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SUMMARY
(FELFE)

[. Title

Development of Korean fermented mandarin products

II. R&D Purposes and Necessities

Total amounts of domestic fruits produced annually are about 2.5 million tons.
Among them, citrus fruits take 25% of the amounts. Citrus fruits are famous for
richness in vitamins, minerals, and fibers. Phytochemicals in citrus fruits such
as limonoids and flavonoids are known to have various functional properties
such as anti—cancer and blood pressure lowering activities. Citrus peels are
especially rich for flavonoids. The main flavonoids in citrus peels are naringin,
hesperidin, neohesperidin, narirutin, rutin, and etc. As consumption of processed
citrus products are gradually increased, their waste products that are mainly
composed of citrus peels are produced more than ever and can cause severe
environmental problems. The ways of value addition on these waste products
have been suggested. Most of them, however, are failed to be applied. Therefore,
it is important to develop piratical ways to value add to the citrus waste
products. In this project, we try to find various ways to extract bio—functional
ingredients from eco—frendly cultivated citrus fruits and utilize them for

development of functional food for preventing alcoholic liver diseases.

IM. Details and Scope of R&D

- Development of optimal fermentation conditions of flavonoids extracts from
eco—frendly cultivated citrus fruits for producing converted flavonoids from

glycosylated flavonoids to their aglycons which are more bioavailable.



- Optimization of condition for flavonoids extration from citrus fruits.

- Development of fermenting procedures for citrus wine and yoghurt of having
bio—functionalities and favorable tastes

- Studies on anti—alcoholic liver diseases of narirutin extracts through animal
experiments

- Development of citrus fermented products for industrial application

IV. Results of R&D

Citrus fruits(Citrus unshiu) that were eco—frendly cultivated in Jeju-Do were
investigated for their flavonoids composition. Narirutin and hesperidin were two
major flavonoids in citrus fresh and peel, and eco—frendly cultivation caused
more flavonoids found in them. Since there were difficulties in purifying
flavonoids from physically pressed citrus products, it was decided to utilize dried
citrus peels for flavonoids purification. Although narirutin is bitter than
hesperidin and water-soluble and less investigation has been focused on it, we
finally decided to purify narirutin from citrus peels and investigate its functional
properties.

Narirutin  was  practically extracted from citrus peel through the
ultra—sonication extraction method followed by washing with hexane and water.
This crude narirutin extract was investigated for its anti—alcoholic fatty liver
through chronic oral administration to Sprague Dawley (SD) rats. Crude
narirutin extract, which was prepared by ultrasound-assisted extraction (UAE),
was co-supplemented with ethanol (2.87ml/rat/day) at low and high dosages (20
and 40mg/rat/day, respectively) for 6 weeks. Ethanol consumption significantly
elevated both total cholesterol (TC) and triglyceride (TG) concentrations in the
serum of SD rats otherwise co—administration of crude narirutin extract lowered
both serum TG and TC levels. Ethanol consumption caused hepatic lipid content
of 227.0mg/g liver after 6 weeks whereas co—administration of crude narirutin
extract, especially at high dosage, significantly reduced it to 186.9mg/g liver.

Analysis of hepatic fatty acids revealed that crude narirutin extract suppressed



conjugation of oleic acid into TG. These results support probableapplication of
crude narirutin extract as an anti—alcoholic fatty liver agent.

Narirutin was further purified from crude extract by extracting with ethyl
acetate. Purity of narirutin reached to 75%. This purified narirutin was further
investigated for its anti—alcoholic liver disease. Since inflammation in hepatic
tissues that are caused by endotoxin produced by ethanol consumption plays key
role in initiating alcoholic liver disease such as liver steatosis and necrosis,
anti—-inflammation activities of narirutin were examined by using Raw cells.
Addition of narirutin significantly suppressed production of nitric oxide that was
caused by stimulation from LPS. This suppressive activities of narirutin seemed
to come from suppressive action of narirutin against expression of NOS-2.

To verify such anti-inflammation activities of narirutin, animal experiment
was performed. Animal used for this experiment was ICR mouse and they were
fed with either normal diet or 409 ethanol. The ethanol fed group was further
divided to low narirutin fed group(150mg/kg/day) and high narirutin fed
group(300mg/kg/day). After 8 week feeding, ethanol fed group significantly
increased in hepatic TG while no difference in hepatic TC was observed. EtOH
+ narirutin fed groups showed decreased hepatic TG values in  feeding
amounts—dependent manner. According to serum GOT and GPT analysis, EtOH
+ narirutin fed groups exhibited lower GOT and GPT value than EtOH fed
group indicating that feeding narirutin suppressed hepatic tissue damage that
was caused by chronic alcohol consumption. Expression of NF-xB in hepatic
tissues was decreased by oral administration of narirutin. Hepatic necrosis and
fibrosis were significantly suppressed by administration of narirutin indicating
that narirutin from citrus peels can be used as a potent anti—alcoholic liver
disease ingredient.

Citrus wine was produced by fermenting eco—friendly cultivated citrus fruits.
The optimum enzyme treatment condition for citrus wine hydrolyzed by cellulase
was enzyme concentration of 0.5%(w/v), enzyme treatment temperature of 50T
and enzyme treatment time of 1 hr. The present study investigated the alcohol
fermentation characteristics of citrus hydrolysates for the development of citrus

wine with enhanced functionality. As a result, optimum manufactural condition



of citrus wine was whole citrus, yeast of S. bayanus EC-1118, initial sugar
content of 24 °Brix (sucrose) and initial acidity of 0.2%. A quality comparison
among DIY citrus wine (A) and two commercial citrus wines (B, C) was
conducted in this study. As a result, DIY citrus wine (A) was shown to have
superior fusel oils, flavonoid aglycone contents and sensory acceptability (citrus
taste and overall acceptability), and to have superior quality compared to two
commercial citrus wines.

Citrus extract fortifies yoghurt was processed to develop fermented dairy
products with anti—alcoholic liver disease activities. When crude narirutin extract
was added with other components before fermentation by ABT-D culture,
narirutin was found to be converted to naringenin-7-O-glucoside by action of
rhamnosidase. Sensory evaluation was performed to select the optimal process
condition for citrus extract fortified yoghurt. It was found that adding crude
narirutin extract after fermentation by ABT-D culturewas more favorable than

adding it before fermentation.

