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SUMMARY

I. Title

Development of new fermentation techniques for manufacturing high quality
Rubus coreanus wine and products diversification by the development of

functional food materials from Rubus coreanus friuts

II. The purposes and needs for the research and development

Rubus coreanus contain much calcium, one of mineral, various vitamin.

Also because it contains a useful element anti—cancer anthocyanin, sitosterol,
tannin, polyphenol, in United states and Europe it is studying at some length.
This is loved health foods and was selling medical functional food. This
superiority becomes known widely in the country and it is gaining ground as
the healthy foodstuffs. But the goods which is developed quickly brings a
quality decrease and has a bad effect sale quantity increase both Rubus
coreanus and its processed good. By scientific research of the Rubus
coreanus, it must develope the goods supported specific function characteristic
of Rubus coreanus, suitable in the demand of the consumers. First, currently
the Rubus coreanus which is produced was consumed in the place where the
most manufactures HKRubus coreanus alcoholic beverage, Rubus coreanus
alcoholic beverage productor uses Rubus coreanus which is fully ripened and
fermentation of Rubus coreanus is used the fermantation technique which
depends on wine yeast developed in the past. On this account, it iS necessary
the quality improvement of Rubus coreanus alcoholic beverage, in this study,
after Rubus coreanus would be fermented naturally we will be isolating and
identifing superior fermentative yeast, and establishing optimum fermentative
condition, optimizing manufacture process, manufacturing high quality wine of
Rubus coreanus. Second, considering extensive cultivation and the yield, we
will develope various process food of Rubus coreanus for example ampoules,

drink, granules. Third, by the studying of bioactivity of Rubus coreanus, it
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investigates functional specific, leads to improvement of alcoholic beverage and

to revitalization of relative business.

II. The contents and limit of the research

For developing new fermentive technology and manufacturing, the one study
is consists of developmnet of superior fermentive yeast, establishment of
optimum fermentive condition and blending technology of high quality wine of
Rubus coreanus, preparation of mass production and commercialization.

For development of process food included proper specific and was suitable
demand of customer, the one cooperative study is consists of development of
process material and development and commercialization of traditional process
food utilizing process material like korean cookie and rice cake. In the two
cooperative study, by Structural determination and activity determination of
the functional material included wine of Rubus coreanus, it must investigate
functional characteristic of wine of Rubus coreanus. Also it will be establish
the scientific quality rating index of Rubus coreanus alcoholic beverage by
quantifing and investigating chemically change and safety of the compound for

each manufacturing process

IV. Research development and Results

1. Superior fermentation yeast developed, it is established fermentation

technique and standardized manufacturing method.

7}F. To manufacture Rubus coreanus alcoholic beverage superior
fermantation yeast selecting.
It was isolated fermentative yeast from Rubus coreanus fermented

naturally to choose wild yeast a suitable for wine of Rubus coreanus.
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Among the species isolated, the three yeasts was choosen which was
observed excellent ability of fermentation from the media added alcohol, of
tolerance from alcohol and of alcohol producing and it is compared the

characteristic

t}. The establishment of fermantation condition of Rubus coreanus using
superior fermentation yeast.

After Rubus coreanus was fermented using brewing yeast and three
species yeast isolated, it investigaed change of pH, glucose content, alcohol
content, compared and observed. In the result, the fermentation condition
of isolated yeast was established. Also by a sensory test, an yeast isolated

was selected.

t}. Standardization of manufacturing method.

In the case unprocessing wine fermented was manufactured untilizing
superior fermantation yeast which it isolated from Rubus coreanus, the
required process, the role of process and required time of process was

established,

2. It establishhed the Rubus coreanus optimum fermantation condition and a

manufacture technique of the high quality alcoholic beverage.

7}. The stability evaluation of isolated yeast.

By fermantation temperature, the pH, and alcohol content change, the
growth of yeast was compared.

The result which investigates the scope where the growth of superior

fermantation yeast is stabilized, superior fermantation yeast, S.cerevisiae
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Y—-1 was stabilized from the temperature of 20~40C, the pH of the
3.0~7.0, glucose content of 20% and below, and alcohol content of 8% and

below.

t}. Selecting of optimum fermantation condition for the high quality
Rubus coreanus alcoholic beverage.

After it is fermented using the S.cerevisiae Y—1 isolated from the Rubus
coreanus, it was Investigated and compared change of the pH, glucose
content, alcohol content by the fermentaton temperature, the initial pH, and
the initial glucose, selected otimum fermentation condition by the sensory
test. The optimum fermentation condition of S.cerevisiae Y—1 was observed
the fermentation temperature of 20°C, the initial pH of 5.0 and below, and

the initial glucose of 20°Brix

t}. The establishment of manufacturing technic of Rubus coreanus
alcoholic beverage.

It was establisded manufacturing technic of fermented Rubus coreanus
solution, standardized manufacturing technic and blending of wine of Rubus
coreanus. It was inspected required equipment, dilution ratio of fermented
Rubus coreanus solution and optimum filteration condition to manufacture

wine of Rubus coreanus.

2}, Quality characteristics of the Rubus coreanus alcoholic beverage
which is produced.

It was analyzed the specific gravity, alcohol content, nonvolatility and
compared the sensory test about taste, solving the hangover, hardihood
effect of Rubus coreanus alcoholic beverage produced. The specific gravity

which is 0.994, the alcohol content which is 16.2%, the nonvolatility which
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1S 5.7% of Rubus coreanus alcoholic beverage was investigated, the
development was superior than the preexistence about aroma, color, taste
and the development was improved about 10% to solving the hangover,

hardihood effect.

3. The mass production and business of Rubus coreanus alcoholic beverage

was promoted.

7}. The mass production of the high quality Rubus coreanus alcoholic
beverage by the optimum fermentation condition.

Using S.cerevisiae Y—1 isolated from Rubus coreanus, Rubus coreanus
was fermented by the optimum fermentation condition and fermented
Rubus coreanus solution was produced by the optimum producing process.
The Rubus coreanus alcoholic beverage was manufactured to blend with
fermented Rubus coreanus solution, purified alcohol, water, the extract of
Oriental medicine, additive, and to filter. The mass producing system was

established,

t}. The sensory test of the high quality Rubus coreanus wine

In the result it was investigated the sensory test of the developed Rubus
coreanus wine, the preexistence, and the some papular goods, the good of
initial 'B' manufactures and the developed Rubus coreanus wine was
evaluated the best. By this result, the quality competitiveness of the
development was demonstarated, the good possibility of success to the

business was observed.

t}. the manufacture and the business of Rubus coreanus wine.
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The manufacture was carried out by decision of label and bottle—design
of the developed Rubus coreanus wine. The business was carried out by

confirming to market system and advertisement.

4. Developed Rubus coreanus ampoule from Rubus coreanus fruits and

analyzed its properties

7}. Prepared the extract making for Rubus coreanus ampoule

Frozen Rubus coreanus fruits were melted, grinded, and then ten
times volume of water or 50% ethanol added to it and extracted for
60 minutes at 80TC. The aliquot was separated from centrifugation
and filtration of the extract. The aliquot was evaporated under
vacuum until the volume reduced to two times volume of raw fruit

sample.

1}, Established the manufacturing condition of Rubus coreanus ampoule
According to the analysis results based on the sweetness, color, and
soluble solid content, one to ten mixed ratio of Rubus coreanus fruit and
water was showed the best extracting yield as an extracting solvent, and

the best extracting period was one hour.

t}. Properties analysis of Rubus coreanus ampoule

Acidity and pH of Rubus coreanus ampoule extracted with water
were continuously changed, but those of 50% ethanol extract were
changed only at initial period and then did not significantly changed.
The color of Rubus coreanus ampoule extracted with water was very

unstable. The color of Rubus coreanus ampoule extracted with 50%
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ethanol was relatively stable in a and b values, but L values were
very unstable. Browing index was showed a similar trend in color
changes. Antimicrobial activities in water extract were strong in order of
L. monocytogenes KCTC 3569, E. coli ATCC 43888, and PBacillus cereus
1014, and those in 50% ethanol extract were strong in order of E. colr

ATCC 43888, L. monocytogenes KCTC 3569, Bacillus cereus 1014.

5. Developed Rubus coreanus powder from Rubus coreanus fruits and

analyzed its properties

7}. Prepared the extract making for Rubus coreanus powder

Frozen Rubus coreanus fruits were melted, grinded, and then ten
times volume of water or 50% ethanol added to it and extracted for
60 minutes at 80C. The extraction was continued for 12 hours at
room temperature and the extract filtered with 4 folds of cheese
cloth. The filtrate was centrifuged and separated the supernatant to

prepare the water extract or b0% ethanol extract of Rubus coreanus.

1}, Established the manufacturing process and condition of Rubus
coreanus powder

Rubus coreanus powder (RP), Rubus coreanus water extract
powder (WP), Rubus coreanus 50% ethanol extract powder (EP) were
prepared as follows; quick frozen raw ZRubus coreanus fruits were
dried in freeze drier for 48 hours, grind and removed the seeds with

20 mesh sieve and then sieved with 80 mesh

t}. Properties analysis of Rubus coreanus powder
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6.

The extracting yields of RP, WP, EP were 6.97%, 9.94%, and 9.11%,
respectively, which was in order of WP, EP, RP. Reducing sugar contents
in EP, WP, and RP were 0.70 g/ml, 0.96 g/ml, and 1.01 g/ml, respectively.
The colors of RP, WP, and EP were not significantly different and the
bright redness showed was in order of RP, WP, and EP. The acidity of
RP, WP, EP were 11.71%, 8.55%, and 8.64%, there was no significant
different between WP and EP, but the acidity of RP was higher than those
of WP and EP. Antimicrobial activity against Bacillus cereus KCTC 1092 was
very weak, but that against Listeria monocytogens KCTC 3569 was very strong,
especially antimicrobial activity in RP was stronger than those in WP and
EP. Antimicrobial activities against Staphylococcus aureus KCTC 13566 and
Escherichia coli ATCC 43888 were relatively strong, especially RP showed
higher activities than WP or EP. Antimicrobial activities against Salmonella
typhimurium KCTC 1925 and Shigella dysenteriae KCTC 2915 were very
similar. Antimicrobial activities against Candida albicans KCTC 1940 and
Saccharomyces cerevisiae KCTC 1552 were comparatively weak and there

were no significant differences among RP, WP, and EP.

Developed processed foods utilizing Rubus coreanus ampoule and powder

7}. Prepared processed foods utilizing Rubus coreanus ampoule

Five kinds of processed foods of Rubus coreanus grain bread, Rubus
coreanus sweet cookie bread, KRubus coreanus castella, Rubus coreanus
muffin, Rubus coreanus glutinous rice cake were made with ZRubus
coreanus ampoule used as a functional food gradient. The amounts of
Rubus coreanus ampoule used were decided depend on the kinds and

properties precessed foods such as texture and color, etc.
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1}, Prepared processed foods utilizing Rubus coreanus powder

Five kinds of processed foods of Rubus coreanus rainbow rice cake,
Rubus coreanus glutinous rice cake, Rubus coreanus rice cake dumpling
covered with bean paste, Rubus coreanus cookie eating with tea, FRubus
coreanus glutinous rice cake were made with Rubus coreanus powder used
as a functional food gradient. The amounts of Rubus coreanus powder
used were decided depend on the kinds and properties precessed foods

such as texture and color, etc.

7. Isolation and purification of biological active compounds from Korean

black raspberry wine (KBRW)

7}. H20—suspension of concentrate of KBRW 11 L [fresh Korean black
raspberry (KBR) 15.7 kg eq.] was successively solvent—fractionated with
n—hexane, EtOAc, and water—saturated BuOH. Each layer was subjected to
column chromatography using Amberlite XAD—2, silica gel, Sephadex
LH—-20, and ODS. The fractions finally purified by repeated HPLC to give

27 antioxidative active compounds.

8. Structural determination and activity determination of bioactive

compounds isolated from KBRW

7}. Structural determination of the isolated 27 compounds was achieved

by 1H—NMR, 13C—NMR, two dimensional NMR, and MS analyses.

Structures of the compounds is as follows:
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»  Structurally determined compounds: 4-—hydroxybenzoic acid,
3,4—dihydroxybenzoic acid, 4—(2—hydroxy— ethyl)—phenol, catechol,
3,4,5—trihydroxybenzoic acid ethyl ester, ethyl succinate, vanillic acid, ethyl
3,4—dihydroxybenzoate,  furan—2-ol, 4—(3—hydroxy— butyl)phenol,
3,4—dihydroxy—benzoic acid 2—(2—hydroxy—propionyloxy)—1—methyl—propyl
ester, gallic acid, 3'-O—benzoyl—(O—B—D—glucopyranosyl)(1'"—6"')—
—D—psicofuranose, (E)—8—-0—B—D-—glucopyranosylcinnamic acid, (R)
ethyl—2—hydroxy—3—phenylpropanoate, (Z)—ethyl—4— amino—3—
(2—hydroxyphenyl) but—3—enoate.

» Estimated structures: 4—(2—hydroxyethyl) naphthalene—1,2—diol in
d 1 m e r ,
5—(3'4'—dihydroxyphenyl)—1,8,10—trihydroxy—2,4—dimethyl—1,10b—dehydro—2H
—oxireno[2,3] chromeno[3,4—d]pyrimidin—3(4H)—one
1-0—L—-rhamnopyranosyl(1—6) —B3—D—glucopyranosyl (1—6)-B
—D—glucopyranoside, and 5—(3',4'—dihydroxyphenyl)—1,7,8,9,10—pentahydroxy
—2 4—dimethyl—1,10b—dehydro—2H—oxireno[ 2,3 ] chromenol 3,4 —d]pyrimidin—3(4H)
—one 1—0O—-L—-rhamnopyranosyl(1—6)—B3—D—glucopyranoside.

» Antioxidative activity of the compounds was positive in the

DPPH—-TLC experiment.

Y. Twelve compounds were additionally detected by GC—MS analysis of
KBRW. The identified compounds are as follows:

» Compounds detected from KBR: benzoic acid, 4—hydroxybenzoic acid,
3,4—dihydroxybenzoic acid, gallic acid.

» Compounds detected from KBRW: benzoic acid, 3,4—dihydroxybenzoic
acid, gallic acid, 4—(2—hydroxyethyl)phenol, ethyl 3,4,5—trihydroxybenzoate,

3—(ethoxylcarbonyl) propanoic acid
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» Compounds detected in common from KBR and KBRW: benzoic acid,
3,4—dihydroxy benzoic acid, gallic acid.

» Newly identified compounds except for compounds determined by
NMR: Dbutanedioic acid, propanedioic acid, 2-—hydroxypropanoic acid,
2—hydroxypropanoic acid, 3—hydroxy—3—phenylpropanoic acid,
1,1 —dimethoxy—3—phenylpropane

> Compounds detected from only KBRW: benzoic acid,
3,4—dihydroxybenzoic acid, gallic acid, 4—(2—hydroxyethyl)phenol, ethyl
3,4,5—trihydroxybenzoate, 3—(ethoxylcarbonyl)propanoic acid, butanedioic
acid, propanedioic acid, 2—hydroxy— propanoic acid, 2—hydroxypropanoic

acid, 3—hydroxy—3—phenylpropanoic acid, 1,1 —dimethoxy—3—phenylpropane.

t}. To determine the antioxidative activity of KBR and KBRW, oxidation
of rat plasma was induced by copper ion with presence or absence of KBR
and KBRW. Changes in concetration of cholesteryl ester hydroperoxides
(CE-OOH) in the rat plasma was analyzed by HPLC. Inhibition effect
against CE—OOH formation in rat plasma added KBR extract was
dose—dependently accelerated with increase of the KBR extract
concentration. However, KBRW showed proxidant effect. It was suggested
because reducing ability of KBRW was elevated during fermentation of
KBR. Therefore, each sample prepared by various conditions directly
intubated into stomach of rat. The blood was collected from the aorta of
rat 1 hr after oral administration of KBR and KBRW. Oxidation of plasma
prepared from the blood was induced by copper ion and the inhibition
patterns against CE—OOH formation were compared. The inhibition effect
of KBRW was superior to that of KBR. Moreover, 16% EtOH solution
showed higher inhibition effect of CE—OOH formation than that of H20

solution. In conclusion, it appears likely that KBRW 1is partly responsible
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for the elevation of antioxidant activity. Therefore, KBRW may contribute

to the antioxidant defense in the blood circulation.

9. Clarification of formation mechanism of bioactive compounds in
manufacturing process of KBRW and establishment of guide for quality

evaluation of KBRW

7}. KBR extract was incubated with Saccharomyces cerevisiae, which is
used for the fermentation in pareparation of KBRW and was supplied from
Yeonsudang Co., Ltd.. Compounds contained in KBR extract reduced and/or
disappeared with the elapse of incubation time. As well, appearance of new

compounds also observed from HPLC chromatograms after the incubation.

}. By GC—MS analyses of KBR and KBRW, contents of gallic acid
(GA) and 3,4—dihydroxybenzoic acid (DHBA) in KBRW increased in about
6 folds in comparison with those in KBR. Therefore, the change in content
of the compounds was plotted with the elapse of fermentation and ageing

time.

t}. Contents of GA and DHBA increased during the fermentation period
(stage 1) and decreased in early ageing stage (stage 2) just after
fermentation. However, they again linearly increased during other stages
(stage 3) after early ageing stage. Increase in contents of GA and DHBA
in stage 1 may be caused by metabolism of microorganism. Decrease of
GA and DHBA in stage 2 may be induced by oxidation. On the other
hand, it was suggested that the increase in contents of GA and DHBA in

stage 3 may be caused by chemical conversion of residual anthocyans or
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flavonoids in wine during ageing. Consequently, it was considered that the
changes in content of GA and DHBA during preparing of KBRW can be
expected to wuse as indicators for quality management and quality

evaluation.
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% 3. 5&A dule] 7714k 3 (unit : %)
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Y-10 - - 4.21
Y-11 — + 6.08
Y—-12 - - 3.80
Y-13 - - 4.98
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A
(3%10).

Yeast isolates

Y-1 Y—4 Y—-19
Color creamy creamy
Surface smooth smooth smooth
Elevation slightly raised slightly raised slightly raised
Surface Absent Absent Absent
membrane
Sediment Present Present Present
Cell shape globose ellipsoidal globose
globose to globose to globose to
Ascospore shape o o o
ellipsoidal ellipsoidal ellipsoidal
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i 8 ¥ #FEY ©astdsE va
Carbon yeast isolates
Characteristics
compounds -1 Y—-4 Y-19
Cellobiose  Gas formation - - -
Acid production - - -
Raffinose Gas formation + + +
Acid production + + +
Melibiose Gas formation - - -
Acid production - - -
Xylose Gas formation - - -
Acid production - - -
Mannose Gas formation + + +
Acid production + + +
Galactose Gas formation + + +
Acid production + + +
Glucose Gas formation + + +
Acid production + + +
Lactose Gas formation - - -
Acid production - - -
Sucrose Gas formation + + +
Acid production + + +
Fructose Gas formation + + +
Acid production + + +
Ribose Gas formation - - -
Acid production - - -
Maltose Gas formation + + +
Acid production + + +
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M

g8 #FEY Tae

R

)

AEAE o] 88 Afol R

Carbon or nitrogen

yeast isolates

compounds

Y—4 Y—-19

Ethanol as sole

carbone source

+ +

Nitrate as sole

Nitrogen source

Ethylamine

Cellobiose

Raffinose

Melibiose

Mannose

Citric acid

Galactose

Glucose

+ |+

+ |+
+ |+

Lactose

Sucrose

Fructose

+ |+

+ |+
+ |+

Ribose

Mannitol

Sorbitol

nositol

Maltose

m

A

10. 8 #5529 54

M

yeast .
) Identify
1solates

Strain designation

Y-1 Saccharomyces cerevisiae

Y—4 Saccharomyces ellipsoideus

Y—19  Saccharomyces cerevisiae

Saccharomyces cerevisiae Y—1
Saccharomyces ellipsordeus Y—4

Saccharomyces cerevisiae Y—19
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F 11 Y-1& o] &3 &2 &g pH, 3%, ¢das o ¥z}

ol

271139 | 69 | 9¢ | 12¢ | 159 |18¥Y (219 |24 |27

30 | T2

pH |3.80(3.82|3.83|3.86| 3.90 |3.92]3.93|3.99]|4.02]4.03

4.05 | 4.08

Y% |20.0]18.6|14.8 | 11.5 9.0|20.0 18.8117.2 116.2 | 15.5 | 15.0

13.5|12.0

- - | 50|76 10.0 | 11.0 | 13.5]13.7|14.5|15.8

17.0 | 18.6

12975 = o brix7} 9.02 ¥o] ®asle] 20brix 7hA <.

N

K0
KIr

=70 3¢ 6 92 122 122 159 18 21 24¢ 27 30 EE
Wl
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(2) Y42 °]£3% EEAE AX

BEE Y-42 o]&3lo] HEA GujE 30U7F WFAA BEAES Az}
GJom Y—4F o] g3 HRAL pH, W%, dISWIE ¥12, 1823 7
=

F 12, Y-4% o] &3 & &g pH, 3=, das FF W)

27139 | 69 | 99 129|159 189|219 (249|279 |30 | E®
pH |3.80(3.82]3.85| 3.86 [3.90|3.94|3.96|4.01 |4.03|4.05|4.124.12
5= [20.0[16.0]13.0[9.5]200] 18.5 | 16.5 | 16.0 | 15.2 [ 14.8 | 12,5 | 12,5 | 11.0

SEFE| - - | 6.5 10.0 | 11.0|12.4|14.6 |16.2 |17.3|18.2|19.2|19.3
99 A == ¢ brix7} 9.52 o] ®BEdle] 20brix 7hA 2.

B2
25
20
&g 15 *—PH
b —a— T
K0
LT aze
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(3) Y-198& °|8% HEAE A=
AR Y-198 ol &dte] HuA dvlg 3041t

gom, Y-195 o] &3 HiA=9 pl, T

k1
o
\

y =
=
¥ 13. Y-195 o] &3 HEA @gA] pH, @, &7 & W3}

Z7]134 | 6Y | 9¢ |12Y| 15¢Y |18¥|21¥|24Y |27 |30Y | ¥=8
pH [3.80[3.80(3.81(3.81(3.83| 3.85 |3.89(3.91|3.93|3.94(3.97|4.01
3% 120.0/19.6]18.4|16.6[12.2]9.8/20.0/17.5|16.8|15.8|13.6|13.0|13.0
oL=L
Ej - | = 124135/6.8] 96 |12.0[12.8/14.2/16.3|16.5|16.6

1594 5= 9 brix7F 9.8 o] ®usle] 20brix 74 &,

H]J—r_

25

N ﬂi\ /\-\-\L ——
< 15 pH
N: 2
0 S gy ———
LT azg

5

0 —

x7] 32 62 92 122 152 152 182 212 242l 272 Y E2
ggel
a9 3. Y-19E5 o] &3t HEA wgA] pH, =, &AL 3= W)
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(4) ¥=& Saccharomyces cerevisizeE ©]-4% BEAE AZX
ﬂ%z?iﬁ ?ﬁxﬂ BRAE Azl b ol ol&¥I v dxE
A

X 14. S cerevisiaeE ©]&3F HEA wgA pH, D%, &7 3 WM}

271134 | 69 | 9¢ |12 | 159 |18¥Y |21 |24¢ (279 |30 | =8
pH [3.80]3.80|3.81|3.82[3.86| 3.88 |3.913.94]3.96|3.99|4.00]4.01
9% 120.0[19.0|16.8 | 14.6 | 11.219.5(20.0| 17.0 | 16.2 | 14.8 | 14.2 | 13.6 | 13.5

FF 2| — | — | 30|52 |88 | 100 |12.5]13.2|15.5|16.3|16.8|17.5
1594 = 4 brix7} 9.5 o] Bdte] 20brix 7hA <.
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2. WEA BEALe] A4 BEed 3y 2 Ax)% 3y

1A e BEAZEYH aRE sty 2ed aro wass vud Ay
Saccharomyces cerevisiae Y—10] B1z} dtgo] 713 A3 A o= elyt),
uelx] 2xp A% S cerevisiae Y—12] Lo sk tAAS Hrysla, S
cerevisiae Y—1% ©]&3t H8A HagxS A5t £ 13d =] &+
g BiAle Azl web olehs HAHE, HUEAA W RS A%
sta, HA oAHRFAHES FHste] AFAE BdAeES skt dE 1A
%%}x}%% B 3std 54, #eH7 AYassd HrkA 54ES YER o

7H w5 2 A

BR25E E8® Saccharomyces cerevisiae Y—15 A@AdT=2 AH&3F
Fdom aw wjds ¢ = 20%2 glucoseE &3 YPDHIAE AL-8313
ot

ASHAEE FFEA7I2 660nmolA FFEE SN, oehE A
S.cerevisiae Y—19] ArjdNS 59 Hrlsle] whE3t & dul =7 Z=5FH

o= 4t

(1) X0 thek are] orAA H7}

20%9] glucoseES i3k pH 5.0 YPD iAo ERE HZE5te] e s
20, 25, 30, 35, 40, 45, 50C= &g sta 7tz 397k v
e sheFs S5l

E

==
o
=
ol
o
Iz
0%
Ho
o
bt
'
=

(2) pHel oigt axeo] kg H7t

20%2] glucoseS THH-3+ YPD HlA|d] EEE HE3slo] %7| pHE 3.0,
3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0 &g 3}e] -z 30C 3Lt v ks, A
FAE} ofehs TS %‘Xéb‘}?iﬂr.
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(3) Bxmol ot wwel 4y W7
10%, 20%, 30%, 40%, 50% = glucose &&Fo] 2 pH 5.0 YPD HJA] 9]
ERE PFSD 30CAA 397 MY, ASAES ABe FFS 574

33,

(4) ol gbsel gk ax o] kg 7t
= 39

20%9) glucose® 343+ pH 5.0 YPD viX|o] o&t&L 2~129% &3+3}o]
BEEE HEe] 30CeA 3L vieFaeto] ASAHw=e} o ghs s 545}
A},
2) A3 B
71 Ad4d
(1) =of gk a5 44
ARbA o g oghE WgolA ERO ASLLI H&5FH 7] s A
e STFHARE Ha AR E A et A 5A%] waEol
Hojx= Aoz ddA Ut} Scerevisiae Y—12] %o thdk ot S %
AFE A3k Fig. 13 o] 40CoA 5ol 7 £ka 40Col e &xn
= 407C 7

oehel LmolAl B & 4SSk olEE WYL Fig 25t Lol
13.3%2 30C7} 714 =& £x2 vy
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Growth(A660)
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Temp(C)
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m 2 r
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Temp(C)

Fig. 2. &% W& Scerevisiae Y—1°] A st= o&h2 g8k

YPD #lx]] %7] pHE 3.00014 7.074#A] 242t 274 35te] AlddF2] A5l
v 2= JE&S AR A9 pH 5. 0011*1 *ﬂr{ol A g FAHHE = A
FA A Aol FadtAdtH(Fig. 3). g pHoll wpE o ghg Ao A=
Fig. 49} o] pH 5.0°914 717 2 S A3 Aoz vebyt),
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Aot 50%NAE g vkt on], 10%dW 1Y Fe AHPEE v
AT A ovg AYEE Aol g B 10%0T 20%UH HE
wo orS AASATHFig. 6).

O | | |
10 20 30 40 50
Glucose conc(%)

Fig. 5. & St whE S.cerevisiae Y—1 @9 A=

Ethanol conc(%

10 20 30 40 50
Glucose conc(%

Fig. 6. & & w2 S.cerevisiae Y—1°] YA 3= o ek aF
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gl e vehv daFet ol 3 &R[7F AetEi ¢4s

Rno =z el Fig. 11049 o] &a ZuF 40CoA a3t sample©]
B d3ss st oy Ba SRk o] dFE T F ¥WEUt
a1, 20CoA LA sample> Warzh g wef AA3] gas ol
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T8 g A b 4 8 1
20C 68.5 61 60 189.5
g
30C 60 57.5 50 167.5
e
40C 58 58 42 158.0
4.5 58.5 63 65 186.5
Z7)
5.0 67 66.5 69 202.5
pH
5.5 66 64 64 194.0
10 50 60 41 151.0
=7
15 59 61 53 173.0
g
20 60 60 65 185.0
3) & o
BRAZRE B3 Scerevisize Y-19 SHAA L EYiE ER 9o gz
A5 HAgsr). Haers= 20C, 27] pHE 5.0, 27] F%E 20Brixd o
7 dase] £ ASE YEyon B5H It Ay JA] 99 oA 2
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st Aol %4 HEEATE Axsted At Aoz ddE
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3) dlehE T, WA A F FYF HAs)

5 T (%)

HEA g e 18~20

7 25~30

T 45~50

S 4~5

goF FEE (17%) 3
A7 A (o}2=vhghe] 7%) 3~5

) 13 el 34
824 1, 000L 715
A E
PR st ek ¢ 1kg
Standard 772 E : 10kg, Filtercell 772 E : 5kg
AR Standard %% : 7kg, Filtercell 7+*% 8kg

700 X 700 : 147%

A8 AR 7] & o4 H] AL
108 Standard =¥ 0.20 kgf/cut
30+ Filtercell ¥ 0.60 kgf/cn
o] 3} AJ 2} o] 3} 0.80 kef/cm
of 3 1A13F 7 3t ” 1.05 kef/er
o]} 2217+ 43 ” 1.20 kgf/er
o3} 3A13F 73 3t ol Fw 1.30 kef/cr
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W) 27 of 3} A

HEAE 1, 000L 71+
YT L Standard TF*E : 1lkg
8 & Standard T&E : lkg
P500D o ¥} 400 < 400 : 10%
No. 28 ]3] 400 X< 400 : 107
A8 Az 7l & o = H| 3L
10% Standard Z¥ 0.50 kgf/c
o] 3} Az} S 1.00 kgf/cr
o3 1A1Z 7% ” 1.30 kgf/cr
o3 2A12F A ” 1.49 kgf/er
o 2} 2A17F30% 2 o3 FT7 1.51 kaf/cn
) Adon A
EEZ+= 1, 000L 715
NA 500 Pad 400 < 400 : 15%
A8 A gE 7] 5 o 9 v a1
5 =% 1.00 kgf/cm
&3l 58 A3} Sampling 0.90 kef/er| dm7d T2
of 1} Al o] 7} 1.25 kef/en
o3} 1A17F A3 ” 1.15 kef/cn
o3 2A12F A " 1.25 kef/ert
o] 3} 24174308 A3} o3 g 1.50 kgf/cn
ke Bt FAEA A
1) =gsist4 54
7 A
(1) ¥lZ
AAE Adro Hstal v|TAlE AFEste] 15CoA 1 =45 ¢
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o2 g,

(2) F4%

15Cell A 23k 100ml vl ~EFekse] w57k Hsbal o] 25 eF 300~500
m FeEhase] &1 v o] MAEHAAs oF 15ne] =2 2
Fepaael A BA7le AR gg vaFeiaas W 8712 6o
ST frefe] 70ml(&R8AREE oF 20 We)7F | S8 T
£ 7hete] 15CellA waZetxaae] w537b4 Aevhs & E50 Aol

o

&7 F 15ColA FAHAE AHe3ste] FH43oh
(3) 3

A& 10m(15C)E v HEFd YA w24 SR FHsto] =84
oA 7tdsle] RS FLAIY F Ax7|S o] &3dte] 105CalA 447 A%
AT} o] RS HAAE A A% (307 WA) AFst SHHA FAE
Aolstar 1088k 100mlF 2] g&S AE3)

BRARRE 223 S.cerevisiae Y-1& o] 83lo] A3 EHRAL] =2
steta EAS 2AeE A= Table 29 #vh HlF2 0.994, #4882 16.2% =

KR
16% A&F71Tol Agsidon, E34E2 5.72 YER T

A 35 FAY J1E | BY 2 H] 31
H]5 (15C) — 0.994

T8 (V/IV%) +0.5°] 3} 16.2

E3UE (W/V%) — 5.7

shitt. W7bel ol sid a9 20~500 Hdow, &8 Ele] F

WA wpAls] @ %, B AAE A
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) w7 A
71EE AT

o el & WS

9] 7|E%
wokt}, g2 7)&

B2} Avke

Table 3, 49} 7t} 8 A uF 2% 7)
Z%o] P 62.0491H ke NLEL 68,612

eI, AL 7)EFo] A 61.61, 7HSEC] 64.32% L}E}MJ#
55.93, 7EsEe] 71.79% YERlo] AAAR] 7S Ee AEsEe] ¥ -
W
Table 3. 7|&%9) 732 (3%) HrF 439
¥ No. ok A g
1 68.5 61 48
2 60 57.5 46
3 69.5 64.5 67
4 58.5 63 45
5 67 66.5 69
6 66 64 64
7 60 60 61
8 59 61 53
9 60 60 50
10 56 61 60
11 57 60 45
12 65 62 65
13 55 59 43
14 67 63 67
A 868.5 862.5 783
At 62.04 61.61 55.93
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g No.

