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SUMMARY

I. Title

Development of functional food and food material from Curcuma longa L. with its

biological activities

II. Objectives and Significance

Curcuma longa L. is a perennial herb that cultivated in tropical regions of Asia, namely
India and China. The rhizome of Curcuma longa L. (turmeric) has been extensively used
as a spice and coloring agent in many foods, and also has digestive properties. The major
component of Curcuma Ilonga L. 1is the curcuminoids that include curcumin,
demethoxycurcumin and bis-demethoxycurcumin. Curcumin from Curcuma longa L., with
yvellow color and is the major component of this plant, being responsible for the treatment
of inflammation and other diseases. Recently, it has been also reported that curcumin acts
as an antioxidant, anticancer agent, anti—inflammatory, antiviral, and antiphlogistic agent.

Makgeolli (Korean rice wine) is one of the representative traditional wine in Korea and
1s a precious cultural heritage for the nation. It 1s made with glutinous rice, nonglutinous
rice, barley, and wheat flour. It is made by fermenting a mixture of boiled rice and water,
and is about 6-8% alcohol content. Although Makgeolli is an alcoholic drink, it is good for
human health. However, Makgeolli consumption as a favorite liquor for the general public
has been reduced by changing of consumer’s preference and their pro—Western lifestyle. At
present, Makgeolli appears to be losing its competitiveness as a commercial product among
the low level of general approvals, and being consumed by just a limited number of people
from particular works of life or particular regions.

The purpose of the study was to optimize the making-conditions of Makgeolli with
turmeric to improve the quality and the shelf life. Also, such bioactivities of tumeric as
protection against alcoholic liver damage, anti—obesity, and performance-enhancing capacity
were investigated. Furthermore, physicochemical properties of tumeric and Makgeolli with

turmeric were studied along with its active compounds.

IM. Research Summary

Makgeolli, a Korean traditional rice wine, is brewed using rice, barley, and wheat flour.
The effectiveness of Makgeolli containing Curcuma longa L. (turmeric) to improve the
quality during fermentation was investigated. For Makgeolli added with turmeric powder, the
temperature change was not affected regardless of addition levels and time of turmeric

powder. Temperature reached the highest point after 24-hour fermentation. The pH wvalues
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of all samples decreased after 24-hour fermentation, and then increased thereafter. The pH
values were not significantly different with addition stages of turmeric powder and
increased with increasing the addition level of turmeric powder. The change of ethanol
content increased until 24-hour fermentation, but decreased after second brewing stage.
The Makgeolli added with 0.25% of turmeric powder at the first brewing stage showed the
highest ethanol content of 13.296. The reducing sugar content of all samples decreased at
the beginning of fermentation, but sharply increased after second brewing stage and then
decreased thereafter. The vyeasts of all samples greatly increased after 24-hour
fermentation. The Hunter color L*, a* and b* values showed the significant difference
between control Makgeolli (traditional Makgeolli without turmeric) and optimized
Makgeolli added with turmeric. In sensory evaluation, the optimized Makgeolli added with
turmeric extract had higher scores of flavor, taste and overall acceptability compared with
control Makgeolli. The sour and sweet taste of control Makgeolli was reduced by addition
of turmeric extract. In conclusion, Makgeolli added with 2.50% turmeric extract at the first
brewing stage had positive effect on sensory qualities and to yield the high content of
ethanol and to improve the flavor and taste. The results of this study suggest that
turmeric could be effectively used as a natural additive to improve the sensory qualities
and to increase the utilization of turmeric in Makgeolli and foods.

Oxidative stress has been implicated in the pathogenesis of alcoholic liver injury and
the induction of cytochrome P4502E1 (CYP2E1l) by ethanol appears to be one of the
mechamisms through which ethanol generates the oxdative stress. This study was
conducted to investigate the hepatoprotective effect of the extracts from Curcuma longa L.
against alcohol-induced oxidative stress. The treatment of alcohol with 300 mM for 5 days
reduced cell viability to 46%. Curcuma longa L. was extracted by cold water (CLC), hot
water (CLH), 80% EtOH (CLE), and MeOH (CLM). When cytotoxicities of the extracts
were determined, CLC and CLH showed no cytotoxicity up to 50 ug/mL, while CLE and
CLM revealed the cytotoxicity from 50 ug/mL. Of four extracts, the highest protective
activity against alcohol-induced oxidative stress in hepatoma cells was observed in CLH.
The treatment of CLH also reduced the intracellular ROS compared to the alcohol-treated
cells. CLH treatment along with alcohol showed that GSH content and catalase, SOD, GST
activities increased as compared to the alcohol-treated cells. From these results, the hot
water extract from Curcuma longa L. was confirmed to possess the hepatoprotective
capability against the alcohol-induced oxidative stress in HepG2Z cells expressing CYPZEI.
Since CLH had the high hepatoprotective effect, it was further fractionated by partitioning
with chloroform (CLH-C), ethyl acetate (CLH-E) and water (CLH-W). When cytotoxicities
of the fractions were determined, three fractions showed no cytotoxicity up to 100 ug/mL.
In this stage, CLH-C exhibited the relatively high hepatoprotective effect. Based upon these
results, Curcuma longa L. possessed the hepatoprotective capability against the
alcohol-induced oxidative stress, and their effects resulted from the stabilization of the

intracellular antioxidant defense system. Hot-water extract from Curcuma longa L. also
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showed the hepatoprotective effects against alcoholic-induced liver damage in the animal
model. Taken together, Curcuma longa L. could protect the liver against alcohol-induced
oxidative stress by improving antioxidant status in vitro and in vivo.

Obesity i1s a condition in which adipocytes accumulate a large amount of fat and
become enlarged. It is a major risk factor for the development of many pathological
conditions including hypertension, coronary heart disease, and type 2 diabetes. Therefore,
many studies are focusing on the development of anti-obesitic agents. In our study,
obesity—suppressing effect of Curcuma longa L. was investigated using 3T3-L1 adipocytes
culture. Extracts of methanol and ethanol showed the significant a—-amylase inhibitory
effects. When cytotoxicities of ethanol-(CLE) and methanol-(CLM) extracts were
determined, CLM showed no cytotoxicity up to 50 ug/mL, while CLE revealed the
cytotoxicity from 50 ug/mL. Each extract was conducted to determine the cytotoxicity in
3T3-L1. In order to understand the anti—adipogenic effect of Curcuma longa L., the
changes in the expression of several adipocytokines of 3T3-L1 cells by CLE and CLM
were studied. Cells treated with CLM secreted 18% more glycerol than those with CLE.
We also investigated the changes in adipogenic factors of 3T3-L1. In 3T3-L1 cells, both
leptin and adipogenic factors (adiponectin, PPAR-v) were reduced by the treatment of
extracts from Curcuma longa L. Our data indicated that the treatment of Curcuma longa
L. contained the anti—adipogenic effects on 3T3-L1 cells. Curcuma longa L. inhibitied the
expression of C/EBPa, peroxisome proliferator-activated receptor r (PPARyv) and fatty acid
synthase (FAS). The effects of the Curcuma longa L. extracts (0.25 g/kg/day for 3 weeks)
in mice were examined with established obesity (3 weeks high—fat diet). High-fat diet mice
showed a relatively high weight gain compared to the mice fed a standard diet. Mice
supplemented with methanolic extract of Curcuma longa L., commencing after 3 weeks of
high fat diet, sustained a decrease in body weight. The treatment of Curcuma longa L.
extract significantly increased high-density lipoprotein. Taken together, these results
suggest that Curcuma longa L. may have an inhibitory role in obesity in vitro and in vivo
and may be the useful source as a natural anti-obesity agent.

The present study designed to determine the effect of Curcuma longa L. extracts on
endurance exercise capacity in male ICR mice. The Curcuma longa L. powder was
extracted by hot-water (CLH) or methanol (CLM). Mice were separated into 4 groups: first
two groups were given 10% tween 80 as a control; and the other groups were given either
1 g/kg/day of CLH or CLM. Longer swimming time until exhausted was exhibited in the
mice administered with CLH or CLM than the control group. Both CLH and CLM groups
significantly increased the NEFA level, compared to the control. In both, CLH group
showed the higher level of NEFA than CLM group. Based upon these results, it was
suggested that CLH possessed the more profound effect as a performance enhancer, by
using lipid metabolism. To determine the effect of Curcuma Ilonga L. extracts on
antioxidative status in exhaustively—exercised male ICR mice, mice were separated into 3

groups: control group was given 10% tween 80; and the other groups were given either 1
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g/kg/day of CLH or CLM. Mice were exercised after oral-administration and sacrificed.
Liver was homogenized and deposited at -70C wuntil analysis. Activities of hepatic
antioxidative enzymes such as CAT and GST and level of non-enzymatic antioxidant such
as GSH in sample groups were relatively high when compared to the control group. These
results suggest that Curcuma longa L. possesses the stimulatory effect on exercise
endurance capacity by antioxidant capacity.

Studies of oral subchronic toxicity (2 weeks) with the methanol (CLM) and hot water
(CLH) extracts of Curcuma longa L. were carried out in mice. Dosages of CLM and CLH
extracts were 0.05, 0.1, 0.25, 0.5 and 1.0 g/kg/day. The weight gains in CLM and CLH
treated animals, respectively, showed no significant difference compared to the control
group. Also, there was no difference in food intakes between each CLM and CLH group
and the control group. Furthermore, survival rates of all groups indicated 100%. According
to the hemathochemical analysis, no damage was found in each treated group. Based upon
these results, all CLM and CLH exhibited no toxicity up to 1.0 g/kg/day.

Changes in proximate composition, amino acid, free sugar, reducing sugar and vitamin
contents of Curcuma longa L. (autumn woolgeom in Korean) and Curcuma atomatica Salib
(spring woolgeom) were investigated according to picking time. Moisture, crude ash, crude
protein, and crude lipid were increased and non nitrogen substances was decreased by
extending the picking time. Contents and ratio of total amino acid to essential amino acids
was increased by extending the picking time. Free amino acid was increased by extending
the picking time. Ratio of essential amino acids to total amino acids was decreased.
Fructose was gradually increased, and then glucose, sucrose and total free sugars were
decreased by extending the picking time. Amino acid and sugar contents of Curcuma
longa. L.. were higher than those of Curcuma atomatica Salib. In contents of vitamin C and
B1, Curcuma longa L. was decreased and Curcuma atomatica Salib was increased by
extending the picking time. Changes in organic acid, mineral, color, curcumin and bitter
taste of Curcuma longa L. (autumn woolgeom in Korean) and Curcuma atomatica Salib
(spring woolgeom) were investigated according to picking time. Oxalic acid and lactic acid
were gradually increased, and then malic acid and malonic acid were decreased by
extending the picking time. Total organic acid was increased by extending the picking time
and then decreased after January of the coming year. Minerals were increased by
extending the picking time and decreased slightly after the coming year. Hunter color
index, L, a and b, was increased by extending the picking time. Contents of curcumin in
spring woolgeom was slowly increased by extending the picking time and autumn
woolgeom was 1.8~2.5 times higher than spring woolgeom. Intensity of bitter taste in two
woolgeoms were not different by picking time and extracting solvents. Bitterness of spring
woolgeom was strong as compared to autumn woolgeom.

Extracting and analytical conditions of curcumin, and removal of bitterness substance
from Curcuma longa L. were investigated. Absorption maxima was shown to be 424 nm at

methanol solvent. Optimal conditions for analysis of curcumin was Zorbax eclipse CI18
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column; mobile phase, 75% MeOH ; flow rate, 0.8 mL/min ; wave length, UV 424 nm.
Curcumin component was analyzed to be the highest content in methanol extract. In all
samples, extraction yield by heating was shown to be effective as compared to room
temperature. Curcumin contents of methanol and ethanol extracts in extraction of room
temperature were 14.4 and 14.2 times higher than that of water extract, respectively. Two
hot solvent extracts has a high curcumin content being 150 mg% as compared to room
temperature. Extracting time was an effective condition when it was extracted for 60
minutes for elevating the curcumin content of water and methanol extracts. Bitter
substance (BS) was markedly decreased in water extract by heat treatment of above 80C.
BS was weak in 121C treatment than in room temperature and it was however strong in
100C treatment. RT and 70C heat treatment were not different in BS intensity.

This study was carried out to assess the antioxidative activities of Woolgeom water
and ethanol extracts such as analysis of total flavonoid and polyphenol content, DPPH free
radical scavenging activity, antioxidant index, inhibitory effect of lipid peroxidation.
Moreover antibacterial activity of some fractionates were investigated by paper disk -
agar diffusion method. To confirm the antibacterial compounds from Woolgeom against
food poisoning bacteria including S. aureus, S. typhimurium and V. parahaemolyticus, a
potent antibacterial activity - having compound was isolated and identified by column
chromatography, TLC and NMR method.

In fractionates, n-hexane fractionate was the highest Al followed by ethylactate 1.77,
n-butanol 1.03, chloroform 1.03 and water 1.02. Inhibitory effect of lipid peroxidation was
shown to be the highest value in n-hexane fractionate, indicating that it’'s activity was
however lower than BHT solution as positive control. All fractionates from ethanol extract
of Woolgeom had an inhibitory effect on growth of food poisoning bacteria tested in this
study. Of all fractionates, ethylacetate layer showed a potent antibacterial activity and was
shown to be 13 mm against V. parahaemolyticus as size of clear zone on paper disk -
plate culture.

Compound I, II and III, which had a potent antibacterial activity, were purified from
ethylacetate fractionate of ethanol extract and identified as curcumin, demethoxycurcumin
and bisdemethoxycurcumin by silica gel column chromatograph, TLC and NMR analysis.
Compound IV was very different than the other compounds, but it showed a antibacterial
activity, indicating that it may be slightly mixed with above three compounds isolated from
Woolgeom.

Woolgeom is recently known to Korean consumer as functional food material. Quality
properties of Woolgeomju developed in this study were investigated through analysis of
some commercial takju (T]) and Woolgeomju. Total sugar, reducing sugar and Brix index
were the highest value in "Kayagok” Bokbunja TJ] of Nonsan and The other TJs including
Woolgeomju were similar in total sugar and Brix index. Contents of reducing sugar of
Woolgeomju was 0.74% and found to be higher than that of the commercial TJs (p<0.05).
pH value of Woolgeomju and "lldong” black soybean TJ] of Pocheon 453 and 4.29,
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respectively. The others rice TJ] (LII) and Bokbunja T] were in the range of pH 3.79~
3.90. Total acidity was the highest value in "Palma” rice(Il) TJ of Suncheon(p<0.05) and
black soybean TJ] was the lowest value. The others TJs including Woolgeomju were in
the range of 5.25~5.64% and then were not significantly different each other. Content of
amino type nitrogen was found to be the highest value in Woolgeomju being 906.17 mg%
and to be the lowest value in Bokbunja TJ being 219.33 mg% (p<0.05). Of traditional T]Js,
viscosity of Bokbunja T] and "Cheonhwa” rice(I) T] of Kwangju were the lowest value
being 226.67 mPa - s and the highest being 880.00 mPa - s, respectively (p<0.05). Lightness
(L) and yellowness (b) value of Woolgeomju were the highest value being 41.87 and 15.89,
respectively and then redness (a) was found to be the lowest being -7.03. Browning index
of Bokbunja T] was the highest value being 097 expressed as absorbance at 420 nm,
followed by yellowish Woolgeonju being 0.85. Soluble solid content of all T]Js tested in this
study were in the range of 2.73 to 3.35, and was the highest value in Bokbunja T] being
8.83, which was significantly different as compared to the others TJs (p<0.05). Organic
acid was the highest value in Woolgeomju being 1877.21 mg% followed by rice(I) TJ
being 1,510.58 mg%. However, free sugar and mineral contents were the highest value in
Bokbunja T] followed by rice (II) TJ. Total free amino acids (TFA) of Woolgeomju was
126.84 mg% and was lower than that of the others TJs including rice (I) and rice (II). In
particular, TFA of Woolgeomju was 1.5~2 times higher than that of Bokbunja T] and
"Ildong” black soybean TJ of Pocheon. Twelve volatile compounds were identified from
Woolgeomju, and then were slightly different in contents and composition as compared to
the others TJs tested by simultaneous steam distillation and extraction. Major compounds
were ethanol 82.26% (peak area%) followed by cyclopropane 8.43%, 1-butanol 4.22%, acetic
acid 1.40%, 1-propanol 1.28% and acetaldehyde 0.16%.

pH of Woolgeomju was 3.65 and was gradually increased to 4.07 at 10C and 4.34 at 2
0C during storage. The others TJ showed initial pH 3.38 and had pH 4.14 at 10 and 20C
after 12 days of storage. Initial total acidity of Woolgeomju was lower than that of
traditional T]Js being 0.03% (w/v) tested in this study and then gradually increased by 6
days at 10 and 20C. Changes in acidity of all samples showed a similar pattern after 9~
12 days. Initial Brix index of Woolgeomju showed 4.10% and decreased by 3.53% at 10
and 20C after 12 days of storage. Traditional TJs had 4.33% Brix index at 10T and
decreased by 3.90%. Organic acid of Woolgeomju was gradually increased at 20C during
storage and was 1,505.24 mg% for 6 days. It was decreased after that. Major free amino
acid was proline being 103.78 mg% for 6 days and slightly increased during storage. In
total amino acid, all TJs stored at 20C were 2.5-fold higher than TJs at 10 C. Viable
general and acetic acid bacteria of traditional TJs were 2~2.5 and 3~7 times higher than
those of Woolgeomju, respectively. Viable lactic acid bacteria of traditional TJs were
increased to 4~9 times by 12 days as compared to initial storage. Lactic bacteria of
Woolgeomju was gradually increased by 9 days and was not changed after 12 days. Viable
yveast cell number was elevated by 9 days at 20C and rapidly decreased after that.
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Lightness(L) of Hunter color difference index were not different at 10C of storage. In
Woolgeomju, L value was slightly decreased from 34.80 at intial storage to 31.71 after 6
days. Traditional TJs showed L value being 39.92 at 0 days and 33.80 at 9 days. In
sensory evaluation, Woolgeomju showed a good score in taste, aroma, color and turbidity.
Woolgeomju through assesment of overall-eating palatability was found to be an excellent

properties of preservation at 10C during 10 days of storage.
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& o] 2§ (electron donating abilities, EDA)+ Blois(1959)¢] W& W3dst 7 59 %
Holl wel &FFE50 i3 DPPH(1,1-diphenyl-2-picrylhydrazyl)2] A& gstz &+
%%ﬂéHE%%%@ﬂ“ﬂéé%%%%%oznmﬂ4noﬁwnmmﬁﬂ@mVEwHﬂ
3) 0.8 mL, 0.1 M phosphate buffer(pH 6.5) 2.0 mL<} 99.9% EtOH 2.0 mLE 7}slo] &<
By}l 50 mL7} HEE SHg) o] wrools oF 1027k Eaalam Aed 108 WA &
FF=A(UV/VIS spectrometer, Jasco, Japan)E AF&3te] 525 nmolA FFEE FH3HAT

=2 pl X

AAgI A 23528 W7 A - Fo Aol WEgw Y

EDA(%) = (- B ) x 100
A EBEEE AT FAE
B:$EFEE TANTY FYE

) Superoxide dismutase(SOD) f-AF&A
& FEE U3 SOD FAFEHA S Marklund®t Marklund® ®HS WHE 3 Kim 5
o] WS o]l&3te] SAHSIAY. F, &5 FEES Y TE tris-HCL buffer(50 mM tris

[hydroxymethyl] amino-methane+10mM EDTA, pH 85)% o]&3}o] pH 85& Z4H Al
oS "=k AR 0.2 mLol pH 852 XA tris-HCI buffer(50 mM tris [hydroxymethy
1] amino-methane+10 mM EDTA, pH 85) 3 mL<¢} 7.2 mM pyrogallol 0.2 mLE 7}3}aL 25T
oA 10z WA F 1 N HCl 1 mL2 %gs AAAZ & FFF=AUV/VIS
spectrometer, Jasco, Japan)E ©|-83}o] 420 nmol A el &% A5kl A8 H7p 2 B A

HhEzrel BHE Aol MR eyl

o
=
A=

A

SOD frAbEAd (%) = (1 -

SHF FEE 3t obEAY A & I (nitrite-scavening effect):= Gray 5o WHo
2 AU 5 1 mM oFEAUESR &9 1 mlo €5 FE= 2 mLE 78t of7]9 0.1
N HCI(pH 1.2) % 0.2 N a4 ¢F&A(pH 3.0, 42 L pH 6.0)= 7 mL 7}sFe] HE-S-8 9]
pHE Zt7} 1.2, 30, 42 ¥ 6022 g ste] wH&&de HIE 10 mLE At ol& 37T
AIAIZE ok W A7l ohg Wb NS 1 mLA FHEtal o7dl 2% ZAF 5 mL, Griess Al 9F

(acetic acid®ll 1% sulfanylic acid®} 1% naphthylamine= 1:1 H| &2 &313t Aoz ALEAH
7

A
of ZA) 04 mLE 7}3te] Z EFAIA 1587 Ao WAA 7 T EFFEAS A3}
520 nmollA SHEE S5l FHES e oldAd S FegYr a8l R = Griess A oF
Al 755 04 mLE 7hste] d7)e sdstA skt ofdAE AATL

Fol obdate WP & oIS
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Curcuma longa L. 50 g

l

Grinding for 30 seconds
!

Extracted with water 250 mL, 500 mL at 80C for 1 hour
309 ethanol 250 mL, 500 mL at 80C for 1 hour
50% ethanol 250 mL, 500 mL at 80C for 1 hour
70% ethanol 250 mL, 500 mL at 80C for 1 hour

l

Extracted at room temperature for 12 hour
l

Filtered with 4 fold cheese clothes

l

Centrifuged 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 mL mess up with water

l

Curcuma longa L. ampoule

Fig. 1-1. Procedure for preparing the extracts of Curcuma longa L.

4) EFELY Ax € 4 4
7h EeAxES
g5 BY B 22 %ol AHE] 1~15 mm = A

oy,
o
N
[N
i
)
:>|J—_'1
(L
do
9
Q
2
a1
(@)
@)
e
ol
A

U) &5 EFEEEY
7 EFEYS Az A8 94 Wesd EaAs A4S FHske] 1241 WA
ZEoA S Ee thy mpstA Tk whElE S (g)el 10¥fel et Eml)e 4, W
Zy 3= FAE ol&ste] 80TAA 60 &< F=sAT FEES A A2oA 1247 F
Z3to] 479 cheese clotholl oJ#sta ofxpg AS JARL (4T, 3,000 rpm, 30 min)3+ ¥,
doz o

e 9
thoof S freezerol A —40CT7HA w5 WAl
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7 EFEwEe Ax BA4Y oy F&F &2 50%
4 o] TAS gzl fEl
aspirator(EYELA COOL ACE CA-111)E ##}3k vacuum evaporator(EYELATYPE N-N)E A}

435te] 3BTCAA TG 5535t &7 dE@2FEFE Y (Ethanol extracted Powder of Curcuma
Z31%

cooling

] Curcuma longa L. (150 g) \

Grinding for 30 sec Grinding for 30 sec \
Extracted with water Extracted with
(1,000 mL) 509 ethanol (1,000 mL)
at 80C for 60 min at 80C 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
\ Dried in a freeze-
Concentrated under dryer under vacuum condition for
vacuum at 35C 48 hr
Dried in a freeze—dryer Seiving through
under vacuum condition for 48 hr 20 mesh seive
Seiving through Seiving through
80 mesh seive 80 mesh seive

Dried powder
(DPC)

Water extracted
powder(WPC)

Ethanol extracted powder(EPC)

Fig.1-2. Procedure for preparing the powders of Curcuma longa L.
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) AR FF

T E(DPC, WPC, EPC)¢] dWtd& & =adAet #dd wo=m SH53l

&
=3
) & dAE ¢ F
Ea - E(DPC, WPC, EPC)Y F #l=33E 32 Folin-Denis WHo = &4}
TLT HHoE S5

5) €779 T EA
7h) A& F 2 EjA
a7z dg g S-S HAE] Al AFEE FFE A2l A

o dAE FAPA AEZE F Qo] AFY Tty R A Tl A=
Listeria monocytogenes KCTC 35699 th. 18|31 dA A5 B # uf 9
oAX A S Kl Bacillus cereus®t E. coli 5 3t a3 7]20Ae Listeria
monocytogenes KCTC 3569¢F s+t HAEE Hus gl vl A2+ Listeria monocytogenes
KCTC 3569+ brain heart infusion broth®  Bacillus cereus+ nutrient broth, E. coli +
tryptic soy brothE AF&3t9 3, Agar WA= agar powderE 1.8% H7}ste] 4Tl A
selective agar slantol]l A B#slm 17§d vttt Alghufeksle] Al A assayel o] €39

W) 3284 AA

el 7| 2o il S-S AAME 7] Yall paper disc(@ Smm, Whatman)®H < A&
X}
e}
1

off

=4 | gt J

ATk A, APEE A e A7) fFE 1M gold FHelol 5 mLe HAuiA ¥ ¥ 3
TColA 244 2F vieFsE & A2 HAA A o] 7] 244 7F FF v Fate] HF ;F—H—O—i AL
gtk g 4o AMEE HJEAY o F

peptone water2 8|43l #5471 9 10" CFU/mL 5 =2 39t} sla® o 01 mLE H
3lo] petridishell %31 BHI, NB, TSA ®iA|& w8 "yste] §is7] Ao 15 mL %= &
Tote] = F TS & SIAAY. 597 HdE paper discol 30 mg/disce
loading Al 7131 F&8 vl &3] SHAZ o5 v g L. monocytogenes, Bacillus cereus, E.
colis HE3t] WES L agardl A 9ol Eol UHAFL 085% HIUNITE 77|~
= paper disc F9ol 1k AlAY. o)A S Bacillus cereus= 30C WA 38 37ColA 244
F B A e disc 99 clear zone(mm)e] AV|E FAHsIY] IS eI
T2 & benzoic acidE =99 A paper disc@d 0.5 mgS loading3 L Sl zpA| o 2
St StAF &, 30%, 50%, 70% o &% Z+7Z} paper discol loadingAl 7l & %

o

=4kt

].

3 & = (Minimum Inhibition Concentration, MIC) &7

q7]2=e] MIC AL At &4 SAHA o] &3+ paper discH& ©l-&3tAth
A A g HEHES pour-plate methodE ©l&35te] HF § 4 ewdrlaE w2
2 paper discol loadingA|Zl 3 §wjE Z9AA AXAZ] paper discE WA W 9o &9
Fa 0.85% Al AdT=E SAHAA Bacillus cereus 30T, UM A #F52 37TColA 244

=
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HE 5 Aol HWA vg BS FebrE &7 FHske 23] AlFHg F, 3AF A%
ZHEo A & Aute] 1A 1A A= BEV|E AAT da Az} sU YHow F
Absto] aLFNES Alxste] Eoh AlxE TS b WAAZ F 2443 S TR AA
Azd g wEole] k7t TR 480 g, WIHE 960 g, B 1350 mLE @ole] Wi & B
o), 2 £33 1S ol o] U2 cheese cloth® Yol 25T 9] incubatoroll A 72417+ 5ot
LA o] W aFol F W Aot

(th) 3¢ &%

Azxd 24 2d gadel A7 109 g¥& & dste] Fotglol ¥ 7S cheese

cloth® @& % 25T 9 incubatorol] A 2447t &t W& Al 71t}

(2) 2 @5 &5 &%
o 19 233
S FFAAM 7t Y= 400 g, 5 80 g, & 1000 mLE 5712] ol

Z- g3telth & cheese clothZ @2 & 25T 2 incubatorol Al 24A]7F &9k wha A 1T},

i

7}

-~

) 2a g7
T T8 Aol HY vy As ST &) Hste] 23] AHE F, 3AT A=
AA 1Az A 715 AARTH = Axet L3 AHew F

< 0.0%(0.0 g), 0.25%(6.9 g), 050%(13.9 g), 0.75%(20.8 g),

1.00%(27.8 g) ¥ # &3tst g solg] e YFE cheese cloth®Z ©o] 25T ¢ incubatorel

A T2AIRE 9 L EAIZIT o] W 3FFof F H A olFET

(th) 3& &%

Azg 7 29k g dET 109 g¥S & EFste] oty @i YFE cheese
7 L

2
cloth® @& % 25T 9 incubatorol A 2447t &t kg Al 71t}

(3) 3& Hwl &5 €% A7}
b 12 &5
FElFol A 7R A= 400 g, 5 80 g, & 1000 mLE 574 9]

5
[e]
2 £3ksit}, 9= cheese cloth® €& 3 25T 9] incubatordl A 244 7F =<F wkg A 71t}

) 2a 3=
L TR ARl HW vy As ESTaE &) FHste] 23] AHT §, 3AT A=
Trzoll A F Aol AA 1A A o7 F

ol e
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Azd 2d g@add Z+72 &5 &9 0.0%0 g), 025%(72 g), 050%(14.4 g),
0.75%(21.6 g), 1.00%(28.8 g)3 A& 109 g A= 2 =dete] oo ¥ Y+ cheese



cloth#2 €98 3 25T 9 incubatoroll 4] 24417 S<F wtg A 7it},

7 eaHde 54 =4
7hH 9 dd Y 2= 53

eRE 2EACIC~150T, FEANE AH W Fol Fete] 24N HHow

W) £594de e pH 534
%8¢ pHE v Y28 E 4789 cheese cloth® 23] %3 % pH meter(Orion
model 520A, U.S.A)Z =43t}

o) 929 Ax 4

v TEY HIUM &S dEste] Az &5 Ao ARG Fo ME WHItE

Color & Color Spectrophotometer(3500d, Minolta Co., LTD, Japan)Z& A}-&3}o] Hunter color

value, & " = (lightness, L), &% (redness, a), & Z(yellowness, b)Z YEMAS 11 AL-&F
T+ WA L, a, ba Zh2 90.2, 1.3, 3.2t} 33 o]A} whE =A 59 th

Z) SR ¢ie 3

S 28 E 4749 cheese cloth® 23] o33 & <yl 100 mLE Wa2dY 2 #H3

AAEE ol & F W2AAYE THT 50 mLAy 23] A2 AlFH A4S O3

3,000 rpm, 30min)&th. A5 AS T vbe ek &7 o
Aol 70 mL o]l HW &S 7Mste] 100 mLE ®HE

o

1k ]
A 255 43 T Gay-Lussake] AR R FAHES ZA s

) 594 34T FF A

o3 BuS 09, 025%, 050%, 0.75%, 1.00% A71s wrdeld ds fde ke =
A2 DNS methodE °]&3Att &, =5 9285 489 cheese cloth® 29 o33k & 100
L= #Hd =74 99 mL= 1008 343 & Oi"” 1 mLel DNS(dinitrosalicylic acid) *]<F
3 mLE &%35le] water batholl A &3] 58 #2 ¥ HE=Z vz Y3o S/HFE 715t
Foe Ryr7p 25 mL7F HE=E s UV-VIS Spectrophotometer(UV-9100, Human Inc.,
Korea)E& ©]€3te] 550 nmoll A &35S =43t 7532 glucoseE AME3le] S8k W
o2 FAste] AP AR FAdG FHS TS

H}) SEHEYY ZRFY A
AR AdTE 25 48 E 449 cheese cloth® 23] ]33 & Alg 1 mLE # 3}
o 0.1% peptone water@ 10814 10*~10"= 3|48t t}S PDA(potato dextrose agar, Difco)
Hj x| o] B A NS m=Ekdto] 28 CHRE7] ol Al 4841 7F wjekste] W AEE colonyS AUt Colony
T 30~300 /7 HEesE A sAuTE wotel 1 mL $9 vAETE AT 33] whE
ZA et Htedl
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Zeh d 0]2.54%, A f7F 2.33%, 3ol 1.82% 2+t

Table. 1-1. Proximate composition of Curcuma longa L.

Amount (%)

82.03+2.11

Component

Moisture
Crude lipid

1.26+0.03
2.54+0.05
2.33+1.08

Crude protein
Crude fiber

1.82+0.07

Ash

. 5 EZ(DPC, WPC, EPC)Y 4Rt E =&

a2 2 (Dried Powder of Curcuma longa, L., DPC),

&7 FAFEEE U (Ethanol extracted

Tl
=

extracted Powder of Curcuma longa, L., WPC),
Powder of Curcuma longa, L., EPC)e] <k

il

PN
T

Table 1-2¢} o]

o] 1.20~151%, =7 3.19~11.24%, 3]+9|
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B, =27 sl wel 2eAm, 23 2 4

wel 2 e,

AAGE A% A FEe L8 HEu e

o

Table 1-2. Proximate composition of the powders of Curcuma longa, L.

(unit: %)
DPCY WPC EPC
Moisture 7.64+0.14° 7.87+0.21° 7.14+0.23°
Crude protein 1.51+0.27° 1.20+0.25" 1.28+0.23°
Crude lipid 0.88+0.18" 0.61+0.10° 1.19+0.15"
Crude fiber 11.24+0.33" 3.19+0.35" 4.16+0.41°
Ash 2.97+0.30 1.34+0.29" 1.91+0.22°

Y DPC: the powder prepared from the dried Curcuma longa, L.

WPC: the powder prepared from the extract of Curcuma longa, L. with water.

EPC: the powder prepared from the extract of Curcuma longa, L. with 50% ethanol.
2P Means with the same superscript in a row are not significantly different at p<0.05.

Data were presented as meanzstandard deviation.

9. 232, 23ds2, 2 £3ER & AE ¥
E olE gae A% fdel MR duEd 4REe sz Sghncols
wz ol B, dEAold B s e sEgRol Jth o5 FedEe @ BA

= ¥ s
Well 271 o142l phenolic hydroxyl”7] & 7F W& steh=oln 3¢k, Fds 2 dEd 2&
o

[} [€]
= Ay = FAe Aedd ot

1) €59 & 3= &F
&SF9 F HE gHEFS BA% A3 Table 1-33% Zo] 3.01 mg/100 mL7}F g% A
S2 FAHUT

Table 1-3. Total phenolic content of Curcuma longa L.

Component Amount (mg/100 mL)

Root of Curcuma longa L. 3.01£0.05

2) 597129 F A= &F
S|z F e TS A4S A= Table 1-49F 2o F #Hs &S 50%
ethanol® F=3 EFFEE°] 496 mg/100 mL= 71 =2 %S H A1 30% ethanol =
T3E=EY 50% ethanol €aFEES 45T A9 vt dFolAoy EFEF= HlgH
o =2 gkl 456 mg/100 mL} 523 mg/100 mLe] Z+7; g Zoz BAFAT} o] &
< Y T EYds FEFE FUIAY 28A T e AokAe F LY us gkl vlsho
tha vbe kel Ao ® e
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Table 1-4. Total phenolic content in the extract of Curcuma longa L.

Component Amount (mg/100 mL)
Water extract of Curcuma longa L. 3.02+0.03*
30% ethanol extract of Curcuma longa L. 456+0.01"
50% ethanol extract of Curcuma longa L. 4.96+0.01"
70% ethanol extract of Curcuma longa L. 5.23+0.44"

3> Means with the same superscript in a column are not significantly different at p<0.05.

Data were presented as meanzstandard deviation.

3) EFEEY F i TF

a2 Dried Powder of Curcuma longa,
extracted Powder of Curcuma longa, L., WPC), %
Powder of Curcuma longa, L., EPC)9 & & g%
Al dFe S5F4FEEEo] 547 mg/100 mL= 7HE
Tzl 490 mg/100 mLe] s HYow, &35

mg/100 mLe] % #% ke LT

ﬁ“ il

o B9e gy 1 geew ¢
=]

1
FETEO] THE v dEFel 3.03

Table 1-5. Total phenolic content in the powder of Curcuma longa L.

Component Amount (mg/100 mL)
Dried Powder of Curcuma longa, L. 4.90+0.02°
Water extracted powder of Curcuma longa L. 3.04+0.03%
Ethanol extracted powder of Curcuma longa L. 5.47+0.03"

2P Means with the same superscript in a column are not significantly different at p<0.05.

Data were presented as meanzstandard deviation.