V. Research outcome & utilization plan

The results of this study have been published or approved for publication in
three scientific papers. One more research paper will be submitted to SCI
journals by the end of this year. The information on extracting narirutin from
citrus peel and its application on processing citrus wine and citrus yoghurt will
be applied for domestic patent. The technologies involved with narirutin
extraction from citrus peels are expected to transfer to Ilhae Ltd., in early 2012

when mass production of citrus peels can be practically operated.

_10_
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A1 A ASFZEE

1. A34 FE39 7158 LA A7

7F. A3 239 Z5E narirutin ¥4 (F55FE90)

TEoF geEs (F)YslE Fuke Faste #9E Bed §, ¥ 50T dry
ovenoll A ZZx3to] grinder® #3tlon Ade] o] g§d wf7tx] -20To] 3} A]
wEstth Axd ey o] 208 & (w/v)e 70% ethanolg #H7hshe] 8
0ColA 377 5 g7 FE3A. +5 F 4 721(8000rpm, 108)34] 313

B FEds FEsd o, FEq T hexanes H7Fste] carotenoids 5 A
|4 AT AASIAY. A8 AdEo] AAR A= 2089 R FEste] FE&
A9l nariruting %39 21 tHA] ethyl acetate® H713Fe] ethyl acetate=3} &
5 FYsATE Aol ethyl acetated ¢ &vlE At E=7|2 Al ASFe] narirutin
FEES 4Ah HPLCE o] &3 7} #3829 narirutin 42712 3 19 2}

¥ 1. #& Narirutin HPLC ¥4 =4

Waters Photodiode Array Detector 2998
Instrument  Waters Quaternary Gradient Module 2545

Empower Chromatography Software

Column Waters sunfire C18

Flow rate 0.7 mL/min.
UV detecter PDA

A ; 0.196 phosphoric acid
B ; Methanol

Solvent

078min, 20725% solvent B; 8 10min, 25735% solvent B;
Gradient 10715min, 30735% solvent B; 15730min 35770% solvent B,
30735min 707752 solvent B; 35740min 75780%
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)
AR SEAZE

b

o

25, 9 YA i HV} 71 e = 253 7]17](probe type)E ©|-83}4 narirutin}
hesperidin + 7} flavonoidE #& HAAZRY FZF3Ac 253 7|7]9 AP
b5 2

- Temperature be monitored up to 100°C.
- Stainless steel.

—I TEMPERATURE PROBE

ULTRASONIC PROCESSOR
VCX-750
sonics & materials, Inc.

PROBE ' POWER SUPPLY

- Tip diameter: 25 mm with replaceable tip - Net power output: 750 W

- Processing capability: 50 ml to 1000 ml - Frequency: 20 kHz

- Length: 122 mm - Remote actuation compatible

- Fabricated from Titanium alloy (Ti-6Al-4V) - Dimensions: 235 x 190 x 340 mm
a9 1L 29 77 A4

T}. Narirutin %29 4354
1) DPPH radical &7 &4
Narirutin = =2] DPPH radicalel t3t AA £4LS 99% methanolel] &%

=

2 343 Aa e 96well plated] 20uL® EF3Fa, 200uM DPPH £ 180uLE

hstel 1583 ¢AelA WA F 517nmelA EFEE AT AR
27 @4 ARE Alsd 2 vxwe FVEE 122 B9V

FTEE ICs (50% inhibition concentration) . & YWERHSITE o] uf] Afch
R

£ ¢3}l] positive control® ascorbic acidE AF-& 31T
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DPPH radical scavenging activity(26) = [(Ag — A1)/Ag) x 100

(Ap : Absorbance of control / A; : Absorbance of sample)

2) ABTS radical 274 A
7mM ABTS solution{containing of 2.45mM potassium persulfate)<- 734nmol
A 0.7+0.029) FHE=E YEWEE 5mM PBSel 43 & 10uLe] s2¥

R4

o 990uLe] sl ¥d ABTS solutiong 718} vortexingd & 108 W8 $o &
FEE =AH3Y Y. ABTS radical 2A 52 ta3 2o] ALsig oy, 2 F&&

9] ICs a2 FXo wE Mo o3 Ar=3ST.

ABTS radical scavenging activity{(%) = [(Ag — A1)/Aq] x 100

(Ap : Absorbance of control / A; : Absorbance of sample)

3) Raw 264.7TA X5 o] &3 A E5ALY

NEEAS 2437 93 WP oz MTT (3-(4,5-dimethylthiazol-2-y1)-2,5
—diphenyl tetrazolium bromide) assay S AAlstAth At o] 24 AGAXE

-

= nEZE ol g4h AR 9 w=d £84 MTT tetrazoliumo] At

A gi= v5gAe MTT formazanl & YA 7|4, 540nm SHE=E =A

O =

N

GSL'

S ZH AoldE AMAE AEHEE ¢ F AT
96well plated] M EZE seedingdl®] overnight &, o|EY WiA| & A AstL FBS7)
¥oFE R @2 free media 50u09} sample S0 E ¥ Il 244 7F wf st} vl x| E A
A3Far MTTA 100 2lste] 44]7F 8%k &, DMSO 100uE A elsle] ELISA
540nmell A =4 31 Tl

4) Raw 264.7A| ¥ o] &3 NO=AHAI

FBS7} %3%¥ DMEMWAE o]&3] 96well plated] 1.5x10°%/wellZ2 MEE
seeding3te] 37ColA 6A7+% ¢t incubationA Attt A5 RS A4S 3 sample

W2 Xy3ta, LPS(lipopolysaccharide)E 1lug/well® 23}t 184 7H&<t

incubation®} 9 th. 5 10002} Griess reagent 100xE 1:1% WH-SA]7# ELISA
540nmel A ZA Aok EEA o2 NaNOo(uM)E A3 3l vk

=
=

KeN
e=
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5) Raw 264.7A| ¥ & o] &3 NOS-2 western blot

FBS7} ¥%3d DMEM®IAE o] &3] 96well plated] 1.5x10%/well2 HEE
seeding3te] 37TColA 6A7+% ¢t incubationA Attt A5 RS AAS & samples
FEHE Ay slar, LPS(ipopolysaccharide)E 1lug/well® A &3}ar 1847+
incubationﬁ}‘}iﬂr. RIPA bufferE 23} 1A17F Y5 E I - scrapperE ©| &3}
cell& W& & AToA 13000rpme 2 30% Y4lH2 3}, BCA protein assay kit

