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Identification and characterization of functional substances of

Sedum takesimense and their use as biomaterials

Eun-Tak Jeong

Department of Food Science and Technology, The Graduate School,

Pukyoung National University

Abstract

The purpose of this study was to isolate and identify useful compounds from
Sedum takesimense, as well as to evaluate the possibility of employing the compounds
as biomaterials. Three of single-compound identified and purified from S. takesimense
in this research. The isolated three compounds were named 4,6-di-O-galloylarbutin
(OGA), 2,4,6-tri-O-galloyl-glucose (OGG), and 1,2,4,6-tetra-O-galloyl-glucose
(TOGG). Three compounds were examined for their anti-bacterial, anti-MRSA, anti-
inflammatory, and anti-acne properties for bio-material use in this study. Furthermore,
during 30 storage days, a comparison examination was performed with S. takesimense
extracts and existing preservatives. We selected three types of foods for our evaluation:

soy sauce, corn silk tea, and salad dressing. As a result, these three compounds have

X1



demonstrated anti-bacterial activity, with TOGG demonstrating particularly potent
anti-bacterial activity. TOGG also shows anti-bacterial efficacy against multidrug-
resistant pathogenic bacteria, such as MRSA and clinical isolates. With an FIC value
of 0.281, the combination of TOGG and g-lactam antibiotic (e.g., oxacillin) indicated
synergistic efficacy against MRSA. This finding suggested a novel strategy for fighting
pathogenesis induced by multidrug-resistant bacteria utilizing plant materials.
Furthermore, combining the active compound isolated from the plant with antibiotics
has proven to be a viable way of eliminating pathogens synergistically. The ethanolic
extract and isolated three components (OGA, OGG, and TOGG) significantly
suppressed the production of NO and pro-inflammatory cytokines (TNF-, IL-1, and IL-
8) in the anti-inflammation test. Furthermore, OGG and TOGG had MIC values for
Cutibacterium acnes of 12.5 ug/mL and 3.2 ug/mL, respectively. These findings
showed that S. takesimense extract and its isolated components had anti-inflammatory
properties against LPS-induced inflammation, as well as anti-bacterial activity against
C. acnes. To assess the potential of S. takesimense extracts as food preservatives, three
different foods chosen: soy sauce, corn-silk tea, and salad dressing. For this evaluation,
it chose various food-borne pathogens (bacteria) isolated from each food sample. Four
commercially available food preservatives employed, and each was applied to a food
sample appropriate for the intended usage. Consequently, a higher concentration of S.
takesimense extract utilized than conventional food preservatives. However, this
extract suppressed microbial growth in soy sauce, corn-silk tea, and salad dressing to

increase shelf life. Furthermore, it observed that the sensory assessment of each food

X11



item containing the extract did not affect overall palatability, and it demonstrated
excellent sensory evaluation findings when compared to other commercial food
preservatives. The three of single-compound isolated and purified from S. takesimense
extract examined for their potential application as biomaterials in this study. TOGG is
one of them and it has excellent anti-bacterial activity, and a synergistic impact with
the S-lactam antibiotics used to combat MRSA. It demonstrated the possibilities of an
alternative to antibiotics. Furthermore, three of single-compound exhibit good anti-
inflammatory and anti-acne properties; hence, it can be use for functional cosmetic
products. Finally, when S. takesimense extracts compared to commercially available
food preservatives, the effects fully demonstrated without compromising sensual

elements, revealing its potential as an excellent bio-industrial material.

Xiii



A1 M= 73 Hiol A
A FF



91447

ST
=3

Al
al

$2]utet

o

= ¥ &5

-

°
ml

o

T
T

Z o) A

2

Al

M

R
B

i
fite)

il

pig
)

618 & O ZA

(o]

T

L=

7|5

J

&
=)

ST
N

=

Sl th(Overview of Food Labeling and Food
Al 3

LIRa R S
el #1788

AN 7HA]

:

ko>
il

5t

°©

=9l
Hazardous Substances, -2010).

pig

11

2017 A7HA

AEL7 =)

=

= A 7]

=
=

|

A A

wF
g

A 5 32 N=E

b glol v

)

Ao AA Ax

ey

FaL 2 th(Table 1-1).

5

gl

=

A A gt
2318 o

‘ﬁ_
<)

H
R



Table 1-1. Classification of food additives according to usage

Purpose Definition
Sweetener Food additives that give sweet taste to food
An;g::rl;[mg Food additives that reduce food particles from adhering to each other and solidifying

Foam remover

Gum base

Flour treatment
agent

Coloring agent
Preservative

Propellant
Acidity
regulator
Antioxidant
Fungicide
Humectant

Stabilizer

Filter aid

Nutrient
fortifier

Food additives that prevent or reduce foaming in food

A non-nutritive chewing substance with appropriate viscosity and elasticity, a food additive that is a basic raw material
for gum manufacturing

A food additive that is added to flour or dough to improve the quality or color of bread.

Food additives that stabilize, maintain or enhance the color of food.

A food additive that prolongs the shelf life of food by preventing quality deterioration caused by microorganisms.
A gaseous food additive that releases food from its container

Food additives that control the acidity or alkalinity of food

Food additives that prevent deterioration of food quality due to oxidation

A food additive that kills microorganisms on the surface of food in a short time.

Food additives that prevent food from drying out

A food additive that maintains two or more ingredients in a uniform dispersion

Food additives used to adsorb and remove impurities or fine particles

A food additive that restores or fortifies nutrients lost during the manufacturing process to maintain the nutritional
quality of food




Table 1-1. Continued

Emulsifier

Releasing agent
Coagulant

Manufacturing
solvent
Gel former

Thickener
Color

Antiscales
Extrace
Filler

Raising agent

Bleaching agent

Surface
treatment agent

Coating agent

Flavor
enhancer

Fragrance

Enzyme

A food additive that homogeneously mixes or maintains two or more immiscible phases, such as water and oil

A food additive that prevents raw materials from sticking to the container to maintain the shape of the food and makes
it easier to separate

Food additives that bind or coagulate food ingredients or keep the tissues of fruits and vegetables hard or crisp

Supplementary food additives that act as catalysts, precipitation, decomposition, and clarification during food
manufacturing and processing

A food additive that forms a gel and imparts physical properties to food
Food additives that increase the viscosity of food

Food additives that give or restore color to food

Food additives added to prevent stones, scale formation, and corrosion in boilers that produce steam in direct contact
with food

Food additives that extract or dissolve useful ingredients

A gaseous food additive that is intentionally injected into a packaging container during the manufacture of food to
protect it from oxidation or spoilage

Food additives that increase the volume of dough by releasing gas

Food additives used to remove color from food
Food additives used to smooth or tidy the surface of food
Food additives that brighten the surface of food or form a protective film

Food additives that enhance the taste or flavor of food

A food additive that imparts a unique flavor to food or reinforces the original flavor of food lost during the
manufacturing process

Food additives that catalyze specific biochemical reactions

(Ministry of Food and Drug Safety Notice No. 2021-57)



2ol
T

F37 91 © ™ (Food Sanitation Act Law No. 15943),

S

o|]

e
N

M
iy
%

ol

EH

7hEel o

A3

|

Z

F7pE

=l;

TC &
a-

F¥o] QlTH(Korea Food Additives Code).

|=]
o

ul= 554 7N, f-=Ever 618 A,

KR
-

7He AA#AF2019 9 71F)

_ZU
Hn
T

3]) 853 7Holt}.

el

FHAY 640 /M, L& 763 7N, CODEX (FAIAF2A

618 /=, 1

ol = )
P .2

4

|

S geelA <

ol A FEE A

boj M=

S

bl 2% )

=] 8]

st

Table 1-3 o] YERHATE

nERe FHi



Table 1-2. Synthetic food additives (preservatives) used in South Korea

Preservation Acuzill;(5)§ o Aclfletg:(aeb(lze&g;l)ﬂy
Sorbic acid rat 10.5g/kg p.o. 25 mg/kg.b.w.
Potassium sorbate rat 4.2g/kg p.o. 25 mg/kg.b.w.
Calcium sorbate
..................... BenZOlcaC]drat253g/kgp05mg/kgbw
Sodium benzoate rat 2.7g/kg p.o. 5 mg/kg.b.w.
Potassium benzoate 5 mg/kg.b.w.
Calcium benzoate 5 mg/kg.b.w.
..... SOdlumdehYdmaceth-aCldrat057gﬂ(gpo
..... MethYIP-hYdroxy-benzoatelomg/kgbw
Ethyl p-hydroxybenzoate mouse 2.5g/kg p.o. 10 mg/kg.b.w..
................... Proplomcamdratz6g/kgpoNOthmlted
Sodium propionate rat >0.4g/kg p.o. Not limited
Calcium propionate rat 5.16g/kg p.o. Not limited

(Korea Food Additives Code, 2021)



Table 1-3. Types of natural food perservatives

Item Natural F.o od Target Applications
preservatives
. Cinnamon, All spice, Fungi>yeast>
Spice oil Pepper, Mustard bacteria Bread, Ice cream
Acetic acid, Citric acid,
. . . . . . . Sausage, Fermented food,
Organic acid  Lactic acid, Fumaric acid, Bacteria Salad . bread
GDL, Phytic acid ’
Chlorine . ) ) . .
base Sodium hypochlorite Bacteria Asazuke, Kimchi
Alcohol base Ethyl alcohol Bacteria Serfacoof instruments,
Noodle, Bread
. monolaurlg, Bacteria, Yegst, Retorted Coffee,
Fatty acids monocaprylin, Spore foaming
, . Beverage
monocaprin Bacteria
Amino acids Glycme(S?rme, Bacteria Noodle, Gamaboko
Threonin)

Polypeptides

Microbial
origin

Others

Lysozyme, Protamines

Polylysine, Nisin

Bacteriocin

Gram(+) Spore
foaming

Fungi, Gram(+,-)

Bacteria(Gram +)

Sake, Cheese

Sauce, Cream,,,

Dairy/meat products
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Fig. 1-1. Classification of Health functional food according to the function (Ministry
of Food and Drug Safety, www.foodsafetykorea.go.kr).
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Table 1-4. Sales status by the function of health functional food notification type

Functional Sales Ratio Raw materials
(KRW billion) (%)
Blood circulation 12.242 14.4 Oil containing EPA and DHA, Oil containing gamma linolenic acid, Reishi mushroom fruit body
improvement > : extract, Red ginseng, Ginkgo leaf extract
Memory improvement 12.086 14.2 Oil and fat containing EPA and DHA, Red ginseng, Ginkgo leaf extract
P Coenzyme Q10, Tomato extract, Green tea extract, Red ginseng, chlorella, Chlorophyll-containing
Antioxidant 11,527 13.5 plants, Spirulina, Propolis extract, Squalene
Improving immune 11.196 132 Phellinus Linteus Extract, Chlorella, Ginseng, Red ginseng, Shark liver oil containing alkoxyglycerol,
function i ; Aloe gel
Fatigue improvement 10,178 12.9 Ginseng, Red ginseng, Prunus Mume Fruit Extract, Rhodiola Extract
Menopausal women's . . .
health 10,636 12.5 Sophora Japonica Fruit Extract, Red ginseng
Fructooligosaccharide, guar Gum/Guar gum hydrolyzate, Raffinose, Whole aloe leaf, indigestible
Gut health 7,312 8.6 maltodextrin, Inulin/Chicory extract, Psyllium skin fiber, Polydextrose, Aloe gel, probiotics
Eye health 1,940 2.3 Oil and fat containing EPA and DHA, Marigold flower extract, Bilberry extract, Hematococcus extract
Improvement of blood
P triglycerides 1,631 1.9 Indigestible maltodextrin, Oil and fat containing EPA and DHA
Promote calcium
absorption 1,100 1.3 Fructooligosaccharide, Polygamma-glutamic acid
: Spirulina, green tea extract, Chlorella, Gamma-linolenic acid-containing fats and oils, Lecithin, Guar
Tmp }r10\1/1ng bl?Od 912 1.1 gum/Guar gum hydrolyzate, Oat dietary fiber, Inulin/Chicory extract, Psyllium skin fiber,
cholestero Chitosan/Chitooligosaccharide, Red yeast rice, Garlic
Skin health 781 0.9 Phosphatidylserine, NAG(N-Acetylglucosamine), Plants containing chlorophyll,
’ Chlorella, spirulina, Aloe gel, Konjac potato extract, Hyaluronic acid
P g jac p Yy
Body fat reduction 686 0.8 Green tea extract, Conjugated linoleic acid, Garcinia cambogia extract,