=

e U EE o wrke] #ojsto] superoxideE st ol#H A AAEH
superoxide= 2l&F9] A Aibstel AA 9] Atsd  AolE  xdst=d, diks B
superoxide A 34X oxidative free radical®} ZAE 3]st oxidative free radicals 4

A - BEsts 3akst 2188 sto vy AAFTAEL aksiEe] Hu g o] 8Hu)
A2ty ol's =48 DPPH(1,1-diphenyl-2-picrylhydrazyl) 2tz 27 o2 A& =
o] DPPH+= ¥4+ W radicals &3te] t}2 free radicalE3 A3sle] A S complexE W
Fatst &Ado] Jd= A4 vhd gir)Zbe] AAEM olufe] DPPHO o] Hw

fllo

AL o] MaLE v AHEFste] datEolsE S SASATH
=, 30% ethanolF& %, 50% ethanolF=%, ¥ 70% ethanolF=&° o
At A= Fig. 1-39] vERd vRel 2o 10 T= o
29 AARFA T 513%%2 HE ethanolFE &9 WA o55(9.01~
A B2 Ao®E Yegoy §uFEE HUtES

5

Hol 10.21% % =olx A & ethanolFEE9 A& 5H(12.74~
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1598%) A2l Wls=gt Ao AAFAFHL 2 Aow veidoh
T 10~1,000 ppmY] EFFEE FEAME 50% cthanold& % o

59 AR
MR MR s AAEelsHE BIot 10000 ppmd EEFEEY wNolAliz 30%

cthanolFZE°] 39.98%9 714 H& AxTod5Eo] gl Ao vehgd o9 & Lird
29 HAFTIEHE dE27U BHTS 92 d o 1,000 ppm 10,000 ppmol] A= 7)}4 =@
50% ethanol+E& & 30% ethanolFE &9 HAATA5Ho] 1854%9 30.98%i BT
B7.27%9F 97.17%<1 wl3te] =A @gkort 10 ppm3 100 ppmell e 743 28 50% othanol
FEEY dAFA ol 14.20%9 1598%E BHTY 465%9 8.269% vl 2.8 v 4y
& Aoz yEh,
dutdog ZeEle F¥ol 245 % AAFATYHE oA Aoz g i)
2 ARAME AT HY ZedE gl dAshE A2 JEhg T ok A3 Al
1 dA8tA Fv 222 YEged o AATA5dd 98S vAe g zo 99
e 4ol -’?—%5]01 FdE&Fe v Ao E ANEHE

100

Eleciron donating abiiity (%)

0 i0 100 1,000 10,000
Concentration (ppm)

Fig. 1-3. Electron donating abilities of the extracts of Curcuma longa L. with various

solvents.

v}, Superoxide dismutase(SOD) f-A}3HA

7Y BEFEE, 30% ethanolff“ﬂ‘-’-"--!i{: 50% ethanols&%, 2 70% ethanolFE&Eo o
T SOD FAHEAE F43% 43 Fig 29 /]L] 10 ppme] w8 *‘I*S:»—] SEFEEAANE=
30% ethanol$& 89 SOD FAEAlo] 1859650 Wik w) L]\“ cthanolF& & 2] SOD A}
HA(741%~1564%)°] nlste] ZA W Ao ‘]5]‘/@“”} St EEE 7@7}&-0— 100 ppm<

z Lﬂgip— WE EFEE SOD FAHGAI o] 3272965 Ywolx|A) L}-—c cthanolF& &9 SOD
4(2510~27.16%)°l ®|3te] 7F &L SOD A S Ai: Reg yegyn. o] e
229 SOD FArgE/d o] thE ethanolF & &2 SOD -ﬁ-A--?%*éED} 9wl A% &
A7be] 1,000 ppm~10,000 ppmel A FU st/ vhebych dkxgt 10~10,000 ppm
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o] BE FxAAM, E5FEEY SOD FAIEA4E HEY Col SOD frAr&EAdel vigty AA
v SOD FAEAE & BT

Superoxide dismutase:™ AA W superoxide radical(O: )& AAAe o Miaz
NA FE Ad ASFAZA Ax ff 840428 JAlgea2 A7) E S E0F
409 SOD FARAEAL A4 f\}“‘ 4R, superoxide anion®] AEAR
AA B SODE = &47F AXRE ole] dFoR SOD9 FH-E7Fe vhEAgk oAl oA e
Ado] fFAlete BHHSE SOD FAIEAZEDo & &), yelA Bigyl C7]' ok
g AREFIT SOD FAMEACl A vElE A wEw C 2 A7 5L SOD FAMEA
= Ue7) gl

-O,L'rﬁ’

r|r e i

- G%

30%
A 50%

BO o 70%
TR, itamin C

60 -

S0D-like activity {%}
-y

20 A

1,000 10,000

Fig. 1-4. Superoxide dismutase (SOD)-like activities of the extracts of Curcuma longa L.

with various solvents.

%-“14 «’% #, 30% ethanolF& &, 50% ethanold&%, ¥ 70% ethanolF&E 9 4
F5 UM, 4 9@ ZRd 9% g7 €48 AR FAEe Table 168 2
Salmonella typhimurium KCTC 1925, Staphviococcus aureus KCTC 13566, Lactobacillus
plantarum KCTC 1048, Bacillus cereus KCTC 1092& A3 Yoz #Fo gsiie &%
gigadol A9 dElgA Fhed oy &8 Folv fUI4 5o SFEAHAAEY gl @
AU B 2YAMY FeYoEs dFEAAE] ERHOE FEHA B Ao AlRH
Ak EFHrAae ‘E’E)i‘%}"é% Salmonella typhimurium KCTC 19259} Bacillus cereus
KCTC 1092¢) thste] 74 =A delgten 53] 70% ethanolf:2ENA M & 84 &
R o Listeria monooviogens KCTC 3569, C albicans KCTC 1940, 2 Suchromyees
cerevisigze KCTC 15520] tisiiE RE 3258l 15 skake] e 99kt Lactobacillus plantarum
KCTC 10489 9% 30% ethanolFE&Eo) AT o} &g #Ado] yelwtt) Staphyvlococcus
aureus KCTC 135669 Shigella dysenteriae KCTC 215¢] 73-9+= 50% ethanolFE 5 A9 o8
do] 70% ethanolFFEA M FEEAHART o ZaA velve Sl 23E wgich
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Table 1-6. Antimicrobial activities of the extracts of Curcuma longa L. with various

solvents.
) ] Inhibitory zone(mm)
Microorganisms D >
0 30 50 70 BA

Bacillus cereus KCTC 1092 95+1.2 105£1.1 11.5+0.7 120104 19.0+0.3
Lactobacillus plantarum KCTC 1048 NI? 95+1.2 NI NI 135105
Listeria monocytogens KCTC 369 NI NI NI NI 13.0+0.6
Staphylococcus aureus KCTC 13566 85+0.1 85+0.1 135%1.1 12.0+0.3 175+0.5
Escherichia coli ATCC 43838 875+0.3 85+0.3 85404 85+0.8 14.0+0.2
Salmonella typhimurium KCTC 1925 105+09 115%1.1 14.0+0.7 145%1.2 155+04
Shigella dysenteriae KCTC 2915 85+1.7 85+05 9.0+09 85t1.1 125104
Candida albicans KCTC 1940 NI NI NI NI 16.0+0.2
Saccharomyces cerevisiae KCTC 1552 NI NI NI NI 185104

D0 Extract of Curcuma longa L. was extracted by water.
30 : Extract of Curcuma longa L. was extracted by 30% ethanol.
50 : Extract of Curcuma longa L. was extracted by 50% ethanol.
70 : Extract of Curcuma longa L. was extracted by 70% ethanol.
? Benzoic acid.

¥ No inhibition.

Ab & F 7129 HaA s E=MIC)

39 EFEE, 30% ethanolFE%E, 50% ethanolF&%, 2 70% ethanolF&E°] of
3 H AN TFE=MIC)S =43 Ay Table 1-73 #Zth. MIC+= Salmonella typhimurium
KCTC 19259 ®i3te 70% ethanold#&=9 4% 150 mg/disc® 7Fd Skl 1 o=
Bacillus cereus KCTC 10929 thsle] 70% ethanolF=%°] 20.0 mg/disc® %< MICE YE
Wl Staphylococcus aureus KCTC 135669 749 50% ethanolF=%&9A2 MIC7} 70%
ethanolF& &A1 2] MICH Y t© Y4t} Listeria monocytogens KCTC 3569, C. albicans KCTC
1940, 2 Sacdaramyces cerevisiae KCTC 156200 tialx= e S5m0l dtredo] veh ] 2gkom MIG=

A48 = gk
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Table 1-7. Minimum inhibitory concentration of the extracts of Curcuma longa L. with

various solvents.

Microorganisms T MIC(mg/disc) 2
0 30 50 70 BA
Bacillus cereus KCTC 1092 30.0£2.0 20015 20.0+15 20015 10.0+1.0
Lactobacillus plantarum KCTC 1043 ND? 30.0£1.5 ND ND 20.0+15
Listeria monocytogens KCTC 3569 ND ND ND ND 20015
Staphylococcus aureus KCTC 13566 400425 40.0£2.0 2.0+1.0 2.0+1.5 150+1.0
Escherichia coli ATCC 4388 4H0+35 450+1.5 450+30 450425 2.0+20
Salmonella typhinurium KCTC 1925 30.0+25 250£1.0 20£15 150+05 10.0+15
Shigella dysenteriae KCTC 2915 36.0+20 350£1.0 30.0£15 200125 300£15
Candida albicans KCTC 1940 ND ND ND ND 15.0+1.0
Sacdharomyces cerevisiae KCIC 1562 ND ND ND ND 10.0+05

Y0 : Extract of Curcuma longa L. was extracted by water.
30 : Extract of Curcuma longa L. was extracted by 30% ethanol.
50 : Extract of Curcuma longa L. was extracted by 50% ethanol.
70 : Extract of Curcuma longa L. was extracted by 70% ethanol.
? Benzoic acid.

¥ Not determined.

AFol A BH3F mashe 2% ER9 HaunAds AsstA 7] 3 Aoe=w 3
0Co| Ao Taalm o] Autg 7} dojup= Ao 7 o3ttt webA mashe &EE 30Co]3
2 fAstE Aol 23 Aow AAHAT}

A

B Ao E 26 AFY & FR0] &
ZE7F @7t 4 o] FRYH F&o] Aste A
=2 AT Al A B fARE 5 =+ o 2443 AR FEkgo
et K E Q7] Wi wE 77 F 9T 24A|7F o]Fe] ELo] b e Ao Lbe
tH(Fig. 1-5).

2p7k7] Alzrske]l Aol 29T7HA] S o At
<= F&o] Az 55 7R

N

Lo o
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—+-control

~®-Nakgeolli containing
0.25% turmeric

- Makgeolli containing
0.50% turmeric

- Nakgeolli containing
0.75% turmeric

20 L L 1 b L ~#*-Hakeeolli containing
0 1 2 3 4 5 1.00% turmeric

Temperature {C)

Fermentation time (day)

3T EEA 22 RY A
3¢ r —+ control

Hr

~#~Nakgeolli containing
0.25% turmeric

- Makgeolli containing
0.50% turmeric

)
o
T

— Makeeolli containing
0. 7% turmeric

—%- Kakgeolli containins
1.00% turmeric

Temperature (C)

v
o

0 1 2 3 6 L)
Fermentation time (day)

Fig. 1-5. Changes in termperature with different addition levels of tumeric powder at the
first brewing stage during fermentation at 25C for 5 days.

Z+. pHS W3
pHe| ®WglE= 2a A
= mash7} AHd e w4y c
mash® o] gr|Fgoz e FEF A
Z9o Aol ?—-loiur A | md Fae oo A was dse W

wE
21}
24

%2] 3t71 4

¥ AFA EA T @3’4- o eshd Al 19 @5 27]elE pHYY 3204 E0l.en) 2tk

Fa AFols pH 410 o402 pHrl F7ietn 98 Lrlde 36002 wart Palsuna
pH7F 254 #asle 388 L}E}LH%IE} BE ﬂzgal WE pH7F 40~46 ¥ E 44
A pHE UEldla BRE 19 98 F 2A43te] A% v pHr 32 AxrF HW A
BE e Aoy I dul(Fig. 1-6).
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4.5 r —+control

-~ Nakeeolli containing
0.26% turaeric
Hakeeolli containing
0.50% turmeric

"~ Hakgeolli containing
0.7% turmeric

3.0 ' ' ' . : ' —*~Nakgeolli containing
0 1 2 3 4 5 1.00% turmeric

Bermentation t ime{day)

—*—control

4.5 -

~#-Hakgeolli containing
0.25% turmeric

- Nakgeolli containing
0.50% turmeric

-+ Nakgeol 11 containing
0.75% turmeric

—¥-Nakgeolli containing

3.0 1.00% turmeric
! 0 1 2 3 4 b
Fermentation t ime{day)
4.5 ¢ —+—control
4.0 + ~#-Nakgeolli containing
- 0.25% turmeric
& ‘Makgeolli containing
3.5 | B 0.50% turmeric
- Nakgeolli containing
0. 7% turmeric
3 B 0 1 i 1 1 1 ) +Hak§8011 i coﬂtaining

0 i 2 \ 3 4 5 1.00% turmeric

Fermentation time(day)

Fig. 1-6. Changes in pH with different addition levels of tumeric powder at the first

brewing stage during fermentation at 25C for 5 days.
b, A=) W
Table 1-8olAeh ol WE L & &7 2% Aslo] Bola+2 f940z v
obEth AR a ¢ FAEA b J EH &F 2T Ash wgo] STl wet foHe
2 ZFash v WEE 2 ¥9 FNE TE T8 AR W E(ightness, L), FAE
(redness, a), &4 X(yellowness, b) 25 F7HH = ZA3s B4
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Table 1-8. Color value with different addition levels of tumeric powder for 5 days.

19k &5 color storage time (days)
S =2 #HU) value 0 1 2 3 4 5
L 55.32 23.14 2.67 5.56 6.27 8.21
0.00% a 0.74 10.91 558 9.97 10.79 10.85
b 16.73 35.02 4.40 9.28 10.50 13.81
L 55.60 19.13 2.84 572 7.13 5.08
0.25% a 0.59 11.81 597 10.15 10.56 10.09
b 14.36 30.46 4.63 9.59 11.98 8.55
L 56.24 21.68 2.78 5.70 6.23 4.62
0.50% a 0.69 10.97 5.87 10.14 10.23 9.71
b 14.39 33.40 452 9.57 10.43 7.78
L 56.29 21.17 2.81 552 5.96 3.42
0.75% a 0.68 11.21 5.92 10.02 10.46 7.85
b 14.22 32.87 4.67 9.21 9.96 5.66
L 54.54 23.10 2.89 6.19 7.01 3.11
1.00% a 0.47 10.42 5.94 10.40 10.53 7.60
b 14.90 34.60 4.80 10.39 11.71 5.13
2% E5ol color storage time (days)
a5 % #H7F | value 0 1 2 3 4 5
L 51.08 22.45 3.27 3.13 471 5.29
0.00% a 0.52 9.87 6.31 6.36 9.80 10.43
b 18.03 33.97 5.42 5.19 7.92 8.90
L 53.76 22.69 2.33 2.19 3.50 4.14
0.25% a 0.59 9.91 5.07 5.19 7.86 8.67
b 15.38 34.29 3.80 3.59 5.81 6.92
L 53.63 21.66 1.76 1.98 3.33 3.58
0.50% a 0.55 10.34 4.25 4.89 7.26 7.55
b 15.81 33.30 2.86 3.22 552 5.99
L 52.94 21.83 0.99 1.29 241 3.14
0.75% a 0.51 10.37 2.76 3.55 5.80 7.05
b 16.32 33.33 1.54 2.03 3.90 5.22
L 52.84 25.98 0.88 1.09 2.17 2.78
1.00% a 0.54 8.53 2.48 3.02 5.37 6.70
b 16.35 36.17 1.35 1.70 3.51 4.62
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3g ©@a9 | | storage time (days)
gz 2w g |00 g 1 2 3 4 5
L 55.32 23.14 2.67 5.56 6.27 8.21
0.00% a 0.74 10.91 558 9.97 10.79 10.85
b 16.73 35.02 4.40 9.28 10.50 13.81
L 55.60 19.13 2.84 5.72 7.13 5.08
0.25% a 0.59 11.81 5.97 10.15 10.56 10.09
b 14.36 30.46 463 9.59 11.98 8.55
L 56.24 21.68 2.78 5.70 6.23 462
0.50% a 0.69 10.97 5.87 10.14 10.23 9.71
b 14.39 33.40 452 9.57 10.43 7.78
L 56.29 21.17 2.81 552 5.96 3.42
0.75% a 0.68 11.21 5.92 10.02 10.46 7.85
b 14.22 32.87 4.67 9.21 9.96 5.66
L 54.54 23.10 2.89 6.19 7.01 3.11
1.00% a 0.47 10.42 5.94 10.40 10.53 7.60
b 14.90 34.60 4.80 10.39 11.71 513
b €¢IZE AAF W3l
wae AzA Lol wEE B AT T uAZ pRe] dEach A 197
= 19 95 35t B85 19 91Y¥3 3 mashe] o|3}sHy A EZ AEHE &3t & A 2
G Ha S oA 22 HEE AASEY. A 2dA dEaE 1Y g9e § 2¢, 39, 4Y, 59A F
G Al 19A gmet o] olgetd, AETH JHE HESAT ¢ AAAH] d3E 3
Fol WelEsE HAESIAL
e = dxme dEFe g dg 24X T FZ4 ZF7HEt 2v 9a A 5243
Aaetal gl gy 597bA Skt g 7|3bectke] 4 e A E ¥ 3~5Y A}
ol 71 wWe ¢d3E& LAVt dojoern, 9 F 75 F9 amylase FEoz HAFHo] o
StEHA R gt ¢4FE g2 JdAVIINA gF =4 F9 g S ASHAT
(Fig.1-7)
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~ 16 —*+—control
Z 14
£ 12 ~#-Kakeeol li containing
-ag 10 0.25% turmeric
o 8 Nakgeolli containing
2 6 0.50% turmeric
E 4 - Nakgeolli containing
h 2 0. 7% turmeric

0 ! —*~N¥akeeolli containing

1.00% turmeric
3T gaelo] 22 21U A}

: 13 —4—control
W
E ig ~#- Nakgeol i containing
= s 0.25% turmeric
L ¥akseolli containing
g 3 0.50% turmeric
= . - Nakgeol 11 containing
@ 2 / 0. 75% turmeric

0 ' ' ' ' ' ' —#—Nakeeolli containing

0 1 2 3 4 5 1.00% turmeric

Fermentation time {(day)

Fig. 1-7. Changes in ethanol content with different addition levels of tumeric powder

during fermentation for 5 days.

B, 893 @%e] W

Bgele] BE ¥4L BE 14 BF F mashol BHE HEE AR AREHE &

FHe o BF, 9FFH FUG ol HANM T FFe Belrt 234 Zvldnh 2AL A
a7k Wa Folyl wWRelth 2y 23 wEsl AAPWA ARFL 2

(reducing sugaryE M ET 29T, oldF T BEF nlso] 2relA HE

o tdele] E AN Bdwe W= olgst 2 RE Xz #9

FA3 Zrhsa ol% WE 77 BoolE ¥ o9 o] BN gEh sue

7 H

of Bobxl BAF FFol Fastych AL WE UAT ofF DLW o8 YL ¥
of Z7ksHAAN g4I WAL FE ERIL Fasin ool wi ZR Ab@go] Frlse] Bl
prd XX

e o4 F Y BRI F2EAR ANE dFL&F Friae] AFEY ester 3 2
¥ 24% "3%@0@’/‘1 =499 pH7l 453, pHe o wet g Yo} Fr)
StHA BRZF Avldte @A T FEo] AN FYFe] FHE oFY] WEREow A
oy 422 Aol 438 el WA #de gako] Yok Aoz M AR
T F 99 ¥ F7te glucoamylased] A3 B o] g1k (Fig. 1-8).
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Fig, 1-8. Changes in ethanol content with different addition levels of tumeric powder
during fermentation for 5 days.
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Fig. 1-9. Changes in yeast counts with different addition levels of tumeric powder during
fermentation for 5 days.
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Fig. 1-10. Sensory

overall
acceptance

Flavor Taste color

overall
acceptance

Flavor Taste color

overall
acceptance

Taste color

Flavor

H control

m Makgeolli containing
0.25% turmeric

W Makgeolli containing
0.50% turmeric

B Makgeolli containing
0.75% turmeric

m Makgeolli containing
1.00% turmeric

M control

B Makgeolli containing
0.25% turmeric

W Makgeolli containing
0.50% turmeric

m Makgeolli containing
0.75% turmeric

M Makgeolli containing
1.00% turmeric

H control

m Makgeolli containing
0.25% turmeric

m Makgeolli containing
0.50% turmeric

m Makgeolli containing
0.75% turmeric

m Makgeolli containing
1.00% turmeric

evaluation with different addition levels of tumeric powder.
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soybean

Fig. 1-12. Comparison of total sugar contents of some commercial Takju and Woolgeomju

developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

D Bockbunja, Nonsan "Kayagok” T]J ; D Black soybean ; Pocheon "Ildong” T]J
B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

2) #9Y ¥

AT ARE LEFsh AR ABRFY FAFe] FHLS Fig. 1-133 2
3=k 7boRET MR gFo} 4 Edom, 1 thgom ol 074%E BE AE
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Rice | Rice Il Bockbunja Black Woolgeom
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Fig. 1-13. Comparison of reducing sugar contents of some commercial 7Takju and

Woolgeomju developed in this study.
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[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ ] Black soybean ; Pocheon "Ildong” TJ
B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanz*standard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

3) Brix B %

AT A e S5 2 AR ATEFY brix BEE S4% A3} Fig. 1-14
of Zrh 1 A3 =2k “Urokx” HREA 59 brix FE7F 890% 2 7HE =9k o (p<0.05),
ol <ol T AT A wRVIAR B2 Ao & o] Wol &uFy UE
g0 H3] =4 el 2 oo sud SEF7F 443% % 11 9o g2 HAE g9}
v 523k G s UERYSITH

10
e

8
? 6
x
O 4

2

0

Rice | Rice Il Bockbunja Black Woolgeom
soybean

Fig. 1-14. Comparison of brix index contents of some commercial Takju and Woolgeomju
developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ;[ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ | Black soybean ; Pocheon "Ildong” TJ

. Woolgeom, Kwangju "Woolgeomju" T].

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

w Aol AR eaFet Ald dEEFe pHel T dEF2 "5 Tady T
A5G WEs A5 ¢ e T8 ajloy, & AYAAANA EFHor YHHE
2 AE g e 2ars AAE F e % ARATLE ol&HT & Aol AR
ST 9 AE BT pHE FA% A¥= Fig. 1-169F 2ok 1 23 A 4 AlsEolA
Z Aol AR, 2H A HAAT HFeh NEd ewF7F v =2 pH 453, 429 3
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Fig. 1-15. Comparison of pH value of some commercial Takju and Woolgeomju developed
in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ;[ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ | Black soybean ; Pocheon "Ildong” TJ

. Woolgeom, Kwangju "Woolgeomju" T].

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-16. Comparison of total acidity of some commercial Takju and Woolgeomju
developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

D Bockbunja, Nonsan "Kayagok” T]J ; D Black soybean ; Pocheon "Ildong” TJ

B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-17. Comparison of amino type nitrogen contents of some commercial Takju and
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Woolgeomju developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ ] Black soybean ; Pocheon "Ildong” TJ
B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-18. Comparison of viscosity of some commercial Takju and Woolgeomju developed
in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ | Black soybean ; Pocheon "Ildong” TJ

. Woolgeom, Kwangju "Woolgeomju" T].

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-19. Comparison of Hunter’'s color 'L’ value of some commercial 7Takju and

Woolgeomju developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ ] Black soybean ; Pocheon "Ildong” TJ
B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-20. Comparison of Hunter's color ‘a’ value of some commercial Takju and
Woolgeomju developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

D Bockbunja, Nonsan "Kayagok” T]J ; D Black soybean ; Pocheon "Ildong” TJ

B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-21. Comparison of Hunter's color ‘b’ wvalue of some commercial Takju and
Woolgeomju developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

D Bockbunja, Nonsan "Kayagok” T]J ; D Black soybean ; Pocheon "Ildong” TJ

B Woolgeom, Kwangju "Woolgeomju” T]J.
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Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-22. Comparison of browning degree of some commercial Takju and Woolgeomju
developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

[ ] Bockbunja, Nonsan "Kayagok” TJ ; [ ] Black soybean ; Pocheon "Ildong” TJ

B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 1-23. Comparison of soluble solid contents of some commercial Takju and Woolgeomju
developed in this study.

[ ] Rice (I), Kwangju "Cheonhwa” TJ ; [ ] Rice (II), Sunchon "Palma” TJ

D Bockbunja, Nonsan "Kayagok” T]J ; D Black soybean ; Pocheon "Ildong” TJ

B Woolgeom, Kwangju "Woolgeomju” T]J.

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 1-9. Comparison of organic acid contents of some commercial 7Takju
Woolgeomju developed in this study (unit : mg%)
Organic acids Rice 1 Rice T Bockburja Black soybean Woolgeom
Oxalic acid - - - -
Tartaric acid - - - - -
Mlic acid 2471+11.10° WAR21.31" 30639898 - 2023+ 74
Malonic acid - 141.66+13.21% -
Lactic acid WAMBHI2RY - R.93+7.14* 160.74+40.34° 163.00+14.90°
Acetic acid RUHT46" 93.99+19.02° - 67.05+116.13"
Citric acid 10754+2953 112514934 12557+819" 54.02+0.24° 1436142140
Succinic acid 4960+36.90" 13768+1981"  3R3BHBT 51.93+4.86° 132.93+20.77F
Glutaric acid 716355008 3444+2191° 151624747 122741433 114340+62.92°
Total L5I0SRHBY  10B436150° 9BITIBO7P HR2H46F 18772110440

Rice (I), Kwangju "Cheonhwa” TJ ;
Bockbunja, Nonsan "Kayagok” T]J ;

Rice (II), Sunchon "Palma” TJ
Black soybean ; Pocheon "lIldong” TJ

Woolgeom, Kwangju "Woolgeomju" T].
Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 1-10. Comparison of free sugar contents of some commercial Takju and Woolgeomju

developed in this study (unit : mg%)
Free sugars Rice 1 Rice I Bockbunja Black soybean Woolgeom
Ribose - - 803.70+30.12° - -
Xylose 28.33+26.47° - - - 141.8046.43
Arabinose - 3H.45+11.19° - - -
Fructose - - - - -
Glucose 91.13+5.77* 969.37+373.36” 4332.71+12.72° 128.32+15.30° 627.64+106.49
Galactose - - - - -
Sucrose - - - - -
Maltose 338.16+1.01° - - 338.21+1.08" -
Total 45763+21.7% 1004.83+3%5,05” 5136.41+17.40° 466.53+16.38" 769.45+100.05"

Rice (I), Kwangju "Cheonhwa” TJ ; Rice (II), Sunchon "Palma” T]J
Bockbunja, Nonsan "Kayagok” TJ ; Black soybean ; Pocheon "Ildong” TJ
Woolgeom, Kwangju "Woolgeomju" T].

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05
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Table 1-11. Comparison of free amino acid contents of some commercial Takju and

Woolgeomju developed in this study

(unit : mg%)

Amino acids Rice 1 Rice I Bockbunja Black soybean Woolgeom
Aspartic acid 0.81+0.08 24.60£0.21 1.88+0.08 2.89+0.02 9.70+0.38
Threonine 2.78+0.21 3.17+0.08 0.05+0.04 0.32+0.07 0.65+0.11
Serine 24.10£1.22 34.15%0.64 1.30+0.08 4.17+0.58 7.97+0.01
Glutamic acid 3.22+0.21 30.31+0.66 6.18+0.25 8.06+0.21 18.00£1.29
Proline 19.31+£0.17 12.72+0.62 30.37+0.42 15.75+0.61 7.34+0.09
Glycine 14.06+0.28 18.13+0.45 1.65+0.14 1.39+0.42 6.86+0.40
Alanine 41.72+1.12 29.63+0.41 9.17+0.34 10.60+1.23 14.98+0.39
Cystine 2.64+0.84 5.06+0.68 0.27+0.06 1.20+0.69 1.32+0.44
Valine 13.14+0.34 21.01+£0.53 0.96+0.11 3.36+0.53 6.14+0.04
Methionine 6.25+0.13 632.21+4.40 0.09+0.01 1.91+0.22 2.13+0.19
Isoleucine 7.81.30+0.03 10.64£0.14 0.40+0.07 1.63+0.21 2.56+0.17
Leucine 26.43+0.68 28.92+0.01 1.60+0.21 8.84+0.62 8.80+0.74
Tyrosine 0.85+0.05 4.33+0.08 1.78+0.06 2.78+0.11 5.02+0.37
Phenylalanine 19.61+0.74 20.78+0.05 1.34+0.15 5.29+0.41 6.73+0.29
Histidine 45.21+0.31 20.95+0.28 7.01+0.61 21.58+1.35 18.31£1.18
Lysine 15.42+0.27 13.52+0.40 1.53+0.10 4.06+0.30 9.24+2.90
Arginine 0.07+0.03 0.28+0.01 0.23+0.02 0.62+0.00 1.08+0.13
Total 24090.41+7.10 28457+0.44 60.78+1.86 A44+753 126.83+3.20

Rice (I), Kwangju "Cheonhwa” TJ ;
Bockbunja, Nonsan "Kayagok” T]J ;

Rice (II), Sunchon "Palma” TJ
Black soybean ; Pocheon "Ildong” T]J
Woolgeom, Kwangju "Woolgeomju" T].

Data values are meanzstandard deviation of triplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 1-12. Comparison of mineral contents of some commercial Takju and Woolgeomju

developed in this study (unit : pg%)

Minerals Rice 1 Rice I Bockbunja  Black soybean  Woolgeom
Na 830.7 357.5 993.7 19.64 714.1
Mg 15.1 16.9 18.3 47.7 12.5
Ca 12.4 29.0 15.8 6.4 9.7

K 26.7 44.5 67.8 52.7 59.1
Mn 0.7 0.4 0.2 0.3 1.0
Fe 1.2 0.9 0.8 4.4 2.6
Zn 0.5 0.7 1.1 0.6 2.4
Cu 0.7 0.5 1.3 1.1 3.4
Al 329 10.1 12.7 28.0 12.8
P 29.0 27.8 58.8 64.6 739
Total 949.9 988.3 1170.5 2254 891.5

Rice (I), Kwangju "Cheonhwa” TJ] ; Rice (II), Sunchon "Palma” TJ
Bockbunja, Nonsan "Kayagok” T]J ; Black soybean ; Pocheon "Ildong” T]
Woolgeom, Kwangju "Woolgeomju" T].
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Table 1-13. Comparison of volatile compounds of some commercial Takju and Woolgeomju

developed in this study (area%)
. i . . Black
Volatile compounds Rice 1 Rice I Bodburya Woolgeom
soybean
3,3-Dmethyl-2-phenyl-2- B B 058 B B
(1-Ox0-1,2,3 4-tetrahydronapht- ’
Methane - - - 4.87 -
Carbamic acid 10.22 13.08 - - -
Cyclopropane - - - - 8.43
Acetaldehyde 0.17 0.23 0.30 0.31 0.16
Acetic acid 1.07 0.84 1.25 1.15 1.40
Ethanol 81.93 81.35 92.22 89.48 83.26
1-Propanol 1.05 0.88 0.77 0.72 1.28
1-Butanol(I) 0.52 0.16 0.10 0.33 0.19
Isoamyl alcohol - - 2.33 - 0.06
1-Butanol(II) 4.52 3.23 0.10 2.89 4.22
Acetic acid 0.12 - - 0.09 0.28
Benzene ethanol 0.43 0.26 0.23 0.24 0.32
1,2-Benzene dicarboxylic acid 0.14 - - - 0.19
Diethyl phthalate 0.25 - 0.22 0.25 -
1,2-Benzene dicarboxylic acid - 0.13 - - 0.40
Total 100.00 100.00 100.00 100.00 100.00

Rice (I), Kwangju "Cheonhwa” TJ ; Rice (II), Sunchon "Palma” TJ]
Bockbunja, Nonsan "Kayagok” TJ ; Black soybean ; Pocheon "Ildong” T]J
Woolgeom, Kwangju "Woolgeomju" T].
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Fig. 1-24. GC-Mass total ion chromatogram of flavor components in some commercial

Takju and Woolgeomju developed in this study.

Rice (I), Kwangju "Cheonhwa’ T] ; Rice (II), Sunchon "Palma” TJ
Bockbunja, Nonsan "Kayagok” TJ ; Black soybean ; Pocheon "Ildong” TJ]
Woolgeom, Kwangju "Woolgeomju" T].
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Fig. 1-25. Changes in sensory evaluation of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20C.

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 2-1. Extraction scheme
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A EAstH AEW G skE 4bsA ~Ed 2o thE EHE
gz 2 dAE kst iE AAGY. 43S A
ulo] g2 Qoo WA A B FAMLES ATy SHOﬂ S

o]
A

Z'l-_
<
T

> 12

4

W) &5 dFEEY F
diE AgA FAHE= OH = s TAE= HO0xv= GSH % ofyel Az
catalase®] i E ZHdLm=E TFEES YA O E catalase activityS =43t}
10 cm plateol] Bl st M 3Eo] 200 mMe] ¢3S 72t FE9 SFIATFEES H7Islo] 244

3 AEE FR8Y catalase activityE® =4 3}

) &5 EFFEEY F5E GST &4 &3
Glutathione-S-tansferase(GST) Al 9% chemicale] ™3+ detoxications W93l
49 stuz 7] kst gy A 20 AAE AT

&) &F dFEE29 249 superoxide dismutase &4 =3
Superoxide dismutase: WHEZ 2 A FEY Wojrrvlor &F AFEFHES o R

CFoF3t w0 A activity S =4 3F U

) &5 EFFE 29 ROS leveld W3t a3
= FZ5(0.025 mg/mL)S thiaoeZ DCFH-DA probe® confocal imageS 43t}
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DCF-DAE A E9S Fa tuvw Al E esterased] 93] EhH oz 7pRaEo] vl d3
A DCF-H7} ¥ +4d|, reactive oxygen species(ROS) 7} &x1& Z o= vl w24 of-$-
< F%S 9 DCF= Abstdtt. o]dd DCFe 3471+ ROS B4 Ax=E AREH I Ut
Cell € two chamber flaske] 1 x 10* cellS 24X 7F wjeFale] 7}F = 438 AbstelAs
S H<S 0025 mg/mL ¢ EFEES FUbsta 2412 B3 F 100 mM €3

o AdHE HI AT T A S A A AEE 143 confocal imageE &4t}

10) €5 d5FEE9 28 £ in vitro oA Y 438 2EH 2 A a2
7h &5 dFFEEY 9 d8d g3z A AT
4 A
A

Jot

o 2 n-hexane, ethylacetate, chloroform % &¢| 47}

W) €5 dTFEEY FEEZXE £ ROS leveld di# &7
Intercellular ROS level> 333E&E2<l 27 -dichloroflurescin diacetate(DCFH-DA)E
ArEske] SAsEA T EdAAFA Oy, HiOo, OH SOl 93] 2,7 -dichloroflurescin(DCFH) ©]
2 7-dichloroflurescein (DCF) & 4tslx &= Y2l & o] &ttt &v EFF=E9 F=22ZX 5
T8-S AAES 24 well plate o MxE AEE FIFS vAA FE sE9 HO0, & 2417
Aelg ¥ DCFHDA Alok3t A 30i7F wikgith vl $5 % 485 nm 7|9 2 585
nm®| WEago|M molaRZYolE YPFFAHYIE AMEEe] DCF A4S S

11) €3 9 329 in vitro ANA 9 v A&
7}) 3T3-L1 cell& o] &3 €53 FEE9 cytotoxicity HE
= *7?%%% FEHE HWEAM XSl 3T3-L1 AlXe] sk & 24417 A3 &
= o}

XTT Abe A F oA 2403 WFala 450 nmol | FHEE 2

s

W) In vitro 2 e ARES A4S A
3T3-L1 A2+ mouse fibroblast®l 3T3 Ao Al FE A EZF=ZA
A vjeFalH adipocyte® E3slE AAS 7A 3 glow EEiA] ghul A 5o

A==t =
A 540 % A Ao Ay ww;ﬂ_ 28 ARHHI APAL)

o

o] phosphate buffered saline(PBS, pH
T o 243 ¢k AAstal, PBS®E 3%
A

520 nmol A FFEE SAHSA

) 3T3-L1 celldl A &F4&2A 9 cytotoxicity HE
S79 F8 7TA AEE curcumin®| tH(Fig. 2-2). Curcumine =gk Mz kAl
]

5 % Ax HAUHAR A5E 59 JhE Sl 9 ol&Ha Aok Aw/A € curcumin]

=

1
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AYEads AEy dS5d Gl d(nterleukin-8)¢] A S AAANA FHFT ZH7F Aok
dH A e BN oty S, Fbst 24, Fwrdd B A gqAEd ol dnx

A &= curcumin
3T3-L1 cellel A
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1. Parahydroxyl groups

Fig. 2-2. Structure of curcumin.