2 o] g3le] whala AekS X8 3 western blotS A3 3F5] v

2

£

2. Narirutin F&%59 424 AW 94 s5(FEAY)
i

FEAT AFEH 2 o]= 1= 53] (American Institute of Nutrition, AIN)
Hol[zd AT T = (F)NE AHEAT. o

2
Lieber-DeCarli 2lo]& A W78 gyd oz §5317] Y3l corn oilE H7Fslo]
A
2

A kol FheFol A A EATH o] AqA|Aol= VR ASRE lkea/mL FEE 4
g ke, o] E#FE 41.36%7F AWl A vYeH, 48%7 ©53kE, 18.07%7F
guld el AETe] A9 36%7F ethanolol A et EE =AU 2+ A
o] Histe] HFAoR xdQ Holiw & 29 2
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¥ 2. 7} Ag 7o Liber-DeCarli 2 o] 24 w'*

Amount (g/L)

Ingredient Control Ethanol Narirutinl Narirutin?
Casein 41.4 414 414 414
L-Cystine 0.5 0.5 0.5 0.5
DL-Methionine 0.3 0.3 0.3 0.3
Corn oil 15.7 15.7 15.7 15.7
Olive oil 28.4 28.4 284 284
Safflower oil 2.7 2.7 2.7 2.7
Maltose dextrin 99.2 8.7 8.7 8.7
Cellulose 10.0 10.0 10.0 10.0
Mineral mix 8.8 8.8 8.8 8.8
Vitamin mix 2.5 2.5 2.5 2.5
Choline Bitarrate 0.5 0.5 0.5 0.5
Xanthan gum 3.0 3.0 3.0 3.0
Ethanol(mL) - 41 41 41
Narirutin - - 14.3 mL 286 mL

'Basal diet was formulated and supplied from Dyets, Bethlehem, PA,

according to the recommendations of the AIN.

Ao AAgH TES 8FHAF 2792 + 69g) male Sprague-Dawley
rat(Harlan Sprague Dawley, Inc, (F)FYAAsE)E Y3t 6F &< 5=A}
SARYEE 22 £ 2T, AUssE 55 £ 5%, 12 h light-dark cycle)oll A ¢l
2]0] 2 Lieber-DeCarli §A 2] o] &5 A
o

71Zbe P & Al wE dape

o

Aolgl FEwE FETS U (control) &=

3}9 ow fixd #HFE2Aolo BdlE(maltose dextrin) thAlel] o gk 2] %t

A HZFoR Yol dFHoR T2 HA|2oE T+
Z & (narirutin % 2%)°] vy

1
%% narirutin & FEE7 (low

I
°

i

i
i
T
Z
iy
oft
il
iy
o
24
oL
o
w
¢
5
=
=
=
2

narirutin =5 8°| 8|9 2 mL7| ¥ H JAHo|E Fg¥les =TS AT

H
=
3
2
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e
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T o
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=
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Lieber-DeCarli 442} o]7} wid 70 mLA 65 &< EE &0 Ado] #¢

w7k 2] & = A Th

o
ek el Ao 21E Ao WMelE 2387 A9

ob -8 A FH M (retroorbital sinus bleeding)-2 ©]-&, Lieber-DeCarli 4] 2] o] 7}
Tt AFO e, 28 3 F A, 2 vpA e E FES 3 AA 7] HA
F A AFelA] dHE BE FEOA AN AHE A A Fa A

6 ) NS |

7S 7h Zo AAEE (2000 x g for 10 min)E o] &, dAANFEE FE 55
b Eelg g3 o w2 =7t HDL-cholesterols #4390, Yz &3

A 24 AR 70Tl H#sk ek Ao AF Alell= oF 12413F M2 E e
o olu Ev FFHACE 657 A, A AFH A, narirutin F97F 7] F

vA = dEde FAT AN 4 e 72 AVIE A=l

. 83 AW 2 gt £ 9 %A AH(biomarkers) ¥4

A o] HDL-cholesterol 2 total cholesterol % &AW A H(olabA oF) o =
A
(o}

=2 319 th. &% HDL-cholesterol2 W # HDL fractions ##], A7 —?, 3
718k B v MU (ol A oF)g o] &, SA AT total cholesteroH I : B P
% 0.10 mLoll ZAg w-gAl°F 3 mL A& H7lste] F#=G0 nmE SA AL
ZHAEHE FFERS o]&3to] AEe FUg 7\7401]*1 LA FHEE S
A, TEE AL @49 SR (triglycerides) FEF EAH MY S o] &
Sk kit(opabAl oF)-& AFESfA], S AZ] o 500 nmolA FBE=E FA, &
Al4EeF A th Non HDL-cholesterol A4k & Z#| ~H Eol A HDL-ZFd 2H &
wogroz ALEAY. dF Tl EAlshs GOTS GPTe &% SAHS SaH| 4

BN
2

(Reitman-Frankel H)-& o] &3 kit((F) oA oF)& o &, A A H 0.10 mLel

gk Wk AR HUtste]l FREE S en, #F GOT Ex GPT $&E=
al

EEFAEG A4S o] g3lo] ARt BAF 2N BANA FRES 24,
SR8 A THEIIA o Manual, (7)oh4A] o),
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AWt F4 AR AL A8 024 AdRde duvietn osdst o 5

b =1
oAl o] FolH Tt 654 7 FEwolA o AFel Mg SHEE ¢ FEY s
3]

7F A "2 ¢F 500 ¥ chloroform: methanol(v/v, BHT
151.3 wpmol /L) &3 7l FEseled, #7188 A F
(N-EVAPTM 111, Organomation Associates Inc., MA, USA), %X & (total
lipid)& SAsATE F59 x4 AYS Ay o)&, das57]E 40T =44
Al F718mE S92 A7) chloroform/methanol mixture(1:5, v/v) 500 uLE 4% o]
A3 Azl & HPLC #4389 th AFg¥ HPLC columne 40°C= FX1H 94
column(Alltima C18, 5 um, 4.6 x 150 mm, Alltech Associates, Inc., IL, USA)°S. =,
Beckman System Gold software(Beckman Instruments, Inc., Fullerton, CA, USA)-S
A3k Ao AAF A, o] F 42 100% methanol(2 mL/min)e] 3L UV 295 nm
oA AT,

