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SUMMARY
(FEL )

1. Title
Development of new products using Ogaja and Cirsium setidens from Jeongseon
and physiological activities

2. Background and purpose

Since Jeongseon Agricultural Technology and Extension center has selected the
specialized crop as Acanthopanax sessiliflorus, many scientists have been researching about
the improvement of yield and processed foods. It is necessary to increase the income of
farmers and find the new route of Ogaja (the fruit of Acanthopanax sessiliflorus) and
Gondre. In this work, we aimed to develop the Ogaja or Gondre-based beverages including
Makgeolli, brandy, and cereal beverage and to purify the ogaja—derived pigment
(Cyanidin-3-O-sambubioside) from Acanthopanax sessiliflorus. In order to maintain the
physical and chemical stability of this pigment, we established the improvemental system
for stability. In addition, we investigated the physiological functionalities of Ogaja—derived
pigment and prototypes.

3. Results and discussion

In order to develop Ogaja or Gondre-based Makgeolli, we determined the mixture
rate of main materials (potato and rice), the additional ratio of Ogaja or Gondre, and rate
of water. Fermentation profiles such as alcohol, pH, acidity, and reducting sugar (RS) were
measured in each experimental condition, elucidating the final recipe and producing the
prototypes of Makgeolli. Gondre Makgeolli has an alcohol content of 6% and was released
to domestic market. Ogaja Makgeolli will be launched at next year. In addition, prototype
of Ogaja brandy was made by distillation methods using Ogaja Makgeolli. To develop
Ogaja—based cereal beverage, rice was treated by heating and saccharified by adding
enzyme-extract, elucidating final recipe and producing the prototype with Ogaja extract.
Enzyme extract has been used as malt that was extracted and filtered in room
temperature.
Anthocyanin isolated from native ogaja (Acanthopanax sessiliflorus) fruit extract was highly
purified using a recycling prep—HPLC, which was structurally identified with HPLC-MS
and NMR analysis. As a result, the mass—to—charge ratio (m/z) of the colorant was
determined to bhe  5&1, and it was identical to  molecular mass  of
cyanidin-3-O-sambubioside (Cya—-3-O-sam). The acid-hydrolyzed purified colorant fraction
was analyzed by TLC and HPAEC analyses, with the consequence that the sugar moieties
linked to aglycone was xylose and glucose. The linkage patterns among sugars and core

cyanidin structure were determined by H-and C-NMR analyses. The effect of heat, light



and ascorbic acid on anthocyanin stability was investigated during 7-day storage period.
Cya-3-O-sam (diglycoside) showed improved color stability in response to heat, light,
ascorbic acid and with copigments compared to cyanidin (aglycone). In the ultraviolet light
exposure for 7 days, cyanidin—3—-O-sam showed the greater color stability.

Interaction of polyphenols with haze-active protein (HAP) forms a complex,
resulting in the formations of haze in the solution and a thin film on the solution surface.
These HAP-polyphenol hazes may decrease the bioavailability of valuable proteins and the
bioactive functions of polyphenols. Thus, in this study we also investigated the haze
formation pattern between food-grade proteins and a polyphenol extract (PE) from an
edible berry, and determined the effects of proteolytic enzymes on the HAP-polyphenol
haze formation. The haze formation was induced by mixing the PE from ogaja fruit and
soy protein isolate (SPI) to be the ratio of 1:1 (v/v) at 0.1% (w/v) level each. This
mixture was stored at various temperatures (4, 25, 40°C) for 24 h. A mixture of tannic
acid (TA) and gelatin was used as a positive control. The polyphenol-protein mixtures
were treated with plant (papain) and bacterial (Streptomyces griseus) proteases, and the
turbidity change was analyzed at 660 nm using a UV/Vis spectrophotometer. The greatest
change in absorbance was observed from the mixture of SPI-PE at 40°C by haze
development, while the major cyanidin—-3-0O-sambubioside purified from the PE did not
react with both of proteins. When the protein dispersions were treated with the bacterial
protease (relative to papain) for 2 h prior to the addition of PE, the haze formation was
effectively prevented for both of gelatin-TA and SPI-PE mixtures. In this study, we
identified that SPI as a HAP appeared to interact favorably with this specific PE. Our
results suggested that the haze formation from protein—polyphenol interaction would be
practically reduced by partial hydrolysis of HAP using selected proteolytic enzymes.

The results may provide invaluable information for developing natural colorants
from anthocyanin-based compounds and for understating the interaction of this unique
colorant with other functional food ingredients.

We investigated the physiological function (anti-cancer and anti-inflammation) and
working mechanism of Cyanidin—-3-O-sambubioside, syringic acid and the prototypes
manufactured by using Jeongsun indigenous product. It was observed that the inhibition of
blood vessel formation on the CAM and tube formation of Human Umbricall Vein Endothelial
Cells (HUVECs) by Cyanidin—3-O-sambubioside and syringic acid. We identified that
motility of cancer cell and activity and expression of matrix metalloproteinase (MMP) were
reduced by these compounds in dose-dependent manner. In was observed that Inhibition
of blood vessel formation on the Chick embryonic chorioallantoic membrane (CAM) and
motility of cancer cell by the prototypes. In addition, to test the inhibitory effects on the
inflammation induced by lipopolysaccharide (LPS), we measured the production of nitric
oxide (NO) from macrophage Raw?264.7. NO production, expression of COX-2 and inducible
nitric oxide synthase (INOS) were decreased by the prototypes. These results indicate that

Cyanidin—-3-0-sambubioside and syringic acid exhibit anti—cancer activities by inhibiting

_6_



the angiogenesis and metastasis and prototypes manufactured by using Jeongsun
indigenous product display anti-inflammatory effects by reducing the NO production and

inflammation—inducing factors.
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Fig. 1. Alcohol fermentation data on the mixture ratio of the rice 86% versus potato 14%.
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Fig. 2. Alcohol fermentation data on the mixture ratio of the rice 79% versus potato 21%.
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Fig. 3. Alcohol fermentation data on the mixture ratio of the rice 72% versus potato 28%.
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Fig. 4. Alcohol fermentation data on the mixture ratio of the rice 65% versus potato 35%.
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Fig. 5. Alcohol fermentation data on the mixture ratio detailed of the rice versus potato.

(A; rice 77% vs potato 23%, B; rice 75% vs potato 25%, C; rice 73% vs potato 27%, —m—; alcohol
concentration(%), —e—; reducing sugar(mg/mL), —4—; acidity)
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Fig. 6. Alcohol fermentation data on the ratio of water added 100% to the cereals.
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Fig. 7. Alcohol fermentation data on the ratio of water added 75% to the cereals.
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Fig. 8 Alcohol fermentation data on the ratio of water added 50% to the cereals.
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Fig. 9. Alcohol fermentation data on the ratio of water added 25% to the cereals.
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Fig. 10. Alcohol fermentation data on the ratio of Ogaza added 1.7% to the cereals.
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Fig. 11. Alcohol fermentation data on the ratio of Ogaza added 2.0% to the cereals.
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Fig. 12. Alcohol fermentation data on the ratio of Ogaza added 2.3% to the cereals.

Fig. 13. Ogaza makgolli picture on the ratio of Ogaza added to the Moromu.
(A; 1.7%, B; 2.0%, C; 2.3%, D; no addition)
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Fig. 14. Alcohol fermentation data on the ratio of Gondre added 1.0% to the cereals.
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BN

Fig. 15. Alcohol fermentation data on the ratio of Gondre added 2.0% to the cereals.

Fig. 16. Ogaza makgolli picture on the ratio of Ogaza added to the Moromu.
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Fig. 17. Change of alcohol concentration in storage condition of 10T temp.

(- #-; no-pasteurization, —e-; pasteurization)
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Fig. 18. Change of acidity in storage condition of 10C temp.(-#—; no-pasteurization,

- e—; pasteurization)
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Fig. 19. Change of turbidity in storage condition of 10T temp.(-®-; no—pasteurization,

- e—; pasteurization)
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Fig. 20. Change of Lab value in storage condition of 10T temp. of Makgolli non-pasteurized.
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Fig. 21. Change of Lab value in storage condition of 10T temp. of Makgolli pasteurized.
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glass 360 6.0 3.0
Ogaza pet 500 6.0 3.0
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glass 360 6.0 3.0
Gondre pet 500 6.0 3.0
pet 1,000 6.0 3.0
3 W4 Wt HE
- 25 A=t FE dedde Wiyt gle Ao vy
- 7|3 AR APE GAFTF AAHAT BHIE FREAA AL Avte] F9
¥ AEAE - BeEd AAE Blind test® A cizls sde 744 Efoll e}
A, BeEdE AAE A H AR B el mekbA Aeld Aty T AL
Be ARe B350 BEEAS PN PAE A9  JRe] U ZFolok & o
HaAol e o] 2708 AAste] et % occasionell th-&stofof & % 2=

_23_




Fig. 22. Prototype picture of Ogaja and Gondre Makgolli
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Fig. 23. Product picture of Gondre makgolli
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Fig. 26. Prototype picture of Ogaja cereal beverage
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Fig. 30. Enzyme extraction and filtration

_30_



sl A Fol A AN ZERA

KeN
=

=]
=

(?_]__

pelut.

G

i vk (Fig.3).

el g wA QW5

o}

ot

B

ox
—_
o

W
RK

ojy

N
X
w

il

Aha

&=

NH

N
N

=
o~

TEZ

Aero 2 1%Brix 9

il
3

o

3

_?4

il
o

x
B

™~
W

o1 g3tol =45

=
=

=AY =7 (LINK, RHB-32)

Fig. 3. saccharification process

2. A8 A3}

3
ml

=

X

I
o}/

t}H(Fig.4).

A

_31_



o
]

o
—

ol re]
—

(x11g)3u=3u02 Jebns

<+

44 48

40

16 20 24 28

12

Time(hr)
—— 200 =-30TC 40T =-50C —607T

Fig. 4. Effect of temperature on saccharification

A

o]
A

o =
e & F

=

B

Zl

sy
B

Fol 50°Cel A 164 7ro]d w3k}

S

5o

<3}

ofef oF #Zvh(Fig.5).

ol HstE & 2=

[}

o5} o] Fof Ao

o7] 4]

EER
A

A

2 Ao® Etoy) Aol

AL Fek SR P w

gl

bol e w4

S

5

T3tE

+ 3LQFel A

F7] 918ke] Al

S

Ho

ARH

FA 9 scale-ups & ¢

S

Aol FAYTHE Felrh glgih

KeN
=

15.5

18

© <+ ol
i i i
(xug)u=quoo 1ebns

10

Auto Clave

Control

Fig. 5. Effect of shape on Saccharification

_32_



o &) At me wa
FZHE Hrlo] wE YW EE Fig6ol Yebdth
18
17 17
=16 r
é 15
=
L1
14 |
o
©
=3
wil?2
10 | | |
Control g0 FEH 27| 2&8Y
Fig. 6. change by addition of Ogaza extract
7 Fzole ovlolo R Jlgdtel FEF g aulR Agdte] FE wWslwhg Ay
ket A} 7] FEFAS @Uste 97 AU RV EY 92V 2°Brixk =4 54
HAed FE90 4] wgiEoly FARo 7] wWiEow #ddHtl. FEE HIlo
o8t W W7l X @al o] %o FAEte] FE:AE AR Aol7] wiifdd FEES %
Wk wEskA QolE ® Ao Azhwch
dof FEAe AL Agols Be AAE dehidw 7] FEAe IS
Ao €2 e eI tHFig.7). gtel A& FR7M2 duto] A IPX e 558
e AgdE wE &gto] Zatsitt

Fig. 7. Saccharification with an additive(Control and Ogaza fruit extract,
Ogaza stem extract)

oks Al FFE HhEE BE QNS A¥u7] e Av] FEE
FT =9 0.25%(2g), 0.5%(4g), 0.75%(6g), 1.0%(8g)= Ho] AHH ArhFigg, 9). &
e BPAXE B IPRLOE WEC AFIHAT 2005 s5etel FEFA 20ty

u] FZelo] 157%7F a1 ¥-o] v},

_33_



15 14.8
14.2
13.6 ‘

14.2

=+ o~
— i

(x11g)ju=quoo 1ebns

10

6

4
Ogaza content(g)

2

on

fruit  extract

8. Effect of Ogaza
Saccharification

Fig.