2}) 3T3-L1 celldl A €F34A9 (L& JAF AE
Curcumin®| in vitro’dol Aol A ¥=24 A =E Oil red O assayH o= A3}
gt F%9 curcuming AHElstal 99 w9 AWNESE FE3 T 05% Oil red
O-isopropyl alcohol solutione celloll 7}3le] A% droplets AAAIA AHFH oz AAES 7
=

ﬂl

)

ul) In vitro A €32A9 IHgt 71F HE
Curcumin®] H|RFAA & ol gt 7]2& AESH7] 9eke] 3T3-L1 cellel A1 2] PPAR-

v, adiponectin, leptin 52| biomarkerd] e HHAEE A3ttt PPAR-v+ ligandel <3|
g3l = nuclear hormone receptor superfamily®] <3} RXR(retinoid X receptor)-a2}
heterodimerg °©]Fo] 4 FdA ZERYHE AA st R4 FHAAe] HdS =4 1
A FARRE ANFRZ 53] FAAZ e 2 aP2(fatty acid binding protein), leptin, C/EBP
a 5°] t}l Leptine A WA FEo|A EHEE s2Eoz A8%xd ofyx AL HE35}]
ZEdAE, ARG s AT 54 AFHA, leptindol F7Fske] A 8o A, A
Alo &= leptineFo]l #Aste] 2 8o gAdstA #rh o]l leptine A AWzt g A
AZF dom dA f leptin®] FEE FASA X wf o= Hwry e Hwo] flEn

(o]

=
on ETuP AQUAE FEAZ

=

ox ™
o

Adiponectine & o}
7 elgdo thal v

oo &
N
X
o3t
ol
dr
ot
N
o
)
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fol
w >
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12) €3 W& SFEE9 in vitro FolA 9 v A&
7}) Oil red O 44 2 A F

947+ E3tAIZl 3T3-L1 A WA EZA A A %54 (lipid accumulation)dll 7| 2= &5 W
o] 3=E dolr 7] ¢all Negrel ¥ Dani®] ®H¥ol wat Oil Red O 9G2S AA 3}
HErS 35S 9647 283k AlE£Z phosphate buffer saline(PBS)©o. 2 A& 3k
S 10% formaldehyde® 10#7F ZAAAY. SF7FFE AH3EL Oil Red O A &R0 2 20
AT T FHRTFE AHS ds AEW A A4S BES1 e ELISA reader

(Molecular Devices, USA)E A}-83to] 510 nmolA &3 =5 433

=

Ot

=
-

Mo & 32 @
o _Q lo

o

ol wm

-

) Glucose uptake

3tE 3T3-L1 AlZ22 Fd5ol A @A ol&2 + A= glucosed] F& 54
7] 918 2-NBDGE o] &3tk WA wjx]& 50 mM HEPES®} A|Wito] ez ¢k §-
3 il (essentially fatty acid free bovine serum albumin)g $Ff3F 4143 DMEMel A
2-NBDG =& §58A A3t &3 WaSFE5S Al 6412 Y & XUz
9% 2-NBDGE 4317 f8 AxE 37TCoAA HEPES-buffered Kreb & < (KR-H:NaCl
137 mM, CaCly.2H>0O 1.85 mM, MgSO47H20 1.3 mMM KCl 4.8 mM, HEPES 50 mM)%. =
A A FH S cell lysis bufferE o]&3sto] AlE &N FR3A T 1,600 rpmoll A 205 7¢

A & NS FHsEo] fluorescentE 5435

2 o
U

t}) Glycerol release

A Aleko]l EstE A WAES] A Fafol WA= 43S McGowan o WHol )
gt v AU glycerol s FAFOZA AT WEE glycerol ATPe] EA] skl A
glycerol kinase®l| 2]& glycerol-1-phosphate® %% ™ o]+ glycerol phosphate oxidase©l
9J8l dihydroxyacetone phosphate?} hydrogen peroxide (H-O0)Z AF3tEith A E H.O&=
4-aminoantipyrine¥} sodium N-ethyl-N-(3-sulfopropyl) m-anisidine <73}l 4] peroxidase©l
ol A28 u]= quinoneimine® HAEHETE wetbA A E quinoneimine®] €3] 540 nmol
A FEe 7 e wlA delA glycerol % F7HE YERATE Glycerol 32 free

glycerol EEAFOR AGH EFINL AUFORA 439

ol

Z}) Real-Time Polymerase Chain Reaction (RT-PCR)

S WEeFEE AP wE 3FF9 lipid lipase(HSL; hormone sensitive lipase,
LPL; lipoprotein lipase, ATGL; adipocyte triglyceride lipase)®d2 RT-PCRZ &<135}3it}.
S HEESFEES 6-well plated A 9U7F #3FA] 71 3T3-L1 A3 24, 48, 72, 96417+ 7]
st & 0.25% trypsin-EDTAZ AM¥E 839 RNeasy extraction kit= A ZAFe] manual©ll
utel total RNAS FE3th cDNAS A<= #1381 ug®l total RNA°] 200 unit®]
MLV-RT reverse transcriptase®} 500 ng oligo-dT primerE #7}sto] 42Co| A 60837+ 43
390t} Real-Time PCRE DyNAmo MHS SYBR Green gPCR kit(Finnzymes, Filand)E A}-&
sto] Al Zhzbe]l ¢cDNA 1w, forward primer(10 pmol/xl) 1 0, DyNAmo ' MHS
SYBR Green gqPCR kit(Finnzymes, Finland) Premix(X2) &< 10 w, =75 7 W= &3k
% PTC-200 Peltier Thermal Cycle(M]J Reserch)& AF&3lo] Z+2be] fd# 2719 9= PCR
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S Adstdh. PCRE 1% 39 HETFvEt 2 uld ¢DNA, 125 unit®] Tag DNA
polymerase, 0.2 mM dNTP, 10x reaction buffer, 1.5 mM MgCl,, 10 pmol primers®] % %3
SFF AL 95T A 1027 hot start g+ § 94Coll A 30%7F, 55TolAl 1, 72TCAlA 30x3F 35
cycling ¢ PCRS F33 & mx]utom 72ToA 1087t polishing stepS 71#% PCR
productE At} Melting Curve #2412 65TCoA 95TAFololA 3tk PCR AFH&E2 5 ul
PCR productE 1.5% agarose gelol A A 7|9 -&3te] EtBr= 207 |23 & UVAA bandE
3tol3le] NIH Image analyser® W& =S v A3 ol GAPDH mRNAS od =S
7o 2 sto] WE& 2 YERYRIYE Z primere BioneerAHKorea)t}t Geno TechAH(Korea) =

BE AR TS AL AEe

13) &5 W@ESFEEY dEoHAHIE £H9 in vitro ol A 2 HIRE A &3

= MEgEFEEY JdYolAHoE #8&9 in vitro FolAle] HITE A gE= A
71 AAS Oil red O 94 2 A= glucose uptake, glycerol release, RT-PCR WH & o]&
sto] ATt

=4
8F Swiss Wistar $A7}$-25 O‘—T—%UJ AFSS O ASA 7l B 1 (dukAlo] dlF ),
g
=

/kg/day As®E &3 9532
=]
n

_‘
2
M
o
HU
H
Q
=
@)

N}
e
—Vi
.
-
5
4
ol
32
o
)
N off
ki
po)
r O @ o

L

=
= %:L %‘—’F?%%% 7z g3o g # o] 1—r7J BTFA Atk AbSAY 2=
5= 55 + 15%, 713194 10-203)/hr, &9 cycled 1247F 7tA o7 sglon %=
0-300

Lux= 5@_8}9}1, 23} Aol zp5Fo]s At

1 o dukol# ) Z< (Saline)
2 ¢ AdEE FoqF of] ¥F2- 5o (50:50(w:w))
5 o o gFg Fof + o gk (50:50(w w)) %
YOATE &9 d5FEE 0.25 g/kg/day &+ EFF=E (Saline)
4 o gFg Fof + o B2 (50:50(wiw)) 2
Y AT ESFdAFFEE 1 g/kg/day &7 €4F=% (Saline)
7 AFHs 2 G371 FA
AF7F AAEE Ao AFEH B & sl AGMAIGEEH FHA7A] A
TS SA45AY. AlE TEA QxR 2 FoTe] BE AEFES FHIAY. Ao T
> FeHS SA4A
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3 F PAHL FA5sY €y IdFFEEY 43E& FAd 93 A transeaminase(GOT),
alanine transeaminase(GPT), alkaline phosphatase(ALP) ¥ lactate dehydrogenase(LDH) &4
Aol ek dA8NE HESFA.

h 83 AA#AA QAEY WS E
U7 AFFAZ F HE A 5HAbete] AH I A2 3,000 rpmell A 1087 A4 &=
& F 838 A5 &7 d4-FEEY 43S Fojo o3 BH triglyceride(TG), total
Cholesterol{ T-CHOQ), high-density lipoprotein(HDL), low—density lipoprotein(LDL)® #2 &
F AgAEEZS SAHSAL

) &F FEE9 F43 add viAE 9F
A Gz HEA 2 BaaAe cytochrome PAS0 &4, 53] 2Elo] 23 9%
& &= microsomal ethanol oxidizing system(MEQS)ol9] &&x7t &t} o] A9 "AFHo
2 superoxide anion radical, hydroxyl radical, hydroxy ethyl radical ¢ &A4A2FE 44t
A #h(Fig. 2-3). o181 ¥ &A4dAaFY YR EE 7 W] EASE antioxidant (GSH &) &
T antioxidant enzyme (SOD %)o 98] HAFATL ZEE A5 7+ &4 T HAEAZ
Zgat7] o A W FEEE HFE Ao w§ Fesio

Alcohal

& BRYIG f

; mw:%vdmucnim ﬁ?fme\‘abo"sm

Rcetaidonyde y Hysroxyainyt
o ocnmdtchla Radical
» paciing & F + lipid
2 (HB0E BBEe- __};.-"'t 2:;;::::;::&:‘ oty
& snuor esgucad tvoin
ot antlonitantzy # Lipid Peroxidation
MDA HNE
Oxidative . + peod Adducty
e -7 + auetaliatys
- Mrdfs%s}é&g:\
ez B HEFo
Adduoly e
— o MAAL
A

Fig. 2-3. Harmful byproducts resulting from alcohol metabolism.

B AT e vheag UeE gae A A BARE A8H E3d el &
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15) In vivo H|R Y AT A

Al
S

}Ath.(Table 2-2) 2, 3, 4 ¢ AW

o

13} o] ®R

2

g/kg/day A& HeEFEE)0Z

Table 2-2. In vivo design for anti-obesity assay

o] @ 0 g/kg/day S EEEE

22

rH

T AA o] 2 0 g/kg/day

rH

A Aol 90.25 g/kg/day
A gA el W1 g/kg/day
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Table 2-3. Composition of high-fat diet

High fat ingredient g/kg kcal %
Casein 200 800
sucrose 172.8 691.2
Dextrose 100 400

Corn starch 72.8 291.2
Cellulose 50 0
soybean oil 25 225

Lard 177.5 1597.5
Mineral mix 45 0
Vitamin mix 10 40
L-cystine 3 12
Choline bitartrate 2 0
Cholesterol 4.3 0

gram% kcal%

Protein 23.3 19.7
Carbohydrate 40.3 34.1
Fat 23.6 45.9

Table 2-4. Feed consumption and Feeding efficiency ratio

Group Number of mouse Feed consumption effiggﬁgizn%atio
1< 10 589 + 0.25 467 = 0.37
24 10 544 + 0.53 719 £ 0.70 =
3+ 10 393 + 026 * 6.70 = 0.77
4a* 10 403 £ 015 9.07 £ 045 =
W) whezel AFU
2dF = Ak =5

ARl A AR A wdde] =4 8
a=3

H(Weight gain; g)< 477 vk =Ll S48 F5ANM Azde] wFAE A<l s

PaAoldHF 2 Holas

Pt 2lo] AFHHF L Ao]&&(feeding efficiency ratio : FER)S 3 2-40] YEWTh
F7) Aola g2 shr]e] Aol uwEl Attt Aol a8 (%)= ATT 7 (g)/H T ol g H
(g)x100

N

2]

e

Foe § FHAES Astrbste] AHGT A2 3000 rpmoll A 1023F LA
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ot
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m {
o
ftlo
)
It
ol

ol E4 triglyceride(TG)E =433t}

o) heso AYNTEST Y FEASHE, 1UEAIENY L AUEA LR

i

ox

377 AT & FHE AsHAkste] AFA g A2 3000 rpmoll A 1027 AR
3 3 FAHS HESe] A triglyceride (TG), total Cholesterol (T-CHO), high-density
lipoprotein (HDL), low-density lipoprotein (LDL)¥} & &% A3}stA &2 S =A 53t}

Ac)

uh) g 7% HE
o FEE9 R AEe] digk 7S HESH7] fste] F O H|REA|EE A 9
PPAR-v ‘59| biomarkerel] w3t 23 =E etk PPAR-vE ligandel ola] &A43 =
nuclear hormone receptor superfamily®] <3} RXR(retinoid X receptor)-a®} heterodimers
o]Fo] ®A FHA TZRHE At ZHFHAAe] FHAS -9t 14 FAAZEE

AupzA E3] FdAE 93 2 aP2(fatty acid binding protein), leptin, C/EBPa S5°] ¢

16) In vivo +&5 58 F A5 54

7h A8 EFE
35 ICR $A4vh%
=), 3T (Eaw €5
rEdth Algs e F
e

A=ae). AF D Aol

1 7 HsuRT dutAlo] @ O g/kg/day (10% Tween 80)
2 7 Uz dutxlo] @ O g/kg/day (10% Tween 80)
- AukAlo] W 1g/kg/day o5 FF=E

01 A== o = =

. Ew ETFES 4 T (10% Tween 80)
S = Auk2lo] & lg/kg/day &+ HESFEE

(= Ele =21 eN-=S ==l
4 7+ 9 MEIFEE +E5 (10% Tween 80)
U) % pool =5 A

FesEENEaHRE HESH] Y89 1K pool +FAE AFESIAtHFig. 2-4). 9]

pool acrylZ |25 912 (90x45%45¢m) % T8 S Ade =o] 3B cmMA] =& F‘H%
F TS UCE FAANAL EEFsE B 1o f&H5o2 Mo xufES A
ZA717F AAEIYE pumpet water flowmeter(type F45500, Blue white Co, Westminster,
CA, USA)E ol &3to] &g ¢3A71WA 7 L/minZ FASHA vk A4 F4&5%
g5 S48t
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Pump
. M g —

sac| [ea v

Temp. o controtier
Fig. 2-4 %92 £3% 2787 99 heag A7
g &4 FAWK pool &E FA])

B 29 ARe7) 15309 duAls713F 4 7 L/min®] 524 =3lA 289 /9
=

TS 4 F W HYADo BER QE=T/AR FAZLE WHFAT w2 E 92
TEAE 1243 e F4A7E, d2 5 A8 240 A N8 ghe/day)E TR
o RE 9 %Y SANGE OF INREH AR A, FA&TAE Al A
A FAA

Aol fGNLE BANGT. EE ILEANL FANE w92 o o4 4
b2 Aate, ol k2ot Bol A 727 29T W74 g ERoE

s
o] & h=S
o= -
%o A Bae FHE SU0E GARY, FINF F o] AYANE FYLFARCE 4
gt &

L
i Ho
= okt
Ho o

1 A3t KA AP J)1FAT

T F& AAEA Aot ol EAALTE A W o
2 gtstA o] ol o] AAHRY AEHY o] ] A gride] EAY A o|RAL &F
5 'S o2 A8 & vt g B AP 855 &9
¥ &7 4F5FEE FAATE dHeE ATH &5 % sacrificerl A 7+E AE I catalase, SOD
2 GST 54 343 248488 S/F22ZA 43y 2d 29 oA o3 EEFHFY 7%
of disted A-3ksAet,

(1) Catalase

tgetd 8492 Aebi 59 spectrophotometric method 2 #4183tk 96 well plate
€ Evlsta, 249 10 pLe) 20 mM Hx0: €9 290 uL& 7} 3ol microplate reader?]
kinetic method® ©] &3] 387F 240 nmollA FFEe WIHE &89} sgatord) g4
o] 848 U/mg proteine. 2 gabatgct.

(2) SOD (Superoxide Dismutase)

Superoxide Dismutase 8412 Ukeda %:*94 spectrophotometric method® -4 &4t}
96 well plate® F£4H|8+3, sampled blank 2 ZF welloll sample 20 pL 4 233 3 blankl®
blank 3 Z} wellel ddHO0 20 uL ¥ EF%ch 9] EE  welldd WST-1 £9
(1-{4-indophenyl)-3~(4-nitrophenyl)-5-(2,4-disfulfophenyl)-  2H-tetrazolium, monosodium

....88...




salt)E 200 pL & #F3F =, blank 29} 39 buffer 20 ].1L 2 BF3F1 sample?} blank 19
xanthine oxidase &< 20 pL ® H7}sle] plate mix3t &, 37°C oA 20% wH3A] 7] 450
nm oA FEFEE S SAHE FHE== Super0X1de anion radical inhibition rate
(%) = {[(Aptank 1 = Ablank 3) — (Abdmple = Apank 21/ (Apiank 1 = Aplank 3)} x 1005 & A4 =
g8t %= AL, SOD @484 A83ste SOD & 0, 3.125, 6.25, 12,5, 25, 50 U/mL
T2 AAAE Ze-3A4ES A8t U/mg proteino =2 3H4kstd

(3) Glutathione-S-Transferase (GST)

GST &4 Habig 59 spectrophotometric method & #2133 th 96 well plateZ
4|3} 3L, Dulbecco’s Phosphate Buffered Saline 196 pL¢} 200 mM reduced glutathione 2 pL,
100 mM CDNB &9 2 uLs &3tsh 7|2 s FH|skth. 2219 20 plel 7129 180 uL&
H7tste] 537F 340 nmoll Al 3= WetE SA43At. GST 24842 U/mg protein® =

AAFaE S

17) In vivo ZlA &5 FEE9 5497}
7h) ’2@5“94 /\}%
Z 40vFE] 9] 3 mouseE THIT T AFL
A TA }Z] IZA]GQE Aes 9 FEF 23 £ 3T, 55 + z
TLA7E 2 AbsSH O] A3AZ - A AT AR S ALPAE

+

9_— = -
(AEAR), 7 FEES AMESR e A5 gae AFstA g
W) Foa&F 9@ Fouhy
SHLFEFEEE, SHHHSFEE 0, 50, 100, 250, 500, 1,000 mg/kg/day= corn oil®l
o] 2147 wjd A FFo ST

P

X
7} HPLC 9 93 24
Curcumin® HPLCY H=&A EA
curcumin-% /\}4‘1—8}04 280 nmolA EA =z
o]

100 mL& 1/\]7P o= 7‘% %
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Table 2-6. HPLC condition

Item Condition
Instrument Spectra Physics 4000, USA
Column Cosmosil Cig
Mobile phase CH3CN:H2O
Flow rate 1.0 mL/min
Oven temp 30C

W) Curcumin % A4k
2AAZE AR 03 gol CHOH 100 mLS 93 603 Hob 283
L3t ¥ AlEEE Wako A9 curcuming ©]&3&te] HAE o
(mg/g) T AlAk2l ol o) &l AlLkstd o

5 F ARZ A

=
ES
H curcumin &%

standard & X=xsample area (mAbs*s)

A 8% Exstandard area (mAbsx*s)

A2y 47
7h, 5FEEY & £ A9EH A
1) €7 FEEY &
SHE o E W 94 80% ethanol ¥ methanol &0 F&E9 &5 &2l3
Ay A4 FEEANA ME =Rom(187%), dEe FE2E(125%), €5 FEE(105%), Wk
< FEE09%)Y FolAtHTable 2-7). F&F&0] zZte ou& o8 AAFZES] 7154
of =/ JAABHY sedtE FF F&o] How AAAo] g7 wWEolw olH g ddA &
A Fuell Al At Aoz ik AMREE SAUG FEEY FE FEO] 7-10%0 Aoz Ho}
5]

Table 2-7. Yields of various extracts

Cold Hot EtOH MeOH
Extract
Extract Extract Extract Extract
Yield (%) 10.5+0.9 18.7+0.6 12.5+0.04 9.9+0.04
2) & EdH ol §3F
7 3580 % FouwolmE WUs FEE0 1Y we ¥S Fhstm dgon
Wy 2 d5 FEEAE AgHor #e ool AEHH(Fig. 2-5).
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Fig. 2-5. Flavonoid levels of various extracts from Curcuma longa L.

=) _7‘[':%‘3 tﬂ/ﬂ—og Fe” 1} thiocyanated] 93] 5%% linoleic acide] #}H2tshol] o
g A4S TBA(thiobarbituric acid)® TMA|A FAHg A3 o eE 2 veE FE5=F0|
A =2 AHAE AA5S BAtH(Fig. 2-6).
40
z 30
§° 20
;5, 10 f
D 1 1 1 ]
Cold Hot EtOH MeOH

Extracts

Fig. 2-6. Lipid peroxidation inhibitory activities of various extracts from Curcuma longa L.

4) ABTS #HZ& &27%
ABTS+ vl d k43t free radical24 DPPH Wi &4 3
@ol o] & <t} H3H lipophilic B+ hydrophilic &AtsEde] =
o o] W o3 FAEBYL ABTS 2tz A ALY 245
. &7 ABTS 2% 27 84¢ Fig. 2-73 23tk
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2-7. ABTS radical scavenging activities of various extracts from Curcuma longa L.

5) Alpha-amylase ¥ A%

A SAE Fo HELS a-amylaseo] &3t X

k1
oft
£S)
N
lo
AV
au
(o

o

Control Cold-Water  Hot-Water EtOH MeOH
Bxtracts

Fig. 2-8. Alpha—amylase inhibitory activities of various extracts from Curcuma longa

& =
A A A B, B e o

237}

. ol&

At Wb 29 g-amylaseS Ao ELHo SFE Tt 5=
T Atk el a-amylase A Ao gt Aol EolAAA HAFZAA 1 AHAE

A7 Wol MyHw At 2 A FAYFEE acarboses 32%2 A &S Hol=d), o
9 vee gujE A8 &5 FEEY A 32% ol AdA&S HAH(Fig. 2-4)
ol A 7] & a-amylase A|AZN &7t ol ASFS AAG Aifolnt

L.

2 @ O of oy
2 ot rlromet )

Y. &F FEE U HepG2/2E1 A AN ¢mL&A 43t A a1 =4
1) €5 F5E YA HepG2/2E1 A XA 9] cytotoxicity A E
7t +%E% final 0.1-0.001 mg/mLe] TE& d3& AgoAsAge] AP = 73t
I FdE 5L e 23 0.1 mg/mLolA = ZF ko] BT F4S vEho] cell viability

7} 60% ©]s}

5.0
A5 W& FEE] AP, 005 mg/mLANE AEEHL wolA eehFig. 2-9)
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Cell viability(%)

01 0.05 001 0.001
Curcurma.longa extract(mg/ml)

Fig. 2-9. Cytotoxicity of Curcuma longa L. extracts in HepG2/2E1 cell for 5-day incubation.
HWE(hot water extract)) CWE(cold water extract)) EtOH-E (ethanol extract), and
MeOH-E(Methanol extract).

ol FelE Tl 0.05-0.001 mg/mLelA Zt

A3 0.025 mg/mLelA dFFEEo] 7P =2 4kst

1200

1008 -

Colly 1ability( %)

200 -

;
E
:

Extract(0.025 mg/ml)+ EtOH

Fig. 2-10. Protective effect of hot water extract on cell viability against CYP2El1-mediated damage
for 5-day incubation.

o &5 @FFEEY =Y AYAT HE
1) 25 45F5EY 752 48945 HE
0.01-0.05 mg/mL9¢] FZolA &¢FEE H7IeA &2 control oA AX=54d2 LE
] ekgrom Absto A5 0.01-0.025 mg/mLAlA 7HE &34 o2 vERsT (Fig. 2-11).
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0.100

0.000 2 gl
001 0.025
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Fig. 2-11. LDH leakage against CYPZEl-mediated damage.

2) &8 95FFE9 HepG2/2E1 cellol A @ morphology W3
#rojd dtelA &5 F+FEE0.025 mg/mL)9 morphology W& ##3tt). Fig.
2-121 4 BE miel o], oetguie] A= HepGZ 2Bl M= B AEEo] detachH S
ow A RES e FHGY. 2By & FEEE A 47]e AEEe] F9F o
2 42EE o F Uiy

(@ )

Fig. 2-12. Morphology of HepG2/2E1 cells treated with hot water extract from Curcuma longa L,

F=E9 In vitro FoA 2 A3q ~Ef2 A 53} =H
FEE9 Fx glutathione FF &4

A, d3RES Mg AEMe] GSHES -rrwlz“’i wotdon &7 o
FZeAYTAMNE FERYH LR GSHYl 718028 & %‘“7‘%%9] #Fdsts s
g 4 %1%1‘:}(13‘15,7 2-13). B Anz ¢ AfQd gms )\Fﬁ}c—’iﬂ] &9 gty
ot AoR g

e
q
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2-15).

[+l

GSH (umolim g protein)

Cunt

HWE + ElOH

Fig. 2-13. Effect of hot water extract on total GSH content.

2) €7 d45F2 89 549 catalase 84 =R
&718] total GSHe| A3 9 Zo], 4x& HIMT9 catalase activitys Foxe=z 7
tRen, &5 EFFEEY catalase activity® control#3 FAF8A Y dramatic 8FA 27}

L2HA, 8 dFFEEY NS FHAG(Fig. 2-14). 53] 005 mg/mLe] E5FE

H7AAL M EW catalase activity”} controli® ©]/F 22 dramatically 4Hg 085 A 28
GSH H|2E%} dAsts A3E #8Asgch

25008 oo

20009

15088

Catalnse (T mg protemn)
[
4
-
-

&
-
-

-
-

01 0825 085

HWE(mg/ml) + E1OH

Cunt

Fig. 2-14. Effect of hot water extract on catalase activity.

3) €F AFFEE ¥ 59 glutathione-S-transferase 4 =4
200 mM ethanol€ 24N AFH AL o) control Tol ¥sle] Welx= AL BYo.
0025 ¥ 005 mg/ml. FE8 5% control¥ FY3tAY FgAE= AFE 29 (Fig.

- g5 -




GST (nmel/mg protein}

Cant EtOH 0.01 0.025 9.08

Fig. 2-15. Effect of hot water extract on glutathione-S-transferase activity.

4) &7 94535289 549 superoxide dismutase 4 =3

7L Aol A9 superoxide dismutased] 4L FoHozZ A=A gekony,

005 mg/ml. F£E ATolN & FdEE RAFig 2-16).

-
-

SOD (Uimg protein)
w
-

ot
-

HWE(mg/ml) + EtOH

Fig. 2-16. Effect of hot water extract on superoxide dismutase activity.

5) &F 9dFF2 89 ROS leveld] W) &3

Controlell Hl3] &2 & HEFL v$ =2 ¥§3LFE B o, 0.025 mg/mL
& s (Fig. 2-17). 43E

B AT ROSY wAo] dramaticstAl el
MEM ROS A4 Z7ld 93 Foletn daix low, olgd ROS 449
#H& 5% CYPZELY] 93 kAo 8 ARo|v)h avuz &3 FFEL o EM—

% CYPZE1C] o4& #A5E ROSE AT A4=w, of= AV 43

BEiAe AeadsE dAFPGT B $ Qo)

ﬂl.a Flf ﬂﬁN'
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Control Ethanol (100 mM) Hot water extract
Fig. 2-17. Decreased ROS production by hot water extract (0.025 mg/mL conc.). (Confocal
image, x 200)

U, $F dFEFEE 2 YR d3sA AFdgAlT HE
1) €5 @FSEY 28 &£ 43 g4 isddA s
71 A3} chloroform FoA4] =2 4322 A3t A4S YeElHI Y (Fig. 2-18).

120.0

E0.05 mg/ml

100.0 BE0.1 mg/ml

80.0

60.0

Cell viability (%)

40.0

20.0

0.0

Cont EtO H Hw-EA Hw-CF

Fig. 2-18. Protective effect by HW-EA (Ethylacetate Solubles) and HW-CF (Chloroform Solubles)

from partitioning fractionation against alcohol-induced damages.

)7 T FEEY FEEZXE £99 ROS leveld dig &3
Intercellular ROS levels 743 23 CLH-CE A sel wet intercellular ROS
levelo] WAl yES o™, o]= CLH-C7} A2 ROS Aol 9&FE& Fo] 1 4& AT
< 28t T Aolth(Fig. 2-19).

7000

4000 /.\\\!

00 -

13000

Floorescence Unit

15000 . . . .
Cantral EtOH CLHID CLHI0 CLH0

Fig. 2-19. Decreased ROS production by hot water extract (0.025 mg/mL conc.).
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v, €3 2 EFa2AY In vitro AL BT oA &3 3
1) 3T3-L1 cell& ¢ &% =5 FEE9 cytotoxicity FE

RE FEE0A 30 ng/mLe sE7MA= =40 vERA] g%k Uﬂl, AE o] w7 A
B tzwel v 2 Aols BARA R W 2 A% 49 40 pg/mLe] FE
A o 0% A% Aol AANE &+ QAT weld BF ADE AT 49 FEE 2
ug/ml 7}A] ARE-sl7] 2

E 120 0 __ AT - gl
S 100 | = B -
- 1 Cold-Water
© 80 F = =
X o Hot-Water
< 60r O EtOH
% 40 MeOH
8
> 20 F
3 o
10 20 30 40 50

Concentration (ug/mL)

Fig. 2-20. Cytotoxicities of Curcuma longa L. extracts in 3T3-L1 cells.

2) In vitro 2ol X< XE 3t JA =
I A wEe FEEAA g2 e foH oz AR dAEs &
==

tH(Fig. 2-21). 18y €

%)

Relative Oil-Red O staining(’

244

o -
W ogs FEZAAE MR AEI A flE Ao Uehi

Control Cold-W ater Hot-W ater EtOH MeOH

Extracts

Fig. 2-21. Anti-obesity activities of Curcuma longa L. extracts in 3T3-L1 cells.

3) 3T3-L1 celldl A 542 A9 cytotoxicity A E
T A3 50 pg/mLel sE2 AEE A EFAAE 2RI v wske] cell viabilityel
A YA Apol & YERUA ‘E’%‘}}ﬂr(Fig. 2-22). 244 100 ug/mLEs AZeds We 15% ©]
9] cell death7} WA S
SETA7E kA s &<l

% stttk wabA] curcuming 3T3-L1 celldl A= 50 pg/mL 2
)\/\/\AT;}

ru°1' rL
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Fig. 2-22. Cytotoxicity of curcumin on 3T3-L1 cells.

4) 3T3-L1 cellol Al &F4A A3 4A% AL
Curcumin® X & 1, 10, 25, 40 ng/mLE Ztzt A28 & 023 dAZE ARG
A3, 1 pg/mle] FEAME g7 vuste] dAg3E el R ekdek(Fig. 2-23). 2¥
U 10 pg/mLe) FEREHE AP 2T 345 228e & 5 22D B4 curcumind
ot §37F 543 LA9e FAstsn

120
100
80
60
40
20

percent (%o)

control 0 1 10 25 40
(-)

Curcumin (M)

Fig. 2-23. Anti-obesity activities of curcumin in 3T3-L1 cells.

5) In vitro Ao A £F47 Fua 7|1z Ax

21y 1944 By ule) o], 25 MY AE AY F 39 E¢b BEHAZ celldAE
PPAR-y 3 adiponectin®] wdEo] oARE &4 £ Ut 28y AFEU, 10 MY
curcumin®l| A &= HIRERY S EEF9 @37 JERA skt

Curcumin®| late-stageol A 9] w5 A 7|2 B o B & FHelslr] §sle] A7|o 7]
€9 59 %59 curcumin® 3T3-L1 celldl AHastz 99Uz AWEIRE STk
Early-stagedll 12} &342} 54184 1 2 10 uM curcumin 3 A] PPAR-y, adiponectin,
leptin®] THo| ot BT w|X A kch(Fig. 2-24, 2-25). 22 25 pMQ curcumin®l
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29 celld] A= PPAR-v ¢ adiponectin®l %3 o] a3 Z4AEE& o & I

5 AAE T3, early- 2 post-differentiation stageoll A leptm-e— A 2] 3 wlwAw
AAES] 26 UM curcumin H | &3t FoH oz FHAFIT ol d FEAREFE, 3T3-L1
celll A curcumin® 3Hulgl 3= early-differentiation stageo] A2l PPAR-y 2 adiponectin
o BHE g AdAFgozZN vdEE AR FAFE 5 9ok

(~} Control [ 1 10 25 (uM)

@ PPAR-y

@ adoponectin

@  leptin

B-actin

Fig. 2-24. Expression of PPAR-Y, adiponectin and leptin in 3T3-L1 cells after 3 day differentiation.

{-) Controt 0 i 10 25 (uM) I

& PPAR-y

@ adoponectin

@ leptin

@ p-actin

Fig. 2-25. Expression of PPAR~Y, adiponectin and leptin in 3T3-L1 cells after 9 day differentiation.

Ab. &3 WL 5FEE89 Invitro Ao A e vlgt oA a3 &3
1) Qilred O ¥4 2 AF
97t #3A17 3T3-L1 AWM Eefa] A4 (lipid accumulation)el] ¥j2le &5 o
Be3EEe gHE dolrr] #8 Oil Red O A& AA3AY. 2 245 35 control(B)
ol wEte] &F WEEFEES 15, 20 ug/mL A F qtellA AR B3 fejFo
S BgT AEAY 4$ A7 RS AT foez FadE AL
B AHFig. 2-26, 27).
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C A; prdadipocyte
B: 0 ug/ml
) C; 5 ug/ml
D; 10 ug/ml
E; 15 ug/ml
F; 20 ug/ml
Fig. 2-26. Oil red O staining in 3T3-L1 adipocytes
120
g 100 O < N
S 80 -
s
2 60
3
(5]
& 4o
k=] —+—48hr
[« R
= 20 - =B=77 hr
0
0 5 10 15 20

Concentration(ug/mg)

Fig. 2-27. Lipid accumulation in 3T3-L1 adipocytes

2) Triglyceride &3

9d7F #3tA1 7l 3T3-L1 A A x4 A =24 (lipid accumulation)e] A s}e3 2| %
2 AlEWe TGHS SASET L 15 20 pg/mL ssveEFE2S A3 LolA oA
EA7F yEst e 20 pg/mLe] 79 control w3 HlaEko] 15% AlH-S KA

3) Glucose uptake 3

wshe 3T3-L1 Alx= Fadse] AW FA o842 4 A= glucosed] FE 438
Ak 2 A3 LFMELFEEES 15 20 pg/mL A2d Tl FoH oz glucose ol
A &S BTl th(Fig. 2-28).

Jl
off
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Fig. 2-28. Glucose uptake in 3T3-L1 adipocytes

4) Glycerol release &3
5 WeeFEE0] wotE AWM Ee Aw FEald m = JFS wiXW glycerol
FS SAToZA ZASFATE control W H]aLEke] 48 T2A1Z A g AR ol Al 9 A

Z7he el vhFig. 2-29).

e

160

Q 140 4

~ 120 -J

a

< 100 -

=

S 80 -

S 60 =#=48 hr

g 40 =72 hr

o 20 4

O T T T T 1

o] 5 10 15 20

Concentration (pg/mil)

Fig. 2-29. Glycerol release in 3T3-L1 adipocytes

5) Real-Time Polymerase Chain Reaction(RT-PCR) &3

S WESFEE AHgd & 379 lipid lipase(HSL; hormone sensitive lipase,
LPL; lipoprotein lipase, ATGL; adipocyte triglyceride lipase)®2&<S RT-PCRZ <13t
71 A7} control w3 Blaske] HSLZ ATGLOIA oAl S7Fe Belon LPLS aA %

A A ke (Fig. 2-30).
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Ratio to GAPDH (%)

0 5 10 15 20
Concentration (ug/ml)

Fig. 2-30. RT-PCR determination in 3T3-L1 adipocytes

oh. €7 WESFEEY &Y cdLotAHCIEANA In vitro M HvE oA &3}

desaua 89 Auobidel = &4 @obs) 990 Ol Red 0 9442 44549
. 2 A% 259 controlB)3 Ml &7 WHLFEEe ¥3 o DopHel = A 15,
20 ug/ml A @ ol A AWALS] Bort foHoz A AL nadch A%HA A
A% Aol fedon Radt AL WATHFig 2-31).

A; prdadipocyte
B; 0 ug/ml

C; 5 ug/ml

D; 10 ug/ml

E; 15 ug/ml

F; 20 ug/ml

Fig. 2-31. Oil red O staining in 3T3-L1 adipocytes

2) Triglyceride &7
9A7F E3kA) 71 3T3-L1 A A EZo A AW=4(lipid accumulation)®] A3}sta =7
2 AZzWe TGHS 43t 1 15 20 pg/mL &5 WEHESFEE9 £5 ddolAH o E
= A oA A E37F YEsi e 20 pg/mLel 4% control v H]alske] 32% A
HeS HAH(Fig. 2-32).
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Fig. 2-32. TG content in 3T3-L1 adipocytes

3) Glucose uptake &3
w3t 3T3-L1 Alx= fFdse] A% Ao o828 & A= glucosed] #Fs
Atk 2 A 5 MEEFEEY 29 dEotAEIlEE 15, 20 ug/mL A g gk aol A
Ao =2 glucose o] AAsASS HAFAHFig. 2-33).

]_

) JlN‘
o

g
[e)
o

Lo

120

100 -
80 -
60
40
20 -
0 - . . .
0] 5

Concetration (pg/ml)

Glucose uptake (%)

20

Fig. 2-33. Glucose uptake in 3T3-L1 adipocytes

4) Glycerol release =73

=u MEEFE=9 FY odHolAEHclEVE #3tE AWAES A Fafjel] mA =
FFS WA glycerol S SFHTFOZA ZASA T 91 AE(oF-3)) 23 glucose uptake
7F 20% A% = AS BY = glycerol release 71 50% S 718tE Ao R Hol A WA XS] A
Wzl (lipolysis) 7F Wol ¥ Aoz o AZXhH(Fig. 2-34).
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Fig. 2-34. Glycerol release in 3T3-L1 adipocytes

5) Real-Time Polymerase Chain Reaction(RT-PCR) &7

v MEgEFE=Y 9 dEotAHClE Ao wE 3FFe lipid lipase(HSL;
hormone sensitive lipase, LPL; lipoprotein lipase, ATGL; adipocyte triglyceride lipase)® &<
RT-PCR= ZQlstAtt. L A3 control w3 Hlwste] HSLIH} ATGLOA #Fo4< F7H=
Below LPLe ZA 23 A & hFig. 2-35).