. SAIAE 2 A3 A
Age] AdEe Hirxo EFEHA(means = SD)E YERHAI, SPSS
package program softwareE ©]-&3lo] ANOVAZ #HS3S & p < 0.05 504

al

Mo
i
ol
ol
38
i

Duncan’s multiple range test= H

3. Narirutin F&&89 €24 7143 94 s5(FEAY)
1

7F A3 sE 2 Ao

AEEELS ICR mouse® FA7} 28¢(+1.0) = 3FH 60v1g & £YHAE
(F)oll A Fd8ke] AFEESTE 9 & BEA RS "ol E dAd AfFAoR
1537 F53te] @46 A-gAzl § Ado] AFE3LS oW, stainless steel cageol 3

@2 o)== AAFA o] (34% maltodextrin) ¥ o B&-2) o] 7 (40% EtOH), &+
+150mg/kg/day narirutin® 7}, o &2+ 300mg/kg/day narirutind 7t o2 Zhz)
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155124 o] Wied 25004 AT FE 8

T
= T
T8l EM ] ARgE AT AT wF g WA Sk

~ L
deEE2 AT A 1243 E S FA 41715, mouse el A& A F S
vk @H L 7000rpmol Al 1583 AR ste] Feewt Hall £4 dAA 70T
A ]

SR dg ARG FA Azl At A

i =

& YEAzl & 70T ¥
A ©#l F ice—cold homogenizing media (154mM KCl, 50mM Tris-HCl, 1mM
EDTA buffer, pH 74)Z 15m 23 4Tl A homogenizer? A3}3 t}e 4T,
15,000rpmell A1 30%F dA4lfEelstdivt. Al xx274E5S AASL XHo] o7 &

EE Al AFoe Eob dAAARE v dEd vs e (-70T)st A,

o
)
o
N
o

E
N
o
i
ol
ko
ke

A A} (biomarkers) 41

3) Serum®?] TG(triglyceride), TC(total cholesterol) <A
g o] TGEA L lipase-glycerol phosphate®'H-& o]-&3 o}2bA oF kitE A&

3t 3L, TC F4 JA ofibAI o kitE o] &3to] FA 51T
4) Serum®? GOT, GPT A

2] glutamate-oxaloacetate  transaminase(GOT)®t  glutamate—pyruvate

transaminase(GPT) A& o}xbA oF kitE o]-&3lo] =43} t}
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5) Serum®] endotoxin A

o F endotoxin-‘*ﬂ & limulus amebocyte lysate endotoxin kit (Lonza,
Switzerland) & ©] &3t} A th A3 endotoxin inhibitorE& Al A 37| 9] &
70°Coll Al d & 1023 7Hgetsdh 50 nlel 43 limulus amebocyte lysate®
107 WHEAIZ 5=l substrate§ & 2il 63 F7L=E WREAIAHTE 10 % SDS

of

& o] ¥hgs AXAZ] Fo 405 nmolA FHEE SAH3AT

% total cholesterol®} triglyceride A
x4 T AdF-E FH3o] RIPA bufferd] ¥ #33lo] 78 qS Qe
% kit(Asan Pharm. Co., Seoul, Korea)& ©| &3} TC, TGeEE =439}

7) Superoxide Dismutase(SOD)& A &
P22 9] cytosole -70C 9 deep freezerol| Al B #@A3HA A& o] A3} o0,
ezl Ak BCA protein assay kitE ©]-&3F3 ¢ SODEA == SOD assay kit

o] &3] 450nm EFEE =4 B SOD A EE AAkslgth

Y

(ld

8) Western Blot

A& F A AZ3 7ho] RIPA buffer 1.0ml *2]3F¢] homogenizer® 43k
< BCA protein assay kitE ©|-&3}o] @z A =S A 39 o).
Vertical slab gel unitoﬂ running gel(129)3} stacking gels =3t 719z HAA
71 sampleS loading ¥ electrophoresis®} % th. SDS-PAGE(sodium dodecyl sulfate
polyacrylamide gel electrophoresis)E AF83}t}. SDS-PAGE7} €% % transfer
buffer(25mM Tris-HCl pH&.6, 190mM glycine, 20% methanol) ol gel’de] #2 ¥
Gl A S nitrocellulose membrane®] 100V, 200mA= 2] 3t electroblotting ] % T
Ponceou S &9 10%7t shaking3dte] bandE &<l %, FH = washingd} 33t
Tris buffer saline(TBS; 0.2M Tris base, 1.37M NaCl, pH7.6)l 0.1% Tween 20<
wo Lol(TBS-T)el 5 A 5 5% skim milkE #7}3t blocking bufferel] 14
7t shaking3}l$it}. Blocking bufferE "W # i TBS-TZ Al ¥ washing$-, primary
antibodyE 22 blocking buffer® 4TeolA] overnight3}$t}. Primary antibodyi=
NF-xB(1:200), TNF-a(1:200), TL-1B(1:200), NOS-2(1:200), B-actin(1:1000)-& A&
stSith TBS-TZ 583 sl M AlHste] Heol 3li= primary antibodyE Al 7138}

31, secondary antibodyE ¥ -2 blocking bufferel] 2ol Ao A 1A7FEer F7l=2
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=

ar, o]

b ek,

(e}
100% propylene glycerolel 28A %= H7}

=
=

o]
I
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T4 A =4 717 9 W
FE557I
(Steam
Extract &
Concentrate
System; ¥
5. A= 71 A,
S5k
1500L)
Z=7)(screw press)E o] &3lo] A5
400um 7|Eo.2 o3}
T 70%
57
(concentrat
o A 7|5,
6. = 2 %F:500L)
i< ) i {1
£ AD200 703/ 17] 12421
< 4 HIV“ \‘
FE7)E o] &3lo] 60T A 30brix7|Fo 2 w3
& 28%

2) g daT

7 A4 2R A4

7l sdsE s5HE ol§d ¢z E&LF AEE wFE  Lalvin EC-1118
(Canada)(E), Fermivin (France)(FF), Lalvin ICV D47(Canada)(I), Enoferm
M2(Denmark)(N), Lalvin RC 212(Canada)(R) % Lalvin K1-V1116(Canada)(V) &

Xl
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652 % Wine Kit Koreaol 4] F+43Fe] Y5 H
A FE5RE 24 °Brixvt HEE 5852 34
]