3 o
1 68.5 62 70
2 69 63.5 72
3 69 65.5 72.5
4 68 65 72
5 66 65.5 69
6 68 65.5 72
7 68 65 72
8 69 65 72.5
9 68 65 71
10 69 63 71
11 69 64 73
12 71 64.5 74
13 69 64 72
14 69 63 72
A 960.5 900.5 1,005

Hat 68.61 64.32 71.79
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Table 5. 7R
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980
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Table 1. H¥x @7 5 daoe E4¥3}
s pH %= (Brix) GFSE(%)
Day R - A S - R S N A i - I S [ - R =
1 4.03 — 20.6 — 0.0 —
2 3.83 - 16.3 — 3.0 —
3 3.60 — 11.8 — 7.0 —
4 3.63 3.72 8.9 13.0 10.7 10.0
5 — 3.70 — 11.2 — 12.2
6 — 3.77 — 10.0 — 13.5
7 — 3.85 — 9.3 — 14.1
8 — 3.88 — 9.2 — 14.3
9 — 3.90 — 9.0 — 14.4
10 - 3.91 - 9.0 — 14.4
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Table 4. 1z} 43} =H#A

Bi#aks 6, 000L
Y A E : 1.5kg .
Standard TF&E : 14kg, Filtercell 172 E : 7kg
GRS Standard TFZE : 10kg, Filtercell 7% E : 11kg
P500D o3} 700 X 700 : 147
A8 Az 7] & 7] & §F 9(1000L) & 9
10 Standard Z& 0.20 kgf/cn|  0.20 kgf/cnt
30% Filtercell =¥ 0.60 kgf/cni|  0.65 kgf/cnf
of 3} A=} o] 3} 0.80 kgf/erf|  0.80 kef/cn
o3} 1A1ZF A3 " 1.05 kef/en 1.10 kef/cm
o3} 2A17F A3} ” 1.20 kef/en 1.25 kgf/en
o3} A1 At o3} TR 1.30 kef/em|  1.35 kef/cn
Table 5. A o3 =7
A< 6, 000L 715
NA 500 Pad 400 X 400 : 20%
s 71 & 71 & ¢ #(1000L) o 9
5% s 1.00 kef/en 1.00 kef/en
=3k 58 Ay Sampling 0.90 kgf/cnf 1.00 kgf/cn
o 3} Az ol 3} 1.25 kef/e|  1.25 kef/cni
o3} 1A13F 7 3} ” 1.15 kef/em|  1.30 kef/cni
o]} 217 A3 ” 1.25 kef/crt 1.40 kgf/crt
o] 3} 2A17k30E A | ¥ F= 1.50 kef/emi|  1.45 kef/cnt
o ¥3EH - 2EAE Az
ot FRE HRA we Yietdw dd® P o) ol
e ANEAS AA AFE "u. dE By "B X177 A4
Ko, A 10~15% &t SAF BAaE wiksd FAV = =&
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g) A%

et o] B wgdd AxFH Bz & AAhA 72 39E H A s
S 53l FEAE BEATFE ALdea, dEAN AAE FEFOEN IF
A BE2A =] gL 2 AEsE 7beA el
2) A 2 Fdua

7}) AAHd bl

EEA 4 288 dash 47 58 dadd 1500LE dAJ. HEA
g 1500L 0 AAFAE, &, dFFEE, 4T 75 st HEA &
S Ade A¥ o 6000L 9 HEA &S AXIUIL o]F o] gt HEA
= 300ml A|FE oF 20,0008 AAFsEITh olef 2 ANE wiFoR Hixt
P} 10=S Hast A HEA dadae 75000 Az 4 glen, BE
A 4 3WLE AAdste] BEA 4 300m AES F 53Box A £ IS

Aoz FAHH(Table 6).

Bo S AbER
maa oma | T |y g | SO0 AR AR
Wy ol (20ea/Box)
2,000kg 1,500L 6,000 L 20,0004 (1,000Box)
10,000kg 7,500 L 30,000L 100,000% (5,000Box)
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Fig. 14. Ao 7}7]
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Fig. 21. A48 A Ee)
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EEAGWZEE 75 H5EA 92 Ax 2 54 4

7b A AR
Ao ALL3st 582} (Rubus coreanus Miquel) Qo= Y Aok~ ¢F
Lo &3 200654 () ATE WEalel —20CelA 4 AEH Al
5 Ay ol E A 20T ‘@ aref] AFetHA] WA ZA EllE Al
T dAZFS FHsto AH

z o AW 2EEE AW BUT} 47
of AT 95% FHS A A A F)malkzelr A8 P
ALg st

A%
) BRA JEY Az
h B A4 % gelish A7 23

234 oﬂﬁal 44 F% $E 2] sl Bl dF water

= 5u, 104, 154K, 20Wi =2 Egsta, &7 P24 F5 FAE o] &3t
o] 80TCT=E 3AIRF &3t 719 FEahdA 7HeA 132 WstE S48
o 7 18RS 249549 Digital refractometer (PR—1 ATAGO,
Japan) & Abgsto] oA 33] 4% $ ° Brix® WERSCH 7} A7

AR F5 8 7o A4 vl ey FE AE Al

ol

W) B EAx
(1) Als Z=A

A dEs Azl g8 WA dEd AEE 12413 B oA
dlsotal HEAE dAFS skl vk e Ao A4 &9
I FY EE FAFEE AT 30%, 50%, 70% TH) F 47HA ot
SR FE Aol 80T, AAARHERM FESIGTh fES 43e
cheese clothell of#star of gl A& A4EE (4T, 3,000%xg, 30min) 3}
o] T}A] Buchner funnel®l filter paper (Whatman No. 2) & ¢lo] A5 S
oAdtetgict. ol & HEA AR k9 20i7F E mzbA] 45TeM HY w53t
of FES AxsAUTE AxY PEL vialel vro] Hol W HaswA
Ao ARg-slt

1o, i e

|
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Rubus coreanus 20 g

!
Grinding for 30 seconds

l

Extracted with water 100 m¢ at 80C for 3 hour
water 200 m¢ at 80C for 3 hour
water 300 m¢ at 80C for 3 hour
water 400 m¢ at 80C for 3 hour

!
Extracted at room temperature for 12 hour
!
Filtered with 4 fold cheese clothes

1

Centrifuged t 3,000 rpm at 4C for 30 minutes
!

Supernatant solution
1
Filtered with whatman paper under vacuum condition

1

Concentrated under vacuum at 45C by 20~30 mf
!

40 m¢{ mess up with water

1

Rubus coreanus ampoule

Fig. 2—1. Procedure for the preparation of FRubus coreanus ampoule

to determine the ratio of solvent extraction and the extracting time.
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Rubus coreanus 50 g

l
Grinding for 30 seconds
l
Extracted with water 250 ml, 500 m¢ at 80C for 1 hour

30% ethanol 250 m¢, 500 m¢ at 80C for 1 hour
50% ethanol 250 m¢, 500 m¢ at 80C for 1 hour
70% ethanol 250 m¢, 500 m¢ at 80C for 1 hour

l
Extracted at room temperature for 12 hour
l
Filtered with 4 fold cheese clothes
l
Centrifuged t 3,000 rpm at 4C for 30 minutes
l
Supernatant solution
l
Filtered with whatman paper under vacuum condition
l
Concentrated under vacuum at 45C by 60~70 ml
l
100 m¢ mess up with water
l

Rubus coreanus ampoule

Fig. 2—2. Procedure for the preparation of FRubus coreanus ampoule
to measure the changes of the characteristics of wvarious solvent
extracts during cold storage.
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50m €3k oS 0.1N—-NaOHZ pH 8.30] & uwj7t# A H
AN-NaOH¢ & th 2ol Wt lactic acid(%) 2 3HAFS}

sho} =S AEFHALH

s

A fEe] W A Y T AR W3ks AOACH Ol FstoiA &
<

e

2
oty
1%
=
-
f
i

. _ ml of NaOH X Normality of NaOH X 0.09
Acidity (%) = Weight of sample (ml) % 100

o) M=

282 A4Ee W AF B T A% ®Wde Color & Color
Spectrophotometer (3500d, Minolta Co., LTD, Japan)E A}&3}o]
Hunter color value, & L( %), a(FA %), b(FA%)#ts 43k A

|8 ZF AR L, a, bakE 27 90.2, 1.3, 3.230T

) ZW%E =4 (Browning Index)

B2 &2 anthocyanin M 49 A S ZAMSH] flste] &S 154
3]Xalo] o] S Spectrophotometer (UV—9100, Human Inc., Korea)Z
o]-§-38to] J/&EAF anthocyanin MA-9F 24 MA7E 247 A FH =5 e
Y= 520met 420molA e E3E v ZRE t23 o] BIE AAsle] &

v
A &9 anthocyanin® 9] /Y4 = B7hek it

Browning Index = ————
Au20

Ass0: Absorbance at 520nmm
Ayo0- Absorbance at 420nm

LIDEE T A R T R

dE ¥ A% HE T #U1A fFEd g F ¥Hile 9 2nE F
F4 10mE A3t (membrane filter Milipore, 0.45um) 2 o] 3A| 7T},
o]71& HLB Sep—pak cartridge (Waters Co., USA)E £3} A]7# HPLCe|
A A% sl 714kl HPLC w4232 Table 2-1, f&99 +4&
Table 2—2°] 7oA gttt
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Table 2—1. Analytical condition of HPLC for organic acids

Model : Waters

Column : Aminex HPX87H
Mobile phase : 0.009N H»S0q,
Flow rate : 0.6 me/min
Detector UV 210mm
Sensitivity : 0.1 AUFS
Attenuation 1034

Chart speed : 0.5 cm/min
Injection volume : 10 wf

Table 2—2. Analytical condition of HPLC for free sugars

Instrument : Waters Associate

Column : Carbohydrate analysis (4 mm < 30 cm)
Solvent : Acetonitrile-water (80 : 20, v/v)
Flow rate : 2.0 m¢/min

Detector : Differential Refractometer

Injection volume : 20 ul

v el ofw| il

WE] BF A A T FE opv|xAl FF WslE AE 2wE
T 10m=E g3t SSA (5—sulfosalycilic acid) 50mg/mé %7
< membrane filter (Milipore, 0.2im) 2 oJIA|A o}n| At
ARG gl obm| ikl A 7S Table 2-33
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Table 2—3. Analytical condition of HPLC for free amino acids
Instrument SYCAM S433
Column : Cgtion .
Dimension 150 X 4.6 nm
Reagent flow rate 0.25 m¢/min
Buffer flow rate : 0.45 mé/min
Injection volume 100u0
3) FEA A& AT &4 54
7h AR A 3 oA
52 &l st FAMe s HAsH] flEl AFRE T A2 elA
T Aol Thset dAE wACA AET F qlo] AEe vty W AR F
of 2F5& WAlYl #8}= Listeria monocytogenes KCTC 35693t 1
i dA A7 B3 ¥ vk e HERF HEZe] QoA FHdEs 2
Bacillus cereus®t E. coli #F% tol HEx WEAM O Listeria
monocytogenes KCTC 3569¢ A AEE BT, wixzZ+=
Listeria monocytogenes KCTC 3569+ brain heart infusion brothE
Bacillus cereust nutrient broth, E. coli + tryptic soy brothEs AM-3}%
31, Agar HiA]+= agar powderE 1.8% H7}sto] 4TCol|A selective agar
slantoll A} ®.ykse] 17§dwtel Alcjufeksto] @Al &4 assayel ©] 8313l
=3
=%
2 paper disc(& 8mm, Whatman) S A3t A4,
bo) w32 1ol Hstel 5 el oA YL
Hj kst & AR AAEfA] O] &7]aL 24A)1%F E<QF vl
AT ZA o] AL AT i L
10
211 BHI
J& 27kl #H5
FE=&m

sttt IAAdE # 0.1 mME FH ol petrldlshOﬂ i
<357 A 15 ml %

W) A &
M G SH2
AbH B A e L] 7+
37TCelA 24113+
st HE Ao Z ALt
HAEAN 1 mAS FH3] 0.1% peptone waterz 3| A sFo] w71 <

o
=
a= .
NB, TSA #jA& v]g] Etsto]
S AAF T
Y 3¥ paper discol 30 mg/discS loading*] 7]

1=
cfu/mt
2 ;ﬂ- _‘6‘_61—6‘} “ﬁr‘
A HES
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As] LA vy vlE] L. monocytogenes, Bacillus cereus, E. coli
AEste] whEol F& agarvlA floll Fol WARAZIAL 0.85% BHA AT
WES paper disc Tl Ak AT o] RS Bacillus cereusi= 30T
WA e 37Tl 24A13F &F wWEAIZ] vk disc 7919 clear zone
(mm) &) A71E F743ste] @A S-S etk tix=72+= &vlel benzoic

a1 GujRpA el &gk At
gelstarzt =, 30%, 50%, 70% FA % Z+Z} paper discel loading

H,

o

=

T e o R A A4S S

4) HAA8 F%Minimum Inhibitory Concentration, MIC) &4

7H ARE 5 E afH]
B8z AZ A A G ol &3t Listeria monocytogenes KCTC
35699} Bacillus cereusSt E. coli 9} brain heart infusion, nutrient

broth, tryptic soy broth A& A}-g&3F3i )

o] MIC 542 Al &4 F54lA ol &3 paper discHl=

3t HEFEFES pour—plate methodE ©]E3lo]
2 FEHE paper discol loadingAlZl & £ujE FHAA
171 paper discE ®#A %™ ol &3E3 0.85% Ay AAT-=E 4t
Bacillus cereusi= 30T, YW A #5752 37TCollA 24 A13-<E vk}
o] paper disc FWol clear zone(mm) o] BAAEHE= HA FE=E MICE A7

>

3k 5 80T,
o A1 15++3F autoclavedt Al5& WJZHAIZD
252 8mm paper discel 50mA & 3
monocytogenes®} Bacillus cereus, E. colis 7AddoZE AME3Fe] paper

disc method& ©]€3}4] inhibition zone (mm) & =733t}
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o A7
D A aE Az
7h &= 8¢
gl

FE

water 30% ethanol 50% ethanol 70% ethanol

Fig. 2—3. Prepared ~Rubus coreanus ampoules extracted with

different mixtures of the solvents.

W) S22 A4 = &uv)el Az A%
B2 dZo A &= S E AAS] 95t HEE A thdt water
o] u]&-& 5, 108, 154, 2082 @¥ste] 80C=E 3AI3F &<t 714 5=

KR
st S Ee] WMEks Fig. 2-49F &tk 549, 104, 159, 20w =5
6027 = Bt 7kt 1062704 thal ZFasho] A% ghs Zhe
Ao ROtk webA BRI PES Az e BEAs FE)
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Fig. 2—4. Changes in soluble solid contents of Rubus coreanus ampoules

extracted with different ratio of water.

- 113 -



Table 2—4. Total yields and Hunters value of Rubus coreanus ampoules

extracted with different ratio of ethanol

Hunter™ s value

Total yield

(/100m) L value a value b value
5 fold 6.557 4.21+0.0058 28.50%£0.0458 7.55%+0.0651
10 fold 8.810 4.18+0.0153 28.44+0.0907 7.48%+0.0100
15 fold 5.062 3.53+0.0100 24.05%+0.0436 6.34+0.0651
20 fold 4.225 2.97%£0.0153 20.23%£0.0153 5.43%+0.0346

HE&3AF AE Az T F29 HF &9 vE ARs = 5ulel 1082
2 A2 & 4579 &9 water, 30% ethanol, 50% ethanol, 70%

ethanol® HEA P&ES W=tk ol 79 78 1¥E TEFS
Table 2—5%} Zt},

| FHEE 5812 10819 *OLUHH]E FE5k9]
S 5 A¥ 10419 fuH|E FE8he] whE Ak iEo
Aoz AFRFHAY. wepA HiEA fE HA Ax 2o ddy = 109
o] &ujn|E AE o &9 FFEE 80T 3 U i
o] 254 &t WAAGAA 5S EA 8T
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Table 2—5. Total yields of Rubus coreanus ampoules extracted with

various solvent and solvent extraction ratio

Total yield (g/m¢)

Solvent
5 fold 10 fold
water 6.555 8.812
30% ethanol 9.391 13.845
50% ethanol 5.203 5.257
70% ethanol 6.693 6.631

BRA JE 5

gl
[
i

2) A% 713bssr A n

7b pHe} A4 Abe
Water, 30% ethanol, 50% ethanol, 70% ethanol®] A =Z & £z
B2 Al59] 10ue] 3@ets Luin| &R FE5to] wE BEx dZo Yy
A%k 717bs<te] pHeF A4 4w WEd = Fig. 2-5 ¢ Fig. 2-6% &
th water®ZRF FE3 B2 FES ASHOE AETE volAE AgS o
© 3

AT 30%, 50%, 70% ethanol® #%3o] WE ByA AZE Az
FARE 5AAE AEIE FASIE 59 ol FREE A Frhse] 27

S fAH AFS vhebieh,
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—@— water

3.8 —&— 30% ethanol
—aA— 50% ethanol
—— 70% ethanol

3.1+

3.0 T

Day

Fig. 2—5. Changes in pH of Rubus coreanus ampoules extracted with

various solvents in 10 fold solvent extraction during cold storage.
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water 30% ethanol

50% ethanol 70% ethanol

Fig. 2—7. Color of Rubus coreanus ampoules extracted with various

solvents in 10 fold solvent extraction.
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5.5

—&— water

—&— 30% ethanol
—A— 50% ethanol
—— 70% ethanol

L value

2.0 T T T T

Day
Fig. 2—8. Changes in color(LL value) of ARubus coreanus ampoules
extracted with various solvents in 10 fold solvent extraction during cold

storage.
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—@— water

—&— 30% ethanol
—A— 50% ethanol
—&— 70% ethanol

a value

15.0 o

12.5 A

10.0 T T T T

Day
Fig. 2—9. Changes in color(a value) of Rubus coreanus ampoules

extracted with various solvents in 10 fold solvent extraction during cold
storage.
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—&— water

—&— 30% ethanol
—A— 50% ethanol
—&— 70% ethanol

b value

Day
Fig. 2—10. Changes in color(b value) of Rubus coreanus ampoules
extracted with various solvents in 10 fold solvent extraction during cold

storage.

- 121 -



BRA fZo Fo Ml etEAJold Mo HPgA S Hrke = e 2
=] W3kE Fig. 2-11°) vehiiglch, 4 oA Axe] wael Ak
| 3% 70% ethanol® FZ3d}o] ¥

%
FEetol WE B PERG BAIE FFL B

X

—@— water

—&— 30% ethanol
—&— 50% ethanol
—— 70% ethanol

Browning index

1.6

1.5 T

Day

Fig. 2—11. Changes in browning index of HFubus coreanus ampoules

extracted with various solvents in 10 fold solvent extraction during cold
storage.
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2h) AW

B =R E Alxsh B2 ES] RS A% A= Table
2—6oA 9t o] FIF 23.8%, LT 11.7%, WA 13.1%, F3%
6.7%, =AY 5.2%, ZAF 6.0%%2 A=

Table. 2—6. Approximate composition of Rubus coreanus

ampoule
Component Amount(%)
Total sugar 23.8
Reducing sugar 11.7
Crude protein 13.1
Crude fat 6.7
Crude fiber 5.2
Ash 6.0

o R 3

S LEL I i

TGS

%3 BB dZo F9 HFEIFe Table 2-79)4 %

Z+o] sucrose, fructose, glucose?l Z o7 EAZE=Y), ol Fo ks
X sucrosex 2.83%, fructoses 5.87%, glucoser 2.25% %t AHLA

ox Hde] ol QU= FHF FFES A AF sucrose 0.93%,
fructose 4.63%, glucose 3.65%°]1, 4% fructose 5.14%,
glucose 5.08%°]™, & Folel A fructose 0.94%,
glucose 0.93%% Hu¥ A vwdtd A dujnct {8 shgko] ¢
=0k ARt Hd 3 AT FEA7], ApE, Qs e wet 7 AR

grego] thE Zlow B Hu vt

3 T O
s i

£ sucrose 0.33%,

Table. 2—7. Free sugar contents of Rubus coreanus ampoule

Free sugar Amount(%)
Sucrose 2.83
Fructose 5.87
Glucose 2.25
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N
>

1%t &

EEAEmZRY  Alxd B8 4E {714 RS Gas  Liquid
Chromatography® #2413} +=4d 7 A3 Table 2—-8°A4 ¢ o] citric
acid 12.98%% 7P& wWol g8 Zow EMHT 1 tFO® oxalic

Table. 2—8. Contents of organic acids in KRubus coreanus ampoule

Organic acid Amount(%)
Citric acid 12.98
Oxalic acid 8.31
Malic acid 2.95
Succinic acid 0.39
Malonic acid 0.16
Pyruvic acid 0.07
Fumaric acid 0.02

3) BEA BB FAF BY

BEAE B3 30%, 50%, 70% ethanol® FE3dte] W WES Listeria
monocytogenes KCTC 3569, Bacrllus cereus 1014, E. coli ATCC 43888
of tist A F9E& S A= Table 2-99F LT} o] A #5 3|
B5 v Al Ao A= wateret 30% ethanolel A= L.
monocytogenes KCTC 3569, E. coli ATCC 43888, Bacillus cereus 1014
To 7z Aol Ak, 50%9 70% ethanololXi= E. coli ATCC 43888,
L. monocytogenes KCTC 3569, Bacillus cereus 1014 <22 ZHAo] 7}rs}
Atk U272 AFE-$F benzoic acidoll A= E.coli 438880l A7 oFF =&
e BHAowH HEA WE9] benzoic acid 9 W23 I o] )
Aoz ArryHdet. a8y dA HEA AZ Bacillus®t E. coli7t ¥
&S Yebdths AR 19} Hlwske) L. monocytogen 1A HEAL U3

A we FEBYL ehln ASS & A

me o%t rlr et
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Table 2-—9. Antibacterial activities of Kubus coreanus ampoules

against tested food poisoning bacteria

Inhibitory zone (mm)

Extraction
solvent Listeria monocytogens Bacillis cereus Escherichia coll
KCTC 3569 KCTC 1014 ATCC 43888
water® 14° 9 14
30% ethanol® 15 13.5 14
50% ethanol® 14.5 14 14.5
70% ethanol® 15.5 13 16
BA” 13 9 18
*30mg/disc

"Benzoic acid 0.5mg/disc (control)

‘Inhibitory zone of paper disc (mm)

7h A" AR
1) &4k

Ay ekt A=A S8k 200634 BEX(Rubus coreanus Miq.) =S
(F)A4d YEae] —20CoA 524 AFdd AlRE Ag ol 2 A4
—20C Weao] AGsur WFemoA sleAzl &, dAFS Fsto 2
o AR-&-aFltt
2) 4

A A8 A () Rzl BatEs 95% T4 ARS8tk

- 125 -



o) SEES Auk ZAthy) 2002 A3 o] AlL3 U,

) BE82} B (Powder of Rubus coreanus, RP)

EEz Bge Al BRI AulE freezerdlA] —40C7HA] &% WA

o

A7 Z7](EYELA, freeze dryer, FDU—-540)& ©]-&3}o] 48A1%F &<k 71x3}
% th. ©]Z grindingdle] 20 meshA & X E AAZ 5, thA 80 meshA = YA
2 w27 she] BREz BuH(RP)S A F3HGTh AlxE BEzp BEH(RP)S
para filmo 2 WH-alo] —20Co] W PstHA AR

2) BEA EFEE Y (Water extract Powder of Rubus coreanus, WP)
EFEEES Axsty] 98 WA ded AEE 124 ¥R
A A Eetal HREAE JA8% rhe vl vhE B3R (g) ol 108l ) Fak=
E(m)& A, 3R 34 F5 FXE o] &ste] 80TolA 607 5 F+E513
th FE2ES A Aol A 1247 &34 47 9 cheese clothol] o] 3}3}a1 o
gl AG PR (47T, 3,000 rpm, 30 min)FF F, FojW A5 A& o] 2H(No.
2, Whatman) st Gt A NE freezerd A —40C7HA] & WA & =
71(EYELA, freeze dryer, FDU—540)° A 48A]17F &<t AZ38Fe] 80 meshA| =
dxbE =2A ofe] HEA SFFL Y (Water extract Powder of Rubus
coreanus, WP)<& A3t Alxd HEA S5FF522 Para filmeZ e

she] —20Cel W5 mshAA ALgsiaich
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’ Raw fruits of Rubus coreanus (100 g)

———— |

Grinding for 30 sec Grinding for 30 sec
Extracted with water (1,000 Extracted with
m 50% ethanol (1,000 ml)
at 80°C for 60 min at 80°C for 60 min

| |

Stand for room temperature for 12 hr

| |

Filtered with the 4 folds of cheese cloth

| |

Centrifuged 3,000 rpm at 4C for 30 min

| |

Supernatant solution

| |

Filtered with whatman paper
under vacuum condition

|

Concentrated under
vacuum at 35C

Dried in a freeze—
dryer under vacuum condition for 48
hr

|

|

Dried in a free.z.e—dryer
under vacuum condition for 48 hr

Seiving through
20 mesh seive

|

Sieving through
80 mesh sieve

Sieving through
80 mesh sieve

Water extract powder Ethanol extract powder
(WP) (EP)

Rubus coreanus powder
(RP)

Fig. 2—12. Manufacturing procedures of the powders of Rubus coreanus.

3 3
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EEA FAFELD(EP)S S5 2529 Ax A L8t Ax
stloy & &ulE & diale] 50% 78S AMES Zlo] tEn. sA4Adx
Aol ofHel] xstE F4& AAS] 3l cooling aspirator(EYELA COOL
ACE CA-111)E &3 vacuum evaporator(EYELATYPE N-N)& A}-&3te] 3
5CelA 7t &F3ste] HEA F45FFF2(Ethanol extract Powder of

Rubus coreanus, EP)S A Z3FA ).

, BEA FAFEFEEY(RP, WP, EP)Y]

BN
(AU f1=)

T e ARd HdxH, M2 S micro—kjeldahliE3], A
soxhlet F+&W, 23 ¥-& 450C A3 3oz 247 d5s A8 A

B8z BE(RP, WP, EP)9 3493 32 Dinitrosalicylic acid(DNS)¥H ]

o]3te] =43ttt = Al@ o] DNSAISF 1.5 ml 9} 5x10%8] 2 348k Al =&
0.5 mlE ZE33 & boiling water bathollA AH&3s 587+ Wxsla FdAI7]
s S7TE 40 125 nl2 48 EEF §F 550 mollX FF=E A5t
D—(+)—glucose?] EF=FAog2REH IA9Y S AE3A T

3) Ax

2Rz BED(RP, WP, EP)¢ M%¥E Color & Color Spectro photo—
meter(3500d, Minolta Co., LTD, Japan)E AF&3}] Hunter color value, < L

(&), a(H{AE), b(FME)HS S8

4) pH % =il xzq\_}
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KCTC 1092, Candida albicans KCTC 1940, Saccharomyces cerevisiae KCTC
1552 30°C, WA #FE2 37 CollA 15~18A17F % vl Fste] 2148 broth 10
mlo] A $ FoF A2 RP, WP, EPE vlx9] 1%7} H%=% 0.1 g4 FY3}
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Saccharomyces cerevisiae KCTC 1552+ 30C, YR #F5L 37CoA =
Bl QFsh A 3AIZE Ao Hjj gFelf 2] &= HstE

spectrophotometer(UV—9100, Human Inc., Korea)Z A}-&3}o] 660 nmoll A &4

EE A5t E9S "tk ZF 75 3 growth curve:E ' 2FA|
st FF= gto] =2ru=2 Uz FF= Y 7] FH= 3 Aol dist 9
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)=

HZE T4w wAsteEEe] Ao tfdk MBS 24 growth inhibition rate(%)Z T-38f
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Table 2—10. Proximate composition of the powders of Rubus coreanus (unit: %)

RPY WP EP
Yield 6.97+0.50° 9.9440.39" 9.1140.62"
Moisture 80.6441.88" 79.87+0.31° 75.14+0.53¢
Crude protein 2.91+£0.97° 4.60%0.35" 2.28+0.43°
Crude lipid 4.3840.48* 4.21+0.10° 4.09+0.55%
Crude Ash 3.74+0.03" 4.19+0.35 4.16+0.81°

V' RP: Powder of Rubus coreanus was not extracted.
WP: Powder of Rubus coreanus was extracted by water.
EP: Powder of Rubus coreanus was extracted by 50% ethanol.
a> Means with the same superscript in a row are not significantly different at
p<0.05.
Data were presented as meantstandard deviation.