150 -
& 120 - =
- - - T
2 g0
=L
U]
e 60 -
o
= 30 -
o
0 T T T T
0 5 10 15 20

Concetration (ug/ml)

Fig. 2-35. RT-PCR determination in 3T3-L1 adipocytes

A EF FEEY Invivo €Z2A A3} oA 53 =4
1) AFH3 L F75FA

Fig. 2-36% AFZ71%e GEhd Aotk 44w 2ag oz Aol AFE/hw
Aol vhehubA ergkrh md ARIIESE AANo|Be A, HolaLe F AFER()
gy & AodAd@on Yol MEgR Add A% AolgAF B Ao memel AAE
7 w7kl o4 Aol UEntA Skth(Table 2-8). wWElA FF 7+ #7re] MBS A

ol Hole] FHtolo] slelekA gee & F qluk
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Fig. 2-36. Changes in body weights of experimental mice.

Table 2-8. Changes in food intake and food efficiency ratio (FER) of experimental mice

Group Food Intake FER

(g) (g/g)
1+ 46.87 + 298 0.060
2 42.38 + 4.34 0.056
3 4453 + 391 0.050
4 4345 + 317 0.059

Table 2-92 7« 71 ¢
diE FolwolM tET I vlalste]
X

Ak EE ARRAE dne FolTAA w Tol v FAHoR FAAAL

Table 2-9. Various organ weights in experimental mice

Group Liver Kidney Lung Sperm Heart Spleen

1 1492 £ 016 0489 £ 0.08 0.230 £ 0.06 0.229 £ 0.02 0.176 = 0.02 0.094 = 0.02

2 1709 £ 0.10% 0.481 + 0.09 0.182

H+

0.02 0.193 + 0.02% 0.142 £ 0.02*= 0.075

I+

0.03

+
+
N
+

3 1436 £ 0.13 0461 £ 006 0.194 £ 0.04 0.198 £ 003 0.154 £ 0.01 0.084 £ 0.02

+
+

+
.
N
N
N
n

4 1.348 £ 021 0528 £ 0.05 0.192 £ 001 0.193 £ 004 0.156 = 0.01 0.085 £ 0.02
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Fig. 2-38. Activity of alkaline phosphatase in experimental mice.
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Fig. 2-39. Activity of lactate dehydrogenase in experimental mice.

3) €4 A2

Z 719 tH(Fig. 2-40). L2t}
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Fig. 2-40. Changes of lipid profile in experimental mice.
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Fig. 2-41. Catalase activities in mouse liver.

(2) SOD #4334
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Fig. 2-42. SOD activities in mouse liver.

(3) GST &4 =A
o] Alxd W A A =48
MEES HNstE 4TS
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Fig. 2-43. GST activities in mouse liver.
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Fig. 2-45. MDA levels in mouse liver.

6) Histological examination
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Fig. 2-46. Histological examination of liver section in experimental mice.

2, €3 FEEY In vivo H|F JA &3 54
1) FH &4 53 vz AT
A7IZbER 123 vlaste] 2a AAGA o] 6 dAFE SAHCR FoF FIHE B
Aom(p < 005), 337 472 FAHCR {3 F7HE vEhA okth Al 233 Hlasle] A
3wE BAXCRE o WEgE JeEATH(p < 005). meEkA Aol wE AFSTbE 0.25
g/kg/day= CLM<& 47F° stle Wl AFTS77F AlHo] dvwtasts Yelhles Aoz Als
Hh(Fig. 2-47).
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Fig. 2-47. Changes in body weights of experimental mice.

2) B oA F & *4013‘.{%
ZF At MAFE 10wk el Fa Aol A FS AFTbEet AN HS 5
Gt a, Aolase & x] T @)s FHNHFAF (@R o] MEER AL
ol A FANAE dxt vlaste] 29, 37 B 47to] FAA FoAHS dHEA &skern 7
Frol A Aolm gldtH(Table 2-10). o1& CLM9 025 2 lg/kg/day®] ATFFo7F Hi2 o143
FFS oA s gulste Aot
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Table 2-10. Changes in food intake and food efficiency ratio (FER) of experimental mice

FER (%)

Food Intake (g)

Number (n)

467 £ 0.37

589 = 0.25
544 £ 0.53
593 £ 0.26
5.63 + 0.15

10
10
10
10

e

719 £ 0.70%

4770 £ 0.77
4.07 £ 045

M

e

M

x P<0.05

o W3 A=

=
=

3) 23 AR #4E dA
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Fig. 2-48. Levels of serum triglyceride in experimental mice.
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Fig. 2-50. Levels of serum high-density lipoprotein cholesterol in experimental mice.
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Fig. 2-b1. Levels of serum low-density lipoprotein cholesterol in experimental mice.
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a8 2-52¢ A He Ak o], izt Hld X4 e] fFETeA s PPAR-yY
do] FrtHNeY &5 WEEFEES ¥4 Hestds de o HEEs doldg 4 F
AT B &5 FEEY AS 759 SUb wel PPAR-y o @do] JUHez Bo] o
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EhfA gteh B fFoE A R AHAL T2 UNd Aeg2 AsdEu(Fig
2-563). £ FF 74 L £ HIL T Aol= iﬂ-eroﬂ 710 A gk AA P
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RS
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a ur ks
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Fig. 2-53. Changes in body weights of experimental mice.

2) Aol AF R Holag

2 Ay AAFE srleoln B HAFE AUAUESF HANIFE HHse)
B, HolEse F AFFR@L FAINAR@OR Pro] NP LR ANKAT BT
AYAFANE 2ED ATt BE TN F98 AoE vehbd SATHR. 2-50. TR

HOERANE 24 27 BHE FolB & AU

Table 2-11. Changes in food intake and food efficiency ratic (FER) of experimental mice

Food Intake (g) FER (%)
1 6.47 + 1.02 755 £ 057
2 1 544 + 1.16 717 + 054
3T 585 + 1.20 761 £ 042
4 ¥ 617 + 1.34 742 + 0.34

27 A5FEEE D) 2 WPLEZEU D) 997 wheso] ATE(1 g/kg/day)
% & RALAGR olate] LEAEY %% 7 L/min o LEREGNN £ES NHAA &
QAN ] £EANE 2ASAG. 7 A} Fig. 2-540] e uks} o] A r)7Ed
SESYFAT L Y2ET HREHq &5 AFIEE 5PN FAHIYL & = AU
JEZNE 7 d52EEY 2ol $ESHPY Fo9 9BS A%T T 5 Yok @
d 2T WULEEE ST AL gzTo vE £E5Y @de] gdol dsnzE
sa@d vkl 1 xR} 2o
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Fig. 2-54. Endurance exercise capacities in experimental mice.

A F vbeaE sjFete] 2 v, A, Aa, H, AR, dER e ean v

B2 FAE wHZ v ustgti(Table 2-12). 71 Ay} tjZ2F din] BE FollA] o4 Ao
[e)

==

Table 2-12. Organ weights in experimental mice

1 23 3T T 4T
s 1.789 + 0.052 1.649 + 0.072 1.794 + 0.025 1.624 + 0.051
H] & 0.105 + 0.007 0.090 + 0.005 0.103 £ 0.008 0.105 £ 0.009
A 0.588 + 0.015 0.493 + 0.035 0.568 + 0.022 0.575 £ 0.057
A& 0.210 + 0.010 0.214 + 0.017 0.202 £ 0.012 0.216 + 0.007

+

| 0.204 + 0.011 0.188 £ 0.019 0.185 £ 0.004 0.181 + 0.003
A 0.164 + 0.005 0.179 £ 0.024 0.152 = 0.003 0.167 = 0.014
g+ 0.292 + 0.017 0.279 £ 0.008 0.303 + 0.008 0.312 £ 0.012
H B 0.136 + 0.013 0.164 £ 0.018 0.148 + 0.014 0.175 £ 0.012

H+

+

5) Hematochemical analysis
A F fFE 3l ol oA dAHS #Este] GOT, GPT, LDH % ALP&
A3 H(Table 2-13). 71 A3 BE A= SAA FoAE HolA Zgkth o]2HH &
L
=

FEE 93 EAHEHE gl Aow Fdudh
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Table 2-13. Organ weights in experimental mice

GOT(Karmen) GPT(Karmen) (Wrcfilll):;lvski) ALP(K-A)
1 124.61+2.74* 47.69+1.81° 934.69+24.55 10.14+0.40%
27 129.74+1.81% 43.45+2.45" 1043.31+£37.21% 9.96+0.31"
3t 135.77+£9.07* 55.64+5.54" 1087.08+75.77* 10.75+0.34°
4" 116.35+3.35° 42.37+1.56% 890.59+7.70% 13.41+2.36°
w7t 3 3 FA A A (triacylglycerol), &3 =9 2~ H & (t-cholesterol), 11 = X]
e =9 28 & (HDL-cholesterol) B A=A ¢ e ~ 8] & (LDL-cholesterol) %5 Hlul g
A BE oA foA AolE HolA| ZUTtHTable 2-14).
Table 2-14. Lipid profiles in experimental mice
HDL LDL TG T-CHOL
(mg/dl) (mg/dl) (mg/dl) (mg/ml)
1 78.95+20.90" 57.98+11.57 291.61+6.06 183.19+8.34°
24" 100.95+4.30° 37.03+6.73" 305.91£7.55 197.16+7.64°
3 88.57+4.27° 55.04+7.41° 316.79+16.52° 201.38+9.70°
4t 91.19+10.66" 67.59+13.89" 288.69+9.40° 210.94+9.85
6) A3t3 2Eg 2 #H 71Z{AT
(1) Catalase A4 =4
wERAA dAEE OH = Qs AEs= HO0pv= GSH #RF ofyzh AlEuy
catalasedl 9afM = FHE o] oy eyt Hed fojzde] BAE catalaseZ A= AT
Ak HFE=d FAA A catalase B 543 ZFAFO HtH(Fig. 2-55). 1¥H Y *5F
G5l glE &7 dFFE=9 A Al catalase S-S FAaE XA skt o=
5wl g r=E AE W duzEs 5 FEEC] A48 A e AAE AT
24 7)R1% = ddoE F5Hh
70
g °0 1 T T
S 50
E 40 | -
\q%; 30
g 20
S 10 -
0

Fig. 2-55. Catalase activities in

mouse liver.
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S et g Z<l superoxide anion radicalS ¥HAF3
TAaTE dismutation Al7]E 9GS Hdets vl S34Q s g4t o]y gk U g
MEW Absl2 &2 tisk Wol Al 2~"l & 3l superoxide dismutase activity S & a 9
o w5 HE2TH Hluste] e R AR AT
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& |
ol SOD &4 oA o= Xol& HolA % UtHFig. 2-56)
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Fig. 2-56. SOD activities in mouse liver.
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Fig. 2-57. GST activities in mouse liver.
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B €FFEE9 in vivo SAH7}
o 1
=7

== /] 5/\4

Al(final Wt(g)), A5

& 5 A THTable 2-15).

dFFEE9 in vivo FEHF7}
o H7hek mpg-29]
%ﬂ(waght gain(g)) F-itolA Zhte] Aol 7t

7)
S Ad435E 1000 mg/kg/day 7HA] Z=Ao

Table 2-15. Survial rates of experimental mouses(CLH)

g wshe

gLt et

%7185 Al (initial Wt(g))<}
1:1:'5]— /\(ELE

| UEhtA) ebe qrdad gl

[e)
1__.‘;'_

Dose No.of InitialBody FinalBody Weight Survival
(mg/kg, day) Mouse Wt(g) Wt(g) gain(g) Rate(%)

0 5 23.58+0.33 30.02+0.80 6.44+0.51 100

50 5 24.32+0.58 29.12+2.21 4.8+0.47 100

100 5 24.32+0.54 28.78+0.97 4.46+0.46 100

250 5 25.58+0.43 30.64+0.41 5.06+0.08 100

500 5 23.94+0.06 28.34+0.51 4.4+0.46 100

1000 5 26.02+0.21 31.1+0.65 5.08+0.46 100

2) =9 WEgLELFEE9 in vivo FA4H 7}

=
HeFEEe] B4

| H7ek wpe-o] FRA WElE Z7]E 5 Allinitial Wt(g))
9} H= E2A (final Wt(g)), A=5Z7Hweight gain(g)) FENA Z+ 9 Zol7} It =3 yELS
EF 100%E HoFo] &3 HESFEE5L2 1000 mg/kg/day 7HA] 4o YElYR &= otk g
HedEs g3t = AT Table 2-16).
Table 2-16. Survial rates of experimental mouses(CLM)
Dose No.of InitialBody FinalBody Weight Survival
(mg/kg, day) Mouse Wt(g) Wt(g) gain(g) Rate(%)
0 5 28.72+0.79 32.76+£0.92 4.04+0.28 100
50 5 27.52+0.85 33.20+1.26 5.68+0.45 100
100 5 28.90+0.79 33.56+0.96 4.66+0.26 100
250 5 30.26+0.53 35.26+£0.56 5.00£0.15 100
500 5 29.04+0.65 34.04+0.72 5.00+0.19 100
1000 5 28.54+0.63 34.60+0.76 6.06+0.38 100
%87 AEAE BN 2 FEAR 34
1) HPLCoﬂ 93 4
o % curcuming HPLCE o] &3} &Rt #2413 chromatogram

2 Fig. 2-58 ¢} 2t
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Curcumin
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Fig. 2-58. Cucumin determination by HPLC

2) Curcumin &% A*
CLHE= Curcumin® 24 0.0766 mg/ge] &5l Ao, CLM+= Curcuminl = A
Ao & 247490 mg/gol $HaEol AT
3) FEAE X
19 A3 = Hol CLH+ 7AWeo] ofd t& Aol AzdA
Hol CLMS A$+ AFWY AEo=z Aeda #8s yehes A 2o
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H3HE 25, sgaM, sgHZe9 o=y |4 &4

Al1Y AR 2 B

7h A =
2 AFY AR 24 A 8E 7MEEE (&, Curcuma longa L) B+ (C43
Curcuma atomatica Salib)& A A ZEt F3oA 2006 109 24U (AAE), 11¥ 244 (BA
), 12¢€9 244(CAl%), 2007 1€ 24(DAls) T 1Y HA SR 43]o AA 7472t F4H4E& A
HAstda, e T(-407T) st ARZ AFESFY

N}

T2 105T AdxY, 32 550TC A3 sty, =32 micro-kjeldahld, Z#]-2
soxhlet %4, 4 -+ henneberg-stohmann7} FH ol ¢&te] EAIe9 1, ©435-S 1000

AR 3 g 550T2 1243 A5an ARdmes Ragel & o TRz 48
J3 Adow gtk = WA Am 1 gl AF 24 10 mLE Aele] Aol R ew
2 I R R EE R

gt 2~mp B33 5= 7](ICP, Inductively Coupled Plasma, 3300DV,
PerkinElmer Optima, USA) °]&3le] #+Astdon, &4 271 o5 2o 7MafHeS
plasma 15 L/min, auxiliary 0.5 L/min, nebulizer 0.8 L/min®]$ 2™, RF power 1,300 watts,
4 1.0 mL/min, speed 18.48 rpm, sample flow rate 1.0 mL/min, sample flush time 30 sec,

sample flush rate 4.0 mL/min, delay time 30 sec® %23}

3) obml it B

) FA ok At B4

TA ol Ak BAS Alg 1 g& ampouled] ¥ 6 N HCl €9 15 mLE 73 &
110CoN A 2421 7F 7FFES] A AA AL oS ARSI, 4G5S 50CoNA F53t] 4
2 ES AE] S & FAMYES 4SSN pH 22)S AHEstY 5 mLE AZ &3 o

S433, Sykam Co., Germany)&
AVEEe] Sy 22 o s A5t} Cation separation column (LCAKG60/Na, 4.6x150
mm)E AFE3F 3L 0.2 N Na-citrate buffer £ (pH 345, 10.85)° %2 045 mlL/min,
ninhydrin €99 #%< 0.25 mL/min, column =%+ 50~80C, ¥$2%+ 131C=E 3191,

A A 68 mino 2 &3 Th
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o
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8
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W) frE ol =4k E4
2 oln:=2ke Alg 10 g5 A %359 homogenizer® vkl F8dS F=
0.45 pm membrane filter® o] 3}3sfe] A2 oo} 10 mLol| sulfosalicylic acid 25 mg<
o] 4TCoA 4A1ZF st AAZ & A2 (15,000 rpm, 30+2)3ke] @il 5SS A ASIAL, A
S NS 022 pm membrane filter® o] #3ste] AL o HES FAA TR AFGEFSATE ofv| ik}
Z T

1=
TR 2 e FAohul it BAEAT 2ot

ot
By

jatl)

7}

Ol
o

K

4) 83 2 #d7
g 2 A BHE AR 5 g5 SFFE 50 mL AE3te] 30C F&Fd A 30
gl & 15000 rpmoll Al 3027 YA S EEA T ds S Sepak-Ciss ARE-3Ee] A A
0.45 ym membrane filter= o 3}3t o) 20 uLE HPLC(Spectra Physics 4000, USA)
Mkt AFg3EE A 88 carbohydrate analysis colunm(300%3.9 mm, Waters, USA),
82% acetonitrile, ¢l 5 %%+ 2 mL/min, A&7 R A1 5FY 3+ 20 pLo| At} Trﬂ‘;’r
Al&E & SigmaAh(St. Louis, USA) AF&3slsith 992 Al 5 g& homogenizer= V3
73%, o] WA 7] a1 AL3ste] SomogyitHH o= A &E )}

Al
ax

M
H

Ho
it

off

Al

S

12 %
LS|

HU o\ o
R

=]

i

=5
& HNorr

].

Ol

5) HERl C9 B; &4
HEHY C= A5 dA S
A2 & AF=FY 5% HES]
Ghmzo] 97T 2ere] 5% vl
rpm, 10~15/min)E 33te] A%
Ao 2 3ol HPLCE Attt AF&gk Z#H-2 NHp column (4.6x250 mm, USA)ol L 7
=7]= UV(254 nm), ol &9 acetonitrile 50 mM KHoPO4 (40:60% V/V), o5& %+
1.0 mL/min, ZH2E 2%+ 40T, ¥E5A k2 ascorbic acid, Al &EFY =S 20 pLol it H
E}U] B #4& A8 dA"FS dol &% E5 vha VR v AeHA E4sta =& 7He
F& F(70~ 80C)°ﬂ Al 2 Eete] 2023 FES F, o] FEAS APEHoR st HPLC
2 B4 AY. &, o33k o 20 pLE HPLC(Spectra Physics 4000, USA)2 43t} Ab
&3 Age ].l—Bondapak C18(4.6x75 mm, USA), €= 0.1% phosphoric acid’} 7Fg 10
M hexane sulfonate : MeOH(74:26, v/v), ©l&4 %+ 1.0 mL/min, 4% 7]+ UV 254 nm, Al
T F 20 pLol At

r0 oo o
ol

o1 e

me el

o

3

tm

ST = 50 mL 883t 30T FEZFdA 30

1 307 A sk dAEEE A5 As AHAstel 15000

rpm e &2 301 AAEE St A dE Sepak-Cige AR&ste] BAAIZL F 045 pm
membrane filter2 o33 oJ) 20 pL& HPLC (Spectra Physics 4000, USA)& ¥213}%t}.
Ab8-3 HAH S p-Bondapak Ci3(3.9 mmx30, Waters, USA), €m+= 01 M ammonium
dihydrogenphosphate+phosphoric acid (pH 25), °] &%= 1 mL/min, &8 %% 40C, A

=75 UV 210 nm, A5 %2 20 pLo] .
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7 HAA NE SH
Aol =ALo FwINL=97.75, a=-049, b=196)c % HAH A=A (Hunter Color,
SP-80, USA)= of ZASET Al ddry FAFE 395 S 2 Hunter A A A<l
L, a4 bats S8sth

==

8) F71HE £4
l:r]_

qe 7 AR 5

etherg %o % g

etherE 2l5tal 10 mL2 AE3F ths F NaSO.= 23t F<

714 7e] #4442 GC-MS(Shimadzu GSMS-QP 2010 Plus, Japan)E AF&3to] A1t o]
o column< HP-INNOWAX(crosslinked polyethylene glycol, 30 mx0.25 mmx0.25 pm film
thickness)E A}83t 3L, oven = %= 40TCoA 587 HEE T 150C7HA 9 5TE $&
AZ1aL 233 WFEA g & oA 250C 7HA 29 10CT= s Al7]aL 52 5t 527
3t 9™ injector =%+ 260C3FA . & carrier gasi= Hes +9 112 mLE 324 319
30% 3ol spilit mode® A3 = spilitless modeE ©] 83 1L spilit ratios= 30:12 3k
Mass spectrometry®] ion sourse 2%+ 200C, interface <%+ 260C=E 3}, EI' modedl
ion energy+ 70 eV °o|lom, 7| &l 2 A A2 TRIO-1 Lab. base data system
7} NIST/NBS library S ©] 43}t

AaE g ¢

FEEMEE &, daE 9 oes § 37HA &uE AMESte] A2 78S &b
curcumin B&S FE5t0] FEFS wusArk F, A AlRTE SWEE FeodA dAVE
AbEEEe] mRdgh & OOl E Aol A 241 FoF wwkele] FESI L, A ARG T EF
FZES =7 200 mLoll A8 10 g2 H7Fske] 100TolA 2A17F £t 3FWzt =389
I, EgeFE2EY duas FEES Aagey oeheS 717 100 mLA A= 5 goll #H 78t
70C %04 247 Bt 7Yz FE39 BE FEEL 12,000 rpme 2 1417 94+
2] gt & membrane filter (0.45 um)& o] #sto] A5 g§Ho = 2839tk

1Y) UV spectrum
Sigma AF2] curcumin (%2 & WEE =9 spectrophotometer (Jasco, Model

V570, Japan)E AH&3te] UV spectrums 5438

Curcumin® HPLCY HZ EXzAS HAES 7] 9o EFESZ Sigma AFY
curcuming AFg&3te] UV spectrumol A H el EF5a4S Hel 424 nmolA] HZ EAxA
S AESYT =, columne Zorbax eclipsee Ciz, 58 0.8 mL/mine] Z oA o] &4kl
MeOH %5 50 %olAFE 100 %7HA =& dElstiar H4 ENxAS HES A, oF

curcumin A HIH O 2 A8
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Curcumin E—@.S A1z 5 goll ol&& 100 mLS #H7bste] 70T =XZolA 2413 &<t 37
FZ3 F 12,000 rpme 2 1023 Y4228kl membrane filter(0.45 pm)=Z o #sfe] Al
Golog Algsltt dx =S A3 AlE= HPLC(Spectra Physics 4000, USA)E o] &3}
A&t HPLC #A%A& ey zZro}h AF&3 A8 LS Zorbax Eclipse Cis(@ 6 mmx150
cmx5 pm, Agilent, USA), "= 75% MeOH, °]5% %+ 0.8 mlL/min, A=7]+ UV 424

nm, A ZEFYHFS 20 pLol At} Sigmaile] curcumine EFE O 2 AFEEY

LA IS

=
=
1o
r
b3
g,
oX,
Me
1o,
o
i
ol
k1
il
X _1@
[-'0
ol
N
do
ol
&
i)
A
4,
o%“:
HH
—t
o
(1je}
=2

g3 dEgrandl dald e F LRyee wag 2A] Askel BFE
=< g, 50T, 80T, 100T R 121CellA zHzh 1A% ZhE A gsilen, degsFaa
Aea 0CAM BFEET H3ro] Aste] LR FEARD AL

Z;{éf)’]—%r/}_ é, %‘% 2 7]—oﬂ5<}ﬂ54 /\]EE 1 mL/y\]Q_ %6’]—0%

Zud RS AFHNE S : =
=81 100 mLoll 2+t =<1 & gt A 2 i d A 108l A 83t dte] #sow
EUARE FEAEE SWAIFE IR A ST 5, &gte] vl sttt 53, Asith 4%, 150
ok 33, ofstrh 23, A ot 1 o2 #sHIFE AAEAT

< Fig. 3-13% o] AAstadt. 7 &=
FZ & (Reflux extraction-Ethanol, RE)2 37 Wz2t#s F2A7 53 &
Oufjel sld= = 4o THT 2 70% oet=S Y1 0T 60T 84
o A A 33 WHE FE3A T 7MY E T FF = (Pressure heating extraction-Water, PW)
2 A7 30W) BF FHFE Y dHFEVIE 110TC, 1.5 71 stel A 3A3F 5k F&
skt Rold FEAL filter paper(Whatman No. 2)% AE t©thg, rotatory vacuum
evaporator (Eyela 400 series, Japan)® &5 & AM&3tdth. 24 559 4 Ax 4 &
W 23 H A5+ 10 mg/mL=E 32438k polyphenol, flavonoid®} DPPH radical &7 A4, A
Aarst AA &Y T SAS] A Asdom ARESEA

= (Reflux extraction-Water,
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Curctima aromatica S.

v v
Pressuer heating
extraction
D.W,110°C,3h

[ Curcuma longa L. ‘

Reflux extraction
D.W,80°C,3h
70% ELOH,60°C,3h

times

Jtimes

Precipitate

Precipitate

Supernatant

Filtation

Freeze drying

‘ Pressuer extraction

Supernatant

Reflux extraction—Water(RW)
Reflux extraction—FIOH(RE)

—\Water(P\)

Fig. 3-1. Extraction procedure of the Curcuma longa L..

12) &5 dg=F=€9 L3

= AEH2(80%) FEES Fig. 3-29F #9] separating funnelol] 23 &ujd F 3o
%2 n-hexane, chloroform, ethylacetate, n-butanol ¥ water® 9% F=3 T 7 I ES
rotary vacuum evaporator® 7} - 53¢ Uy 4 AXRAIA FE7ES AAEta AR g

g49 4§ AR g3
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[ Dried Curcuma jonga L., Curcuma aromalfica S.

Extracted with 80% ethanol
Concentrated by using rotary vacuum evaporator

[ Ethanol extract

Water : n-hexane(1 : 1)

—[ n-Hexane fraction

queous layes }
chloroform

—( Chloroform fraction

=

[ Agueous layes ]
ethylacetate

—( Ethylacetate fraction

[ Agueous layes

n-butanol

4‘ n-Butanol fraction

[ H,O fraction ]

Fig. 3-2. Procedure for extraction and fractionation of Curcuma Ilonga L. by various

solvents.

13) g4tst &4 53
7}) ¥ polyphenol =4
% polyphenol 42 A5E% 10 mg/mL 5% TFF

phenol reagent 0.2 mLE #7}3F & wdk Z3tslo] 387 A
€9 04 mLE 7leteo] e¢etl SRTE { 5
725 nmoll A FFEE SAAT F EH¥E S ES tannic acidE °l&3te] EFEIFAHLE
By d#S ke F534E tannic acidE 10 mg/mL 5 EE SHF5 F =
7} 0, 31.25, 62.5, 125, 250, 500 pg/mL &Ho] HEZ= FH3to 99

FHEE 24940

}) & flavonoi

n &
A\

=S4 B8 E 400 pLel 90% diethylene glycol 4 mLE #7}shat, tf
A1 N NaOH 40 pl. & %<& t}2 37C water batholl4 1417+ ¢t incubation @
E A

&
k3
°ko #+= rutin(Sigma Co., USA)E o] &3slo] TFEFAOR

oY FFE=E =ZAHIAY. H=A
FH stEFS St EFEAL ruting 10 mg/mL TEE FHF FJola HFFEU) O,
31.25, 62,5, 125, 250, 500 pg/mL & Yo] H =& FHsto] 9o} 2 WHoZ 420 nmolA F3

t}) DPPH free radical 24 &4 &3
A& 9] DPPH radical &7 &4 =% dimethyl sulfoxide(DMSO) 100 pLE iz
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2 3tal, DMSO°| el sAek Als 100 pLel 200 pM DPPH 1,900 uLE 748k §, 37°CeolA
30 &)t WHEAIR B 517 nmell M FE e A AEE S48k A8 &(inhibition rate,

%)% T35

%) A2AFHAE dAEH A

A A A3} o A & %5 (thiobarbituric acid value, TBA value)®] =4S 0.1 M phosphate
buffer(pH 7.0)¢} ol&&S 412 E33g & Aol linoleic acidE 0.03 Meo] HE% H7tstsoh
o] 714 &< 25 mLel 0.1 M phosphate buffer(pH 7.0) 24 mL % 0.1% +3& 0.1 mL% =
7bsto] wbg S FAe & Hbgol 20 mLel 35% trichloroacetic acid(TCA) 1.0 mL<} 0.75%
thiobarbituric acid(TBA) 2.0 mL< 7}3 T vortex mixer= &3}l 95T 8 Aol A 40
7+ kgt o] whgAlS A L271X ‘@7“\]74 glaaal acetic acid 1.0 mL, chloroform 2.0
mLE 7}t ZEAIZ 5 3000 rpmoll 4] 5% o YAEE st 532 nmollA A A &
L5 A48T TBA#S 295 #H7H49Y o3& 9} o FFEETEH AESS

uh) FAsA 7 A
g AFsl A 4= (antioxidant  index, ADY¥ Rancimat(Metrohm model 679, Herisan,
Switzerland) & o] &3t AU 2 B8 5o Xty & &3] AAN & 7 BIE
o] steko] 600 ppmeo] H == soybean o0il(Sigma Co., USA)E o] &3] ANE FEHE3 FA|7
Zd EFHEE AT Ranamat-g] 54 202 A5 30 g& WE&7d Heta FFFT 70
S 48714 ¥ F 110ColA air flow rate 20 L/h2 3ol Absperg A& w3t
g4t 8} 4] 4= (antioxidant index, A+ #3 &S H7iet AdT9 FEAS #3858 HIUMeHA
fxzTo FEAORE U s e, B SAAE 33 6

[e]
= BA
B A= FAISATE 7= A& FsAl BHTE Al sl H7kste] 8 dx=ao

=)
=

ofo
ol
)
>

=3

T T

L

il

ol

O

9

ne

rlo

N

N

lo

14) ¢ &4 54
7h) ApEEF E iR
BoAqte] gt &4 ZFHS 9EA A&t w5+ Staphylococcus aureus KCCM
11764, Salmonella. typhimurium KCTC 2208, Vibrio. parahaemolyticus KCCM 41664,
Escherichia coli KCCM 115695 AF£3+9 2™, nutrient broth(NB, Difco, USA)S} nutrient
agar(NA, Difco, USA)H|A| S AL-&3lo] 121Coll A 1587 7kt dEslo] AF&3F3d o)

) AA H) S
AP i Fste] B AR TS HA wiA|el] oy W Alhul 0} A A&
29l HAA % E(MIC, minimum inhibitory concentratlon) = 2 FA TFe
slantol| Al s FE 5 1 W Fo]lE FHste] 100 mL NBell HE, 37C ol A 247\] b &t A7
i, 28 mL FEES NBoﬂ 500, 1,000, 2,000, 3,000, 4,000 ppm == FH7}3h o u) %
of 35 mLE #H3d HZF3ste] 37C shaking incubator(SI-600R, Jeio Tech, Korea)oll A ulj<F
ST 4A1ZF HA SR 24’\]” G AT FEES UM w2 v ide vAEY] A

4 %EE spectrophotometer(650 nm)2 F3EE FAH3F o, ALAE FE2ES Ao ¥

o o

o

)



% = ki3 d = S
of g &A= FEEo] AFAATAE Adstr] Aste] AFA Fe=dS A

)
10 mL brothe] FAS wjx]o] HFst
ot g AlEE 4
15 mLA #Fete] A7, F58& WAE &
5C F84dA BastiaA 25 AFdH(dEA A
oA FF=rt 03] HA I T En
wj A 9lell EFe § a2 A §aLA ¥ =) =

% filter paper disc(Toyo Seisakusho, 8 mm)el 80 pL® EFFA1Z7l 3 FEHEWE 7 Ax
71l A ks gy Rula AlEE Haux] gl Fol HWARAZ T, W4 T)AA 14
b FoF W% ¥ 37T incubator ol A 24~48A17F FoF w3 thg discFH

474 (mm) & S FHH S v w

15) =59 A 29 £ 2 %
7hH AYE&Z(FTAH) 2249 2
NetEFE=S & AFEEst] 4 74 F9=59 LS 4 g = &
Aol Zr3lk oEHolAHolE RIEZREH FEAHES } Zx0# silica gellp 3 cmx35
thA] o8 7 9] subfraction o =

e #, 2 subfractionol] tiste] &S HlastHA Fdd =4S =5 2SS,
_T'
o

20, 40, 60, 80, 100% 7HA @A ez F7FA7IHA &E8Ath F+52 1.0 mL/min= 383l
fraction collectorg AR&3te] £8F 10 mLA FHATH o5 EIEES TLCH A7ls
of H]x2gk RfAE Hol=  fractiongS ote] & 8709 fractiono® & stadth. o] ¢ o]

7t BEEES #YE S5l paper disc Wl meEt A S FAHSI] St s}
3]

5 compound I, I, M, V= 23 tH(Fig 3-3).

YA =

curcumin ¥+ % Z(curcumin, demethoxycurcumin, bis curcumin
demethoxycurcumin)®] +% %4 1H-NMR(Bruker, Germany, Avance 400, 400 MHz)S o] &
slo] BAEIY. EFEAy FE5ES ZH2F NMR £1¢ #wl8-3(MeOHD3)oll &A1 71 & A
oA IH-NMRZ41& 3t ow, ppm Tl = 3184 o] & X|(chemical shift)E 7|53}t
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Curcuma longa L. Powder

| EtOH(9 L)
EtOH extract

‘ Hexane : MeOH : H,O(10:1:9) (3 L)

Hexane extract H>0O layer
| CHCls
H>0O layer CHCl3 extract
| EtOAC(3 L)
H>0 layer EtOAc extract
‘ BuOH(3 L) Sftica Gd Cdum Chranatography
(1020 mesh, nerck)
HO BuOH extract duted with CHOsVECH step-wise
extract 100-82—64-46—28-610)
TLC(CH:Cl; @ MeOH =
30:1)

\fr.A\ \fr.B\ \fr.c\ \fr.D\ \fr.E\ \fr.F\ \er\ \fr.H\ \frl\

Compound I I I v

Fig. 3-3. Purification procedure of antimicrobial substance from

Curcuma longa L. powder.