Fig. 9. Saccharification by Ogaza fruit extract

content

o
T

Fol 0.5%w/wol Aol A

S

R

W~

7
¥
ojy

il

i

ojy

—
o

=9 20%(160g) ©]%

A

= A Tl
ol 25%(200g)

A el A

)

Aoz e tHFig.10, 11). &

2ol o

o of] =

[}
=

==
&

1] =
i

u] 10°BrixE

[}
=

_34_



sEAZ FAEal FrlEe Hastete] @ute W) feiMs A =9 v T
3

sugar content(Brix)
|_I.
o wu o
T T
i N
D
A -,
s
=]
|_I.
o [
=] [N]
=
o

40 80 120
rice content(g)

Fig. 10. Effect of rice content on Saccharification

Fig. 11. Saccharification by rice content

- 9 AsE wgom 4o AT AA FHY 0%E oM o FF A4S
g4stel A7hd F 50TAA 16720417 B FHA AT,
- osbse] FEWWe Auiv] 0Mee] B2 ¥a, A JedA 7 B9 FE

_35_



A E7)E Aeashel A 2A3bEE &S gtk
- B3t gdRyY FEddow Mg yhaa Y 13°Brixyt HEE S H7hErh w3
0 of Mg FelshA shal WAs WA,

170.2%w/w A 7)3) S
= F2H 1000m¢, 500m¢, 180m¢¥} HEW 500ml-S AF&3FA T}

7]7:

Fig. 12. Rice beverage added with Ogaza fruit

extract

Fig. 13. Rice beverage added with Ogaza stem

extract

_36_



A 34

AP FHA: 7k AF MAaA ] gt
El

1 97lAe AuAE 2 FERAYY P4

(1) 714 Als dAE

- Az °7Fx 200 g2 EFF 1 LE 718 4TolA] 2447 €53 3 100 mesh A= o] &
Fol B8 AAST Ao AE AR ANREE FEY 24, G714 £4, ofvx=4E #2440
=

0

O

o
o

(2) 271" #FeEd 4

1) Sample preparation:

O AAe"E 27 FF 48 408 814 % 045 pl membrane filter= o3} 5 HPLCol F4.
@ Standard materials: D(-)Fructose, D(+)Glucose anhydrous, D{(+)Galactose (Sigma-Aldrich
Chemical Co. MO, USA)

- BX%AL8 Table 13 2}

Table 1. Instrumentation and operating condition for SP-LC of ogaja colorant

Instrument Dionex HPAEC system (DX 600, DIONEX, Corp., Sunnyvale,
CA, USA)

Column Carbopac PA-1 column (4®x250 mm, DIONEX)

Eluents A: 15 mM sodium hydroxide
B: 500 mM sodium hydroxide

Detector Dionex EDS0 electrochemical detector

Injection vol. 10 nL

Gradient Time(min)  Flow(mL/min) %A %B

N 0 1.0 100 0

Condition %5 1.0 0 100

45 1.0 100 0

2) L7t reld A A
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Table 2. Released amount of free sugars in ogaja water extract.

Free sugars Unit: mg/100 g
Glucose 2189 = 347
Fructose 4849 + 7.89
Xylose - (Trace)
Galactose - (Trace)

o f89 sEFEA A= Table 29 2uk 2714 100 ¢ 3 glucose2}
fructose”} 27} 2189 + 3.47 mg/100 g3} 4849 + 7.89 mg/100 gl & A=Y ‘RiE‘r Xylose<2}
galactose?] A%, T &4 Al 71719 AZ&3A7F 50 pmol oW, SAHE I 2HEAE pmol ©
A= FAkstH 22 6.41 pmoldt 7.71 pmol ©] €t o= #4 Al YELE e (noise) T
43k7] o1y 7] o xylose®t galactoses= A &0l &7F3 S| (A FeA) ez dddr)

L3 sucrose™ AE AEE A LU

Eoo

3) 27k #7114 24
1) Sample preparation

O A Hge o7 FE5HE 108 g4 5 0.2 L membrane filter2 93 § HPLCel F9.
@ Standard materials: Oxalic acid, Citric acid, Formic acid, Lactic acid, Succinic acid,
Acetic acid (Sigma-Aldrich Chemical Co. MO, USA)

2274 Table 33 #}.

iz

Table 3. Instrumentation and operating condition for HPAEC analysis of organic acid.

Instrument Dionex HPAEC system (DX 600, DIONEX, Corp.,
Sunnyvale, CA, USA)

Column IonPac ICE-AS6 column (99x250 mm, DIONEX)

Eluent 0.4 mM heptafluorobutyric acid

Supressor Anion micro membrane supressor

5 mM tetrabutylammonium hydroxide

Detector Dionex EDS0 electrochemical detector
Injection vol. 20 uL
Gradient condition Isocratic Flow rate: 1.0 mL/min

2) 97b §712% 24

o
o
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Table 4. Released amount of free oragnic acids in ogaja water extract

Free organic acids Unit: mg/100 g
Oxalic acid 15.78 £ 0.26
Tartaric acid 161.02 £ 2.03
Citric acid 8338 £ 8
Malic acid —(Trace)
Lactic acid 30.62 £ 2.79
Formic acid 26,60 = 2.29
Succinic _acid 366.74 + 19.24

- oA} BEFE N §7)4 SR A A3 Table 49F 2t} Succinic acid, tartaric acid,
citric acid, lactic acid, formic acid, oxalic acid ] $F=Fo] Z}7} 366.74 + 19.24 mg/100 g,
161.02 + 2.03 mg/100 g, 83.38 + 8 mg/100 g, 30.62 + 2.79 mg/100 g, 26.65 + 2.29 mg/100
g, 1578 + 0.26 mg/100 g9 To= AEHATE Malic acid®] -+ #7714 AZFSA7F 10
pmolol ™, A E FJAHHE pmolet9lZ 2HiHeH 383 pmol ©] B A% f-7]4He]
AZ4 5% malic acid = citric acid o B Yo7] wjio] o] o]g YA Aol Br1ek
SH (A=A o] A sk AoE Fehd

1) 271A & ofu =2k B A

1) frg] o) =2k OPA (O-phthalicdicarboxaldehyde) =43} 1+

OPA( O-phthalic dicarboxaldehyde ) A|2XH| =

OPA 10 mg

Methanol 0.25 mL

2 - mercaptoethanol

04 M sodium borate 22 mL

0.45 uL membrane filter 04 2}

A4
QIIX} FUW 5 uL + OPA A5 L

A4
0.1 M sodium acetate ( pH 7.0) 40 L Bt

\ 4
HPLC Off A2 =¢

Figure 1. Preparation of derivatized amino acids for HPLC analysis
by OPA (O-phthalicdicarboxaldehyde) method.
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2) Sample preparation

O AXe @ 274 FEHS 38 34 F 045 L membrane filterZ o] 3 & HPLCel F4.
@  Standard materials: 20 L-Amino acids puls GABA(y-aminobutyric  acid.
CAHINO2)(Sigma—-Aldrich Chemical Co. MO, USA)

2z 71L& Table 59 2t}

iz

Table 5. Instrumentation and operating condition for HPLC analysis of free amino acids.

Instrument Shimadzu HPLC system (Shimadzu, Japan)

Column Nova-pak C18 column (Waters Corp., Milford, MA, USA)

Eluents A: tetrahydrofuran : methanol : 0.1M sodium acetate(pH 7.2)
=51:95:900

B: 10096  methanol

Detector RF-10A XL fluorescence detector (Shimadzu, Japan, ex: 230 nm, em:
450 nm)

Injection vol. 20 ulL

Gradient Time(min) Flow(mL/min) %A %B
0 1.0 95 5
1 1.0 90 10
8 1.0 &5 15
24 1.0 80 20
25 1.0 75 25
27 1.0 65 35
32 1.0 50 50
40 1.0 35 65
47 1.0 10 90
50 1.0 5 95
ol 1.0 0 100
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Figure 2. HPLC separation profile of free amino acid in ogaja water extract.
(1. Asn; 2. Glw; 3. Asn; 4. Ser; 5. Gln; 6. His; 7. Gly; 8 Thr; 9. Arg; 10. GABA;
11. Ala; 12. Tyr; 13. Met; 14. Val; 15. Phe; 17. Leu; 18. Lys)

- O7A = FEAe FE oAt B A= Table 63 2vh. 2714 100 ¢ 3 glutamic
acid”’} 53.7 mgo. @ 7}x wo| yEluth. GABA(y-aminobutyric acid. CAHINO2) 384 mg,

valine 38 mg, alanine 234 mg T2 2 AEFAY. &3], 2 #4343 2 7}A ¢lo] GABAY
stifo] A a AEH AT, GABAE SFANAAY AAE ANAAGEARZ 2831,
5 A, AAME Tt e AoE A rh
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Table 6. Released amount of free amino acids in ogaja water extract.

Free amino acids

Unit: mg/100 g

Aspartic acid 1.65 £ 0.36
Glutamic acid 23.7 £ 0.74
Asparagine 1.1 £ 0.06
Serine 055 = 0.05
Glutamine 16.16 £ 0.34
Histidine 2.37 £ 0.23
Glycine 3.14 £ 0.71
Threonine 13.84 £ 0.56
Arginine 492 + 031
GABA 3843 + 0.61
Alanine 2343 + 1.72
Tyrosine 227 £ 0.23
Methionine 1.06 + 0.59
Valine 3796 + 1.54
Phenylalanine 1.08 £ 0.14
Isoleucine 261 £ 0.16
Leucine 2.33 £ 0.1
Lysine 478 £ 0.77
Total amino acids 211.39 + 593

2. QAR MAA AR /AR Axd A7

A1
~

IN

il

Mz

1) I3 5 & o] & 27tA A
1) Sample preparation

~ vlokel Ao =% Wil 2AS Ed HA =Zz7
D Methaol FZ: 2094, 4096 60%, 809, 1009 methanol

@ Ethanol F%: 209, 40% 609, 80%, 100% ethanol

@ Methanol+0.01% HCl F3: 20%, 409 60%, 80%, 100% methanol(in 0.01% HCI.
@ Ethanol+0.01% HCl F%: 20%, 40% 60%, 80%, 1009 ethanol(in 0.01% HCI)

® Acetone F=

NaA A 55

KeN
=

gé
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Rotary evaporator 0|2, §7|£0 X

Y
Sep — pak Ci cartridge 0| & MAX =&

Figure 3. Preparation of ogaja extract for analysis of major colorant.
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2) C18 Sep-pak cartridgeE ©] €3t 2712 AAA F=

Activation: methanol 10 mL

Washing: DW 10 mL

A4
Loading: extract sample 10 mL

A4
Washing: 0.01% HCl 10 mL

\ 4
Elution: methanol (in 0.01% HCl) 5 mL

Figure 4. Extraction of colorant in ogaja by CI18 Sep—pak cartridge

3) HPLCE o] &3t o 7[A MAiaA Az &
- 97x} M AAE C18 Sep—pak cartridgeE o] &3Fo] FZ3F 3 HPLCe
Table 73 7t}

- Rz AL

v 12—

(Waters, Milford, MA, USA).

M 1

N
iRy

Table 7. Instrumentation and operating condition for HPLC analysis of ogaja colorant.

Instrument Dionex Summit® HPLC System (Dionex Corp., Sunnyvale,
CA, USA)

Column Xterra ™M(4.6cmx250mm, Waters, Ireland)

Eluent A 0.1% Trifluoroacetic acid (TFA)

Eluent B Acetonitrile : H:O = 1 @ 1(v/v) in 0.1% TFA

Detector Dionex UVD 170U UV/Vis detector (520 nm)

Injection vol.
Gradient

20 uL

Time (min) Flow (mL/min) %A %B
0 1.0 80 20
0 1.0 76 24
20 1.0 60 40
65 1.0 80 20
70 1.0 80 20
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u-----qﬂ————!ﬂ

oM O .- - - - W
0 20 40 60 80 100 0 20 40 60 80 100

MeOH or EtOH (%) in water

Figure 5. The visual color of anthocyanin extracts from the ogaja at different solvents
system. (A, MeOH/water extracts; B, EtOH/water extracts.)