(N), (R) & (V)E 27t 0.02%(w/v) &3t &= vid7) (HB—lOS—ZH, Hanbeak

[-4 (]
o
o
BN
1:;011
Mo
o
3

Scientific Co., Korea)oll A 30T, 91A|7H5<E AAwF AFHoy Wy 5 T 27
X2 12 o333 vk 13,000 mpmlE 587 AR Azl A5 9E BEAARER

A3k,

) A4 a4 A4

&4 Sankolase(acid cellulase)(A), cellulase(80,000 unit)(C), Rapidase® C8&0
MAX (pectinase)(P), Sumizyme(S)= (F)o]divlo] @ 8l(E&Bio tech Co., Ltd,
Korea)oll /] KFEN 2(K)= ()44 F 9~ (KMFoodex. Co., Ltd. Korea)ol A T3}k

of ARR3FSATE.

e FEAS 24° Brixyl YEE S&FE A3 T 3 a4 (A), (O), (P), (S
2 (K)E 7+7F 01, 0.3 2 05%(w/v, v/v) H7F8te] 60C Ag5FL o4 100 rpm
o7 3A7F BreAlA  JpERFEPT. WAzl 7SR EY Fermivin®&

0.02%(w/v) AE3slo] s wjd7](HB-103-2H, Hanbeak Scientific Co., Korea)®l
A 30T, 91AIZHERE AXwd Ao BR TR F FAXE 14 AR vg&
13,000 rpme. 2 53 A4 R A7l Asols BAANER ARESFITH

o) e dase ¥4 54

(1) AARAE 9 pH

AAAEE 01 N-NaOH& o2 F3 HA3le] acetic acid=z 2+ 31, pHE

pH meter(Metrohm 691, Switzerland) 2 Ao A =48} 5t}

= 9 A% UV-visible spectrophotometer(UV-1601, Shimazu Co., Japan)&
SF9t16). = 660 nmellA FREE AR, AEE PRl 4%
(a) FAE()gtS A3kl Hunter's color value®Z el ow, ojd iz
ZH4(L=99.99, a=0.06, b=-0.10)5 AH-&3} 1}
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A= 065% ¥t A e WEo AFEE & RYE Saccharomyces cerevisiae
RC 212, Saccharomyces cerevisiae K1-V1116, Saccharomyces cerevisiae ICV
D47, Saccharomyces bayanus EC-1118(Lalvin, Lallemand, Inc., Montreal,
Canada)?¥} Saccharomyces cerevisiae Fermivin(DSM Food Specialties, Seclin,
France) 5&& T3kl ARgstadth. BAbS 98 Sdbe 94l7l s ol (Wine
Kit Korea Co., Ltd, Seoul, Korea)ol# F43lo] A&t on, FThA=
cellulase(80,000 unit/g, Nippon Chemical Industrial Co., Ltd., Tokyo, Japan)Z A}
2519t}

2) Starter @ FX W%

Starter== S. cerevisiae Fermivine YPD | X|(yeast extract 195, peptone 2%,
glucose 2%, pH 6.0)°] 0.02%(w/v) HE3 T 30C 2w 7](HB-103-2H,
Hanbaek Scientific Co., Bucheon, Korea)oll A 2442k w F3fo] AL&3Fith. &
phafate] F5ek § 200%(v/w) 7hrete] 'O 10 “Brix2 Hgsksivh 1217

&
-4

A 158 oF Wyrd 3 starterE 5%(v/v) HEshe] 2w %7] (HB-103-2H,

Hanbaek Scientific Co.)oll A 30T, 244 7F vj¥3te] =R 2 AFE3F3 T

3) & VTt iEE Ax

A Tt e gEs vHst . AATE 200%(v/w)E 7HEEE = cellulase

£ 05%(w/v) F718te] 50C A &uj7](HB 205SWM, Hanbaek Scientific Co.)oll
A 100 rpmO.E 1A|ZF F<F WAl A Al x5} T
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4) & Jteie e ¢ss ¢
Fdy

7h AAE =30

6o =
Ziﬂr. g Fn 5 BAYR oy e 13000 rpmoE 5% FoF 94
o

HEAe BANTE A5

W) BR i wE g R EY ¢ad ¥R
e AR gw Vhedsse Axstel Ad®o® 24 °BrixZ H9d F S
cerevisiae RC 212, S. cerevisiae K1-V1116, S. cerevisiae ICV D47, S. bayanus
EC-1118 ¥ S. cerevisiae Fermivin®. = A| %3+ F+R2E Z}7Z} 5%(v/v) &8t 3
0C &-24]%7|(HB-103-2H, Hanback Scientific Co.)olA] 6Y FoF &5 WFA

%7
A ER FRl hE dug UE S 2ASAG.

d

o e
Jm

) 2713 8 279k i 3 vfeiEEY ¢ ¥a 5A
e Az Axd A hedde(d' Y 24 *Brixe] Edites

02, 0.3 ¥ 04%= ZA3}o] S. bayanus EC-1118 FX 5%(v/v)E HE3F 30T

2wl k71 (HB-103-2H, Hanbaek Scientific Co)olA 69 E<¢F waAlA 274t

02 A3 W EAS FAEN oY, g MRS E (VAR 02%)0] A'o s

ZyZF 22, 24, 26 2 28 °Brix® HEEle] V|9 E wE 438 UF EAS XA}

bl et

J
J

Ol
2

) T Fq7o B gE R EY ¢x

e Adw e vhrRdEs Alxste] 29, w, 49, # THESYAYoR
24 °Brix7} ¥ %% Z-7Z B9 & S, bayanus EC-1118 X 5% (v/v)E %
30C vl %7](HB-103-2H, Hanbaek Scientific Co.)ollA 6¥ &<t HaAA o

FHol ME d3E T 54 9 A4 VEEE AR

ﬂJ m
o
ofN
Ol
O
£
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3L E
‘;‘l %‘7&:—1‘0
3l

5 744 B A

7h #E9e F
718 2R AAE HdE ele FF
aspirator (sibata WJ-15, Japan)® 22 o] 3}3le] WSl & 15CoA A3 AL =7
ANE 2 AFESIATE FRE S GHFTRIVIE ol&ste] Alme 2RE 95Ol
7tdetaA W78 Fal 27(10%), T 7(80%), F(10%)= o] E3H3Fauth
HH3t A5E membrane filter(pore size 0.45 um, Advantec MFS, Japan)Z o3} 3t
5 gas chromatography(Hewlett packard-6980, Hewlett packard Co., Palo Alto,
USA)E o] &3lo] ¢ais AE 5 Wes s 2433k