16) U] BE 5 =
7} dukAESF =

AnbAlTte] Ayt AL fste] AR w5 % AF 555 424 10T 20T elA
1
+

o
N

d FoF AFSY 3¢¥vltt 1 mLS #H3 $, plate count agar(PCA, Difco, USA)WI A& A}
stol 121Col A 1527 7kt AT @ w7 20 mLL petri dishel 71@ ¥, $mAAT o]
7zt A8 1 mLE BFFE o] &38te] 10744 Asta 50 pLE A =TES Agdte] &

5

3 ¥ 37°C incubatorol A 24417} wjeFste] W FEE =46

g 2 oo
o

I ol M &35 % AT HFE 47 10T 20TelA 12
o Fob AFste] 3dUnttt 1 mL& HF §, YPM agaril A& AH&38tdth. YPM agardf A =
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=59 1 Lol glucose 2 g, yeast extract 0.5 g, peptone 5 g, KH:PO, 0.8 g, KoHPO, + 3H-0
0.35 g, agar 15 g & A FsATt 1 T, 121CoA 1587F 7FE d# 3k wjA] 20 mLE petri
dishell 7} 3, SuAlA, 2+ A& 1 mLe HFFE ol &ate] 10744 3|4 sta 50 e

o) =g Agske]l mWE F, 37C incubatordl A 24X WjFstel AT E FA st

th HAES 53
FAEe Qs AAS el A £FF L AF GFEE 47 10T 20CAA 12

oF A Aste] 3dritt 1 mLS #H3E F, MRS agar(Difco, USA)R| A& A}-8-3}o] 121 C ol
B2 7t E43 vl A 20 mLE petri dishell 7FsF & S A TE o 7)o 72 AE 1
Q52 o] 43t 10°7b4] A et 50 plLe & =TES AlEse =i & 37T

%) aRS 34
BES A4S fste] M 2w s % AdE HFE 47 10T 20TeA 124

A A =
Agste] 39uitt 1 mLE #H 3 3 YPD agar(Difco, USA)M| A S AF&3}o] 121TColA 158

SO

7het Earsk wl A 20 mLE petri disholl 7FsF 3, STAIHTE 7)o 72 A8 1 mLE HEiF
2 o]l g3le] 10°7hA] 8| Asla 50 plLE Hal =dES Algsle] =@ & 37C incubatordl

A 2447 WoFstel ARFE EY ot

Al5 10 mLE 20 mL vialel go] a5wuprjet &FnH F42
2 WA A7l & Headspace Autoinjecter(Techma-HT-3)ol4 70T A 50% %<t HIF3} A
71, 714 1 mLE GC-MS(Shimadzu GSMS-QP 2010 Plus, Japan)ol ¢ 3le] #4351
o column< HP-INNOWAX(crosslinked polyethylene glycol, 30 mx0.25 mmx0.25 um film
thickness)E& AM£3F%1 3, oven &%+ 35TColA 287 HHEE 5 00C7HA] £9F 4T= 5=
AZ13L 1333 w52 g 3 oA 190C 7HA] #+'% 8T & F=A7]aL 1637 &<t wF27 3t
o1 injector &XEE 250C3FHTE B carrier gas®E HeS 9 3.0 mLE E 27 3o 30%
T spilit mode® A3+ F = spilitless modeE ©] 83911 spilit ratiox= 80:12 3+ th Mass
spectrometry®] ion sourse =%+ 2007C, interface &%+ 250C= 3tal, EI' moded] ion
energy= 70 eV ollom, g gl & NIST/NBS libraryE ©]-&3}1

A2yg 4
7bh, 59 FoE AR ¥
1) €39 5948 g8 =4
Swo Fod dAdEs A e fete] 8, &7 9 BYR Fiete] 24 A
i+ Table 3-13 o} dvAE T FES =771 91.98% = 7 =dor, 11 S ¢oZ+
a7l 89.04%, <ol 83.35%= UrEbwth ZukwlAe ¥yl 172% 2 7P E=okom Qo]
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035%, %717k 029%% Rath A %S Z7)olA 066%, FAFE AolA 849%, F8He
Adoll A 191%= 217 =A Yeryth 7t SAFALELS dolA 550% = 7 =qkor e v)
391%, =717F 2.19%= 77t JERgt),

Table 3-1. Proximate composition of different parts of Curcuma longa L.
(unit : %, wet basis)

Composition Leaf Stem Root
Moisture 83.35 91.98 39.04

Crude protein 0.35 0.29 1.72
Crude fat 0.40 0.65 0.25

Crude fiber 8.49 4.45 3.37

Crude ash 1.91 0.44 1.71
Soluble nitrogen substance 5.50 2.19 3.91

o F9d FUIAdE S BA4% A3 Table 3-29F 2ok B9l FUIAE F

! = veb o, A5, W1k, d, ofd T U]%kib— Uk
k7t 5541 mgo%et 30991 mg%, AT F7|GIA o] 7
mg2%e} 23.00 mg%, 917 Z71oA4 v 1ul%o] 7523 meoel 28.18 mg%, o1 g alel
7230 mg%9} 54.72 mg% 2 =2 TS HAT. WS oA 127 mg%zE F7]9F Bl
HI| A=A UEbd e a5, H 3 E YA 9 ofd & vFoE ey

1‘
Uim Wi
N
N
-
o

ok Sl Hiejel A

Hl—r

Table 3-2. The contents of mineral elements in Curcuma longa L.
(unit : mg%, wet basis)

Minerals Leaf Stem Root
K 559.41 85.23 309.91
Ca 145.13 23.00 11.47
Mg 75.23 28.18 20.18
Cr 0.26 0.01 -
Mn 12.78 1.36 0.93
Fe 1.60 - 0.46
Co - - 0.04
Ni 0.02 - 0.02
Zn 0.22 0.24 0.12
Sr 0.32 0.10 0.04
As 0.22 0.02 -
P 72.30 45.95 54.72

e 3o F9d opExy B
) Ak §F
obvlicite g AEe FAS AAss A 27 P Tl

2o A3 A= Table 3-33 2o aspartic acid € 165 9] ofn|:=Abo] &l ¢},

217 nQL'
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o A5, T T4 otvl=ite] 30719 mg% FfrEel Jdow, Fa FAoln| =4k aspartic
acid, glutarmic acid, leucine % alanine® = Z}7Z} 63.14 mg%, 58.16 mg%, 24.65 mg%, 19.17
mg%° THFS el E719 A= & 744 obvrl=Ato] 276.89 mg% FHrE o] low,
T8 A oln =ik glutarmic acid, aspartic acid, leucine, lysine, serine % alanine®. @ Z}7}
39.12 mg%, 27.76 mg%, 27.12 mg%, 19.39 mg%, 19.30 mg% % 18.39 mg%<°| =S e
th BEel A= F 7 otuiibe] 182267 mg% FTrE dow, Fo FAolH Ak
glutarmic acid, aspartic acid, leucine, threonine, serine, lysine % alanine® = Z}7} 285.48
mg%, 178.45 mg%, 163.99 mg%, 162.33 mg%, 113.25 mg%, 113.02 mg% %L 111.91 mg%<]
e dEin ol de AdE FedE mlusEw, & A ofv=qbe] gheko]l #Ert
1,822.67 mg% = 7Hd =A WEtstow, I ofnbe] gk Heo) A 80848 mgk® 7HE
=A e

of

adl

Table 3-3. The contents of total amino acids of Curcuma longa L.

(unit : mg%, wet basis)

Amino acids Leaf Stem Root
Aspartic Acid 63.14 27.76 178.45
Threonine 2.43 6.63 162.33
Serine 15.48 19.30 113.25
Glutamic acid 58.16 39.12 285.48
Proline 11.20 14.29 64.59
Glycine 14.61 16.44 96.77
Alanine 19.17 18.39 111.91
Cystine 0.00 0.00 0.00
Valine 17.21 17.72 104.72
Methionine 3.73 3.97 23.82
Isoleucine 13.44 14.56 87.33
Leucine 24.65 27.12 163.99
Tyrosine 9.04 9.68 62.21
Phenylalanine 13.99 16.70 104.02
Histidine 8.65 9.39 49.25
Lysine 17.21 19.39 113.02
Arginine 15.09 16.44 101.53
TAA 307.19 276.89 1,822.67
EAA 103.31 115.51 808.48
EAA/TAA(%) 33.63 41.71 44.35

TAA : total amino acid.
EAA  essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys).

) felobmlwmat g
279 Fd fFalolu At gS A3 A3 Table 3-49F 2ow, Aol =4t
Ch2 A Q& aspartic acid 9 14%, Z7]9} ¥y +

= o = 15% 9] ofnicite] 747t FlE ).
Aol A, F FE obvieito] 2534 mg% R EOl dom, Fa fEotn] ik threonine,

- 133 -



aspartic acid, alanine % valine®® Z}7} 7.17 mg%, 5.28 mg%, 3.69 mg%, 2.92 mg% %
1.29 mg%9 I=FS Uttt £719 A9 & FrElohrmAte] 1499 mg% 3HrE o] 1o,
T8 fFgo}lv] =42 threonine, glutamic acid, aspartic acid, alanine % phenylalanine® = 7}
7+ 3.61 mg%, 2.42 mg%, 152 mg%, 143 mg% % 131 mg%<e =S yeb e 74
T & frelobulmAte]l 34737 mg%®E b @Wol 3hrEol doew, F8 fFeopr ikl
threonine , glutamic acid, alanine, aspartic acid, phenylalanine % serine &2 Z}7} 8.16
mg%, 7.13 mg%, 3.38 mg%, 2.89 mg%, 2.71 mg%, 2.13 mg%<2 TFS

e FodEE vusEA F fFEotu| ety R Aot gk R o] Bev)y T =
el ot A4 ofm kel gake o] 1094 mg%E MY =dkoen, O o2 et
10.47 mg%, =717} 537 mg% o & YERRT

O

Fl

Table 3-4. The contents of free amino acids of Curcuma longa L.

(unit : mg%, wet basis)

Amino acids Leaf Stem Root
Aspartic Acid 5.28 3.61 8.16
Threonine 7.17 1.52 2.89
Serine - 1.43 3.38
Glutamic acid 2.92 2.42 7.13
Proline - - -

Glycine 0.91 0.18 0.82
Alanine 3.69 1.20 2.02
Cystine - = -

Valine 1.10 0.72 1.34
Methionine 0.23 0.05 0.09
Isoleucine 041 0.25 0.36
Leucine 0.55 0.29 0.64
Tyrosine 0.31 0.10 0.63
Phenylalanine 0.12 0.50 1.55
Histidine 0.77 1.31 2.71
Lysine 0.59 0.73 0.89
Arginine 1.29 0.68 2.13
TAA 25.34 14.99 34.73
EAA 10.94 5.37 10.47
EAA/TAA(%) 43.17 35.82 30.14

TAA : total amino acid.
EAA  essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys).

4) E€59 794 fu3y &§F
T Y {9 FFS BAS A= Table 3-59F 2o Fo fEEe
fructose, glucose, sucrose 5 371 <] %O] Q’OLE]%E, 9, 7] 2 ¥ F frelde] 206.87
mg%, 320.36 mg% % 54635 mg%® 77 et Rzt g B 3

[e]
o] 2470 mg%, =717} 52.80 mg%, % 11]7} 50.98 mg%E Ho] =7]dA 7HE E=9ke
Z7] @ Mo A ExFo] 27 1252 meg%, 43.67 mg%, 45.03 mg%, sucrose
mg%, 223.89 mg%, 450.34 mg%S Ho] oA 71 e THES HIUTH

rr
3
L
—_
D
O
o1
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Table 3-5. Contents of free sugars of Curcuma longa L.

(unit : mg%, wet basis)
Sugars Leaf Stem Root
Fructose 24.70 52.80 50.98
Glucose 12.52 43.67 45.03
Sucrose 169.65 223.89 450.34
Total 206.87 320.36 546.35

5 €59 94 {74 &§F
w9 F9d §71AF S 248 A= Table 3-63 2ok 79 59 78 {7
Abe 9l3 7]+ tartaric acid®} oxalic acid 2F°] EelFH Ao} HEo A= tartaric acid,
oxalic acid, citric acid ¥ glutaric acid & 4F°] A=A

Table 3-6. Contents of organic acids of Curcuma longa L.

(unit : mg%, wet basis)
Organic acid Leaf Stem Root
Tartaric acid 33.57 1,325.36 56.71
Oxalic acid 555.65 155.79 139.26
Citric acid 170.10
Glutaric acid - - 159.99
Total 589.22 1,481.15 526.06

6) =39 ¥92E curcumin & F
v 9% curcumin FHES FA% A¥= Fig. 3-43% 2ok 359 delA 028
mg%, =717} 0.39 mg%, oA 108.80 mg%Es Ho oA 7HE =wstow, o3 F7]0

N el vge] 1%

At

110.0
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o

o

o
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Fig. 3-4. Contents of curcumin of Curcuma longa L.
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AAAN ) e e ET BET QMR BH ABE Table 3-77 P FE
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Table 3-7. Proximate composition of in the Curcuma longa L. and Curcuma atomatica Salib according

to picking time (unit : %, wet basis)
Samples“
Cormposition Curcuma longa L. Curcuma atomatica Salib
A B C D A B C D
Moisture Q280112 LATELIE 850095 8449+1.10° BR800 31N 8188129

Crude protein 164+021"  187027° 2274025 237+059° 1544027 174+020° 193037 186:041°

Crude fat L4007 113:008°  119:024°  1.25+0.2° 0854015  097:0.29° 1L07+018"  109:0.%5"°
Crude fiber 2574025 255%046" 213021 181#022 251028 236+0.3%° 19040348 171:043
Crude ash 1194012 168:021° 185072  1.83+0.29° 087021 099:0130°  157+042°  1.72:029°

Soluble nitrogen ~ 1079+081* 936079 415+073" 853119 1812¢109"  1544+1.3%° 967+1.03" 1158130

YA; Sampled on October 24, 2006,

B; Sampled on November 24, 2006.

C; Sampled on December 24, 2006.

D; Sampled on January 24, 2007.

“Mean+SD (n=3) with different superscripts within a row are significantly different (p<0.05) by Duncan’s multiple range test.

2) 7143 55 TF
FERY TteE = 8 F71d %S ICPE o] &35t &+

5t A3+ Table 3-8¥ 2t} P e 7FSEw0A CAIE7F 127.82 mg%, wEaolA e
DAlE7} 107.83 mg%= 7 =9kal, + Tl A 65.70 mg%, 81.88 mg%
2 7HF 9 yeigten dAwbdow Bego] VteewiEY =& SR de Btk Cad
g T TF BT DAETAA 2436 mg%, 21.63 mg%E 7HE =4 UEl o AAE T
A 882 mg%, 1263 mgk®E 7Hd 2 e EAt Ko §EFe 7heewelA CAETH
633.69 mg%, BFolA BAIET7F 64376 mg% = 7FE =i, M 9o AlETtE SR
FoANA AAET7) 58247 mg%, 7tEE3 DAIET7) 47238 mg% = 247 YERsEo U T zfol
= HHEA T Na9] $=F2 7Heew9 A5, AANET 1952 mg%olA ANF A7]7F =oAd 4
5 A gaste] CARTANA 696 mgh=E 7HE e IS Hou o3l DART
o M= 5456 mgkE F7tete] 7MY =& FAEFE EATh Mg ¥ ThEEEolA DAR
T7F 56.09 mg%, H&FolA AXNE T 5453 mg%E M Egkow, Mg we AlgE4E 7
SE&FAA AARE 2901 mg%, B=aolA BAIET 2659 mg%= YENGT o] g AyE B
o AHAA 7] e iR o Fr1Ae RS zolrp FElEeH, Theewe AT
NAANZ17F =275 P, Ca, K &% S7Mste AF¢FS B0y o538l DA ST olA=
OAh ZAastes A%S 290 1 9 Mn, Fe, Cu, Zn, Sr, Al 59 715 52 Algd wghA
o] % Rov AHAZIE RS Aol FoAo] AT EF Cr, Cd E Hg 59 <
(e2]
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Table 3-8. The contents of mineral elements in Curcuma longa L. and Curcuma atomatica Salib according

to picking time (mg%)
Samples“
Mine e i . ;
vl urcuma longa L. Curcuma atomatica Salib
A B C D A B C D

P &7 200 1R 8ALIS 818818 S LF N21.2AP 107.83+1.20°
Ca 87 UB08  DELX AP 1263+1.09 1412¢104 14454086 2163+119"
K 5406 565740 6B0AR 622490 M54 6B76:188  BLALL6S 472384166
Na  192406F 187308 69608 KL 41634104 9159+1.41° 3L70+143 9214121
Mg Q05 020100 XL 00 5453127 2%659:1.%6° 219:1.08 40342119
Mn

002:001° 040:006" 0052001° 014002 1759138 016£008° - 105008
Fe 2 - - 019:002" - - - -
Cu - 014007 007:001° - 0562007 009:002° 001:001” 0.040.01°
n - 670:080" - 085007 - - - 041007
Sro 008001 010002 012:00° - 0424008" 0074002 008:001" 016:008
Al - 2808 - 1302019 7330+1.21° 1410£052° 855:014° 943069
Cr - - - - - - - -
Cd - - - - - - - -
Pb - - - - - - - -
As - - - - - - - -
Hg _ _ _ _ _ _ _ _

1Samples shown in Table 3-7.
“Not detected.
“Mean+SD(n=3) with different superscripts within a row are significantly different (p<<0.05) by Duncan’s multiple range test.

3) ot =4t g
7 FARokm =4t FF
AAA 7T W TrEEEH mEwe Ao A S ol AR E A TE AL
43te] =A% Ay Table 3-9, 3-107 2o aspartic acid 2] 16F9] ofu]=Alo] o]y
At TFEeaY A4S, T FA-or| Aol AAETFE 159151 mg%, BAIET T 1,753.07
mg%, CAl5E 7% 2,081.24 mg%, DAl &7 1,957.32 mg%7F 242t g5 o F8 G4
ofn] =22 gspartic acid, serine, glutamic acid, valine, leucine® AA &7+ 217} 448.15
mg%, 114.65 mg%, 219.42 mg%, 109.27 mg%, 144.30 mg%, BA 571+ 27} 467.33 mg%,
11357 mg%, 24455 mg%, 110.61 mg%, 144.94 mg%, CAl 57T 2ZrZ} 504.41 mg%, 118.35
mg%, 27771 mg%, 123.44 mg%, 182.67 mg%, DA 57+ 27 479.04 mg%, 112.37 mg%,
27855 mg%, 111.72 mg%, 15920 mg%<°] &S YEHTE o] Az By Aoz
AAAZ17F 1298 CAEF7HA = ofnmike] ghako]l Frbetthr vh5sidl 192 23 3 DA
ST E oFF A }b Ao e Eg AW kY] F SEFel A 8F 9 Hgrol

n=2ko] 1 ¥ gkxlo] glom  Ffolu|imibo] ApAEE H & E GA] AA R 32.80%, BA
57 34.50%, C/\]E? 7.40%, DA ET 35.14% = AH A 717 129744 = 27187 oS3
ol 1¥9Td = oF7F fAastes Aoz Yelyth B39 A9, F Ao Aol ANETE
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1,5649.00 mg%, BAl =7+ 1,605.68 mg%, CAl&7+ 1,776.35 mg%, DAl 57+ 1,722.74 mg%
St-wo] lom £ FAolu] =AFS aspartic acid, glutamic acid, valine, leucine®. = AAl &
T ZH7Z) 39952 mg%, 221.34 mg%, 11675 mg%, 13161 mg%, BAIE7% 77t 404.34
mg%, 233.27 mg%, 12459 mg%, 13554 mg%, CAE7% 27 41370 mg%, 256.51 mg%,
132.41 mg%, 14559 mg%, DAlE 7% ZFZF 40811 mg%, 231.64 mg%, 134.15 mg%, 143.87
mg2%9 s HEtlT oY AdE BY JtEEud nHA R CAIRT A= ofH =
Abel gheFo] FUbstu7l DA E ol M= oftt aeks Ao m yehwt e A ohr At
o] F FrFolA 8F ¢ Hobr|ito] 1F E3tE o] glom Ffopn| Ato] ApA| ek Hl &
A AA BT 35.62%, BAE T 35.34%, CAIET 36.42%, DAIET 36.84%= | H A 717 12€
M= S7Fstth 7 thallQl 19 gl = 2k gF FHAste A o= e

Table 3-9. Contents of total amino acids of Curcuma longa L. according to picking time
(unit : mg%, wet basis)

. . Samples”

Amino acids A B C D
Aspartic acid 448.15+2.35° 467.33+1.85° 504.41+1.72° 479.04+1.35°
Threonine 7151217 7956+1.27° 82.41+1.06° 80.630.96°
Serine 11465+2.26° 113574117 11835+1.44° 112.37+1.16°
Glutamic acid 219424173 2455+1.80° 7714182 27855+0.91°
Proline 5367+1.11° 54314175 53.17+1.40° 53 47+1.20°
Glycine 90.50+1.31¢ 91.66+1.44° 10259+1.00° 10050+1.05"
Alanine 9351+1.08° 96.95+1.68° 97.69:1.14° R.3H121°
Cystine - - - -
Valine 109.27+1.05° 110.61+1.71° 123 44+1.00° 111.72+1.05°
Methionine %6.35+1.05° 2773+1.16° 95.58+1.1%° 91554126
Isoleucine 96.00+1.15" 96.28+0.84" 9959+1.40° 88.45+1 46¢
Leucine 144.3042.09° 144.94+1 54¢ 18267+1.51° 159.20+1.49
Tyrosine 24.00+0,62¢ 275041.11° 46424108 50.64+0.95"
Phenylalanine 93.79+1.22¢ 57.8141.24¢ 112.96+1.64° 99.30+1.67°
Histidine 15.771.21¢ 3057+1.36° 5355+1.16" U542.15°
Lysine 291741014 5738+1.1%° 9829+1.17° 824341.16°
Arginine 95.43+1.49° 52.3241.30F 97.41+1.09° 8857+0.8%"
TAAY 159151 1,753.07 2,081.24 1957.32
EAAY 522.08 604.83 71850 687,83
EAA/TAA(%)” 3280 3450 3740 35.14

1Samples shown in Table 3-7.

)
'Not detected.

ITAA, total amino acid.
)

oW N

EAA, essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys).
5EAA/TAA essential amino acid/total amino acid.

. dMeaIrrSD(n 3) with different superscripts within a row are significantly different (p<<0.05) by Duncan’s multiple range test.
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Table 3-10. Contents of total amino acids of Curcuma atomatica Salib according to picking time
(Unit : mg%, wet basis)

) . SamplesD

Amino acids A B C D
Aspartic acid 399.52+1.95° 404.34+1.71° A1370+0.80° 408.11+1.96°
Threonine 5363£1.13° 52.60+1.23° 71.44+0.94° 7877+1.43°
Serine 95.35+0.83° 96.27+1.21° 115.46+1.35" 114.46+158
Glutamic acid 921.34+1 .28 233.27+1 82 256.51+1 49° 231.64£1.70°
Proline 5050+1.33¢ 52.62+1.06% 55.53+1.35" 53.28+1.76°
Glycine 7541073 8859+1.09° 99.65+1.20° 94274137
Alanine 8363+1.13° 90.65+1.02° 103.34+1.09° 99.38+1.45°
Cystine B - - -
Valine 116.75+1.22° 124.59+1.24 132414115 134154117
Methionine 922.81+1.21¢ 95.58+1.35¢ 31754119 29.60+1.20°
Isoleucine T2.57+1.04¢ 7361+1.02° 86.38+0.82" 86.35+1.01°
Leucine 131614118 135.54+1.24° 14559+0.97" 143874145
Tyrosine 51.26+1.02¢ 51774153 56.58+1.52" 54.43+0.73
Phenylalanine 8311163 81.44+1.26° 99.54+1.47° 80.34+1.19°
Histidine 22.80+1.19° 92059+1.08" 3059+1.05" 20.20+1.54°
Lysine 4344+1.22° 14454197 £9.27+1.70° 4339+1.13°
Arginine 20254131 20.76+1.84¢ %.62+0.97" 32514077
TAAY 1,549.00 160568 177635 172274
EAAY 5173 567.41 646.97 634,67
EAA/TAA(%)” 35.62 35.34 3642 36,34

D

Samples shown in Table 3-7..

'Not detected.

)TAA, total amino acid.

F)EAA, essential amino acid(Thr+Val+Met+lle+Leu+Phe+His+Lys).

YEAA/TAA, essential amino acid/total amino acid.

“OMean+SD(n=3) with different superscripts within a row are significantly different (p<<0.05) by Duncan's multiple range test.

w

=

W) FrEobH =4k g

AAA 7T e Theesad saad Feohr Al S ol RAHEA YIS o] S
4%t A3}= Table 3-11¢} 3-129] YEeR om FAJoln w=Ak3} o] aspartic acid ¢ 16%
ofulizqbo] FRIF AT 7heET9 A5, T fraotueite] AAE A= 72.22 mg%, BA
T 11200 mg%, CAET+ 11378 mg%, DA &7 11880 mg% Tfr=o o, F4
A obr] 22 aspartic acid, threonine, serine. glutamic acid® AAl&7+= 242t 15.28 mg%,
19.37 mg%, 1561 mg%, 6.10 mg%, BA= T+ 77} 2858 mg%, 25.67 mg%, 21.89 mg%,
1853 mg%, CAl=7% 22t 3242 mg%, 2357 mg%, 18.78 mg%, 18.88 mg%, DAl =++= 7
7} 33.63 mg%, 25.28 mg%, 19.25 mg%, 19.20 mg% T HFHS YERWL o]9f e AyE B
o, dAykAom ANV mS5FE FElotrmAike] ko] FUlE e AdE BT =3 &
gopr| =ik e] & shEFoll A methionines A& gk 7F 9] HFolrnibo] T EFE glom,
dgoluizibo] 2FA| k= H &2 AA ST 40.27%, BAl 5 32.95%, CAlE7- 31.34%, DAl =+
31.69%= AHAAZI7F =S5 ofF #Hhcte AFoR UeEY. B5Y 45, T oty

wAbo]l AAlE = 4653 mg%, BAIET+= 5870 mg%, CAl&ET+ 61.95 mg%, DAlET+&

W
ol

O
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64.45 mg% S-Eol Qo Fa FAolu| =AkS aspartic acid, threonine, serine, glutamic
acid® AN BT+ 47 864 mg%, 16.23 mg%, 4.74 mg%, 6.70 mg%, BA &7+ Z+7} 8.89
mg%, 19.28 mg%, 6.90 mg%, 1156 mg%, CAlET+= 27 947 mg%, 19.31 mg%, 6.88
mg%, 11.55 mg%, DA &7+ 247 11.70 mg%, 19.62 mg%, 7.54 mg%, 11.67 mg% <=
Hetdlth AHAZI7E =oldeE fEobr it 3ol FUlkele AFoR UEW o
methionines A2k 759 ol =ite]l F F3HEo] Q= A= YeET Faob] e
kol AAshE Ml &S AAET 47.19%, BAI ST 4555%, CAlET- 43.27%, DA+ 42.38% =
AAANZI7F =oAd a5 ofgF fHacte A¥oR Uy oy tEEaEtdE a8 HES
Hol o2l zo]E HATHP<0.05).

Table 3-11. Contents of free amino acids of Curcuma longa L. according to picking time
(unit : mg%, wet basis)

) . Samplesl)

Amino acids A B C D
Aspartic acid 15284087 853130 32.42+121° 33.63+1.21°
Threonine 19.37+1.16° 95,67+1.43° 9357+1.06" 95.98+1.1%"
Serine 15614116 91.89+1,02° 1878+1.15° 19.25+0.85"
Glutamic acid 6.10+051" 1853+1.05" 18.88+1.27° 19.20+1.26"
Proline 0.000.00 0.00£0.00 0.000.00 0.000.00
Glycine 0.74£0.06" 0.77+0.08 0.75£0.11° 0.87£0.13°
Alanine 359+0.3% 318+0.1& 411#014° 453+0.43"
Cystine 2 - - -
Valine 2024017 167+021° 273+0.18" 2.76+0.24°
Methionine 0.00£0.00° 0.3340.05" 0.44+0.10° 047+0.13°
Isoleucine 1.28+0.11° 1.78+0.20° 102+0.07 1.34+0.25°
Leucine 1.59+0.20° 1.48+0.20° 15240.15® 1.44+0.20°
Tyrosine 1.1340.13° 1.3740.15° 1.4240,09" 1.48+0.10°
Phenylalanine 158+0.31° 194£0.19° 2.06+0.09° 2.16+0.17°
Histidine 2234017 2444022 269+0.27° 264+0.19°
Lysine 1.34+0.23° 160+0.12° 164+0.31° 158+0.35°
Arginine 0.35£0,06° 0.75£0.09° 1754018 2.17£0.21°
TAA? 2.2 112,00 11378 11880
EAA" 2941 3692 3567 3767
EAA/TAA(%)” 4072 2% 31.34 31.69

1Samples shown in Table 3-7.

)
“Not detected.

:TAA, total amino acid.
5)

oW

EAA, essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys).
7EAA/TAA essential amino acid/total amino acid.
d ClMearﬁSD(n 3) with different superscripts within a row are significantly different (p<<0.05) by Duncan’s multiple range test.
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Table 3-12. Contents of free amino acids of Curcuma atomatica Salib according to picking time
(unit : mg%, wet basis)

. . Samples”

Amino acids A ) C D
Aspartic acid 8642049 889:0.71° 947052° 11.700.80°"
Threonine 1623117 19.28+0.83" 19.31+1.22° 19.62+1.00"
Serine AT4£0.24° 6.90+0.79° 6.83+0.73° 754+0.55"
Glutamic acid 6.70+053" 11.56+0.89° 1155+0.72° 1167+1.00°
Proline — - - -
Glycine 052+0.12° 050+0.15" 0.58+0.10° 050+0.13"
Alanine 2.48+0.36° 250+0.44° 487+0.28° 406£0.16"
Cystine 0.00+0.00 0.00£0.00° 0.00£0.00 0.0040.00
Valine 0.76:0.20" 0.80£0.22° 0.88£0.11" 0.94+0.12°
Methionine 0.000.00 0.00£0.00 0.12+0,03° 0.15:40.04*
Isoleucine 0.09+0,03" 0.48+0.13" 0.45+0.10° 0.440.10%
Leucine 0.44+0.06" 0.87+0.11° 0.75+0.17" 0.84+0.07"
Tyrosine 1.13:0.11° 115:0.16° 1.20£0.24° 0.98+0.10
Phenylalanine 0.94+0.09° 0.93+0.18" 112+0.23° 1.15+0.16°
Histidine 2.40+0.29° 2.67+0.28° 2.6840.27" 9.59+0.45"
Lysine 1.1120.14° 169+0.21° 150+0.44° 159:0.37"
Arginine 0.35+0.06" 0.39+0.10" 0.58+0.12° 0.63+0.20°
TAA” 4653 58.70 61% 6445
EAAY 21.97 %.72 %6.82 27.32
EAA/TAA(%)” 4719 55 832 233

USamples shown in Table 3-7.

)

“Not detected.

‘*:TAA, total amino acid.
)

o

=

EAA, essential amino amd(ThﬁVal+Met+Ile+Leu+Phe+His+Lys).
5EAA/TAA essential amino acid/total amino acid.

. dMeaanSD(n 3) with different superscripts within a row are significantly different (p<<0.05) by Duncan’s multiple range test.

HHO :lo

g3 2 &4 -4 o
=l ? T

of 3w F2 F8IFS fructose, glucose X sucrose 5 371 o] Flw
=5 AAAE Fe g FLdIe FHWHS= Fig. 3-59F 2ok 7tEEwe AF, F

E]%O] AANBTE 1,020.63 mg%, BAETE 1,048.01 mg%, CAl &7 97854 mg%, DAl &
= 75871 mg% ol 9o, Fa 8 Fe fructose, glucose, sucrosed] S HWE A
Alg 77 22 1923 mg%, 80.11 mg%, 921.29 mg%, BAET+ 22 5532 mg%, 70.56
mg%, 922.13 mg%, CAl=T= 72t 59.44 mg%, 62.32 mg%, 856.78 mg%, DA+ 77zt
56.80 mg%, 34.32 mg%, 66759 mg% T FES HJow, AT AANF 7} 895%, BAIET
7} 15.70%, CAl =77} 20.53%, DAl &7 11.53%9] st#FS H Gt} Fructose= 2 F Al 717} =9
A4E HA F71s9 o glucose?t sucroses #AdteE AES HYgow, fuld = e
NAANZI7F =old 45 A st vhd g AFA A 77 12970 A = F7bskt ot o
S 19 %o = Ui #BAastes AEFS B

Fea9 AF, T FEdol AANFET = 70371 mg%, BAlET+ 59487 mg%, CAlET&
501.98 mg%, DAIEFE= 47759 mg%o] Z+zt shiEo] 9ow, F8 FE @<l fructose,
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glucose, sucrose= AABT7F 22 1945 mg%, 99.67 mg%, 58459 mg%, BAl = 22
64.33 mg%, 93.21 mg%, 437.33 mg%, CAlRET& ZZ 66.95 mg%, 6852 mg%, 366.51 mg%,
DA BT 7256 mg%, 4836 me%, 35667 me% WHE Bgow, FAFE ANRTI
10.20%, BA&57F 1227 mg%, CAET7F 1256 mg%, DAETE 842 mg%e #3¢ Wl
o.oolg ZE dite &3 mEvbR AR 2IARE fructose HA FrhEigle
Y glucoset sucroses #HadtE A4S HYon, Fud 2FFL AN} kol
Hx Aasgod, 3432 AHAZF 129744 Zrhadr) el 19T a7
avte AFE Both

e € v XY fFEde A9 sEEFol 14~199 AxE o ¥

€ B3, FUFE ANEE Adstas teedel 13~169 HE ol o ®A vt
F9H 2 2olE B YTHP<0.05).
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Fig 3-5. Contents of free sugars and reducing sugar of Curcuma longa L.(A) and Curcuma
atomatica Salib(B) according to picking time.

"I\ean+SD(n=3) with different superscripts within a row are significantly different (p<<0.08) by Duncan’s multipie range test.
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5) HEtF ¥

AAA 7T e ThEEEH Feadd g vERS 243 Z3= Table 3-133% 2
o 7FEeFe A, AANETFE BEY CoF Biol ZHZ 101.27 mg%, 9.27 mg%, BAIE =
11459 mg%, 441 mg%, CAlE7+ 301.65 mg%, 350 mg%, DAl&7+ 132.01 mg%, 2.88
mg% = YERSGTh o]l Az HW vER Ce 1297MA = F7hstart 19 AlsTellA =
A #assloy Bl Ave AMAANVIVE =2 s AR Fhste AFS BAT 55
o] A%, AXN BT+ HE CoF Bio] 77} 97.28 mg%, 16.25 mg%, BAIE 7% 123.40 mg2%,
1872 mg%, CAl=Z 7+ 21741 mg%, 22.72 mg%, DAl 57+ 211.03 mg%, 21.74 mg%= E}
gt BeEae MEEade 2 vER CeF B BT AFA ZAZFE FA SUbskeE
AEFS Btk vER Cx 7FeEae] 4 %oy Bio A¢E B ¥ =4 vEY &
o)Xl Aol HYow 53 DAETFE Tl o)A tl EATHp<0.05).

Table 3-13. Contents of vitamins of Curcuma longa L. and Curcuma atomatica Salib

according to picking time (unit : mg%, wet basis)
Samplesl)
Curcuma longa L. Curcuma atomatica Salib
A B C D A B C D
V. C o2e26f 4B 68K 1R0HB TRAE BT 4N 2LBHE
Vt. B Q08T 41068 35T 284077 6590 B2 27pdet 2A740E

1)Samples shown in Table 3-7.
a-d)MeantSD(n=3) with different superscripts within a row are significantly different (p<0.05) by

Duncan’s multiple range test.

6) v ALY /714 FF
My Fe€9dd FHFE F2 #7142 oxalic acid, malic acid, malonic acid,
lactic acid & 4%9 f714ke] ERIxA L, AHAI7IE FgHFWst= Table 3-149F 2. 7H&&
=9 A5, F fF7]ake] AAlETFE 826.11 mg%, BAI 7% 893.12 mg%, CAl=7+ 1,027.56
mg%, DAIE & 973.88 mg2%7F 717t ghrslo] lon, f7]4t S/ = oxalic acid, malic
acid, malonic acid, lactic acid’} AA &7+ ZrZt 26697 mg%, 17550 mg%, 217.74 mg%,
265.90 mg%, BAl =T 27} 279.56 mg%, 227.31 mg%, 156.20 mg%, 320.05 mg%, CAl =
+ Zt7} 346.44 mg%, 152.38 mg%, 178.71 mg%, 350.11 mg%, DAl E 7+ 77k 298.49 mg2%,
134.44 mg%, 212.65 mg%, 328.29 mg% 3F&S YEWLE o]t AxE B oxalic acide}
lactic acid= AFAI717F =A2AFE A3 F7F8EH 24, malic acid, malonic acid= 743k
s Bolow, F714F & S AAA N =odas AA FrketHr g2l 19l =

i fHaehes 43S Bt
&Y A5, F 771l AAEFE 75461 mg%, BARET= 76439 mg%, CAET=
874.58 mg%, DA &= 7T11.97 mg%7F 2442k gfrso] lom, #1714t 72+ oxalic acid,
malic acid, lactic acid’7} AAl &7+ Z+7ZF 266.20 mg%, 263.15 mg%, 22541 mg%, BAl 571+
Z+7y 28353 mg%, 209.38 mg%, 27148 mg%, CAlE7% 27 341.32 mg%, 177.85 mg%,
355.41 mg%, DAIE T+ 77} 263.61 mg%, 166.99 mg%, 282.37 mg% & =S YEFWT o]
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o] Ayt B FIoME &3 Ze] malonic acidZ7b AEHA &kow oxalic acidet
lactic acide &23 o] AMHA 77} =odA4E A Z718FY oY malic acides 2 As =
AEs Bt fU1a T FEFE AAANVIIE =oldaE AR Frkettr theElel 19el=
Oa #astes 48S Bom, 7hegao] Haaol vate] ¢F 120 AR 3aFo] A o
Eft o] A9l Aol & B A THpP<0.05).

Table 3-14. Contents of organic acids of Curcuma longa L. and Curcuma atomatica Salib according to

picking time (mg%)
Organlc SampleSD

) Curcuma longa L. Curcuma atomatica Salib
acids A B C D A B C D

Oxalic acid ~ 26697+1.13"  20056+174°  36M+104  29849+1.00° BNHY  RFBHE ALK 636111
Malic acid ~ 175504121° 27314087 152384103 134444104 WY 00809 177803 166908

Malonic acid ~ 21774+121*  15620115° 17871102 21265+0.83 2 - - -

Lactic acid 265901500 32006+197°  350.112099"  32829+121° DB A8 3BALOF  R37H0I7

Total 826.11 893.12 1,027.64 973.88 TA61 64.39 87458 197

"1)Samples shown in Table 3-7.
“Not detected.

T\ ean+SD(n=3) with different superscripts within a row are significantly different (p<0.05) by Duncan’s multiple range test.

7) AEws

of MEg 24g ABE Table 369 2. 1S
=9 AF, HEE UEd= T 62.26, BAI =77} 62.75, CAlE77F 64.23, D
ARTIE 5660 e UEhder, AAEE JEhlE aghe AAETA 1030, BAET

1346, CAl&T7F 2052, DAIET7F 8637k Bt FAEE UelUE batd AN ETOIA
62.36, BNl &7} 69.58, CAl&T-7F 7549, DA &7k 63.11 gh& debdlth oo Axz ww
10858 1297HA4+= L, a, b &t 25 ot S7ketiprh ol Fel]l 1€del= tha dashes 43

S B
B9 4%, WEE Yl Late AN R TA 66.65, BAIET7F 67.50, CAl & 71 69.42,
DAIE 77} 6552 #& YERHY ANEE Y= aghe AN ST +2.72, BAIET7F 4.07,
CAlET7} 382, DAIEF7F 291 #S vtk =2 YJellle bite AAE oA 5554,
BA&77F 6156, CAlZ 77} 57.10, DA &7-7}F 58.65%S el ol4e Axz Bd Like
10958 129714 & 93t Skttt ol 58l 1€dl& v #Aastes A4S Ryon, a9
= 11E7HAE Z718hy 2 o] 32 129 A 8T FHE o7 #FasteE 4SS 1
MeEad BEaS vud 2Y dx(D)e BE&ael o =y 44

WA= FA A o =% |

i
eMg H3 QE Ao vehg,

A
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Table 3-15. Hunter's value of Curcuma longa L. and Curcuma atomatica Salib according to picking time

. Samplesl)
Hunter's ; :
" Curcuma longa L. Curcuma atomatica Salib
value
A B C D A B C D
L 6226112 6275:085°  64.23+1.08° 56600970 6665:0.86°  6750:1.26°  6942:089"  6552+1.23°
a 1030+1.07  13461.06°  2052+090"  863+0.94 05T 407+012° 3824047 291032
b 62361100 6958+1.06°  7549+1.30" 63114102 51300 6156:08"  5710:097 5865144

?Samples shown in Table 3-7.
“Not detected.
“OMean+SD(n=3) with different superscripts within a row are significantly different (p<<0.05) by Duncan's multiple range test.

8) F7AHE TF
cwd Ags FEVITRTHLE FET A EE GC-MassE A8 A= Table
3-163 Z11, GC-Mass total ion chromatogram< Fig. 3-3¥ 2t} ®3 GC-Massel|l 2]l A]
BAw 39 743 AR F F9 A9 peak mass spectrume Fig. 3-4¢9F #t}. 73t
2 AHRY, AEE £ 64F9 PR F FL AR OEE peocurdiono] 31.33%E
A ste] b =& S ES B on the o 2E curdiono] 10.67%, dihydrocarveol isomer 7}
10.57%, isopulegol®] 7.4%, leden oxide’} 5.34%, B-fenchyl alcohol®] 3.30%, 2-heptanol©]
3.01%, diisobutyl benzene-1,2-dicarboxylate”} 2.79%, 3,7-cyclodecadien®] 2.22%, a-tumerone
o] 1.84% o= Ueut 59 495 AvEd, HEH T 0% T T T AE
o 2= 1H-3a,7-methanoazulene®] 1058% 5 A5l 714 =& THFS HAJoH UFoE+=
neocurdion®]  9.66%, limonen-10-yl acetate’} 9.05%, alleoaromadendrene®]  8.87%,
3,7-cyclodecadien-1-one©] 7.72%, isopulegol®] 5.64%, curcimol®] 3.60%, ar-curcumene®]
3.36%, curcumene©®] 3.33%, zingiberenol®] 2.15% %2 oz yEehY FEslaes th gE
S Bk o]ie] Ay BH, FFIFFHA ols FRAE A XS peakE A&7+ F
= AR AH ARt ow 5 A g7} H 23 peakE UYERWH AL oy SFellA 8059
F7173 7ol gluEo] Aol 6459 Aol HlE) dHom o B 3
o 7&-& neocurdion®] F WAH|F 31.33%E zFAste] thE Adwo] vt A4
o7 we HES A3 Yoy, 79 A+ 1H-3a, 7-methanoazulened H|E3Fe] 97
o] F8/d o] 1058%~2156%= =] 12 FEode= ASE eyt

L

ol sl 4

T
i
32
o
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Fig. 3-6. GC-Mass total ion chromatogram of flavor components in Curcuma longa L.(A)

and Curcuma atomatica Salib(B) by steam distillation.
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Table 3-16. Contents of volatile flavor components from Curcuma longa L. and Curcuma

atomatica Salib by steam distillation

(unit :

area %)

Peak RT Curcuma Curcuma longa
No. (min) Compound name aromatica Salib L.
1 2.337 1-Butanol 0.11 -
2 2.746 2-Heptanone - 0.09
3 2.892 di-Limonene - 0.04
4 2.940 iso—Amyl alcohol - 0.06
5 3.013 1so—Pulegol 74 5.64
6 3.211 Nonanene 0.13 0.09
7 3.945 a-Terpinolene - 0.47
8 4.495 2-Heptanol 0.86 1.10
9 4.904 Formaide 0.06 -
10 5.825 2-Nonanone 0.16 -
11 6.488 2-Octanol 0.19 0.35
12 6.736 Heptanoic acid - 0.06
13 7.015 cis—Linalool oxide 0.72 0.13
14 7.469 d-Elemene - 0.17
15 7.532 trans-Sabinene hydrate 0.20 -
16 7.550 Bicyclo[3.1.0]Jhexan—-2-ol - 0.08
17 8.669 Camphor 0.19 -
18 8.885 2-Heptanol 3.14 -
19 8918 2-Nonanone - 1.51
20 9.579 1,3-Cyclohexadiene - 0.36
21 9.662 Dihydrocarveol isomer 10.57 -
22 10.115 Methyl 4(E)-Hexenyl Ether 0.16 -
23 10.131 3-Cyclopentyl-1-propanol - 0.35
24 10.271 a-Bergamotene - 0.10
25 10.339 Methyl 4(E)-Hexenyl Ether 0.15 0.78
26 10.414 B-Elemene 0.33 1.19
27 10.506 trans—Caryphyllene 0.08 0.73
28 10.811 2-Undecanone 0.20 0.18
29 10.990 3-Cyclohexen-1-ol 1.45 0.63
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Table 3-16. Continued

Curcuma
Peak RT ) Curcuma longa
] Compound name aromatica
No. (min) ) L.
Salib

30 11.520 2-Hydroxydecane - 0.29
31 11.677 v-Elemene - 0.41
32 12.295 B-Sesquiphellandrene - 0.22
33 12.379 a-Humulene 0.18 0.08
34 12.555 1,6,10-Dodecatriene - 0.53
35 12.893 a-"Terponeol 0.55 0.42
36 13.436 Germacrene-D 1.37 0.40
37 13.550 B-Fenchyl alcohol 3.30 3.46
38 13.946 1H-3a,7-Methanoazulene - 10.58
39 14.025 B-Bisabolene 0.10 4.09
40 14.201 2-Pentadecanol 0.21 0.45
41 14.341 Ethanone 0.17 0.25
42 14.733 Linalool z-pyranic oxide 0.14 -

43 14.849 1-Cycloheptene 0.20 0.41
44 15.204 Alleoaromadendrene - 8.87
45 15.330 Curcumene 0.41 3.33
46 17.189 4,5-Heptadien—-2-one - 0.24
47 16.555 1,5-Cyclodecadiene - 0.98
48 16.814 1,4-Methanobenzocyclodecene - 0.12
49 17.717 Benzenemethanol 0.19 0.09
50 17.903 2-Oxabicyclo[2.2.2]octan-6-0l 0.11 1.08
51 18.093 cis—Carveol - 0.05
52 19.222 Butylated hydroxytoluene 0.25 0.48
53 20.561 Caryophyllene oxide 0.96 0.19
54 21.234 B-Santalene - 0.16
55 22.001 Carbamic acid 3.22 0.18
56 23.421 B-Elemenone - 1.49
57 23.429 Germacrone 0.35 0.15
58 23.568 5,9-Dimethyldeca-5,8-diene-2-one 0.36 0.21
59 23.962 Sesquisabinene hydrate - 1.52
60 24.224 Zingiberenol 0.21 2.15
61 24.340 Aristolene epoxide 0.23 -

62 247156 ar—-Tumerone - 0.81
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Table 3-16. Continued

Curcuma
Peak RT ) Curcuma
] Compound name aromatica
No. (min) ) longa L.
Salib

63 25.488 1,5-Heptadien—-4-one - 0.50
64 25.629 Limonen-10-yl acetate - 9.05
65 26.408 a-Tumerone 1.84 0.72
66 26.612 3,7-Cyclodecadien-1-one 2.22 7.72
67 26.772 B-Eudesmol 0.67 -
68 26.910 1H-Indene 0.25 0.82
69 27.155 Curcumol 0.16 3.60
70 27.402 B-Tumerone 0.69 -
71 27.423 ar-Curcumene - 3.36
72 27.494 Spathulenol 0.17 -
73 27.617 1,5-Heptan—-4-o0l - 0.41
74 27.898 1H-Pyrazole 0.18 -
6 28.192 Longiborneol - 1.24
76 28.380 Cedren-13-ol - 1.46
7 28.476 Cyclopentanecarboxylic acid - 1.28
78 28.636 p-Cymene 0.13 1.09
79 28.779 Neocurdione 31.33 9.66
80 29.279 Nerolidol-epoxyacetate 0.18 0.11
31 29.583 B—Selinene 0.21 0.26
32 29.696 Bicyclol[3.3.1]Jnon-2-en-9-o0l - 0.73
33 29.826 Isocurcumenol 0.27 0.48
84 29.938 4,2,8-Ethanylylidene-2H-1-benzopyran 0.12 0.66
85 30.240 9-Oxtadecynoic acid 0.22 0.55
86 30.248 Cyclohexane 1.16 0.24
87 30.754 Curdione 10.67 0.67
88 32.508 Diepicedrene—1-oxide - 0.55
89 33.760 3,7-Cyclodecadien—-1-one 0.43 -
90 33.777 2,5-Furandione 0.70 -
91 33.985 Diisobutyl benzene-1,2-dicarboxylate 2.79 -
92 35.142 1,3,5-Triethybenzene - 0.86
93 35.288 Aristolen 0.49 2.41
94 35.447 1,4-Dimethyloctadiene-1,5 1.07 -
95 36.602 Ledene oxide 5.34 1.51

Total 99.9 99.93

9) Curcumin %
7}) UV-visible spectrum
Curcumin ¥5%5 &4 g2 3o AdAFEAZE 190~900 nmol A scanning 3F
E

&% spectrum< Fig. 3-7¥% o W& A F5342 424 nm F2A A HUFFEE B
[ex]
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Fig. 3-7. UV-visible spectrum of curcumin substance.

) Curcumin A3 ¥4x74 g
8 FFE curcuming HPLCE ol &3t A% BE4slr] st Ak BMxdg
AE® A3, curcumin® HPEF9FA UV 424 nmol A Zorbax eclipse Cis column® A&
dto] BN A9, o]F4E 75% MeOH, £ 08 mL/mindlA 7F% £& 28 s dgeo
M, 54% =108 A3 chromatogram< Fig. 3-8 7t}
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g
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Fig. 3-8 HPLC chromatogram of curcumin substance at 424 nm.
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o) FEL&S 259 IF

7o HEA] FadE T el curcuming AR FEUWHES e &7 7)
TAFE o5 JNdste Bk HA o] &3et] At FE&H Y] ARE S LolR it FE
g = Wes B dusE FEsa FEXE 205 A2y &9 v A bpdds &
7y F&¢ A= Fig. 3-99 2ok EFEEY A 4252 2082 mg%, 7FEF=100T/2
A7) & 4408 mg%E 7FEFEo] 2v] o] EL FEES HAY WEESd dEsFEE]
AeE AeoA ZHzE 308.38 mg%, 295.27 mg%, 7FE(70T/2A 7oA Z+zE 45759 mg%,
44961 mg%E EFEEF o] tdFFo] 154 oA ¥ FEEE B ol A=
B Hee qeeFEE59 curcumin FHE EFEE H|ste] Aol zZHzh 14.84),
142 =okom f7]&v) 7fEFES 2 74 2% AeHt oF 150 mg% A= W =4 4
Bl

500

/3 Room Temp.
N Heating at solvent b.p.
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. —ll
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Amount of curcumin (mg%o)

Extract solvent

Fig. 3-9. Contents of curcumin components from Curcuma longa L. by extract methods.

All values are expressed as Mean=SD of triplicate determinations.

) FEAITY I
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Fig. 3-10. Contents of curcumin components from Curcuma longa L. by extract time.

All values are expressed as meanzSD of triplicate determinations.

) AHAA71E curcumin TFF

HAA 7Y W MEEFH BEFd #§F2 curcumin® BA% AIE Fig 3-117
2ot b &89 A, curcuming] THS ANETE 47558 mg%, BAIETE 481.00 mg%,
CAlETE 49140 mg%, DA ETE 48290 mg%2 welgv}, o] 4ol %2 »W, curcuming
SH2 1087E olFdd 1€7A ZA ¥ e AeE dewd. BEeFe A9,
curcumin® FHE AABTE 18627 mg¥%, BAETFTE 221.20 mg¥%, CAET= 241.78 mg%,
DA & 25607 mg%® Hesth 7heEgde g8 QAN 5AA5E 3 Fge] 4
A @t AF%E By O T4 aANE FE Ao vEnth HeeFol g
BBl 1.8~25 Wl o]4de £& FHHFLE #2037 FolE RAHp<0.05).

600 - Cureuma afomatica Salib
R Curcuma longa L .

c ah

500 -

400 -

300 -

200

Amount of curcumin (mg%)

100 -

06.10. 06.11. '06.12. ‘0701,

. Picking time (yy.mnm.)
Fig. 3-11. Contents of curcumin of Curcuma longa L. and Curcuma atomatica Salib according to picking
time.

*Ilean:SD(n=3) with different superscripts within a row are sigaificantly different {p<(.05) by Duncan’'s multiple range test.
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Table 3-17. Extraction yield by extraction methods and solvent from Curcuma longa L.

Extraction methods Yield (g/100 g)
RW 35.69
RE 30.38
PW 49.13

RW ! Reflux extraction water
RE : Reflux extraction 70%-ethanol
PW ! Pressure heating extraction water

=7 dEgSFEE 81E EfE &
o dEgeFEE 43 adE HES] fdl Yesdx sto] vk ARE g
2 FEY §F 23X s 2L &5 FEE FETFES 3038% ot ols SvidE=
g3 F dgE FEEc W FEFeS SAHT A= Table 3-18% 2k 80% &=
o

B
i - = N
FEE gujd RIE FEFES B water o] 11.87% % 71 weko ™ n-hexane

Table 3-18. Yield of Curcuma Ilonga L. ethanol extract and its solvent fraction from dried
Curcuma longa L.

Fraction yield

Solvents Yield(g/100 g) Ratio(%)
Ethanol extract 30.38 100.00
n-Hexane 5.34 1757
Chloroform 151 498
Ethylacetate 3.87 9.58
n-Butanol 3.96 13.05
Water 11.87 39.06
o 79 PN A
1) €39 FE&uyd wg FAi3 &4

7}) & flavonoid &
= FE=WH og F flavonoid &S
o] flavonoid =2 RE°IAl 759 mg%= 7} ®o
188 mg% =2 A %ol FFW ol mE flavonoid 3

=A% A3 Fig. 3-133% 2t} 7 &%
glem PW 375 mg%, RW
of f2o4l zo]E e ST

o, —

- 155 -



800
700 1
600 1
500 1
400 1

300 1

200 1
] .
0

RW RE PW

Total flavonoids (mg/100g)

Extraction methods
Fig. 3-13. Contents of total flavonoid compounds by extraction methods and solvents of
Curcuma longa L. extract.
RW ! Reflux extraction water

RE : Reflux extraction 70%-ethanol

PW ! Pressure heating extraction water

Y4) ¥ polyphenol ?Jf‘*

= FEWHel 93 F polyphenol HFE 43 A= Fig. 3-14¢ o} 7 =
E9] polyphenol &< REo|A] 453 mg%= 7Fd Wo] &30 dgdon PW 384 mg%,

o
RW 227 mg%= =74 %] flavonoid®} vh7kA| 2 F=E& %ol w2 polyphenol &3l 24
Ql zpol & YERU ST

500

400 -

300 -
200 A
100 1
0
RW RE PW

Extraction methods

Total polyphenols (mg/100g)

Fig. 3-14. Contents of total phenolic compounds by extraction methods and solvents of

Curcuma longa L. extract.

RW ! Reflux extraction water
RE : Reflux extraction 70%-ethanol

PW ! Pressure heating extraction water

t}) DPPH free radical &4 &4

&= FE=WY 93 DPPH radical &7 4<% %Z—X 3l A3E= Fig. 3-159F 2t}
£ 100 pg/mLe] s=elA BHT®| 46.23%¢% Hlal 3R W, RE7F 2631%= 7Hg &2
oS YEelWl oy, PW7F 19.82%, RW7F 13.21% +o = 14-5}141 sa=d
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Fig. 3-15. Electron donating ability of Curcuma longa L. extract by extraction methods and
solvents.

RW ! Reflux extraction water
RE : Reflux extraction 70%-ethanol

PW : Pressure heating extraction water
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Fig. 3-16. Antioxidative activities of Curcuma longa L. extract by extraction methods and

solvents on soybean oil.

RW ! Reflux extraction water

RE : Reflux extraction 70%-ethanol

PW : Pressure heating extraction water

Indution period(IP) of oil was determined by Rancimate’s test at 110C

Antioxidant index(AI) was expressed as IP of oil containing various fraction/IP of soybean oil
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Fig. 3-17. Inhibitory rates of Curcuma longa L. extract by extraction methods and solvents
on lipid peroxidation.

RW : Reflux extraction water

RE : Reflux extraction 70%-ethanol

PW : Pressure heating extraction water
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Fig. 3-18. Scavenging effects of Curcuma longa L. ethanol extract fraction on DPPH
radical.
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Fig. 3-19. Antioxidative activities of Curcuma longa L. ethanol extract fractions on soybean

oil.
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peroxidation.
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Table 3-19. Antimicrobial activities against several microorganisms of fractions from
ethanol extract of Curcuma longa L.

Clear zone on plate(mm)a)

Strains n-Hexane Chloroform Ethylacetate Butanol Water
extract extract extract extract extract
Sta. aureus 10 11 12 10 11
Sal. typhimurium 11 115 12 9 11
V. parahaemolyticus 12 115 13 10 12

a), Diameter ; b), No inhibitory zone was formed.

(@) (®) (©)

Fig. 3-21. Inhibitory effect of extract of Curcuma Ilonga on the growth of Sal

typhimurium(@), Sta. aureus(®) and V. parahaemolyticus((©).

1 ; EtOH extract, 2 ; Water extract, 3 ; Haxane extract, 4 ; Chloroform extract, 5 ; Ethyl acetate extract, 6 ;
Butanol extract

1) a8y 249 89 € &4
7h g EFAY &5
7V A S e ethylacetate extract®F-E| silica gel column chromatograph
=2 TLCAl #7isto] Hls2gt RfAE Hol= fractiongS §oto] 871 &gt
2 Fgsttt. ZF fractionE9 FH &S AAISE A= Table 3-202 Fig. 3-22014 H+=
o o] £8E FolA C, D, E Z FollA ateo] gyl on, 1 9 & FIdZoAs
TS A9 YeA Fskth wEbA ol = o] &9 FHgAdd #ost= =4
A
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Table 3-20. Antimicrobial activities against Escherichia coli of the fraction of the
ethylacetate extract fractionated by the silica gel column chromatography

Fraction No. Clear zone on plate(mm)”
A 5
B _
C(Compound 1) 10
D(Compound II) 11
E(Compound 1) 12
F(Compound IV) 12
G _
H _
I —

a), Diameter; b), No inhibitory zone was formed.

Fig. 3-22. Antimicrobial activities of compounds isolated from ethylacetate extract of

Curcuma longa L. on the growth of E. coli..
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Fig. 3-23. 'H NMR spectrum of curcumin(standard).
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(2) Demethoxycurcumin
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Fig. 3-24. 'H NMR spectrum of demethoxycurcumin(standard).

- 163 -

PPI




(3) bisdemethoxycurcumin
Fig. 3-24% curcumin® %=A¢1 bisdemethoxycurcumin ¥+& 2
_]
o

dlolgolt}h, o] A3} A curcumin® 'H NMR dHol8 ¢} v =3 5

ATt 6.7~75 ppmOlA demethoxycurcumin®] benzene iLE]2] 44, 66 I 7.6 ppmolA

Ethylene® <4, Z18]3 curcumin® demethoxycurcumin®]A YEY}E 39 ppme methyl

group® FaT YERYA il QT

Fig. 3-25. '"H NMR spectrum of bisdemethoxycurcumin(standard)
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(4) Compound I

Fig. 3-262 curcumin ¥ &+ F&%&% compound I (&% C)d ulg 'H NMR 2
kel

=
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=
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[e]
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Fig. 3-26. '"H NMR spectra of curcumin (standard, (A)), and extract C(B).

- 165 -



(5) Compound 1I

Fig. 3-27& demethoxycurcumin® €% FEE % Compound II(2FE D)ol s
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Fig. 3-27. '"H NMR spectra of demethoxycurcumin (standard, (A)), and extract D(B).

(6) Compound I
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Fig. 3-28. '"H NMR spectra of bisdemethoxycurcumin (standard, (A)), and extract E(B).

(7) Compound IV
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Proton of olizgsaccharide

Fig. 3-29. '"H NMR spectrum of extract F.

- 168 -

ppt



8) BE 4% £8=9 v

¥5 22 curcumin, methoxycurcumin, bisdemethoxycurcumin, 1] il

'"H NMR 2 3} o]},
Aq

s
NMR

=
T
bisdemethoxycurcumin$

Fig. 3-30

B 2
o g
]
oy £
© 3
el m
I
.60 m
W
et m
B
[CA
nm B
TN
N N
N
I
o
K
w A
~
;01_ o
;ac
e E.E
— o
)A
o

<)

Feol 4% 3F7F< curcumind ¢

S HolE ZHo® Hol cucurmin®| ¥

3%

i

27

It

5}

B!

o

LY

S

‘ i

A

Ll

&Y

(B)

L

]Il

©

(D)

()

M
L | M-

(&)

T T T T T T T T
6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 05 0.0 ppr

6.5

T T
8.0 75 7.0

85
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Fig. 3-31. Changes in pH of commercial Takju and Woolgeomju developed in this study
for 12 days of storage at 10C and 207TC.
Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

0.8

Acidity(%

0.0

Storage time(day)

---m-- Woolgeom 10C ---@-- Woolgeom 20C —m— Rice 10'C —e—Rice 20C

Fig. 3-32. Changes in total acidity of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20TC.
Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-33. Changes in brix index of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20C.
Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-21. Changes in organic acid of Woolgeomju developed in this study during for 12

days of storage at 10T (unit : mg%)

Storage time(day)

Organic acids

0 3 6 9 12
Oxalic acid 16.63+0.17 17.85+0.20 19.02+5.16 20.94+0.71 21.83+0.79
Tartaric acid 77.03+0.20 77167+0.11 83.08£1.14 4302+1.4 47994822
Malic acid 300.71411.4 244770+41.33 334.41+4564 335.18+84.H4 290.21+20.49
Malonic acid 206.73£22.37 202.23+42.70 301.77+68.33 380.03+24.03 370.44£20.14
Lactic acid 40.99+20.93 56.47£7.91 91.79+14.34 90.62+3.34 64.61+24.46
Acetic acid 136.19+51.32 126.70+60.63 186.65+31.62 262.716+47.18 230.27+44.08
Citric acid 4840+0.00 166.54+30.02 180.67£2.02 16.67+3.76 3647247
Succinic acid 46.99+0.00 29.12+0.68 331.85+0.42 339.63+54.58 314.85+26.39
Total 983.65+64.33 991.30+292.48 150424423396 1498.87+0.71 1382.72+59.18

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

Table 3-22. Changes in organic acid of Woolgeomju developed in this study during for 12

days of storage at 20C (unit : mg%)

Storage time(day)

Organic acids

0 3 6 9 12
Oxalic acid 16.63+0.17 20.9620.69 - - -
Tartaric acid 77.03£0.20 60.27£4.9 303.0563.65 419.61+46.80 487.43+10.10
Malic acid 300.71+11.A4 360.82+23.60 365.89+26.76 43.87+53.01 991.67+33.45
Malonic acid 266.73£22.37 357.81£24.86 464.72+0.47 465.26+81.88 564.47+40.46
Lactic acid 40.99+20.93 74.87+28.28 7460+11.15 45.90+34.60 61.42+22.90
Acetic acid 136.19451.32 217134420 321.30+0.34 2196246310 286.73£36.73
Citric acid 4840£0.00 20.46+6.58 154.58+72.20 32.719+3.53 133.46+84.81
Succinic acid 46.99+0.00 340.26+10.00 329.85+49.01 160.39+0.00 2663840
Total 983.66+64.33 145758+61.48 2013.98+47.23 1M M+336.12 2151.86+14874

Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-23. Changes in organic acid of commercial Takju during for 12 days of storage at
10C (unit : mg%)

St time(da;
Organic acids orage time(day)

0 3 6 9 12
Oxalic acid 2353405 1356016 2107:843 2612116 2838+1.50
Tartaric acid 19086+2222  179.12¢2574 191584372 188.83+4.357 83.32+1.39
Malic acid BTIH002  2W0BIST3 RLISERY 362064391 357284762
Melonic acid AT 448 ZBOAHEIT 22977629 BATH090 1987241978
Lactic acid 162.00+49.35 80.93+40.55 874242060 115.06£2066 84214960
Acetic acid 970047453 12815¢1279  166.05+3063 160.90+327 16363516
Citric acid RA0K1209L2  19116£7.25 05122863 1885947618 28874137
Succinic acid 21,09:0.00 338.86+7.93 A1366+51.37 A03.79+3.33 17L84£26.77
Total 125006+4837 14700847718 IAGHNGE3  17R016:9774 1121314174

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.

Table 3-24. Changes in organic acid of commercial Takju during for 12 days of storage at

20C (unit : mg%)
.. Storage time(day)

Organic acids 0 3 6 9 G
Oxalic acid 23.53+0.55 23.39£3.15 26.43+1.42 32.83+6.21 157.57+0.00
Tartaric acid 190.86+10.11 195.88+0.00 75.02+27.29 86.93+8.4 83.73+4.24
Malic acid 267.91+20.02 337.94+34.83 415634347 524.96+2.34 2001.82+0.00
Malonic acid 224.27+24.84 27894+49.12 454924354 598.34+2.98 787.36+11.53
Lactic acid 162.00+49.35 M.60+62.35 111.66+22.21 12375+12.44 177.44+11.61
Acetic acid 97.00£74.53 99.24+91.19 289.02+20.9 412.92+3851 570.36+38.37
Citric acid 272.40+120.92 260.45+46.23 165.90+18.13 183.50+23.29 263.09+32.12
Succinic acid 21.09+2.43 424.03+85.23 510.93+85.42 1767.21+325.02 2835.16£45.02
Total 1259.06+48.37 1714.47+24069 2049.50+93.55 3730.44+85.76 6876.53+54.22

Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-25. Changes in free amino acid of Woolgeomju developed in this study during for

12 days of storage at 10T (unit : mg%)
Arino acids Storage time(day)
0 3 6 9 12
Aspartic acid 2.61+0.08 2.85+0.07 3.66+0.25 452+0.01 558+0.01
Threonine 4.16+0.10 411+0.20 4.90+0.03 6.21£1.01 5.14+0.20
Serine 3.10£0.22 3.46+0.35 4.31+0.27 4.14+0.65 5.97+0.08
Glutamic acid 800+0.10 850+0.23 10.84+0.33 12.76+0.32 14.25+0.06
Proline 17.56+2.31 1822£1.06 15.92+2.05 14.19£0.14 8.90+0.11
Glycine 2.06+0.01 2.27x0.09 2.771x0.07 1.84+£2.14 3.79+0.14
Alanine 5.23+0.03 5.99+0.10 9.48+1.16 850+0.07 10.21+0.60
Cystine 1.15+0.06 1.47+0.17 1.21+0.44 1.69+0.42 2.28+0.08
Valine 1.62+£0.00 2.30+0.01 1.52+0.15 3.34+0.10 4.12+0.24
Methionine 0.60+0.01 0.60+0.01 0.45+0.06 1.120.02 1.45+0.02
Isoleucine 1.04+0.02 1.18+0.06 1.53+0.16 1.70=0.07 2.10+0.01
Leucine 4.36+0.02 4.63+0.07 6.01+0.35 6.70+0.19 7.85+0.06
Tyrosine 4.03+0.02 4.38+0.08 5.31+0.22 3.60+0.28 1.22+0.08
Phenylalanine 3.13+0.15 3.67+0.10 4.23+0.02 5.00+0.34 581+0.01
Histidine 11.39+0.59 11.53+0.33 13.68+0.62 12.06+0.24 10.92+0.17
Lysine 4.73+0.01 494+0.12 6.32+0.41 6.39+0.08 7.23+0.06
Arginine 9.64+0.07 9.92+0.24 12.02+0.88 8.60+0.22 2.04+0.12
Total 84.40+3.39 90.00+2.55 103.78+4.87 102.34+3.62 R.B+1.45

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-26. Changes in free amino acid of Woolgeomju developed in this study during for

12 days of storage 20T (unit : mg%)
Attino acids Storage time(day)
0 3 6 9 12

Aspartic acid 261+0.08 3.83+0.18 8.01+0.89 13.36+0.83 16.72+0.64
Threonine 4.16+0.11 391+042 6.35+0.67 947+2.03 761+0.58
Serine 3.10+0.22 5.26+0.14 44.95+3.44 890+0.26 890+0.18
Glutamic acid 8.00+0.10 11.96+0.24 3.96+0.98 2.90+0.25 3.42+0.50
Proline 1756+2.31 16.98+1.10 15.20+1.53 22.06+0.78 2378+2.60
Glycine 2.050.01 2.92+0.04 5224061 9.75+0.68 13.95+1.29
Alanine 523+0.4 8.03+0.4 1513+1.78 27.48+2.52 33.83+£3.68
Cystine 1.15+0.06 2.04+0.45 3.24+0.48 9.26+1.03 21.A4+334
Valine 1.62+0.00 3.24+0.01 6.52+0.65 14.565+1.35 20.22+1.34
Methionine 0.60+0.01 0.96+0.05 2.24+0.12 3.93+0.33 571+0.06
Isoleucine 1.04+0.02 1.58+0.07 3.63+0.45 951+0.96 14.84+0.15
Leucine 4.36+0.02 6.43+0.12 11.89+1.28 19.91+1.97 26.91+0.25
Tyrosine 4,03+0.02 456+0.05 0.91+0.27 0.42+0.02 0.32+0.09
Phenylalanine 3.13+0.15 4.80£0.01 8.33+0.72 12.36£1.15 15.9.40.03
Histidine 11.39+0.59 12.97+0.06 21.77+2.36 23.35+2.22 16.01+1.17
Lysine 4.73+0.01 6.26+0.12 11.17+1.14 11.75+1.06 25.40+4.41
Arginine 9.64+0.07 10.29+0.43 0.69+0.57 0.46+0.04 0.87+0.61
Total 34.40+3.39 106.10+3.22 169.40+67.96 199.39+16.4 256.35+8.78

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-27. Changes in free amino acid of commercial Takju during for 12 days of storage

at 10C (unit : mg%)
Amino acid Storage time(day)
0 3 6 9 12

Aspartic acid 1.14+0.06 0.53£0.23 0.94+0.04 1.73+0.13 1.62+0.00
Threonine 4.19+0.93 2.49+2.53 4.30+0.37 6.44+0.01 5.79+0.04
Serine 4.07+0.41 2.93+0.67 5.60+0.61 8.10+1.08 7.33+0.16
Glutamic acid 6:02:001 5.10+1.43 5134029 7314058 7464011
Proline 73.11+3.04 97.83+30.78 80.20+6.54 102.02+13.47 81.91+1.04
Glycine 151+0.25 1.03+0.14 1.41+0.00 1.77+0.11 1.63+0.15
Alanine 59%+0.74 2.00£1.07 3.28+0.01 4.10+0.33 4.31+0.83
Cystine 1.69+0.61 2.32+0.34 2.34+0.53 2.131+0.13 2.46+1.17
Valine 1.63+0.46 1.06+0.79 1.83£0.30 359+1.20 2.62+0.10
Methionine 0.45+0.02 0.78+0.03 0.25£0.10 0.66+0.02 0.73+0.06
Isoleucine 0.70+0.20 0.35+0.18 0.48+0.28 1.13+0.09 1.24+0.05
Leucine 1.97+0.39 1.11+0.11 1.75+0.17 4.30+0.38 4.75+0.09
Tyrosine 1.86+0.09 2.14+0.07 2.59+0.29 3.40+0.31 3.43+0.09
Phenylalanine 2.68+0.26 2.57+0.20 340+0.25 4.03+0.45 4.33+0.50
Histidine 11.99+0.63 10.10+0.378 11.60+0.76 14.52+0.87 10.65+0.87
Lysine 1.49+0.09 0.87+0.02 1.65+0.12 2.86+0.19 2.75+0.01
Arginine 4.12+0.03 3.69+0.02 54+0.30 848+0.61 7.59+0.02
Total 124.55+760 128.99+50.61 132.31£10.90 177.07+19.08 150.63+4.78

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Table 3-28. Changes in free amino acid of commercial Takju for 12 days of storage at 2

0cC (unit : mg%)
Amin acid Storage time(day)
0 3 6 9 12

Aspartic acid 1.14+0.06 0.82£0.45 2.76+0.49 3.54+0.20 1.10+0.04
Threonine 4.19+0.93 4.33+0.06 6.55+1.19 14.48+4.05 25.89+0.02
Serine 4.07+0.43 5.37+0.06 10.89+1.06 13.90+2.19 16.63+0.32
Glutaric acid 6,03:0.00 557:025 11824131 4574005 3.60:0.08
Proline 73.11+x3.04 77.8146.31 76.85+4.57 32.63+0.31 40.99+3.48
Glycine 151+0.25 1.37+0.06 1.86+0.47 3.46+0.92 836+0.00
Alanine 595+0.74 3.833+0.20 6.96+1.57 19.19+0.87 4791£2.04
Cystine 1.70+0.61 2.06+047 1.91+0.27 4.62+0.15 16.02+1.82
Valine 1.63+0.46 251+1.11 3.73+£1.00 862+0.33 21.18+0.30
Methionine 0.45+0.02 0.33£0.09 1.31+0.19 3.02+0.32 6.5410.38
Isoleucine 0.70+0.20 0.79+0.09 1.82+0.17 5.90+0.23 1.716+0.18
Leucine 1.97+0.39 3.43+0.26 7.35+0.83 16.06+0.37 20.64£18.80
Tyrosine 1.86+0.09 2.36+0.04 3.80+1.01 0.75+0.02 0.71+0.09
Phenylalanine 2.68+0.26 3.80£0.07 6.25+0.92 11.12+0.04 21.82+0.23
Histidine 11.99+0.63 12.421+0.07 12.54+2.00 2770+1.74 47.25+0.31
Lysine 1.50+0.09 2.1620.02 4.86+0.67 11.24+0.06 24.44+0.24
Arginine 4.12+0.03 6.48+0.00 5.62+0.9 0.39£0.10 0.49+0.06
Total 124.55+7.60 136.10+5.60 166.88+17.24 181.12+5.63 321.28+18.02

Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-34. Changes in general bacteria of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20C.

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-37. Changes in yeast of commercial Takju and Woolgeormju developed in this study during
for 12 days of storage at 10C and 20C.

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-38. Changes in Hunter’'s color ‘L’ value of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20TC.

Data values are meanzstandard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-39. Changes in Hunter's color ‘a’ value of commercial Takju and Woolgeomju developed in this
study during for 12 days of storage at 10C and 20TC.

Data values are meanz*standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Fig. 3-40. Changes in Hunter’s color ‘b’ value of commercial Tukju and Woolgeorrju developed in this
study during for 12 days of storage at 10C and 20TC.

Data values are mean#standard deviation of duplicate determinations.

Mean with different superscripts within same row are significantly different at p<0.05.
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Changes in Organic acid, Mineral, Color, Curcumin and Bitter
Substance of Curcuma longa L. and Curcuma atomatica Salib
According to Picking Time

Seong-Koo Kang'
Department of Food Science and Technology, Sunchon National University, Suncheon 540-742, Korea

Abstract

Changes in organic acid, mineral, color, curcnmin and bitter taste of Curcrona longa L. (autumn woolgeom in
Korean) and Curcuma atomatica Salib (spring woolgeoni) were investigated according to picking time. Oxalic
and lactic acid were gradually increased, and then malic acid and malonic acid were decreased by extending the
picking time. Total organic acid was increased by extending the picking time and then decreased after January
of the coming year. Minerals were increased by extending the picking time and decreased slightly after the coming
year. Hunter color index, L, a and b, was increased by extending the picking time. Contents of curcumin in spring
woolgeom was slowly increased by extending the picking time and autumn woolgeom was 1.8~2.5 times higher
than spring woolgeom. Intensity of bitter taste in two woolgeons were not different by picking time and extracting
solvents, Bitterness of spring woolgeom was strong as compared to awtumn woolgeom,

Key words : Curcuma longa L., Curcuma atomatica Salib,
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Optimization of Curcumin Exiraction and Removal of Bitter Substance
from Curcuma longa L.