- 27bA 100% MRS FEEAAE e gan T Adolglon, 100% T FEE
A Ao g el A
o2 PHH U 0°80% FEEME 49 FmelE Aolsk ot AMe e

£ o2

) WEs F=

Table 8. Effect of water or acified water (0.01% HCl) concentration in methanol on ogaja’s

colorant extraction (Dried basis: mg/100g)

MeOH MeOH + 0.0196 HCI
0 36.74 £ 0.21 4813 £ 2.52
20 149.02 £ 3.19 1085 + 1.64
40 313.35 £ 1.34 21526 + 6.08
60 37084 £ 3.75 333.37 £ 3.3
80 37398 £ 4.33 291.33 + 2.26
100 60.27 £ 0.49 53.8 + 2.16

- 7bA mRE FEoA = 60780% WEsol x4 100 g 370 mgol FHrE ol 3ol 7t
S = Aes vk £33 0.01% HClo] H7bd wWegs FEoAx 60% e

333 mgol FEHE AS & F UATH
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w) oEs FE

Table 9. Effect of water or acified water (0.01% HCl) concentration in ethanol on ogaja’s

colorant extraction (Dried basis: mg/100 g)

MeOH MeOH + 0.0196 HCI
0 36.74 £ 0.21 4813 £ 2.52
20 91.92 £ 1.99 23.25 £ 0.75
40 14781 + 2.53 163.96 + 1.39
60 29068 £ 2.39 205.718 £ 2.16
80 193.89 + 2.42 181.38 + 4.94
100 1.86 £+ 2.1 4.28 £ 0.82

- 9 7kAF A 8Hg FEFAAME OF 60% ol®eo] WA 100 g 290 mgol = o] 7t
A 2E&4Q FEEE FAHHAY. =3 0.019% HCle] H7te o ehd FZol| A= 60% ol g
=°] 255 mge] FEH = AS & F dAvk
400 -
@
§ 300 W Methanol extraction
H
‘&T @ Methanol + 0.01% HCI
S extraction
£ 200
S @ Ethanol extraction
% @ Ethanol + 0.01% HCI
'FE 100 - extraction
<
o -
0 20 40 60 80 100
Solvent in water (%)
Figure 6. Effect of methanol or ethanol concentration in water and
acidified water on ogaja’s colorant extraction.
- g FF 20 8 444 FFS BT ARE Figure 63 2ol LEREY. Wwe
FEo| FEEMEA 7MY BEAYS & F UMY vEE FEEC] JHE FEEH 0.01%
HClo] 3% WEE, oleE& FHEHT oF 20% ol o Bol] F&HNeH, & Uy
RrAE BEAA AFAN 254 @ 23 dE Aron FEd
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A

2) % A== 5
1) Sample preparation

O thekgt §uzRY FE3 oA FEFH(5-2-1)& UV/VIS scanning
spectrophotometer(DU 730, Beckman Coulter, Inc., USA)E o] &3} 760 nmeoll A =4
@ Standard material: Gallic acid (Sigma-Aldrich Chemical Co. MO, USA)

Sample 0.05 mL + DW 045 mL

0.2 N Folin- ciocalteu’s phenol reagent 2.5 mL & 7t

VY
7.5% (w/v) sodium carbonate 2 mL &7}

A4

50°Col A 557+ RS (244

\
760 nm Of| A

2) & Ay 54 P
- oobAel FHE MaA FEE BN, A5 dFEe Fu) F2ALE Musp]
date] FHAEANE o] 8T & ABFFe T

Table 10. Effect of water or acified water (0.019% HCl) concentration in methanol on

ogaja’s total phenolis extraction{Dried basis: mg/100 g)

MeOH MeOH + 0.01% HCI
0 178550 £ 86.41 166968 +  28.80
20 164517 £+  33.66 169341 £ 58.71
40 170848 +  100.44 173646 £ 62.81
60 177264 £ 54.96 1559.38 +  38.09
80 110765 +  78.09 1060.71 £ 22.01
100 652.10 £ 6.69 48993 +  16.08
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- el JojA WEE FE AS, MAaAe HA FF 27U 60% WEEA A

EIE 100 g 1.7 go] FEHC], A2Al FERAN Zo] FAE FF A4S HEHIG
ghe 0019 HClelA = 40% wlgh-&elA B&4 oz FEo] sl=rl, ol HMaA 9d o

A sgEel 7% A% BAn wua

w) oEs FE

Table 11. Effect of water or acified water (0.0196 HCIl) concentration in ethanol on ogaja’s

total phenolis extraction(Dried basis: mg/100 g)

EtOH EtOH + 0.01%6 HCl

0 178550 £ 8641 166968 +  28.80

20 1641.57 £ 29.54 221199 £ 991

40 1663.18 +  63.50 172210 £ 29.39

60 178482 + 85.24 197729 + 19.74

80 915.19 £ 3542 90847 £ 2742

100 330.29 £ 749 125.06 + 538
- B FE: A MaAle HA FF 2790 60% olwEelA AxFA 100 gF 18 g
o] FEH o, MAA FEU o] FAR FE Ade WERAT Wb 0.019% HClelA =
20% olgr-golA EEHOR FFo] H=d], HClY H77F v dsd sgEe] F5o 4
TS WA= Ao wadn

2500 H

2000 -
E Methanol extraction

@ Methanol + 0.01% HCI
extraction

1500 -

M Ethanol extraction
1000 -

@ Ethanol + 0.01% HCI
extraction
500 -

Total phenolics contents (mg/100 g)

0 20 40 60 80 100

Solvent in water (%)

Figure 8. Effect of methanol or ethanol concentration in water and

acidified water on total phenolics extraction.

- &1 FE 21 H FHETESE 243 Z29%E  Figure 8% o] YERHITE FEAJOMA
A FEoAME 60% o WEE, deges FEFdA 7H aedor 550
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DA g9 A AE %%6}71 AAAE THQ dEuns dugel BEAq FE
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(3) Semi-preparative HPLCE ©] &3 Qe 71x FHHo xRy AMAA AA (SP-LC)

1) Sample preparation

O 7k AaA FEE& gk o7t HAx, 60% g, oA FE3 S7kA FEE
A sep-pak C18 cartridges ©]&3te] 97FA MAAE 23 & 045 il membrane filter =
o] Z}ato] HPLCA 9.

2 xAE Table 129 2t}

|
iz

Table 12. Instrumentation and operating condition for SP-LC of ogaja colorant.

Instrument Shimadzu HPLC system (Shimadzu, Japan)

Column A PREP-ODS (II) KIT column (30x250 mm, Shimadzu,Japan)
Eluent A 0.196 Trifluoroacetic acid (TFA)

Eluent B Acetonitrile : H:O = 1 @ 1(v/v) in 0.1%6 TFA

Detector SPD-10AVP UV-Vis Detector (Shimazu, Japan)

Detection range 520 nm

Fraction collector FRC-10A collector (Shimazu, Japan)

Injection vol. 1 mL

Gradient Time(min) Flow(mL/min) WA %B
0 10 80 20
10 10 76 24
50 10 60 40
65 10 80 20
75 10 30 20
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© 25¥ 2] anthocyanin A A 43}

2) @b 55

Figure 9. HPLC separation of anthocynin by preparative HPLC
from ogaja extract at 520 nm.

~ HPLC-PDA, HPLC-ESI-MS 24743}, %5 920 853= g
uj Fol F3 33E9 3 ZWS semi-preparative HPLCE o] £3to] &t} w3k 1

71715 ol &3kl AA FHE At

FLE-9] profileo] Y3217

HPLC

249]anﬂmmywﬁn%-HPLC—PDA?i

) BA2 AAHYSS HAD

- Semi-preparative HPLCE 9]
of £413% 43}, 520 nmoll A Hdl &3

AT

il
N
N
=
T
i
O
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3. QA MAA xR U

(1) HPLC-PDAE °| &3 27FA A 2A 9 F4ud 4

1) Sample preparation

-0.01% HCIE 33 dwess& o83 o7k F&5HE 10¥ 5539, 045 uL membrane
filter= o3 & HPLCel F+¢.

- BX%7AL Table 133 v}

2

Table 13. Instrumentation and operating condition for HPLC analysis of ogaja colorant.

Instrument Shimadzu HPLC system (Shimadzu, Japan)

Column Xterra ™M(4.6cmx250mm, Waters, Ireland)

Eluent A 0.1% Trifluoroacetic acid (TFA)

Eluent B Acetonitrile : H-O = 1 @ 1{v/v) in 0.19% TFA

Detector SPD-M10A VP  Photo-diode array (Shimadzu, Japan)

Detection range 190-800 nm

Injection vol. 20 ulL

Gradient Time(min) Flow(mL/min) %A %B
0 0.8 80 20
10 0.8 76 24
50 0.8 60 40
65 0.8 80 20
75 0.8 80 20

2) HPLC-PDAE o] &3t 2 7Ix A 4A 4

Detector B-320rm |
— MeOH033008
MeOH053003 dat

Height Percent

mas

, ] | | | \

Mnutes

- HPLCE ol g3te] 274 Wleg FEole] Aaag £43 A, 520 nme| 22wz
oA W 2st e (Figure 11). o] ©d



(PDA) A% Wilo] Adsdurr. A3 AxA o T2 B8 e oA AaAE 2
AAE &k HPLCA gl o3l A &ee M AA 9] peaki= 190-800 nme] 37 9 ol 4]
27 Hvk Fd &5 334S 520 nm ¢ Ao YEhy 27k e A E QHE Ao
Adz AdH At} (Figure 12 ASB). o] Foll= s 918 A4 55 208 FA3517)
ste] vk IS4 &rlE ol &l FEF 5, AF E4S AYs

-

(A) 1 AN TW 4 N aT A I/"ihl"b""ﬁdl“-' """"""" "j

5P

00 250 300 3450 400 450 500 550 GO0 G50 700 750 200

Figure 12. A. photo-diode array (PDA) detection diagram of ogaja colorant extract.
B: Full UV-Vis wavelength scan (190-800 nm) of the dominating component

in ogaja colorant extract.
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(2) HPLC-ESI-MS & o] &3 o7tA MAA 9 % &4

1) Sample preparation

- C18 Sep-pak cartridgeE ©]&3}o] F=3 271x ALAE
membrane filter= oJ3} & HPLCe| +4.

- B4 %48 Table 149} 2t

F&3te], 045 uL

Table 14. Instrumentation and operating condition for HPLC analysis of ogaja colorant.

Instrument Agilent 1100 series LC/MSD (Agilent Tech, Palo Alto, CA, USA)

Column XterraTM(4.6cmX250mm,Waters,Ireland)
Eluent A 0.1% Trifluoroacetic  acid (TFA)

Eluent B Acetonitrile : H:O= 1 @ 1(v/v) in 0.1% TFA
Detection 520 nm

Injection vol. 10 pL

Gradient Time(min) Flow (mL/min) %A
0 0.6 80
0 0.6 76
20 0.6 60
65 0.6 80
) 0.6 80

%B
20
24
40
20
20

2) LC-ESI-MSE ©| &3t Q7}x} A4 24
(A) 75 eV

284 of YSHIDT082012 0 APLES, Pos, Scan, Frag: 125

6192

zzzzz

92

SRR FSRN 'R [ APRRY PV N TR B O TR 1 Um..ls.tw.l.:hum AT CTP AR TIN T TN .h\hl‘l\jn.nhllw bt vt b et i

200 500 800 700
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(B) 125 eV

1 SPC. time=22 015 of YSHWOT082011D  APFES, Pos, Soan, Frag: 75
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(C) 180 eV
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Figure 13. ESI mass spectra of ogaja colorant extract.
The MS fragmentor voltages are (A) 75 eV, (B) 125 eV, (C) 180 eV.

- QA AAaAY FF TAL 98] ESI-MSE o]&3le] #43F Ay= Figurel3s} 2t}
Fragment voltage 75 eVeol4 m/z 5819 &xzF& <18}9 3, fragment voltage”’} AT =
m/z 581°] ZfopAHA m/z 2874 =27 AAEE S skt ol¢ 22 AdE et
A A FEE TR JdE FE 3FEY aglycone #-A#Eo] 287¢1 cyanidin® S &<l
3 7 A 2 A ]& A#e m/z 581% cyanidin® 7%l glucose®} xylose’} 235
] 9) = Cyanidin-3-O-sambubioside ©. 2 & ¥ U}

(3) HPLC-ESI-MS & |83 AAd HA2A9 +x A4

- AA% MAAE HPLC/UV-Visz &3 ZAx sfvfe] gaz glx o] Agilent 1100
series LC/MSD (Agilent Technologies, Palo Alto, CA, USA)E AF&3}9] anthocyanin® %
& g9l

& o A9 oA AxAe] Tx B4

A (5-3-2)3 S Ag T

HD:
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1) HPLC-ESI-MSE ©| &3k AA| anthocyanin® % &4

(A) 75 eV

uuuuuuu

%13

(B) 125 eV

uuuuuu

(C) 180 eV

1024

5813

| ol | i i w [T | R ol I Iy [ "

Figure 14. ESI mass spectra of anthocyanin in ogaja colorant extract.
The MS fragmentor voltages are (A) 75eV, (B) 125eV and (C) 180 eV.