Chitosan/Chitooligosaccharide

13



Table 1-4. continued

Joint/bone health
Liver health

Oral health

Blood sugar control

Prostate heatlh

Improvement of
premenstrual dysphoria

blood pressure control

Detente

Cognitive ability
improvement

Increase endurance

Improving exercise
performance

481

411

352

337

299

155

133

72

52

35

0.6

0.5

0.4

0.4

0.4

0.2

0.2

0.1

0.1

0.0

0.0

NAG(N-Acetylglucosamine), Glucosamine, Soy
(Methylsulfonylmethane), Mucopolysaccharide, Protein

isoflavones, MSM

Milk Thistle (Cardus marianus) Extract

Propolis extract

Indigestible maltodextrin, Banaba leaf extract, Guava leaf extract, Evening primrose seed
extract, Guar gum/Guar gum hydrolyzate, Oat dietary fiber, Inulin/Chicory extract,
Soybean dietary fiber, Wheat dietary fiber, Corn bran dietary fiber, Fenugreek seed two
fibers

Saw Palmetto Fruit Extract

Oil containing gamma-linolenic acid
Coenzyme Q10

Theanine, Milk protein hydrolyzate
Phosphatidylserine

Oil containing oxacotanol

Creatine

(Production Performance of Food, etc. , Ministry of Food and Drug Safety, 2020)
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Table 1-5. Sales status by the function of health functional food as individual recognition type

Sales Ratio
Functional (KRW o Raw materials
. (%)
billion)
Complex such as guava leaf extract, Actinidia extract, Picaopreto complex powder, Perilla Frutescens Leaf
Improving Extract Shiitake mushroom mycelium, Hemohim angelica complex extract, L-glutamine, Keumsa
immune 1,314 15.1 Sanghwang mushroom, Cheongguk enterococcus culture purified product (Polygamma glutamate
function potassium), Cordyceps Cordyceps alcohol Extract, Yeast beta glucan, ginseng polysaccharide extract, Bio-
germanium yeast, Enterococcus faecalis heat-treated dry powder, PLG
Shiitake mushroom mycelium extract, Shiitake mushroom mycelium, Rubus Coreanus extract powder,
Liver health 877 10.1 Lactic acid bacteria fermented kelp extract, Bellflower extract, Lactic acid bacterium fermented garlic
extract, Fermented turmeric, Broccoli prout powder, Gompi extract, Cypress extract powder
Improving
exercise 843 9.7 Heotgae fruit extract powder, Maca gelatinized powder, Cordyceps fermented extract
performance
Fatigue y | L . .
. 821 9.5 Heotgae fruit disease extract powder, Fermentation-generated amino acid complex
improvement
Vegetable oil and fat diglyceride, Camellia sinensis leaf extract, Lemon balm extract complex powder,
Soybean germ complex extract, Green mate extract, Chitosan, Lactoferrin (milk refined protein), Seaweed
Body fat complex extract (xantijen), Coleus forskohlii extract, Lactobacillus gasseri BNR17, Seomoktae Peptide
. 796 9.2 Complex, Fermented Vinegar Pomegranate Complex, Wild Mango Seed Extract, Green Coffee Bean
reduction Extract, Green Apple Extract Applephenon, Mate Hot Water Extract, L-Carnitine Tartrate, Finger Root
Extract Powder, Finger Root Extract Powder (pandulatin), stone extract powder, hibiscus, etc. complex
extract, green coffee bean alcohol extract
Probiotics (desimone), Isomaltooligosaccharide, Soybean oligosaccharide, Liquid fructooligosaccharide,
Gut health 637 7.4 Coffee manno-oligosaccharide powder, Lactulose powder, Xylo-oligosaccharide, Indigestible
maltodextrin derived from wheat starch, Galactooligosaccharide, Fig paste
Complex such as pine bark extract, Red ginseng. casualties. Cornflower oil complex extract, Finger root
extract powder, Finger root extract powder (pandulatin), Probiotics HY7714, Rice bran extract, Ground
Skin health 637 7.4 grass extract powder, AP collagen enzyme-decomposing peptide, Low molecular weight collagen peptide,
Corn germ extract, Soybean. Barley fermentation complex, Wheat endosperm extract, Pomegranate
concentrate
Eye health 600 6.9 Luteinia xanthine complex extract, Luteinizing xanthine complex, Luteinizing xanthine complex extract

20%, Zeaxanthin extract, Blueberry fruit extract

17



Table 1-5. Continued

Joint/bone
health

Improving
children's height
growth
Menopausal
women's health
Improvement of
blood
triglycerides

Improving blood
cholesterol

Blood pressure
control

Proliferation of
beneficial
bacteria in the
vagina,
suppression of
harmful bacteria
Stomach
Health/Fat
Digestion
Sleep health

Antioxidant

485

461

366

121

119

116

98

88

63

5.6

53

4.2

1.4

1.4

1.3

1.1

1.0

0.7
0.7

Green-lipped mussel extract oil, Green-lipped mussel extract oil complex, N-acetylglucosamine, rosehip
powder, Perilla and other complex extracts, Fatty acid complex FAC (Fatty Acid Complex), Hops extract,
Beeswax alcohol, Ginseng etc. complex extract, Turmeric extract, Boswellia extract, CMO-containing
FAC, Raven juniper extract, Angelica asiatica extract powder, Chicken breast cartilage powder, Spiny
hornwort complex extract, Milk protein extract, Black yeast culture powder

Astragalus complex extract (HT042)

Baeksuo complex extract, Pomegranate concentrate, Pomegranate extract, Pycnogenol-French coast pine
bark extract, Omija extract

Pycnogenol-French Coast Pine Bark Extract, PME-88 Melon Extract, HK Natto Culture, Nattobacterium
Culture Powder, Cacao Powder, L-Arginine

Policosanol-sugar cane wax alcohol, Sugar cane wax alcohol, Plant stanol ester, Pu’er tea extract, Barley
beta glucan extract, Changnyeong onion extract, Sea pololol Ecklonia cava alcohol extract, Red grape
fermentation concentrate, Bamboo leaf extract, Aloe complex extract, Aloe extract

Sardine peptide, Policosanol-sugar cane wax alcohol, Katsuobushi oligopeptide, Casein hydrolyzate, Olive
leaf extract, L-glutamic acid-derived GABA-containing powder, Haitai oligopeptide, Salmon peptide,
Seomoktae peptide complex, Nattobacterium culture powder , Grape Seed Enzyme Decomposition Extract
Powder

UREX Probiotics, Respecta Probiotics

Mastic Gum, Beeswax Alcohol, Spanish Licorice Extract, Artichoke Extract

Ecklonia cava extract, Rice bran alcohol extract

Grape seed extract, Pycnogenol-French coast pine bark extract, PME-88 melon extract, Beeswax alcohol,
Bamboo leaf extract, Bokbunja extract, ubiquinol

18



Table 1-5. Continued

Sensitive skin
condition
improvement

Memory
improvement

Menopause
Men's Health
Improve
cognitive
function

Blood sugar
control

Urinary tract
health
Improving
urination
Detente
Dental health

Improve sperm
motility

Improvement of

blood
triglycerides

40

39

29

19

16

N A0

[

0.5

0.5

0.3

0.2

0.2

0.1

0.1

0.0
0.0

0.0

Lactobacillus sakei Probio65, Fruit and vegetable-derived lactic acid bacteria (L. plantarum CJLP133),
probiotics ATP

Fibroin enzyme hydrolyzate, Polygala Tenuifolia root extract powder, Angelica root extract complex,
Loquat leaf extract, Goji berry extract, Chrysanthemum extract (HX106), Green tea extract/Theanine
complex, Ginseng chaff complex extract, Theanine complex extract, Lactic acid bacteria fermented kelp
extract

MR-10 Dandelion and other complex extract, lacquer extract powder, maca gelatin flower powder

Angelica Root Extract, Angelica Root Extract Powder, Lactobalcills Helveticus Fermented Product,
Bellflower Extract (DRJ-AD)

Pine leaf distillation concentrate, Soybean fermented extract, Albumin, Nopal extract, Freeze-dried
silkworm powder, Sphagnum leaf extract mixture, Seomoktae (snow bean) peptide complex, Ginseng
hydrolysis concentrate, Tagatose, Hydroxypropylmethyl cellulose, Upper leaf extract, L- arabinose, Maize
extract, Silk protein enzyme hydrolyzate, Pinitol, Rhododendron etc. complex extract, Cinnamon extract
powder, Triliporia lock serrata mycelium culture

Park Cranberry Extract Powder, Cranberry Extract
Complexes such as pumpkin seed extract

Milk protein hydrolyzate (lactium), asyaganda extract, Gynostemma Pentaphyllum leaf extract
Xylitol

Maca Gelatin Powder

Vegetable oil diglyceride, Refined squid oil, Globin hydrolyzate, Bamboo leaf extract

(Production Performance of Food, etc. , Ministry of Food and Drug Safety, 2020)
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Table 1-6. The characteristic of notified type functional cosmetic ingredient for help

skin whitening

Characteristics

Ref.

. Name‘ of Content
ingredients
Niacinamide 2-5%
Broussonetia N
Extract 2% or more
Ascorby] 2% or more
glucoside
Ascorbyl
Tetraisopalmi 2% or more
tate
Arbutin 2-5%
Alpha- o
bisabolol 0.5% or more
Ethyl
Ascorbyl 1-2%
Ether
Oil Soluble
Licorice o
(Glycyrrhiza) 0.05% or more
Extract

Reinforcing skin barriers and moisturizing skin.
Melanosome inhibits the movement to
keratinocytes and whitening.

‘Kazinol F’inhibits the activity of tyrosinase and

antioxidants.

Helps to recover skin damage caused by UV

rays and stress.

Inhibition of oxidation of tyrosine and reduction
of eumelanin with vitamin C derivatives

Inhibition of oxidation of tyrosine and reduction
of eumelanin as a vitamin C derivative

Inhibits tyrosinase activity and melanin
production with vaccinium vitis-idaea extract

Non-toxic, has high anti-inflammatory
properties, and inhibits early melanogenesis
during melanin synthesis

Inhibition of oxidation of tyrosine and reduction
of eumelanin as a vitamin C derivative

Detoxification, anti-inflammatory and sedative
effects, and has a strong tyrosinase inhibitory

function.

Lin et al., 2008

Jeon et al., 2016;
Ryu et al., 2003
Lee, 1997

Jeon et al., 2016
Balaguer et al.,
2008

Almeida et al.,
2016
Balaguer et al.,
2008

Lin et al., 2008

Jeon et al., 2006

Jeon et al., 2006

Mun et al., 2002

Lee, 1997

(Standards and Test Methods of Functional Cosmetics, Ministry of Food and Drug Safety
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Table 1-7. Commercial natural antimicrobial agents in domestic

Product
name

Main ingredient

Manufacturer

Characteristic

Complex Herb
Extract C

Complex Herb
Extract S

Yucca extract

Vitagen-B

Complex Herb
Extract D

Chito Mixed
Powder

Curcima
Xanthorrhiza
oil

Complex
Golden
Extract

Complex
Green Tea
Lactobacillus
Powder

Licorice extract
Ginger extract
Green tea extract

Licorice extract
Rosemary extract

Yucca extract

Mustard extract

Licorice extract
g-Polylysine

Chitooligo
saccharide

Curcuma
Xanthorrhiza
Root Extract

Scutellaria
Baicalensis Root
Extract
Licorice Extract
Jujube Extract

Astragalus extract

Green tea extract
Garlic extract

Dynesoze Co.

Dynesoze Co.

Dynesoze Co.

Dynesoze Co.

Dynesoze Co.

Dynesoze Co.

S&D Co.

BST

BST

- Excellent control of heat-resistant bacteria
- Usage: Preservation of beverages
Characteristics: The presence of a

product-specific fragrance

- Excellent control effect on bacteria and
yeast

- Usage: Preservation of sauces, sauces,
beverages, etc.

- Characteristics: The presence of a
product-specific fragrance

- Excellent control effect on yeast and mold

- Usage: Preservation of kimchi, noodles,
etc.

- Characteristics: Foaming due to saponin

- Excellent control effect on yeast and mold

- Usage: Preservation of pickled foods,
sauces, etc.

- Characteristics: Mustard's unique aroma
and taste

- Strong control effect on bacteria and fungi

- Usage: Preservation of sauces, beverages,
syrups, etc.

- Characteristics: pH, thermal stability,
product-specific fragrance

- Strong control effect on bacteria and fungi

- Usage: Preservation of butter, cheese, etc.

- Characteristics: The presence of a
product-specific fragrance

- Excellent caries control

- Usage: Gum, fermented milk, etc.

- Characteristics: Thermal stability

- Strong antibacterial effect

- Usage: Preservation of sauces, beverages,
etc.

- Characteristics:  Thermal stability,
presence of peculiar odor of raw materials

- Excellent control against fungi

- Usage: Preservation of noodles, sauces,
beverages, etc.