=1N BN

¥2 17 o3} t}S circulating

i

=
T

) e By A

d GAFFINE o of EH3 2710%)% T (B80%)E St LA
T 40%9 e Bty A %3N 2.1, membrane filter(pore size 0.45 um,
Advantec MFS, Japan)® ¢33 % gas chromatography(Hewlett packard-6980,
Hewlett packard Co., Palo Alto, USA)E o] &3] ¢35 HAES £43%9 0

&

BN

5 |

ofo
Ol
L

N

(ld

AR 100 mLE 7% vs FAAE ol&ste A4S ¥ Gay
Luccac Tables o]&3te] 15CE HASS =As9rt 9EE digital
refractometer(PR-101, ATAGO Co., Tokyo, Japan)E AF-g3to] =43} v}

W) AALE 9 pH
HAAMEE 01 N NaOH=Z F3F 4431 citric acid(%) % 5&’&3}9151 pH+E= pH
meter(Metrohm 691, Metrohm. UK Ltd., Herisau, Switzerland) & =74 3} 3]t}

)
= an
AT 9 AT = UV-visible spectrophotometer(UV-1601, Shimazu Co., Japan)=
&3tk A8 EE 420 nmel A FHEE SASA L, e HEL), A5 (a)
ﬂ

ST (h)FHS =43le] Hunter's color value® WEeENoH, oju x1= S/
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#}) Flavonoids ¢
e 2d2g Tads o 2 A9 Amberlite XAD7HP(BORN
CHEMICAL Co., Ltd, Seoul, Korea)E o]&3le] @ AES AAZ F high

3

ol
E{o{n

performance liquid chromatography(LC-2000 Plus HPLC system, Jasco
International Co., Ltd., Tokyo, Japan)& ©]-&3}%] flavonoids®] &3 24-& XA}
At} Columne Agilent Eclipse XDB-C18(4.6 mm x 125 mm, Agilent Co.,
Ltd., Santa Clara, California)& AFg3}% 2™, o]s4 &=+ 50 mM phosphoric
acid(solvent A)%} methanol(solvent B)E AM&3} T} Gradient elution<- 0~8 min;
20~25% B, 8~10 min; 25~35% B, 10~15 min; 30~35% B, 15~30 min; 35~
70% B, 30~35 min; 70~75% B, 35~40 min; 75~80% BZ 3}% Tl Flow rate®
0.7 mL/minZ &} UV dectector® 280 nmeolAl 7 =3},

) FEd 2 {714 g

9 2 fF7)e dmg BHF oS Sep—pak C18 cartridgeo] E A7l vl
0.45um membrane filter= ¢} 3}3te] High Performance Liquid Chromatography
(HPLC, Waters 2487, Waters Co., USA)Z EA3FtH21). olu ##3 4

o

column< carbohydrate analysis column(4.6x250 mm, Waters Co.), mobile phase+:
759% acetonitrile(Fisher Co.)& AF&331 3L flow rate™ 1.0ml/min, injection volume<-
20 uL, detector= RI(Waters 2414, M410 RI) detector® AF-&3Fth. w714 &4
column< AtlantisTM dC18(3.9x150 mm, Waters Co.), mobile phase® 20 mM
NaH2PO4(pH 2.7)& A}-&3F1 3l flow rates 1.0mL/min, injection volume= 20 L,
detector= UV(Waters 2487, 210 nm)E A}-&3F ¢},

g sRel wE gE herds 9ng 9Ee #%4 54 2487 95
ARustn HEAToS FEITAA A4 L Al BEPAel B
FARPS A @ F AHASH APel B BAE 52 ;s 1099 A4
298 Awste] BEPAE AARAT BEAANE 0F 440] AAsGow A
B8 Tpre ol 47 gobd] AlFstich BRe o, g, M, AwEe sEg
78 AW ol stel MASAI, WA FEA vhstel M Frk 73, Fvh
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ol g3l Ztzt A Puj A EAFE-A (One-way ANOVA  Test)2 33 Duncan's

multiple range testtDMRT)Z H 7o) thsv| s A A& v}

B8 aMd FREYTAY wel gas chromatography (Hewlett
packard-6980, Hewlett packard Co., Palo Alto, USA)Z EXgg oy HF-=2=
T Eae(99.9%)e ARt A2 Eas dEe 4 F0~200 ppm) H7Feo]
244 & standard curveE ©]-&3to] AFsATE olwf AREE columne fused silica
capillary column(30 mx0.25 mm)°] 2. ¥, detector= FID, injector temperaturei=

2500C, detector temperatures= 2600C, carrier gass N2(30 mL/min)E AF&3}51t}.

o) B AA 2
2= A9 Ad¥EAa= 33 HbEste Hd¥dad Wy 2FEEAE e Y 3
S A Ay SAS(Statistical analysis system) £74 ZR 198 o] R3lo] EAME
‘9__ =

23} p<0.05 =l 4] Duncan's multiple range test® 2|4

o JhrialE S o] 88 oA AluztEeele F4u

D A=

A AMEE AEe AFEEAARE AFAEACA 2010d FId e
(Citrus aurantium var.)S TRAvtEA F3t9 e, G2 10 °Brix, AtE&
0.70% (k. e L3S0 Fo| ALEH B Saccharomyces bavanus EC-1118
(Lalvin, Lallemand, Inc., Montreal, Canada)® $<917% g o} (Wine Kit Korea
Co., Ltd, Seoul, Korea)ol~ TU3le] Alg3ton, T aA= cellulase(80,000
unit/g, Nippon Chemical Industrial Co., Ltd., Tokyo, Japan)Z AF&3F3ich A9}
A AFFET w3z (100% AFabtg AL 30%) G Aol A T4
st o, F=42(Gold beak, AlFT4AF FZFEdA 10090 JHU o= FUste #F
d vl Ag2 ARSI

o

11
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2) Starter @ FX W%

Starter™= S. bayanus EC-1118% YPD #iX|(yeast extract 19, peptone 2%,
glucose 2%, pH 6.0)°] 0.02%(w/v) HE3I} 5 30T 2w ¢7](HB-103-2H,
Hanbaek Scientific Co., Bucheon, Korea)oll A 2442k w F3fo] AL&3Fith. &
vhafslel 53 5 200%((v/w) 7HEEe] Ao g 10 °BrixZ HEekglth 121°Col A
5% s HEad & starters 5%(v/v) HESE 2w 47 (HB-103-2H,
Hanbaek Scientific Co.)olA 30T, 24A13F v Fste] 2= 28319t}