- Semi—preparative HPLC-S ©o]-&3}o] A A 3te] A2 35S HPLC/MSD= 3Hel3k Ay}
fragment voltage 75 eVollA4 m/z 581(cyanidin-3-O-sambubioside)?] # A} %S 13}
fragment voltage A2 5% m/z 5810] Zro}x|HA] sambubioside”} 2] % 7] wjio m/z 287
9] I A(cyanidin)7} A= Aoz dAdHT)

(4) HPAEC-ECD W& o
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2) Ab - MR S-S o] 83 HPAEC-ECD #4
- HPAEC-ECDE o] &3}

3) HPAEC-ECDH¥H S o] 83t anthocyanin®] 749 4 A3}

nC
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Figure 15. HPAEC separation profile of before acidic hydrolysis of colorant

from ogaja water extract.
- 97kl A 3% anthocyanin 35S AR o] thxT= HPAEC- ECDZ #4138
o)

=
A3} anthocyanin 3-3Eo A3E Fo| 7heid] X 7] widdd "ol AEHA X%

=
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Figure. 16. HPAEC separation profile of after acidic hydrolysis of colorant

from ogaja water extract. 1. glucose; 2. xylose.

- Ab #3E o83t A anthocyanin #3&E9] F7F 72 & &<lstr] 915k
HPAEC-ECD= #43 Ayl glucosedt xylose® TAEHO oy, I vH&L 5%
0.92:19) B]& = anthocyanin¥ Zt7z} A3 H o] &8 &8 4= JAr} glucosest XyloseJ
B2 7S cyanidin®] ¥xF#Fo| ©3k A3}, 7R FEHE2 F 2 anthocyanin 3+¢E EA} &

I AATFE & o A

(5) BA M 24A ¢ HPTLC &4

- HPTLCE o] &3t ¥4 Si 5000 HPTLC =d o] E(10x20cm, Merck, Germany)E& AF-&-.

1) Sample preparation

O A& n-propanol : water : triethylamine : 30% NH3 (80:20:0.2:4, v/v/v/v)¢] H| &=
A 2

@ A Aok N-(1-naphyl) ethyleneamine : sulfuric acid : methanol (0.3 : 5 : 95)¢] v]& =
A .

Q@ ¥7=4: D()Fructose, D(+)Glucose anhydrous, D(+)Galactose, D(+)Xylose
Aldrich Chemical Co. MO, USA)S Al-&.

ARG = A7 & 1A2F &k #hAL

121°Coll Al 107 &A1,

(Sigma-

@ A ES 29
o.
=
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2) AA anthocyanin®] HPTLC ¥4
O 74" 4

1 2 3 4
Figure 17. Compositional analysis of the purified colorant: Sugar composition analysis by
HPTLC (Lane: 1,4: standard monosaccharides, 2. Acidic hydrolyzate, 3. Purified fraction).

! = v '

1 2 3 4
Figure 18. Compositional analysis of the purified colorant: Anthocyanin composition analysis
by HPTLC (Lane: 14: standard cyanidin—HCI, 2. Purified fraction, 3. Acidic hydrolyzate.).

- HPTLCE o]&3}le] AAE anthocyanin 3}gHE 3 AHE8] & 2] anthocyanin 242 &<13}
A+ 3kl th Figure 1804 9 #ko], o] 7heal A &2 FElE o3+ anthocyanin
SIHES] At Jo e widol, A&l &gk ArF & o] Fo] A= AL ST

T AAT. :7—31"} Go] bl @ AH7bp &8l E 3 anthocyanin B2 o] 4F 7Fp¢
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6) AA71FH7]7] (NMR: nuclear magnetic resonance)E o83 Q714 MiA %
- QA A aAe] AEgk gt AdHE S Felsty] g AA|FH 7| E o] &g 4.
- Bruker Avance 500 MIz NMR Spectrometer (Bruker Biospin, Rheinstetten, Germany)%
ol-g3te] F45t9l o, 1H, 13C NMRE4& Z47F 500.15 MHz, 12577 MHzel Al &4,

- TZEAL TopSpin2.0 software (Bruker Biospin, Rheinstetten, Germany) A3 E g o] &
3 2 .

- Sample preparation: AAH A A 10 mgs CF3CO2D:CD30D=1:19¢] o] &4,
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Figure 19. Heteronuclear single Quantum correlation NMR spectrum (HSQC)
ofCyanidin—-3-O-sambubioside, dissolved in CD30D:CF3COOD(19:1).
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Figure 20. Correlation spectroscopy NMR spectrum (COSY) of Cyanidin-3-O-sambubioside,
dissolved in CD30D:CF3COOD(19:1).
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Table 15 1H-and 13C-NMR chemical shift for Cya—-3-O-sam.

'H  NMR “C NMR

d (ppm) J(Hz) d (ppm)
Aglycone (Cyanidin)
2 164.3
3 145.49
4 8.9 s 136.24
5 159.55
6 6.64 s 103.49
7 170.43
8 6.87 s 95.18
9 157.64
10 113.35
1 121.39
2! 812 d 24 118.72
3 147.12
4’ 155.92
5 6.99 d 9.0 117.51
6’ 8.25 dd 84 24 128.71
3-0O-glucoside
1” 539 d 78 102.2
2" 4.05 t 16.8 80.16
3" 3.9 dd 9.0 3.0 75.21
4" 397 s 70.18
5" 3.86 dd 19.8 3.0 77.96
6"a 3.81 dd 84 12.0 62.93
6"b 3.77 dd 114 54
2"-0O-xylosyl
1" A7d 78 106.45
2" 3.16t 16.8 75.92
3 3.30t 18.0 78.25
4 3.37 dd 144 96 71.08
5""a 3.63 dd 12.0 4.8 67.28
5""b 3.02t 216
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- QU7IAY] FEAES 4% Ay 2 71A 100 g9 glucose (0.22 g), fructose (0.49 g)9]
7HA] ol dlxdoez HEHAY. T3 {74 A 27FAF 100g ¥ succinic acid (0.37 g),
tartaric acid (0.16 g), citric acid (0.08 g), lactic acid (0.03 g), formic acid (0.03 g), oxalic

acid (0.02 g) ¢o2 HEHA o, opv|wibe] A9 1 5 GABAZF H=9Aed, 2L FEe

0.04 g& &7ds & AU

- 7t FEFES HPLC-PDAE o] &3t MaA A4S £43 23, 520 nmelA =
WA 98.1% #HA| k= F8 MAAZE EATHE sl oA Ao & s e
W= MAA Q] anthocyaning] 8 3|2 E 5437 91319 HPLC-ESI-MSE °] &3¢ &4
g A3 m/zgko] 5813010 ew, B Asto] WolA uzt & AHA vHiEA Y m/zkol
287.3%1 AL 33k w3k o] 2 MAA = semi-—preparative HPLCE o] -&3}o] ¥-3 3}
Rom, A3 BA7xo $AE fste] £ AEE ol 4 Rl E AP
HPAEC®} HPTLCE o] &3l #2413 Ay vjujdA|Q] cyanidin®l glucose, xyloseZ} & Y]

£ 09 : 12 Ag 1 F%2 cyanidin-3-O-sambubioside) & 218k 4= gl th
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(1) &71A NE25g AaAe £2 2 AA
- 8, &, pH, copigment %71 sl M) L7pA HaA o] kg WEE #Estr] 4

ARERE A2AE o ARG b ARETE A2AE HABAR 2

Oheel A2 2 A A 1Ad R Haskel+.

1) Sample preparation
O 712 A& A
- A8y A5 Aatol we} MAaAY HA FF 2719 60% EtOHOl A MAAE 5

HAEEl @ 71X 200 g + 60% EtOH 1 L

4 °COIM LAIZE &
N

4
100 mesh H|Z 0|&, It XA

\
e o

A 4

Rotary evaporator 0|2, 7|04 XN A

A 4

Sep-pak C, cartridge O|2 MAK| ==

Figure 1. Preparation of ogaja extract for analysis of major colorant.
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@ C18 Sep—pak cartridgeE ©]&3 77X A4aA F+%

Activation: methanol 10 mL

YV
Washing: DW. 10 mL

A 4

Loading: extract sample 10 mL

A 4
Washing: 0.01% HCI 10 mL

\ 4
Elution: methanol (in 0.01% HCI) 5 mL

Figure 2. Extraction of colorant in ogaja by CI18 Sep—pak cartridge
(Waters, Milford, MA, USA).

@ Semi-preparative HPLCS o] &3t 97} =& o 2 RE Mad AA (SP-LC)
- M AaA FEES AT oA HA X 6 Pt

Sep-pak Cl18 cartridge & o] &3lo] S7FA MAaAE
7}3ke] HPLCO )&

ﬂJ

- HPLC B4 %42 Table 13 75
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Table 1. Instrumentation and operating condition for SP-LC of ogaja colorant

Instrument

Shimadzu HPLC system (Shimadzu, Japan)

Column
Eluent A

Eluent B
Detector

Detection range

Fraction collector
Injection vol.

Gradient

A PREP-ODS (H) KIT column (30x250 mm, Shimadzu,Japan)

0.19 Trifluoroacetic acid (TFA)
Acetonitrile : H20 = 1 : 1(v/v) in 0.196 TFA

SPD-10AVP UV-Vis Detector (Shimazu, Japan)

520 nm

FRC-10A collector (Shimazu, Japan)

1 mL
Time(min)

0
10
20
65

75

Flow(mL/min)

10
10
10
10

10

%A

80
76
60
80

30

%B
20
24
40
20

20
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(@) ol w2 oska MaA A Wt
- gol oE A S sl Axe AAAEE 4G oobt ARA oA e

&
gole gauY, ¥

7 &, Ae) A Ao HASIHA 20 6, 12, 24, 48, 72, 120, 168 A]Zkvit
UV/Vis scanning spectrophotometer(DUO 730, Beckman Coulter, Inc.USA)E o]&3}o] 520

nmel A FBEE AT

1) Sample preparation

O 71A MAaA g4 VAR RE AA S anthocyaning 0.01% HClol| =¢]
0.01 mM= A x3F.

@ dz7 &9 FFEZQ cyanidin chloride(Extrasynthése, Genay France)E 0.01%6 HClel

| Al
=o] HE FEE 0.0l mM=z A xg

ofN

— =
TEE

14
1.2 1
1.0

o.s%

0.6 -

>
>

A Abs (660nm)

04

0.2

®
I)

0.0 -

0 20 40 60 8 100 120 140 160 180

Storage time(h)

Figure 3. Light effect on color degradation of anthocyanins under the dark during storage.