- Characteristics: presence of peculiar odor
of raw materials

Han et al. (2018) Natural antibacterial materials and nanotechnology for food industry.
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Table 1-8. The production companies of imported antioxidant product and production

output
Item Manufacturers Origin Import (Ton)
2014 2020
Kalsec USA 3.0 -
Kemin USA 2.0 55
Danisco Denmark 1.8 4.5
Rec;(stei;ncatlgy Naturex France - 5.7
VITIVA.D.D Slovenia - 14
BOS NATURAL FLAVORS India - 1.0
Subtotal 6.8 18.1
Cargill USA 7.0 31.8
Kemin USA - 5.4
ADM Argentina 21.0 35
Tochopherol BTSA Spain 3.0 15.0
VITAE Spain - 4.0
China China 27.0 62.9
Subtotal 58.0 122.5
Grand Total 64.8 140.6

(Ministry of Food and Drug Safety, Food Safety Korea, 2020)
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Table 1-9. The commercialized natural antibacterial product from the overseas

Product name

Main
ingredient

Manufa
-cturer

Characteristic

BioVia YM10

GUARDIAN
Rosemary
extract

TAKEX fresh

Delvo Guard

Delvo Coat

Delvo Zyme

Niseen

Chitoseen

Epsiliseen

green tea extract
mustard oil

Rosemary
extract

Bamboo extract

Lactobacilli
(L. rhamnosus,
L. sakei)

Natamycin

Lysozyme

Nisin

Chitosan

g-polylysine

DuPont

DuPont

Takex
Labo

DSM

DSM

DSM

Siveele

Siveele

Siveele

- Strong antifungal activity

- Characteristics: thermal and pH stability
(pH2-7)

- Usage: Preservation of dressings, sauces,
etc.

- Strong antioxidant activity

- Usage: Preservation of oil, dressing,
mayonnaise, etc.

- Possesses broad-spectrum antibacterial
activity

- Characteristics: Thermal stability

- Usage: For washing fresh vegetables

- Possesses antifungal activity

- Characteristics: Formulation stability upon
application

- Usage: Preservation of yogurt, cheese,
cream, etc.

- Strong antifungal activity

- Characteristics: Working at various pHs
(pH3-9)

- Usage: Preservation of cheese, beverages,
processed meat, etc.

- Gram-positive bacteria target antibacterial
activity (lactic acid bacteria control)

- Characteristics: Efficacy when applied to
fermented food

- Usage: Preservation of wine, cheese, etc.

- Gram-positive bacteria target antibacterial
activity

- Usage: Preservation of processed cheese

- Possesses antifungal activity

- Characteristics: Maintain product moisture

- Useage: for washing fresh meat and
vegetables

- Gram-negative bacteria target antibacterial
activity

- Characteristics: heat, pH stability (pH4-10)

- Usage: Confectionery, beverages, sauces,
etc.

Han et al. (2018) Natural antibacterial materials and nanotechnology for food industry.
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He AE JNAsH] g HAAAR] RexXE HS AFslstal ok
1) AEvFd 3 2F(Rio Declaration on Environment and Development)
2) HE7] FAE FAAY B3 FH(CITES, the Convention on
International Trade in Endangered Species of Wild Fauna and Flora)

3) AARZAZIF HAFeFE o] =FQI(W.H.O. Guideline on Tradiotional
Medicine)

4) °FEF SETHY IR FLS AT FAFK(ICH, International
Conference on Harmonization of Technical Requirements for Registration of

Pharmaceuticals for Human Use)
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I. A&

s el A A S AR fs et Bk gefd o

Prevention (CDC, 2™ -&#|oW4lE) 2 Food and Drug Administration (FDA
= A F kS HIES oy IAl 7] FollA 18t k& o] gl

el A&Ho® Fasta 9 th(Ventola, 2015). 3 AW S X737 93l
AHEEE BAAE AAA0 R FAA WA BreH oty RS sl
ol AAA ¥F R Z wAE dFEHIAY CDC HiAle] mEw,
ml=oll A wid s #4200 REEo] A AL 23,000 o] FAAl vl
Wl gto] 7Fd o] A3l TH(Center for Disease Control, 2015). A A A 2] o &

sutct 3AYA U4d ubelg] ofF, 53], MRSA (methicillin resistant Staphylococcus

aureus) = AHA7F S7Fskal Qow, o= JAF HAA ¥z B 2
AZoll Aztek 9go] P11 AtK(Tong et al., 2015). MRSA &= Hhswlo]al 2
HolmZetd ¥ 2 SeaPEE FHE Algsta wEAd" 155 2te

TE A & WS 2t tk(Kaur and Chate, 2015). MRSA %] 55
A3l HimmpolAl Fo] fF&skA AMEE I UAIRE o]E <lE REswnjo]il

g S SZ AR (VRSA, vancomycin resistant  Staphylococcus  aerues)©)
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S 8 th(French 2010). T3 MRSA ¥+ 5% oyt It

Algelx Edl"E MRSA #FEolME st A o WA=

Holx= Zlog YelwtthPai et al, 2010). webA &8 WA FFo] o3

FAe Aolsty] g geFd AyEol s H low, A AN FE

A THOkwu et al, 2018; Compean and Ynalyez, 2014). HAALA= T 7%

ARA W FEAZA APWD Jor] FFAAE 2 e BAE

A= 7€ ALY WE AR B T AUA &Zde] diEM =
TFFskAl A% 31 3l th(Choi et al., 2010; Aqil et al., 2005; Aqil et al., 2006). Choi
et al. (2010) o = FFejolA FE3F 345E2A eckol = MRSA o s
G adsE 7HAT, plactam Al FAAL} HE A AeEIE HEpdva
R 3k Tk B3t Camellia sinensis, Delonix regia 2 Holarhena antidysenterica
A& FEEES MRSA £ MSSA (methicillin susceptible S. aureus) =
dFE A WA wFel lelx: AdEdE dyehdiglon,
HEZOIEY, SR Vs 9 hvddy g2 AL HE

ARSI S Wl s adE JER vl B E I TH(Aqil et al., 2005; Aqil et
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al., 2006). 5=t Salvia miltiorrhiza 2|41 2] J A¥ cryptotanshinone 3}%&©]
MRSA, VRSA % MSSA ol tha FadAdS Yebligl e, oxacillin,
ampicillin @ vancomycin ¥} 72 p-lactam 7| A 2} HE AFEA] o A
92 Y= Ao® Ha @ v QTHCha et al, 2014). ©o]9} o],

vkt 4% % 2 fd FEFE FAAL WE Agdel

webd, 2 Aol =) A4 4

i
of\
_o|L
=
r (o]
X
~
e
P
il
o
ofo
ol
2

AeEd EBAS EEsta ol ol&ste] Fwadel s HES L
FAALe] s mYN & BHustuA stk A7 Z(Sedum
takesimense)i= &= I (Crassulaceae) EE%(Sedum L) F3ot= thd Ay
ZEOF =0 TR FRo FE FXd 5AHE°]tH(Chung and
Kim, 1989; Nakai, 1919). = oA HUE5FY dF F Rt o=
ARgE o] ghom Fel=gk el aart lvks AR Bavk 91O m(Bae,
2000; Kim et al., 2004) A7|d % W 77 FEEo] YehyE= &% U Fyo|
st A7E Al BT B5$ AAolth. ARz FEEo] ZE

asol dEids AR A9 FREIAR, AVIREAM FE"



Aglgdd Edolv 1 EdEo] Zke gl dalAE v A7 5%
A7 o)tk Vuetal. 2013)0] =™ A7) @ %A gallotannin A|D ] EAES
w2 AAste] EvlE X vlEH(Tomato bacterial wilt)oll =¥l tjj 3|
K3 01 Jang et al. (2016)°] WEW AHU|PEx B FEE

oA A Aol FHF el dis] Bud wprp itk wepdq 2
AFo= A7I9EZHEH  active compound & w3 2 3

G543 A A AAAA A Aol A ®arstaiat g

EUE FHSedum)® U F& WIoRow AdAEMO AdS Flal
%E}(Bae, 1999). A7z 2 EXO ofAzlE Edo Mol £2x 9

SheM F2 MAsty FAR Z7]d A =4S we o] E719
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Jang, 2020; Go et al., 2009).

Plo
)

ol

Jo

U545 (Sedum)S SuE 9] 7}

ol
i

4r

2 Sedum acre, Sedum album, Sedum telephium,

== = =
o] F2 FE

4r
o

o

e

Sedum dasyphyllum 2 Sedum reflexum ©]TH(Sedum genus, www.Wikipedia.org).

TR

ol

P

a

CH(Mulinacci et al., 1995; De Melo et

B

al., 2005). H=3F Stevens et al. (199)°] W=

TR

ol
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Fig. 2-1. The picture of Sedum takesimense.
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3. 8 FAAUNA AT methicillin resistance Staphylococcus

aureus (MRSA)

Staphylococcus aureus = ML/ 2] shgolm gk oFd el 39
steleolz q1Ae W7 W W eE] SelA BAsT diE Lude
MAE FFT stuolth. 1Y, 5 s 9 @3] wste] uhebA

WIS 2 cotoxing T Al TE, A W BES o &

T S tHKluytmans et al., 1997; Kadariva et al., 2014; Becker and Bubeck, 2015;
Mehrai et al., 2016; Aman, 2017). S. aureus ©| °J3F A2 1927 W FH %9

AR YA D (penicillinge] LAE7] A7AE A AHE AFTE

FE e Ao dolollow(Table 2-1), 1940 {o) % HyAalo]
AgsteE & 20 @ FHQA 1959 o HAYAAe] AHEAANS 7 S aureus

(Penicillin resistant S. aureus, PRSA)7} 'Z71 =] 31t} Penicillin 7} cephalosporin

o 1 Ad A= MY AlEHe] EA3F=  transpeptidase Y

=

transglycosylase ‘& peptidoglycan = AMEHS] Fo EZHO IAHaLE

AAHoR lAstel MEW THHES A

et
<>
£
X
e
ol
o
A
s
it
o
:(I:»l:t

Al AER o] ofstE o] FdAgeol o Ald= AFEAZIH PRSA =



ok

olgst 71#& <Al & Qle B -lactamase & A T AARE

2

=

methicillin, oxacillin %! B-lactamase inhibitor & % 7}3t clavulate 5l 234
a0 ® AxE 5 U ATHRayner and Munckhof, 2005). A% 2d F <1
1961 A HWE] A=A WS A S aureus 7} LA E A O o] Z methicillin-

resistance Staphylococcus aureus <, MRSA 2} 23151 th. & A 7}4] T2 MRSA ]|

ol

ot A= Z wAZE Ha lem oAgriA] A AR Sl

AN E L YA FEAQ AL AAF A kil Sl TH(Enright et al., 2002;

Abdulgader et al., 2015). MRSA += & FT/F2 A v AFAS zh=1)
TOAA 9431 B-lactam AlDE] FAA ] dis BT AREE zteth B
MRSA ol Ja] WA7 o2 AAHNS Al A-AS, B4 3, HEF,
8%, A H4, = 2 AdEd 9 HEs opste Ae®
a4 QUTHHau et al, 2018). FHHo] LASt= A FAde] EAlel
A A ka1, 71E EASHE FAAC diEiA TAUAES AYa QY]

ol A} Foks g AS 3] X3 EojoF &4 MRSA o] WA o]/
S FAAE FoAsAY, o A FAAE Folsks WHol UAN,
ol <la] F#ES doA AAd ¥ & 5 Adon 9 A U=
Ad BAde EdS oI F UV wiel AlFstAl AR

SFCh(Eggers et al.,, 2017; Norouzi et al., 2018). MRSA ] F=< A U4

7172 PBP2a 2} B-lactamase, 2l efflux pump (Fig. 2-2) So] 9lomw o]t
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Table 2-1. History of antimicrobial agents and emerging resistance (1940-2010)

Period Antibiotic Antimicrobial resistance
Penicillin
1940s Streptomycin Penicillin-resistant Staphyl i
Chloramphenicol aprryrococcus qurews
Tetracycline
Erythromycin
Isoniazid . .
1950s sonfazl i Multidrug-resistant Shigella (Japan, 1953)
Vancomycin
Rifamycin
Methicilli ;g ,
Aren 11;111112 Methicillin-resistant S. aureus (1961)
1960s IPICTIN. g lactamase (TEM-1) (1965)
Nalidixic acid N : .
. Penicillin-intermediate Streptococcus pneumoniae (1967)
Cephalosporin
1970s Tobramycin MRSA epidemics (1%wave)
Ethambutol p-lactamase-producing H. influenzae (1974)
Cefotzxime [ . nd . . .
Aztreonsin MRSA epidemics (2" wave) Aminoglycoside high-level
1980s Imipenem resistant enterococci ESBL-producing Klebsiella (1985)
. P . Carbapenem-resistant Pseudomonas
Ciprofloxacin
Meropenem Vancomycin-resistant Enterococci Community-associated
1990s Clarithromycin ~~ MRSA
Cefepime Vancomycin-intermediate S. aureus (VISA, 1997)
Linezolid Vancomycin-resistant S. aureus (VRSA, 2002)
2000 Daptomycin Multidrug-resistant Pseudomonas, Acinetobacter NMD-1-
Tigecycline producing E. coli, Klebsiella (2010)
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77t e vAYZe] o)A ua T ChBlazquez et al.

o

g 71dE
-+ PBP2a + PBP (penicillin

188 A WY 71 A

= o
-

2014). PBP2a =
binding protein)®l] B]3| B -lactam Al A st AE HslEr} vol
48 2 FA

A A o tste] W] ko™ MRSA ¢] peptidoglycan

]oig 4= Slt}. Peptidoglycan = 1%

=0 WA ] v TR

WSk B-lactamase + PB-lactam AlE

AAE HZG AT

22 24 peptidoglycan o] AT Ay
AL B-

=
O/\i/ﬂ xl&o}ﬂ] g}
s2slstol FA B4

= 7o =®

L

lactam ring = 7}
2009; Llarrull and

ZFo]tH(Cha et al., 2007; Llarrull et al.,
, 2015). Efflux pump +

Mobashery, 2012; Gonzales et al.