3 AL Vs EEEs o] &% FEgY Ax
Fa=s

tE heEdEe #E A9 20 kge vhfEka AAFE 200%v/w)E THE e

5 Aers Hubsle] 24 °BrixE BW3E v cellulaseE 0.5%(w/v) H7Fske] 50T
e 7] (B 206SWM, Hanbaek Scientific Co.)oll 4 100 rpmo.2 1A]7F &<k 7}

B AAHT. AxE VR E(FE 34 °Brix, dAAEE 0.39%, pH 3.22)0
(S, bayanus Lalvin EC-1118) 5%(v/v)E H&F3sle] IFv]7](HB-103-2H,
Hanbaek Scientific Co., Korea)olA 30C=E 149 &<t AAu g3l HF s
11~12 °Brix®Z %93 sweet typel @ LEA|AT, dmeWd £8 §F FA¥E ]
2} o] 3#3F & membrane filter(pore size 0.45 um, Advantec MFS, Japan)® 2%}
o hete] rEels Az AlxE FEOI(A)S AlEAB, O)FF FAM]

g HA s,

44

=
dag FHF2 AR 100 mLE T7% s FAHAAE ol&dtel 4T ¥ Gay

Luccac Tables o]&3te] 15CE HASS =As9rt 9EE digital
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refractometer (PR-101, ATAGO Co., Tokyo, Japan)& AFg3to] =43} t}.

) AALE 2 pH

pHE= pH meter (Metrohm 691, Switzerland) 2 A 2o A =43}
Aol NEE F3F9 1% phenolphthalein #] A]©
N NaOH=Z 53 A A3t 2w citric acid(%) = 3HAFe}SA T}

VxFxAx 3] 4w 5

AT (%) - < % 100
V : 01 N NaOH®] HAA A8 (mL)
T : 0.1 N NaOH9 factor
A 101 N NaOH 1 mLdl 433sl= #7124k &
S Axm AAF
o) 4A4: 9 a5
A 2 AT = UV-visible spectrophotometer (UV-1601, Shimazu Co., Japan)
£ o] &3t} 7,—:}’-‘%4 420 nmoll A FFEE A, MEE HE0L), AAE
(a) FH=(h)zks =A3e] Hunter's color value® YeRSlow, oju =

Z39(1L=99.99, a=0.06, b=-0.10) A}&3} 9t}

FEF 2 F7)Ae G E NS Sep-pak ClI8 cartridged] E34A)7)aL 0.45
(m membrane filter® ©]3}3}e] HPLC (Water 1515, Waters Co., USA)% #2433}% ¢},
ol F¥Y 4 columne carbohydrate analysis column{(3.9x300 mm, Waters
Co.), mohile phasei= 75% acetonitrile (Fisher Co.)& AF&3}S 3L, flow ratex= 1.0
mL/min, injection volumeS 20 pf, detector:= RI (M410 RI) detectorZ A}-&3}%
ot F714F B4 columne  AtlantisTM  dC13(3.9x150 mm, Waters Co.), mobile
phase= 20 mM NalloPOispH 2.7)& A}&3F93, flow rate® 1.0 mL/min,
injection volume< 20 u0, detectori= UV detector(210 nm)E AF&3}$ ).
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B8 oAMH FRrEAY wEl gas chromatography (Hewlett
packard—-6980, Hewlett packard Co., Palo Alto, USA)Z EA3 o, F=E542
F4LFE(99.9%)S AHEste] 44 ¢z RS 4AZF0~200 ppm) 713

212438k standard curveE ©]-&3lo] A#FIISTE o] AFE3SE columne fused silica

[4‘1

capillary column(30 mx0.25 mm)©] 1 2.9, detector= FID, injector temperaturei=

250°C, detector temperatures= 260°C, carrier gas¥ N:(30 mL/min)E AF& 3}t

uh) Eehuol= A g g vw

AEds oFAd 3 A< Amberlite XAD7HP (BORN CHEMICAL Co.,
Ltd., Seoul, Korea)E& ©o|&3lo] T AHAE¥S AAI = high performance liquid
chromatography (LC-2000 Plus HPLC system, Jasco International Co., Ltd.,,
Tokyo, Japan)E ©]&3}9 flavonoidse =3 =4S ZAEE Y. Columns
Agilent Eclipse XDB-Cis(4.6 mm x 125 mm, Agilent Co., Ltd., Santa Clara,
California)s AFE3 oW, ol &2 F 50 mM phosphoric acid (solvent A)
9} methanol (solvent B)E AF&-3F% T} Gradient elutione 0~8 min; 20~25% B,
8~10 min; 25~35% B, 10~15 min; 30~35% B, 15~30 min; 35~70% B, 30~35
min; 70~75% B, 35~40 min; 75~80% B=Z 3} %t} Flow rateE 0.7 mL/minZ
3Fo] UV dectector (Jasco UV-2075 plus Detector, France)®Z 280 nmol A A=
aF St

Ab) #F5AAL

A7 A 2 AEoQ(A)T Al ZE9Ad(B, O 2F9 #HF4 BEAHS xAIATL
FTHE 20~30d] A< 1089 #TLAES AEste] vkiEd dygs &d E
(replicated randomized complete block design)ol| uwhe} A 3F wHdul ok d

oh 2 ANd V| EEE 73 gAY es s

p-)
2
m> &

134 3= 33 whRele] AETd Hod 50X E YRl o,
D5 AAF A= SAS (Statistical Analysis System) 7 ZE2 1898 o] &3lo] 7

A2 (One-way ANOVA Test)2 33 Duncan's multiple range
test (DMRT)Z 3t3te] thgvja s A8kl
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Az2A A+ 23

1) A87 ¢ flavonoids % 9 A

dutAQl e 9] flavonoids % ==
A3 AS5 A flavonoids 48 HPLCE 43 Ay F23 A B F 7
peakE #&AY = AJTHLH 2). HFKo] 22 B peak= #2423 hesperidingl 7