(O, cyanidin; 4, cyanidin—3-O-sambubioside)

- A oA cyanidin® A A2olA A 2412 Wl 67.1% ¢ MAaA s Tt 18
th Fol A2FHA F2 vuiF Al cyanidin®] M AaA POl wASHA "olX = whA
Agrd wjgA el o7xEe] £ M4 A] cyanidin-3-O-sambubioside™= A7 7€ Ao = A

& &0] 937% oo R FAHe] Feo] Agor MaA Y HFAge] FXHE. ol T

6 2 cyanidin®] FAAHol X = Aoz AAE.(1)

32

b

o,
B of H

e
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Storage time(h)

Figure 4. Light effect on color degradation of anthocyanins under the fluorescent light

during storage. (O, cyanidin; 4, cyanidin-3-O-sambubioside)

- @ 231 1000 lux o]3hol A cyanidine: A<= Aol A 2413F el A b3 &0l
70.1% RBE AL A% 7HA N = HaA Y AL thF-E<Q 99.7%7F s EHo] M L & o
0.3%0°l =313k o] oA FAAHT} cyanidin M AA Y w7 L FEEE o]Foj A
el wgA ¢l cyanidin-3-O-sambubioside?] d-%-ol= A 744 A FE &o] 91.9% =
Fol Agom Ma PAAMol AASA FUFeke Ao R oty oy W AR T
AstA wEAQ 27xe] F M AA cyanidin-3-O-sambubiosides STEAJolA A A A
¢l cyanidin® x4 AL E FAAIA @] AdEer dF gel dE FIFe A9 v &
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(3) Gl g 271A MAA L] ¢HAAL W3}

5 A SAHE A8l MAAY FYAHAEE B4 oA M §Ad gz &Y
S 4, 25, 80°C Z7A AFsHA 2, 6, 12, 24, 48, 72, 120, 168 A 7tvit} UV/Vis scanning
spectrophotometer(DUO 730, Beckman Coulter, Inc.,USA)E o] &3t9] 520 nmolA] EH=E
=i

- 90 9F TS AAS] Astel Lol YE Pa 2A sl AgshuA A

il
2

KeN
=

B

e

1) Sample preparation

O 7R AAaA S 7R =EE AA S anthocyaning 0.01% HCl = HF %
0.01 mM= Al =3

@ x5 &4 ZTFEZQ cyanidin chloride(Extrasynthése, Genay France)E 0.0196 HClel

=o] HE FEE 0.0l mM=z A xg

(ld

14
1.2 1
1.0 1

o.sgéé—é—e—éﬁ A A

0.6 -

A\ Abs (660nm)

04 -

0.2

®

& —0
0.0

0O 20 40 60 8 100 120 140 160 180

Storage time(h)

Figure 6. Thermal effect on color degradation of anthocyanins at 4°C during storage.

(O, cyanidin; 4, cyanidin—3-O-sambubioside)

- 4°C A A%, cyanidinelA & AA 24z whel M AaTE 54.1% T HAA| L
cyanidin—3-O-sambubioside< A& 7L Aol = 93.9%¢2] 24

M ZHE S8 HoE 4°Col A e A
A PAALE v A B wydA 7 A4 QEASE a, 58] wlg AT E2E TEAE M ¢
Ardol v 5% Aoz e T o] AAV|ZF F<te] kA HIE e HQsirar
ke,
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@ 25°C

14
1.2

P
1.0 -

08 &@H—

0.6 -

B
e
b

AAbs (660nm)

04

0.2

o a
© © —
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0 20 40 60 8 100 120 140 160 180

Storage time(h)

Figure 7. Thermal effect on color degradation of anthocyanins at 25°C during storage.

(O, cyanidin; 4, cyanidin—3-O-sambubioside)

- 25°C A% A%, cyanidine A7 2A1ZF "o M4 w3 &o] 67.0% 7Y
Hop Ah gyt gL Zo] AdE. Cyanidin-3-O-sambubioside®] 74-%-9l =
M ZFE Eo]l B1% FrloE A, uekA] v dA cyanidin®] A5 A
Zholl &= M aA Fx27F WA wbgSke] A Qg el A5l 2B

oo 2
S
=

(RS T e
24
o
rto
i

S,l
G v e
o A% Aol mElg FEeIMe) AP Fart o FolR Ao 1.
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@ 80°C

(wug9g) savsy

100 120 140 160 180

Storage time(h)

20 40 60 80
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Figure 8. Thermal effect on color degradation of anthocyanins at 80°C during storage.

(O, cyanidin; 4, cyanidin—3-O-sambubioside)
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(4) pHell & 271x AMAA 9 <HAAL W3t

- pHell tigh e7kxp MAaA L HAAd S-S 98 M4 RAARE F45uT. 2ok A
A2 g3 gzt §98 Gl 4 °C, 25 °C, 80 °C = H#AIFHUA pHE G 3o (pH
2,3, 5) 2 6, 12, 24, 48, 72, 120, 144 A zkv}t} UV/Vis scanning spectrophotometer(DUO 730,
Beckman Coulter, Inc USA)E o] &3t 520 nmollA] SHEE S4E.

1) Sample preparation

O 7MAF AMaA &9 oVl =E-H AA S anthocyaninsE pH 2 (KCI-HCl buffer), pH 3
(KH phthalate-HCl buffer), plI 5 (KH phthalate-NaOH buffer)2] bufferel] 27t =o] HE
FEE 001 mM=Z A xE.

@ WET £ HFEZAQ cyanidin  chloride(Extrasynthése, Genay France)E pH 2
(KCI-HCI buffer), pfI 3 (KH phthalate-IIC]1 buffer), pH 5 (KH phthalate-NaOIl buffer) 2]
bufferel] =¢] HF $=& 001 mM= A=k

2) pHoll did ebdd A ¥
@O -4 °C A% Al pHel w& 4 <bgd W3l

AAbs (520nm)
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Figure 9. pH effect on color degradation of anthocyanins in various pH buffer solutions
under the dark condition at 4 °C during storage. (A, cyanidin;, B,
cyanidin-3-O-sambubioside: O, pH 2; [, pH 3; A, pH 5)

- -4 cCx sl A AR b L pHYF Y A WERSEoH, pH2 230l A 1444131
R

A3 F ) Z79 cyanidin® A 93] &
= 4.0%0° B33 pH7F 5¢ WE we &
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=
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Figure 10. pH effect on color degradation of anthocyanins in various pH buffer solutions
under the dark condition at 25 °C  during storage. (A, cyanidin, B,
cyanidin-3-O-sambubioside: O, pH 2; [, pH 3; A, pH 5)

-A-25 °C oA e Ma kg A pH7l Heas =4 v o™, pH 2 Z7 A
144X 7F $-2o] M43 & cyanidin®] 7-% 83.0%, cyanidin-3-O-sambubiosidet® 3.0% A%

o]
.
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Figure 10. pH effect on color degradation of anthocyanins in various pH buffer solutions

under the dark condition at &0 °C  during storage. (A, cyanidin, B,

cyanidin-3-O-sambubioside: O, pH 2; [, pH 3; A, pH 5)

- =80 °C Aol Ao MAa A B3 pHYF BEFE B UERSH, cyanidin®] A&
i g2 v 29k u53d 820%A %ol cyanidin-3-O-glucoside®] M4 #3] &&
780% A== tfE 25X Hl&] A Ued
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2. QMR MA S AL FAE et 74

(1) Copigments E=A| 38} 2714 A <HBA
-8l Ao Bl x2de geEste] A A o g
| Abdtd b x27olA A kAol skl Fe Ao w
o] JEs @ B AoR v 2 dydAE L

]_
Hkol © &2 copigments®] H 717 Az kA Ao v R = Sk

o

IS NS

2) Sample preparation

O 7FAF MAaA Eq: Q7R oA AA S cyanidin-3-O-sambubiosides 0.01% HClel| =<
HE FEE 001 mM= A xE

@ zx7 &9 FFE54<2 cyanidin chloride (Extrasynthése, Genay France)Z 0.01% HClel
o] HE 52E 0.0l mM&E A x3

@ Copigments #<: L-Ascorbic acid, ferulic acid, rosemarinic acid, ¢} tannic acidE 0.01%
HClol o] HE 355 001 2 002 mM= A=

@ Z+zyel anthocyanins¥} copigment-& <42 EH|& 1:1, 112 (vv)2 £33 5 2A8E

— 27FAF M SR Ul §9S 4, 25, 80°C FelA HBEHA] 2, 6, 12, 24, 48, 72,
120, 168 AJ7Fett} UV/Vis scanning  spectrophotometer(DUO 730, Beckman Coulter, Inc.,
USA)E o] &3t 520 nmollA &F=E SAT.

3) Copigments <A 312 A A&

D L-Ascorbic acid

- Cyanidin® L-ascorbic acid®] #7Foll Aaglo] H43 M4 73 &5 W, do] 234
A A% L-ascorbic acidl €3+ copigmentation &3+ 7|thd ¢ glslow 23]
prooxidant®= A o] F-A Al & F= AR oty (Table 1)(3). 2gjar MAaA &4
L-ascorbic acid #H]&o] 1:22 o2 A$ cyanidinolA ¥k oyl wigA 3 e)e
cyanidin-3-O-sambubioside| 5| &= A & 7]7ko] Ao AFE kAol Wolx]= AS Eelg
AN, Ao =2 copigmentZ A2l AES 7|Ust H7FE L-ascorbic acides x| <HAA

o

of A& FH XstAY 288 S "ojmge AiE Hojw. wokA] L-ascorbic acid
of 9]3F copigments ¥+ & Ao=Z dHud
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Table 2. Copigmentation effect of L-ascorbic acid on color degradation of anthocyanins

during storage (25°C, under the dark)

Cyanidin Cyanidin—3- O-sambubioside
(M/M) 1:1) (1:2) 1:1) 1:2)
Storage Time AAbs AAbs AAbs AAbs
0 1.051+ 0.002 1.021+ 0.010 0.838+ 0.007 0.839+ 0.002
2 0.347+ 0.009 0.312+ 0.012 0.841+ 0.002 0.837+ 0.004
6 0.211+ 0.012 0.188+ 0.006 0.835% 0.002 0.828+ 0.008
12 0.141+ 0.009 0.139+ 0.004 0.828+ 0.005 0.847+ 0.008
24 0.137+ 0.003 0.129+ 0.004 0.818+ 0.006 0.813+ 0.002
48 0.107+ 0.007 0.109+ 0.007 0.772+ 0.008 0.763+ 0.006
72 0.105% 0.004 0.093+ 0.003 0.746x 0.004 0.732+ 0.009
120 0.091+ 0.009 0.085¢ 0.005 0.683+ 0.009 0.606+ 0.007
168 0.068+ 0.003 0.054+ 0.004 0.654+ 0.008 0.627+ 0.031
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@ Ferulic acid

- Ferulic acidell 93k ks Ay H] siF A2 cyanidine ferulic acid®}e] EnH] o] 1:1
A W AATE 93.9% ] EH AL, FHEo] 12 A W 96.8% I Hol FH|Eo #AGle] -
2o MAavt g, o] ‘ﬂﬁﬂ w2421 cyanidin-3-O-sambubiosidex= A% 79 Aol ferulic
acidebe] Ev|Eo] 1113} 129 of A FE &o] 2447 958%9f 96.7% = Eh| & #A Gl
A 7F w-g oFA EHA %X]% T3 ferulic acid’} cyanidin-3-O-sambubioside®] 4 <oFA A

of vAl= dFez A 7L ol tiF FAo] Bad Aoz weky (Table 3).

.

Table 3. Copigmentation effect of ferulic acid on color degradation of anthocyanins during
storage (25°C, under the dark)

Cyanidin Cyanidin—3—- O-sambubioside
Molar ratio 1:1) (1:2) (1:1) (1:2)
Storage Time AAbs AAbs AAbs AAbs
0 1.047+ 0.007 1.018+ 0.007 0.841+ 0.004 0.834+ 0.011
2 0.342+ 0.011 0.341+ 0.008 0.829+ 0.006 0.832+ 0.003
6 0.193+ 0.004 0.208+ 0.006 0.826 0.006 0.835¢ 0.005
12 0.134+ 0.004 0.165+ 0.008 0.816 0.006 0.829+ 0.004
24 0.059+ 0.008 0.135+ 0.003 0.81+ 0.006 0.825 0.003
48 0.083+ 0.012 0.093+ 0.005 0.802+ 0.003 0.806% 0.004
72 0.068+ 0.004 0.07+ 0.001 0.798+ 0.010 0.806% 0.004
120 0.067+ 0.003 0.049+ 0.002 0.804+ 0.006 0.811+ 0.002
168 0.064+ 0.004 0.033+ 0.001 0.806 0.004 0.807+ 0.004

_77_



@ Rosemarinic acid

- Rosemarinic acidel] ]3¢t s A H W, ferulic acide} vFzH7FX| = W] v 9 AQ] cyanidin
o AL EvEel  #AGel AMart 90% ol dIE. oo Rkl wjEA
cyanidin-3-O-sambubioside= A7 74 Ao ferulic acide}e] EnH]go] 1:13 1:2¢ w 24 7
& &o] Zt7F 96.8%¢F 974% = Eulgol #Aglel MAavE o A A FAP. wEd
rosemarinic acid’} cyanidin—3-O-sambubioside®] 22 <FA Ao v|A+= AFo =z AR 74
o]Fo] thet FHo] B Ao=Z FHE (Table 4).

Table 4. Copigmentation effect of rosemarinic acid on color degradation of anthocyanins

during storage (25°C, under the dark)

Cyanidin Cyanidin—3- O-sambubioside
Molar ratio 1:1) (1:2) (1:1) (1:2)
Storage Time AAbs AAbs AAbs AAbs
0 1.035+ 0.005 1.04+ 0.003 0.845+ 0.006 0.834+ 0.004
2 0.35% 0.006 0.373+ 0.007 0.838+ 0.006 0.844+ 0.002
6 0.193+ 0.005 0.226x 0.009 0.841+ 0.002 0.832+ 0.001
12 0.166+ 0.003 0.181+ 0.002 0.834+ 0.001 0.828+ 0.003
24 0.134+ 0.006 0.145+ 0.008 0.826x 0.004 0.823+ 0.002
48 0.088+ 0.007 0.093+ 0.007 0.821+ 0.002 0.803+ 0.002
72 0.078+ 0.003 0.087+ 0.006 0.815+ 0.003 0.808+ 0.003
120 0.072+ 0.006 0.084+ 0.004 0.813+ 0.002 0.814% 0.004
168 0.068+ 0.003 0.074+ 0.008 0.818+ 0.004 0.813+ 0.002
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@ Tannic acid

- Tannic acidoll ¢J3F Q&S Ayrw, v ¥iFAQl cyanidin® A7 744 A& IE &
tannic acid®t®] EW|&o] 1113 1:2¢ d 22 51%9 5A4%= v 2%k ofo whal ®jF
¢l cyanidin-3-O-sambubiosidet™ A7 7L Aol tannic acide}e] =4v]Eo] 1:13 1:2¢ wf 44
ZkE L & zvzy 95.8%¢  964%E Wi E=%e. =¥ tannic  acid7)
cyanidin-3-O-sambubioside®] 24 ¢FA Ao m| A= gGggoz A 7Y o]F o s =A o

Bod Ao WekE (Table 5).

Table 5. Copigmentation effect of tannic acid on color degradation of anthocyanins during
storage (25°C, under the dark)

Cyanidin Cyanidin—3—- O-sambubioside
Molar ratio 1:1) (1:2) (1:1) (1:2)
Storage Time AAbs AAbs AAbs AAbs
0 1.04+ 0.005 1.035+ 0.013 0.842+ 0.002 0.839+ 0.002
2 0.385¢ 0.007 0.42+ 0.008 0.835¢ 0.006 0.836% 0.004
6 0.241+ 0.006 0.264+ 0.008 0.831+ 0.002 0.833+ 0.002
12 0.188+ 0.005 0.219+ 0.006 0.825¢ 0.012 0.831+ 0.002
24 0.159+ 0.008 0.167+ 0.003 0.826x 0.003 0.822+ 0.004
48 0.111+ 0.010 0.121+ 0.010 0.81+ 0.006 0.809+ 0.003
72 0.096x 0.006 0.101+ 0.010 0.813+ 0.002 0.804+ 0.001
120 0.085¢ 0.004 0.076x 0.004 0.82+ 0.004 0.813+ 0.011
168 0.054+ 0.002 0.056x 0.004 0.807+ 0.006 0.809+ 0.008

)

- cyanidin-3-O-sambubioside 2] 4% MA4aA9 718 copigmentse] EH|gof #7
Ay 7R 7K L-Ascorbic acidE A9 s+ ZE copigments A& oA 95.8% o]

Sa FgE $e MY AW, AP APE i 25°CAA AP wF A

dir %2

2 rlo

A+ &
cyanidin-3-O-sambubioside®] copigments &3}ol] ¢3F M4 ¢kAA A a3 ©Ag] 17
3l 25°CHT =2 2591 80°ColAle] A38& 5 Mas & a7t vk dd 2.
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3. M AaAY AF A A F2AS 290 94 2 4 W4k va
1) AE A& 1\] 470;(1 o} Q9 g

1) Sample preparation

O ZgHE &

- ZF tannic acidE Eol =9 HF T=7F 0.02, 0.05 01%7F =5 Az

- Q7FAF extract: 7R AXF|AS 20%= B FF 3 F #HETHEFo] 0.02, 0.05 0.1%7)
HUEE A xE,

- Cyanidin-3-O-sambubioside: A3k 2. 7}& F2 42421 cyanidin-3-O-sambubiosideE & 9|
o] HE Ul 0.02, 005, 0.1%7} H=E Az

N

@ = gof
- T AEARE T dE E2TE gelating 01% 2 Zo dEAIZl & EHiE B4 208
1k 7taste] Az

- SPI(Soy Protein Isolate): &3] 592 0.1%= 0.02 M potassium phosphate bufferel] =
¢l = 2FE =olA 2081 ThEske] Axg

2) ZYuE-wA Fs g

- 0.02, 0.05, 0.1%(w/v) Zg#& |43 0.1%(w/v) @A RS 7H7F Ll(v/v)Z £33+
4, 25, 40°Coll A~ 0, 1, 2, 3, 6, 12, 24 At Ao 2 A5 2rgof 23t haze’l B4 & ARE
#&3s7] 93ke] UV/Vis scanning  spectrophotometer(DUO 730, Beckman Coulter, Inc.,
USA)E ©]&3t9] 660 nmellA F3=9 Was A%
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Figure 15. Effect of tannic acid and reaction temperature on the haze formation of gelatin
solution. (A, 0.02% tannic acid; B, 0.0596 tannic acid; C, 0.196 tannic acid: O, 4°C; [,
25°C; 4, 40°C)
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Figure 16. Effect of ogaja extract and reaction temperature on the haze formation of gelatin
solution. (A, 0.0296 extract; B, 0.05% extract; C, 0.196 extract: O, 4°C; [, 25°C; 4, 40°C)
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Figure 17. Effect of polyphenol concentration and temperature in 0.1%6 gelatin on haze
formation. (A, 0.02% Cyanidin-3-O-sambubioside; B, 0.05% Cyanidin-3-O-sambubioside;
C, 0.1% Cyanidin—3-O-sambubioside: O, 4°C; [, 25°C; 4, 40°C)
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Figure 18. Effect of polyphenol concentration and temperature in 0.196 SPI on haze

formation.(A, 0.0296 tannic acid; B, 0.05% tannic acid; C, 0.1% tannic acid: O, 4°C; [,
25°C; A, 40°C)

- Tannic acid®} SPIZFE] WH&-o| A= tannic acid®] H7FaFat W& wo] WS Fojx & 2
Az Welol A= hazeZt A9 FAHA &= ASZ yEbd. 40°C iﬁoﬂ/ﬂ 0.02% & =<}
0.05% 5= 2] SPIoA &= 24A17ko] Xt & S3% Fho] 003 A% F7F8FH oL 0.1% 5ol A &
014 %= FS7Fakd At 4°C, 25° CZZioﬂ/ﬂt Bt 002 Awe wWalulo] UEY. o] whm A o)
obv ;e 4h A H Wi, 3A % uet HE SFEEe 534 dAdsel d¥%E Fu AL

d H=A

2 o8 e ¢ d. TIE lﬂ_jloﬂ*ﬂf Proline-s @o] &f3h= @lde] A 54
tEte] S3HA A eo] Eol A hazeE A= Ao=Z UeRT ). SPIE] 4% proline
shakol oF 59%6& proline©] 12%9%) gelatinell W]3l] proline $F&o] Ao tannic acid9}e] wH&-S
%3l haze HAHT AA7 #AAdE Aom FZHo] 7bed F tannic acide] A$
proline-specific g+ g5 2tgo] NP AE 7t AAME F= 2 e.
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Figure 19. Effect of polyphenol concentration and temperature in 0.1%6 SPI on haze
formation. (A, 0.02% extract; B, 0.05% extract; C, 0.196 extract: O, 4°C; [, 25°C; A, 40°C)
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Figure 20. Effect of cyanidin—3-O-sambubioside and reaction temperature on the haze
formation of SPI solution. (A, 0.02% cyanidin—3-O-sambubioside; B, 0.05%
cyanidin—-3-O-sambubioside; C, 0.196 cyanidin-3-O-sambubioside: O, 4°C; [, 25°C; 4,
40°C)
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2) Sample preparation
(D Polyphenol preparation
- Y Z 5 tannic acidE =l o HE sE7F 0.1%7F HEE A X3

- Q7FA} extract: 71AF AxXAAES 20%% & F5 3] total phenoldFo| 0.1%7F HEE
A 23}
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Lo FEoz 20837F #olA A}%@
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- Plant protease: papain from Papaya latex (Sigma-Aldrich, USA). papaing 0.02 M
potassium phosphate buffere] =] 1.0 U/mL, 10.0 U/mL7} ¥ %% Al =3
- Bacterial protease: protease type XIV from Streptomyces griseus (Sigma-Aldrich, USA)
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Figure 21. Effect of papain on the inhibition of haze formation during the incubation at
40°C. (O, 0 hr; [, 1 hr; 4, 2 hr)

- 0.1% gelatin°l 1.0 U/mL9] papaing 2o & % 0, 1, 2 A7 ¥& A7l £ 0.1%9] tannic
acid® H7}8S o papainol] &3 haze A AdE 271 FF% Fho]l 05-07 FFolA=. ©f
B 2AE R AT A &= FAA] 0.1% gelatindt 0.19%69] tannic acidg WHEAAES w9
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Figure 22. Effect of papain reaction time on the inhibition of haze formation during the
incubation at 40°C. (O, O hr; [, 1 hr; 4, 2 hr)

- 0.1% tannic acid®l 1.0 U/mL<9] papaine %7} 3
A7 Ao 27 FRE W3 " 24A%E 29 FAEe Wsirt elatmoﬂ A papain
= Z7bete] JheEE vhEe RIS W HY EF =4 UEw S 53] 0.1% gelatine] 1.0
U/mL2] papaing WA #5471 A& FoAe 7] 3% Fto] 0.5-0.791 A H|st4 0.1%
tannic acidoll 1.0 U/mL®] papaing WA ¥EgA71 A9 7] S35 2 142 v§ =
k5. AT 0.1% tannic acide 1.0 U/mLe] papainz 2A]3F #3815 0.1% gelating 3 7}st
B Aol =g A AAFHUA hazeBdo] o) =AE Asfy= Ao= ¥l Papaing 3
7hek %= OAIZE A3 Fo  gelating WHEAIZ A EATF hazeF A& ASIAIA 24430 A
W 5ol E3w Wslgie] 095 AEE X H(Fig 15-C)ell )8 0.2 A% AU e papain 3
7F 32X 7 A3 ¥ gelating WHSAIZ] G 24417 A Fo] FHE WEkgko] 025 AR o]
=2 6% haze¥4dS AAZ AL & F 5. Gelatind] papaing 0417 ¥-& A7l

tannic acidE 7} 3 A-$(Fig. 21), tannic acidE % 7] Aol o]v] &7} whE3Fe] haze

Ae A A 7] FFE Fo]l v¥& Aow w9,

~

ol o

El

- Proteaseol] ¢]3%F HA—protein Zheasll AEe 271 AAE 93 dH] Aded A proteing:
protease® WA 3] % polyphenols ¥ o= A3} polyphenols WA protease® ¥H-g A 7|3l
A proteing 5—0111" A BT 2A7Fe] wES o A= haze PAAES AdlEeE AR Horn=
zkzke] Aol gk & A= { 2

9)o| &= bacterial proteaseE AFE3FA AL, EAE dn| A& oA ALE3E 2l 1.0 U/mLJJr -t
< 59 100 U/mLe ¥v-&&% A 213353 .



4) Proteasedl 2] HA-protein?] 7}#3] A3

- Protein®l proteaseZ WF-S-3}o] 40°Col|A] 2A]7F WS A]Z1 & polyphenolS # 718t 0, 1, 2,
3, 6, 12, 24 Azb vt haze Aol A3l = HEE UV/Vis scanning
spectrophotometer(DUO 730, Beckman Coulter, Inc., USA)E o] &3] 660 nmoA EFE=E
SA g

- Polyphenol®] proteaseZ A 7}3Fe] 40°Coll A 2A17F A3 & proteing ¥HSA1A O, 1, 2, 3, 6,
12, 24 A1z vt} haze @Ao] As] = AEE UV/Vis scanning spectrophotometer(DUO

730, Beckman Coulter, Inc., USA)E ©] &34 660 nmolA S3E=E S4E
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Figure 23. Effect of papain concentration on inhibition of haze formation
during the incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 24. Effect of bacterial protease concentration on inhibition of haze formation
during the incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 25. Effect of papain concentration on inhibition of haze formation during the
incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)

- A FEFEI SPIY JEAgo] 9%
(Fig. 19C) 425 #7131
9. 0.19% SPI& papainy} wF

ol m&l 0.1 A% Zo]&. &4 UnitFol #A flo] 2443 Fof=

592

_99_



@ 0.19 SPI°l 1.0-10.0 U/mL¥9 bacterial protease 7} & 0.1% 271A F&=& A7}

14
(A)

=
N
a1

=
=}
|

AAbs (660nm)
o o o o
N > (<] o

e
(=]
|

0 5 10 15 20 25
Reaction time(h)

AAbs (660nm)
o I o o
N > (<] [}

e
(=]
|

0 5 10 15 20 2
Reaction time(h)

Figure 26. Effect of bacterial protease concentration on inhibition of haze formation
during the incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 27. Effect of papain concentration on inhibition of haze formation during the
incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 28. Effect of bacterial protease concentration on inhibition of haze formation
during the incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 29. Effect of papain concentration on inhibition of haze formation during the

incubation at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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Figure 30. Effect of bacterial protease on inhibition of haze formation during the incubation
at 40°C. (A, 1.0 U/mL; B, 10.0 U/mL)
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EoAE de novo Y HAAHoE x7] LAFAAARE dojdrh ® tE AL Al
(Angiogenesis)® 719 Aol Ap=ol oaf Wolrt dojub ey dito] PAH = HHolrh. il
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of oz HA. webA o]y AAS Wache EHAES AAAAH VEE AsE & U
o wjo} o %Eq&m (Chick embryonic chorioallantoic membrane, CAM)2 248 ©43} 1L
A 8= =4 el 83 (intravascular) #RF oy} o4& (topical) FR e EHE BT AT
F aL, & A3 Hlal] iAo R A&y, FoF AR 2 A V)Ed Aad
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W o7 A AMAAE 10 ug/mlleggol A oF 50% ©]/42] antiangiogenic EHE H. 3L, 30
ug/ml/eggol A= 80% oo vl =2 AN AA &8 2159t (Table 1 & Figure
1.

Table 1. Anti—angiogenic effect of cyanidin—3—O-sambubioside

) No. of No. of 9% Relative
Sample Concentration ) . ..
survived eggs positive eggs activity
0.1% HCI - 9 0 0

Retinoic acid 10 uM 9 4 44.4
cyanidin-3-0-

o 1 ug/ml 14 0 35.7
sambubioside

10 ug/ml 15 8 03.3

30 ug/ml 13 10 76.9

¥ ) 27(0.1% HCI3 retinoic acid)2 107, ZF AlZ¥H = 20719 FA &S AF&33AT.
¥ 96 relative activity:= (number of positive eggs / number of survived eggs) x 1005 &3l
A

Fsaih.

Cyanidin—3— (0—sambubioside [pg/ml]

Figure 1. Effect of cyanidin—-3—-0O-sambubioside on anglogenesis in the CAM assay

@ HUVEC®I 4] Tube Formation &} g4 ¥4

AAE R AAd S ATskr] gk b 2
Al & (tube)E IAH ot vH& A= Ao St
o #Hare]  F-FE(tubular structure)E FAFA Wi, o)==
(extracellular matrix, ECM)-S- =23t in vitro JolA % AT
23 jn vitro assay® Aol ek vtRIMA R in vivo A E ol d @ae AdE FA5A
A AR, E3] Engelbreth Holm Swarm (EHS) F£UAXZF-H F2 laminine = TAH
Matrigel-2- o] &3}9] in vitrool A 244)17F ol tube formationS %3 4 Slth
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=
=
=
=
2.
"
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10 mg/ml® Matrigels 12-well plated] FH3FUTE HUVECs (Human Umbricall Vein
Endothelial Cells)9] 1.5 x 10° cells/mle] F%== Matrigel= FEH plateo] seedingdtal 37°C Hl| k7)ol A
60 &<t HiFstth. 2ok MAAE wEEE AEstal 57t wiFsialth 24X3F & #AVH o2 tube
A 55 SAsIAUTE

7329 tube® HATA oY 30pg/mle S MAAE A3
AEJ. (Figure 2).

Cyanidin—3—(—sambubioside [pg/mll

Figure 2. Inhibition of cyanidin—3-0O-sambubioside
onn HUVEC tube formation on Matrigel

@ ¢ Ao oA A &

el HElHo] v AiEe 8 (H2d 9 EiE il A4 e B9 R o]t &
UE AR TS AT olX Y Fdo] 2 AEF-9olA oy FEE wet thE A F-9o o
Ao Lol A AH, S48k ddE a7 Aol dAEe} A
Z9714 (extracellular matrix)®] 37| 2 AdA S Tt kA HAS AZTh AZL7 49
oo #odshE metalloproteinase (MMP)= ¢F #olef Hfol w83 98 e Aoz RuFHd
(12). ol#l o= < #o| oA &d2 9 o5 (cell motility) B MMPS| A3l &/3-& B9t

12 o
i > 2
=
o
3
3
3
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o
XL
o
o,
lo

o

Gh AL o5 oAl 2 =

‘1—;1——“ — = é -
AL FH MEF MDA-MB-2318 A3t o #o| dAAgdde Frstdinh oF AlxF
(2 x 10° cells/mDE 24-well AXo]F ZHo|Ed seedingdli 10~12 A7+ vl & Hdw

[e]
2 A AEES vellow-tipe AFEEY] M EZ W woundE 9HE 1l PBSE 2¥, a3
A2 s AA3 AT FBS7F 3 wiAE HIbstal et MAAE Yk v R

?'sh:} 24X ZF vk & dAnjgd oz 7} AEE HolddS 1% paraformaldehyde® 3174 A 71
5 BEsA T

o7 A MAaA Y 13 o Aol AAEAE wound healing assayE Ed8l B4kt (Figure 3).
AL F&l et AlZFQ MDA-MB-231014 S71AF Aol F& oFE4Q0 o do] oA &S o
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Cyanidin—3—(0—sambubioside [pg/ml]

Figure 3. Anti-metastatic activities of the extracts of cyanidin-3-0O-sambubioside on
the human breast cancer cell line, MDA-MB-231

& MMPe] A& €4

AL A AlZFQ MDA-MB-2315 Ab&ste] MMP oA €4S Frleainh o A5 (2 x
10° cells/mDE 100 * 20mm M X ZHolE seedingdtr 10~12 A7k w
Ak A ESo] FBS7F £33 8l E AVe 3 o714 AAAS Q8s 25
AIZE e & WA E R Eke] 58k acrylamide gelel W719-s sFSivE. o] & 37Tl A
1841 7+5 ¢t developing ¥, Coomassie brilliant blue® 3 5 €43 v},

Q7FAF AAA o] MMPO A8l €4S zymography & &3l 71ttt (Fig. 4). 1T 8% Al
91 MDA-MB-231914] @74} MAA 9] 5% &40 MMP-99] g4 447 vyt

Cyanidin-3- O-sambubioside [mg/ml]

0 1 3 10 30

Pro-MMP-9
Active-MMP-9

Pro-MMpP-2

Figure 4. Decrease of MMP activities from the human breast cancer cell line,
MDA-MB-231 by the extracts of cyanidin—3-O-sambubioside

@ VANA 2AA mRNA 9] Wal oA =AM

A A4 (Vascular Endothelial Growth Factor, VEGEF)= &2 g3 A4 #os}o]
el A, e 2 Hdold] F83F e gt} (9). VEGFS TdE feshe AHEd A= ALt
FEHARIA}L (hypoxia-inducible transcription factor, HIF)-1%2 o]+ HIF-1a, HIF-1B subunit® =
/38 oldol Al (heterodimer)o|ty. &¢e] wE At ol wel BAsE FF Ul AtLTS ¢
By FdolA HIF-1a9] A&4¢] Wals fieste] VEGE ¥ds S oz F49 s

e
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=

= Al
erbA BEAE & sk, o ARl FTL = Q45 VA= 2 Wab)

=
Q= AL 29159 (Figure 5).

=

Cyanidin-3-0-
sambubioside [mg/ml]

Con 1 10 30 [ng/mi]

wor |
. [T

Figure 5. Effects of cyanidin—-3-O-sambubioside on VEGF, HIF-1a, TIMP1 and TNEF-a
in MDA-MB-231

® ¢ Aol AAe] mRNASGZ9] B o)A &

Matrix metalloproteinase-22F -9 (MMP-2, -9)2 M7 2& Halslo] o MEQ] AHold a3 o
kg 3l whMFolul WA Tissue Inhibitors of Metalloproteinase-1, -2 (TIMP-1, -2)3= Matrix
metalloproteinase?] 48 A &3l SIAFRA, o A|E2] HolE& oAt}

oF Aol JFS F= MMP-2, MMP-9, TIMP-1, ~22] 3 TIMP-2¢] mRNA & #1353 o7px Ak

THEAAHuE R AT ATt Y AEFA MDA-MB-2310] 2.7kAF 4
2AE wREz XY 43, MMP-93F TIMP-29] mRNA $Ae] #Aadhs ¢S 1l dhd,
TIMP-29] mRNA9] 3732 W3y} gl A& Skt (Figure 6).
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Cyanidin-3-O-sambubioside

0.1%
0 1 3 10 30 Hca [ng/ml]

Figure 6. Effects of cyanidin—-3-O-sambubioside on mRNA synthesis encoding MMP-2
MMP-9, TIMP-1 and TIMP-2 in MDA-MB-231
® o Aol A4 WA o

MMPE A2 7|28 Basle] ohA:

2 aeh8- 3t} Serine/threonine protein
kinase (Akt)& AlEols ddl #ofsty 1Atslxo] €48 yEith H38h Protein Kinase C (PKC)&
ore] AgPs &A3F= ke 3} (13).

AL e AEFQ MDA-MB-2319] o/b¢ MaAg FRdz AR F

) MN[P—Z,
serine/threonine protein kinase (Akt), ;phospho-Akt (p-Akt), Protein Kinase C (PKC)9] @z whad &
S western blotg %3] B<15H4 E‘r MMP-22} phospho-Akte] & o] F& oFEA o Z st A
& gl on, PKCY W de way) gl Ao2 yeldth oA eril MaArE PKC A5
o

B2 o Akesl Q4SS ASFOZA o] oA 24E UBIT 4 ATk

2 T A

Cvanidin-3-O-sambubioside

Cvanidin-3 O-sambubmmde
0 1 3 10 30 [ng/mi

0 1 3 10 30 HC‘l [HQ/mll

MMP-2

Figure 7. Effects of cyanidin—-3-0O-sambubioside on expression of MMP-2, p-Akt, Akt,
PKCs in MDA-MB-231
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(2) agsd g4

O dAAEZ Fdf AE=ZAED (NO) AZFH AlE AES (cell viability) 54
Nitric oxide (NO)= W9 - 417 - AEHA 245 £33 W2 YEIHE Al2gdA T83 A
T AY messenger?! sAlol effector moleculeo|t}. NO= A%
synthaseell 93] 4 Hh  NO localizatione thsh 92
Aol #ofst= At FE yk-g wZel EE & Ut

Oﬂ

A

&
fEE2] A Fo] EA8}= nitric oxide
2ot AA ol FojskArt HEl Al 7}

H

A

JO*'

NO A& &olr 7] f8k B2 NOoA vHEo A& QHAstal vl AHEQl nitriteE 54
3= Griess reagent assay’t  YRbHo|ty o] assaye A 27 FRellA sulfanilamide<t
N-1-napthylenediamine dihydrochlroride (NED)ol 2]gt 3}ehil-g-5 7]uto g 3lal t} o] A|~=He-

plasma, serum, urine 3 tissue culture medium¥} 722 &Y = AEH liquid matrices®| 4| nitrite
= Z_;G 61— ohj_

HAAZQD RAW264.7014 NO A &4 2 AE=A 24s Frletdth oo AaAE &
A2 1 pg/ml LPS 2 243471 RAW264.79] A8t 37TCAA ml sttt 24417 & 17
sulfamlarrude@r N-1-napthylenediamine dihydrochlroride (NED)Z 1:19] W& 2 9-S-A]A Ay AEE
Hlarstel NO 474 At &4& Hrhstalon A Z BEE&S MTT assay o= Slstith
Q7 A MaAe] FEEAR] cyanidin-3-O-sambubioside ol A= 2 AIZ£] RAW264.73F 7] Al LA 221
BV-2¢l4 NO 448 JAeHA] %3t9ict (Figure 8).