A 2% RP, WP, EP a9 d o] sh&F2 2}z 2.91%, 4.60%, 2.28%=
WP, RP, EP=o & weton RPeF EP7FY 93k 2}o](p>0.05)% $lUtt. RP,
WP, EP Ztzte] x| vbe] &eke 717t 4.38+0.48%, 4.21+0.10%, 4.09+0.55% =

&2 F4(RP, WP, EP)9] 393 &5F2 Table 2—110] YEFHRAT. RP,
WP, EP Z}7te] 399 &= 0.70 g/ml, 0.96 g/ml, 1.01 g/mlZ EP, WP, RP
To2 A YERSTHp<0.05).
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E8 2 B(RP, WP, EP)9] M=% Table 2—113 %t} RP, WP, EP 717}
o] Lgke 23.84, 22.80, 20.52, agt-& 25.57, 14.71, 7.52, bFkS 7.98, 4.25, 2.69%)
t}. RP, WP, EP9] L, a, bate =¥ 5939 zto]7b A 2W(p<0.05) RP,
WP, EPsce2 RPZF 7FE ¥ AAs Uehdld. S5EAke] Aadl
Hol| A EQFAetH AHd oot Ml
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Table 2—11. Quality characteristics of the powders of Rubus coreanus

RPY WP EP
Reducing sugar (g/ml) 0.70+0.01% 0.96+0.02° 1.01+0.03¢
L 23.84+0.03°  22.80+0.02°  20.52+0.02°
Color a 25.57+0.04°  14.71£0.03"°  7.52+0.05
b 7.9840.03°  4.25+0.04"°  2.69+0.01°
pH 3.11£0.01° 3.40+0.02° 3.38+0.01"
Titratable acidity (%) 11.714+0.06° 8.55+0.01¢ 8.64+0.02%

Y RP: Powder of Rubus coreanus was not extracted.
WP: Powder of Rubus coreanus was extracted by water.
EP: Powder of Rubus coreanus was extracted by 50% ethanol.

¢ Means with the same superscript in a row

are not significantly different at
p<0.05.

Data were presented as meantstandard deviation.

5) BEz} Bt 3t g
HEA Z¢(RP, WP, EP)oll tigh &+ &2 EEA FEHoA e

o] AAYAREA Bacillus cereus KCTC 1092, Listeria monocytogens KCTC 3569,
Staphyiococcus aureus KCTC 13566, Escherichia coli ATCC 43888, Salmonelia
typhimurium KCTC 1925, Shigella dysenteriae KCTC 2915, Candida albicans KCTC
1940, Saccharomyces cerevisiae KCTC 15529 W3}ed growth curveE ZHA] 3o

o x= J/]—E‘ =3 0],0:]1:]_

1 =5 Hﬂz/\]o-]]

A

7V) Bacillus cereus KCTC 1092 & Listeria monocytogens KCTC 3569
Bacillus cereus KCTC 1092 ol tisk E&Ex} BZ(RP, WP, EP)¢] Z=219A|&
Fig. 2—133% Zt}. HE8x 28s 716k
Bacillus cereus KCTC 10929l ths}e] RP, WP, EP+= 212+ 1
& oA &3E BT Bacillus cereus KCTC 109291 thsle] EEAF FE92 thA)

= 7H 92 S A EE 1o

2=
92+-(control) nutrient brothol| A =}&+
32%, 17.11%, 0%<] %
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QA Aoz dHA Q= Listeria monocytogens KCTC 3569 of gk 72z 2

2HRP, WP, EP)9] 5294 &3} Fig. 2—149} Lt} RPel wls| WP, EP&= A%
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KCTC 3569 541 o W] Wi s 28 & 5 ek 584 228 #7keA &
2 (control) brain heart infusion brothol|A A&} Listeria monocytogens KCTC 3569
o tisled RP, WP, EP=0.2 77} 83.04%, 72.57%, 67.43%2] 54 A &91E 1o
WP, EPHET} RPollA ] 2 &S BAY Kent 52 L. monocytogense] 37
oAl Hv) pHi 5o WAglol 4.4 ofstetal Haskgl=t WP, EPRY RPOI
A H 2 gerggdel vEhd o]fE WP, EPol HlE] RPe] pH7F W AoR
H|Fo] Ho}l Listeria monocytogens KCTC 35699 Ao o] pH7} I3k

S nxE= Aow AE,
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Turbidity (%)

Incubation time (hr)

Fig. 2—13. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Bacillus cereus KCTC 1092.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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Fig. 2—14. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Listeria monocytogens KCTC 3569.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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W) Staphyiococcus aureus KCTC 13566 & Escherichia coli ATCC 43888

Staphylococcus aureus KCTC 1356609 t3at 2z} 2(RP, WP, EP)Y
SAAAEN= Fig. 2-159F Zoh H&a £9& H7bebA 22 (control)
nutrient brotholl A A}&+ Staphyiococcus aureus KCTC 135669 tiste] RP,
WP, EP=C.& 747} 78.35%, 64.94%, 36.47%2) T2 A&7E Ho] RPoA]
et gddo] 7 AA Yes

Escherichia coli ATCC 43888 tfgt Hi-x} L& (RP, WP, EP)¢] &2 ¢
Aad= Fig. 2—-163 2o, 582 48 H7FsEA] &2 (control) tryptic soy

brotholl Al 2}& Escherichia coli ATCC 43888 t3}e] RP, EP, WPso &

7)
T&8A0ol ¢ FHo EBEA B oisiA  Staphyiococcus aureus KCTC
13566X.T} Escherichia coli ATCC 438889 tsle] v & oA @37 A=
g ol= Al g BN E S agureusB E. coliel Wste] © & A o]

ks 4 5o wush §A FFE HAT
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Fig. 2—15. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Staphylococcus aureus KCTC 13566.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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Fig. 2—16. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Escherichia coli ATCC 43888.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

——: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).

t}) Salmonella typhimurium KCTC 1925 & Shigella dysenteriae KCTC 2915
Salmonella typhimurium KCTC 19259} Shigella dysenteriae KCTC 2915
of gk H&ak L2 (RP, WP, EP)e] F2] oAl &3+ Fig. 2—17 % Fig. 2—18
7 Ao R BES HUMsEA @2(control) nutrient brothol Al #}gk
Salmonella typhimurium KCTC 1925¢] th3}e] RP, WP, EPs<o= Z+z}
84.31%, 83.61%, 78.69%° T A anE RO o5 7+l frofAel At
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ol= QI Shigella dysenteriae KCTC 29159 Ws}teJ= RP, EP, WPs2
% 247} 82.38%, 79.52%, 72.25%° A A AIE Kol RP, EPel Hls| WP
oA Fat FAdo] o HES & F AT HEA B2l tisiA Salmonella
typhimurium KCTC 19258} Shigella dyvsenteriae KCTC 2915+% A= W53k
gt GAS UEn(p>0.05). & AFY R FEANE #FE T

=

LERL=E

==

o

Salmonelia typhimurium KCTC 19250 714 & 3434

A Sl FA 7 2 2ol dE T

Turbidity (%)
w

3 6 9 12 15 18 21 24

Incubation time (hr)

Fig. 2—17. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Salmonella typhimurium KCTC 1925.

—~: Broth was not contained the powder of Rubus coreanus (control).

——: Powder of Rubus coreanus was not extracted (RP).

—"—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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Fig. 2—18. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Shigella dysenteriae KCTC 2915.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).

2}) Candida albicans KCTC 1940 & Saccharomyces cerevisiae KCTC 1552
Candida albicans KCTC 19402} Saccharomyces cerevisiae KCTC 15529

gk 82k 22 (RP, WP, EP)9] S dAlav+= Fig. 2—-19 % Fig. 2—20%

2o HEA 28%S HU7FsHA g2 (control) YM brotholl A A& Candida

albicans KCTC 19409 thsle] RP, WP, EP &2 2 747} 63.58%, 57.95%,

M
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Fig. 2—19. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Candida albicans KCTC 1940.

—: Broth was not contained the powder of Rubus coreanus (control).

——: Powder of Rubus coreanus was not extracted (RP).

—/—: Powder of Rubus coreanus was extracted by water (WP).

[ F: Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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Fig. 2—20. Antimicrobial effect of the powders of Rubus coreanus on the growth
of Saccharomyces cerevisiae KCTC 1552.

—~: Broth was not contained the powder of Rubus coreanus (control).

1 Powder of Rubus coreanus was not extracted (RP).

—: Powder of Rubus coreanus was extracted by water (WP).

- Powder of Rubus coreanus was extracted by 50% ethanol (EP).
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Table 2—12. Sensory evaluation” of grain bread made with different ratios of

Rubus coreanus ampoule.

ilu(feu; coreanus ampoule Color Texture Taste ac c%\pf)(te;liﬂity
140 g 4.7040.44%% 4.70+0.42° 4.10£0.51* 4.5440.64°
160 g 5.414£0.58" 4.86+0.41* 4.3540.43* 5.2240.66"
180 g 5.3240.39" 4.80+0.53" 4.30£0.57" 4.63%0.59°

S 7, like extremely; 1, dislike extremely.
2 Mean * SD.

—d . . . e g
% Values in the same column not sharing a common superscript are significantly

different by Tukey's test (p<0.05).
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Table 2—13. Sensory evaluation” of rainbow rice cake made with different ratios
of Rubus coreanus powder.
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fdu(feuds coreanus  powder Color Texture Taste acc%\lg(‘s;li%iity
125¢ 4.7040.53”% 4.70+0.70° 4.10£0.92° 4.50%0.88°
15.0 g 5.0040.33° 4.80+0.41" 4.2040.73% 4.30%0.71¢
175¢ 5.2240.33° 4.80+0.71" 4.30+0.74" 4.60+0.77"
20.0 g 4.90+0.45" 4.30+0.48"° 3.30+0.94* 3.60%0.79"

D 7, like extremely; 1, dislike extremely.

2 Mean £ SD.

*4 Values in the same column not sharing a common superscript are significantly
different by Tukey's test (p<0.05).
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Table 2—14. Sensory evaluation' of [ngulmi made with different ratios of Rubus
coreanus powder.

Rubus coreanus powder Overall

added Color Texture Taste acceptability
15.0 g 5.20+0.427% 4.8240.51° 5.15+0.74° 5.5440.63°
20.0 g 5.6240.31° 4.95+0.46% 5.2340.58" 5.3840.62¢
25.0 g 6.22+0.44° 4.97+0.62° 5.34+0.55" 5.71+0.68"
30.0 g 5.41+0.39° 4.73+0.37° 4.42+0.63* 4.78+0.53°

S 7, like extremely; 1, dislike extremely.

2 Mean £ SD.

a4 Values in the same column not sharing a common superscript are significantly
different by Tukey's test (p<0.05).
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5) B th
DEER R

B e Az A BEALL GAFE WAZAT 700 g
18.0 g 215 g 25.0 g% 242 ksl AZSYT e AREY WEE of

o s} 2o,

A7) 75 700 g
= 280 g
A A 140 g
A £ 215 ¢

) A=

(1) 2715 A4 e WAy = 2y 34 75 758 3o

(2) MA7] 715 100g, HEA & 0.5g, &= 40 g, A19H 20 g=
of thalgte] E# A droldlitt, (0.3%)
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(3) WA7] 7}5 100g, HEA B¢ 1 g, = 40
o thalgte] EeA] urelwlt) . (0.6%)

(4) MAd7] 7H5 100g, w24 2= 2 g, & 40
o] thAlghe] Ee A woldlith (1.2%)

(5) MAd7] 7} 100g, H5AF % 3 g, &= 40
o] i o] FelA wrobdith (1.8%).

(6) WA7] 7}5 100g, HEA BT 4 g, & 40
o] thAgke] Ee A wroluith (2.4%).

(7) Md7] 7} 100g, H5AF 2% 5 g, &= 40
o] thAlghe] Ee A wroldlith (3.0%)

(8) Md7] 7} 100g, H5AF % 6 g, &= 40
o] thalgte] Ee|A] urelwlith. (3.6%)

@® F 1

Fig. 2—33. &&A} t}2

- 163 -

4 20

20

20

4 20

20

o, K

Rl

i
=

di. ol

Rl

ot
=

=

=

I O N A
e Y
ol ol ol ol ol
- —_ - = o

r]I.
AN

o
=L



7l Aged =4l 5 2 55
1) A8 e

B Ao o]8&H EBEXNRubus coreanum Miquel):= )|
(U5 3k, 2 d)eolA] 2004 6€ellA] 7930 AFH T BS o] &3lolon,
A= FY HiEAE o] &3t (F)AFDolA ZAE AEE o]&sI3itt o]
A 15.7 kg HEARFH 11 Lo HiExte o]

e ] A olgrk

Wl o
X ofr froaf

2) AAE BEAe] FE5E =4

Al BREA 220 go] EtOH 300 mLE 7}3Fal homogenizer (BM—2 Nissei
boi—mixer, Nihonseiki Kaiseiki LTD., Japan)& w233t & & <o 3}(Whatman,
No. 2)3to] of spela} IALE sl o]o] 3]5=3F At EtOH 300 mLE 7}st
of FAsIe} o e ARFste] Hojzl oS ek & F-FFHake] 19.97 g9

= = o
FEES Ak

w

) HiEAEe o H wF
ERAE 11 L (584 BASH 15.7 kg eq.)E Biichner 9J3FAE 0]83}]
S?lod #(Whatman, No. 2)3tlth 1 NS X557 E o] &ate] Hiatsdl
el EtOHe] AA=E o 744 F5%3te] 2.8 LY 5805 Aot

4) TLC Ao ofgt AAls iAot Bixtee] atstdy sigtae &

H]jﬂ_

Takao & (Ref.)2] W o5 FA" dFolv} dald &2 TLC (thin—layer
chromatograph) plate®l] spottingdted CHCly/MeOH (5 : 2, v/v)E A3 &
DPPH ethanol §4(200 uM)<S plateol] #5-ste] Hepdo] @A wojzl Ffolu
A4S st o] Fo R #Asgitt (TLC-DPPHR).

¥ TLC—-DPPHW ¢J&] A B8} EtOH FE523 BEA % ofyds EH*‘O
2 3% 747 drEo] JE gEE] EA4 A4S w3 Axk(Fig 1),
Hrel 3o TLC Aol éﬂﬁ

==

%

ofk

Age] HEA dd shEE 53k Foll &
gk Afol7F BAHATY. F, AR HEA FEE2 R 0.25 olstollA tiFEe] gt
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o)

A7F ERIEA]
H AT spots tiE-Eo] AAENOH, R
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-
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7e) shitel
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HAOH, R 0.25 o] el A

=
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o] 7

h=
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=)
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: g

o

=3

0

X

K

Aol 5ol

)

s

[e)

al

K

2=
[¢)

3

S

)5
3

]

3} BuOH 3 LA S

3]

Jo]27d

o

=

= X

lo] EtOAc =

EISE

hyA
s BN
LN

A=)

i
< (n—hexane

' DPPH spray

A
o

g,

2k

Fo] do)zl p—hexane =& &

S

- Al
512 (v/v); TLC plate, Kiesel Gel 60 Fyg,.

< 43] 3
t} (Fig. 2). oo} EtOAc®} 4=
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;_]il‘
AN

(o2

1) st el
254 nm
=
FES A

A}
FE589H 2.8 Lol n—hexane 3 L

DPPH spray
Fig. 1. TLC analyses of Korean black raspberry raw material EtOH extract (A)

and concentrate of Korean black raspberry wine filtrate (B).

Development solvent, CHCl;/MeOH

oh ZLEiA 2 Aol A




56.2 g, BuOH = 138.5 g ¥ H,0 & 731.5 g& 93t} (Fig. 2).

Korean Black Raspberry Wine (11 L, 15.7 kg eq.)

— filtration (Whatman, No. 2)

—— concentration

concentrate in H20 (2.8 L)

n-haxane (3 L x 4)

n-hanxane layer
0.2 g)

H20 layer

~— EtOAc (3L x 4)

EtOAc layer H20 layer
(56.2 g)
BuOH (3L x4)
| |
BuOH layer H20 layer
(138.5 g) (731.5 g)

Fig. 2. Solvent fractionation procedure of Korean black raspberry wine filtrate.

gaksl g4 oL
LC—DPPHHol <J&) shits}l 318+

f
= %
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o] &4 AFS vlul - AESIT (Fig. 3). 1 23 p—hexane & 2 H,0 Zo+=
&3k ks 29e el sighaol e el wlsl vl v EAlehs e
2 @dEglh 22 EtOAc Sl thgdt ﬁ}f}a o) EA7E ARlFeH, s
o g B9k thE EEel nle) 453 we Ao #Hle 12lal BuOH T
& EtOAc Solli= WAA] 33kt EtOAc Toll EAsh= i‘i]rﬂ%'él/}b o2 5%54
b= AdE oA spots7h AZEHATE o] AHEFH HiAE Foll i
= kst 3hehEE EtOAc Eliel 713 #ol old¥glom, BuOH Sl 4]
B ol At gRtEe] EAfshe Jloew dE ik
ofel it} sgtEel Mg v EAska 3l o2 deE EtOAc S
3 =

st
DPPH spray
- a
NN o)
‘2‘6\2} ,\o?“ JQ\ &00\2\ Rz
A X
254 nm ’865nm DPPH spray
{
o\@% ® O L0 &v\@
+ ov A Q.,\N BRGNP S SR O i&-- Q) S
L o f@

Fig. 3. TLC analyses of each fractions after solvent fractionation of Korean
black raspberry wine filtrate.

Development solvent, CHCl3/MeOH = 5 : 2 (v/v); TLC plate, Kiesel Gel 60 Fyg,.
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2) EtOAc #++9] Silica Gel Column Chromatography

EtOAc % 56.2 g & °F 1/39] AEEH(20 g)& WA o= silica gel column
chromatography (71.5 X 4 cm)E 35}k A|52] oF 20u3e 4d35}+= silca gel
(400 g, 70~230 mesh, Kiesel gel 60, column chromatographyf, Merck,
Darmstadt, Germany)< CHCL2.E slurryES WHE9] columnd] 23 & EtOAc
ol CHCLO &S 100%04 FE 0%7H4, 18] MeOH Foll EtOAc®]
el 100, 50 % 0% &S A 2 LA &FA7]A, ol
MeOH/Hs0/Acetic acid (50 : 48 : 2, v/v)e] &8N 2 L &A%}

dolxl Zt F-& TLC-DPPH #41¢ A3, Fig. 4 vebd wke} 3Fe] fr. EL—
D~J (CHCIy/EtOAc = 80:20 ~ 20:80, v/v)ollA thi-Ho] aita}l 243515150
S58S EGT. L T Aidow o] & fr. EL-F (CHCIy/EtOAc =
60:40, v/v; 2.3 g)& WRSE U5 A5 Psp7|= sk3lrh

»

EL—ABCDEFGHIJk'IMNOPQRSTL{‘

Fig. 4. TLC analyses of eash fraction after silica gel column chromatograpy of
EtOAc fraction of Korean black raspberry wine.

Development solvent, CHCl3/MeOH =5 : 2 (v/v); TLC plate, Kiesel Gel 60 Fg,.
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3) EL-F #%2] Silica Gel Column Chromatography

g4 & EL-F (2.3 90 A7) G &3 &vjAZS <35t silca gel column

chromatography (1.5 X 25 cm)& A=} P5}A e} o] 542 MeOH ol CHCI39]

100, 90, 80, 70, 60, 50, 2123l 0%<! &N Z+2F 75 mLY €&EAIF . 1 ¢
1

g 8-S TLC—DPPH #4<& 33
A7} (Fig. 5), ELF—3 (1.8 g, CHCIs/MeOH = 9 : 1, v/v)dA 7}7& d A s

3} &Aool BEEAT

ELF-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 5. TLC analyses of each fraction after silica gel column chromatography

Of ELF-3.
Development solvent, CHCI;/MeOH = 5 : 2 (v/v); TLC plate, Kiesel Gel 60 Fg,.
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4) ELF—3 8%#9] Sephadex LH—20 Column Chromatography

g4 & ELF-3 (1.8 2)2 ¢% AAS7] €8l Sephadex LH—20 column
chromatography=S 3§3}3tF.  Sephadex LH—20 (70~230 mesh, Pharmacia,
Uppsala, Sweden)S MeOH=Z -&A1Z1 3 column (1.6 X 25)9] X8}, A &5&
2ol MeOHO 9] columnol chargedt & 5 fujA|E &&E 33l FAHS
t}.

dolxl 7F S TLC 418 A7H(Fig. 6), Ve/Vt 0.45~0.61 (ELFS—3, 1.0 g)
= Ve/Vt 0.62~0.72 (ELFS—4, 3.0 mg) 9] §&2lA &4 sigheo] A==t
1 % Bt} geFo] e ELFS—32 ODS open column chromatographys, 12|l
ELFS—4:= HPLCel ¢J&to] 242} AAlE skt

Erst | 2 | 3 I s 5 |

Fig. 6. TLC analyses of each fraction after sepadex LH-20 column chromatography
Of ELFS-3.

Development solvent, CHCl;/MeOH = 5 : 2 (v/v); TLC plate, Kiesel Gel 60 Fyq,.

- 170 -



5) ELFS—4 2]§-¢] HPLCol| 98t s}3h& 19 v

ELFS—49¢] AAS 93l uBondapak Cis column (7.8 X 300 mm, Waters, USA)<
o] 835t 20% MeOH=S o540 & isocratic €= (flow rate, 2.5 mL/min; 214 nm)
S itk Bzl 24 g1 (4 8.1 min, 2.0 mg)S ODS 80Ts column (4.6 X
150 mm, Tosoh, Japan)S ©]-&3lo] AAHAE 3t A3} f; 15.2 minol A @ 3}
= 0.1 mg (315= 1S Fsilth(Fig. 7).

‘Compound. 1

v

1

0 10 20 30 40 (min)

Fig. 7. HPLC chromatogram of fr. ELFS-4-6.

Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm
Mobile phase: 20% MeOH
Flow rate: 1 ml/min
Detection: 214 nm
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6) ELFS—3 &¥+-2] ODS Open Column Chromatography

A7 1 3F9] Sephadex LH—20 column chromatography25-€ dojx &g 3i
ELFS—-3 (1 )< 9<& AAS] 98t ODS (Octadecylsilane) open column
chromatography = 33}gth A15.¢] 2008k Ad&t= ODS (70~230 mesh, 200
g, YMC, Kyoto, Japan)Z 100% MeOH=E slurryS 9H=o] columnol] A7 &
20% MeOH= 3aslslolct. &8 ® ELFS-3S 20% MeOHe| &38ate] ODS
column®] chargedr &, MeOH &EE 20%°14 100%7+A] 20%% =7FA7]+=
step—wise &l o3&l &EAFTE Foxl 7} 755 TLC-DPPHY o3l &
Absh 2 24 3¢S AR A3K(Fig. 8), ELFSO-11%F 159 Z} 2|4 3}
=59 A Aol vEA Yeht 15 A0 giES tid o= HPLCe o]
24 F3tEs dEer= kqlth

ELFSO-123 4 5 6 7 8 9 10 11 18 15 17 19 21 23 25 27 29 31

Fig. 8. TLC analyses of eash fraction after ODS column chromatography of fr.
ELFSO-11
Development solvent, CHCI3 /MeOH =5 : 2 (v/v); TLC plate, Kiesel Gel 60 F254.
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7) ELFSO—12 £i&¢] HPLCel |3+ 3= 2, 3 B 49 e

ELFSO—-12 #%(1.8 mg)< uBondapak Ciz column (7.8 X 300 mm, Waters,
USA)S o]&3le] HPLCol ]38 #2](20% MeOH, 2.5 mL/min, 214 nm)& 335}
359 58 peak [# 9.4 min (peak 2), t 12.4 min (peak 4), #& 20.9 min (peak 6)]
& 47 £H18HltH(Fig. 9). ©]E Al #&& 0DS 80Ts column (4.6 X 150 mm,
Tosoh, Japan; 20% MeOH, pH 2.65 by trifluoroacetic acid; 1.0 mL/min; 214 nm)
= o838 TN A2 AFAE Wt 4 9.4 min® FEOZHE SHehE 2
(0.3 mg, Fig. 10)E, # 12.4 ming] R o ZHE 3% 3 (£ 13.5 min, 0.6 mg,
Fig. 11)g, 181 £ 20.9 mine] gE o 2R E 3}3E 4 (£ 30.7 min, 0.3 mg, Fig.
12)5 247 delakqith
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4
4
> 5 j
;X i 7
| | | i
[ | | | |
0 10 20 30 40 (min)

Fig. 9. HPLC chromatogram of fr. ELFSO-12.
Column: ODS-80Ts, Tosoh

Column size: 4.6 x 150 mm
Mobile phase: 20% MeOH (pH 2.65)
Flow rate: 1 ml/min

Detection: 214 nm
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Compound. 2

\4

P | N

| | | |
0 10 20 30 (min)

Fig. 10. HPLC chromatogram of fr. ELFSO-12-2.
Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm
Mobile phase: 20% MeOH (pH 2.65)
Flow rate: 1 ml/min

Detection: 214 nm
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Compound. 3

.

A AN

[ | | |
0 10 20 30 (min)

Fig. 11. HPLC chromatogram of fr. ELFSO-12-4.
Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm
Mobile phase: 20% MeOH (pH 2.65)
Flow rate: 1 ml/min

Detection: 214 nm
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Compound. 4

v

A N

| I I I |
0 10 20 30 40 (min)

Fig. 12. HPLC chromatogram of fr. ELFSO-12-6.
Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm
Mobile phase: 20% MeOH (pH 2.65)
Flow rate: 1 ml/min

Detection: 214 nm
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8) ELFSO—15 &°] HPLCOl ¢ sl5tE 59 o]

ELFSO-15 £%(2.3 mg)& | AASH7] 15k ODS 80Ts column (4.6 < 150
mm, Tosoh, Japan; 20% MeOH; 1.0 mL/min; 214 nm)< ©]-&3% HPLC (Fig. 13)
£ st 3ket= 5 (¢ 15.6 min, 0.6 mg)E TlakAoH(Fig. 14).

B — .

|
0 10 20 30 (min)
Fig. 13. HPLC chromatogram of fr. ELFSO-15

Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm
Mobile phase: 27% MeOH
Flow rate: 1 ml/min
Detection: 214 nm
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0

Compound. 5

;

w )\

10 20 30 (min)
Fig. 14. HPLC chromatogram of fr. ELFSO-15-6.
Column: ODS-80Ts, Tosoh
Column size: 4.6 x 150 mm

Mobile phase: 20% MeOH (pH 2.65)

Flow rate: 1 ml/min Detection: 214 nm

9) ELFSO—11 &< HPLCO 2|38t 3}3H= 69| e

ELFSO—-11 &+(2.9 mg)< GPC column (HF—2003, Shodex Packed Column, 20
X 500 mm, tetrahydrofuran, 3.5 mL/min, 214 nm)< ©]| &3l AAS Y3+ Ax)
(Fig. 15),  30.0 minollA] G4EA (S 6, 1.9 mg)S w33l
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Compound. 6

. = - i [ [ |
0 15 30 45 60 (min)

Fig. 15. HPLC chromatogram of fr. ELFSOG-1.

Column: GPC HF-2003, Japan
Column size: 20 x 500 mm
Mobile phase: THF 100%

Flow rate: 3.5 ml/min
Detection: 214 nm

ool HiAbE EtOAc 2l Tol EAsh: st shehae] del - AA A e

Fig. 16 eI
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EtOAc layer (56.2 g)
36.29 20 g
(presevation)
— silica gel C.C. (CHCI3/EtOAc/MeOH/H,0)
EL-A~C D E F(2.39) G H | J K-Ba~Br
— silica gel C.C. (CHCI3/MeOH)
ELF-1 2 3(1.89) 4 5 6~16
— Sephadex LH-20 C.C. (MeOH)
ELFS-1 2 3(1.09) 4 (3.0 mg) 6~8
}* HPLC (ODS, MeOH/H,0)
1 3 (2. 0 4 5 6
ODS open C.C. (MeOH/H,0) — 2 (2.0mg)
}» HPLC (ODS, MeOH/H,0)
| Comp. 1 (tz 152 min, 0.1 mg) |
ELFSO-1~10 11 (20%) 12 (20%) 13 14 15 (20~40%) 16~45
(78.6 mg) (2.9 mg) (1.8 mg) (1.8 mg) (0.5 mg) (2.3mg)  (10.6 mg)
HPLC (ODS, 20% MeOH)
T O
. . . ODS, 20%
(GPC, THF) (tg 9.4 min) (tg 12.4 min) (tz 20.9 min) f\/IeOH) °
HPLC* HPLC* HPLC*
(ODS) (ODS) (ODS)
Comp. 6 Comp. 2 Comp. 3 Comp. 4 Comp. 5
(t 30.0 min) (tz 9.1 min) (tg 13.5 min) (tz 30.7 min) (tz 15.6 min)
(1.9 mg) (0.3 mg) (0.6 mg) (0.3 mg) (0.6 mg)

Fig. 16. Isolation procedure of antioxidants from EtOAc layer of Korean black raspberry
wine filtrate. *: Mobile phase, 20% MeOH (pH 2.65 by trifluoroacetic acid).

10) shstE 19 3254
3letE 19 '"H-NMR spectrum’d(Table 1)olA & 7.88 2L 6.820]4 5719

doublet signale] #ZE T} ©]E signal para X|&A|9] aromatic proton =
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F5EAT =, 2H] F7F protone] §F AH EAShE SFERA para Aol 7
#5717} A3 phenolld 313HE=A] 4—hydroxybenzoic acidd 7FsAd o]

AAFEI AT 1A AlFEC] 4—-hydroxybenzoic acid TSt EES U 27004
215 &sleitl. 1 AFH(Table 1), 3H3HE 12 'H-NMR spectrum< 3%

TEF9 A A = 3HE 18 TMS f=A8kst & GC-MS 48 3
st A7H(Fig. 17), m/z (int., %) 73 (TMS™, 100), 91 {[M—COO(TMS):]", 9.3}, 105
{[M—(=0TMS).1", 2.5}, 165 [(M—COOTMS)", 0.8], 193 {[M—(CHs)s]", 49.5}, 207
[(M=TMS)", 5.11, 223 {[M—(CHa),1", 79.9}, 267 [(M—CH)", 97.2], 282 (M", 21.2) &
o] EAAI fragment ion°] FAEH] 313= 1& 4-—hydroxybenzoic acid= 574

a9t
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Table 1. '"H-NMR data (500 MHz, CDs0D, TMS) of compounds isolated from EtOAc layer of MeOH extract of Korean black

raspberry wine

Compounds dg (mult, J)
4—Hydroxybenzoic acid (1) 7.88 (2H, J = 8.5 Hz, H-2, 6), 6.82 (2H, J = 8.5 Hz, H-3, 5)
4—Hydroxybenzoic acid

7.88 (2H, J = 9.0 Hz, H-2, 6), 6.82 (2H, J = 9.0 Hz, H-3, 5)
standard compound

3,4—Dihydroxybenzoic acid (2) 7.43 (1H, br. s, H-2), 7.42 (1H, dd, J = 8.5, 2.5 Hz, H-6), 6.79 (1H, d, / = 8.5 Hz, H-5)
4—(2—Hydroxyethyl)—phenol (3) 7.03 (2H, br. d, /= 8.3 Hz, H-3, 5), 6.70 (2H, br. d, / = 8.3 Hz, H-2, 6), 3.68 (2H, t, /= 7.0

Hz, —CH,—OH), 2.71 (2H, t, / = 7.0 Hz, C4—CHy—)

Catechol (4) 6.75 (2H, m, H—4, 5), 6.65 (2H, m, H-3, 6)
Catechol standard compound 6.75 (2H, m, H—4, 5), 6.65 (2H, m, H-3, 6)

3,4,5—Trihydroxy—benzoic acid

7.04 (2H, s, H-2, 6), 4.27 (2H, q, J = 7.0 Hz, —CH>—), 1.34 (3H, t, J = 7.0 Hz, —CH3)
ethyl ester (5)
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193
b
126 ]
§

| \ § .
o | rinl Bl 0L s g i i

i PP L o e i g

. ; ; 4
0 50 % 130 170 200 250 290 330 370| 410 450 490 530 570 610 650

Fig. 17. GC-MS spectrum of the trimethylsilylalted 4-hydroxybenzoic acid.

11) s 29 +x2%54

3182 29] 'H-NMR spectrum(Table 1)73o14 6§ 7.44%¥ 6.799] sp’ carbon
proton signal 3Hito] F&EEo] W3 st=d 7Fsidol AAERITE d 6.799]
doublet (1H, d, /= 8.5 Hz), § 7.42¢] dd form®] 1H (J = 8.5, 2.5 Hz) & & 7.43¢]
br. s form® 1H signale] #ZE AW Aoz e Hek£sle] 1) 3 @ 490 X3A)
7} A3+H 3,4—dihydroxybenzoic acid¥ 7Fs/do] AAME AT & 3EEe] ¢S
g5 72 FA4S A& TMS F=As & GC-MS 415 gk A3 (Fig. 18), mZz
(int., %) 73 (TMS', 100), 165 {[M—(-0TMS),—(-C=0)]", 4.8}, 193
{IM=(—=0TMS)21", 42.6}, 223 {IM—(TMS):1", 4.9}, 281 {IM—(CHz)s]"*, 1.8}, 311
{IM=(CHy),1", 7.5}, 355 [(M—CHz)", 9.7], 370 (M", 20.1)9] fragment ion®] AZ%|o]
35 25  3,4—dihydroxybenzoic acid® &4 3} c}.

|UU| il W

19

1
n oM {

(i#4

s o' 8 |y
dni P

0050 90 130 170 210 250 290 30 30 410 450 40 530 50 610 650 60

Fig. 18. GC-MS spectrum of the trimethylsilylalted 3,4-dihydroxybenzoic acid.
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12) 33t 39 T+x%4

3132 39] 'H-NMR spectrum(Table 1)l § 7.03%} 6.709 571<9] doublet
signal (2H, br. d, J = 8.3 Hz)7} &t} 71 signal 59 Adko] s}3E 19 74
99} fAFEFE o 25 signal®l chemical shift7} Th274] AZHAE Ao FZHEH
35tE 139 o2 #5717} para AEE WIS FFEL sHsAo] wl$- A
AAFEI AT, 18]ar § 3.68% § 2.71¢) 242t vreRd 2% 2H9 triplet signal (/= 7.0
Hz)o]l EAZ5E AB type? alcoholic #5717} EATS & 4= ALk oo &2
3}gHE-2 4—(2—hydroxyethyl) —phenold 7FsAdo] 78tA AAFE L) o] 35HES
TMS3}ato] GC—-MS #4533 A3H(Fig. 19), m/Z (int., %) 73 (TMS', 100),
103 {[M—=(=OTMS).]", 19.3}, 117 {[M—(-Ph—OTMS)]*, 1.1}, 149
{IM—OTMS—(CHs);]", 4.3}, 179 {[M—(—CH,—OTMS)]", 86.5}, 193 {[M—(—OTMS)]",
6.8}, 209 [(M—TMS)", 0.3], 235 {[M—(CHs)s]", 0.2}, 252 {[M—(CHz)21", 0.1}, 267
[((M—CHs)", 11.2], 282 (M", 16.1)¢] fragment ion°o] =]
4—(2—hydroxyethyl) —phenol 2 &% 3} t}.

100 7 A

§i) 103 i ?mm
- HOPRER I [ T,

L1 R | m | WM m
s s .t

P T

NN 10 W M M 0 0 4 S0 6 60 T

Fig.19 . GC—-MS spectrum of the trimethylsilylalted 4-(2—hydroxyethyl)—-phenol.
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13) g5+ 49 73254

3}3HE 49] 'H-NMR spectrum(Table 1)l A] § 6.759F 6.659] S7F2] multiplet
signal ¢k o] AZE AT o] signalE2 WEHE| U #5717} ortho A
ke shstEe] WA patterno]2f IHE O] catechold 7HsAd o] AAFERITE 1
YA A|FES catecholS TIx719 'H-NMRES 2418t A3 (Table 1), 15

spectrum®] YX|ES g 4= AU} olo| E FEES catechol®Z T3]

14) skstE 59 3254

312 59 'H-NMR spectrum”Joll A § 7.040 2HE] br. singlet signalel ©l3a}e]
carboxyl group®l ester A3%r% methylene carbon proton |2 F=FojX|+= 2H
9] quartet signal (d, 4.27, J = 7.0 Hz) & § 1.34°l] 3H9] triplet signal (J = 7.0
Hz)o] #2H A Ao ZHH ethyl group®] esters} ¥z 42 k4| o] W= 3}t
Ed 7o) AAEAT S SRES WSS meta 9ol 571 proton©]
FA8H= 3,4,5—trihydroxybenzoic acid ethyl ester® 3% At} o] &S TMS
sfsto] GC-MS #A3 AxK(Fig. 20), m/z (int, %) 73 (TMS', 100), 237
{IM—(—CH,CH;)—(TMS).1*, 6.3}, 267 {[M—(TMS).]*, 1.2}, 281
{[IM—OTMS—(CH,CH3)—CHs]", 62.5}, 311 {[M—(CH.CH;)—TMS]", 7.0}, 369
{IM—(CHs)s]", 5.4}, 399 [(M—CHs)", 3.2], 414 (M", 37.6) °lA 5442 fragment
ion°o] 7A&% o] 3,4,5—trihydroxybenzoic acid ethyl ester® =43}t

10— =

Bl

414
s

i st By Wigwmy mw | wil ¥ W TN
'*-n]—.v-mf—m-l—v—.d,rn--"nlv!—'|n.—v[nv—'—‘n'-‘1:n-[|1-'_—[njfr:nnnw-":nbrn.r|u o g TR T, ‘m||-:||! i |I\|'—'|'|'ﬂ=?m—‘ v—nTr-— TR T

40 70 100 130 160 190 220 250 280 310 340 370 400 430 460 490 520 550

Fig. 20. GC-MS spectrum of the trimethylsilylalted 3,4,5-trihydroxybenzoic acid ethyl ester.
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15) 3FE 69 XA
B 33E2 'H-NMR, "C—NMRd ¥3&te] 'H-'H COSY, “C—'H COSY, HMBC
59 2D NMR &4 ¢t5ste] A Fx247do] & Fo 3t

ol HEAE2] EtOAc EowHE e - 125 A4Y kg 315tE 559 +
A

Z=4& Fig. 21 HERAH.

(o]
HO__AU 3 OH
OH 2 4
6 1 5
HO . HO p
4-Hydroxybenzoic acid 3,4-Dihydroxybenzoic acid 4-(2-Hydroxyethyl)-phenol
(Comp. 1) (Comp. 2) (Comp. 3)
o}
Ho1 2 HOL__AU
) @) i
HO™ 6 . N HO 6
OH
Benzene-1,2-diol (Catechol) 3,4,5-Trihydroxybenzoic acid ethyl ester
(Comp. 4) (Comp. 5)

Fig. 21. Structure of compounds isolated from EtOAc layer of Korean black raspberry wine filtrate.

16) BuOH & o245 itst 24 sigte ol - 44
|rjiEE $of] dojxl BuOH &+

Hate] (AFe] For F4E) B84 SFES Ak 1 &S 55(115.6
g)8t & TLC—DPPHHES A ZZ XAD—2 column chromatography (8 x 58 cm;
bed vol.,, 2.8 L; mobile phase, H:O/MeOH), Sephadex LH—20 column
chromatography (30 x 73 cm, bed vol., 515 mL; mobile phase, MeOH)) % ODS
open column chromatography (2.3 x 53 cm; bed vol.,, 200 mL; mobile phase,
H:0/MeOH) & =24 o= dfstar, #eld o] &4 g7 5 AANE wuA 3
AL3eS Hole FAEE(25% MeOH €%%E, 51.1 mg)S ODS columng °]&
HPLCE AAst] ¢ 9aE5 w3l 3¢E(3.7 mg)S walste] 'H-NMR #4
gt 1 A3 2 g2 oF 3F9] flavonoid ¥IRA7E EFE AEHR Hy]

32 o ot
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om, Wit R AAE Pajok T Dol FHHATE ofo] ¥ el A
7h @A) A8 Fol ek

2}, a1z

BERAE 555 9AE 5542 EtOH FEES o= TLC 45 35t
5 7o) EAlsks SstEe] patterns Hlal - HESE Ay A3 thE g5HE9]
Ao BFEEA o]AL AR Tl T YW AEEC] HEAES] A
A Foll g A8 B gekA] Wstel oaf Eaf e T = 714 Wy
% 7] wolzt ATt 215 ¥t AT Tl A SAlEHA] &= & A
& sgtEo]l ETAY ThsAol Erhal wdEo] dhwste] ol kst &4

o

H
EAo 23S B0 &3 A9 ol ZrEsielnh
= S48 Aelel] FAst =2 &l g 7 =
2 Aakst 4 4 vdsHAl v ek EtOAe EliS Wit ® 1 EA 24
o] L& 3+ A3}, 4—(2—hydroxyethyl) —phenol (33 1), 3,4—dihydroxybenzoic
acid (3}g+E 2), 4—hydroxybenzoic acid (3}3%& 3), catechol (3}3&E 4), 1g]al
3,4,5—trihydroxybenzoic acid ethyl ester (3}$HE 5)3 22 dH ] A &Ex} IEE
o] &g - FAHEAL. oA AR HEEA T FE vt flavonoid FEAE
of tg A Foll walEo] AAdE SFEY 7heAdel Erha gAY ey
AT=245Y deE sE=E i 2l o d+rd Aed=4e 54

=
F83) FaslolAtia Besl) oyl F BEAL Folt 544 A4 A

5

o ok

=
A e mA HEEA @At ol MR

= Tkt SAds w2
w0l AV 22 HAelAM H2 Ml A SEHAA FE7F AstE Fa

sitER HAEHA Zolals 7ol AXFERITE ey d dAlelA = Bk ZRA)
St AE7F Fesirial A

shA HEAkEe] BuOH - didoz sitst &4 248 Ak HAollA
"H-NMR &41& &t A3} 1 spectrum 9] A5 O =2 Ko} antheyanidin ¥l EA]
A 7hsAlo] A AAFE QI o] EtES KA o] dhital 4 EEoINSS 1

g ou, BRI ol g8 AR OS24 anthocyano] F& IFEZ =4 7}
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AhdEe] BiAled dAls 5] FEES eE TLC #41S st 159
EAleke sstEEY patterns WL - HES 2y, AARe] HEA FEEENE HEY
Al @2 shetEe] BiAeY FEEENH UF AEHIM o3 AR Foll Ty
of U™ AEEo] FHitAk=e] Zﬂdﬂjr o] &R g I 3}5hH wstel] o) Faf ®
T T oS AA Wt dojd AoR dHIny 2 HEAlks Fode dAES]
Akl HrEo] A %2 sEEEe] tde EAE 7hs/del dvkal o] 3
cbsl & B 2HS giEo] AR iH Tgoll Zpsigith 1Apd R EHEAlEe
EtOH F&ES 8mE33sl] p—Hexane =, EtOAc =, BuOH & % H,0 F0.2 Uir &
¥oizl  EtOAc T weR ] SES dE - w483 Ay

(2—hydroxyethyl)—phenol (&&E& 1), 3,4—dihydroxybenzoic acid (3}E 2),
4—hydroxybenzoic acid (3F&= 3), catechol (3FHE 4), 18|31 3,4,5—trihydroxybenzoic
acid ethyl ester (313H= 5)¢F & d#e] A =50l e - EZHAH(Fig. 174
2).

1ApAEe] Aol o]of 2abdkol= EtOAc 58 wWde= 3 F/HEES &8,
n—Hexane & % BuOH F°l e 3tst shgEe] +HS Al=skglch

(Fig. 1)
(Fig. 2)
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(o] o
HO. OH
OH OH
HO' HO' HO'
4-Hydroxybenzoic acid 3,4-Dihydroxybenzoic acid 4-(2-Hydroxyethyl)-phenol
(Comp. 1) (Comp. 2) (Comp. 3)
o
HO. HO.
o/\
HO' HO'
OH
Benzene-1,2-diol (Catechol) 3,4,5-Trihydroxybenzoic acid ethyl ester
(Comp. 4) (Comp. 5)
Fig. 1. Structure of compounds isolated from EtOAc layer of Korean black raspberry

wine.
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EtOAc layer (56.2 g)
362 ¢ 20¢g
(presevation)
— silica gel C.C. (CHCI;/EtOAc/MeOH/H,0)
EL-A~C D E F(2,3 g)I G H I~Br
“—
— silica gel C.C. (CHCl3/MeOH)
ELF-1 2 3(1.8g) 4 5 6~16
— Sephadex LH -20 C.C. (MeOH)
ELFS-1 2 3(1.0g) 4 (3.0 mg) 5 6~8
— HPLC (ODS, MeOH/H,0)
1 2 3 4 5 6
(2.0 mg)
ODS open C.C. (MeOH/H,0) —
— HPLC (ODS, MeOH/H,0)
| Comp. 1 (1 15.2 min, 0.1 mg) |
ELFSO-1~10 11 (20%) 12 (20%) 13 14 15 (20~40%) 16-45
(78.6 mg) (2.9 mg) (1.8 mg) (1.8 mg) (0.5 mg) (2.3 mg) (10.6 mg)
I — HPLC (ODS, 20% MeOH)
HPLC — — HPLC
(GPC, THF) [ | | (ODS, 20%
12 3 4 5 6 MeOH)
(tg 94 min)  (tg 12.4min)  (tg 20.9 min)
— HPLC* HPLC* HPLC*
(ODS) (ODS) (ODS)
Comp. 6 Comp. 2 Comp. 3 Comp. 4 Comp. 5
(tr 30.0 min) (g 9.1 min) (g 13.5 min) (tg 30.7 min) (g 15.6 min)
(1.9 mg) (0.3 mg) (0.6 mg) (0.3 mg) (0.6 mg)

Fig 2. Isolation process of antioxidants from EtOAC layer of Korean black raspberry

wine. *: Mobile phase, 20% MeOH (pH 2.65 by trifluoroacetic acid).
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H BB Rubus coreanum Miquel) = A Yol A 20043 6L A
akglom, %‘E‘ZV\O Y HEAE o] &ste] (F)AFBelA ZAE A
15.7 kgd] EEAZHRE 11 LY EEas: golo] doj
Ao FAEA] G LEHQ AL o] &stlth

P'L
¥
vl
o
J
M
_>;
rlo

2) BiAEERE kst slghao] vl - BA

7h) BEAES EtOAc BFomE ikal B49] e - A
(1) EL-E &#°] HPLCE °]&3 &4E49] de

12pdEol= B8] EtOAc 55 9O & silica gel column chromatography

& dato] dojxl EL-F g5 AAlste g3t= 1~55 de - BAS3It olojzl 2
ZPAE 9] Ao A= EtOAc 5L silica gel column chromatography %o EL-E ¥
1(36 mg)S WA AAs72 3+t 1 EL-E 352 uBondapak' " Cis column (7.8
X 300 mm, Waters, USA)S ©]-83}o] 587F 15% MeOH [pH 2.65 by trifluoroacetic
acid (TFA)]S €&A171 ¥, 50% MeOH7HA] 30% 5<F gradient %%/\]7]1 100%
MeOH7ZHA] 5% &<t gradient &&A171 & 15% 59F 100% MeOHS FAAI7]E ©]
FAo R f< 2.0 m/min (Medel 600 pump, Waters, USA)& UV detector (280 nm,
SPD 10A, SHIMADZU, Japan)& ©|&3F Z7dA HPLCE a3ttt 2 A3 (Fig.
3) 3%9] 33 [34E 7 (EL-E4, t 19.4 min, 13.1 mg), 35+% 8 (EL-E6, # 22.8
min, 2.6 mg), 3= 9 (EL-E12, % 34.3 min, 13.1 mg) ]S 424 @83l =527}
A e Ao oy 2 FE(EL-E2, t¢ 13.2 min; EL-E9, 4 27.1 min)< t& %
719l HPLCE o83t AAAE a3l

(Fig. 3)

(2) EL-E2 g&°] HPLCE |83 3}3h& 1034 119] ]

EL-E2 3%(5.9 mg)2 A4S 23 Discovery® Ap Amide Cig column (4.6 < 250
mm, SUPELCO, USA)& ©]83l9 15% MeOH (pH 2.65 by TFA)E olsio=
isocratic 8Z(flow rate, 1.0 mL/min, LC—20AD, SHIMADZU, Japan; 280 nm,
SPD—20A, SHIMADZU, Japan)< 338ttt -1 A¥H(Fig. 4), tx 7.2 wollA &< 343
= 1.3 mg (EL-E2-2, 3= 10)3 # 8.6 F-ol|A & &3E 6.3 mg (EL-E2—4, &+
& 115 27 dysiglnh
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(Fig. 4)

EL-E12
EL-E2 (Comp. 9)
EL-E4
(Comp. 7)
EL-E6 |
(Comp. 8) /

EL-E9 ‘ ‘l

0 5 10 15 20 25 30 35 40 45 50 55 (min)

Fig. 3. HPLC chromatogram of fr. EL—E.
Column: pBondapak™ Cis column (7.8 < 300 mm)
Flow rate: 2.0 ml/min
Detection: 280 nm
Mobile phase:
15% MeOH (pH 2.65 by TFA)——— 50% MeOH ——— 100% MeOH
(5 min) (30 min) (5 min) (15 min)
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/ EL-E2-4 (Comp. 11)

EL-E2-2
(Comp. 10)

| | T | | | | | | 1
0 5 10 15 20 25 30 35 40 45
(min)
Fig. 4. HPLC chromatogram of fr. EL—E2.
Column: Discovery® Ap Amide Cis column (4.6 X 250 mm)
Flow rate: 1.0 ml/min
Detection: 280 nm

Mobile phase: 15% MeOH (pH 2.65 by TFA)

(3) EL-E9 #i-¢] HPLCE o83 33 129} 139] W]

EL-E9 3E(4.5 mg)S v @157 9159 Discovery™ Ap Amide Cis column
(4.6 < 250 mm, SUPELCO, USA; 40% MeOH; 1.0 mL/min, LC—20AD, SHIMADZU,
Japan; 280 nm, SPD—20A, SHIMADZU, Japan)< ©]-&3 HPLCE &ato] 3}3tE 12
(EL-E9-2, 6.9 min, 1.1 mg)$} 3% 13 (EL-E9-3, f 7.2 min, 1.9 mg)S 217}
ek th(Fig. 5).

(Fig. 5)
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(4) EL-H &% HPLCE o]-&3 33E 149 de

EL-E &3¢ HPLCE ©]-&3+ s}etE9 wejolAol sdgk HPLC 1= EL-H
E31(245 mg)S S8t 1 A3 (Fig. 6), 229 main peak [EL—H2 (¢ 9.8 min,
19.1 mg), EL—H4 (# 14.6 min, 2.2 mg) | & 33t ¢=& 2183t EL-H4 (8}
T 14)= dUEH| S Hle] EL-H2& B8-S dhhata glgo] delxo] A
AE P72 S

(Fig. 6)
(5) EL-H2 &%-2] HPLCZ o|&3F 335 159 e

EL-H2 3%(19.1 mg)S AA5}7] 98] Discovery® Ap Amide Cig column (4.6
X 250 mm, SUPELCO, USA) % UV detector (280 nm, SPD—20A, SHIMADZU,
Japan) & ©]-838Fo] 15% MeOH (pH 2.65 by TFA)S ©]%AH1.0 ml/min, LC—20AD,
SHIMADZU, Japan)©.2 3t HPLCE &3}tk = ZA3(Fig. 7), 3E 15
(EL-H2-2, t& 7.4 min, 14.7 mg)E w3t}

(Fig. 7)

oA EtOAc 2025 valg 3= 7~159 wa]at4< Fig. 8o A3t

(Fig. 8)
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/ EL-E9-3 (Comp. 13)

EL-E9-2
(Comp. 12)

\

Fig. 5. HPLC chromatogram of fr. EL—E9.

25

Column: Discovery® Ap Amide Cis column (4.6 X 250 mm)

Flow rate: 1.0 ml/min
Detection: 280 nm
Mobile phase: 40% MeOH
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EL- H2
£ \

EL- H4 (Comp. 14)

l

] N

0 5 10 15 20 25 30 35 40 45 50 55 (min)

Fig. 6. HPLC chromatogram of fr. EL—H.
Column: uBondapakTM Cig column (7.8 X 300 mm)
Flow rate: 2.0 ml/min
Detection: 280 nm
Mobile phase:
15% MeOH (pH 2.65 by TFA)——— 50% MeOH ——— 100% MeOH
(5 min) (30 min) (5 min) (15 min)
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EL- H2-2 (Comp. 15)

0 5 10 15 20 25 30 (min)

Fig. 7. HPLC chromatogram of fr. EL—H2.

Column: Discovery® Ap Amide Cis column (4.6 X 250 mm)
Flow rate: 1.0 ml/min

Detection: 280 nm

Mobile phase: 15% MeOH (pH 2.65 by TFA)
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Robus coeanum (11.7 kg)

[ solvent fractionation

Hexane layer yer (56.2 g) I BuOH layer H,O layer

36.2 20g
(preservation)

silicagel column chromatgraphy

EL-A~D EL-E (36 mg) EL-F EL-H (245 mg) EL-1
— HPLC — HPLC
EL-E2 EL-E4 EL-E6 EL-E9 EL-E12 etc. EL-H2 EL-H4 etc.
(5.9mg) (12 19.4,13.1 mg) (1222.8,2.6 mg) (45mg)  (134.3,13.1 mg) (19.1 mg) (1 14.6, 2.2 mg)
HPLC HPLC HPLC —
| | Comp. 7 . Comp. 8 . | | Comp. 9 ' Comp. 14
EL-E2-2 EL-E2-4 EL-E9-2 EL-E9-3 EL-H2-2
(1 7.2, 1.3 mg) (1 8.6, 6.3 mg) (13 6.9, 1.1 mg) (13 7.2, 1.9 mg) (tg 7.4,14.7 mg)
Comp. 10 Comp. 11 Comp. 12 Comp. 13 Comp. 15

Fig 8. Isolation process of antioxidants from EtOAC layer of Korean black raspberry
wine.
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) HitAk=e] BuOH gito =g 3tst &4 e - AA|
(1) BL 8~12 &¥#-9] Sephadex LH—20 Column Chromatography

B 2214 BuOH &H9 Amberlite XAD—2 column chromatography 3-¢] &4 2
£ BL 8~12 (4.9 9)& 2= Sephadex LH—20 column chromatography (73 X< 3
cm)E AT A& oF 10083k AH5}= Sephadex LH—20 (515 ml, 25—100
mesh, pharmacia Biotech AB, Uppsals, Sweden)< MeOHZ slurryE 91, & &
HAE o] sdoR §EAA EETE X 7} &8 TLC-DPPHW[Takao T.
efc, Biosci. Biotech. Bioch. 58, 1780~1783 (2000) ]l <J3l] 4 st ArH(data A
), Ve/Vt 0.3~0.5 (BL-A—16~19, 1.02 g)¢} Ve/Vt 0.5~0.8 (BL—A—20~25, 2.17 g),
T12)a1 Ve/Vt 0.8~1.0 (BL—A—26~34, 785 mg) 9] £E&HolA 71 ek &Ado]
ALk ol 7} FES g AAsH] fske] ODS Ei= thE £719] Sephadex
LH—-20 column chromatographyS 33}t

(2) BL—A—20~25 &&9] Sephadex LH—20 Column Chromatography

BL 8~12 &3#9] Sephadex LH—20 column chromatography o] dojx &4 &
£ BL-A-20~25 (217 g5 uwWdoez Al Sephadex LH—-20 column
chromatography S 3J3}%t}. Sephadex LH—20 (70~230 mesh, Pharmacia, Uppsala,
Sweden)S MeOHZ A7 & column (69 X 2.3 cm)oll 213}, ABE AFY
MeOHl| 4] column®] chargedt ¥, & SwjAZ &% - E8ato] GAsI3lct o
2y g2 TLC-DPPHR ofs) bstaAds mladt 23t (data A=), Ve/Vt
0.6~0.72 (fr. BL-X—16~18, 464 mg)?] &= &olA sHFEE2] EA o] vl A
GestiA e ek @do] AAEJ 2 o] RS tide® ODS column
chromatogrphy S 37|12 313t}

(3) BL-X-16~18 &%X2] ODS Column Chromatography

BL-A—20~25 &39] Sephadex LH—20 column chromatographyS st A&
BL—-X-16~187}49] &8 (464 mg)S e = ODS column chromatography=
gapgich. A= oF 200uiFe] ODS gel (110 g, 12 nm, YMC-GEL Liquid
chromatography -&, Waters, USA)S 10% MeOH (pH 2.6 by TFA)Z slurryE W&
o] column (53 X 2.3 cm)ol =23t ABE A% 10% MeOH (pH 2.6 by
trifluoroacetic acid)® £33} chragestaz, 10, 20, 25, 30, 35, 40, 50, 60, ~12]aL 100
% MeOH= 747} 350 ml¥ &2k &% - w8ste] AAleigirh. dojx 7 giEs
TLC—-DPPHWHel ol aitst &4 B4 &&43s AEsSIt(data A=), 1 2
3} 25% MeOH &% S&(fr. BL-Y—63~68, 51.1 mg)°lA &+ gital&dAo] 2145
At} olol A3ES welsly] Y8 BL-Y-63~682 48RS tio = HPLC
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g olg AAT Pab/)= sk

(4) BL-Y-63~68 &¥-o] HPLCl 93 3}3E 169 179 v+

BL-X-16~18 %< thA 2 & ODS column chromatography S 3&te] & 24
&% BL-Y—-63~68 (51.1 mg)< thAo & pBondapak™ Cig column (7.8 X 300 mm,
Waters, USA)<S UV detector (254 nm, SPD—20A, SHIMADZU, Japan)2} d23}a1,
15% MeOH €A S ©]54+(2.5 ml/min, LC—20AD, SHIMADZU, Japan) 0% HH22]
ol HPLCE #&to] 25 9] 58 peak [BL-Y-63~68—1, % 20.0 min (2.4 mg);
BL-Y—-63~68-2, & 25.5 min (2.4 mg)1Z Zt7zt EF & tH(Fig. 9).

(Fig. 9)

(7h 3= 162 de

87] FellA] GAlE BL-Y—-63~68—1°] (% 20.0 min, 2.4 mg)S o=
ODS 80Ts column (4.6 X 150 mm, Tosoh, Japan)S AFE3F] 12% MeOHS o] 54+
©2 1.0 ml/min (LC—20AD, SHIMADZU, Japan)®] <3} 254 nm (SPD—20A,
SHIMADZU, Japan)®] #HZ&z71e|x] vha o 2 HPLCE d)ate] 313HE 16 (4 15.3
min, 2.4 mg)< TsFATHFig. 10).

(Fig. 10)

(W) ssh= 179 e

247] ol AAlE BL-Y—-63~68—-22] F¥( 25.5 min, 2.4 mg)S O Z
Bondapak™ Cis column (7.8 X 300 mm, Waters, USA) 2 UV detector (254 nm,
SPD—20A, SHIMADZU, Japan)& 1438}, 15% MeOH= 2.5 ml/min (LC—20AD,
SHIMADZU, Japan)®] fr&0& ¥H32Q1 HPLCE &8t ¢ 14.5 minolA sheh=
17 (2.4 mg)S 23k tH(Fig. 11).

(Fig. 11)
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BL-Y-63~68-2

}

BL-Y-63~68-1

Fig. 9. HPLC chromatogram of fr. BL—Y—63~68.