E=4
gl & F IR 49 A peakv naringing AR FHIPoU FEF 9

o,
o
i
i
off
o
s
o
off
o
s
o
5
)
fo
mlo
Jf'
i

o

HE
o

spiking 23} retention time®] Y| 8FA] &9t} Naringing naringinase® 7} 3
2] 2] 3 neohesperidosed| 4] thamnose”’} 785 31 A4 ¥+ naringenin-7-glucose
7} A E =), hesperidinaseZ A elg Aol #aHA &= EHo] vk A
peakE hesperidinase® *] 2] 3} naringenin-7-glucose$} retention time®] A2
A 8}= HF=o] AR Z o] flavonoidE glucose®t rhamnose’} a-1,6 23
Zr= hesperidose® 7FA narirutin®. 2 FAE ¢ Ao, 7 Iy FHE
LC-MS& #43te & Az, BA% 58059 narirutingl Aoz FAFSATH(L
3). Peak Bi= hesperidin %% 3 retention timeeo] < *|3}%] hesperidin®.= It
steleo LC/MSE4 -8 Fate] Slsdvh(Ld 4).

A
5000
i A
180,00
100000

000
i

02 4 & & 0 R W B B A 2 ¥ K B A R H B

g 2. 7 #FFA9] flavonoids %73
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0E0513-A#529-653 RT.25.9827.13 AW 13
F:+ cESIFull ms [ 150/00-2000 00]

5809

Relative Abundance

4345

4188
730
5

3691 4010

59 631

5820

603.1

5458 NL BA3ET

(0]
H,

C
OH

6503 7970

Ll

o0
o
(@)
OH
OH Ol
OH
11230

11861

12150

1779

1270
1218.1
di

8392 ypang 11668
oo L

14713
13187 14620
)

OH

OH

176458

17948

17968
14702

471 17628
1753.2

1788

1'1'4923 18101 18500 qgz60
Wi

162.2 |
- il
L]

Ot
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B00

Lll / .-U."

700 800

2903

b 2

L L

1000 1100
me

900 1200 1300

|
SN L L
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18000
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18 3. 7E flavonoids & Af(narirutin)e] LC-MS chromatogram

OE0513-A#677-693 RT.28.312909 AV 9 SE
F:+ cESIFull ms [15000-200000]

Relative Abundance

242475

6103

oo

WL BZTET

6968 7560 8272

800

o299 %78

1051.1 117

900 1000 11m

me

1200 13m0

18857

19287

16504

16016 16627
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18] 4. 7& flavonoids 5 B(hesperidin)®] LC-MS chromatogram
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T ZAEdEA Apr oA tiE-E naringine] 5 flavonoids#ltil H.ald}al )

%38}9] naringenin®] obd narirutin®] AFAF 7229 5 flavonoids

%‘%-‘4 Tjrfq% WA FFeks 25 A A97F = adE 253 499
flavonoids A 2 $F#S FAbeE ¢tk HPLC 23 5 71X 259 9] flavonoids
gt ApolE Mol ALE Usuv(Ld 5 % 4). HE ¥

%UJ% A5de AF¥YsE 353 B9 E Zo] FEHIAS A$ narirutine oF
36%(72uM) A= F7Feke A= Y EEE 08 naringenin B3 °F 5uM AE B A
o & etk 18 Y hesperidine 5% ZF53 Aol HuM Ax o W2 AL

= v

300,000
momd IS
200,000 Narirutin Hesperidin
10000
10000 Naringenin
50,000 Y
i — 2

U
250,000 5 +3 9
200000
150,000
100000

50,000
0 A,

i 2 4 f i 10 12 14 16 18 il 2 i b} i 30 32 34 3

7 5 e A8 RS+ Z5 R flavonoids F4 Wi
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E A 353 A5+390 25 A9 flavonoids ¥ Bl
Mole& 5 (uM)
Narirutin Hesperidin Naringenin
5 199.05 452 21.61
35 +311 3 281.31 3.89 16.66
FoFo g Auyst Awkrdyt HsAZE 2] flavonoids A4S W A3
7% Aele] A9 Luk 7hdol v hesperidin® naringenin S 71 9] v]s=Fl o
U narirutine] €k 7 narirutin 5ol v]E] oF 29%AE AL Aoz ey
(19 6, 3 5). ¥ A= narirutine] LWk o] v of 45% AE we A
o2 yelygrh FEof A 4 oF gEedd st ~2EYAE S53517] 93
H9 = FALYAY narirutin®] A HFE 713 Aoz FHHT
;;;‘;;; i i ¥ 110 en-nal DT DATE [Taacn PDAT
] At +75)
250,000
200,000
150,000
100,000
50,000
1 A
0 2 4 [ g 10 12 14 18 18 20 2 24 26 24 a0 32 34 36 38 40
;:;':;: Wy i ST 7 +7 7 zep-paf 0 ZDATE [Tazco FDA]
el 7716 G+ 5)
200,000
150,000
100,000
50,000
0
a 2 4 B g 10 12 14 16 18 0 ] 24 26 28 a0 2 4 36 38 40
;;;:;: w R T T T T T T T A0 7 T ZIATE e ]
o e R )
200,000
150,000
100,000
50,000
0
1} 2 4 B g 10 12 14 18 13 20 22 | 26 2 a0 32 34 36 38 40
oy 6. g An sHE ZA5 99 flavonoids 4 B xL
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I 5 g Ae =HYE ZAZA9 flavonoids ek v W

Mole s 5= (uM)
Narirutin Hesperidin Naringenin

A uk(5+319]) 281.31 3.89 16.66

715 (4 5+39]) 209.060 4.25 17.27

&5 ok (g 5+39) 395.68 2.82 16.95
olel AyeA HEA e, 53 Fwof fgEFFHel|= narirutin®] 3ol
71e} e wld] €535 ko, gAY E A5319 S wW &5 & nariruting
G} ZAFo Fo] FA ARA T AAd HRd FA TS Aok FEAYE
2k53te] AAEE7] o= oy wo] BE Aoz dAdmdY. vy, IEH AEs
AAA ZA5e90S o, durE B} narirutin 59 flavonoids”F v A Eo] F&
HolA o]ES ol &3l JtEAES MEAH ou Tl S AR ALF H T

3) