g7} 74w
Hardness (g)

Sample oD o0 Bio—san” Water Control

Spray 70897.5+0115.9  70520.0+72300.0  59007.5+7110.0 36482.5+3517.9  107600.0£6081.1

Voomzkek  oujb r 22 (3:6: 1), 7 QuiAt 22 (81 2), T AFdl HEHIE HEEAS Bio-san

S2, S4 AAFES AHEd sz gt SRFY AlFel f%F< Bio-sans Ak dze] 7}
woh A=t 6 A4 #rlsol 27 textureE A ¢ = AEFS e <Fig 159>.
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Paprika dip

150000+

100000

Hardness(g)

:

e
>,
mal
BN
lo
o
iz}
ol
b
(ld
=
=

79 Bio-sane #4538 xad AAES BE5AE
Control& %7] #txZg]7}le] AEE el <Table 72>.

274

e

<Table 72> -5 gl wE w7} HEv|w

Sample - - Hardness (g)
S2 54 Bio—san” ‘Water Control
Spray 57632.5+28674.3 51175.0£1209.1 30995.0+1152.5 43647.5+1262.1 1074600.0£6081.1
Uiwigok n omfxl gk 3060 1), 7 LAl gk (81 2), T AlFel #E e HARFEAQ Bio-san

S2, 5S4 A AFS EH-A g szt
=7

= TR Bio—sang 52 Ed drze]strce 4
7F B = A H7hE o

= B
[}
ZtextureE AL = AFe HERE <Fig 160>,

Paprika spray

150000+

100000+

Hardness(q)

:

0

<Fig 160> 5o w2 wzgste] A% nju £

AAE S29F S4 EF AR AR fXo Hojvlw S29] fFol ¢ 58S & F A,
e WHoezE Aol t] §¥€3lt 3102 HrE <Table 73>.

<Table 73> AAFS HExH7l A3}

A A ¥ NS

o2 0
0
A
X

S4
Bio-san
Water
S2 wWfek s oAl P (3:6: 1)
S4 oAt =z 81 2)
% O: 9% A RE X HeF

- 1583 -



AR T ERAEAE FE AAE F 4371 Ui HAEY g S rEls x2Aps 4
gt FEE B3l At A& slY HAAES SR £ e 2Ey W Hd
o] 529 A-F, o L WEGo] YA EA A3 AR 9] FHd = tha ofEHgo] &
St SHHAE TSl E W FEFRE YIS F 4371A] AAEY FUAH, v ¢ WGk
@9} 7S <Table 74, 75, 76>.
<Table 74> el AE 2] Sy ekel XA}

O3 Al 5 * TUAH =% (g) 271 (4)

R RS ECE] 500 5,400
FOE i 500 15,000
-5 FhoFAl A 2 600 3,300
g} AR N] 500 3,700
2}y AR N] 500 5,500
Hh2] E RS ERE] 500 7,000
a3} Rl 500 15,000
o) zJ-of RS ] 500 11,500
e RS ] 500 5,200
g A goFA A% 600 5,000
A= Abof RS ] 500 5,200
(207+A1) a9 Shef A A) 2 600 6,000
&t AR N] 500 6,000
< RS ] 500 5,500
onjzt RS ] 500 11,500
T+ AF - - -
57 ook 2 A %k 600 3,300
£ RS L RE] 500 3,500
2} AR N] 500 17,000
a3 RS ] 500 14,000
32 o5 500 16,400

¥ 24Y3]¥ : www.omnishop.co.kr, 3} A A& : www.hanyakjae.net
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* AN
<Table 76>

2,800
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1L 829 A AES AZek wo] Aos drles e} 28 <Table 84>, A4 551 g
nlo] @ AHAIE 1L} W gl-s ] AJAEFo] oF 4589 7= &k Wrt2 Agto] 7heshd, &8sk o
7he ANAtA e R 5 FAksl A AadHoo|A] glggo 2 AR Al ol 7FA MY 20%0]d A&

As kigds FE 88 o3 717
Qv <} 11,5004 (500G) 80%%6 17.259
W 2 of 11,5004 (500G) 626 1154
EAES 15,0004 (500G) 24% 12.69
Aol R ~EY 75,000€ (15KG) - 2504
T+ 39,000¢ (20L) - 1134
a4 il 1,000 (1L/7H) - 1,0004
el 549 (1) - 544
SpEan MRk 100,000€ () - 200¢
il 309 M) - 304
SHA 1,792 9/L
uo] © 4+ 2,250 9/L

Q1] 7] 100,0009/4, 8A17F 25, sk 10007 ABAF, 291 A4k w4
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Aolw, AAWw BHAP ZaAdAxolx ALY F= oF 6007], 23l 7]EF A Role] Z A}
o]z AL oF 4000712 Aol Fue] E=Ad 9L <Table 85>.
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e

A xpol= &A= (2008 ~2010)

A 2008 2009 2010
HAEFE 3419 4716 0,145
A 3} A 478 061 601
71 Ef9] 4 3,625 3,396 4178

A 7,022 9,173 9,924

(2) =UAI ar Lol whE o Su

JiE & TAAlZ HEFE 15654701, g oz 15000 /12 vERE,
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AT -

a5
1500 ol AWl == AL RE F) = 30,000 9(Z AEF F & A§F) = 45,000,000

ayrz ol#dl wiE iE Wl ¢ste] dvi=
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Aqbstd 1w el 540,000,000, =, 59
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(1) Sun-Young Goo, Sae-Rom Lim, Jung-Suk Sung, Dong-I1 Kim
Anti—cancer effects of Samultang—Gami on HelLa HepG2 AGS cells
The Journal Of Oriental Obstetrics & Gynecology 23(3) 38-55
2010. 08. 30 &3¢

(2) Sun-Young Goo, Eun-Bi Go, Jung-Suk Sung, Dong-I1 Kim
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The Journal Of Oriental Obstetrics & Gynecology 23(3) 23-37
2010. 08. 30 &3¢

(3) Hee-Jung Yoon, Eun-Bi Go, Min-Sun Choi, Dong-11 Kim, Jung-Suk Sung
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The Journal Of Oriental Obstetrics & Gynecology 25(2) 78-88
2012. 05. 30 &3¢

(4) Jihoon Sung, Jung-Suk Sung and Han-Seung Shin
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