Column: pBondapak™ Cis column (7.8 X 300 mm)
Flow rate: 2.5 ml/min

Detection: 254 nm

Mobile phase: 15% MeOH
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Comp. 16

[ I I ] I I

1] 10 20 30 40 50 (minj

Fig. 10. HPLC chromatogram of fr. BL—Y—63~68—1.
Column: ODS—80Ts (4.6 X 150 mm)
Flow rate: 1.0 ml/min
Detection: 254 nm
Mobile phase: 12% MeOH
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Comp. 17

Fig. 11. HPLC chromatogram of fr. BL—Y—63~68—2.
Column: pBondapak™ Cis column (7.8 < 300 mm)
Flow rate: 2.5 ml/min
Detection: 254 nm
Mobile phase: 15% MeOH
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(5) BL-Y—93~115 S#2] HPLCe] 2% 2A3lgEo] el

BL-X-16~18 &2 ODS column chromatography®ll 2J3] 9oJ% BL-Y—-93~115
55 ODS—-80Ts column (4.6 X 300 mm, Tosoh, Japan) % UV detector (280 nm,
SPD 10A, SHIMADZU, Japan)& ]88} 30% MeOH (pH 2.66 by TFA)AlA 80%
MeOH7H| 4012 &<t gradient &A% §-, 80% MeOHE 20+ &<t FAA171= ©]
ZAFS 1.0 ml/min (Medel 600 pump, Waters. USA)2] Z7Ao|A HPLCY| ¢]3t &4
shetEe] delE ity 1 23 (Fig 12), 459 shehE 18 (4 12.9 min, 1.1 mg),
S}3HE 19 (4 13.8 min, 13 mg), S5E 20 (4 14.8 min, 1.6 mg) 2 SFE 21 (4
18.2 min, 3 mg)S 274 d2lsksich

(Fig. 12)

(6) BL 14~15 &E2] Sephadex LH—20 Column Chromatography

Amberlite XAD—2 column chromatography <] 24 & BL 14~15 (4.3 )&
4o 2 Sephadex LH—20 column chromatography (84 X 3.5 cm)E 3J3lt) A&
o] oF 130vfol] A3l Sephadex LH—20 (580 ml, 25~100 mesh, pharmacia
Biotech AB, Uppsals, Sweden)< MeOHZ slurryS W11, = A1 oS4 o2
§EAA Ik TLC 4123 (data A=), Ve/Vt 0.22~0.28 (BL—S4, 1.33 g)3}
Ve/Vt 0.28~0.37 (BL=S5, 0.78 g)o] &&d2elM 7 3k &4do] 1A=l en,
1ok w AR gtk g4 o] FEES U e HPLCE o]&% v -
AAE det7|= oGtk 12]al BL-S5 i3 kst S4E4e] AAE A

Zagirh. 25 o] M wF F71 AFS BT Ao,

(7) BL-S4 23] HPLCE ©]43 A

BL 14~15 &<] Sephadex LH—20 Column Chromatography $-¢] BL—S4 &
(1.33 2)& 4< AA5H7] 93014 uBondapak™ Cig column (7.8 X 300 mm, Waters,
USA)E o]€3}4, 20% MeOH (pH 2.56 by TFA)= 5 #3F 2417131 60% MeOH
7}A 308 B9t gradient €541 3o 100% MeOH7EA| 5% 5<F gradient &34
7 100% MeOHS 1025t FA4A71E o542 4 2.0 ml/min (Medel 600
pump, Waters. USA)Z UV detector (280 nm, SPD 10A, SHIMADZU, Japan)Z& ©]
g3t A YPaldot. 2 A3(Fig. 13), 6% F& peakES EHlo] B} &%
=2 AAE Yste] 22 o2 2719 HPLCE #3123kt

(Fig. 13)
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!
|
BL-Y-93~115-3 | BL-Y-93~115-6 (Comp. 21)
(Comp. 19) /

I
|

.|
BL-Y-93~115-2 |
(Comp. 18) | BL-Y-93~115-4 (Comp. 20)

Fig. 12. HPLC chromatogram of fr. BL—Y—93~115.
Column: ODS—80Ts (4.6 X 150 mm)
Flow rate: 1.0 ml/min
Detection: 280 nm
Mobile phase: 30% MeOH (pH 2.65 by TFA) ——— 80% MeOH
(40 min) (20 min)
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4-6
BL-S4-7
/

I%k\/k
T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 (min)

Fig. 13. HPLC chromatogram of fr. BL—S54.
Column: pBondapak™ Cig column (7.8 < 300 mm)
Flow rate: 2.0 ml/min
Detection: 280 nm

Mobile phase: 15% MeOH (pH 2.65 by TFA)
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(8) BL-S4-3 &3¢ HPLCE ©]-&g AA

BL—S4 & HPLCE A Fo 9oixl BL-S4-3 &i(48.9 mg)S U5 A
317] 93l uBondapak ™ Cis column (7.8 X 300 mm, Waters, USA) 2 UV detector
(280 nm, SPD 10A, SHIMADZU, Japan), Z&]3. 15% MeOH (pH 2.65 by TFA)<¢]
o] =AM 2.0 ml/min, Medel 600 pump, Waters. USA)S ©]&3}e] vrE# ¢l HPLCE
AapoltH(Fig. 14). m1eiu Al 229 wlrh 54 il fdso] bgE 24|
oJgt BAE W= s3It

(Fig. 14)

(9) BL—-S4-3-2 3%-9] HPLCE o]&3 3}3HE 229 the

BL-S4-3 &S 4713 39 BL-S4-3-2 &&(19.0 mg)S B AAs7] 213l
Discovery(@ Ap Amide Cis column (4.6 X 250 mm, SUPELCO, USA)¥} UV detector
(280 nm, SPD—20A, SHIMADZU, Japan)Z& ©]-&3}°] 5% MeOH (pH 2.65 by TFA)
< o]%=AH2.0 ml/min, LC—20AD, SHIMADZU, Japan)O.Z {EA|7]= Z7olA
HPLCE skqitt. 1 A3k(Fig. 15), 3H3HE 22 (4 15.3 min, 13.4 mg)& T at3ith

(Fig. 15)

(10) BL—-S4-4~8<] A~
BL—S4 &S HPLCZ AA|$F Fof Aozl BL-S4—4~89] 7} FEE2 dA] A
7} A&Fel ek

(11) BL—A-16~19 &% ODS Column Chromatography

BL 8~12 g&& 4o 2 Sephadex LH—20 column chromatographyS 3jste] &
& BL-A—-16~197}71¢] &AFE(1.02 2)& ©tle AAS7] 95t ODS column
chromatographyS a5tk A& <F 20081%2] ODS gel (220 g, YMC—GEL Liquid
chromatography &, Waters, USA)<S 10% MeOH (pH 2.65 by TFA)ZE slurryE Wt
£ column (75 X 2.3 cm)oll X3\ A2 A% 10% MeOH (pH 2.6 by
TFA)Z £33}o] chraged}al, 10 (pH 2.65 by TFA), 10, 20, 40, 60, 80, &3 100
% MeOH<= 72t 380 ml¥ 2k &&3t] Z42f 10 m¥ #&si3itt. 83 2+ g
55 TLC-DPPHY o2 dt3l 84S AEslo] FAS patterns HolE FRE
grouping aF3iTHdata A=), dA 15 Z47te] gis i o® HPLC o3t &
sheh=e] 7t X8 Sl ik

ox Mo M
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o] HiA=e] BuOH o =5y 39t 16~229 9E|24< Fig. 169 4=

BL-S4-3-2

I T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 (min)

Fig. 14. HPLC chromatogram of fr. BL—S4—3.
Column: uBondapakTM Cis column (7.8 X 300 mm)
Flow rate: 2.0 ml/min
Detection: 280 nm
Mobile phase: 15% MeOH (pH 2.65 by TFA)
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Comp. 22

T T T T T T

0 5 10 15 20 25 30 (min)

Fig. 15. HPLC chromatogram of fr. BL—S4—3-2.
Column: Discovery® Ap Amide Cig column (4.6 X 250 mm)
Flow rate: 1.0 ml/min
Detection: 280 nm

Mobile phase: 5% MeOH (pH 2.65 by TFA)
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Robus coeanum (11.7 kg)

solvent fractionation

Hexane layer

EtOAc layer BuOH layer (138.5 g) I H,O0 layer

F— XAD-2 column chromatography

BL 1~7 BL 8~12 (4.9 g) BL 13 BL 14~15 (4.3 g) BL 16~36
—— Sephadex LH-20 column chromatography Sephadex LH-20 column chromatography
BL-A-1~15 BL-A-16~19  BL-A-20~25 BL-A-26~34  BL-A-35~85 BL-S1~3 BL-S4 BL-S4~11
(1.02 ¢g) (2.17 g) (1.33 g)
OoDs —— Sephadex LH-20 column chromatograph HPLC
column chromatography P grapay
BL-G-1~30 |
BL-X-1~15 BL-X-16~18 BL-X-19~38 BL-S4-1~2 BL-S4-3 BL-S4-4~8 BL-S4-9~11
(464 mg) (48.9 mg)
in progressl
ODS column chromatography HPLC — in progress I
BL-Y-1~62 BL-Y-63~68 BL-Y-69~92 BL-Y-93~115 BL-Y-116~200 BL-S4-3-1 BL-S4-3-2 BL-S4-3-3
(51.1 mg) (19.0 mg)
HPLC }7 HPLC HPLC
Comp. 16 Comp. 17 Comp. 18 Comp. 20 Comp. 22
(2 20.0, 2.4 mg) (1 25.5,2.4 mg) Q| (g 12.9, 1.1 mg) (tg 14.8, 1.6 mg) (tg 15.3,2.4 mg)
Comp. 19 Comp. 21
(tg 13.8,13.0 mg) (1 18.2,3.0 mg)

Fig 16. Isolation process of antioxidants from BuOH layer of Korean black raspberry wine.
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o} EEA9] n—Hexane -9 S4=49] el - GA

58 249] n—hexane FE(0.2 g) C25-E] iatEA S wFelalr] 915k uPorasil™
column (19 X 150 mm, Waters, USA)< ©] &3} 100% n—hexanes 5%3F F-4]A]7]
11, n—hexane/iso—propanol/EtOH (8:1:1, v/V)7FA] 258 gradient | =,
n—hexane/iso—propanol/EtOH (8:1:1, v/v)S 103t FAA17]& vl AIE ©]574(10.0
ml/min) &= HPLCE #ek3leh. UV/VIS #Z&7]1(UVD 170S, DIONEX, Germany)E ©
§3to] 215 nmollA] @] - FAE dsto] 8% T8 peakES F 5 th(Fig. 17). W
A WA 7 e o IHEE peakES AR ] - AAE Y= &)

Atk

==

[¢]

(Fig. 17)

(1) HL-5 <] HPLCE °]&3 4549 e

n—Hexane £&& HPLCO 93] &3t & Hojxl HL-5 F4i-(4.8 mg)S A5
28t YMC—Pack column (5.0 X 150 mm, Waters, USA)S ©]-83}e] 2.0 ml/min
(Medel 600 pump, Waters. USA)2| <3} 215 nm (SPD 10A, SHIMADZU, Japan),
Z18 31 p—exane/iso—propanol/EtOH (499:0.5:0.5, v/v) A S o]-83}e] HPLCE 3)
atolth. 1 A¥K(Fig. 18), 2%9] T8 peak (¢ 22.6, W%, SI3HE 23; 4 25.5 min, 2.1
mg, 35HE 24)E TSk

(Fig. 18)

ol4t B0 p—Hexane HF-OZHE 315E 23~249 va]3AS Fig. 199

EEE s

(Fig. 19)
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Lo HL-6
l A4 [ 7
In\: Fn\ /'I
‘I L] HL-8
.!I 1
| | HL-14
} ‘ gU] HL-10 l
| Ll
‘ - l\ | l |
|'\ e |
] | |
I T RNV N
0 5 10 15 20 25 30 35 40 (min)

Fig. 17. HPLC chromatogram of n—Hexane layer.
Column: pPorasil™ column (19 X 150 mm)
Flow rate: 10.0 ml/min
Detection: 215 nm
Mobile phase:

100% n—Hexane ——— n—Hexane/iso—propanol/EtOH (8:1:1, v/v)
(5 min) (25 min) (10 min)
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HL-5-2
(Comp. 24)

HL-5-1 |

(Comp. 23) ||

Fig. 18. HPLC chromatogram of fr. HL—5.
Column: YMC—Pack column (5.0 X 150 mm)

Flow rate: 2.0 ml/min

Detection: 215 nm
Mobile phase: n—Hexane/iso—propanol/EtOH (499:0.5:0.5, v/v)
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Robus coeanum (11.7 kg)

solvent fractionation

| n-Hexane layer (0.2 g) I EtOAc layer BuOH layer H,0 layer

— HPLC

HL-2 HL-4 HL-5 HL-6 HL-7 HL-8 HL-10 HL-11 HL-14
(4.8 mg)

HPLC

Comp. 23 ' Comp. 24 .

Fig 19. Isolation process of antioxidants from n—Hexane layer of Korean black raspberry

wine.
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3) HiAtEERY dEjd et TR
71 sHE 89 +x2FH

33+ 89 'H-NMR spectrum (Fig. 20, Table 1) 2. Z5E 6HS] proton signalE©)
[RHJ 2 F L] op” whael AT protonSE FAYE 3% signals [6
6.83 (1H, d, /= 8.8 Hz), 7.55 (1H, d, /= 2.0 Hz), 7.55 (1H, dd, J = 8.8,
2.0 Hz)]¢ 49 o=z Ry 3X3kA wiAge] EA7F AetAl AALE Ao
183§ 3.89 (3H, s)9] sp’ carbon signal 28] methoxyl 719 A7} AJA}
Ak ool & sFES dAd dE] EASHE vanillic acidd 7HsAd o] Al
Abs o] AJE] vanillic acid® FUZRANA 'H-NMR 48 ste] 15
o] spectra (Fig. 20)& vlwsgdch 7 A3 83E 89 'H-NMR spectrum<
F73%9 vanillic acid®] 273} 3 AdAE HAAY. ol dgtE 8%

vanillic acid2 43t}

(Fig. 20)
(Table 1)

) sigHE 99 254

3182 99 'H-NMR spectrum (Fig. 21, Table 1)o|A] &3& 83 FAFsH
sp” carbon proton signals [§ 6.80 (1H, d, / = 9.3 Hz), 7.41 (1H, dd, J =
9.3, 2.0 Hz), 7.42 (1H, br. s)]= B3t} wahA o] 3hgh= 9 7 3% 2hA) Wl
Agke] FExs Foka vkar FeEflen, §1.35 (3H, t, /= 7.0 Hz) %t
§4.28 (2H, q, J = 7.0 Hz)2] sp’ carbon proton signals Z%E] benzoic acid®l
ethanol®] ester A3t ethyl 3,4—dihydroxybenzoate® FAH = Ao, o gt
s FREAS fEA MS #4S 3T Aot

(Fig. 21)

o e 119 F25H

31HE 119] 'H-NMR spectrum (Table 1) “ollA § 6.759} 6.6591 217} 2HE-<]
multiplet signal & “&wto] HEEATE ©]Z2 ortho X|$HA19] benzen $ollA HEH
= AYA signalswA 1R TEEAY 34 49 'H-NMR spectrum?} <
3o, o] 313E 115 catechol® BA3ISITH

R
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(8)

Solv.
H,0

T ———— 1 =1 T T
8 : 7 6 5 a 3 ppm

H;0 Salv
(A) |
T LA T — 1 ¥ r f T J 1 v ]
8 7 6 5 4 3 ppm

Fig. 20. "TH-NMR spectra (500 MHz, CDs;0D, TMS) of compound 8 (A, EL—E6)
and vanillic acid (B).
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Table 1. "TH-NMR data (500 MHz, CDs0D, TMS) of compound 8, 9, and 12 isolated from EtOAc layer of EtOH extract of

Korean black raspberry wine.

Compounds Ox (mult, J)
Compound 8 6.83 (1H, d, 8.8 Hz), 7.55 (1H, d, 2.0 Hz), 7.55 (1H, dd, 8.8, 2.0 Hz), 3.89 (3H, s)
Vanillic acid 6.83 (1H, d, 8.8 Hz), 7.55 (1H, d, 2.0 Hz), 7.55 (1H, dd, 8.8, 2.0 Hz), 3.89 (3H, s)

1.35 (3H, t, 7.0 Hz), 4.28 (2H, q, 7.0 Hz), 6.80 (1H, d, 9.3 Hz),
Compound 9
7.41 (1H, dd, 9.3, 2 Hz), 7.42 (1H, br. s)

Compound 11 6.75 (2H, m, H-4, 5), 6.65 (2H, m, H-3, 6)

standard compound (Catechol) 6.75 (2H, m, H-4, 5), 6.65 (2H, m, H-3, 6)
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s

Fig. 21. '"H-NMR spectrum (500 MHz, CDsOD, TMS) of compound 9.
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Zh 3gtE 129 254

3132 129 '"H-NMR spectrum (Fig. 22, Table 2)S2RE % 12H°ﬂ Aale
proton signalg°] &AL 1 F WAL Bl AYE protonER FHEHE
7.007} 6.689 5719 doublet signals (2H, br. d, J = 8.5 Hz)9| &A=H-E para X3+
¥ WEkE B1atE o] 2 750 kA AxbE T 18 6 3.71 (1H, m, H-3")
o] sp’ carbon proton signalZ%E] methine groupe] EA7} AAIE YT, 6§
2.62 (1H, m, H-1'a), 2.53 (1H, m, H—1'p), 28] 3L 1.64 (2H, m, H-2")°l] F+
geminal methylene group®] &7} #2ZE A}, &= § 1.17 (3H, d, J = 6.0
Hz)ollA  doublet®] methyl groupel <& &lst 4 At 28x
BYC—NMR spectrum (Fig. 22, Table 2)dA% A3 S 6F sp°
carbon signalE@ 4%9] sp’ carbon signalEo] #EF A}t 1A protonT
carbon 7re] AAAE F<lslry] €8] gCOSY (data AeF), ¢HSQC (data
AeF) 2 gHMBC 4 (Fig. 23)< 33ttt 2 A3} benzene ¥} butyl 7]
°of A4 2 ko] methyl 719 AFAAIF ElEo 3E 12&
4—(3—hydroxybutyl)phenol & 57 % 1 t}.

(Fig. 22)
(Table 2)

uh) ke 139 2 AA

3eHE 139 F2A4S 98k IH—TJr PC—NMR ¥ 2D-NMR ¥41& 33s}i).
"H-NMR (Fig. 24, Table 3)°IlA & 9HS] proton signalEe] #&¥ ¢} 'H-NMR
spectrum®] 4] benzene #¢] proton signals 5% [6 7.52 (1H, br. d, / = 8.0 Hz),
7.31 (1H, br. d, / = 8.0 Hz), 7.06 (1H, dt, / = 1.0, 8.0 Hz), 7.06 (1H, s),
6.98 (1H, dt, / = 1.0, 8.0 Hz) ] o] ¥#5 o] 42| proton®] benzene ol dAL5|o]
ZAeS o ¢ 9ol #9 § 7.060014 #EE 1HS] sp” carbon proton] singletS
AW AomRYH o]xgk Ag el protono] EAEHA] F= FETE7E AT
FZ5Heh & 6§ 3.80 (2H, t, J = 7.4 Hz, —CH,OH) 2 2.97 (2H, t, J] = 7.4 H,
—CH,—)9] signalE2HE ethanole] FEF27F &A1& AAEAL. PC-NMR
spectrum (Fig. 24, Table 3) . ZH5E § 138.28~112.302] Mgl 10&2] sp° carbon
signalE°] A9 Ao gRE 239 wixlgto] A3tE naphthalene =29 FEZE
THAAL gl Ao w2 AR B AR A4S 918l gCOSY (data A =f),
gHSQC (data A2F) % gHMBC (Fig. 25) #4158 a3l proton®} carbonE 7He)
AAAE 3kl Ay}, 3HE 13& 4—(2—hydroxyethyl)naphthalene—1,2—diol & T-%2
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AE ATk o] B5HE 132 AteigEE Iy

(Fig. 24)
(Table 3)
(Fig. 25)

v 3hgtE 149 FxAA

3}31E 149 'H-NMR spectrum (Fig. 26, Table 4) 223 16H] proton signals
o] #AHAT}. 3%2] sp° carbon proton signals [§ 6.80 (1H, d, / = 8.8 Hz), 7.42
(1H, dd, / = 8.8, 2.0 Hz), 7.43 (1H, br. s) 17} #-ZH A A Ao 2 RE 33 34
WAl ghe] BRI xIE ZAFS o 4 AL, sp’ carbon proton signals [8
4.8 (2H, m,H—-1"),4.25 (1H,q,/ = 7.0 Hz, H-1"), 3.74 (1H, m, H-2"), 1.39
(3H,d, / = 7.0 Hz, H-2"), 1.21 (3H,d, / = 6.0 Hz, H—4') , 1.15 (3H, d, J
= 6.5 Hz, H-5") ]2 %-E] ethylester®} 2—methoxyl butanoate’} %2 o]
T3 9= Aoz Ay drt. PC—NMR spectrum (Fig. 26, Table 4) ol A
carboxylic carbon ¥l 2 THEE = 259 signals (§ 170.33¢9F § 176.08)7} &=
Hr}, 283l 629] sp” carbon signals (6§ 115.89, 117.86, 123.34, 124.02, 146.19,
151.67)7F AEHYow, 6F9 sp° carbon signalSo] BEEHYLE o)RL
dihydroxybenzoic acid® H-2%2 7FA 2 9JoH, butanyl 7]1$} o] L0 o] 2
2 AgEo] & 7hsAdol AAE AT 1A gHSQC 4] (data A=)l €]
3] carbon signal®| direct® AEH protonES ALSR LM, gCOSY (data
Aer) ek gHMBC &4 (Fig. 27)S 33k proton¥ carbon 7He] AZ2A4S &<
3t} Fig. 2794 yERA vle} o] dihydroxybenzoic acid®} butanyl, ~L2]
i ethanole] FTAFA SR ester AFE GOl FRAEHo] FIFtE 14+
3—(ethoxycarbonyl)butan—2—yl—3,4— dihydroxybenzoate &2 ZAA s} t}. o] 3}
FES AarsstEE A EAT

(Fig. 26)

(Table 4)
(Fig. 27)
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3,
(B) o2, c H,0 4’
6
Solv.
| |
3’ 1'a 1'b 2’'a 2’b
2 A M g
7 6 2 1 ppm
2.6 3,5
(A) ‘ =z 0’ (R
4 1
160 140 120 100 80 60 40 20 ppm

Fig. 22. 'H- (500 MHz, B) and “C—NMR (125 MHz, A) spectra of compound 12 (CD;0D, TMS).
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Table 2. "TH— (500 MHz) and *C— NMR (125 MHz) data of compound 12 (CDsOD).

Carbon Su ( mult, J) Sc

1 - 134.6
2,6 7.00 (2H, d,J = 8.5 Hz) 130.4
3,5 6.68 (2H, d,J = 8.5 Hz) 116.2
4 156.4

1'a 2.62 (1H, m)
324

1 2.53 (1H, m)

2'a 1.69 (1H, m)
42.5

2 1.64 (1H, m)
3 3.71 (1H, m) 68.0
4' 1.17 3H,d,J = 6 Hz) 23.7
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41
F2
(ppm) L
4’ — = 14
3 ] ,
27« o o -
2
1 o0
3 -
Sol. — -
37
a
H,O .
6
3’5 =3 =3
2,6 = 7 g
160 140 120 100 80 60 a0 20
F1 (ppm)

Fig. 23. HMBC correlations of compound 12.
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(B) H,0 Solv.

~CH,OH
: T T ~CH,-

5 8 i6
NS4
| 4 7 L
7 4 3 ppm
(A) 76 Solv.
5 8 ~CH,-
3
8’ 4 4
2 ! |
I | l I RSN | et o . J| =}
-1_|_|'|||||4||:|||:|||||:|||||||l|||'|[|||||'||le||||||'||F'||'|'|I['|':|
140 120 100 810 60 40 ppm

Fig. 24. 'H- (500 MHz, B) and “C—NMR (125 MHz, A) spectra of compound 13 (CD;0D, TMS).
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Table 3. 'H— (500 MHz) and C— NMR (125 MHz) data of compound 13 (CDsOD).

Carbon Ou (mult, J) dc
1 - 116.26
2 - 130.48
3 7.06 (1H, s) 123.69
4 ] 112.86
4 - 119.38
5 7.52 (1H, br.d,J = 8.0 Hz) 119.62
6 6.98 (1H, dt,J = 1.0, 8.0 Hz) 122.34
7 7.06 (1H, dt,J = 1.0, 8.0 Hz) 112.30
8 7.31 (1H, br.d,J = 8.0 Hz) 129.07
8 - 138.28
-CH,OH 3.80 2H, t,J = 7.4 Hz) 63.83
-CH, 2.97 (2H,t,J = 7.4 Hz) 29.96
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OH

s
<]

OH

4~ "\ HMBC correlations

Fig. 25. HMBC correlations of compound 13.
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Solv. 4

2 H,O |
5 1
6 o2 |
l | LA . LA
7 2 1
ppm
(A) Solv.
275 4
| |
3
7 3 4 :
| | . L |
180 160 140 120 100 80 60 40 zuppm

Fig. 26. 'H— (500 MHz, B) and “C—NMR (125 MHz, A) spectra of compound 14 (CD;0D, TMS).
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Table 4. "H— (500 MHz) and C—NMR (125 MHz) data of compound 14 (CDsOD).

Carbon On ( mult, J) Oc
1 - 123.34
2 7.43 (1H, br. s) 117.86
3 - 151.67
4 - 146.19
5 6.80 (1H, d, J = 8.8 Hz) 115.89
6 7.42 (1H, dd,J = 8.8, 2.0 Hz) 124.02
7 - 170.33
1 4.80 (2H, m) 76.12
2 3.74 (1H, m) 70.15
3 - 176.08
4' 1.21 (3H,d,J = 6.0 Hz) 16.24
5 1.15(GH, d,J = 6.5 Hz) 19.17
1" 425 (1H,q,J = 7.0 Hz) 68.30
2" 1.39 (3H, d,J = 7.0 Hz) 20.80

- 229 -



Ho/\

AN
4~ XX HMBC correlations

Fig. 27. HMBC correlations of compound 14.
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Ab) BHE 169 F2AH
3132 169 'H-NMR spectrum (Fig. 28, Table 5) 2ol|A § 8.1 ~ 7.49)
Holol A 1x8A) e WS ero AFgHE 5HEC 3F 57 proton
signals [§ 8.08 (2H, d, J = 8.0 Hz), 7.49 (2H, dd, J = 8.0, 8.0 Hz), 7.60
(1H, dd, / = 8.0, 8.0 Hz)7} &&= vk, L 9o 259 T =AE A4
& A @9 proton signalE°] § 5.32 ~ 3.259 WA AEHAY. E 3}
32 169 C—NMR spectrum (Fig. 29, Table 5) Aol A carboxyl?] &2
9] carbon signal (§ 168.0)2 Xgste] WS 3 eBAFdY 635 ©A
signals [6 131.8 (C—1), 131.0 (C—2, 6), 129.7 (C—3, 5), 1344 (C-4H)17HA] F
7% sp” carbon signalso] HEETE HSQC EA o] o&] 1% 4x¢
2 (6 99.2), 1HE 159 methylene [§ 3.96 (1H, d, / = 12.5 Hz, H—2'"a),
§ 3.84 (1H, d, J = 12.5 Hz, H=2'b) ], ©] %3} § Aol axial forme| methine
protons Z+E 2% 9] methylene [4.17 (1H, dd, /= 1.0, 12.0 Hz, H—5"a), 3.78
(1H, dd, /= 2.0, 12.0 Hz, H=5"b); 3.85 (1H, dd, /= 1.5, 12.0 Hz, H—5"a),
3.66 (1H, dd, / = 3.0, 12.0 Hz, H=5"b)], 18] o FEFZ2H
Heo dAAE 2E=4%9 methine protons ¥ 1Eo] Z+zF &A%< g
o3t = Yt 18 'H-NMR oA #3235 9] anomeric protons 9]
o9 [§ 5.32 (1H, d, J = 3.5 Hz, H-1"), 4.42 (1H, d, J = 8.0 Hz,
EAskE Aow Rl
th. o] s}3ES] protonE¥ carbonE 7He] FE AFSFLS gyl A
HMBC #4& &3 Az (Fig. 30), HTHo= s 169 FEE&
1'-Hydroxy—1'-C—(B—D—arabinopyranosyl)—2—0—(a—D-—
arabinopyranosyl) —ethylbenzoate® 24 & 1t} (Fig. 31). ¥ 3}3+E &3k 162
At R FRlE AT

(Fig. 28)
(Table 5)
(Fig. 29)
(Fig. 30)
(Fig. 31)
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Fig. 28. '"H-NMR spectrum (500 MHz, CDs;OD, TMS) of compound 16.
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Table 5. '"H— (500 MHz) and "*C— NMR (125 MHz) data of compound 16 (CDs;OD).

Carbon Su ( mult, J) oc
1 - 131.8
2,6 8.08 (2H, d, 8.0 Hz) 131.0
3,5 7.49 (2H, dd, 8.0, 8.0 Hz) 129.7
4 7.60 (1H, dd, 8.0, 8.0 Hz) 134.4
-COO- - 168.0
1 - 99.2
2'a 3.96 (1H, d, 12.5 Hz) 0
2b 3.84 (1H, d, 12.5 Hz) '
1" 5.32 (1H, d, 3.5 Hz) 74.7
2" 4.10 (1H, dd, 3.5, 10.0 Hz) 70.8
3" 3.94 (1H, dd, 10.0,10.0 Hz) 70.0
4" 3.84 (1H, m) 78.1
5" 4.17 (1H, dd, 1.0, 12.0 Hz) 65
5'b 3.78 (1H, dd, 2.0, 12.0 Hz) '
" 4.42 (1H, d, 8.0 Hz) 104.8
2m 3.25-3.35 75.3
R 3.25-3.35 78.2
g4 3.25-3.35 71.7
5™a 3.85 (1H, dd, 1.5, 12.0 Hz) .
5"b 3.66 (1H, dd, 3.0, 12.0 Hz) '

) Chemical shifts of 2"'— 5"'are overlapped and interchangeable.
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Fig. 29. "C—NMR spectrum (125 MHz, CDs;0D, TMS) of compound 16.
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Fig. 30. HMBC correlations of compound 16.
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Compound 9 )

OH
o
HO
HO.
Ov
OH
Compound 8
(0]

4-Hydroxy-3-methoxybenzoic acid Ethyl 3,4-dihydroxybenzoate

OH
OH
OH Compound 12

HO
Compound 11 4-(3-Hydroxybutyl)phenol
Catechol
OH
OH o o
HO.
o O/\
Compound 14

HO

3-(Ethoxycarbonyl)butan-2-yl 3,4-dihydroxybenzoate
Compound 13
OH

4-(2-Hydroxyethyl)naphthalene-1,2-diol

(0] OH
(0] (0]
o HO OH
(0] OH
HO OH
OH Compound 16

1'-Hydroxy-1'-C-(B-D-arabinopyranosyl)-2-O-(a-D-arabinopyranosyl)-ethylbenzoate

Fig. 31. Structure of compounds isolated from Korean black raspberry wine.
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ek gl

spdmels 2 T SHHEES fUE B BE,
B ol ARBYS Ma Aol ® By 5
JRES WORH, BRAEY Azl Qo] T AXEI

218 78 o],

Hm
o ﬂJﬂ
FU

7b g sirEEe] 7 22A

2rpde] B} Sllo R BelE BEE F FRAYl ol RN R
of shgEEel Utk F7t AVIRAS Wstel e} AT AN Fal 159 Q)
FRAAHAG. E F7h B4 o5 2w A BT x| FAAPe]
gl waslo] F7b F2AYE H3HEel tstel 1 FRE Tl WAE

1) 33HE 13 (EL-E9-3)9 F2F73

22k o]l AAIHAG shekE 139 240 4o dasdo] i

'H-NMR (1% 1I-1, 3 11-1) o4 % 9HS| proton signal’E°] ¥2= 2tk 'H-NMR
spectrumel| 4] benzene 22} proton signals 5% [§ 7.52 (1H, br. d, / = 8.0 Hz),
7.31 (1H, br. d, J = 8.0 Hz), 7.06 (1H, dt, / = 1.0, 8.0 Hz), 7.06 (1H, s),
6.98 (1H, dt, J = 1.0, 8.0 Hz)]o] T2 o] 439] proton®] benzene $hol] L% o]
EZAFS oF 4= et s § 7.06004 FEE 1HS| sp” carbon proton©] singletS H
W& ASRFE o3 AF Yol protono] EAEA| = FmTE7F EAT] F
ZE Utk ® 6 3.80 (2H, t, /= 7.4 Hz, ~CH.OH) % 2.97 (2H, t, /= 7.4 Hz, —CH;—)9]
signalsZ45-E] ethanol®] F-E7-27F EAgto] AALE Q1T

BC—NMR spectrum (728 11-1, ¥ [1-1) S 2H5E § 138.28~112.302] Hol] 10%2)]
sp’ carbon signalEo] AZEE Ao ZHE 2%Fo] wilslo] A3E naphthalene =49
FETERsE 7HAL e Ao AAMEAY. Bu AAg FREAAS 98] COSY,
HSQC ¥ HMBC #41& #5}o] proton® carbonEs 7+e] A4S elsict 1 2dx
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naphtalene®} ethanol®] AATAAE &Qlsle] 35E 132 #AdEol| 4—(2—hydroxyethyl)
naphthalene—1,2—diol2 T%24 sttt (29 11-2). 2 3xpd Lo MSEA1S

gk Axl ol el sPeks AR signalo]l HEWA WAL, T 28 A0 &g

A

A m/z 4133 [M+Nal"o] #2ulo] 25He 132 22pdmel] A=A 734

[}
gtk e 2 FEAe 29 [1-30] Uehd 3% Fo) shtz F35ol. 1
AAA Qol7 B4 ARSZE 1 ether 23E AAE FAAA Fala Y 4
[}

thoofell F7H4Q1 NMR #2415 dsto] gt Fzajo] A4 I Fol Atk

H,0 solv.
-CH,OH ~
3 T £ _cHz_
5 8 6
" i b
7 6 5 4 3
solv.
7 8
% ~CH,OH ~CH,-
3 ‘ " |
g q ‘ 4
L2 1] | I |
T T ™ T T T T T T T T TT T T B RE A T
140 120 100 80 60 40

a9 11-1. 348HE 189 'H- (&) 2 "“C-NMR (&}) spectra.
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¥ I-1. 33% 139 'H- (500 MHz) 2 *C— (125 MHz) NMR
data (CD30D)

Carbon 6n (rel int., multi Jin Hz) dc¢
1 - 116.26
2 - 130.48
3 7.06 (1H, s) 123.69
4 ] 112.86
4' - 119.38
5 7.52 (1H, br. d,J = 8.0 Hz) 119.62
6 6.98 (1H, dt,J = 1.0, 8.0 Hz) 122.34
7.06 (1H, dt,J = 1.0, 8.0 Hz) 112.30
7.31 (1H, br. d,J = 8.0 Hz) 129.07
8’ - 138.28
-CH,OH 3.80 2H, t,J = 7.4 Hz) 63.83
-CH; 2.97 2H,t,J = 7.4 Hz) 29.96
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7/~ X\ : HMBC correlations

OH
a9 11-2. 22pdXe)] AAIE sHE 139 x4 9 HMBC 337,
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OH

4.8~

OH HO

R

a9 11-3. 5% 139 o FEAE.

2) 33H% 14 (EL-H4)9] +& 574

31EHE 149] '"H-NMR spectrum (1% [1—4, ¥ [[-2) 02 HE 9F9] & 150 J3

%= proton signals7} #HEE 9T} 1% 3%9] sp° carbon proton signals [§ 6.80 (1H,
d, /= 8.8 Hz), 7.42 (1H, dd, / = 8.8, 2.0 Hz), 7.43 (1H, br. $)17} #ZFH AW
Ao RFYH 3F AF7|E zZbe= AASe] B2 EATS & 7 AR
™ 3% 9] mithine proton signals [§ 4.80 (1H, m, H-1'), 3.74 (1H, m, H-2'), 4.25
(1H, q, J = 7.0 Hz, H=2")12} 3% 2] methyl proton signals [6 1.39 (3H, d, J
= 7.0 Hz, H-2"), 1.21 (3H, d, / = 6.0 Hz, H—4'), 1.15 (3H, d, / = 6.5 Hz,
H-5")17} #&H 2t} o]E methine proton (§ 4.25, H—2")Z} methyl proton (6§
1.39, H—2") 7+9] coupling constantdte] 5719 J = 7.0 HzE YERY A= 9]
23t= protonEYS & 4 AAYTE 'H-'H COSY spectrumel A & 1.21 (3H,
H-4"), 4.80 (1H, H-1"), 3.74 (1H, H-2"), 1.15 (H-3") 3ol A& A E e}
ol 2% 375 zk= butyl7]9] E=A7F At PC—NMR spectrum
(713, B—4, ¥. B-2) A% 6%9] sp° carbon signals (§ 151.67~115.89), 3% 9]
oxygenated methine carbon signals (§ 151.67~115.89), 18] 3% 9] methyl
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carbon signals (§ 151.67~115.89)7} ¥# 5 o] '"H-NMR 232 s} &
3 C—NMR spectrumo|A] carboxylic carbon &2 3
(6 170.339} 6 176.08)7} ¥2= Ak,

o]o] HMBC #41& 83t proton® carbons 7+e] A4AS &
149 FEFZ+= 3,4—dihydroxybenzoic acid, 2—hydroxypropanoic acid,

2,3—dihydroxybutane &2 34& 4= AUk =3+ 2 3—dihydroxybutane®] methine

EUR=

r O
o
iR
:Jd
ot
i
(s

proton signal (§ 3.74, H-2")=Z4%H 2—hydroxypropanoic acid®] carbonyl carbon
(6 176.08, C—1")9ll, 18]aL 2,3—dihydroxybutane?] methine proton signal (§ 4.80,
H-1")25¥ 3,4—dihydroxybenzoic acid®] carbonyl carbon (§ 10.33, C—=7)°l| cross
peak7} AZFEATh o]o] 2xhdkeo] AAEIYE x2S A FE 149 =2
£ 3,4—dihydroxy—benzoic acid 2—(2—hydroxy—propionyloxy)—1—methyl—propyl
ester®2 A3 oM (19 11-5), AF3dE=2 Iy =)

solv. !
Q 3 4 3
2 H,0
5 " !
2 2 1 {
6 4 | 1
‘ * A i A A '
7 6 S a4 3 2 1
solv.
”31 '
6 ,5 2 12" 3n7 4
1 7 4 3 ] . ‘
_ (I i _ [ J 1 8-
180 160 140 120 100 80 60 40 2
*1 impurity

a9 11-4. 3138 149 'H- (&) 2 “C-NMR (8}) spectra.
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=

[I-2. 3}3HE 149 '"H- (500 MHz,) 2 "C— (125 MHz) NMR data (CD30D)

Carbon 6u (rel int., multi Jin Hz) dc
1 - 123.24
2 7.43 (1H, br. s) 117.86
3 - 146.19
4 - 151.67
5 6.80 (1H, d, J = 8.8 Hz) 115.89
6 7.42 (1H, dd,J = 8.8, 2.0 Hz) 124.02
7 - 170.33
1' 3.74 (1H, m) 70.15
2' 4.80 (1H, m) 76.12
3' 1.15(3H,d,J = 6.5 Hz) 19.7
4' 1.21 3H,d,J = 6.0 Hz) 16.24
1" - 176.08
2" 425(1H, q,J = 7.0 Hz) 68.30
3" 1.39(3H,d,J = 7.0 Hz) 20.80

O O
HO;@)‘\ OMOA
HO

(o] 3. OH
S A@ £
e

/7 "X : HMBC Correlations
a9 11-5. 22bd el AAIE S3E 149 7223 4% 33 149

22 (81 2 1 HMBC &334 (3)).
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3) 3}E 7 (EL-E4)9 T+=2A

83HE 79 13C-NMR ¥4 A3}H(3. [1-3), carboxyl”] Fel &2 F55+= 2%
o] &4 signals [6 176.16 (C—1), 174.46 (C—4)]°l Hato] 459 sp3 &4 F2)
2 Ay = 459 signals [61.83 (C—1'), 30.22 (C—2 and C—3), 14.59 (C-2"]
7ML F 6FY A signalsol #EHATE 3EE 79 1H-NMR spectrum
(. [I-3) 2.2 H5-¥ 6 2.589 4H-2] <23 singlet signal (H—29} 3)o] ¥2-5]
o] 57} methylene®] EA7F AAFEITE E ethanol 2 FAHEE 239
proton signals [§ 4.12 (2H, q, J = 14.3, 7.5 Hz, H-1"), 1.24 (3H, t, J = 7.5
Hz, H-2")17} #&Z5dc}. o] AAEZHE FFIE 7L succinic acide] 3
ko] ethyl7] 7} ester A3 313EA 7bsAdo] AeA AAME AT KB A
Agt T2 A S 95k HSQC A (1% 11-6)S 33t proton carbons
Zbe] direct 91AAE F2A3 F, HMBC 4 (1% 11-6)& 33 A7}, ethyl”]
7} succinic acidl ester 7@_5LQ°1 oS Qg 4 ARk 2ElA AlEES

ethyl succinateE 1H-NMR #24]& 3slo] 3gE 72 1H-NMR spectrum}
Hlugk A3 150] XS g3 4 gllon, F3tE 79 MS spectrum
O ZREXE m/z 145.0 [M—H]+°] #ZE o] 33+E 75 ethyl succinate® 574

3.

¥ 11-3. 3% 79 'H- (500 MHz) 2"C— (125 MHz)
NMR data (CDs0OD)

Carbon 6u (rel int, multi, J in Hz) §c
1 - 176.16
2 2.58 (2H, s)? 30.22?
3 2.58 (2H, )V 30.22?
4 - 174.46
U 4.12 (2H, m) 61.83
2’ 1.24 (38H, t, 7.5 Hz)* 14.59
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/7~ N\ : HMBC Correlations

a8 11-6. 3F3E 79 7x2 2 HMBC 337,

4) 33E 10 (EL-E2-2)9] %24

3gE 109] 13C-NMR spectrum (% [I-4)C.2XFE F 4%F° double
bond® carbon signals [6 161.85 (C-2), 148.15 (C-5), 119.17 (C-3),
113.09 (C-H17F ##EHol furan®] EA7F AAREJAT. 2 IH-NMR
spectrum (¥ [[-4)0=28E ZZ} 1H #9 HEXE B 3%F2 sp2 carbon
proton signals [§ 7.72 (1H, d, J = 1.5 Hz, H-5), 7.20 (1H, d, J = 1.5
Hz, H-3), 6.56 (1H, dd, J = 3.5, 1.5 Hz, H-4)]¢] 4 #H" % coupling
constant FtZHYH 152 dA AAHE ze AoRE FSHEHJoH, 33}
B 102 1%°] 4x&k2(6 161.85, C-2)5 i3 furan¥ 7FsA o] AAES
t}, 728]a gCOSY spectrumlZH-E 15 3% protonE9 dZAAo] &<l
glom HMBC spectrum (2%, [I-7)2.2X ¥ proton?} carbonE 7+¢ 94
A, E3] H-59 proton signal2FE] C-29] 4x}€tA 7o cross peak’} #AZE
Hol 33E 102 C-29° X375 2zt furan AL 7HsAdo] AstAl Al
AL T 2 1 FHEARQD Fx SRIS fEl MS #4S dlgk A3, furan
of FAI7E AFE el ASHAAE FAFF ion peak® m/z 85.0
[M+H]+ o] ##¥o] 348E 102 furan-2-ol2 SA 3 th.
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¥ 1-4. 3F% 109 'H- (500 MHz) 2 C— (125 MHz)
NMR data (CDsOD)

Carbon 64 (rel int, multi, J in Hz) 8c
2 - 161.85
3 7.20 (1H, 4, 1.5 Hz) 119.17
4 6.56 (1H, dd,1.5, 3.5 Hz)" 113.09
5 7.72 (1Y, d, 1.5 Hz) 148.15

OH

/_\\ : HMBC correlations

9 11-7. 33kE 109 224 % HMBC 33,

5) sh§HE 15 (EL-H2-2)¢] +%4%F

8le 2 169 C—NMR (125 MHz, acetone—ds) spectrum 2ol A] carboxyl
71 A2 carbon signal (§ 167.76)S X3}ste] wheks 31 gAh 39 65
Bk signals [6 122.20 (C—1), 110.19 (C—-2, 6), 146.09 (C—3, 5), 138.70
(C=D7A &= 7% sp’ carbon signalEo] AZ% o] w3k carboxyl”] 7}
Agso] gt FFEY sheAel AAEAT. 283 'H-NMR (500 MHz,
acetone—dy) £ AT}, § 7.1429 sp” carbon proton?] singlet 1&%+9] signal
o] A&FHYt. 1A wAIZS] metad]o]l 7} protone] &A= gallic
acidd 7Hs/dol AAFEGITE. & HMBC #41 A3 (2¥ 11-8) =g 1 7}
TAS A= AstAl AAFERSITE o]of direct ESI-MS 41 33t A, mz
169.0 [M—H]"o] #2235 Ao 2R¥ 838 15% gallic acidyo] 719 a5l
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ot} 1A A|FE] gallic acid®} &3HE 159 “C-NMRS vlw &A1 23}
159 data’7} dX&Fe] 3HEE 15+ gallic acid® 43T}

H 7~ X : HMBC Correlations

@)

a9 11-8. 3}gE 159 +x24 9 HMBC 4334,

6) 3t¢=16 (BL-Y-6368—1)¢ %4 B 8922 (BL-S4—-3-2)¢] %24

33E 229 1H—NMR spectrum (18 119, 3% [1-5)C 2 HE] 5% gp2
proton signals [§ 7.61 (1H, dd, J = 7.5, 7.5 Hz), 7.49 (2H, dd, ] = 7.5 7.5
Hz), 8.08 (2H, d, J = 7.5Hz) |7} #ZH AW Ao 25 E 1A wlAlgke] F&
T27F EA8e Aoz F5HEAT £ 2 13C—-NMR spectrum (28 11-9, &
I1-5) Aol A carboxylic carbon el & A E = 1329 signal (8§ 168.0)0] &2+
HAct o]2HE 3gE 22% benzoic acidE FETERE FHdlal e Ao
FS5H AT

a8]a I FEFZEMH B-glucosided] ALEE O} A+= proton signals, =
443 (1H, d, J = 7.5 Hz)°ll 94 B—3 anomeric proton & (H-1"), § 3.86
(1H, dd, J = 2.0, 12.0 Hz, H-6a")¥} § 3.65(1H, dd, J = 5.0, 12.0 Hz,
H—-6b")¢] 22l 692 AB type?] proton &, Z2]ar =z 9]9] 3.31-4.43°] 1}
Bl 49 Ao AAAS ZEE proton signalEo] HEH AT

1ok B UE Fo EAZE AAMEAT. S 19 6'9 F ] AB type
9] proton signals [§ 4.17 (1H, d, J = 12.8 Hz, H—1a"), § 3.79(1H, d, J = 12.8
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Hz, H-1b"), § 3.96 (1H, br. d, J = 12.5 Hz, H—6a"), § 3.84(1H, br.d, J = 12.5
Hz, H-6b") 17} &8 A, 2'7F 4xbekael &, 283 3, 4, 5'7F d=do]
A& Zt= coupling constant #kS UENAY H O ZHE psicofuranosed H-
TEE e Aow FHEUL

18] HMBC spectrum (¥, 11-10) AolA B—glucosed H-1"ZHH
psicofuranose C—6'9] signalE Ztell cross peck’} =% #, psicofuranose
H—-3" 25¥ benzoic acid C—7 cross peck’} A&H AL =EHE benzoic acid,
psicofuranose % B—glucosided] 44 #AA =S A3}

T COSY, gHSQC % HMBC £4& 33} proton¥ carbonEs 7He] 912
A& oS AAEHA 8918181531, HRFABMSE 4& A A|ste] C19H26012Na
9] 2143 m/z 469[M+Nal+¢ signale] #Eo] 3IIE 22+
3'-0O—benzoyl—(O—B—D—glucopyranosyl) (1"—6") —3—D—psicofuranose = +Z2
ARty 11-10). ¥ SFE 22 AfsgE= AP

sheteE 169 22& 747 vh& i o=y deHddn. 18y 15

BN

d
R RN
ol N
H lo

71712 dataso]l dAFO]l ERIFAZ v, 5L T FgER
ATt
H,0 Solv
 6'b
2

&
e
r

pSSS

o " A |

160 140 120 100 80 60 = imouriy

a9 11-9. 3H3E 229 'H- () 2 "“C-NMR (3}) spectra.
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¥ 11-5. 332 229 'H- (500 MHz) 2 *C— (125 MHz) NMR data (CDs0D)

Carbon 6u (rel. int., multi, J in Hz) Sc
1 - 131.8
2,6 8.08 (2H, d, 8.0 Hz) 131.0
3,5 7.49 (2H, dd, 8.0, 8.0 Hz) 129.7
4 7.60 (1H, dd, 8.0, 8.0 Hz) 134.4
7 - 168.0
1'a 4.17 (1H, d, 12.8 Hz) 24
b 3.79 (1H, d, 12.8 Hz) ‘
2' - 99.2
3 5.31(1H, d, 3.5 Hz) 747
4' 4.10 (1H, d, 10.0 Hz) 70.0
5 3.94 (1H, d, 10.0 Hz) 70.8
6'a 3.96 (1H, br. d, 12.5 Hz) o
6 3.84 (1H, br. d, 12.5 Hz) ‘
1" 4.43 (1H, d, 7.5 Hz) 104.8
2" 3.26 (1H, dd, 7.5, 9.0 Hz) 75.3
3" 3.37 (1H, dd, 7.5, 9.0 Hz) 78.1
4" 3.31 71.6
5 3.28 (1H, m) 78.2
6"a 3.86 (1H, dd, 1.2, 12.0 Hz) 6.8
6'b 3.65 (1H, dd, 5.0, 12.0 Hz) '

¥ Overlapped with the signal of analyzed solvent.
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21 17 188 166 167 1E7 188 1495 194

13 11-10. 3FHE 229 HMBC 9% spectra®t 7+%4] % HMBC 334,
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7) 3gE 18 (BL-Y-93115-2)9 T+xZ2H

BL-Y93115-2 (3}3= 18)2] 13C—NMR (125 MHz, CD30D) spectrum (3.
[I-6)elA 1%9 carbonyl carbon signal (§ 216.1, C—3), 1259] sp2 carbon
signals (§ 159.5~98.6), 29| quaternary carbon® ® FA %= signals (§
110.2, C—5;103.9, C—4a), 139 oxygenated methine carbon signals (§ 84.0,
C—1), 19 methine carbon signals (§ 46.5, C—10a), 239 methyl carbon
signals (§ 26.6, C—2—CH3; 21.8, C—4—CH3), 13]3 339 carbonC & FAHY]
= 1829 carbon signals (8§ 103.8~67.9, 18.3)2 &35}y & 3729 carbon©]
EATE & 7 AT

1H-NMR (500 MHz, CD30D) spectrum (3. II-6)°l] Y}E} proton signals
2 13C—NMR spectrum= J &A1}, =, 339 aromatic proton signals [§
6.77 (1H, d, J = 8.0 Hz, H-5"), 7.02 (1H, dd, J = 2.0, 8.0 Hz, H-6"), 7.02
(1H, d, J = 2.5 Hz, H=2") |7} #ZH o] 359 X3$7]E 2t= benzene$ho] F-&
TFZ7F EA4%S &4 4 A ®=3 1H-NMR spectrum®] A benzene3+o]
para Y Ao EA43= 5719 2% double bond proton signals [§ 5.94 (1H, d,
J = 2.0 Hz, H-7), 5.78 (1H, d, J = 2.0, H=-9)17} &&= A3, 7] 159
benzene&ol| ©slo] & 123 9] sp2 carbon signals (8§ 159.5~116.0)7} A5}
259 benzene ¥o] E=AFTS & 5 AU

w3 1H-NMR spectrumol| A 3@ o2 =A% E proton signals® &A47F &
2= ). o] 59 coupling constantdt®} 1H—1H COSY spectrum (23, [I-12)
o A o] gk wrAe AFS protonE (o] FAAAE FRIEt] o] FELS 2F
o] glucose®t 1%F2] rhamnose® TAES Ae Aoz HYHJAY. =,
glucose® 2% anomeric proton signal (§ 4.09, 1H, d, J = 7.5 Hz, H-1"; §
4.44, 1H, d, J = 7.5 Hz, H-1")3} 4] AZ4E 2b= 1259 glucoseel
45 ojA = proton signalE (8§ 4.44~3.17)0] T YT}t Glucose? 2F9]
anomeric proton® coupling constant #ko] 2z 7.5 Hz=E #BEE o] 2F9
glucose® B—F AL & 5 vt 1 99 129 B2 anomeric proton signal
(6 4.71, 1H, d, J = 1.5 Hz, H-1"")3} methyl proton signal (§ 1.26, 1H, d, J
= 6.0 Hz, H-6"")°] #2509 rhamnosed 7}sAdo] AAHRoH, o] Fof
A= YH9 proton signals®] EEIHOZHE rhamnoses L—formYU=
o AT

1H-NMR spectrumol]l A 2% 239 benzene 3+ % 3%F9 99 proton
singalsE A|estar, 7 <o 29 methyl proton signals (§ 2.42, 3H, s,
H—2—-CH3; § 1.16, 3H, s, H-4—CH3)2} 2% 2] methine proton signals (§ 4.21,
1H, s, H=10a; § 4.50, 1H, s, H=1)7} F7}2 #2530},
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—

1H-3 13C—NMR spectra®] #4235 =255 3}3k= 189 7% flavonoid
7F W@ =] 2F 9 glucose?t 15°] rhamnose’t Z3E 39 vl A ¢le] &<l
H At

olo] 3gtE 189 wu}t A&e FxeAS 98l HMBC (29 11-12)&
3}o] proton¥ carbonE 7HY AHTIAE Bl T). o] 3EE2] aglycone
flavonoid®] 2, 39l epoxy3} HoJR 2, 3, 499 1,3—dimethylpyrimidinone
9] AT RE Zt= 5—(3'4'—dihydroxyphenyl)—1,8,10—
trihydroxy—2,4—dimethyl—1,10b—dehydro—2H—oxireno[ 2,3 ]chromeno| 3,4 —d]pyrimi
din—3(4H)—onelo.® 3 HAcH(1&d 11-9). E3], HMBC spectrumol]A
rhamnose®] anomeric proton signal (§ 4.71, H-1"")3} 1% glucose 6%
carbon signal (8§ 67.9, C—6"") Ztell, 18]31 o] glucose® anomeric proton
signal (§ 4.44, H-1")3} & 139 glucose 69 carbon signal (§ 66.8,
C—6") 7re] Z+Z} cross peak”’} T2rE o], 3F 9] @& rhamnopyranosyl(1—6)—
B—(glucopyranosyl(1—6)—B—glucopyranoside 3 & = AUt} ©]of glucose?]
anomeric proton signal (§ 4.09, H—1")Z%-¥] aglycone®] oxygenated methine
carbon signal (§ 84.0, C—1)ell F##A 7} 2= o] aglycone®] 191l glucose
of 1917F 2dtsle] & %‘ T AATH(E 11-12).

o]l NMR A4 & sHetE 189 TEE
5—-(3"'",4"'"-—dihydroxyphenyl)—-1,8,10 —
trihydroxy—2,4—dimethyl—1,10b—dehydro—2H—oxireno[ 2,3 ]chromeno| 3,4 —d]pyrimi
din—3(4H)—one 1—0—L-rhamnopyranosyl(1—6)—B—D—glucopyranosyl (1—6)—03
—D—glucopyranoside®Z 4 AA (A4t SFE)HAG. 28 599 4a9] FH
epoxide 725 Fstal = Aol dis] obx A&t ZAS FdskA Xakal
thoole FALAEY A B FAF g9l T FUHEAS SE o 4
g AR AR g Foll Ut

ot rlo of
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¥ 11-6. 3% 182 'H- (500 MHz) 2 C— (125 MHz) NMR data (CD;0D)

Carbon 6u (rel. int., multi, J in Hz) 6¢

1 4.50 (1H, s) 84.0
2-CH; 2.42 (3H, s) 26.6
3 - 216.1
4-CHj 1.16 (3H, s) 21.8
4a - 103.9
5 - 110.2
6a - 156.7
7 594 (1H, d, 2.0 Hz) 96.8
8 - 159.5
9 578 (1H, d, 2.0 Hz) 95.8
10 - 155.1
10a - 98.6
10b 421 (1H, s) 46.5
I - 129.4
2! 7.16 (1H, d, 2.5 Hz) 116.6
3 - 145.6
4 - 146.7
5 6.77 (1H, d, 8.0 Hz) 116.0
6' 7.02 (1H, dd, 2.5, 8.0 Hz) 120.9
1" 4.09 (1H, d, 7.5 Hz) 102.6
2" 3.21 (1H, dd, 7.5, 8.5 Hz)" 76.7
3" 3.33 (1H, dd, 8.5, 8.5 Hz)” 78.9
4" 3.21 (1H, dd, 8.5, 9.0 Hz)" 712
5" 3.17 (1H, m)" 78.2
6"a 2.97 (1H, dd, 1.0, 12.0 Hz) 66.8
6"b 3.69 (1H, dd, 6.0, 12.0 Hz) :

1 4.44 (1H, d, 7.5 Hz) 104.7
2 2.98 (1H, dd, 8.0, 8.0 Hz) 753
3m 3.19 (1H, dd, 8.5, 8.5 Hz)" 80.5
4m 3.21 (1H, dd, 8.5, 8.5 Hz)" 713
5 3.18 (1H, m)" 78.2
6"a 3.50 (1H, dd, 5.0, 12.0 Hz) 67.9
6"b 3.94 (1H, dd, 2.0, 12.0 Hz) :

m 471 (1H, d, 1.5 Hz) 102.1
o 3.83 (1H, dd, 1.5, 3.5 Hz) 723
3 3.68 (1H, dd, 3.5, 9.5 Hz)” 7.5
4m 3.30 (1H, dd, 9.5, 9.5 Hz)” 74.6
5 3.66 (1H, m)” 69.9
6" 1.26 (3H, d, 6.0 Hz) 18.3

D Overlapped with the signals of H-2", H—4", H-5", H-3"", H=3"", and H-5"".
2 Overlapped with the signals of H—3", H—4"", and CD3;OH.
3 Overlapped with the signals of H—=3"" and H—5""".
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3 [I-11. 332 189 =4 FLx2A.
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HO

o OH
" HO

OH
HO

—— :'H-TH COSY correlations
-~ X : HMBC correlations

a9 [1-12. 3}3HE 189 FATFx27 'H-'H COSY ¥ HMBC A##H4.

8) 3}3E 19 (BL-Y-93115-3)9 +xZ24

BL-Y-93115-3 (3}§% 19)¢] 'H- ¥ C—NMR spectrai= 3% 189 1
AET o9 §A}819ch = 32 199 'H-3 “C—-NMR (CDsOD) spectra
(% 11-7)= 2%9] sp° methine carbon proton signals9} 19| glucose carbon
proton signals”’} §l 3}sHE 189 data®t A AEdS BT o] 3gHE 9

TE2v 38E 189 FxoA AZ para FEIE SASIA 79eE 999

R

protont Al 2F9] hydroxyl7]7} 2= 35E 183 U3 fx|o 1F9]
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glucose®} 159] rhamnose”} 4% 23 vl B3A| o —L—rhamnopyranosyl(1—6)—_3
—D—glucopyranose® “J&Al A|AFE AL BEgH 3EE 199 2@ o2 FAEHE=
glucose®} rhmanose= 'H-NMRZ} 'H-'H COSY spectraZX-E] glucose= B—
& o]l rhamnoset L—formdS &<18}Si o).

3¢ 199 HMBC #4 (1% 11-14)& %319 proton¥} carbonE ko] 4
AAAZS FelslHrt. E3], HMBC spectrum©lA] rhamnose® anomeric
proton signal (§ 4.73, H-1)3} 152 glucose 6% carbon signal (§ 67.9,
C—6") Ztoll cross peak’} I o] o] 3}3h&Eo] 299 FF+= rhamnose”}
glucose 6919 Z3%H rhamnopyranosyl(1—6)—B—glucopyranoside® a4 =}
t}. 53} glucose? anomeric proton signal (§ 3.91, H—1")®%H aglycone 19
7} oxygenated methine carbon signal (§ 83.5, C—1)o] A#AAE e
glucose?] 1917} aglycone REo
5—(3',4'=dihydroxyphenyl)—1,7,8,9,10—pentahydroxy—2,4 —dimethyl—1,10b—dehydr
o—2H-oxireno[2,3]chromenol 3,4—d]pyrimidin—3(44)—one?] 1%l A= o] &
= & 7 AATH(H 1T-14).

o] ] NMR =4l <l i 199] Tx
5—(3',4'=dihydroxyphenyl)—1,7,8,9,10—pentahydroxy—2,4 —dimethyl—1,10b—dehydr
o—2H-oxireno[2,3]chromeno[3,4—dlpyrimidin—3(4H)—one
1—O—L—rhamnopyranosyl(1—6)—3—D—glucopyranoside = 24 AA (X 3¢t
YER o, 35S 183 o] aglyconeo] FIgrzo] ofF olF-H o] Holg)

FEfolth EfA FIHEA S FE Bk Aggk FxsjA o] dAl & F

.

rr

o

s2
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¥ 10-7. 332 199 '"H- (500 MHz,) 2 "C— (125 MHz) NMR data (CDs0D)

Carbon 6u (rel. int., multi, J in Hz) 6c

1 4.53 (1H, s) 83.5
2-CH; 2.39 (3H, s) 26.5
3 - 215.1
4-CH; 1.19 (3H, s) 21.4
4a - 98.6
5 - 110.1
6a - 156.8
7 - 155.0
8 - 159.5
9 - 155.0
10 - 156.8
10a - 103.4
10b 4.17 (1H, d, 1.0) 46.4
1 - 129.2
2! 7.20 (1H, d, 2.5) 116.1
3! - 146.1
4 - 147.3
5 6.81 (1H, dd, 8.0) 116.0
6 7.09 (1H, dd, 2.5, 8.0) 120.5
1" 3.91 (1H, d, 8.0) 103.8
2" 2.89 (1H, dd, 8.0, 8.5) 75.3
3" 3.08 (1H, dd, 8.5, 8.5) 77.8
4" 3.21 (1H, dd, 8.5, 8.5) 71.3
5" 3.17 (1H, m) 76.7
6"a 3.54 (1H, dd, 6.0, 12.0) 70
6"b 3.94 (1H, dd, 2.0, 12.0) '

" 472 (1H, d, 1.5) 102.2
2 3.86 (1H, dd, 1.5, 3.5) 722
3" 3.68 (1H, dd, 3.5, 9.5)" 72.5
4m 3.36 (1H, dd, 9.5, 9.5) 74.4
5mD 3.68 (1H, m)" 69.9
6" 1.26 (3H, d, 6.5) 18.2

b Overlapped with the signals of H—3"" and H—5"".
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02 OH
O% OH
2 3"'

1"'
HO 6"'

a9 1M-13. 3% 199 4 24,
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OH
o OH

OH
HO

—— : 'H-'H COSY correlations
7~ X\ : HMBC correlations

a9 11-14. 3HE 199 A Fx23 'H-'"H COSY % HMBC A#37.

"
¢

9) 38 21 (BL-Y-93115-6)9 F+xZ2A

3}etE 219 1H-NMR spectrum (18, B—15, . [1-8) oA = 539 sp2
proton signals [§ 7.30 (1H, dd, J = 7.5, 7.5 Hz), 7.35 (2H, dd, J = 7.5 7.5
Hz), 7.86 (2H, d, J = 7.5, 7.5 Hz) |7} &= o] 1|34 wlAlg FiEgx9] &
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At skA 1 2]o] 19 sp2 proton signal (§ 7.05, 1H, s, H=7)°] F7}& &
ZEo), w3l REFZZ R B-glucosed AEE YA = proton signals, = §
5.21 (1H, d, J = 8.0 Hz)oll T9 B—94 anomeric proton & (H-1'), § 3.75
(1H, dd, J = 2.0, 12.0 Hz, H—6a")<} & 3.61(1H, dd, J = 5.0, 12.0 Hz, H—6b")
o] o] 6%19] AB typed] proton 3, 28] 2 £9 § 3.23-3.499] e
4HES] dde] AAAMS ZH:= proton signalEo]l #TEEHUL o] 9%
1H-NMR spectrumelA 13C—NMR spectrum (23 11-15, & I[I-8) Aol A
carboxylic acid carbon fFr#lZ HTE = 159 signal (§ 167.3)0], 1811 8%
9] sp2 carbon signals (6§ 134.9—142.9 )7} A &5 9] cinnamic acid’} FET%
2 EAE 7hs A E AT

HMBC spectrum (2. [I-16)°]A B—glucosed H-1"Z%¥E cinnamic
acid C—8%] cross peak7} AZEE o] B—glucose® anomeric ¥4:7} cinnamic
acide] 89loll olel= ZAgH o] S FQlsh3irh. L2]al NOESY £4el ¢

AZE Ho o] 3gEo] ZEgH glucosed (E) forme = AHIHJqTE. =3
HRFABMS #41e] o]zl C15H8089 &A}2 ¥ m/z 327 [M+H]+signale] A%
otk o]4e] NMR % HRFABMS #4443, 33gE 21 (E)-8-0-8
—D—glucopyranosylcinnamic acid® T+%Z24 o, A3z Py xg)
(29 11-16).

H,0 Solv.
2'
3'
6'b
2 3
6 5 7 1 s
4 6'aj2' g
7 © ° a “Solv.
4
2 3
6
' 5! 2' ‘ 6’
7 * 1
(UL | '] l | I
"_|_‘_'| T T T T I | T _|_|'__ T 1T T T T T T T T T L I ‘_-.r_'_'_-'_'_l_“— T T T T T S T
120 100 80 60 *: impurity

a9 11-15. 83 219 'H- (%) 2 “C—NMR (3}) spectra.
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¥ 11-8. 33 219 '"H- (500 MHz) 2 *C— (125 MHz)
NMR data (CDsOD)

Carbon 6u (rel. int., multi, J in Hz) 8c

1 - 134.9
2, 6 7.86 (2H, d, 7.5 Hz) 131.8
3, 5 7.35 (2H, dd, 7.5, 7.5 Hz) 129.5
4 7.30 (1H, d4d, 7.5, 7.5) 130.2
7 7.05 (1H, s) 126.0
8 - 142.9
9 - 167.3
1 5.21 (1H, 4, 8.0) 103.0
2' 3.49 (1H, dd, 8.0, 9.0) 75.8
3 3.41 (1H, d4d, 9.0, 9.0) 78.2
4' 3.36 (1H, dd, 9.0, 9.0) 71.5
5' 3.23 (1H, ddd, 2.0, 5.0, 9.0) 78.8
6'a 3.75 (1H, dd, 2.0, 12.0) 62.7
6'b 3.61 (1H, dd, 5.0, 12.0) 62.7
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el ko laiban b ithon i

s F 2 i

i (ppmYy
e R

I
i
| 6.5

17% 17e 165

a8 11-16. 33E 219 HMBC spectrum™ 7-%2] 2 A4,
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10) 3tgE 24 (HL-5-2)9] #+x44

3}gtE 249 'H-NMR spectrum (3 11-9) AollA A= FHF ] gl 5HES] sp”
carbon proton signals (§ 7.20~7.27)7} #ZF o] 152 X 37| & zk= wlAlshe] &
BE3z7} EA8ts Aoz F=Hul. T 19 methine proton signal (8
4.35, H-2)3} 1%9] methylene proton signal (§ 1.26 (3H, t, H—2") 7] split
pattern . ZH-E 3 o]t diel A’ protonEe EA7E AAFE AT
a8 I TE 19 methylene proton signal (6§ 4.12, 2H, dd, J = 7.1, 14.1
Hz, H-1")3} 1% methyl proton signal (§ 1.19 (3H,t,J = 7.1 Hz, H-2") 1+
9] split pattern® ZHE ethanole] FEFZ7} EA8o] 2lE A}

BC—NMR spectrum®] YERS carboxylic carbon 52 signal (8§ 171.98), 6% 2]
sp” carbon signals (§ 136.06—108.75)9} 3% 2] sp’ carbon signals (§ 60.74, 31.42,
14.24)% F 11 carbon® =47} AAE QI o] o] A3z FE o] 313&2
T-ZE o e23} phenylhydroxypropanoic acid’} A%4d 33EYU 7lsAdol 7
SHAl AJAFE AT

o]o] HMBC spectrum (23 11-17)°]A ethanol® methylene proton signal
(6 4.12, H-1")Z5¥ carboxylic carbon signal (§ 171.98) 7tell cross peak”} 3
Z%)0] ethanolS phenylhydroxypropanoic acid®] carbonyl carbon®} o|2~HZ 2
ek e & Ak A o] SFgES ethyl-2—hydroxy—3—phenyl
propanoate® HWH TZ7} AAF A}

olo] ¥ 3lgtEo] 290 ZAFH hydroxyl group?] Hh7EE Chang 52 3
(Jia—Wen Chang et al., Organic letters 1(13): 2061—2063,1999)°] A|Ag+ (R)
ethyl—2—hydroxy—3—phenyl propanoate] *C—NMR Zz}9} A x|8}5it). wela o] &3t
B9 1xE (R) ethyl-2—hydroxy—3—phenyl propanoate® E=AEAcH 18 [1-17).
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¥ 11-9. 3% 249 '"H- (500 MHz) 2 C— (125 MHz) NMR data (acetone)

Carbon 8u (rel int., multi, J in Hz) 8c
1 - 174.45
2 4.35 (1H, dt, J=5.0, 7.3 Hz) 72.63
3a 3.05 (1H, dd, J=5.0, 13.7 Hz)
41.47
3b 2.92 (1H, dd, J=7.3, 13.7 Hz)
1 - 138.60
2' 7.26 (1H, s) 128.99
3' 7.27 (1H, ) 130.48
4' 7.20 (1H m) 127.26
5' 7.27 (1H, ) 130.48
6' 7.26 (1H, s) 128.99
1" 4.12 (2H, dd, J=7.1, 14.1 Hz) 61.36
2" 1.19 (3H, t, J=7.1 Hz) 14.53
-OH 4.20(1H, d, J=6.0 Hz)
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~~ X : HMBC correlations

a9 11-17. 33+ 249 4224 2 HMBC 334,
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oo - AR 59E
gt o2 H HPLCE ©o]&3 sh§tE 26(HL—-7-10)9 g

1) HL-5 & o
n—Hexane 8-S HPLCO 23] &3 ¢ Ao HL-7 &(7.3 mg)S U= AAS

71 9)8te] YMC—Pack SIL column (6.0 X 150 mm, YMC, Japan)< ©]&3d}e] 2.0

ml/min  (Medel P580 pump, DIONEX, Germany)® <% 215 nm (UVD170S,

DIONEX, Germany), ~L&]3l n—hexane/iso—propanol/EtOH (499:0.5:0.5, v/v) S"|AIS
o]-&3}o] HPLC (1§ 11-18)Z 33}o], ¢ 58.36%%0l &5% 332 (3= 26, 0.5 mg)

2 Belskn

HL-7-10
(Comp. 26)

l I |
80 90 100 (min)

[\
l
Yl
WLt /L\‘_M__ g W J .

[ l I T I
10 20 30 40

9. [1-18. HL-7 #2] HPLC chromatogram.
Column: YMC—Pack SIL column (6.0 X 150 mm).

Flow rate: 2.0 mL/min.

Detection: 215 nm.
Mobile phase: n—hexane/iso—propanol/EtOH (499:0.5:0.5, v/v).
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2) 3heHE 269 22 A

3132 269 '"H-NMR spectrum (28 11-19, ¥ [1-10) 225 12HS] proton
signalS0] At} 4%9] sy carbon proton signals [§ 7.14 (1H, br. t, J = 8.0
Hz), 7.21 (1H, br.t, J = 8.0 Hz), 7.37(1H, br. d, / = 8.0 Hz), 7.63 (1H, br.
dJ = 8.0H2) 7 #&HIA Ao zHE 2X3HA] MAste] FEIFLZ71 &4 3
= Ao F=Hu w § 3.77 (2H, s, )9 sp’ carbon proton signals Z5-E]
AB type? IHE methylene groupel A7} AA H AL, 4.17 (2H, )2t §
1.26 (3H, t, J = 7.5 Hz) 22 %-¥] ethanol group®] ¥-&7%x9 EAE A
T AT

BC—NMR spectrum (2% 11-19, 3 11-10) Aol Al carboxylic carbon S22
FrebE] = signal (6§ 171.98)0] = Qdch

22]3 HMBC spectrum Aol 28] 1I-20°] YERH BFe} 7S cross peak
59 AEE Tl 4 FETxe 92 #AE FAslHh gCOSY, gHSQC %
gHMBC 45 343} proton®} carbons 7He] Bt} AE3 AAAS 3y 318t
E 262 () —ethyl—4—amino—3—(2—hydroxyphenyl ) but—3 —enoate & 1-%24 3} t}.

_Sol_v. -

TP P T T R T I e S o S R R it e

7 ! N )
fgﬁ : 8 ! g impurity

a9 11-19. 33 269 'H- () ¥ 1dc NMR (3}) spectra.
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3E11-10. 3F3E 269 'H— (500 MHz) 2 C— (125 MHz) NMR data (CDCls)

Carbon 8w (rel int., multi, Jin Hz) &c
1 - 136.09
2 - 127.28
3 7.63 (1H, br.d, 8.0) 118.95
4 7.14 (1H, br.t, 8.0, 8.0) 119.66
5 7.21 (1H, br.t, 8.0, 8.0) 122.21
6 7.37 (1H, br.d, 8.0) 111.10
3' - 108.75
4' 7.20 (1H, s) 122.92
2' 3.77 (2H, s) 31.42
1' - 171.98
1" 4.17 (2H, @ 60.74
2" 1.26 (3H, t, 7.5) 14.24

. 53 6 Solv. "
4| b Lo

R
i : !
. !
: 77 7Xi HMB Ccorrelations
] 1
K
3 i
- i
5,K H L |
Soly. a4 7 ;
- g
4 o] |
i |
§ ]
’i a- '
: B e L i Rl o A e s
188 15k 148 128 288 a8 88 a8 23 &
5 ey .
pow

a8 11-20. 3% 269 HMBC spectrum® %A1 2 Abatad7],
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TEAES 17 11-219] A4

- 270 -



o o OH
> AW o
o HO

. Furan-2-ol 3,4-Dihydroxy-benzoic acid 2-(2-hydroxy-
Monoethyl succinate ‘o propionyloxy)-1-methyl-propyl ester
$PE7 53 10 3 14
( 2

OH OH
o) O HO. o OH
O HO:‘\/ )
OH OH
HO O O OH
OH HO

_ J
OH
0 HO

o SN o

HO N HO OH
OH HO H OH
O OH
HO'
OH o]
3,4,5-Trihydroxybenzoic acid 3'-0-benzoyl-(O-B-D-glucopyranosyl)(1"? 6')-B-D-psicofuranose
3= 15 34216, 22
HO OH

5-(3'4"-dihydroxyphenyl)-
1,8,10- trihydroxy-2,4-

dimethyl-1,10b-dehydro-2H-

oxireno[2,3]chromeno[3,4-
d]pyrimidin-3(4H)-one 1-O-L-
rhamnopyranosyl(1? 6)-3-D-
glucopyranosyl (1? 6)-8-D-

glucopyranoside

a2 182
12«!-},4/\]

OH
OH
\dL;fég\omo
OH NH,
o)
H
—Z
H
| OH ©/}3L o™\
0 HOY TH o
AN OH ~
I OH

5-(3',4'-dihydroxyphenyl)-
1,7,8,9,10-pentahydroxy-2,4-
dimethyl-1,10b-dehydro-2H-
oxireno[2,3]chromeno[3,4-
d]pyrimidin-3(4H)-one 1-O-L-
rhamnopyranosyl(1? 6)--D-
glucopyranoside

5}3H= 199

FATE

o]
(E)-8-()-B-D-Glucopyranosylcinnamic acid (R)-Ethyl 2-hydroxy-3-phenylpropanoate (2)-Ethyl 4-amino-3-(2-hydroxyphenyl)but-3-enoate
g% 2 51gE 4 &3 26

O3 1I-21. 3apdxe] 249 IgESe] 724 2 FATEA(13, 18, 19).
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i

7}) HPLC #4& ol&3 dAlg HEAet HEa oo Axegd <+
AEWs HE
(1) W
AAE BEA+= homogeniger (BM—2 Nissel bio—mixer, Nihonseiki
Kaiseiki Ltd., Japan)Z ©]-&3}o] w3t t}&, filter (No. 2, Whatman)® &
Fato] of oyl JALE FEste] Pojxl Ate]l EtOHS 7hste] oAl 5% -
o}3}sle] EtOH 100 mLel A& HEA 100 g AEEe] drsms 24
stk 2AE AR H2A4 9 (522 10 mg eq./10 ul), 22} =7 45¢
o] BERA (A 10 mg eq/EtOH 10 pl), 183 E&EA} o4l (FEA}
10 mg eq./H20 10 ul)& 247} ofgfe} 22 Zxistel A HPLC w4& 333l
t}.

—HPLC conditions—

Chromatography: DIONEX (ASI—-100 automated sample injector)
Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)
Flow rate: 1 mL/min

Detection: 254, 280 nm (UVD170S, DIONEX)

Mobile phase

A (10% MeOH, cintaining
B (100% MeOH)

2% AcOH)
0 100
5) 100
35 30 70
40 0 100
50 0 100
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254 nm

-—

'_Jll J'_' I_: WA .l|'_. :_'ll = "a
22} 9)¢1¢] HPLC (254 nm) 23}

280 nm

HHll=2 S=2A

il
| -
200 | . ,
I
e 5
m-_q_'
100 150 200 20
I8 -1, YAE BEA} 2344 4593 B
|
&3
384 1
! P ]
. A
E i
1 |
L
o 10 150 20.0 250
I [1-2. 9AE BEA} 2xp8A 4593

217 glele] HPLC (280 nm) A3},
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Jmol HPLC AelAel #i4Rse] A%e fmsid o no
Fe P qusy] g8 T BE H/180E wRHoR o] gt

o
> 1o
wod ARES B0 o83t

(1) H]—H—]

AR 524 3 g) FE=d 524 o9 (AR 524 3 g eq) 44
o H,0L #7138l 3 mLE AHE3 & p—hexane, EtOAc, 181 F3E3}
n—BuOH Z}2t 4 mLA o= 33] vhEsto] Fapqow Gujddsigiv (19
-3, 4). 12]a g gsto] dojxl 7+ g% F EtOAcs I BuOHS 242t
< oY A-F(PEAR HEA 10 mg eq.)o] HIEF A F ofefe] =3
S o] &3t HPLC #41S d&alch.

—HPLC conditions—

Chromatography: DIONEX (ASI—-100 automated sample injector)

Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)

Flow rate: 1 mL/min

Detection: 254 nm (UVD170S, DIONEX)

Mobile phase

A (10% MeOH, added 2% AcOH) B (100% MeOH)

0 100 0
S 100 0
35 30 70
40 0 100
50 0 100
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Black Berry (Rubus coreanus Miq.) 3 g

~<— H,O0 (filled up 3 mL)

X
«— p-hexane (4 mL  3)

H,O layer

X
<— EtOAc (4mL 3)

H,O layer

X
l«— BuOH (4mL  3)

n-hexane layer EtOAc layer BuOH layer H,O layer
(3.47 mg) (13.06 mg) (38.24 mg) (96.76 mg)

a9 MI-3. 9A5 HExe] &vE3& flow chart.
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Black Berry (Rubus coreanus Miq.) Wine (Black Berry 3 g eq.)

~<— H,O0 (filled up 3 mL)

l«— n-hexane (4 mL 3)

H,O layer

X
l«— EtOAc (4mL 3)

H,O layer

X
<— BuOH (4 mL 3)

n-hexane layer EtOAc layer BuOH layer H,0 layer
(0.23 mg) (2.72 mg) (24.81 mg) (18.08 mg)

a9 [11-4. B8 ¢kele] &ujE & flow chart.

(2) Az 4 31z
AAE HEA FEFE(OY HI-59 A, 5E8x FE2E9 &riEs %
EtOAcE=(2¥ 11-59 %) % BuOHZ (19 III-59] &)< HPLC ¥A43 A

ol

3, Gl oal f 32 ming VIEow FehEo] Eeld 4TS HIAUh
I

Z EtOACZES fp 32 min ©]3 9] H|FA REo|A, 17

Ao 4 g

o

ol &=¥ FEE BAS AN 747 vE
k = KR EICE

2 gradient

oo
k
r’l
ny)
i
32
O
[
ol
LN
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18~22 min AFol9] peak”} B2 = 71E ZIHstsi oy A7) 19 29 111-1 %
29} Pz 2 S E WYoeRx O BElee FolX|A &ty 1F
& HAb eRlel] AEetls (2 1I-6), HPLC el A9

al
e o i
% v 2a AU wadh

mAL e |
; 254 nm
175+ ﬂ i
150 |!
[ |
125 |
. | .
| S .
e I\l ANz Z2R
| | R my
1 g
75 ad ( | ‘
3 e '.
' | I I
50~ | | I
II L~ — kL) EtOAc layer
E - "'I'J" S —, i~ - - -"1 [ — = "l“|\ A M At he — L
T M N o
|V
3 W MUaA AN LM~=———,W \?iOH layes
0.0 5.0 100 15.0 20.0 25.0 30.0 35.0 400 450 500

a9 MI-5. 9As 524 F22(d), 524 F289 728 F EtOAcT (%),
2

BuOHZ(3})<¢] HPLC +4
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| 254 nml1

40.0-
30.0- I |
20.0
4 |
10.0-
1 ."i \ . = AL |
0.0+ [\ '
: I N\ y
l /I / l~|1| E—— A |
ket 1 . PP e S —— [EtOAc layer
1-— — - T | | \N\-J “F\"»\H.-\._.
2‘00—| T J/ r\\d"\"\\_}\\_ g
| A S ——
1 ) e e e BuOH layer
IS A
| Y |
| . :
| |
e T - : —r e Ll
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

a9 1I-6. gv3 deo] HEA o)y g E8A 94219 EtOAcT
(%), BuOHZ(3H) 2] HPLC +4 23},

b dlEds ogst dAE HEAe HEA ¢l SwiEE 92
|25 0o HPLC AoAe 5 AE

AAE HFEAH3 g) FE=3 S84 942 (A7 5E2 3 g eq) 47
2% HI=-70 Yepd vpep 22 el ofs sfjeld o] xfol& o] -&ato] &l
wEs gegitt. WA dAR B2 FEFE ethanols AT HEA ¢
Q1 Z}Z}& EtOAc (10 mLx2)9} buffer £ (0.2 M glycine—0.2 M HCI, pH
3.0, 10 mLx2)& o83t & 23 EtOAc oz #2a3int.
EtOAcEE S buffer £9(0.2 M NaHPO,—0.2 M NaH,PO,, pH 8.0,
10mLx2)0. % AFujste] EtOAc T4, =i, 18l & gios

2359, $£8d SRS 10 N HCIES o]&3te] pH 3.00= %43 &

pul
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EtOAc (10 mLx2)& Eujsle] EtOAc A RS Aglon o]o] EtOAcE
A, A=A 8 BL buffer £9(0.2 M KCI—0.2M NaOH, pH 12.0, 10 mLx2)2.
2 Eulsle] EtOAc TR FEdgfor 353 o] &N

S thA] 1.0 N HCIS o] &3}e] pH 6.02.2 Z24A3d & EtOAC (10 mLx2)Z
FHlsle] EtOAc #lEAd S AT (23 111-7). o] 2A |4 7 &
55 Y AIH(EARE HEA 10 mg eq)o] HEF AR & oo =
A4S o] &35t EA 3T

—HPLC conditions—

Chromatography: DIONEX (ASI—-100 automated sample injector)

Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co.,
Japan)

Flow rate: 1 mL/min

Detection: 280 nm (UVD170S, DIONEX)

Mobile phase

A (10% MeOH, added 2% AcOH) B (100% MeOH)
0 100 0
5 100 0
35 30 70
40 0 100
50 0 100
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Black Berry (Rubus coreanus Miq.),
Black Berry (Rubus coreanus Miq.) Wine (3 g eq.)

X 2)
partitioned between EtOAc (1X L and
buffer soln. (pH 3.0, 10 mL

Aq. phase EtOAc phase
X 3) i .
—— BuOH (10 mL —— partitioned with bXff2} soln.
(pH 8.0, 10 mL
EtOAc phase
Aq. phase (EtOAc neutral, phenolic ft.)
adjusted to pH 3.0 with 1.0 N HCKaajl partitioned with buf{ep oln.
partitioned with EtOAc (10 mL (pH 12.0, 10 mL
Aq. phase

adjusted to pH 3.0 with 1.0 N HCKaajl
partitioned with EtOAc (10 mL

[ ] ]

Aq. phase BuOH phase Aq. phase EtOAc phase Aq. phase EtOAc phase EtOAc phase
(EtOAc acidic fr.) (EtOAc phenolic fr.) (EtOAc neutral fr.)
a9 MI-7. 948 584 FE23 524 ol defdS o83 &g,

(2) A3 2z

Y I-83 99 AHRFH & = 95%o] AR HiEAkeh, 524 o
717y g4 5 BuOH &, EtOAc acidic 8%, EtOAc HAlsAHdE,
3l EtOAc S48 E EFolA F338 Aol Holx ko, 53] &2t
I FAHE 4 18~22 min® & peaks A9 U E W ET IR =
o M3 7t ol FoAA FskeS o T AATH

At 18~22 min AFo]9] peakS R} AWEtA Elstazt oA
Z1E& vt Eeles FATIE WS AESIH

A
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~ 280nm

Hillz =2 Xt

1
PN ,—lr '\R 3 ) HIlls ==X Aqg. phase
I / e HHll = ZFABuUH phase
b e e e co e o e sbeiaialilhs
P HH = ZE A Acidicfr.
SR = B8 oeme  _PoR . B _‘iﬂmﬁ E-E-II'P—henulicfr_
Hill = = Z X Neutral fr.
— [e] 1= = = =) = = = -
g M-8 dAs B FE=e e ol&d Svles F 7 il
4 A3,

HPLC &4

nAU T —— = mE— —— -
' N 280 nm
| |I|I I\ I'_
¥ A - ,.'I Al M
il i L | I | \ .
a N O T / I.l' I\
2 | \\ T =mExiee

T =EX A Ag. phase-+
i

—,

W S Jis) =X 9% BuOHphase
i \" _—

— TS B EA2IO Acidictr.
e T

= Z A 221 Phenolic fr.

3
a9 -9, B8R shele] Fgelel AL o &7 &l

HPLC A3},
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—HPLC conditions—
Chromatography: DIONEX (ASI—100 automated sample injector)
Column: ODS column (4.6 X< 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)

Flow rate: 1 mL/min

Detection: 254, 280, 365, 535 nm (UVD170S, DIONEX)
Mobile phase

8%?M€CN,w$ed2%aAcoH) B (50% MeCN) C (100% MeCN)
0 100 0 0
5 100 0
40 100 0
°0 0 100
o0 0 100
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] 254 nmoll Lo]A 9
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o) QAR BRAS} B shele] nFE @

S
AC)
olr
oY
fm

(1) ¥4

MeOH 10 mLE &%A)71 &, pH 2.65 [by trifluoroacetic acid (TFA)] &
€4 10 mLE e &3AA F dFE4A (Varian, 1 g)oll H22 oF1(H
A 250 mg eq.) EF =S pH 2.65 & 1 mLol| &3|AIA charged th+,
ODS AFE4XZ H.0 (pH 2.65 by TFA), 10% MeOH (pH 2.65 by
TFA), 20% MeOH (pH 2.65 by TFA), 30% MeOH (pH 2.65 by TFA),
40% MeOH (pH 2.65 by TFA), 50% MeOH, 100% MeOH, ~12]iL acetone
o7 #AA R 10 mLA &EsHtH( 1’ 1I-11). 853 2 55 obd

o £AEL ol §ste] HPLC PAS Fskairh.

Black Berry (Rubus coreanus Miq.) Wine (Black Berry 250 mg eq.)

solid phase extraction (ODS)

H,0 (8.16 mg) 20% MeOH (0.3 mg) | 40% MeOH (0.3 mg) | 100% MeOH (0.8 mg)
(pH 2.65, by TFA) (pH 2.65, by TFA) (pH 2.65, by TFA)

10% MeOH (0.8 mg)  30% MeOH (0.6 mg)  50% MeOH (0.2 mg) Acetone (0.1 mg)
(pH 2.65, by TFA) (pH 2.65, by TFA)

HPLC analysis (Black Berry 10 mg eq.)

a8 [I-11, 2582} s}ole] ma=Zmo)| o]al 53
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—HPLC conditions—

Chromatography: DIONEX (ASI—-100 automated sample injector)

Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co.,

Flow rate: 1 mL/min

Japan)

Detection: 254 nm (UVD170S, DIONEX)

Mobile phase

A
(3% MeCN added 2% AcOH)

B(50% MeCN) C(100% MeCN)

100

100

100

40
50
60

100
100

(@)

2S Ao w HPLC
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19 [I-11¢] e ule} o] 7} &

A

=
T

4

al

=gl

¢ = S % R
7 40% MeOH

]
P

il

o

K
A

i
R

253t 3

S, el 9o

o] /s ofAA &3kt

ki3

B

18~22 min9] 3}
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254 nm |

H.O (pH 265 by TEAY |

10% MeOH (pH Z_ 65 by TFAY |

20% MeOH {(pH 2 65 by TFA)
30% MeOH (pH 2.65 by TFAY

o — - i SN 40% MeOH (pH 2.65 by TFA) |

S0% MeOH

g II-11. 522 9l 3453 & 2F 8259 HPLC 24 23t

vh AR Seae Hea} kel 14FES] Grouping

(1) ¥

Z71 mhelA Aol wFFEES HPLC #"e] AR iS5 (ad
II1-11)< groupingstitt. = H,0 (pH 2.65 by TFA) &3 10% MeOH
(pH 2.65 by TFA) S #3ko] group 1, 20% MeOH (pH 2.65 by TFA)
53 30% MeOH (pH 2.65 by TFA) 3JIES &34 group 2, 40%
MeOH (pH 2.65 by TFA) &3 50% MeOH #&& &3 gruop 3, 1
2]al 100% MeOH #¥3} acetone FWS 3l group 4= 3Fo] & 47
9] groupl.E groupingd} i th.

AAE BEA G4 GC-MS BAE Astel BEA el g wpow
H
i=]

IAFES e, dojxl 7z IR ES TYS W
sFith. = H.O (pH 2.65 by TFA) ##3 10% MeOH (pH 2.65 by TFA)
1S &3le] group 5, 20% MeOH (pH 2.65 by TFA) %3 30% MeOH

(pH 2.65 by TFA) E&ES &3t group 6, 40% MeOH (pH 2.65 by
TFA) 8% 50% MeOH &S 35} gruop 7, 28] 100% MeOH ¥
£33} acetone FES &35t group 8% F 4709] group S Z groupingdt$iTh.

Aol E 8709 growpES o R FEASE 3 T GC-MS BA S
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AV IAFES F grouping 3 QAR BEEAeF HEA 94ele] GC—MS 4]

)

g FEF 5 Lo F 8 grouwpd] FEES UE el o5 483
t}. Group 1~89 2+ AJ&2 ™ 10 pg (HEAF 40 mg eq.)d F=A 3 Aok [
pyridin: 2V, O—bis (trimethylsilyl) acetamide:trimethylchlorosilane, 10:5:1, v/v]
20 nlE 7psle] 2 £33 & 50C 9 heating blockoll A 30 ot Hk-3A|A
TMS&HE & 1 % 1 wE ofee] st A GC-MSE #4313t

GC #4 EI-MS (QP2010, SHIMADZU, Japan)el GC (GC2010,
SHIMADZU, Japan)”} 92 % 7]7]1&, VB—1 capillary column (0.25 mm X

60 mm, Valco instruments Co. Inc., USA)E 423513 2™, ion source =%

rlo

= 2007, ionizing voltage™= 70eV, split ratiox= 20, column oven® =%
60°Col A B 4CTH 240C7HA 277 T8, 240CE 1087 SA 5=
sk 27Ol A BT 2 2l ofeel

L

e

=
=

—GC—MS conditions—
Column: VB—1 0.25 X 60 mm
Column oven temp.: 60C
Injection mode: split

Carrier gas flow: 1 mL/min
Split ratio: 20

Oven temp, program

Rate Temp. (TC) Hold time (min)
- 60 0
4 240 10
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(2) 23 9 n#
(Group 1 3}3t&
BRI 94e1S 153 group 1& TMS G =4 3k6le] GC BA4&

A MI-12), =8} A oFe] 9] A5 (data )& A2t 718 &

A AEE tp 42.3 min I3 MS datag YO library A& A3k

th, 2 A fp 42.3 min T2 MS datax gallic acid®] library MS data®}

dA)ste] gallic acid7b HEAF 9419 group 1 Bl F& 3teh=<do] Al

= AT

offt
o2l

)

f
Og(:,"
e

2

205 05
205,051,190 ]

RO OH

HO 5 -
oH Gallic acid

L

. | . j 'I ; !'.I|.I1|!". ll Lilhl G .I

400,00 50.0 54.0

10.0 20.0 0.0
min

a8 [[-12. B82 9429 aAFE £ group 19 GC—MS 22143},

(Group 2 33HE =)

5
i=]
22 el aAFEE group 2 DA group 13 v IAE TMS XA

st ¥ GC-MS 415 Jaqich TIC ol TMS fF=A3t Ao 2 o]
JIE(a2yH  11-13)¢ MS dataE library data®} Hlud Ay}
3—(ethoxylcarbonyl)propanoic acid, 4—(2—hydroxyethyl)phenol,
3,4—dihydroxybenzoic acid, 7123 A7) group 194 AEH I gallic acid

= 27 $AHU.
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/‘*DMUH C/x -é_—""'_-._— KLB)LD
l Bm_(z_meW 3.4- Dlhydmxyhmmlc acid
| ]
\ \L HO i
' HD]@

OH
| | i I / Gallic acid

a8 [[1-13. 282 9429 aAFZE £ group 29 GC—MS A1 43},

(Group 3 3}3E &4)

BRA 9ol aAFEE group 3 TMS FEAEst GC #4415 g8
o] TIC Aol TMS =23} AleF f8 ol¢] IAE(29 11-14)2] MS data
£ library data®} Wl g A3, p 41.74 minol A &€ A MS data’}
ethyl 3,4,5—trihydroxybenzoate®] library data®} UX|s}e] gallic acidel
ethanolo] ester A3 stetEo] 1F 39 Fro] ASFS & + AT

(=]

|
| HiO
. | . ©)lo"“*-
| HO
oOH
Ethy 3. 4. S—wihydroxab enzoake

B N
10} il 00 00 00 M0
min

a9 [HI-14. 582k 919 34F% % group 39 GC-MS 4] A3}
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group 45 TMS F%EA 38 GC-MS 48 3

= O

H 935S ez MS 49 fragment ionE2

HES) 2 A3, TMS F=A38F Aof f2 va5 o]2)e shetae] HEHA

ekty (29 II1-15).

232062974

' |

| —— j - 3 J ! Al 1 LY 1 'I
10,0 Z[I ] _'HJ { -hl 0 Sfl 0 ,’\-I 0

a8 J[1-15. 582 929 14FZ T group 49 GC—-MS 4 A7}
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(Group 5 3198 54)
HAE HEAF
A¥ (2™ 111-16),

ol F5T w3k gtz =47

192 560,929

|| W | | ‘ i

| o
| I | || |
l. . o i ) 1'” WAL

0.0 0.0 30.0 400 50.0 54.0

min

-

a8 [1I-16. A8 BEA9 24F= 5 group 59 GC—MS 4 A}
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& group 6= TMS F=A 33 group 1~5¢ =
FAE HAES Ay, 2 111-17¢] e wpe}

o] benzoic acid, 4—hydroxybenzoic acid, 3,4—dihydroxybenzoic acid, ~L#

A el HEHAE gallic acid7h A

8 By

Al M= HEH U

HO

(@]
@J'lOH

HO
o 3. 4-Dilmdroxybenzoic acid .
OH
o HO@”OH
Benzoic acid OH HO okl
| 4—Hydroﬁenzoic acid Sl acd
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o}) By olele] EARAAE 44 S 9% HPLC ¥4

2719 GC-MS #4415 &3l $4F IFEE T S22 dRlel 4
4—(2—hydoxyethyl)phenol, 3—(ethoxycarbonyl)propanoic acid % ethyl
3,4,5—trihydroxybenzoate s H&A} 94919 wtgd wE EAAFIXEZ A
gt A ou|gle ddolet ‘321%‘:}. ey o] SFEES AlEEI YA
ol FAFTIAER A7l ojelgo]l At ol dAE HEAL HEA o
Aol FEHoR FgHE dom, GC-MS ¥4 Az}, A8 5ix v} 5i
2t 9}@ Zo] Hr} I ggo]l Eoha #aE  gallic acid (GA)9
3,4—dihydroxybenzoic acid (DHBA)E FHH7HAE stE= A4 5 dS
ANA S AESH7] 98 HE&A oS oz 2g -4 A7|HE GA%t
DHBA®| §&F WstE 4383l

(1) Gallic acid®} DHBA®] F%%& &<l

(7h)

GAS} DHBA 0.5 mg®S 717} #3led 1 mLe MeOHe] &3)8 = 1
20 ulE HPLCE A 3te] Zt 313E9 va WAS 153

aya FEFES A pHE 7242 2.8, 3.0 1¥]al 3.60% 4%

i

-

& 5 mLol| 7z} 3¢ES galskal EtOAC/EtOH (4:1, v/v) 10 mLZ &vj&
g & F, 2 T EtOA¢/EtOH 55 +FH3I3ith 2elal oA MeOH 1 mL
gajste] L % 20 W of#lel 2ol A HPLC B4 #ste] 2helatg)
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H,0 5 mL (pH 2.8 or 3.0 or 3.6 by HCI)

l«—— gallic acid or 3,4-DHBA (0.5 mg)

l«—— {EtOAc (4 mL) + EtOH (1 mL)} x 2

H20 layer '

[ (EtOAc + EtOH) layer ]

concentration

~—— MeOH (1 mL)

filtration

HPLC analysis
o9 II-21. GASH DHBA FZ34.

—HPLC conditions—

Chromatography: Waters (Model 510)
Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co.,
Japan)

Flow rate: 1 mL/min

Detection: 254 nm (Waters Model 441)

Mobile phase: 6% MeOH (pH 2.65 by TFA)

A3}, pH 3.6 % A A3 Hy00l A=
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i
i
e

i\
]

flo rlo

il
Lo

pHE 283 uhx T =Z319 S
O‘Iz;ig] %T’t}x} gl %T’t_“z]' ﬂ‘?lgil?—}ﬂ GAQ,]- DHBAZS] ‘\"1:_'“}5]1 /\]’ 7} /\]
[e:

pH 2.82 ZA3to EtOAcE FE3 WHS 8372 3t

2

e I
i
]

1%
o

Qs HEAket
A7 flaA e
th ool YdAm &

GA, DHBAS} &< retention time

tlo
A
s
(=)

@

o

£,
i
Lo
A
i
il
.
o
ol
32
S

7 o
FAFANANE 3= GAS DHBAEZ AAE HPLC %7 3lolA
st H=% = retention times SISttt LEjal AA® HEApet
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—HPLC conditions— (&3E 54)

Chromatography: Waters (Model 510)

Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)
Flow rate: 1 mL/min

Detection: 254 nm (Waters Model 441)

Mobile phase: 6% MeOH (pH 2.65 by TFA)
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—HPLC conditions— (3}&= +£% 89l)
Chromatography: Shimadzu (SPD 20A)
Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)

Flow rate: 1 mL/min

Detection: 254 nm (Photodiode array detector, SPD—M20A, Shimadzu,
Japan)

Mobile phase: 8% MeOH (pH 2.65 by TFA)

() 23 5z

GAS} DHBAY #p& 138 111-229 chromatogramsol| A9} o] zkzh <k
10 min¥ 20 mind = SIstiAth. 18l AAE HEAS HiEAE &<l

LS =gz AT 1 A3 19 [11-239 chromatogramE2
Ao Ao} ol REIFEES H LS A 247 A7 HEEH
35l 7247t GA® DHBAY 7hsAdol w9 wvhal sekaigivh. —1¥
g5 A3t 42 SAsiM weet dadAs 4 3= GAS DHBA
Az HEAel HEA ofle] A g Hrigk & Frt WAL I

& A3 (Y 111-24), F peak:s Z}ZF GA9 DHBA 37 E70te] =ols}
HA S Wi Flo] gRlxo] 25 77 GA®F DHBA® 4T F U2

M

=

ro

ojxe] w7t gruojol gt YA o] F peakd] T£XEE EQldt
PDA Al=®le] HPLCE o]&dte] ZF 939 spectrume EFEF I
spectrum¥ B3R T (28 111-25, 26).

AA AAls FEAS BEa olel ¥ Z42be] GA¢F DHBAE 3D

2 el 3 Ay, F Fg3E BT B9 254 nmollA tE ETE0
HA7FE A FRSS 13 aL, UV/VIS spectra T3 2 TF3F3 AA 3
i o] I EAZACAA HEE GAS DHBA FAEL w¢ &7 &
AHIS o 4 At 24 B PDA BEA AL o]fdle] HEA 2 =
A opQlell Frdl GASF DHBAS] 4] A8 7hostrhal sashgict.
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—HPLC conditions—

Chromatography: Waters (Model 510)

Column: ODS column (4.6 X 250 mm, Tsk—gel, ODS—80Ts, Tosoh Co., Japan)
Flow rate: 1 mL/min

Detection: 254 nm (Waters Model 441)

Mobile phase: 6% MeOH (pH 2.65 by TFA)
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Black Berry (Rubus coreanus Miq.) 7.14 g
uf @Ad spa

—— GA or DHBA (0.5 mg)
—— 1 NHCI (370 puL)
— 16% EtOH (5 mL x 2)

— centrifugation
— EtOAC/EtOH (4:1, 5370 pL x 2)

residue supernatant
concentration residue organic layer
— 16% EtOH (5 mL)
— EtOAC/EtOH (4:1, 5 mL x 2) concentration
MeOH (1 mL)
H,0 layer organic layer

— Milipore filtration (0.45 pm)

concentration

MeOH (1 mL)

— Milipore filtration (0.45 pm)

H,0 layer HPLC analysis (20 uL)

HPLC analysis (20 uL)

o BRA shel(ogm)e] Wi &4 FAWAY GAs)
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Gallic acid 3,4-DHBA
12000000 10000000
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= 10000000 o 8000000
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= R2=0.999 R 4000000 R:=0.999
3 4000000 2
& =
= 2000000 2000000
1000000
0 ‘ . N . .
0 2000 4000 5000 0 1000 2000 2000
Concentration (uM) Concentration (nM)

a3 II-28. GA®} DHBA®] ZF=4.
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(Unit: mg/100 g)

1 ) 3 R 5 . 7 s 0 10 11 12
7 . i i
sen | wesz | wse |auuz | (J8, | sse | S9BER | wasas | mamae | 2SN | 244 | 284U

Galie | 70 132 169 124 127 146 204 229 238 230 201 205
3,4-
oba |3 67 9 52 75 83 110 116 157 187 211 197

350 250
T soo f
- 2
E 200
= 250 [
=]
= -
2 =00 |
T
o) -
=wiso |
E g
F 100 [
S 50
E  sof
<]

o ‘ ‘ ‘ ‘ ‘ . . . . 0

1 2 3 3 5 6 7 8 9 10 1 12
Process of fermention and aging
_ B = m 2 = 5

a9 111-29. &2 9l wg 9 %A 34 T GAS DHBAS AA1% ghaka
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gh BHEA FEE] A o3 4 Wt 249

=
2]
S22 Fol dwE dgEsel HEA ol Az Tl mAd=9

(-?)?i?%o] Hazb oFQl Az o] &3stal A= Saccharomyces

)4 k& YPD broth A=

o) g-5ko] 30CaA 12 Ak WFatich &% wekelS 600 nmow fmgga
¥

L) ket &wji-g 9 HPLC &4 =1

HjF 4 mLE 12A13F FHA o= 48A17kA] AA A o= FH & 5000 rpmel
A 1083 gAY 1 SN S FHE| n—hexane, EtOAc, X3}
BuOH ZH7h& 4 mL2 33]¥ A oR a3 §, Aozl #7]8v<
H05S 77 5%t 2 5% E5S 50% MeOH 1 mL& £3]3te] TLC
43 HPLC 4ol o] &3ttt

. TLC 242 wholaz A-AS AbSsfol
10 uL® spotting 3t a, HPLC XL Z} A& 74 ugg injection 3}At}.

HPLC X x71e &3 ).

> HPLC conditions
— system: pb580 pump, ASI—100 Automated sample injector, DIONEX
— column: Shim—pack prep—ODS (H) kit, 4.6x250, SHIMADZU,
Tokyo, Japan

flow rate: 1.0 mL/min

column temp.: room temp.

— Injection volume: 74 ug
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— wavelength: 254 nm, 280 nm, 365 nm, 535 nm

— mobile phase:

Time A (100% MeOH,
(min) conta(ining 2% AcOH) B (100% MeOH)
0 100 0
5 100 0
35 30 70
40 0 100
50 0 100

E]r) Qs FE2 FE2=9 &g

=4 EtOH +E= (g/ml) 50 g d3ZF(FF5 4.7 g)& FHdte] €58
a 0 ) ol S p—hexane, EtOAc, X3} BuOH, H.O 300
mLE Zzt7} 334 2k &g stk o] #8955 T n—hexaneT S A9

5% wEse] BHARR ASSAY 1 BHEAe helA el a7

CEE!

i

7 HEA &uEd =] nAd = ok sk TLC
(&2 EtOAcT 9] 23

A (A), viAI 9k B wiFH(B~E)S] FE=24 52 EtOAcTS SR}

Fe F FEE(G~)EY TLC &S Alud A3 (ad IV-1), G-J23H

M2 3etE5o A (R 0.6~0.8)7F FAFAt S FE212] EtOAcEl 3

552 HEA 99l Az o] &EH = S cerevisiae2}] wl el 23|

HE2F EtOAcTd ¥ SEES N oZN dAsE HEA o= o

2 FaEAG

¢

o
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BE} BtOAC lagyer ¥ 52 BuOH layer

BEA HO layer

BuOH/ACOHM:O= 8:2:2(vA A7) BUOHACOH/HO = 8:2:5(varA) BuOH/ACOH/M:O = B:2:5(v /)
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\—/Am

12 hr

24 hr

8% 36 hr

B X+ F 5 48 hr

T B13 EtOAc layer
WA+ &2 +E2E2F EtOAc layer 12 hr
DA+ AR+ 582 EtOAc layer 24 hr
Wi A+ &2+ 552 EtOAc layer 36 hr
DA+ B EA+EEAF EtOAc layer 48 hr
: BE2}1 BuOH layer

DA+ ER+E 82 BuOH layer 12 hr
A+ B R+ 5582 BuOH layer 24 hr
DA+ ER+ 882 BuOH layer 36 hr
DA+ AR A48 BuOH layer 48 hr
B8 H,0 layer

WA+ EE+EE2F HO layer 12 hr
WA+ &2 +E582F H.O layer 24 hr

C A+ R B A+5AF HoO layer 36 hr
A+ EEA+EE2F HoO layer 48 hr
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A BuOHZ S a5 wjgst & FEE(L~0)59 TLC A3 v
7%4(1?9 IV—1), L~OZ%-E] %v‘i— BuOHZ ol A= A& A Fud Al
].
&

e

f

& 3t EA(R0.2~0.4)
wo] = AEEol vl 9

(BER H0%¢ A3 H.050] QolAE AA4me] G550 96 425
of Wi Fol WMakHSol FAHUh Z Wk A H0F R 0.5~0.9914]

AEHND sf=5e] Ta Fele e AFAIL R 0.5 ©]8ke] F-il

HEAY] Mg A5 §uEIEES R TLC ¥4 dste 33E
9 EA AFE vug Ay, BE FEoAM HE Fo dFEES Wt
HBREAG, o)A vl AAE Tt nlAEo] dAE A= FgelA] @
A ddoz wasoxy, BEAE BFAA AR HEA 99
Az JAME T Aol AT Hog FFHHJUh old AFEE
W3 43S Bh A8 HESH] 98] HPLC 2418 83519 t).

) B2z gujisE £ EtOAcE 9 m|AEo 93 AJEW3 HPLC 244
3}
HEA EtOAcT (5 vAE 98k 2go] 71X 7] 9] HEA EtOAcT)

2] HPLC chromatogram (23 IV—-2)ol ®]a] war} MPxo] 7= Aol
o149l chromatogram (2% IV-2)o 25 B W7 #FHAT. 5 &
7 Ao #FHAA FAse] A B (@) HAY Ea de gldd ¥
a(w)sel AFA AFHANE ST = AT

1 ¥skE ®BRl gaE0] o

ml

rg
s
il
il
ro,
X
offl
o
rlo
02‘:“4
o}
ol
X

]

2
NS
o
=
0,
2
bt

- 313 -



R

2 EtOAc & |
S. cerevisiae 4
:,...g

I+
A

4+ EtOAc &

S. cerevisiae 36

i

} EtOAc &

cerevisiae 24
----- & 5
raln] :

= :
S

E#2F EtOAc &

a3 V-2, 82 EtOAcEH 1 S. cerevisiae®} o] vidale] HPLC chromatogram

=9 Bl

- 314 -



ol ol BEA 2 HEA ol FEEE] Hrl oF
AratelA st Brt

1) w7

O 4719 AFAHREZRE HEA TR de HAEEC HEA 99l
Az A Fol] Azt FS Fad = YAk

O o|ZFE HEzpet iv‘i‘—x} oFQle] Ao Apol7h Qle Ao ol dE AT

a2y #E A9 RS AR SEAE ddew olFolA gt

© =

o UgHen MuAs uwel HeA 99 FAE 4AND ALE
SEER

© =EA gele] Ay ATl dstel 1 YUBY =P G0 FHOR

7h =RAE e A

© el A FI dmMnze fdes sl Ayl wet
= J
= (e}

© AFAH, o, P, ANAR 5 Wy =

AbA skl At (2005 AR Q1E Al A 7 %741 d, 2006)

O
u
o My
r (
N,
x
i,
e
o,
40,
[e]
(0]
fru
%
1>
>,
o,
A
FJU
H‘I
o,
>
(m
o
>«
fu)
>,
3
o,

O 53] WAz g dollx &dikAage] FHSE low density lipoprotein

(LDL)e] Atstsle] dybel Sefa 3 &o] 2 Al ¢ stz Harse]#]ar gl
(18 V-1). (Esterbauer H, Dieber—Rotheneder M, Waeg G, Striegl G,
Jurgens G. Biochemecal, structural, and functional properties of oxidized
low—density lipoprotein. Chem. Res. Toxicol 1990, 3, 77—92)

O = olzlgh A%k dF DAMNAT o3k AAe] AlskE A= oATomM o
vl . Jjd o7t (Abbey M, Nestel PJ, Baghurst PA. Antioxidant

vitamins and low—density—lipoprotein oxidation. Am. J. Clin. Nutr. 58,

525—532, 1993)

© 1A vitamin C (ascorbic acid), vitamin E (tocopherols), flavonoid, phenol
3 33E Y carotenoid9t e A AqksHAo] AS52Q A e SANAT
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ﬁ'oﬂ EH?l' Qi;(ﬂ_—é__i}'% H]_T_ﬂ_ . 3737].—3]_3_[_}} —E—)]_(})j\q_'

3) AW
7h EEA B B2 9l FEEEY A4

24 JHE2F 220 g9 EtOH (300 mL) F+&&(19.97 )& 55 $ EtOH 220
mLell o] A g® o] &3ty Elal FEAF 2254 459 Fo] HEAF 9
Ql 154 mL (A1A HiA}F 220 ¢ 4 H)E 9 (Whatman No. 2)F F53 o}

- 4 .
& Bt BAW yER 2Ate] AR o FHAT

7% FH(JF, Sprague—Dawley, MELE, A7]= QAAE 15417 A4 &
ether w5 3slollA 753 oh, disWo 2Ny saglo] H7te FAIZ A
sl GAEE (3000 rpm, 4C, 20, VS—15 CFN, VISION, KOREA)E 3
ato] dolzl FFE FHAdte] AHE AH7A —38TC oA Ws A4stsich

th) # ol Akst B dkstE A

A g% 250 uLol PBS buffer (pH 7.4) 640 uLE 7}8tar, B8 2 HE22)
ghel FFEo] 0, 10, 50, 100, 200 pg FF&e] H== EtOH 10 pLol 747}
galstel H7He ohe, Fol(CuSOe] HFAH o= 100 uM7} ¥ =5 PBS
buffer (pH 7.4) &Mooz ZA sl 100 uLs HA7Istoza 232 MA 9
t}. &3t 892 37CoA] shaking incubation A]7]® A 30% FA 2= 100 ul

NS FH3ste] 2.5 mM 2,6—di—tert—butyl—4—methylphenol (BHT)S &3t
MeOH# n—hexanes 717} 3 mL¥ 7Fgk & vortex® EFsilth. 45

TE5E7]o HI T, 55 &N thA] n—hexane 3 mLE 7}8Fal YHA] vortex
2 EFeeich 1 AFdEs HAste] deAle] n—hexaneTH &3t w5
0 2o)% 5FES MeOH/CHCls (95:5, v/v) €9 100 uLZ =] HPLCO
F9(20 uL)sk . 2 HPLC BAxd2 v&3 2o aga & 9% 32t
3} = (cholesteryl ester hydroperoxide; CE—OOH)9¢] &4 Wl S 728 V—20
A 33t
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> CE-OOH #4415 ¢1g HPLC %=1
— pump: LC—20AD (Shimadzu, Kyoto, Japan)
— detector: SPD—20A (Shimadzu), 235 nm
— column: TSKgel ODS—80Ts, 5 um, 4.6 X 250 mm (Tosoh Co., Kyoto, Japan)
— mobile phase: 97% MeOH
— flow rate: 1.0 mL/min

— column temp.: room temp.

Sample (0, 10, 50, 100, 200 ng eq.)

~— EtOH (10 uL)

~<— PBS buffer 640 uL (pH 7.4)

~e— rat plasma (250 pL)

~— CuSOy soln. (100 pL; final conc. 100 uM)
— incubation (37 C, shaking)

aliquot 100 pL; 30 min interval

~— MeOH (3 mL; containing 2.5 mM BHT)
— vortexing (10 sec)
l«— n-Hexane (3 mL)

— vortexing (10 sec)

lower layer (MeOH layer)

~<— n-Hexane (3 mL)
upper layer (n-Hexane layer) L Jortexing (10 sec)

upper layer lower layer

>
-

—— evaporated by rotary vacuum evaporator

~— MeOH/CHCl; (95:5, v/v; 100 pL)

HPLC analysis
09 V-2, 7 Wge] Fol& §= 4kt W CE-O0H ¥4 94,
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A 1 27 ARl Pty A BRE2 W BRz olo] o &% A}
2 o M) Eoled o3 Sx®E AEE JjAEa,
CE—OOHY AAHS AAHozw AESF T,

3 V=3ell wrebdl whs o] Whg 304 4B CE-OOH7F A4 7] A%
(lag time)3] 180%-7b%] —1 3teko] Zv}atqie}. Lefa] BEA @ 2Rz ool
of o3k 7 dAe] ArsteiAl HrF A2 CE-00H7F A 7] Al&ste] ¢
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(B 299 H 37 A3 ¢ ¢ s=E4 FI})
ojo] HEA FEEo] A EF AsteAlel d&) FRo|EHow Agsh=A
AEsIGY H22F FEES 0~200 ug AW ER2ALJg=go] == 7 Il 7t
13 V—2o] el ofel] 2.5+ RFs<t RS T2, CE-O0HS] AVd3ks w4faiglct 2
o] 71de] S71lel wie CE-OOHS] a2 shasiglom, -1 3%
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HJIIU
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10200 g ko 2 2489 T2
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Vit 5= glrka weigion

T BElel B

o-1-=2 1L

A oAEE W)

o

X~
(=]

Raw S=At T CE-OOH Y& =

(mM

H
Ho
X0
20

H

CE—OOH

- 320 -



(H 879 Fol2 A3ty A s=d HEA FEE9 ZHAH CE-00H
A4 AA &)

71 2" Vo204 Awd el oa) A 9 49 (HF sAula) 34
golo] AN BB} 2225 0 (Y2T), 10, 50, 100, 200 pg ] He= 37}
g5 100 uM (HFFE) FolZol sl A7 7 ZA4 o= CE-O0H
o] AAFS A8

l'l

I A3(ay V-5), BE H x=Ttoll wlel =
CE-OOH A A azE »nelv, a8a HEAF 50 ugﬂr 100 ug 3 7ke] &4
= A9 AR ke Blom, vk o R Alge] 7t sieo] BlEsie] CE—OOH AdeiAlE
I o= Ago] Ik

iz
>

4
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i

bl UN .
~

Y

rlr

3.5
S 304
E
2.5
H
Ho 2.0 1
X0 154
=0
~
jan 1.0
@)
@ 054
m
&) 0.0
T T T ! I
0 1 2 3 4 °
Time (hr)
——@—— control
........ O =2 10ugeq.
—Tv—— SET S0ugeq.
——g— X+ 100 ug eq.
— - — =27 200 ug eq.

a7 V-5 F g9 Sol Abstel
CE—OOH A7 Al &3},

o
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o
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o
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(F 23] Bk A3}l thgt s BEAF SR 282 BAE CE-O0H AR

&)
thee FE B slele] 4 A9 AeelAnvtE FAs PEs] A 5
ol & ¥sfel oI% CE-OOH 443l %414 wakg gEstan

2 E A7 Aok v
thE AEke] At HEEA %— A ol FEE] 4l HEAF 10 ug HEE
& OjFTeh Ae] 2AY oK & o] ES Btk 18]ar 200 pg AR 7l 2l
oM Tzl Hlal @A3] e Fre] S Holx] etk B BolalAlE 500 ug 100
ug 3 7l ol 2818 Akst FX1@ 3 prooxidant &) o] R STE o]3
$- w}x] a—tocophenol (k ’i‘;@ Yolu} gallic acid (G153 5~®)} o] 3=
o] 7%t sitEEo] I Whgalelk] AFor FAIE Y- Vel &3 fARRE AEkS
BT} HiAL 559 73T*>ﬂ TR 4 prooxidant FAP7F EIEAF eR1 FEE2] -l
Tk 21847191 II-3—-D—8 2] 13 [11-2991A4 25 npe} o] whar) 3138
HolgomA 11 o]l S7kek= AEAF phenold SHetEE o] FHEFol AdiAo®

Z7hlol g omn B wrh B} slelo] FHisle] gl AREe] % B o

rx,

—

o# 2% V-59 V-69] AaES 7t FRER vl
asiet.
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T T T T T
0 1 2 3 4 5
Time (hr)
——@—— control
Qe 22X 2 10 ug eq.
——-v—— S=EA F 50ugeq.
—=v-—- S=2A = 100 ug eq.
— & — SZX = 200ugeq.

a8 V-6. A dF Fol& akste] i v HEA} 9ol
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(F2EF)

@ Kim, H. J.; Lee, H. O.; Min, D. B. Effects and prooxidant mechanisms of
oxidized a—tocopherol on the oxidative stability of soybean oil. Journal of
Food Science (2007), 72(4), 223—-C230.

@ Petrosyan, E. A.; Sergienko, V. I.; Sukhinin, A. A.; Zakharchenko, I. S.;
Oganesyan, S. S. Effect of Combined Treatment with Sodium
Hypochlorite and a—Tocopherol on Prooxidant and Antioxidant System of
the Blood during Experimental Bile Peritonitis. Bulletin of Experimental
Biology and Medicine (2005), 139(4), 400—403.

@ Skibsted, L. H.; Carlsen, Charlotte U.; Kroeger—Ohlsen, Maiken V.;
Hedegaard, Rikke V.; Bibby, B. M.; Kristensen, Dorthe. Antioxidants and
prooxidants in milk—like emulsions: effect of ascorbate, urate, «a

—tocopherol and [B—carotene on early events in lipid oxidation.
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Milchwissenschaft (2005), 60(1), 44—48.

@ Ohkawa, Sakae; Yoneyama, Takashi; Shimoi, Kayoko; Takita, Takako;
Maruyama, Yukitaka; Kumagai, Hiromichi. Pro—oxidative effect of a
—tocopherol in the oxidation of LDL isolated from co—antioxidant—depleted
non—diabetic hemodialysis patients. Atherosclerosis (Amsterdam,
Netherlands) (2004), 176(2), 411—418.

® Yoshino, M.; Haneda, M.; Naruse, M.; Htay, H. H.; Iwata, S.;
Tsubouchi, R.; Murakami, K. Prooxidant action of gallic acid compounds:
copper—dependent strand breaks and the formation of
8 —hydroxy—2'—deoxyguanosine in DNA. Toxicology in Vitro (2002), 16(6),
705—=709.

® Lapidot, Tair; Walker, Michael D.; Kanner, Joseph. Antioxidant and Prooxidant
Effects of Phenolics on Pancreatic b—Cells in Vitro. Journal of Agricultural and
Food Chemistry (2002), 50(25), 7220—7225.

@ Yen, Gow—Chin; Duh, Pin—Der; Tsai, Hui—Ling. Antioxidant and
pro—oxidant properties of ascorbic acid and gallic acid. Food Chemistry
(2002), 79(3), 307—313.

Murakami, Keiko; Ito, Masae; Htay, Hla Hla; Tsubouchi, Ryoko; Iwata,
Shouko; Yoshino, Masataka. Antioxidant and prooxidant actions of gallic acid
derivatives: effect on metal—dependent oxidation of lipids and low density
lipoprotein. Biomedical Research (2000), 21(5),291—-296.

(A _8F9 Fol2 A3t diFd EEAYG HEA o FE2E 10 pg ¥
= A7 A AA 3 CE-O0H 84733 vu)

BEalel BEA ol FEE Td AGH HUF Al H % ol A
stoll gk AbshE S Blasty] 9fal, WA HEAper At ol FEE 10 g
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3.5

S 3.0 1
g
~ 2.5 7
H
Ho 2.0 1
SEEEE
=0
T 1.0 1
o
C|J 0.5 -
m
O 0.0 +
0 1 2 3 ! °
Time (hr)

—@— control

O 22X 10 ug eq.

—v— 227X F 10ugeq.
¥ V-7, 7 @A) Fole Astel uig BiAe BiA okl FEE 10 ug

& d7F Al AAH CE-O0H A4 74

[e]

3k W al,
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CE-OOH 474 &%= (mM)

(F 839 Fold A3t dF EEAS HEA 4 FEE 50 ug 49
F 37t Al XA CE—OCH 8873 % Hla)

T V-8e BEAs By slel FEEF 50 ug 4 A7 A9 AN

Time (hr)

—@— control
O = At 50 ug eq.
—v— ==& = 50ugeq.

Iy V-8, A dF Fol Ak3to] didk HRAe} HEA 9l F
2 A7t Al AA14 CE-00H A3 73k v)al.
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CE-OOH A A %= (mM)

a7 V-9, 7 dAe] sl Akstl

20
N
-}
>
o
>
2
a

(F_¥F9 Fol2 At did HEAS} HEA 49 FEE 100 pug &
3% 27t Al BAA CE—OCH B873%F Hli)
U 2% V-9 100 ug A3Ee] Hakeh 5324 o)l 5= 79
0

o}
BN A CE-00H A4% Wslg Axg Aol & Ane 1
X

BETEE WY Asde A uE S Bdv 5 100 pg I H7t
Al Bzl Blel] Ak CE-OOH A4 AAla+E Bl W, H5ixk 9l
A7 2388 gz vldl CE-O0H Aol 34 43S Btk S 9
AL A A3 249 3l glo] 50 ug A3 7kl vl 100 pg 4
& A7Vl oaf ghdHo]l FA43%] FUkstel WERD proxidant EE A w o)zl
t}.
6
5 -
4
3 -
2
1
0
0 : 2 3 4 5
Time (hr)
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O B XA 100 ug eq.
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CE-OCH 474 5% (mM)

oft M

o, i

(F_¥F9 Fol2 At did HEAS} HEA 49 FEE 200 g &
3% 27t Al BAA CE—OCH B873%F Hli)

w2 200 pg I HEAS HEA Q) HUbE el AAA
CE-OOH A% Wat= vlngk d3(2d V-10)o|th 7]k /A =
= AZB7E mEAh el Vb EG e 24E BYlth ey 100 ug 39
2 H7F Aol BE A 9kelo] proxidant S HYW WA E 200 ug A3
& A7t A9 proxidant EE WERA] @Rl thAuml djzTte] s Akst
A &a¥E Btk o] A proxidant @¥}ol| 7|osh= U0l =2 IFEE
o] 4ks} & WkEo oA 22108 doA YEh= AP AR Ao R &4
¥ otk
3.5
3.0 A
2.5
2.0
1.5 +
1.0 + //
0.5 - ] /g/o
004 = e—@— 9
. . . . .
0 1 2 3 4 5
Time (hr)

—@— control
O =E X 200 ug eq.
—v— ==X = 200 ugeq.

V=10. # 4] Fol& Atstel djgh
A7F Al AA1A CE-O0H XA 743k n

B o
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H
T

e

c2
5

H,O &9 1.5 mL Fo.

» Ex* 16% EtOH 1.5 mL <.

» F: H.0 1.5 mL Fo.

F%E 16% EtOH €% 1.5 mL 9.
- 331 -

1

o
o

s}

A

1=
By

C-:

>



oh) o AF

AT Fo] 1A 5o AYEES ether v oA B3I F edon
HE slgdoe]l bl FAIE Akl AR (3000 rpm, 20+, 47T,
VS—15 CFN, VISION, KOREA)E #st3lth. folxl A5 42 +4 A4
7hA] —38Col| ¥5 HESAT

—HPLC conditions

column: Octyl—80 Ts (Tosoh, TSK—gel, 4.6 X 150 mm).

mobile phase: 97% MeOH

Pump: Model 510 solvent delivery system, Waters, USA.

flow rate: 1.0 mL/min

column temp.: room temp. (TCM, Waters, USA)

detection: 235 nm (Model 486 tunable absorbance detextor, Waters, USA).

injection volumn: 20 pL
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