Seong-Koo Kang and Kyu-Hwan I.-[:-'l.l:nrf

Drmmrrﬂlr af Food Science amd Teefmolagy, Sowhon Notfonal University, Sincheor 3400742, Koren
De;mr:me?ar of Mesowrce Plant, Siichor Netisha! Ukiversity, S 540.742, Kovea

Abstraci

Extrcting and anaiytical concitions of curcumin, sl wemoval of lHilemess substance Trom Crrcnngr doagn Lo were
investigated. Absorplion maxima was shown to be 424 nm st methinol solvent, Optinal conditions for malysis
of corcenin was Zordkax eclipse Ciy eolumn  moblle phase, 75% MeOH ; flow vste, 05 mE/min ; wave lengib,
UV d424 nm. Corcumin component was analyzed to be the hiphest content in metbonol extrsel I all samples,
extmetion yield by heating was shown to be effective as compared to toom emperature. Curcumin contents of
mictharsel and cthonol extracts in extrction of wom tempentue were 14,4 amd 14,2 times higher than that of
water extract, respeetively. Two hot solvent exiracts has a high curcumin content being 150 mg%s as compared
to mom temperhoe. Extracting fime was an cffective combifion when il wos eximcted For 60 minles for elevating
the cmnmin content of waler @l methanol extiacts. Bitter substance (BS) was mardedly decreased in waler exbuet
by hest treatment of above B0, BS was weok in 1210 freatoent than in moom fempersiiee and i0 was however
strong I 1007 treatment, BT and 70T heat teatment were not different in BS intensity.

Key wonds 3 Cwrcumia fongn L., curcumin extraction, removal of biller substance
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trition, Chonnam National University

je hepatoprotectant from black rice was isolated by the
quential procedures with acidified methanolic extraction
d HPLC. The isolated compound from black rice Awas
nitified as cyanidin 3-glucaside (C3G). Cell viability in the
iresence of acidified methanolic_extract or C3G was
determined. Up to the concentration 'of 100 ug/mL, crude and
purified anthocyanins exhibited no cytotoxic effect compared
1o the control. At the high concentration (200 ug/mL) of
#eidified methanolic extract from black rice, the cell viability
was approximately 94%. On the other hand, a relatively high
nerease in cell cytotoxicity was observed in C3G (81% in

vestigated in HepG2 cells. Under an increase in the pro-
duction of reactive oxygen species (ROS) by gramoxone, cell
viability was drastically decreased by 42%. However, in the
presence of C3G, no hepatocytic damage by oxidative stress
was observed in HepG2 cells. The C3G was determined to
manifest a stronger scavenging effect (81%) on superoxide
" anion radical (G»") than did any of the natural and synthetic
. antioxidants, indicating C3G as an effective O; scavenger.
Results suggest that C3G from black tice possesses hep-
atoprotective effects in vitro, which may be, at least in part,
due to scavenging Oz .

P10-211

Effect of Curcuma longa L. extracts in differentiation of
3T3-L1 cells

Jeongjin Park’, Kwontack Hwang®, Jeongmin Leé’,
Kyungmi Kim®, Heejong Chung® and Woojin Jun. Dept. of
Food and Nutrition, Chonnam National University, “Dept. of
Food and Nutrition, Nambu University, *Dept. of Biofood
Technology, Ganggyeong Biopolytechnic College, “Dept. of
Food Science and Technology, Chonnam National University

Obesity is a condition in which adipocytes accumulate a
large amount of fat and become enlarged. It is a major risk
factor for the development of many pathological conditions
including hypertension, coronary heart disease, and type 2
diabetes. Therefore, many studies are focusing on the devel-
opment of anti-obesitic agents. In our study, obe-
sity-suppressing effect of Curcuma longa L. was inves—
tigated using 3T3-L1 adipocytes culture. Curcuma longa L.
was extracted using cold water, hot water, methanol, and
809 ethanol, Extracts of methanol and ethanol showed the
the significant a-amylase inhibitory effects. Each extract
was conducted to determine the cytotoxicity in 3T3-L1. The
non-toxic concentration of each extract was chosen for the
subsequent experiments. Cells were fixed and stained with
0il Red-O to assess lipid accurmulation. After 10 days differ-

entiation, Curcuma longa L. extract showed the inhibition
on lipid accumulation in 3T3-Ll cells under Oil Red-Q
staining. These resulfs suggest that extracts of Curcuma
longa L. may have an inhibitory role on the early stage of
3T3-L1 cell differentiation and may be useful source as a
natural anti—obesity agent.

Pi0212

Stimulatroy Effects of Ferulic Acid from Psudosasa
Japonica Leaves in Exercise Performance

Yanghee You', Kwontack Hwang®, Jeongmin Lee’,
Kyungmi Kim®, and Woojin Jun'.

'Dept. of Food and Nutrition, Chonnam National University,
Dept. of Food and Nutrition, Nambu University, *Dept. of
Biofood Technology, Korea Biopolytechnic College

The present study is aimed to investigate the effects of
ferulic acid derived from Psudosasa Japonica leaves in en—
durance exercise capacity (EEC). Our previous data showed
that the ethylacetate subfraction of Psudesasg Japoricu
leaves possessed high phenolic levels and potent antioxidant
activities. Therefore, further purification was carried out and
the active compound was identified as ferulic acid. The
ferulic acid possessed antioxidant activities such as DPPH
radical scavenging activity (ICz = 88 ug/mL). To determine
the safety ranges of ferulic acid for the in vivo test, several
dosages of ferulic acid (50, 100, 250, 500 and 1000
mg/kg/day) were administered for one month. The sub-
chronic toxicity was observed in the mice administered 500
and 1000 mg/kg/day of ferulic acid. For the investigation
of the effects of EEC, 25, 50, 100 mg/kg/day of ferulic acid
were orally administered and the total swimming time until
exhaustion was measured. Longer $wimming time was ex-
hibited in the mice administered 25 and 50 mg/kg/day than
the control group of mice. A significant anti-fatigue effect
was also found in ferulic acid administered group in 2-day
consecutive exhaustion exercise. These results suggest that
ferulic acid derived from Psudosasa Japonica leaves pos-
sessed the stimulatory effects of EEC and anti-fatigue.
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In vitro Hepatoprotective Effects of Curcuma longa L. Extracts against Alcohol-Induced

Oxidative Stress
Yoo-Hyun Lee!, Jeongjin Park®, Heejong Chung®, Honyon Cho'!, Woojin Jun®. ‘The

Institute of Natural Science, Korea University, Dept. of Food and Nutritiom,
Chonnam National University, Dept. of Food Science and Technology, Chomnam

National University, Dept. of Food and Biotechnology, Korea University.

Oxidative stress has been implicated in the pathogenesis of alcoholic liver injury
and the induction of cytochrome P4502E1 (CYP2E1) by ethanol appears to be one of
the main mechanisms through which ethanol gemerates such oxidative stress. We
assessed the effects of Curcuma Jfomga L., an important tropical spice primarily
valued for the antioxidant property, on alcchol-induced toxicity mediated CYPZEl
using CYP2E1 transfected HepG2 cells. Cells were exposed for five days to 200 mM
ethanol and various Curcuma lomga L. extracts; hot water-, cold water—, ethanol-,
and methanol-extracts. The cytotoxicities of Curcuma longa L. extracts were tested
using MIT and LDH tests. Hot water extract (25 ug/mL) significantly attenuated
cell death induced by CYPZELl up to 50%. The hot water extract of Curcuma Jonga L.
exerted a hepatoprotective effects on ethanol-induced oxidative stress by
maintenance of the GSH content and a decreased generation of reactive oxygen
species. The antioxidant capacities were measured by the activities of superoxide
dismutase, catalase and glutathione-S-transferase. Based upon these results, the
hot water extract from Curcuma Jonga L. is confirmed to possess the
hepatoprotective capability against the alcohol-induced oxidative stress in HepG2

cells expressing CYPZ2EL.
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Plantago Asiatica ssential Oil Has Hypocholesterolemic Effects
in vive by Suppressing HMG-CoA Reductase Expression

Mi Ja Chung* and Sung-Joon Lee Division of Food Science andCollege of
Life Sciences, Institute of Biomedical Sciences and Food Safery, Korea
University, Kyoung Heon Kim Division of Food Science and College of Life
Sciences, Korea University, Kuen-Woo Park Division of ‘Life ard
Biatechnology, College of life Sciences, Korea University

We previously have shown that Plantage asiatica essential oil (PAEQ) may
have hypocholesterolemic effeets in vitro. The major component of PAEO was
Finalool monoterpene. Here we demonstrate that the oral administration of PAEO
in CSTBL/6 mice reduced plasma cholesterol levels by similar mechanism
suggested in vitro studies. The PAEQ, feeding for 3 weeks significantly reduced
plasma total cholesterol and triglyceride concentrations in mice by 29% and
46%, respectively. The mRNA (+58%, p < 0.05), but not protein levels of the
LDL receptor were significantly higher, whereas both mRNA and protein levels
of HMG-CoA reductase were significantly lower (-46% and -11%, respectively,
p < 0.05) in the liver of PAEO-fed mice than of control mice. The CYPTAL
expression was also slightly but significantly increased in PAEQ fed mouse
livers. Thus, PAEO may have hypocholesteralemic effects by mainly altering
the expression of the HMG-CoA reductase expression in the liver. Reduction
of the LDL receptor and increased the CYPTAlexpression may be additional
mechanisms 1o lower plasma cholesterol levels. Reduced triglycerides may
provide additional cardiovascular protective benefits.

Screening of Tropical Medicinal Plants for Anti-melanogenesis
Activity

Ji-Hoon Yoon and Yumi Cho* Dept. of Biotechnology, Yonsei University,
Jae-Seok Shim Dept. of Biomaterials Science & Engineering, Yomsel Uni-
versity, Jae-Kwan Hwang Dept. of Biotechnology and Dept. of Blomaterials
Science & Engineering, Yonsei University

Various dermatologic disorders are related to the accumulation of excessive
levels of epidermal melanin pigments such as melasma, freckles, senile lentigines,
and sites of actinic damage. The search of natural plant extracts zble to modulate
melanin biosynthesis is of gteat interests for cosmetic and medicinal purposes.
In this study, we investigated melan-a murine melanocyte cell-based screening
for effective and safe natural skin whitening agent. The methanol extracts of
tropical medicinal plants were assessed in vitro inhibitory effeets of melano-
genesis, Lyrosinase activities and determined cell viabilities for their cutaneous
toxicity. Through the screening procedures, we found that 7 plant extracts at
the concentration of 10 g/mL have significant anti-melanogenesis activity without
cytotoxicity in melan-a cell lines. These plant extracts might be useful for
new skin-whitening agents and will be studied in order to isolate and identify
novel compounds.
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Antioxidative and Hypocholesterolemic Activity of Plantago asiatica
Essential Oil in HepG2 Cells

Mi Ja Chung* and Sung-Joon Lee Division of Feod Science andCollege of
Life Sciences, Insiitute of Biomedical Sclences and Food Safety, Korea
University, Kyoung Heon Kim Division of Food Science andCollege of Life
Setences, Korea University, Kuen-Woo Park Division of Life and Biotech-
nology, College of Life Sciences, Korea University

Asian plantain (Plantago asiatica) is a maditional medicinal plant in Northeastern
‘Asia and Plantago asiatica essential oil (PAEO) may coniain various bivactive
compounds with antioxidant and hypocholesterolemic effects. However, the
compositions and hypocholesterolemic effects of PAEQ have not been investigated.
We measured the composition of PAEO by gas chromatography-mass spectrometry
(GC-MS) and examined the protective effects on LDL axidation and chelesterol
metabolism gene expressions in HepG2 cells. The PAEO was mostly composed
of oxygenated monoterpenes, with linalool as the major component (82.5%,
wiw). Incubation of 0-200 mg/mL PAEQ with HepG2 cells for 24 h resulted
in no significant toxicity. Incubation with 0.2 mg/mL of PAEQ altered the
expression of low density lipoprotein (LDL) receptor (+83%, p < 0.05) and
HMG-CoA reductase (-37%, p < 0.05). The PAEQ has strong antioxidative
activity thus LDL oxidation was markedly inhibited by PAEQ treatments. These
suggest that PAEQ may have hypocholesterolemic effscts by multiple mechanisms:
enhanced plasma LDL uptake, reduced cellular cholesterol biosynthesis, and
inhibition of LDL oxidation.
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Standardization and Anticancer Effects of Dongchimi

Sun-Hyun Lee* and Kun-Young Park Department of Food Science and
Nuirition, Pusan National Universiry

This study was conducted to standardize the m ming process of dongchiu
and physicochemical characteristics und anticancer effect of standardized
dongchimiwas evaluated. To standardize dongehimi, the preparation methods,
kinds and concentrations of ingredients were determined by the surveys of
literatures obtained from cooking books and scientific papers. The standardized
ingredient ratio of dongehimi was 64.6 of radish, 2.4 of table salt, 2.3 of green
onion, 1.2 of fermented green pepper, 3.2 of pear, 3.1 of salt, 0.5 of garlic,
0.5 of ginger and the final salt concentration of 2.4% in the propertion to
100 of water. pH were decreased rapidly at the beglaning of the fermentation
and slowly decreased later. Lactobacillus sp. and Leuconostoc sp. were increased
rapidly first 2 weeks during {ermentation and then slowly increased later. The
juice and methanol extract of dongehimi inhibited the survival or growth of
AGS human gastric adenocarcinoma cells and HT-29 human colon carcinoma
cells in MTT assay. Especially optimally ripened dongchimi showed strongest
inhibitory effect thandongchimi.

Effects of Red Ginseng Extract Addition on Storage Chameteristics
and Antioxidant Activities of Soybean Curd

Jung-Suk Lee Gewmsan Agricultural Development and Technology Center,
Gyo-Nam Kim* and Hae-Dong Jang Deparment of Food and Nutrilion.
Hannam University

In relation to making soybean curd added with red ginseng extract, this research
investigated the effects of added red ginseng amount on the quality, storapc
characteristics, and antioxidant activitiss of soybeun curd, As a result of measuriny;
pH, turbidity, and total microbial counts, while storing the soybean curd
15°C, there was no change at the early stage of storage, However, turbidity
and total microbial counts extended the shelf-life, due to pH decline, and delay
of zerobic microorganism's proliferation in the soybean curd with addition of
red ginseng. Especially, the soybean curd with 2% of red ginseng extract
demonstrated the highest antibacterial attributes. Such changes took place from
the second day of storage in the case of pH, and from the sixth day in the
case of tusbidity, #nd total microbial counts. Conceming the anti-oxidant activitics
of soybean curd using ORAC assay, the antioxidant activities showed a tendency
of significant increase in the ORACcoo- assay. In ORACOH- assay, Lhe
pro-oxidant activity was exhibited in the soybean ourd added with red ginseny
extract, except for general sovhean curd.

Antioxidant Activity of Hydroxyflavanone Glycosides and Their
Aglycones in Citrus Fruits

Hyun-Mi Jeong*, Gyo-Nam Kim and Ifae-Dong Jang Department of Food
and Nutrition, Hannam Umniversity

This study is about antioxidant capacity of hydroxyflavanone glycoside in the
citrus fruit. It is investigated using the oxygen radical absorbance capacity
(ORAC) assay. Three different oxygen species were used: AAPH (2,2 -azobis
(2-amidino-propanc) dihydrochloride), a peroxyl radical generator, Cu'"-H;0:,
mainly a hydroxyl radical generator; and Cu™ alone. In the measurement of
ORACRoo in which AAPH was used as a peroxyl radical generator, antioxidant
capacily was dose-dependent from 1 nM to 500 nM. Glycosides camying
nechesperidose or rutinose showed higher antioxidant activity than their
aglycones. ORACOH-of hydroxyflavanones and their aglycones was also
dose-dependent from 100 oM to 500 oM. The presence of saccharide on
hydroxyflavanone glycoside resulted in higher antioxidant capacity than its
aglycone The cvtotoxic effect of hydoxyflavone glycosidew was determined
by tetrazolium dye staining (MTT) assay. Peraxyl and hydroxyl radical scavenging
activity of hydoxyflavanone glycosides and their aglycones in cellular antioxidant
capacity (CAC) assay using HepG2 hepatocarcinoma cell increased concentration-
dependently,
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Effects of Ferulic Acid from Psendosasa Japonica Leaves on
Antioxidant System by Exhaustive Swimming Exercises in Mice

Yanghee You* Dept. of Food and Numition, Chonnam Natignal University,
Kwontack Hwang and Jeongmin Lee Dept. of Food and Nurrition, Nambu
Universicy, Kyungmi Kim Dept. of Bigfood Technology, Korea Biopoly
technic College, Woojin Jun Dept. of Food and Nutrition, Chonnam National
University

Ferulic acid isolated from Psudosesa Japonica Leaves revealed the potent
antioxidant activities and showed the stimulatory effects on endurance exercise
capacity after the single administration in the previous study. To determinc
the changes in hepatic antioxidant system with the single administration of
ferulic acid, followed by the exhaustive swimming exercisc, we evaluated the
hepatic antioxidant status such as superoxide dismutase (SOD), catalase, GST
(zlutathione-S-transferase), reduced elutathione (GSH), and malondialdehyde
(MDA). After the single administration. approximately a [.7-fold increase in
swimming time was observed in the ferulic acid-administered mouse group
with 50 mg/kg/day compared to the control group. Our finding revealed that
the oral administration with the ferulic acid elevated activities of SOD and
the level of GSH, while it decreased the MDA level, These results suggested
that antioxidative activitics of ferulic acid against exhaustive excreise-induced
oxidative stress might be corelated with increasing the scaveanging of superoxide
anion tadicals, inhibiting the lipid peroxidation and enhancing the antioxidative
defenses by GSH.

Curcuma longa L. Reduces the Expression of Adipecytokines of
3T3-L1 Cells

Jeongjin Park® Dept. of Food and Nuirition, Chonnam National Universiy,
Kwontack Hwang and Jeongmin Lee Depi. of Food and Nutrition, Nambu
University, Kyungmi Kim Dept. of Bigfood Technology, Korea Biopoly
technic College, Heejong Chung Dept. of Science and Technology, Chonnem
National University, Woojin Jun Dept of Food and Nutrition, Chonnam
National University

Curcuma longa L. has 2 wide range of pharmacological effects, yet a little
study has been done with its obesity-related efficacy, When cytotoxicities of
ethanol-(CLE) and methanol{CLM) exiracts were determined, CLM showed
no cytotoxicity up to 50 ug/mL, while CLE revealed the cytoioxicity from
50 ug/mL. In veder to understamd the anti-adipogenic effect of Curcuma longa
L., we studied the changes in the expression of several adipocytokines of 3T3-L1
cells by CLE and CLM. We measuted the change of glycerol in the medium
of 3T3-L1 cells treated with 20 ug/mL concentration of CLE or CLM. Cells
treated with CLM secreted 18% more glyceral than those with CLE, We also
investigated the changes in adipogenic factors of 3T3-L1. In 3T3-L1 cells,
both leptin and adipogenic factors (adiponectin, PPAR-y) werc reduced by the
treamment of extracts fom Chrcnania Jonga L. Our data indicated that the treatment
of Curcuma longa L. contained the anti-adipogenic effects on 313-L1 cells
These resulis sugpest that the extracts of Curcuma Jonga L. may have an nhibiony
role in ohesity in vitrn and may be the useful source as a natural anti-obesity agent,
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(Px activities. These reuslts suggest a role of oxidative stress
in CCly hepatotoxicity. On the other hand, pretreatment with CA
showed the significant protective effect against CCls-induced
hepatotoxicity and oxidative stress as stimulated hepatic en—
zyme activities and GSH level in rats.

P8-189

Effect of Curcuma fonga L. on the Inhibition of Adipogenesis
in 3T3-L1 Ceils

]cong}m Park", Yanghee You', Kwontack Hwang Jetmg'm_m
Lee”, Kyumzrm Kim, Soongkoo Kang®, Heejong (,hung and
Wouojin }un "Dept. of Food and Nutrition, Chonnam National
University, Dept of Food and Nutrition, Nambu University,
*Dept. of Medical Nutrition, Kyunghee University, “Dept. of
Biofood Technology, Korea Biopolytechnic College, “Rescrch
Instrument. Center, Sunchon National University, "Dept. of Food
Science and Technology, Chonnam National University

Obesity is a major risk factor associated with the development
of various diseases including hypertension, coronary heart dis-
eases, and type 2 diabetes. Therefore, many studies are focusing
on the development of anti-obesity agents. Previous research
suggested that decreased preadipocyte differentiation and pro—
liferation were mechanisms to reduce obesity. In the present
study, the effects of Curcuma longa L. fractions on the inhibition
of lipid accumulation and differentiation in 3T3-L1 pre-
adipocytes were investigated. Curcuma longa L. fractions in-
hibited 3T3-L1 differentiation into adipocytes in a dose-depend-
ent manner. Moreover, the accumulation of intracellular trigly-
ceride was decreased by the treatment of Curcuma longa L.
fractions. Also, Curcuma longa L. fractions inhibitied the ex-
pression of C/EBPu, peroxisome proliferator activated receptor
r (PPARY) and fatty acid synthase (FAS). Taken together, these
resulls suggest that the extracts of Curcuma longa 1.. may have
an inhibitory role in obesity in vitro and may be the useful
source as a natural anti-obesity agent.

P8-180

Purification and Characterization of Antioxidative Peptide
from Korean Elk Meat protein by Enzymatic Hydrolysis
FEun-Kyung Kim'", Seung-Jae Lec®, Ji-Sook Han', Sang-Ho
an3 Byong-Tae Jeon”, and Pyo-Jam Park®. ]I)cp(u tment of
Bood Science and Nutrition, Pusan National University, Korea,
Dcpartmcnt of Biotechnology, Konkuk University, Chungju,
Korea, * ‘Korean Nokyong Research Center, Konkuk University,
Chungrju, Korea

To prepare antioxidative peptide from Korean elk meat protein
hydrolysate (APKEMPH), we emploved six proteinase such as
pepsin, trypsin, papain, a—chymotrypsin, Alcalase and Neutrase
for enzymatic hydrolysis, and the antioxidative activities of their
hydrolysates were investigated using free radical scavenging
assay by electron spin resonance spin-trapping technique.
Among hydrolysates, papain hydrolysate having the highest an
tioxidant activity, further separated into four groups using ul-
trafiltration membranes and purified consecutive chromato
graphic methods. Finally, we obtain two amine acid and the
aming acid sequence were identified as
Met-Gln-Ile-Phe-Val-Lys-Thr-Leu-Thr-Gly,
Asp-Leu-Ser-Asp-Gly-Glu-Gln-Gly-Val-Leu, respectively.
Antioxidative peptide from Korean elk meat efficiently quenched
hydroxyl radical, and the ICs values were 44.77 pg/ml, 6454
wg/ml, respectively, Furthermore, the ability of APKEMPH to
inhibit the cell death due to TT(: induced oxidative damage was
analyzed by measuring mobilization of cytochrom C and [rag-
mentation of nucleus on neurcnal cells.
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Free Radical Scavenging Effect of Enzymatic Exliracls from
Qyster Using an ESR Spectroscopy

Eun-Kyung Kim", Yun-Ha Lee', Seung-Jae Lee', Jae-Young
J¢*, Chang-Bum Ahn®, and Pyo Jam Park' 'Department of
Biotechnology, Konkuk  University, Chungju, Korea,
“Department of Food Science and Aqualife Medicine, Chonam
National University, Korea

Oyster was cbserved proteolyvtic extraets by Flavourzyme,
Neutrase, Protamex, Alcalase, PP-trypsin [trypsin {rom porcine
pancreas), papain, pepsin, a—chymoirpsin and BP-trypsin
[trvpsin from bovine pancreas] had scavenging activites 49.63%,
50.80%, 36.89%, 49.01%, 53.97%, 48.05%, 91.41%, 76.21% and
T207% at 20 mg/ml on DPPH radical. The DPPIT radical scav—
enging activity of pepsin from oyster was the highest, and the
ICso value was 499.89 ug/ml. It was observed Lhat the hvdroxyl
radical scavenging activities of hydrolysate by Flavourzyme,
Neutrase, Protamex, Alcalase, PP-trypsin, papain, pepsin, a
—chymotrpsin and BP-trypsin from oyster were 43.88%, 32.15%,
30.94%, 30.94%, 27.34%, 62.96%, 27.92%, 37.17% and 36.94% at
1.0 mg/ml. The hydroxyl radical scavenging activity of papain
from ovster was the highest, and the ICs value was T68.27
g/ml. The extracts by Flavourzyme, Neutrase, Protamex,
Alcalase, PP-trypsin, papain, pepsin, o-chymobtrpsin and
BP-trypsin had scavenging activity 67.80%, 65.48%, 69.41%,
T72.34%, T5.43%, 70.63%, 62.75%, T79.15% and T76.83% at 1.0
mg/ml on alkyl radical, respectively. The alkyl radical scaveng-—
ing activity of PP-trypsin from oyster was the highest, and the
ICs value was 37461 ug/mL. In addition, the ability of the hy-
drolysates to inhibit the oxidative damage of DNA was assessed
by measuring the conversion of supercoiled pBR322 plasmid
DNA to the open circular form. The enzymatic extracts could
protected hydrexyl radical-induced DNA damage. These results
indicate that enzymatic extracts of oyster shows potent anti-
oxidant activity.
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Investigations of Antioxidative Properiies of Enzymatic
Extracts from Mussel (Mytilus Coruscus)

Eun—Kyung Kim", Jm U Hwang', Seung-Jae Lee', Jae-Young
J&, Chang-Bum Aho® and Pyo-Jam Park’. Department of
Biotechnology Konkuk University Chungju, Korea, “Department
of TFood Science and Aqualife Medicine, Chonam National
University, Korea

Free radical scavenging activity and DNA -protective effect of
enzymatic extracts from Myvtilus Coruscus were estimated for
scavenging activity of DPPH, hydroxyl and alkyl radical using
an electron spin resonance spectrometer, and for protective ef-
fect of DNA agaimst hydrogen peroxide-induced oxidative dam—
age using plasmid DNA. For the research, Mytilus Coruscus
was hvdrolyzed by nine proteinases such as Flavourzyme,
Neutrase, Protamex, Alcalase, PP-trypsin [trypsin from porcine
pancreas], papain, pepsin, @-chymotrpsin and BP-trypsin
[trypsin from hovine pancreas]. Enzymatic extracts of Mytilus
Coruscus effectively reduced all of the radical intensities. DFPH
radical scavengng activity of PP-trypsin extracts had the high-
est scavenging activity and the ICs value was 16249 pg/ml.
The hydroxyl radical scavenging activity of BP-trypsin from
Muytilus Coruscus was the highest and the [Cs value was 53244
pg/ml. The alkyl radical scavenging activity of PP-trypsin from
Mhytilus Coruscus was the highest and the ICx value was 496.76
pg/ml. All of the radical scavenging activities increased n a
dosze dependant manner. In addition, the BP-trypsin extracts of
Mytilus Coruscus showed protective effect on HeOz-induced
DNA damage These resulls indicate that enzymatic extracts
of Mytilus Coruscus possess antioxidant activity.

P8-195

in vitro Hepatoprotective Effects of Taraxacum plaiycarpum
Extracts againsl Alcohol—!nduoed Oxidative Stress
Jinyoung Kim", Jeongjm Park Yanghee \rm Kwnntack
l—lwzmgzj Jeongmm Lee’, Kyungml Kim’, and WnoJm _fun
!School of Education, Chonnam National University, “Dept. of
Food and Nutrition, Chonnam National University, 3Dept. of
Food and Nutrition, Nambu University, ‘Dept. of Medical
Nutrition, Kyunghee University, “Dept. of Biofood Technology,
Korea Biopolvtechnic College

This study was conducted to investigate the hepatoprotective
effect of the extracts from dandelion (Taraxacum platycarpum
H.) root against aleohol-induced oxidative stress. Root of dan—
delion was extracted by cold water (TPC), hot water (TPH),
80% EiOH (TPE), and MeQH (TPM). The yield of each extract
was 20.7%, 25.8%, 19.2%, and 17.1%, respectively. The TPPE ex—

hibited the highest total flavonoids (3.28% as catechin equiv
alents) and polyphenol (4.79% as gallic acid equvalents) levels.
The antioxidant capacities were measured by the 11-di
phenyl-2-picrylhydrazyl (DPPH) radical- and superoxide anion
radical-scavenging activities, and TBARS generation inhibitory
acitivity. According to the DPPIT assay, 80% EtOI extract
showed the highest efficiency of free radical-scavenger activity
among the extracts. When cylotoxicities of the extracts were
determined, TPH showed no cytotoxicity up to 750 ug/mlL, while
TPC revealed the cytotoxicity from 750 ug/mL. No cytotocix-
ities up to 1,000ug/mL were found in other extracts. The hep—
atoprotective effects of TPC and TPH extracts were identified
on HepG2 cell expressing CYP2EL when treated with 200 mM
EtOH. Based upon these results, cold and hot water extracts
from Taraxacum platycarpum H. were confirmed to possess the
hepatoprotective capability against the alcohol-induced oxida-
tive stress in HepG2 cells expressing CYPZEL

P8-196
Comparison of Subchronic Toxicities of Curcuma longa L. and
Fermented Curcuma longa L. in vivo
Miso Lee®, ]congjm Park®, Yanghee chu Kwontack Hwang &
Jeongmm Lee, Kyungml Klm Seongkoo Kdr]g, Heejong
(,hung, and Woojin Jun®. 'School of Education, Chonnam
National University, “Dept. of Food and Nutrition, Chonnam
National University, “Dept. of Food and Nutrition, Nambu
University, ‘Dept. of Medical Nutrition, Kyunghee University,
“Dept. of Biofood Technology, Korea Biopolytechnic College,
easearch Instrument Center, Sunchon National University,
"Dept. of Food Science Technology, Chonnam National
University

Curcuma longa L. is a native plant of southern Asia and is culti-
vated extensively throughout the warmer parts of the world.
Il has been used for centuries in Asian countries as medicines
and foods. In this study, studies of oral subchronic toxicity (2
weeks) with the methanol (CLM) and hot water (CLIH) exlracts
of Curcurma longa L. were carried out in mice. Also, fermented
Curcuma longa L. (FCL) powder was administered to rats.
Dosages of CLM and CLH extracts were 0.05, 0.1, 0.25, 0.5 and
1.0 g/kg/day, while dosages of FCL powder were 0.03, 0.1, 0.3
and 1 g/kg/day. The weight gains in CLM, CLH and FCL treat—
ed animals, respectively. showed no significant difference corn-
pared to the control group. Also, there was no difference in food
intakes between each CLM, CLH and FCL group and the control
group. Purthermore, survival rates of all groups mdicated 10096,
According to the hemathochemical analysis, no damage was
found in each treated group. Based upon these results, all CLM,
CLH and FCL exhibited no toxicity up to 1 g/kg/day.
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Effects on osteogenesis by the water soluble factor of fer—
mented food

Yuna Youn'", Minscon Koo’, Nari Lee’, and Soonyoung Choi'.
Division of Biological Science, Sookmyung Women's
University, “Korea Food Research Institute

Bone remodeling is a normal process that involves the re-
sorption of bone by osteoclasts and the synthesis of bone matrix
by osteoblasts. Under normal conditions, bone resorption and
formation are tightly coupled to each other. In this experiment,
we focused on the balancing of bone remodeling by the water
soluble factor of Doenjang (Korean fermented soypaste).
Especially, the water soluble factor of Doenjang markedly in

creased the differentiation of primary bone marrow mononuclear
cells into mature osteoclasts, as revealed by increased tartrate
resistant acid phosphatase (TRAP)-positive multinucleated

2B

206




2007 IFT Annual Meeting
Scientific Program

BOOK OF
ABSTRACTS

(Abstracts as of June 4, 2007, complete list
available at www.am-fe.ift.org)

Abstracts of Papers Presented
Chicago, lllinois, U.S.A.
July 27-Aug. 1, 2007

Copyright © 2007
Institute of Food Technalogists
525 W. Van Buren Street, Suite 1000
Chicago, lilinois 80607

ISSN: 1082-1236

- 207 -



fg,-Rh,, -Rh,, etc.), which were then analyzed using HPLC. The total ginsenoside
mients of roasted samples ranged from 1,444 to 1,987 mg% (d.b.) depending on
femoasting condition, The roasting temperature was maore influential than roast-
mtime in changing the ginsenosides during roasting (p<0.05). The determination
efcients (R?) of the regression equation for individual ginsenosides were highin
#zorder of -Rb, (0.9320), -Rh, (0.9110), -Re (0.7747), -Rg,, etc. The optimal roasting

umdition for maximizing both ginsenoside-Rg, (31.75 mg%) and -Rh, (19.24 mg%),
1t are known to have anticancer activities, was predicted to be approximately
#§°C for 17 min. The results provide the possibility of developing new functional
uterials for further processing of red ginseng rootlets.

180-13

(mega 3: quality control and ageing monitoring with an electronic

nse
\ Manach, V. Schmitt, J. Mifsud, Alpha MOS Inc., Hanover, MD; M. Bonnefille,
itha MOS, Toulouse, France, Email: bonnefille@aipha-mos.com.

Omega 3 are increasingly used in the food & beverage industry. However, this
uredient can bringan undesirable odor / aromato the final product. Consequently,
iisefupmost importance for both omega manufacturers and users to monitor the
spmoleptic features of this additive. Usuatly, food ingredients are evaluated by
mman sensory panels, which can be unpleasant and time-consuming. Recently
aelectronic nose based on ultra fast Gas Chromatography, The Heracles, hasbeen
«ed 10 assess Omega 3 sensory quality and to perform ageing studies. Various
amples of Omega 3 powder were both assessed by sensory panel and Heracles
ssctronic Nase at 2 different times: t = 0 (freshly produced) and t=2 months under
arious storage conditions (airor nitrogen). The scoring scale ranked between values
11 2. After building a calibration curve with the Heracles, the model showed
igpod correlation with sensory panel scores (correlation coefficient > 99%) and
sigwed to predict unknown powders scores. The Heracles electronic nose can
sing the ability to screen a large number of samples to check their quality, Thus
impanies can reduce time and costs of analysis chain process, and significantly
mprove the product quality consistency.

90-14

Heet of Curcuma longa L. on aleohelic liver damage in vitre

Tlee, Yonsei University, Seoul, Flic of Korea; J. Park, H. Churg, W.jun, Chon-
um Nationa! University, Gwangju, Republic of Korea; K. Huwang, 7. Lee, Nambu
“Tiversity, Gwangji, Republic of Korea, Email: wijun@chonnam.ac.kr.

Chronic ethanol conswmption enhances oxidative stress in liver, and the role
iovidative stress has been considered as one of the key mechanisms responsible
arthe alcoholic liver injury. Ethanol-induced cytochrome P450 2E1 (CYP2EL) ap-
aars to be correlated with the generation of oxidative stress and the formation of
active metabolites, In the present study, we investigated the hepatoprotective
fects of Curcurna longa L. on alcohol-induced toxdcity using CYP2EL transfected
tepG2 cells. Cells treated with various C. longa L. extracts (hot water-, cold water-,
shanol-, and methanol-extracts) were exposed for five days to 200 mM ethanol.
ien, MTT and LDH tests were performed to determine the cytotoxicitiesof C. longa
L exmracts. The treatment of cells with hot water extract (25 ug/mL) significantly
smeased the cell death induced by CYP2EL up to 50%. The attenuated ethanol
aicity of hot water extract might be due to its antioxidative potential. Compared
uihe cells exposed to ethanol only, the elevated GSH content and antioxidative
aryme activites (catalase and glutathione-S-transferase) were observed in cells
mated with hot water extract. Based upon these results, the hot water extract from
{ linga 1. was confirmed to possess the hepatoprotective potential against the
irohol-induced oxidative stress in HepG2 cells expressing CYP2EI by inhibitng
iegeneration of reactive oxygen species.

190-15

190-16

Functional propertics of came! milk rennet-whey proteins

1. Laleye, B. Jobe, O. Sipahiogli, A. Abu Shelaibi, United Arab Emirates University,
Al -Ain, United Arab Emirates, Email: llaleye@uaeu.ac.ae.

There is little scientific data on the functional properties of camel milk whey
proteins, Camel and cow milk whey were separated from casein by the addition
of rennet enzyme and coagulated at 37°C for 3 hours. The whey was concentrated
using vacuum evaporator followed by drying in a vacuum oven for24 hoursat 70°C.
The heat stability was performed on the camel and cow milk whey using the Dif-
ferential Scanning Calorimeter. The thermal denaturation of dried cow and camel
whey proteins results revealed that unlike the case in cow whey, the denaturation
peak appeared at a much higher temperature 200°C compared to 150°C for cow
whey. This shift in the denaturation peak indicated that camel whey was more heat
stable than cow whey. Emulsifying properties of cow and camel whey proteins were
measured at pH 5 and 7 in the presence of 15% sunflower oil. At pH 7, in which
whey protein is soluble, a stable emulsion was formed by both cow and camel whey
and the mean diameters of oil droplets were 1.64 and 1.3 micrometer for cow and
camel, respectively. The difference of 0.34 pm suggests a relative improvement of
emulsifying properties of camel whey. At pH 5, the mean diameter of the oil droplet
size distribution increased more than two folds (2.84 ym) for camel whey protein
stahilized emulsion. The increase in the oil droplet size distribution was accompa-
nied by poor emulsion properties as indicated by the quick separation of the two
phases. The low stability of the emulsion at lower pH is due to the aggregation of the
protein molecules suggesting lower solubility at pH 5. These functional properties
along with others as revealed by camel milk whey proteins will be useful in foad
formulation and their use as functional ingredients by the food industry.

190-17
Phenolic and antioxid: lysis of extracts from fiesh of bitter melon
{Momordica charaniia) frult at different maturation stages for potential
nutraceutical benefits
R. Horax, N. Hettiarachchy, S. Rayaprolu, P. Chen, University of Arkansas, Fay-
etteville, AR; L. Grant, Pennsylvania State University, University Park, PA; M.
laluddin, University of Ark , Pine BIuff, AR, Email: horax@uark.edu.
Recentinterestin phenolic acids stems from their potential protective role, through
ingestion of fruits and vegetables, against oxidative damage diseases (coronary heart
disease, stroke and cancers). This is because plant phenolic compounds can Serve as
natural antioxidants which help to destroy free radicals, Bitter melon (Momordice:
charantia) is an exotic fruit used mainly throughout Asia for food and medicinal pur-
poses. Suchmedicinal benefits canbe made possible throughits phenoliccompounds.
Tor these reasons phenolics compounds and antioxidants are important for as-
sessing nutraceutical benefits. The objective of this study is to extract the flesh of
bitter melon fruit harvested at three different maturation stages (immature, mature,
and ripe,) using ethanol and water solvent systems and determine total phenotlics,
phenolicacid constituents and their antioxidant activities. Phenolics of bitter melon
fruit flesh were extracted using 0, 20,40,60,80 or 95% of ethanol. The extracts were
analyzed for total phenalics, phenolic acid constituents, and antioxidant activities
of their ethanolic extract using Folin-Ciocalteau method, HPLC, and free radical
scavenging activity by 2,2-Diphenyl- 1-picrythydrazyl (DPPH), respectively. Total
phenolics assessment demonstrated 80 and 95% of ethanol to be the optimal solvent
level to extract phenolics (7.2-7.5 and 6.8-7.2 mg/100 g, respectively), The main
phenolic acid constituents in ripe, mature and immature bitter melon samples
were found to be gentisic, catechin and gallic phenolic acids. DPPH analysis for
antioxidant activity demonstrated the extracts as slow rate free radical scavenging
agents. Bitter melon extracts from 80% and 95% of ethanol also demonstrated the
bestscavenging activities of free radicals (52.3-64.4 and 48.1-68.9 g extract/g DPPH,
respectively). Bitter melon phenolic extracts are potential natural antioxidant
substance sources with nutraceutical benefits to inhibit free radicals and prevent
di caused by oxidative damage.

nsslonfruit’s peel flour (Passiflora eduliis 1. flavicarpa) ch ization
ind use on controliing serum cholesterol
4 Ramos, M. Diniz, Universidade Federal da Paraiba (UFFPB), Campine Grande
9B, Brazil: A, Sabaa Srur, Universidade Federal do Rio de Janeiro (UFRJ), Rio de
Imeiro, Brazil, Email: ale.tramos@bol.com.br.
passionfrisit deserves attention due to its excellent juice. To obtain it, indusuy
ses only the pulp, which represents 30% of the fruit, while the peels and seeds are
frown away. The aim of this study was to transform peels into flour and test its
wnsumption in patients with high cholesterol levels. Peels were washed, dried and
mnsformed into flour. Determinations have shown that 100g of this flour contained
707 of most, 4.25g of minerals, 6.85¢ of proteins, 12.92g of carbohydrates, 36.8g
finsoluble fiber, and 21.53g of soluble fiber (21.0g of pectin). In response of sup-
posed pectin benefits on cholesterol and glucose reduction, a pilot study was done
wprove such effecton LDL cholesterol reduction in human. The group was formed
4 15 women and 2 men, aged between 30 and 60 years old and presenting high
cholesterol levels (== 200mg/dl). They were treated daily with 30g of passionfruit's
peel flour during 30 days. The cholesterol’s level varied between 200 and 314mg/dL
Sfier 30 days of wreatment with the flour, it was observed a statistically significant
rduction (p<0.05) of the cholesterol levels. This reduction oceurred in §2.3% of
the evaluated patients and varied between lmg/dl and 59mg/dl. The difference
tetween the medium cholesterol value and the levels after 30 days expenence was
19.52mg/dl (approximately 8.96%). Results suggest that the passionfruit’s peel flour,
ich in peetin, can be used in human feeding, with many foods or as raw material
for ather products intending to reduce cholesterol levels.

190-18
Symergistic and isomeric effects of conjugated fHncleic acid on hody
ash
M. Terk, G. Park, S. Rhee, Y. Park, Y. Park, University of Massachusetts Amherst,
Amberst, MA, Email: mterk@foodsci.umass.edu.
Approximately 200 million people worldwide, including 25 million in the Unitec
States, suffer from osteoporosis. The pathophysiology of osteoporosis suggests that
prevention through dietary intervention can be one of the most important actions.
Diiet can also be a successful alternative for minimizing bone loss and the need for
asteoporosis related drug therapy. Conjugated linoleic acid (CLA) is the collective
term used to desctibe positional and geometric isomers of linoleic acid with two
conjugated double bonds. CLA has been shown to be biologically active in mamy
systems, yet CLA's effect on bone mass is not clearly established. Previously, we
observed the synergistic effects of CLA and calcium on bone mass. The purpose of
this study s to investigate CLA's isomeric effect and synergy with dietary calcium
on bone mass. Four-week-old male ICR mice in 8 groups (n=9), were fed diets with
either a high (1.0%) or normal (0.5%) calcium level. Each calcium level was supple-
mented with 0.5% CLA mixed isomer, 0.2% c9,t11 isomer, 0.2% t10,¢12 isomer, o
1o CLA {conzrol) for 28 days. Body ash, reflective of bone mass, was determined
by incineration at $00°C for 8 hours. The analysis showed the dietary calcium
levels had o effect on bady ash, yet the CLA mixed isomer treatment significantly
increased total body ash (3.8%20.1) compared to control (3.6%:+0.1). Specifically,
the CLA isomer responsible for the increased accumulation of body ash was the
110,¢12 isomer, which displayed a significantly higher amount of ash (3.8%20.1)
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Optimization of the Preparation of Black Soybean Pomidge using
Response Surface Methedology

Hye Won Kim*, Hyun Jaec Rha, Ho Young Jung, Seul Lee, Jeong Bin Min
and Hyeon Gyu Lee Hamyang University

Soybean porridge is being consumed for a long time in Asia because of its
high nutritional value. However, the short shelf life of soybean porridge can
limit the application in food industry. Thus, the aims of this study were 1)
to determine optimum conditions for the preparation of black soybean porridge
using response surface methodology (RSM), and 2) to evaluate their syneresis
as & function of storage time in comparison with rice porridge. RSM was used
to investigate the effects of independent varizbles, namely the ratio of black
soybean to rice (X:), and boiling time (X2) on optimization of syneresis (¥).
The reppession equation generated for the response (Y) was determined as follows;
Y =301 - 152.45X; + 0.03X1” + 3.01X:. The optimum conditions for the prepa-
mtion of black soybean pomidge were obtained at the [black soybean propoertion,
X] of 48.68%, and [boeiling time, Xz] of 25.78 min, As the black soybean
proportion increased, the syneresis of porridge significantly increased (p<0.05).
The syneresis as 2 function of storage time (up to 96 h) of the black soybean
porridge prepared by optimum condition and rice porridge exhibited 23.45%
and 13.98%, respectively. .- =
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Optimization of Calcium Pectinate Gel Beads Produced using
Internal Gelation for Sustained-Release of Catechin

Ji-Soo Lee*, Eek-Joo Kim, Joo Young Yoon and Yoo Jin Lee Hampang
University, Donghwa Chung Kangnung National University, Hyeon Gyu Lee
Hanyang University

Catechin was encapsulated using calcium pectinate by the internal gelation.
The objectives of this study were to prepare and evaluate optimized calcium
pectinate gel beads entrapping catechin. Response surface methodology was
used for optimization of the sustained catechin delivery with the comeentration
of pectin (X) and the ratio of catechin to pectin (X2) and calcium carbonate
to pectin (Xs) as the independent variables. The percent of catechin released
after 2 br in SIF (¥) was chosen as dependent varjable. The regression equation
generated for the response (Y) was determined as follows: Y = 167.61 + 149X,
D 12Xs - 2.62X5 + 0.12 XXz + 0.22X/%; + 0.04%X; - 3.46X;" - 0.01X5".
The optimization model predicted a 80.82% release with X, Xz, and Xslevels
of 2.86%, 28.92%, and 32.79%, respectively. The observed response (78.83%)

was in close apreement with the predicted value of the optimized formulation. .

About 80% of the entrapped catechin was released from the optimized beads
into SIF after 3 h incubation. [n contrast about 65% of catechin was released
into SGF over the same time period.
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Optimization of Oryzanol-Loaded Calcium Pectinate Microparticles
for Sustained-Release of Oryzanol Using Response Smrface Metho-
dology

Hyeon Gyu Lee®, Jong Soo Kim, Ji-Soo Lee, Sun-Ah Park, Min Ji Yoon and
Go Eun Lee Hanyang University

Oryzanol (OZ) has received much attention with multiple health-promoting
functions; however, its application in food systems has been limited because
of its instability at high temperature and poor water-solubility. These impediments
to OZ application can be effectively overcome by physically entrapping OZ
molecules within a biopolymeric carrier. The coating preparation conditions
for the OZ-entrapped calcium pectinate microcapsules coated with chitosan
were optimized for the sustained-release of OZ using response surface metho-
dology. The quadratic regression models were highly significant in describing
the relationships between the microcapsule preparation conditions, including
chitosan concentration (X,) and hardening time (Xz), and the OZ release behaviers
into intestinal (SIF) fluids. The values of X, and Xs, optimized for the minimal
OF release, were found to be 1.48% and 69.94 min, respectively. Experimental
results obtained for the optimum formulation agreed well with the predictions,
indicating the usefulness of this approach. The microcapsule prepared according
to the optimized conditions released abow 40% of the entrapped OZ was released
into SIF after 24 h incubation.

Reduction Strategy of 3-MCPD in Hydrolyzed Vegetable Protein

(HVP) Soy Sauce
Hyeon Gyu Lee* Hanyang University, Yong Il Chung, Byung Jo Lee and Yu
Weon Les Sempio Food Company, Ji-Soo Lee Hanyang University

3-Monechloropropnae-1,2-diol (3-MCPD) produced during the acid hydrolysis
of soybean products has been known to posscss multiple toxicities. In order
to investigate the effects of various manufacturing conditions of hydrolyzed
vegetzhle protein (FIVP) soy sauce on the 3-MCPD contents, the various HVP
soy sauces were prepared under the different manufacturing conditions, such
as pH and temperature of alkaline treatment, retention time and retention
temperature, 3-MCPD derivatives with heptafluorobutylimidazole (HEFBI) were
determined by GC/MS$ and showed below 0.010 pglg, which was sensitive
with good recovery rate. 3-MCPD contents decreased as pH and temperature
of alkaline treatment, and time and temperature of retention process following
alkaline treatment increased. Alkaline freatment at pH 10.0-10.5 and retention
process for 72 hr effectively reduced the 3-MCPD contents of HVP soy sauces.
This result suggests that the facturing process, especiall line treatment
and retention process of HVP soy sauce has a good effect for removing 3-MCPD
and also for improving quality of the HVP soy sauce.
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Protective Effects of Lindera obtusiloba blume Treament on Tert-
butyl Hydroperoxide-induced Oxidative Hepatotoxicity and Strepto-
zotocin-induced Diabetic Rats

Chung-Oui Hong*, Hyung-Sun Lee, Dong-Chul Shin, Su-Jung Kim, Mi-
Hyun Nam, Hyun-A Lee and Kwang-Won Lee Division of food Bioscience
& Technology, College of Life Science and Biotechnology, Korea University

The Lindera obtusiloba blume (LO), 2 native plant in Korea, has been traditionally
used as a popular folk medicine. The aim of this study was to evaluate the
protective effects of LO extract (LOE) on the terr-butyl hydroperoxide (t-BHP)-
induced oxidative hepatotoxicity and streptozotocin (STZ)-induced diabetic rats.
The study of liver protection showed that prefreatment with LOE (500 or 2000
me/ke) by gabage to SD rats for 7 days before a single dose of +-BHP (0.2
mmole/kg 1.p.) significantly lowered the serum levels of the hepatic enzyme
markers, aspartate aminotransferase (ALT) and alanine aminotransferase (AST)
and reduced the indicators of oxidative stress in the liver, such as lipid peroxidation.
To detefmine the anti-diabetic effects of LO extracts, diabetes were experimentally
induced by STZ (60 mg/kg ip.) dissolved in eitrate buffer (pH 4.3) and treatment
of LOE were carried out for 5 weeks by gabape. In the STZ-diabetic group
treated with LOE (500 or 1000 mg/kg), glucose tolerance increased, while
the blood glucose levels, AST-and ALT levels decreased. As a result, it concludes
that LOE has a protective effects against -BHP induced hepatotoxicity as well
as STZ-induced dizbetes.

japomica Leaves on Endurance Exercise Capacity by Ephancing
Antioxidant Activities in Mice

Yanghee You* and Jeongjin Park Dept. of Food and Nutrition, Chonnam
National University, Kwontack Hwang Dept. of Food and Nutrition, Narmbu
U}ziversf{v, Jeongmin Lee Depr. of Medical Nutrition and Clinical Research
Institute, Kyunghee University, Kyungmi Kim Depr. of Biofood Technology,

Korea Biopoltechnic College, Kyungtack Oh Jeoll o Regional on
Agency, Woojin Jun Depr. of Food and Nutrition, Chonnam National University

In the previous study, 80% ethanol extract (PIE) and its ethylacetate subfractions

- (PJE-E) from Pseudossa japonica leaves showed the phenolic compound-rich
properties and the potent antioxidant activities. The PJE exhibited the stimulatory
effect on endurance swimming capacity afier long term administration. In the present
study, we evaluated the PJE-E on the endurance swimming capacity with the long
term administration (50 mg/ke/day) and hepaticantioxidative status using enzymatic
and non-enzymatic assays. Compared to the control group, a 1.8-fold increase in
swimming time was observed in the mouse group administered a PIE-E after 18
days. The blood lactate level was not significantly different in PJE-E mouse group.
The oral administrated group with the PJE-E elevated the activities of CAT, SOD,
GST, GPx and GR, while the levels of GSH and MDA were statistically no difference.
Based upon these results, it was suggested that PIE-E from Psendpsasa japonica
leaves possessed the stimulatory effects of endurance swimming capacity and
anii-fatigue. The swimming capacity of PIE-E might be correlated with an increase
in the enzymatic antioxidant potentials in mice.
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I vive Effects of Extract from Crrcuna longa L. in Relation to
Reduced Body Weight and Improved Serum Lipid Profile

. Jeongjin Park*, Yanghee You and Gyuok Lee Dept. of Food and Nutrition,
Chonnam National University, Kwontack Hwang Dept. of Food and
Nurrition, Nambu University, Jeongmin Lee Dept. of Medical Nutrition and
Clinical Research Institute, Kyunghee University, Kyungmi Kim Depr. of
Bigfood Technology, Korea Biopolytechnic College, Seongkoo Kang Research
Instrument Center, Sunchon National University, Heejong Chung Dept. of
Science and Technology, Chonnam National University, Woojin Jun Dept. of
Food ard Nutrition, Chonnam National University

Obesity is a major risk factor associated with the development of various disease
including hypertension end type 2 diabetes. Therefore, many studies are focusing
on the development of anti-obesitic agents. In the present study, the effects
of Curcuma longa L. extracts on the reduction of body weight and the improverent
of serum lipid profile in obesity-induced mice were investigated. We examined
the effects of the Curcuma longa L. extracts (0.25 ghg/day) in mice with
astablished obesity (3 weeks high-fat diet). High-fat diet mice showed a relatively
high weight gain compared to the mice fed a standard diet. Mice supplemented
with methanolic extract of Cureuma longa L., commencing after 3 weeks of
fitgh fatdiot, tustained a decrease in body weight. The ireatment of Curcuma
fomiza L., exweact significantly inereased high-density lipoprotein. Taken together,
thene remults suggest that Curcuma longa L. may have an inhibitory role in
olwsity 10 vive and may be the useful source as a naturel anti-obesity agent.

Fi
Effects t}f‘Tarmcwn officinale on Liver Damage Mediated by
Alcohol in vitre

Sunam You*, Somi Yi, Jeongjin Park and Yanghee You Dept. of Food and
Nutrition, Chonmam National University, Kwontack Hwang Depr. of Food
and Nutrition, Nambu University, Jeongmin Les Dept. of Medical Nutrition
arnd Clinical Research Institute, Kyunghee University, Kyungmi Kim Dept. of
Biofood Technology, Korea Biopolytechnic College, Woojin Jun Dept. of
Food and Nutrition, Chonnam National Universily

This study was conducted to investigate the effects of hot water extract (TOH)
from the root of dandelion (Taraxacum afficinale) on hepatic antioxidative
system in ethancl-induced HepG2/2E1 cells. The TOH exhibited no cytatoxicities
up to 1,000 ug/mL and hepatoprotective effects against alcohol-induced oxidative
stress. Therefore, the further study was performed with TOH. The cells were
divided into 4 groups : #) control (NC), ii) 300 mM EtOH (EC), iif) 300 mM
EtOH pretreated with 100 ug/ml of TOH (EHL), and iv) 300 mM EtCH pretreated
with 500 ug/mL of TOH (EHH). The activities of CAT, GST, GSH, GR and
GPx in the ethanol alone treated group were significantly lower than those
of the control group. However, ethanol plus TOH group stimulated the hepatic
enzyme activities and GSH level. The level of MDA was markedly decreased
in the TOH pre treeted group. Our findings suggest that TOH might be considered
as a useful agent in the prevention of liver damage induced by oxidative stress.
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Curcuma longe L. Reduces Oxidative Stress Induced by Aleohol in
vitro

Jinyoung Kim* School of Education, Chonnam Nationa! University, Jeongjin Park
and Yanghee You Dept of Food and Nutrition, Chonnam National University,
Kwontack Hwang Dept. of Food and Nutrition, Nambu University, Jeongmin Les
Dept. of Medical Nutrition and Clinical Research Institute, Kyunghee University,
Kyungmi Kim Dept. of Biofood lechnology, Korea Biopolytechnic College,
Seongkoo Kang Research Insirument Center, Sunchon National University, Tleejong
Chung Dept. of Science and Technology, Chonnam National University, Woojin hun
Dept. of Food and Nuirition, Chonnam National University

This study was conducted to investigate the hepatoprotective effect of the extracts
from Curcuma longa L. against alcohol-induced oxidative stress. The PMA and
ethanol toxicities were examined on HepGZ 2E1 cells. Ne cytotoxicities of PMA
were found up to 15 n mole with the treatment of 5 days. The treatment of aleohol
with 300 mM for 5 days reduced cell visbility to 46%. Curcuma longa L. was
extracted by cold water (CLC). hot water (CLH), 80% EtOH (CLE), and MeOH
(CLM). When cytotoxicities of the extracts were determined, CLC and CLH showed
no cytotoxicity up to 50 ug/mL, while CLE and CLM revealed the eytotoxicity
from 50 ug/mL. OF four exiracts, the highest protective activiry ageinst aleohol-induced
oxidative stress in hepatoma cells was observed in CLH. The treatment of CLH
also reduced the intracellular ROS compared o the aleohol-treated cells. CLH treatment
along with aleobol showed that GSH content and catalase, SOD, GST activities
increased as compared to the alcohol-treated cells. Based upon these results,was
confirmed to possess the hepatoprotective capability against the alcohol-induced
oxidative stress in HepG2 cells expressing CYT2EL

The Effect of Pycnogenol om Lipolysis in Differentiated 3T3-LI
Adipocytes

Eunjeong Kim* Dept. of Food and Nutrition, Nambu Usniversity, Jeongmin
Lee Dept. of Medical Nutrition and Clinical Research Institute, Kyunghee
University, Woojin Jun Dept. of Food and Nurrition, Chonnam National
University, Chang-Soo Park Dept. of pathology, Chonnam Medical College,
Chornam  National University, Kwon-Tack Hwang Dept. of Food and
Nurition, Nambu University

Pycnogenol (PYC), a standardized extracts from the bark of the French maritime
pine (Pinus pinaster Ait.) has a wild range of pharmacological effects. The
previous study showed the inhibitory effects of PYC on differentiation of 3T3-L1
vells at the cellular and molecular levels. In the present study, we investigated
the influence of PYC on the lipolytic effect of 3T3-L1 cells at post- differentiation.
In the oil-red O staining assay, differentiated 3T3-L1 cells were treated with
the various range of PYC from 10 ug/mL to 100 ug/mL in concentrations.
The PYC inhibited the cytoplasmic lipid accumulation by 77.9:0.1%. Glycerol
level released to cultured medium was significantly increased by 124.7+05%
(PYC 50 ug/mL), 131.10.5% % (PYC 70 ug/mL) and 126.4+1.3% % (PYC
100 ug/mL) at 48 h, suggesting that PYC might influence on degradation of
triacylglycerol (TAG) in mature adipocytes. The glucose uptake level was also
examined, depending on the concentrations of PYC. These results suggest that
PYC stimulates lipolysis in differentiated 3T3-L1 adipocyies.
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Physico-chemical Effects of Enzymatically Hydrolyzed Products
Obtained Glycated Proteins of Rice, Soy, Whey and Wheat

YVung-sun Ryn*, Kwang-won Lee and Hyung-joo Seo college of Life Sciences
and Biotechnology, Division of Food bioscience and technology and Food
biochemistry and Toxicology Lab., Korea University

The heat-induced reaction of amino groups of amino acids, peptides, and proteins
with carbonyl groups of reducing sugars such as glucose results in the concurrent
formation of so-called Maillard browning products. The combined effect of
glycated cereal protein isolateson the release of compounds exhibiting in vitro
angiotensin-converting enzyme(ACE) inhibitory, antioxidant activities, anti-
aging activity was investigated. Model systems consisting, of protein isolate
and glucose were heated at 120°C for 30 min, 120°C for 45 min. Glycation
was followed by digestion with Pronase E and ultafilration. The anti-hypertensive
activity was measured as the ability to inhibit the activity of anglotensin I-
converting enzyme involved in hypertension regulation. The Oxygen Radical
Absorbance assay was used to measure the peroxyl radical scavenging capacity
of the products. The anti-aging activities were used to measure elastase mhibition
and tyrosinase inhibition. Advanced products of the reaction enhanced the
antioxidant propertes of gluten hydrolysates and decreased the overall ACE
inhibitory activity.

Effects of Cuwrcuma longe L. Extracts on Exercise Endurance
Capacity in Mice

Miso Lee* Schoal af Education, Chonmam national University, Jeongjin Park
and Yanghee You Dept. of food Nutrition, Chonnam National University,
Kwontack Hwang Depr. of Food Nutrition, Nambu University, Jeongmin Lee
Dept. of Medical Nutrifion and Clinical Research Institute, Kyunghee
University, Kyungmi Kim Depr. of Biofood Technology, Korea Biopoltechnic
College, Seongkoo Kang Research Instrument Center, Sunchon National
University, Hecjong Chung Dept. of Food Science Technology, Chonnam
National University, Woojin Jun Dept. of food Nutrition, Chonnar National
University

Cureuma longa L. s a native plant of southern Asia and is cultivated extensively
throughout the warmer parts of the world. It has been vsed for centuries in
Asian countries as medicines and foods. The present study designed to determine
the effect of Curcuma longa L. extracts on endurance exercise capacity in
male TCR mice aged 5 wlk. The Curcuma longa L. powder was extracted by
hot-water (CLH) or methanol (CLM). Mice were separated into 4 groups: first
two groups were given 10% tween 80 as a control; and the other groups were
given elther | glke/day of CLH or CLM. Longer swimming time until exhausted
was exhibitad in the mice administered with CLH or CLM than the control
group. Both CLH and CLM groups significantly increased the NEFA level,
compared 1o the control. In both, CLH group showed the higher level of NEFA
than CLH group. The CLH group revealed the relatively high anti-fatigue activity

In vivo Hepatoprotective Effects of Fermented Tumeric (Curcuing
longa L.) Powder in Rats Treated with CCly

Haemi Sung®, Yanghee You and Jeongjin Park Dept. of Food and Nutrition,
Chonnam National University, Miso Lee and Jinyoung Kim School of Education,
Chonnam National University, Yongiae Kim Dept. of Korea INS pharmaceutical
Research Institute, Kyunghee Jung Dept of Jeonnam Biotechology Research
Center, Kyungtack Oh Depr. of Jeoll do Regional I ion, Woojin Jun
Dept. of Food and Nutrition, Chonnam National University

A fermented tumeric (Curcuma longa L. : FCL) powder is a useful food material
with a higher medical potential and a better taste than unfermented tumeric. In
the present study, the hepatoprotective effects of FCL powder were studied using
CClyinduced heptotoxicity and oxidative stress in rats. The rats were divided
into four groups: NC (control), CC (1.25 mL/kg of CCly, FCL (1.25 mL/kg
of CCls plus 0.03 g/kg of FCL powder), and FCIL (1.25 mL/kg of CCl plus
0.3 ghkg of FCL powder). A single oral dose of CCls at 1.25 mL/kg showed
the significant hepatotoxicity, as evidenced by a dramatic elevation in the serum
GOT, GPT, LDH, and ALP activities and an increased incidence and severity
of histopathological hepatic lesions in rats. In addition, CCLs treatment exhibited
a significant elevation in MDA level, and a drastic decreasc in the concentration
of GSH and the activities of CAT, 30D, GST, and GPx, which suggested a
role of oxidative stress in CCls hepatotoxicity. However, pretreatment with FCL
powder showed a significant hepatoprotective effects against CCl-induced
hepatotoxicity and oxidative stress as stimulated by the enzyme activities and
GSH level in rats.
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Rhum undud; Inhibits Ath lerosis by Regulating Inflamm-
atory Responses in High Fat Fed Rabbits

Sunghee Park*, Jiyun Ahn, Suna Kim, Jacho Park and Taeyoul Ha Korea
Food Research Institute

To understand the molecular mechanisms underlying allerations the physiologic
status of atherosclerosis by Rhum wndulatum supplement, we examined the
expressions of inflammatory genes and pathologic morphology on aora in
hypercholesterolemic rabbit Male rabbits were fed a normal diet, a high-
cholesteral diet (HC), or 2 HC diet containing 1% extract of Rfum undudarum
(RHU) for 8 weeks. RHU resulted slight decrease in body weight but no significant
changes in total cholesterol and triglyceride compared withthe HC group. The
expressions of genes invelved in inflammatory responses such as P-selectin,
vascular adhesion molecule-1, intercellular adhesion molecule=1 and monocyle
chematactin protein-1 were significantly reduced in the RHU group. The
expressions of inflammatery proteins, COX-2 and CD36, were significantly
g d by Rhum undul treatment. Moreover, RHU group showed decrease
of the maximum plaque thickness, artery stenosis and the proportion of the
intimal circumference. Our data suggest that Rium wndulatum may have great
potential as a novel anti-atherosclerosis agent in that both inhibition of
inflammatory responses and acceleration of atherosclerotic lesions.
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Oxidative stress has been implicated in the pathogenesis of al-
coholic liver injury, and the induction of cytochrome P450 2E1
(CYP2E1) by ethanol appears to be one of the mechanisms
through which ethanol generates the oxidative stress. This
study was cenducted Lo investigate the hepatoprotective effect
of hot water extract (TOH) from the Toot of Taraxacum offici-
nale against alcohol-induced oxidative stress in mice. The mice
were divided into 4 groups: i) NC; saline, ii) EC; 5 g/kg b.w.
of BtOH, i) TOH-L; 5 g/kg b.w of EtOH with 0.25 g/kg bw.
of TOH, and ) TOH-H: 5 g/kg bow of EtOH with 1 o'kg
h.w. of TOH. Four groups were orally administered for 8 days.
The EC group was shown the high levels of oxidative damages,
revealing the significant elevation of hepatic MDA concentration
with the drastic reductions of GSH level and CAT, GST, GR,
and GPx activities, which indicating a role of oxidative stress

. in EtOH hepatotoxicity. However, TOH-II group revealed a

significant protective effect against EtOH-induced hepatotox—
icity and oxidative stress. A decrease in the hepatic MDA level
confirmed that the treatment with TOH could effectively protect
against Lhe hepatic lipid peroxidation induced by EtOH. Also,
the antioxidative status was improved by the supplementation
of TOH as evidenced by the elevation of GSH level and antox-
idant enzyme activities. These results suggest that TOH might
he considered as a useful agent in the prevention of liver damage
induced by oxidative stress.

PB-280/

F

_Qomp’éfrisons of Physicochemical Characteristics of Fruits
from Rubus coreanus Mliq_ by Cutliivar and Cultivation Area
Sorri Y‘le, Je%:ngj'm Park’, Yzinghee You, Kwpnltack Hwang ,
Jeongmin Lee’, Kyungmi Kim and Woojin Jun . Dept. of Food
and Nutrition, Chonnam National University, Dept. of Food and
Nutrition, Nambu University, Dept. of Medical Nutrition,
Kyunghee University, Dept. of Biofood Technology, Korea
Biopolytechnic College

Rubus coreanus Miq. (Bokbunja) is a wild berry belonging to
Rosaceae genus, of which application areas have been expanded
due to many health effects. Bokbunje fruit is high in carbohy—
drates and dietary fibers. It also contains various phenolic com—
pounds and flavonoids. To compare varietal and areal differ—
ences in physicochemical properties, 3 kinds of Bolkbunja fruits
were collected in 3 different areas: B-1, domestic origin; B-2,
foreign orgin; and B-3, foreign origin. B-1 exhibited 10.9"Brix,
which was higher than B-3. The pll's of 3 Bolkbunja fruits
ranged rom 3.1~3.5. A relatively high value of lightness was
found in B-1, with the significantly high value of redness. The
B-1 contained the high levels of Ca, Mg, Na and P. Also, B-1
possessed the comparable range of phenolic compounds and fla-
vonoids with the high free radical scavenging potentials.

/P8-281 ;

toprotecitve potentials of Curcuma longa L. against al-
cohol-induced oxidative siress Jn vitro .
Jinyoung Kim , Jeongj}n Park’, ‘f"anghge You', Kwontacgi
Hwang~, Jeongmin Lee, Kyungmi Kim, Seongkoo Kang’,
Heejong Chung', Yochvun Lee” and Woojin Jum'. 'School of
Education, Chonnam National University, Dept. of Food and
Nutrition, Chonnam National University, "Dept. of Food and
Nulrition, Nambu University, Dept. of Medical Nutrition,
Kyunghee University, ‘Dept. of Biofood Technology, Korea
Biopolytechnic College, ®Research Instrument Center, Sunchon
National University, Dept. of Science and Technology, Chonnam
National University, Depl. of Food and Nutrition, Suwon
University

Alcoholic liver disease is a major medical complication of drink-

ing alcohol. Oxidative stress plays an important role n the de
velopment of alcohol liver disease. The present study was car—
ried to evaluate the in vitro effect of Curcuma longa L (CL)
on antioxidation and lipid peroxidation by alcchol-induced oxi-
dative stress. The CL was extracted by hot water (CLH) and
909 EtOH (CLE). The CLE exhibited slightly higher free radical
scavenging activities and lipid peroxidation inhibitory potential
than CLH. However, CLH showed the high hepatoprotecitve ac—
tivity against oxidative stress induced by alcohol compared to
CLE. The CLH treatment along with alcohol resulied in the ele-
vations of GR and GPx activities compared to the alco
hol-treated cells. Since CLH had the high hepatoprotective ef~
fect, it was further fractionated by partitioning with chloroform
(CLH-C), ethyl acetate (CLH E) and water (CLH-W). When
cytotoxicities of the fractions were determined, three fractions
showed no cytotoxicity up to 100 ug/ml. In this stage, CLH-C
exhibited the relatively high hepatoprotective effect although
CLH F had the highest radical scavenging activity. Based upon
these results, Curcuma longa L. possessed the hepatoprotective
capability against the alcohol induced oxidative stress, and their
effects resulted from the stabilization of the intracellular anti-
oxidant defense system.

/" pg-282/

~In—vifro Hepatoprotective Effects of Femented Tumeric
(Curcuma longa L) Exiracts against Alcohol-Induced Oxidative
Siress L i ;
Heami Sung , Jeongjinq’ Park’, Yanghee You, Kwnntac%c
Hwang ', Jcoﬂpgmin Lee’, Kylqumi Kim, Yongjze Kim,
Yoohyun Lee and Woajin Jun . Dept. of Food and Nutrition,
Chonnam National University, Dept. of Food and Nutrition,
Nambu Un%ver&-‘.ity, *Dept. of Medical Nutrition, Kyunghee
University, Dept. of Biofood Technology, Korea Biopolytechnic
College, Korea INS Pharmaceutical Company, b].)cpt. of Food
and Nutrition, Suwon Universily

This study was conducted to investigate the hepatoprotective
effects of the extracts from femented Turneric against alco-
hol-induced oxidative stress. Femented Tumeric was extracted
by cold water (FTF), hot water (FTH), 80%% EtOH (FTE), and
MeOH (ETM). The yicld of each exlract was 17.4%, 23.8%,
10.0%, and 6.4%, respectively. The FTM exhibited the highest
total polyphenal (6.4% as gallic acid equivalents) and flavonoids
(3.5% as catechin equivalents) levels. The antioxidant capacities
were measured by the DPPH radical- and superoxide anion rad-
ical scavenging activities, and TBARS generation inhibitory
acitivity. According to the DPPH assay, FTM showed the high

est efficiency of free radical-scavenger activity among the
exiracts. When cylotoxicities of the extracts were delermined,
FTC showed no cylotoxicity up to 1,000 ug/mL. On the other
hand FTII revealed the cytotoxicity from 1,000 ug/mL, FTE
from 200 ug/mL, and FTM from 100 ug/mL. The hep-
atoprotective effects of extracts were examined on HepG2 cell
expressing CYPZEL when treated with alcohol. Obtaind results
suggest that cold water exiract from Curcuma longa L. was
confirmed to possess the hepatoprotective capability against the
alcohal induced oxidative stress in HepG2 cells expressing
CYP2ZEL

P8-283

Effect of Helianthus tuberosus on Anti-Obesity in C57BL/6J
mice

Bo-Ram Choi’, Youn Soo Cha. Department of Food Science &
Human Nutrition, Chonbuk National University

The aim of sludy was to evaluate the anti-obesity effect of
Helianihus tuberosus(HT) in C57BL/6] mice Forty male
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OLO, POP, and POO. As the weight ratio of pine nut oil decreased, the content of >SUFA (fotal
unsaturated fatty acid) deceased. Inevitably, a reduction in tocopherol and phytosterol were observed in the
products. After the reaction, the contents of tocopherols (-tocopherol, ¥-tocopherol) and phytosterols
(campesterol, stigmasterol, B-sitosterol) decreased. Comparation with the physical blends, the physical
properties of the interesterified products altered and showed lower solid fat contents, slip melting points,
different melting and crystallization behaviors. The results showed that SMP of each product (after
interesterification) was Jowered in the range of 32.0-39.5°C. Also, the results from differential scanning
caiorlmxtry (DSC) showed that SEC decreased after interesterification. The present study suggested that the
desirable solid fat could be produced from Pn and Ps with various weight ratios.

P5-18
Exercise-Enhancing Effect of Curcuma fonga L. Extracts in Relation toAntioxidant Capacity
Miso Lee’, Jeongjin Park', Yanghee You', Kwontack Hwang’, Jeongmin Lee’, Kyungmi Kim',
Seongkoo Kang’, Heejong Chung®, and Woojin Jun'
School of Education, Chonnam national University,
"Dept. of Food & Nutrition, Chonnam National University,
2Dept. of Food & Nutrition, Nambu University,
*Dept. of Medical Nutrition, Kyunghee University,
“Dept. of Biofood Technology, Korea Biopolytechnic College,
SResearch Instrument Center, Sunchon National University,
Dept. of Food Science & Technology, Chonnam Natiofial University

Curcuma longa L. is a native plant of southern Asia and is cultivated extensively throughout the
warmer parts of the world. It has been used for centuries as medicines and foods. The present study wag
designed to determine the effect of Curcuma longa L. extracts on antioxidative status in exhaustivcly*: :
exercised male ICR mice aged 5 wk The Curcuma longa L.was extracted by hot-water (CLH) ot
methanol (CLM). Mice were separated into 3 groups: control group wasgiven 10% tween 80; and the
other groups were given either 1 gkg/day of CLH or CLM. Mice were exercised after singh j
oral-administration and sacrificed. Liver washomogenized and deposited at -70°C until analysis. Activilie
of hepatic antioxidative enzymes such asCAT, GST, GR and GPx and level of non-enzymatic antioxidan
such as GSH in sample groups were relatively high when compared to the control group. Also, MBA
level was low in sample groups. Based upon these results, it is suggested that both CLH and €L M
possessthe stimulatory effect on exercise endurance capacity by antioxidant capacity.
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