£-3}o] B-lactam 7] &, macrolide 7 &, aminoglycoside 7 &, quinolone
o9 vhekst g A =o]

rifampicin, vancomycin 7}#]

ftlo

A4, tetracycline,
AR JFYstS vl MEdZ mEZsto=x Ao st g7
7; Wang

<)

| 21 B} (Pourmand et al., 2014; de Aratjo et al., 2016; Jennings et al., 201
= FAA] o

= ©]&3t] MRSA =

3 7at

2018). o]t Wojr|d

o]Z <l3] MRSA el = AgE] ol E$

et al.,
T’Hiﬂ' j]JEJ-T: e}

WAS ER
A A o] =oiltl. MRSA °l
FAA ARGl AN E

Phah FAlolr

T

ofN

ot A AHKHow

Rt =
3 Agatolr, 7]1E]

Ao F

71Ee] ZiaE
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A . B - Antibiotic

Antibiotic

(active)
/ \ L" Antibiotic
/ (inactive)
]\/E Outside Cell

2 Inside Cell
| S B
PBP = Penicillin-Binding Protein @ B-lactamase
PBP2a = MRSA mutant PBP enzyme

Fig. 2-2. Schematic diagram of mechanisms for MRSA antibiotics resistance. A, PBP2a mechanisms; B, S-lactamase

mechanisms
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FAAE  hAlsh= AEIE  vancomycin o] JIEEo] iAo =Z
AAR AT, o] A F&o] AIAHOSE VRSA (vancomycin resistance
staphylococcus aureus)®] ZdOE olojx]A St} FHLol= MRSA 9
Aol st A 5o HAHORE HAAEg &I AUt it on &s
o] Fo] x| 31 9lTH(Yamawaki et al., 2018). dtAIRl, HAEo] Zt= It &4
TOE MRSA W Algtel] thst FHEdES T a9E LT 7 ogle
A97h qel, Awel AEEE aAAste W AN s
Aeadel oz A4 desitt AAEH FAAALLS] e AR
WMEA FEol A Y AL ASHE FA 5 UE BREA

T 3lom ol Fal MRSA & #2 FA4A U 5o el a3l
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II. A5 Y =4

A7 S o1&l 40% (vv) & T2 10 Wiz H7hkste] 30 AF &<l

FE2E F 3E9 Eos Ay A7 (3.5 by 60.0 cm; Kiesel gel 60, 150
g, 230 to 400 mesh; E. Merck)S ©|&3le] 1 8oz Fsglon F&
IPE 10 g o] TFHE 5 FE=S A Ad FAA 150 ¢ F

ERST A sFHete] gulE @8] AASNAT 1 olF sEAR

=

SREEXE, WEE, THFF U oMAEANS FIH]ERE 55:36:8:1 (vVIVIV)E

flo

Ede 4ol F9 1 A RASAL 1 A BAS i 458 2

Shephadex LH-20 (3.5 x 60 cm, 130 g, 70-100 um, Sigma-Aldrich) %] 150 g ©|
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971 2 F HAEE olfste] WwgeE gEstel 2 A EFHEUT 2 A
-5 N8 YMC-ODS-A (reverse phase C18, 250 x 20 mm, 5 pum, Waters Co., Ltd)
Aeo]l =¥ HPLC (high performance liquid chromatography)®l] 2|83}

ol ol EUO|ER 9 E(20:80, v/v; 15 mL/min)S ©]-&3Fo] 42|33t}

(@]
=
o
=]
S
o
(1)°]
I
8
=2
>,
s
a
[
=
|
i
oX
ol
rlr
>,
L
tlo
N
N
o
H
M
A
ol
ol
2
4
BN
M
>
o

gt om o5 F3 FAE dd EAS 53U THFig 2-3). A71Hx
= HEES 72 AL Vu et al (2013)8 W] uwzt

%
TG 2HEE2 8 &2 4= fd 'H-NMR = Stk H

i

NMR 2 & 9 AAd sES T543%F #WEe-ES(CD30D, Merck)el
L3lA]A 500 MHz 4] 1 AlZFE<QE Bruker AMX-500 (Bruker Analytische

Messtechnik GmbH, Bruker Co. Ltd, USA) 37|15 AF&3to] A3t U5

ke

+ 242 HEZHEAHoR AREHNCH ASY S Hertz 7

>

14591 TH(Yoon et al,, 2011). FAR 3= Fx= LC-MS % 'H-NMR

o8 E £33 nlwate] AAsTh
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Dried Sedum takesimense (200g)

1st Extraction : 40% EtOH, 16h
2nd Extraction of 15t extract: 95% EtOH, 10h

Crude extrat(30g)

Silicagel column chromatography :
Chloroform:MeOH:Water:Acetic acid=55:36:8:1

] |

Fr.1 Fr.2 Fr.3 Fr.4
88g 4849 2449 1349

Sephadex LH20 column chromatography :
Methanol elution

Fr.33
1.4g

1%t Prep-HPLC :
YMC- pack ODS-A, 250X20mm, 5pm, 15ml/min
DW(0.05% TFA) : MeOH gradient

Fr.1 Fr.2 Fr.3
25 mg 20 mg 215 mg

2d Prep-HPLC :
YMC- pack ODS-A, 250X10mm, 5gm, 4ml/min
DW : Acetonitrile gradient

4,6-di-O-galloylarbutin 2,4,6-tri-O-galloyl-glucose  1,2,4,6-tetra-O-galloyl-B-glucose
(OGA) (0GG) (TOGG)

Fig. 2-3. Extraction and fractionation of Sedum takesimense for isolation active compound.
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3. AHE I 3 ZAA

ot
i

YAz 2o 0 JAE BA5Y FF SHL sy 915

4

Escherichia coli (EC, KCTC 1682), Pseudomonas aeruginosa (PA, KCTC 4562),
Salmonella typhimurium (ST, KCTC 1925), Vibrio parahaemolyticus (VP, NCTC
11344), Bacillus cereus (BC, KCTC 3624), Listeria monocytogenes (LM, KCTC 3569),
Staphylococcus aureus (SA, KCTC 1927), Staphylococcus epidermidis (SE, KCTC
3958), % Cutibacterium acnes (CA, KCTC 3314) ¢} 72 ¥+ HEA
blg| glolE A& A Al Ef(Korean Collection for Type Cultures, KCTC)Z 4-E

T93to] AFEEA T I Eo]|FHoZ MRSA W I REdFEo ol

(~

FHEALAS AT57] Y8l T T methicillin-resistant Staphylococcus aureus
(MRSA, KCCM 40511)E 3st=wu]A= HEANE(Korean Culture Center of
Microorganisms, KCCM) °f|A] +¢Jstlem 7 718 MRSA fdAEela+

sottistwg Aol - Al

o
L
°

£

b

i

<+ Mueller-Hinton 4 |
W A (MHB, Dfico, USA) H-+= Tryptic Soy <4 A|8]X](TSB, Difco, USA) 4]
37CeA Z718 o2 wjeFstglct. & AFelA 2188 EE 344 2

5w o]dol o Sigma (Sigma-Aldrich, St. Louis, MO,

Mz
d

EEHGES
UsAelA TS MRSA EE #F 2 RARFES FAA WYL

gkQlst7] $1ske] ampicillin, oxacilliny, % clavulanic acid 7} AF&-% 1o
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FEAAE =Y aHE AFst7] HE ZFEE penta galloyl glucose

4 pyrogallol ©] AFg-= Qlth

A7 %29 2FEE9 B2 Dickson et al. (2006)2] FHH A S
Hysto]  AFEsEe] AP Y(clear zone)2]  AF& | E 5o
F7rsdoh 2FEESY FE5+ Img Y Smgol tsl] AESN S Tryptic
Soy Agar (TSA, Difco, USA) °A FZ==3 WAdTS T4 24 Azt &<t

ekt & gAY S 71Fs%th AdelE= DMSO 7F SAUxT o=

9
=
o
e
(G
—\TLI

AHEE o ol EE w ol tid Ade 4 +3H

THAAdFEcd et HxAMs=E B7Hshr] 98

N
N
1o
M
ot
it
iy
1o
=4

National Committee for Clinical Laboratory Srandards (USA)elA  AA|St=
%] A4 &)l °& &= (minimum inhibitory concentration, MIC) #H7}& 33} 0,

MIC = two-fold serial dilution & &3l 3= ATt HrAdNsE F7HE Fsl

2

Aol AFgH FELZ TSA oA 37°C, 24-48 A7+ =

3!
i
b
N
=l

AvjekEglom, o]= 10-10° CFUmML ¢ ¥E2 31X ste] HEgdor

]
=

ARSI A7 22N

M
i

H E4-5 96 well plate ©l| two-fold

_VFL
4
oy

serial dilution ©&.% 34 3slo] HE3dk T 37°C, 24 A|ZF5<F incubator ©l A
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i Fslsl o™ wleF ¥ microplate reader & ©] 23191 600 nm oA FFEE

NI

=93] 2T S8 FRE G Aol A2ANSEE £EH

22
=

Y

5.MRSA o] tfgt 23 e F8A 9 s &3

AZIRMEENE FE3 29 IFES AL HE ARl 319
s a3E H71st7] 138l factional inhibitory concentration (FIC) (Hsieh et al.,
1993; Meletiadis et al., 2010)= A}-23} checkerboard method (Norden et al., 1979)

of Wk F7heloAth FICs (ZFIC)Y) #he oh W Ale] mhat Axke glek.
SIFIC = FIC, + FICg = (Ca/ MIC,) + (Cs/ MICg)

MICa 9+ MICs = ZZ2te] =2& ol &3ty H7te mA= AlE 2l
Fast HAAHNEE o], Cast G EX A9 BX BE B & AHE A
UEtve HAASA RS oujeity. T b B4 WHE AR Al
Neads FHre] Y8 FIC index (FICD)  gkell 9l A=
T35 (Choi et al., 2010) FICI #t<> XFICmin ¥ ZFICmx &= LT3}

s sed F BANY PE ALE A A 4FERE e

1o

T #e ZFICmn &% YERT o] ke YEh= A5 Ca 8 G =2

32

N
mlru

Fss 8 AFA 718 Ade AsAs avs dehd=

[o

1o

ustt}t, YFICh © AoadsE el 7 =& IFIC @S
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omEt XFICm, ¥ &/ il HelE 24T 5 Utk FICI index
kol 0.50]3FY 749 synergistic, 0.5-<1.0 ¥ 749 week synetgy,>1.0-<2.0 &
7d-%- independent VW}A| T O 2 >2.0 ¥ 79 antagonistic ©.Z F7}FTh(Yu et

al., 2005).
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m. 23 2 yz
1. A7) z04 B g5 AA 2L 122 H

MUz RE F2EE Uel7bd B, Sephadex LH20 A7,
prep-HPLC &4 A|A®EE o]gsto] AAEHSNCH, A5 H WHeolA

Mz 2 'H-NMR & Fdste] 725 dAeH ogEs ol&

rok

AN 2 FEEY FETFEL 15% (ww)l R Yegor Axd 98 200

g OCEFH 30 ¢ 9 1FEY FEES 53T ©]F Sephadex LH 20
AdE o] &dte] 14 g o FEES 3T H o] FIq& o] &3t 270

nm 2 A8t A3} 33L& 1,2, 3 o] 77 36.53 &, 46.67 - L 56.12 Fo
L EH= As gty #FH5] 27 25 mg, 20 mg, 2 215 mg 9

GAsteES R TH(Fig 2-4). FRE EAE 11X F42 LC-MS &

O

'H-NMR ©] 3= e 7]&ES] AF4A3} (Vu et al, 2013; Gangadhar et al.,
2011; Hisham et al., 2011; Tanaka et al., 1983; Tanaka et al., 1985; Thuong et al., 2007;

Wang et al., 2007; Xin-Min et al., 1987; Yang et al., 2007; Yuan et al., 2012)%}
Hlwalo] 25 A3 tH(Table 2-2). Vu et al. (2013)0] X 113k nl9} o],
A71AzxofA BEE EHAES gallic acid ¢ 1 FEAZA JhFEEE
7} %t tannin 7ol &3k, F- A= 2-4 771 galloylation ¥ galloyarbutin =

TAE RS sl 88 33E 12 4,6-di-O-galloylarbutin (OGA),
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Fig. 2-4. HPLC chromatogram of 3 compounds isolated and idenrified from Sedum

takesimense.
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Table 2-2. Chemical shifts of hydroxyl proton in p-hydroxylphenyl, galloyl and glucose
in the purified compound (OGA, 4,6-di-O-galloylarbutin; OGG, 2,4,6-tri-
O-galloyl-glucose; TOGG, 1,2,4,6-tetra-O-galloyl-B-glucose)

Position Compounds
OGA 0GG TOGG
p_
hydroxylphenyl
27,6 6.93(1H, dd, 9.0)
3,5 6.61(1H, dd, 9.1)
Galloyl
2.6’ 7.102H, s)
2”,6” 7.14(2H, s) 7.14(2H, s) 7.09(2H, s)
27,67 7.12(2H, s) 7.11(4H, s) 7.05(2H, s)
25’55’ 65555 7.03(21_[’ S)
Glucose
1 4.87(1H, d, 7.9) 4.85(1H, d, 7.9) 6.04(1H, d, 8.4)
2 3.69(1H, dd, 8.1,9.5)  S5.13(1H, dd, 8.1,9.5)  5.35(1H, dd, 8.3, 9.6)
3 3.70(1H, t, 9.0) 3.75(1H, t, 9.2) 4.18(1H, t, 9.5)
4 5.22(1H, t,9.5) 3.59(1H, t, 9.4) 5.37(1H,1,9.7)
5 3.83(1H, m) 3.79(1H, m) 4.19(1H, m)
6 4.58(1H, dd, 2.3, 12.0)  4.62(1H,dd, 2.0, 11.9)  4.47(1H, dd, 2.2, 12.3)
7 4.47(1H, dd, 6.7, 12.2)  4.48(1H, dd, 6.6, 11.9)  4.27(1H, dd, 2.2, 12.3)
CH,ORg
A= OH
b OR, ( )
OH
ORj4 o
G= OH
OR
4 OR2 OH
Compound Ry R; R; R4 R
4,6-di-O-galloylarbutin A H G
2,4,6-tri-O-galloyl-glucose H G
1,2,4,6-tetra-O-galloyl-B- G
glucose

62



3tE 2 = 2,4,6-tri-O-galloyl-glucose (OGG), 3}3t&E 3 = 1,2,4,6-tetra-O-
galloyl-B-glucose (TOGG)ZE 574 ¥ I thFig. 2-4). & FoHE= o] T 3I}TgE
3(TOGG)S olg3te] P 2 MRSA 9 1 Re|#FE] gt Ao
7bFe/del diaiA Agtersith. st 54 BUFE fld TOGG 9 fARE
TZE ZE= penta galloyl glucose (PGG)2} pyrogallol (PG)E A B3} © 1

TOGG ¢}°] 5L vlw F7lskadth ©£3 PGG ¥ PG &+ MRSA

1Y el oE ek FEAY GAAe e mu BN
A}g5 Sk
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Fig. 2-5. Chemical structure of purified single compound (OGA, 4,6-di-O-

galloylarbutin) derived from the aerial part of Sedum takesimense.
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Fig. 2-6. Chemical structure of purified single compound (OGG, 2,4,6-tri-O-galloyl-

glucose) derived from the aerial part of Sedum takesimense.
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Fig. 2-7. Chemical structure of purified single compound (TOGG, 1,2.4,6-tetra-O-

galloyl-glucose) derived from the aerial part of Sedum takesimense.
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2. 4719z FE€ 2 7 3EEY T8 2399

A7z oes F2E9 FId8Y Aa9de WA & g
HA2AdE=MIC)E  olgste] BriEfion, dI= Table 2-3 ©f
UERpSITE e e dAlg e WA A5E& Aol @elmm=
Z7 skl YERIl oM (Fig. 2-8), MIC & dld WAddT2 A Aslshs

T (gmL) . EASFATH(Fig. 2-9). & 952 WA el s A

\a

gt

A S o] &5t AFYAE ST A A d9e A7]= SE> VP>

n
4

ST > PA=BC > EC > CA>SA>LM & A2 YEE M (Fig. 2-8), SA £}
LM 3 & JFFHARe dsidE °E IR BaAd A
Hlste] w2 oA o] YErEtty. sk I FolAE CA o dig

oAedelel A4 WA YEmn odw Av: 2o SUTs9

Sedum hybridum ©| ZFZF=°] CA ° dsty] 71 WFe A 99 &

rlo
o,
o
W
o,
=
32
v
ogt
=y
]
oX,

ehgglor B aTAzne Asts)

~329S 9% MIC ZFi= Table 2-3 3 Zom st ol A8

ol
(o,

ATk 22 9 Fo #AFE ARSIl AVIRE 255 E(CE),
W 1,2 3 (FL, F2, F3) ¥ TOGG & AMg-3ke] $3 33l th(Table 2-3). -2

o A% 394 el AsE 98] WL Hri ECol 3] 256

\S]
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©

(D) (F)

© m 0

Fig. 2-8. Results of the zone of inhibition assay using crude extract concentration 1 mg and 5 mg from Sedum takesimense (A),
Escherichia coli; (B), Pseudomonas aeruginosa; (C), Salmonella typhimurium; (D), Vibrio parahaemolyticus; (E),
Bacillus cereus; (F), Listeria monocytogenes; (G), Staphylococcus aureus; (H), Staphylococcus epidermidis; and (1),
Cutibacterium acnes.
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Fig. 2-9. Results of representative checkerboard assay using crude extract, its fraction, and pure compound from Sedum
takesimense (A), Escherichia coli; (B), Pseudomonas aeruginosa; (C), Salmonella typhimurium; (D), Vibrio
parahaemolyticus; (E), Bacillus cereus; (F), Listeria monocytogenes; (G), Staphylococcus aureus; (H),
Staphylococcus epidermidis; and (1), Cutibacterium acnes.
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Table 2-3. Antibacterial activity and minimum inhibitory concentration (MIC) values of crude extract, its fraction, and pure

compound from Sedum takesimense

Antimicrobial activity of 40% ethanolic extract

Strain Zone of inhibition (mm) MIC (pg/mL)
CE
o = CE F1 F2 F3 TOGG

Escherichia coli KCTC 1682 - 9.0+0.5 1024 1024 256 256 32
Pseudomonas aeruginosa KCTC 4562 - 9.740.5 1024 512 128 512 128
Salmonella typhimurium KCTC 1925 - 11.34+0.5 1024 1024 128 512 128

Vibrio parahaemolyticus NCTC 11344 - 11.740.5 - 1024 - - -
Bacillus cereus KCTC 3624 - 9.74+0.5 512 512 32 64 32
Listeria monocytogenes KCTC 3569 - 2.74£0.8 512 64 32 64 128
Staphylococcus aureus KCTC 1927 - 7.3£0.5 Sili2 256 16 256 16
Staphylococcus epidermidis KCTC 3958 8.3+0.5 15+0.8 256 64 16 64 16

Cutibacterium acnes KCTC 3314 - 7.7+0.5 - - - - -

* CE, crude extract of Sedum takesimense with 40% Ethanol; F1, fraction 1; F2, fraction 2; F3, fraction 3; TOGG, single compound (1,2,4,6-

tetra-O-galloyl-B-glucose)
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ug/mL, PA % ST ¢ 7% 128 ug/mL, BC % LM < 32 pug/mL, SA % SE °j
gsiA= 16 pgml JAACE YEWt 2FEFES X3 08 23E
Bt a@ido] & Zo® HolAvwh 8 A sdE] TOGG °f

Hlastles droe o 540 W2 AoE Box

Ao® YeEhEgt TOGG ° 7 W¥dds Alojshy] flsted eH=

B
k>

FTEEEC 9 BC 9 4% 32 ug/mL, PA, ST 2 LM 2] 7% 128 pg/nlL,
SA 9 SE 9 A% 16 pgmL TEZ YERRT 53], TOGG &
E ST (Staphylococci) £ 22 18 FAATe A4S dASEHE H
o 8AS B o] Ade olde o Aol BRud Al wif-
FAFSE HeFS YEMY A tH(Lee et al., 2008; Lee et al., 2014; Odontuya, 2016;

A shgrEol

L
<L

Bensouici et al., 2016). ] AF=A= A ENA F
O A Al adAoleta Ry wEbA 2FEE, L8 E(F,
F2, F3) % Al 3}FE(TOGG)E AHgste] MRSA 9l ©]9 {144
ol g oA g4 2 7S A HEARE Al A =il

osl B,
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3. A71-% FE2E 2 F9 3FEY anti-MRSA 54

A7z 2FEE, w8EFL F2, F3), AA EE(T0GG) #
EFEH(PGG, PG)S] MRSA % MRSA ¢4 ®eFo d3 A5

MIC & F3E o 7 A= Table 2-4 o YeRQITE Ao ALgE

o thafl A wk Z+zF 256 W 64 ugmL 9] FEolA A FAHS Ko

Abet Aoz 5 12 Wl dEidE 512 W 32 pgmL o A4S

Jo

ettt 1 9] EEFel dEiAs 1024 EE 512 pg/mL

2
HA2aAANEE7t =4 =45 0] anti-MRSA Aol e Aoz guidr)

oy

F2 9 F3 9 A% H2AAEE7F 512 pgml olstE A £ o4t

3} MRSA Z 37} YEltl. MRSA ZF=d5o dalxs 242 16 2 32

n!

A Q)etilE BT 64 pg/mL o]8te] FddlA HAASNE Uehddh T3
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Table 2-4. Minimum inhibitory concentration (MIC) values of crude extracts, its fractions, standard compounds, and singly
purified compound against methicillin-resistant Staphylococcus aureus

. Source or Minimum inhibitory concentration (ng/mL)"~
Strain
Reference
CE F1 F2 F3 TOGG PGG PG
MRSA .

KCCM 40511 Standard strain 256 64 16 32 16 128 128
Isolated 6 1024 1024 64 64 16 64 64
Isolated 8 1024 1024 64 64 16 64 128
Isolated10 1024 1024 32 64 16 64 128
Isolated12 Clinical isolate™ 512 32 16 64 16 128 64
Isolated13 1024 512 16, 32 64 32 64 256
Isolated14 1024 512 512 64 256 64 128
Isolated18 1024 1024 32 64 32 64 512

* MRSA KCCM 40511 were standard strain purchased from KCCM, Isolated strains were provided by the Dong-A University Hospital

** CE, Crude extract of Sedum takesimense with 40% Ethanol; F1, fraction 1; F2, fraction 2; F3, fraction 3; TOGG, single compound (1,2,4,6-
tetra-O-galloyl-B-glucose); PGG, penta-galloyl-glucose (standard compound 1); PG, pyrogallol (standard compound 2)
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UERRSl o MRSA #5 w5 Bl 4 telFel sl v AdEs I

F4o] vhebait,

HA2ANEE 7S 16 pg/mL ¢ Aoz vehgtl w3 AR F 13 9
18 o = TOGG 9 HAANETEFS 32 pygmL 22 YERY 953t
anti-MRSA EA1 S veld ZAow dAgdect A7|dZxo)A HEw o] v

AA sperEe LA o7 SASE PGG 2 PG 9 e ¥ 3}EE ul)

MRSA Al A7l didt o & oAl ads yehdlld oz A+l
mEd AEoly T 22 HA dEEFEY FEES T A0

m

U= B 317} 1O ™ (Lee et al., 2008; Bensouici et al., 2016), Bensouici et al.
(2016)°ll W=, Sedum caeruleum VA =23t 3TES 272 E coli, P

aeruginosa, Klebsiella pneumoniae X S aureus 9} o] Aoz #2jd

WA Aol disl =& S UERSITh 3 Lee et al. (2008)%
Ecklonia stolonifera algae °llA] 2]t dieckol < MRSA ©] tj]gt p-lactam 7|
FA=AHR xddste] Fudd D AFFEES Uehdudan Bagkgith
b dgATrel AR Ao AAE Fa AmolAd EES sEES

728 Fae84dS Ve ¥ 5 9o Blactam A FAEA I} L Eo]A

oy
ol
tol
§S)
i
i
o,
e
-
paes
)
&l
e
S
52
i)
=
ALY
>
re
-1
o
N
e
P

74



TSk, Blactam AlE YA ofe] MG AFEA

Fashe
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4. MRSA EFTdFT % YBAEYF A He g74

FAA L Ha A3 =

MRSA %7 o5 2 AT FTELS flactam AD FAAAQ] ampicillin
9 oxacillin ° thste] HAASEE Ftol 64 pgmL ©E YERY p-lactam
AG FAA el tfal %2> WS YER QI TH(Table 2-5). 124} B-lactamase
©] inhibitor & #}-8-3}= clavulanicacid o] thal A= @& A& YER Sl
Clavulanic acid = ZAAAZA GdHojA= AANE Y HAIA L]
FAA L HE AL Al AeadE vedio] &84 WA ubE e otel] dis)
gyA oz dHA Sl th(Cantoni et al., 1989; Coté et al., 2019). Clavulanic acid 7}
MRSA % QlEe]gel il YEd HAaAssEs A 8 pg/mL oA
Hol 64 pgmL = YERow, 53] IEEF 12 ¥ fisiAE
HAaAMEE7E 8 pgml 02 Wi 2 9 A4S YERUT o
AelA MRSA 2o o EEF7F uFe WY HaAsEEws
UER= Ao 2 B IEATH(Lee et al.,, 2014; Cantoni et al., 1989; Coté et al.,
2019). 3 o]H3 AFEME  clavulanic acid 7F MRSA o th3t
G a7k 1o 53] amoxicillin ¥ 2 thE AN HE ARE A
o aydoly A5 ayrt yepdoElal B 31383 th(Cantoni et al., 1989; Coté

g]¢f sl ampicillin %

r—{u:

et al,, 2019). ¥ A7"ollA= MRSA % 1 9%
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oxacillin 2.t} clavulanic acid 7} &34 0% eyt on o] o]jd A4-=3
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Table 2-5. Minimum inhibitory concentration (MIC) values of antibiotics (ampicillin,
oxacillin, and clavulanic acid) against methicillin-resistant Staphylococcus
aureus and its clinical isolates

Minimum inhibitory concentration (ng/mL)

Strain”
Ampicillin Oxacillin Clavulanic acid
MRSA KCCM 40511 256 128 32
Isolated 6 128 128 32
Isolated 8 256 64 64
Isolated10 128 64 64
Isolated12 128 256 8
Isolated13 64 64 16
Isolated14 64 64 16
Isolated18 128 64 32

* MRSA KCCM 40511 were standard strain purchased from KCCM, Isolated strains were
provided by the Dong-A University Hospital
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F UA5S v ti(Table 2-4). 5 3= TOGG 2] MRSA o djst
H oAl EEq-> f-lactams AlD FAAE©] MRSA W 1 AT
el et HAA M sEET 2A YERskew o= TOGG 7F 7]1E9]
FYART o 5adH o7 MRSA £ Ao F UaS vtk MRSA 4
I R T g AL HEiANEE 5 Ay JAEYTF 12 |
< ampicillin, oxacillin 2] T& A H]E clavulanic acid °f T

Aerdo]l e Ao Uekown MRSA KCCM 40511 2 3823

A AolE 4 Jee ouiety, FE SAL AN BARY 4

of»

g NS 5 92 gow wwEn oF g8 FYAY AUz

el 2el=d e M8 AR Al A mdtel dia A =Skl
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5. 4719 #d FEE3 HEEEA 38A Y dsad

¥ 3gHES o] 83Fo] ampicillin, oxacillin %!
S AG YA L A W EAE-SEo] MRSA
3 s adE &5 tH(Table 2-6). Table 2-
6 o vrEbd whs} o] xFEE, F2, % TOGG ¢ ¥ ampicillin <

HEALE Al FICT o] 1.031 2 YEelsor, 23} 2.0 o]3tY A%

HFFE T} Clavulanic acid ¢ A-$-°1% ampicillin & A g A7}

won A7dzx fd EF 3 JMA(EFEE, F2, TOGG)Y A+
Aeavrt A8 ey ekgkom TOGG 2 A$- FICI o] 0.5 o]3F = A,
Asadrt JElET PG 9 A EF=43 clavulanic acid 7Y A%
ad o WAV A8 gle Aow Ytk AR oxacillin o ¢
MRSA  #F(KCCM 40511 st ZXFEE3 WHEAFE A
HrAsN s E7E 256 oA 025 pgmL 2 FASMA ZFASEATE T
oxacillin ¥ ®HEAE © F2 ¥ TOGG 9 HAAdNs == 242 16 oA 4

pgml 2 6 oA 2 ug/mL & 7+

b
ob
32

o} 2F%E, F2, 9@ TOGG ¢ FICI +=
=

ampicillin % ¥ § A P& o 1.031 2 FL3 S el on e
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Table 2-6. Fractional inhibitory concentration (FIC) indexes (FICIs) of combined effects among major active compounds (crude
extract, fraction 2, and pure compound), standard compounds (penta-galloyl-glucose and pyrogallol), and antibiotics
against methicillin-resistant Staphylococcus aureus KCCM 40511

MIC (ug/mL)

Strain Antibiotics Compound™” o G YFIC a® YFIC,i,” FICI®
AMP 53 o 2.250 0.625 1.031
AN 5] e 1.250 0.750 1.031
A}‘E’;Z}lﬁ‘“ ngGpG %62 2§46 1.250 0.625 1.031
AMP 256 1 1.063 0.625 0.844
S e 2, 1.000 0.125 0.262
el e B 1.500 0.501 0.531
& L) & 0.625 0.500 0.562
MRSA Oxacillin TOGG 16 >
12535(1‘11\/1 (OXA) ox 1 : 0.313 0.188 0.281
OXA 158 g 0.125 0.064 0.070
O%XA 125 2 2000 0250 0773
A W Bo6 2.000 2.000 2.000
A i R 2.000 1.500 1750
Clavzlcl?% cid N 9 M 2.000 1.500 1750
AN 1 3 1.125 0.281 0.434
PG 128 -
CLA 32 ] - - -
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DY FICpax, maximum FIC value; PY FIC,,;,,, minimum FIC value; @ FICI, The FIC index indicated synergistic effect: <0.5, marked synergy;
0.5 to <1.0, weak synergy; 1.0, additive; >1.0 to <2.0, subadditive; 2.0, indifferent; >2.0, antagonistic.

* MRSA KCCM 40511 were standard strain purchased from KCCM

*CE, crude extract of Sedum takesimense with 40% ethanol; F2, fraction 2; TOGG, single compound (1,2,4,6-tetra-O-galloyl-B-glucose);
PGG, penta-galloyl-glucose (standard compound 1); PG, pyrogallol (standard compound 2)
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FICI = 1.0 o]Atolgltt. 12 oxacillin @ ®HE&ARE3 A7|H % &

£

=45 BT 0281-0562 Holel e AO=®E UESTH(Table 2-6). =

ANAx fd FTEES0] oxacillin I WEEO] AL A AEaHES

o
ol
fol
k)
to
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Sy
<
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i
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i
=
o
Ay
r
iib)
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rlr
H
o
Q
@
o

oxcacillin &] "-&AFg-0] MRSA AlZ A4S A2 AAF}S AAFSTL
Tt T solA FF 2 EEste] 57 S dieckol Z} epigallocatechin gallate
(EGCg)Y] A5-% vixt7}A] 2 p-lactam Al ] A< 2448 23]
MRSA A|E A Ao st Asa37F Bud vl A thLee et al., 2014;

Lee et al., 2008).
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IvV. A&

st 1 A3 MRSA 2 71 AT

e
F oo WS ALSET A FA P EE

Aeads el )
et EAe= AEHoz WAy low A A Fol tished

vancomycin Aol F7pshel| weEl, VRSA 7t AlEA SAsE T
Aol dist A= A AstEa 919 vancomycin o thdk MRSA
o WAEEFE AL oo whel A&HA 0w ZHAskal SltH(Lee et al,
2008). webA Al W #FE Alolar] fs AR ok B UE

A ewe] Jido] Ao o H glow FAAL] FES A&5H
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A 3 AL d= FAHEIA Y AAE F2E T2 “Anti-inflammatory and Anti-
bacterial activity on Cutibacterium acnes of Sedum takesimense extract and its isolated
compound” A& =&E& vtz FAFHIFUT
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Fig. 3-1. The picture of acne-prone skin.
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Fig. 3-2. The micrography picture of Cutibacterium acnes.
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1. Histamine & 2. Capillaries 3. Chemotactic factors 4. Phagocytes
prostaglandins dilate Clotting attract phagocytic consume pathogens
released begins cells & cell debris

Fig. 3-3. Schematic diagram for inflammatory reaction in human body.
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Fig. 3-4. Pro-inflammatory signaling pathway of TLR 4 with LPS (Ciesielska et al., 2020).
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offt
oX,
d

2] Bl € 3}

M

F74)7}

I Hy P w49 =S 100 pgml =

e

sl A7l =
well o A=tk AAE Nitric Oxide (NO)® 2> Griess Al 2F(1%
sulfanilamide, 0.1% N-1-naphthylenediamine dihydrochloride, and 2.5% phosphoric
Asredch. A4E NO o %

acid)e ATl 540 nm NN FHEES =%

sodium nitrite (NaNO,)E ©| &3} %+
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4. FFA AIEFIRI(TNF-0, IL-1p 2 IL-8) A A

BT AtelZ=TL oAl B ATES Masuki et al. (2016)°] & ozt

& }o] ELISA kit (Abcam Co., Cambridge, UK)E AF-&3Fo] 57383t RAW

e
off
o
N
jus)
=
O

264.7cell = 24 | F & A2 AAS 0.1mgmL ©] FEE

A7z FEEd By 9 4% 3EES Adste] 2 ARE ¢

[-‘E
olo
>
)

o WS )% lpgml €] LPS & F7bste] 6 ARt gt A5ibo=
B33, ELISA kit AT AlBsts ufirdel ulgl AlES S8slo]

TNF-0, IL-18 2 IL-8 3} -2 Alo]EFII A JA axE SH3H3

5. 9EE {9 Cutibacterium acnes | N3+ I A

=& H2#¢l C. acnes KCTC 3314 + 3h= &9 AlE](Korean
Collection for Type Cultures, KCTC)ollA =<F wro} AR23}At). C. acnes ©
g3t A7dx FE229 It & BF7HE $I8] National Committee for
Clinical Laboratory Srandards (USA)°llA AAlSt= FHAA &% (minimum
inhibitory concentration, MIC) B7}& &8st ow, MIC = two-fold serial
dilution & %3] 3L}t ALANsE H7ME Y8 C. acnes = Tryptic

Soy Agar (TSA; Difco, Detroit, MI, USA)°ll4 37°C, 72 A]ZFg<t 5% CO;
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AEdH oz AFESIGT 7225 F5 2 228 228 96 well
plate | two-fold serial dilution ©. 2 3]A s}y HF3 ¥ 37°C, 72 A H5<F 5%

CO; incubator oA HjF&l} © ™ vjF S microplate reader = ©]-83}o] 600

d
d

am oA EYEE =gsel gxrd 248 SR gkl Aoz

tyrosinase  JAFAS AR on, FAYXTOE  kojic acid =
AHE-3FATh Tyrosinase 94l €95 F743H7] 18l 0.1 M PBS (pH 6.5) 200

puLoll =5 9 2] 3}3-E 20 pl, mushroom tyrosinase (Sigma Aldrich, St. Louis,

ol

MO, USA, 1500-2000 Unit/mL)E =& sttt 281 =g e Tyrosine (1.5

=

mM) 40 pL & FH7Fsta 37°CollAd 15 E3F WA A 5, ==

a
FEE 490 nm ol S, tyrosinase Al EAS T Aol o3

oo

)

A3k

t}:

32

270y % 100
a

Tyrosinase inhibition activity (%) = (1 —

a—
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=

9] WkS-olo ELISA reader =
Aol whEl  tyrosinase A A S

H =12 (Lineweaver-Burk’s equation)°] w2} A] 3

~+&3Fe] mushroom tyrosinase ¢+2] %38}2 S

=
o

¥ ¥l sk tyrosinase &4 A8 S-©0] 50%

iib)
o

atol tyrosinase A3l €A YERUASIT

2hEs

HaH(means+tSD)E ¥A| 8} a1, 7} Ad

ver. 12.0 (SPSS Inc., Chicago, IL, USA)E A}-8-3}3itt.
= 2=
E=yr

H] 3= one-way analysis of variance (ANOVA)

F 94 A1 7 P<0.05 S~ Duncan ¢
range test) ©. 2 A}3 A st FoA S HEsAT
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A7z FEEY AESEY e dEEs o8 2FEFECEE
F3Eow 1 A= Fig. 3-5 9 ZTE CE & 1 mg/mL ©]42] F ol A
FIHA AEEAS RAW 2647 cell o thate] yeRgleh shARE 1
mg/mL & FEANA AE SAHES 7.07%=E UERCeT AEX YEES
92.93%= FAl 4% 1 mg/mL ©]ste] solAE AESES HEhdA
datt AEZ A Hrte FEE FECd st AExY AEES

FHse] A AR GFS WA W= FET £H T L Janget

=
~
o
'—\
RS
flo
e
re
-4
£
>
S
iy
S,
o
=~
L)
P
Rl
fey
(G
o
>
=
N
(e)]
>
\l
3
2
=
ot

2 dys Bag v Qv wEhbA o] & Hlge R o) dgH Add 9

¢

FE=E 5T RAW 264.7 cell off disl =4S YERWA 94+ 100 pg/mL =

111



60+

40

204

RAW 264.7 Cell viabiltiry (%)
- 2 8
< 1
* I
< S
< S -
»94))( _
%% F_I

Fig. 3-5. Cytotoxic effect on Sedum takesimense ethanolic extracts (CE) in RAW 264.7
cell. CE were treated at a concentration of 100 ng/mL, 1 ug/mL, 10 ug/mL,
100 pg/mL, 1 mg/mL, 10 mg/mL, and NC, negative control. Values with
different letters above the bars mean that significantly different (P<0.05).
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2. A71”9%x 28 9 I 74 S3¢ES NO (nitric oxide)

gA 9 A%

=

e Ao gekst WAYUSS visEE IL-1
T TNF 5ol 98 5% inducible nitric oxide (i-NOS)ell &l A = +=

NO &= A Welr vafst g2

oA AT e Aoz s

ﬂJO
4
O:

:|
=

S EAT AS A %

:i
M
ruto
ofX
)
>
Y
T
e
o
Y
k=
2
S
(o]
ol\

23 9 2y dgdld 52 sk Ao2 d#A Qluk(Yang et al., 2016).
AT 58 dZ 87 Ax X ultra violet 5o =Z59S w NO A
o] oAl o]F =S 9oy xlo]EFICIY AAo] fEH=

Aoz odelA QthH(Vicentini et al., 2011). A7|Hxo|A FHI FEE

S

Fo)¥ 3}8HE(CE, OGA, OGG ¥ TOGG):= LPS Azl& <l&te] NO 7}
FEE RAW 264.7 cell o 100 pg/mL 2= A2 1S wl NO production =
Adsts avE el on A3k Fig. 3-6 o YERHSITE Fig. 3-6

mEw A7]dEx 2FEFES LPS o g8 FEE NO o AdZFS oF 81%

T

ran Ao Balg 3132 OGA 0GG 2 TOGG = NO AL 77t 85%,

L

93% 2 950 7rAA7)e= AoE yehuth A7Exs e AR G
FEEE d9F AL gk BaEoe] 3l o v (Kimetal., 2017; Cho et

al,. 2017; Chang et al.,2018; Jang et al., 2016; Yang et al., 2016), == F7F2] 2

e
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Fig. 3-6. Inhibitory effect of crude extract and single compounds on the production of
nitric oxide (NO) in RAW 264.7 cell. Cells were treated with LPS (1 pg/mL)
for 24 h, then extract and compounds treated at a concentration of 100 pug/mL.
Values with different letters above the bars mean that significantly different
(P<0.05). NC, negative control; CE, crude extract of Sedum takesimense with
40% ethanol; OGA, 4,6-di-O-galloylarbutin; OGG, 2,4,6-tri-O-galloyl-
glucose; TOGG, 1,2,4,6-tetra-O-galloyl-glucose.

115



3. 9454 AO|EIFII(TINF-a, IL-1p E IL-8) A A
23

AR x FHe 2FE=CE)9 2 4 49 3IFE(0GA 0GG %
TOGG)l 9oJ& LPS 2 F=¥ NO #4h TS Yepll7] widd o=
olg3to] AT AlolEFRRle] 3F8HE TNF-a, IL-1p B IL-8 & A/l

%

] 4]

rlr

ogk

S Q& thFig. 3-7, 3-8, 3-9). 77 AY} FAYETOE RAW
264.7 cell o LPS & AHEl3H A5 7 A5 ARIEIRIES HEFgl o

A718 % fel9) CE, OGA, 0GG, % TOGG & A eld AHeli e Ale]E7}el

[t

o] 4% Zoz FAHITE TNF- o £ A HET tivl CE S 100
pgmL O % AHZsels W oF 75%2 wdo] 7HAsk3l o™, OGA, OGG ¥
TOGG & 72 == s A9 oF 87%, 89% 4 90%°] W& ko]

HE 2SS FsthFig. 3-7). EI IL-Ip & AR f9F <
Atk WERSlET, CE o A% oF 82%, OGA 2] - °F 86%, OGG X
TOGG ¢ #% Z+zb oF 871%7} #A4dte] adzow IL-1p o 2L
A 3F= 7 o2 e Th(Fig. 3-8). IL-8 = CE, OGA, OGG ¥ TOGG ol 2]
arroR FHave] ofAdulza dib] HEsFo] <F 80%, 85%, 88%, X

86%7F HaFi= o= YERRUHFig. 3-9). FAdACdME T

ol
i)
rlr

AGF ARG W B W Amsk ks Fobel 2y
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HEd B B ol T A4S sk Jlo® deA St(Lee et al,

TNF-a, IL-1p % IL-8 I} S HAASTA AIEIRIES AE /4

FEETl gl wEZe] FaEH= mdel dis okt ATt
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A AR o o]F Ay HAAF Alo]EFRSl WE A A
A& E TNF-a, IL-6, INOS % COX-2 9} &L dFA Alo|EFIES
sEgEA R WHFES FADAIZTHKImM et al, 2017). Fst TepH]E

ol ofeES o]gdte] &I FEEE NO, TNF-q, IL-6, IL-1f, iNOS 2

!

COX-2 ¢} 22 Tkt AJEFRIS FEOEFHOZ TAA7]& AL
HEQItHCho et al, 2017). webA, # ATolA AMEE A7Hx

ZFEY J245H 28 9 9% 37H4 3IFE2(0GA 0GG ¥ TOGG)

Z
(@)
1o
al%s
ol\
oX,

P

Fol E 7FQ1 S (TNF-0, IL-1p 2 IL-8)S &I ZH o7 ZAaA7]=

2492 vehlo] FIFAZA AbeAe eyl
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Fig. 3-7. Inhibitory effect of crude extract and single compounds on the production of
TNF-a in RAW 264.7 cell. Cells were treated with LPS (1 pg/mL) for 24 h,
then extract and compounds treated at a concentration of 100 pg/mL. Values
with different letters above the bars mean that significantly different (P<0.05).
NC, negative control; CE, crude extract of Sedum takesimense with 40%
ethanol; OGA, 4,6-di-O-galloylarbutin; OGG, 2,4,6-tri-O-galloyl-glucose;
TOGG, 1,2,4,6-tetra-O-galloyl-glucose.
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Fig. 3-8. Inhibitory effect of crude extract and single compounds on the production of
IL-1B in RAW 264.7 cell. Cells were treated with LPS (1 ug/mL) for 24 h,
then extract and compounds treated at a concentration of 100 pg/mL. Values
with different letters above the bars mean that significantly different (P<0.05).
NC, negative control; CE, crude extract of Sedum takesimense with 40%
ethanol; OGA, 4,6-di-O-galloylarbutin; OGG, 2,4,6-tri-O-galloyl-glucose;
TOGG, 1,2,4,6-tetra-O-galloyl-glucose.
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Fig. 3-9. Inhibitory effect of crude extract and single compounds on the production of
IL-8 in RAW 264.7 cell. Cells were treated with LPS (1 ug/mL) for 24 h, then
extract and compounds treated at a concentration of 100 pg/mL. Values with
different letters above the bars mean that significantly different (P<0.05). NC,
negative control; CE, crude extract of Sedum takesimense with 40% ethanol;
OGA, 4,6-di-O-galloylarbutin; OGG, 2,4,6-tri-O-galloyl-glucose; TOGG,
1,2,4,6-tetra-O-galloyl-glucose.
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s A9z fd9 HEE 3 FY oS 49T

(Cutibacterium acnes)®l| o3t & &3

o4 QlTHCunliffe et al., 2004). v A&7 B o M=
C. acnes 9] TheFst 9 FAkAlto] #ojst= Aoz el 3lom(Jang and

Park, 2014) C. acnes = R.'doll st 5 T A4E IAAE o] &5k

5
OGA £ A|9J3 CE, 0GG 4 TOGG FF %2 & FAS vehfdch
OGA 9] 7% 1,000 pg/mL 9] MIC %= Uehyo] oJ=F Heli<l C.
acnes ° thalo] &+ @Ao] gl Aoz YElkon, CE &= 150 pg/mL 2

SR Ha AEA 7 etk 0GG W TOGG + 125 pg/mL 4 3.2

pgmL & FXolA FHA AFAINE YelUo] oJ=F ARl Uid =&
Gt FA S eI Yangetal. (2016) ] whE AFRIUE T FEE 9
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=

L35S o]&3to] disc diffusion assay = SIS W A=E
Altol whst FadE ettt B skl

3k Sohn et al. (2006)= 335 F =9 74 FHE FEES o445t
A=Farel tigt FaEdS disc paper WS o] §3sto] Kkt 1 A
25 F° A= Fd FE=olA clear zone ©] #EEFOoHW P2 FFI
AEE F9o wel o] &l LpEFRTH(Sohn et al., 2006). Seong et al.
(2003)=> Qom|ztsl E£9E& o]&dte] oA-FE Ao APl wAE=
aE Ao 1 Ao C. acnes & MIC #2 75 pug/mL =

HuEo] 9lth T Vu et al. (2013)0] WEW A7AE F el

M
)
it

a1
flo

OGA, OGG ¥ TOGG &= X%l gallotanin AlEe] Td=+

Ir

Ente SvkEd 49 Awsdl deid ddadE JEuiclth 0GA =
EvtE EuEHS fE2ete 9 HE Alsrel iAo 0.10-1.00 g/L
HArAH s EE JE 2, 066G = 0.04-0.50¢/L, TOGG += 0.03-1.78 g/L <]
HrAdEEE e ©] F TOGG + vE HAEHIEHS FIC
(Fractional inhibitory concentration) Z¥}o|A] EvwlE FEvlEr {3 AL
Asfel gk A|YA a@3dE GERSATH(VU et al, 2013). ©]¢} o] &

AT Ao A HEE & 2 F2 0GG 2 TOGG &= "¢ & o)A

:

MIC #2 UEeldo] oJ=F oS axz oz ASAHE & F+ s

BA=A FAYS el
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Table 3-1. Minimum inhibitory concentration (MIC) values of Sedum takesimense
extract and its isolated 3 compounds (OGA, OGG and TOGG) against

Cutibacterium acnes

MIC (pg/mL)
Strain
CE 0OGA 0GG TOGG
C. acnes KCTC 3314 150.0 1,000.0 12.5 3.2

CE, crude extract of Sedum takesimense with 40% ethanol; OGA, 4,6-di-O-
galloylarbutin;, OGG, 2.,4,6-tri-O-galloyl-glucose; TOGG, 1,2,4,6-tetra-O-galloyl-
glucose.
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5. 718z 79 SEE 3FY tyrosinase A FA
N
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50%

94e
14

Tyrosinase JAl &/del tist 417]

a3 Table 3-2 o] YEFI QA TE Tyrosinase = 33 %3] EAjsl= Aebd
Aebd =

1t} (Moon et

AEZZHE  tyrosin & AFEAIA
tyrosinase 2] Al= ¥R wd 4l gw-s g s e
al, 2010). A7z FE= 2 EHSFEC]  tyrosinase
AAst= 2 £4Y & #S ICo °E TN =FEE9 9
B9E SR skl sHARE OGA, 0GG Y TOGG 9] ICsx #t< 110.4
uM, 1552 uM 2 253 uM o] AT} FAJ = ?1 kojic acid &) 1Cs %k 136.3
M 2 YEgeH, A7dx 2FEES AYd 2e sgrEel vls)
ggo] v ez ZAH old H|El OGA ¢ TOGG 7} § =2
e Bk 7R EE UHde Ky ¢S deTs a4 7149
Ase7t =58 sty 2 AdoA= Xs=7F EE&4F mushroom
tyrosinase 22 Aol ol AAEA o] Fr= AE vl Kojic
acid ¢ “3-%- mushroom tyrosinase 2}2] Kp #t©] 242 pM 2 L EFS O OGA,
0GG ¥ TOGG 9| 7Z% 717} 527 uM, 29.5 yM @ 11.9 uM = UERd)
kAt o] H]Ete] mushroom tyrosinase 9} %S 3}
B Zdd 3pghE2 B tyrosinase A&l &/do] -3k

i A7 x2S
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Table 3-2. Tyrosinase inhibitory efficacy of Sedum takesimense extract and its isolated

3 compounds (OGA, OGG and TOGGQG)

Kojic acid CE OGA 0GG TOGG
ICso 136.3 pM®” N.D. 110.4 uM® 1552 uM?* 253 pM®
Kn 242.0 uyM* N.D. 52.7uMB®  29.5 uM®© 11.9 pmP

CE, crude extract of Sedum takesimense with 40% ethanol; OGA, 4,6-di-O-
galloylarbutin; OGG, 2.,4,6-tri-O-galloyl-glucose; TOGG, 1,2,4,6-tetra-O-galloyl-
glucose; N.D., not detected

*Values with different letters above the bars mean that significantly different (P<0.05).
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ATE 1H3F] 8% NaCl (wiv)S F7F= H7Fsklal 30T, 48 AlzE

145



Table 4-1. Characteristics of prepared foods and their isolated microorganism

Food material” Characteristic Isolated strains®
TN (w/v, %) 1.7 2. Zygossharomyces rouxii
Soy sauce Salinity 14% Candida versatilis
UHT 130°C 30-60sec. Bacillus cereus
Corn silk Tea pH 6.0 Bacillus subtilis
Brix 3-5 Staphylococcus aureus
pH <4.0

Lactobacillus casei
Salad dressing Aw 0.91

Plant-origin Soy oil 30%

Leuconostoc mesenteroides

D Preservatives is not included in Foods (Soy sauce, S CO. Ltd. Corn silk tea, W CO. Ltd.,
Dressing D CO. Ltd.)