S

RAW 264.7 BV2

Nitric Oxide Production [uh}
Nitric Oxide Production [uM}

===

tmg/miLPs -+ = £ t: & : 1mgmliLPS - +I +I + + +
- - 1 5 10 30 (mg/ml) 9 = i 1 5 10 30 (mg'ml)

Figure 8 Effects of cyanidin—3-O-sambubioside on inhibition of NO production
in RAW 264.7 and BV-2

Y. Syringic acid
maEa A

O g8 AA oA &4

syringic acidel] ™3 I A A

ru&%

A& CAM assay oz =43t} (Table
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2 & Figure 9).

(Table 2).

THAAFAANA E 3 syringic acidel] U3k
assay HHow =AY H0ug/mle] FEolA 60% ©]e] antiangiogenic &3S H AT

Table 2. Anti—angiogenic effect of syringic acid

R4

A A A

) No. of No. of 9% Relative
Sample Concentration ) o o
survived eggs positive eggs activity

EtOH - 18 0 0
Retinoic acid 10 uM 18 7 38.9
Syringic acid 1 ug/ml 20 6 30.0
10 ug/ml 17 3 177
50 ug/ml 18 11 61.1

7 A

o

Za910.

EtOH

@ HUVECO|A Tube Formation A

RS g =

O ==

Syringic acidE

FEg dYT 9 tubeE A
Gz tbe FAol BT AL &

Retinoic acid

g4 g4
2 X}FJG}E 24X & ¥
348k o) s

M 20719 §ABE AL

9 relative activitys (number of positive eggs / number of survived eggs) x 1002 %

10 50

syringic acid&

Syringic acid [pg/ml]

"o % tube A oHE
50pg/mle &

o189t} (Figure 10).
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Figure 9. Effect of syringic acid on angiogenesis in the CAM assay

s} k. o
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Retinoic acid

Syringic acid [pg/ml]

Figure 10. Inhibition of syringic acid on HUVEC tube formation on Matrigel

@ AP A mRNA 59 2d oA &4
ko] dPAAM o A3 F+= VEGE, HIF-1a, TIMPL, 223 TNF-a9] mRNA W& ®H3slE
AAHrE o2 gtk A Y AlEZF< MDA-MB-2319]
syringic acid®& s=HZ X3 A3 VEGEZ}F 1~50ug/mle] T=ollA]l 7+
g XA AoE dHA HIF-1a9 wd ke Hgto] ¢l AL 18k th (Figure 11). Syringic
acidv HIF-1a¢] ¥&lo] obd &AsE ofAste] T4 mE At e me Hst= T4 W A
o

Syringic acid

Con 1 10 50 [pg/mi]

Figure 11. Effects of syringic acid on VEGFE, HIF-1a, TIMP1 and TNF-a in MDA-MB-231

@ AHRY AR x4 dd IFd 9 signal pathway #4

HIF-1a2] A 3}lo] 43S 7] A= signaling pathway= 91317 98] Western blot
analysisE F 83 th Syringic acidE® MDA-MB-231¢] 1-50 pg/mle] HEE 2447F FoF 2y
3l total ©AE FEl F, 20pge] WAL 10% SDS-PAGEE +83til PVDF membrane o2
transferA| At} Signaling pathway #% antibodyE 4TelA overnightdle] w8319y 2L+
HRP-conjugated® 23} antibody = W82 4171 & developing™} fixation 348 G343}t
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HIF-1aZ @43} A]7])+= phosphorylated ERK7} 5% &&4 oz 718t HIF
oA 3k= phosphorylated PTEN©O] ZAstAth H=3H MMP-99] W& dko] fAiste
(Figure 12). Western blot analysis 23, PTEN¥ ERK”7} ofd t}&
A HIF-1a®] &7do] x4 ¥&= o=z AZEo Xt

Syringic acid

2]
(=]
=
-

p-ERK

p-PTEN

MMP-9

Figure 12. Western blot analysis for p—ERK, p—PTEN, PTEN and MMP-9

2P 7F ] FERA9 syringic aciddl A= o2 A%
Qe AR Eagt (Figure 13).
RAW 264.7
70
) -
=
s i S . =%
=, ] ] &
g 40 4 O 50
= e
_§ ol S 404
i % 30 4
® 20 2
s hol
6 6 20 1
0 10 =
2 5 10
£ Z
0 — T T T L ; ' :
TpgmLPS - + + + o+ o+ o+ KIS

1 5 10 50 100
Syringic acid [pg/mi]

Figure 13. Effects of syringic acid on inhibition of NO production in RAW 264.7 and BV-2
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O I AL A 24

oA WA el e Ao ik di AAGA &S CAM assay HHHOo =
Z=A3}5 vt (Table 3 & Figure 14). Negative control¢] 0.19% DMSOZ Az dlg w A3 &
I FAdol Aol AR, 10u/mle] 7 HAe et 2= HHE HYPE dwols A7 o
50~60% 2] anti—angiogenic &35 X $t}. (Table 3).

Table 3. Anti—angiogenic effect of Gondre Makgeolli and Ogaja Makgeolli

. Final concentration No. of No.of % Relative
Fractions {pg/ml) viable eggs positive eggs activity
DMSO 1 15/18 1 8.33
Retinoic acid 1 19/19 12 63.2
Gondre M. 10w 21/23 13 61.9

Ogaja M. 10 ul 21/24 10 476

¥t 257012 HC13} retinoic acid)< 1070, 2+ Al&2¥ = 20719 FA &S A3}
¥ 96 relative activity:= (number of positive eggs / number of survived eggs) x 1005 &3l
Az,

DMSO Retinoic acid Gondre M. OgajaM.

Figure 14. Effect of Gondre Makgeolli and Ogaja Makgeolli on angiogenesis
in the CAM assay

T AL MDAMB IS AHgslel Budl el D Aol AALE wound
5 3
e}

o
e
}l_,
_\-ﬂ
Al
=
2
D
—
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Gondre Makgeolli [u?]

Figure 15. Anti-metastatic activities of Gondre Makgeolli on the human breast cancer
cell line, MDA-MB-231

@ d# AR A A9 mRNA F59 &d oA T34
Hypoxia—inducible factor-1a (HIF-1a)= A4bA AdefolAl wd
g A #oJsts QAfolnt, FE A2 AL AE o7

A9 o] EAET (14),

2

A A AEFQl MDA-MB-2310] =d #z] Aeds sEER i & HIF-1ad
mRNA BHFE i eRasdqEor S Tud Gy Aeels AL 2y, dx
ol Wlal HIF-1a®] mRNA @ wFo] 4483t} (Figure 16).

Supernatant
of Gondre M.

0 6% 10 50 100 [ul/ml]
EtOH

HIF-1a

Figure 16. Effects of supernatant of Gondre Makgeolli on COX-2 in MDA-MB-231

(2) agsd g4

O dAAE Fd AESHEZ (NO) B304 Al BEES (cell viability) 54
HAAZR] RAW264.7°14 NO oAl 24 8 Alx=A 248 Fr7iskolvh o7k e e A

Y AAES TEHE lpg/ml LPS = &A3MA17] RAW264.70 X elslal 37T oA vl aladth 244
7F & vix) 9} sulfanilamide®} N-1-napthylenediamine dihydrochlroride (NED)E 1:19] ¥ &= WF3-A]7
=1

A HEE Haste] NO A At &4 Hrisigon g2 AEES MTT assay WHo=
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@ oI Y A5
Qb4 HEE AEe FE 4EH02 NO A4 OAE B RAAR 200 uE A
FRe W NO A4& 220~355%= AAleta, A A4S UehlA kvt (Figure 17).

70
Esu e o ” N e g
S _]_ = £ 100 - - .
© o
'§ 40 'E 80 -
% 30 A 8
=) _—
5 &
e
% 10 4 20 4
0 =] o
1 ng/ml LPS - + + + + + + Con LPS 1 10 50 100 200
- - 1 10 50 100 200
Supernatant of Ogaja Makgeolli [p2] Supernatant of Ogaja Makgeolli [p£]

Figure 17. Effects of supernatant of Ogaja Makgeolli on inhibition of NO production and cell viability
in RAW 264.7

@ 2714 B

SIbAF A A= 200uE AP FUE vl NO S 426~466%= A8k o, 80%0]
gl Ax 54e Jepdids (Figure 13).

120

70
g @0 T ./’/\'\
=t i TS O 100 - «
= i o \_\
O =504 = X
k+] = 80 \\
g« = \
a0 Z 6o -
o 0 [ \'—__.
5] o =
E3 o 40 ~
o% S o
K] 5= \\
S 10 20 e
z
5 == z : .
1 pg/m LPS - + + + * + + con LPS 1 10 50 100 200
- 1 10 50 100 200
Ogaja Makgeolli [p€] Ogaja Makgeolli [p£]

Figure 18. Effects of Ogaja Makgeolli on inhibition of NO production and cell viability in RAW 264.7

@ A7 R e
sE A BAe PENE FE AEHOR NO AN AR BB RYAH 2004 A7
o A 0 NO A4S 25~39002 oAk, AL HEEE 0% R (Figure 19)

Figure 19. Effects of supernatant of Gondre Makgeolli on inhibition of NO production and cell
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@
s
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(%) Cell viability
g

Nitric Oxide Production [uM]
3

ol mEm I ' ' " '
Tug/mlLPS - + * + + + +

- - 1 10 60 100 200 [u1
Supernatant of Gondre Makgeolli [p£] Supernatant of Gondre Makgeolli [p£]

viability in RAW 264.7

LPS 1 10 50 100 200

e 1HFEF T2
I AAH A= 00uE Ml FIE W NO AL TL0~767%= A o
9%ol%el A =4& Jeplidth (Figure 20).
70 120
.

E &0 // ‘I'\

f T 2 100 - '-.,_

-% A1 £ 80

‘g 40 4 :2 \‘!_

] O 2

5 2] H g 40 \\

::Ej 104 ﬂ 20 \\\

z ) —_

1 ug/ml LPS

+
1

+

10

100 200 (7]}

o
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LPS

1 10
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Gondre Makgeolli [p£] Gondre Makgeolli [p2]

Figure 20. Effects of Gondre Makgeolli on inhibition of NO production and cell viability in RAW 264.7

@ 95 ¥-S3 AHA QA9 mRNA &
Cyclooxygenase (COX)&=
rate—limiting enzyme®.2, COX-1, 2 + 7}#

mitogen, W54 Fol o3 2do] gy F2 kS0 e

o] e oA €N

prostaglandin (PG) .2 WA 7=
ofgo] <t} o] F, COX-2+
Fol| A 3 .

arachidonic acid&

cytokine,

COX-29 mRNA 28l ¥istE erpah ol =4 w2 g o) Ay F JHA TdEL
Aur-g- o2 glstth A AEZ RAW 264.7¢] o71F wtA el el wtud B2y A5 ds sEEE A
23k 23, 20009 oA T2 Y Adede AEs Fe ul, COX-29 Y] HAad As Al
At} (Figure 21 & 22).
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Supernatant of
Ogaja Makgeolli

Con LPS 1 100 200 [w/ml]

LPS

COX-2

GAPDH

]

+*
+
+
+

Figure 21. Effects of supernatant of Ogaja Makgeolli on COX-2 in RAW 264.7

Supernatantof
Gondre Makgeolli

Con LPS 1 100 200 [pl/mi]
LPS - + + + +

Figure 22. Effects of supernatant of Gondre Makgeolli on COX-2 in RAW 264.7

@ 95 w3 AR Ao dwd F5Eo Wy oA A
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Supernatant of Supernatant of

Ogaja Makgeolli Gondre Makgeolli
Con LPS 1 50 100 200 [ulmil) Con LPS 1 50 100 200 [ul/ml]
LPS - + + + + + LPS - + + + + +

Figure 23. Effects of supernatant of Ogaja Makgeolli and Gondre Makgeolli on iNOS, NF-kB and
p-IkB in RAW 2647
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