2 TN, Total nitrogen

3 Isolated strains were provided by the Dynesoze CO. Ltd. A representative strain in each sample
was selected.
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Table 4-2. Characteristics of commercial antimicrobial agents

Antimicrobial agents

Characteristics
TLS" Yucca Extract Complex herb Fermented lacto CE?
Powder -G powder
Type Powder Powder  Yellowish powder Yellowish Yellowish
powder powder
Sensory gggf Dark yellow Sweet Light yellow Dark yellow
characteristics . Bitter Sour flavor Bitter
stirring
Solubility Insoiuble ++ -+ +++ ot
(in water) <300ppm Soluble Soluble Soluble Soluble
Legally Rorea, 81 except All All All
used country Japan

1) TLS, vitamin B1 lauryl sulfate
2) CE, Sedum takesimense crude extract
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Table 4-3. Minimum inhibitory concentration (MIC) values of commercial
antimicrobial agents and Sedum takesimense crude extract (CE) in
against isolated strains from Foods by MIC assay

Antimicrobial agents

Isolated
Microorganisms Fermented
P powder™
Bacillus cereus <125 <500 <250 <2,500 <500
Bacillus subtilis <125 <500 <250 <2,500 <500
Staphylococcus ——— _ 1r5 4900 <250 <2,500 <500
aureus
Leuconostoc <250 <4,000 <4,000 <1,000 <1,000
mesenteroides
Lactobacillus casei <500 <4,000 <4,000 <1,000 <1,000
Zygosaccharomyces | _ ;54 <500 <4,000 <4,000 <1,000
rouxii
Candida versatilis <250 <500 <4,000 <4,000 <1,000
(unit : pg/mL)

1) TLS, vitamin Bl lauryl sulfate.
2) CE, crude extract of Sedum takesimense with 40% ethanol.
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Z rouxii & WHEAR] 1 FHAA Atets A= AP EA EE (film-

Adre] AL TFe AVEx 2FEE 1,000 2 2,000 pg/mL,

HIERY Bl 2H¢-E 3 250 9 500 pg/mL, 7 FFE 500 pg/mL, 1,000

%
atereg/dol &=, TLS A2t 2 /8 A7IfE =F5F 2,000 pg/mL
4 {7 FEE 1,000 pgml = AT A= AT 30 LAEA
Atare o] FRlE A Fakth T A7 e E7|HT7F 4.76 log CFU/mML | A]
2 dxfell 2.95 log CFU/mL & FFAsttb7t Al F7kske] 30 Aol A= 4.53
log CFUmML = Z7lsh= Ao¥S Bdd. Add o s wo] Abgeta gl
TLS + E& AdTeA 2 da o]F ApdEo] 30 AUt <1.00 log
CFU/mL olst® uyeh 9] F2lo] #&HA &gk #7F FEE 500
ugmL A4 Al 0 &=} 3.18 log CFU/mL, 2 Y=} 2.40 log CFU/mL 4] %
159 %} <1.00log CFU/mML 7+A] 7F4 381 0w 30 A x}Fol]l ThA] 2.60 log CFU/mL
S7betla. f7F FEFE 1000 pgmLl A8 Afol= 0 dAF 3.24 log

CFU/mL, 2 YA} 1.40 log CFU/mL, 5 ¥ *} ©]% 30 Y7+ <1.00 log CFU/ml
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Table 4-4. Inhibition effects of CE on film formation by yeasts on soy sauce incubated
at 30°C for 30 days

Antimicrobial agents Concentration, pg/mL Day of film formation

Control - 8
TLS" 250 >30
500 >30

CE? 1000 15
2000 >30

Yucca extract 500 15
1000 >30

1) TLS, vitamin B1 lauryl sulfate.
2) CE, crude extract of Sedum takesimense with 40% ethanol.
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Soy sauce

—&— Blank

—0— CE 1,000 ppm

—¥— CE 2,000 ppm

—%— TLS5250 ppm

—— TLS500 ppm

—{1— Yucca extract 500 ppm
—4— Vucca extract 1,000 ppm

Colony(Log CFU/mL)

Storage periods(days)

Fig. 4-1. Leuconostoc mesenteroides changes in soy sauce during storage periods. TLS, vitamin B1 lauryl sulfate; CE, crude extract
of Sedum takesimense with 40% ethanol.
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3. STTTRA T LLE Bacillus cereus 2| 73 XA 3}

ST Aatel A 2l E B cereus o t3l] H3HE B G 250 pg/mL, 500
pg/mL ¢F A71¥ % 2FEE 500 pg/mL, 1,000 pg/mL ©] Z§3ko] 30°C] A
30 45t BAAREE ST FAETE 0 UAF 1.99 log CFU/mL ol A]
3 YolF 596 log CFUmML 7HA w438t doa HF 30 Lol 637 log
CFUmML & Ho] d4a3E Holx dtoy HAVdx ZFEEL 500
pgmL A A 0 A=} 1.79 log CFU/mL = A|&35F] 10 AAF7FA] 1.67 log
CFU/mL & Agte A3S Ho|thrt oA F7kste] 15 4t o] F 2.57 log
CFU/mL, 30 LXlolli= 4.00 log CFUmML & S22 =2tk 18, 1,000

pg/mL &= 0 €2} 1.71 log CFU/mL & Al &8Fe] 30 A 27FA] 1.30 log CFU/mL

ojst2 FAHY =2 FAHEHES RHAFUY AlF  #WEHE
B35 B E T G &= 250 pg/mL A L3 A9 0 U=} 1.63 log CFU/ML, 15 A=

1.41 log CFU/mL, 20 ¥} 2.30 log CFU/mL, 30 & %} 3.90 log CFU/mL = °F3+2]
SRS B AUz 2FEE 500 pgmL B FARSE A H#¢
H3lES Bt B BEY G 500 pgml FEoNAE 0 UxF 1.63 log
CFU/mL °14 20 ¥ 1.18log CFU/mL, 30 ¥ oj &= <1.00 log CFU/mL & }E}fj o]

G ass novk
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Corn silk tea

7
—IF I\i
6 -
5 -
—
= —8— Blak
5 —O— CE 500 ppm
6 4 1 —%— CE1000ppm
%_[J —%— Conplexherb powder-G 250 ppm
—— Conplexherb powder-G 500 ppm
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9
o
Q
2 -
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0 T T T T T
0 5 10 15 20 25 30
Storage periods(days)

Fig. 4-2. Bacillus cereus changes in corn silk tea during storage periods. CE, crude extract of Sedum takesimense with 40% ethanol.
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4. B = =Y (salad dressing)d] FAtd Ao a 3

2 AT ApgE AYE =EAdE AR ¥ S5 80-90C dERE
datete Fol oy ¥ & uA] wievl=E FYste] A
AHE =842 pH 4.0 ©]3}, water activity (Aw)i= 0.896-0.924 = UAk
Alrtolvt g kAol F24o] o] HUtk(Bing et al, 2015). A7]¥x%
ZFEEN} AR a YT 2k 1,000, 2,000 ppm A g5 FAAHIE
TSkt FAE T = A 0 DAtelAl 2.94 log CFU/mL ol 4] 21 L AfellA]
3.15 log CFU/mL % A7 28 AAfef|A] 3.51 log CFUmML = S7FF 1L
AR E R 1,000 pg/mL XA = AE 0 LAF 2.58 log CFU/mI, A7
14 €2} 1.61 log CFUmL % A= 21 2=k o]F <1.00 log CFUmL =

el o, fAREEEE T 2,000 pg/ml FEolAE 7 Db o]F <1.00 log

ity

CFUML & Ho ¥ i8S BTk AV|9x 25552 1,000 pg/mL
Tol A 0 €A} 2.72 log CFUML, A7 14 Y=} 1.84 log CFU/mML =
el om, A4 21 Y o]F <1.00logCFU/mL £ YEYo] #& A S

HAT A7Hx 2FEFE 2,000 pg/mL o= A0 L=} 2.30 log CFU/mML,

A

A% 7 dAF 118 log CFUML ©lF A% 28 4 O]FFE= <1.00 log

CFU/mL ¢] &+ ¥-S e A thFig. 4-3).
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Salad dressing

—#— Blank

—{3— CE 1.000 ppm

—w— CE 2.000 ppm

—— Fermentedlactopowder 1,000 ppm
—— Fermentedlactopowder 2,000 ppm

Colony(LLog CFU/mL)

0 5 10 15 20 ] 30

Storage periods(days)

Fig. 4-3. Leuconostoc mesenteroides changes in salad dressing during storage periods. CE, crude extract of Sedum takesimense with
40% ethanol.
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Table 4-5. Sensory evaluation of Sedum takemense extract, vitamin B1 laurylsulfate
and yucca extract in soy sauce

Sample Overall ]
(g/mL) a;iiel[i)tt;l- Odor Taste Bitter Color
Not-treated 4.08°£0.67  4.08+0.79  4.17°40.39  3.75°+0.45 3.58+0.51
TLS250" 2.58%4+0.51  3.25°4+0.45  2.50%+0.52  2.42°40.67  3.42%+0.51
TLS500 2.17°40.58  2.924+0.67  2.339:0.49 1.674£0.65  3.25*+0.45
CE 1,000% 3.67°+£0.49  3.92%+0.67  3.92%®+0.51  3.50%+0.52  3.422+0.51
CE 2,000 3.42%®40.51  3.83%40.58  3.58+0.51  3.33%+0.49  3.582+0.51
YE 500% 3.17°¢9£0.58  3.50%°+0.52  3.25°¢0.45  2.92°+0.51  3.36°+0.49
YE 1,000 2.83%°£039  3.17%+0.39  3.17°£0.39  2.58°t0.51  3.33*+0.49

Figures followed different letters in the same column indicate significant differences (0=0.05)
score 5 (highly preferred) to a score of 1 (not preferred). "CE, crude extract of Sedum
takesimense with 40% ethanol; » TLS, vitamin B1 lauryl sulfate; ¥ YE, yucca extract.

167



Table 4-6. Sensory evaluation of Sedum takemense extract and complex herb G in corn

silk tea
Sample Overall
@ /mli) accepta- Odor Taste Sweetness Color

blility

Not-treated 4.17°40.72  3.83*+£0.58  3.58%+0.67 3.58+0.51 3.42°£0.67
CE 500" 3.58%+(.51 3.75*+0.62 3.58+0.90 3.42%+0.51 3.33°+0.49
CE 1,000 3.50°+0.52 3.58£0.51  3.25%+045  3.25+0.97 3.50°+£0.52

CH-G 250% 3.83%+0.58  3.92%+0.51  3.17%*+0.39  3.75%+0.45 3.42°40.51
CH-G 500 3.42°+0.51 3.75°+0.62 2.58°+0.67 3.58+0.51 3.17°+0.72

Figures followed different letters in the same column indicate significant differences (0=0.05)
score 5 (highly preferred) to a score of 1 (not preferred). YCE, crude extract of Sedum
takesimense with 40% ethanol; » CH-G, complex herb powder G.
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Table 4-7. Sensory evaluation of Sedum takemense extract and Lacto-fermented
powder in salad dressing

Sample Overall
( /mli) accepta- Odor Taste Sourness Color
g blility

Not-treated 4.00°+0.60 3.67°£0.98 3.83%+£0.72 3.58+0.51 3.83%+0.58
CE 1,000" 3.75%+0.45 3.75*+0.97 3.58+0.51 3.25%+0.62  3.50°+0.52
CE 2,000 3.50%+£0.80  3.50°%+£0.80  3.17%+0.58  3.17%+0.83 = 3.42%+0.51
LF 1,000% 2.83%+0.58  2.92®+0.51  3.17%+0.72  2.92®+0.67  3.83%%1.03
LF 2,000 2.58+0.67 2.42°40.67 2.58%+0.67 2.67°+0.65 3.67°+0.78

Figures followed different letters in the same column indicate significant differences (0=0.05)
score 5 (highly preferred) to a score of 1 (not preferred). YCE, crude extract of Sedum

takesimense with 40% ethanol; 2 LF, lacto-fermented powder.
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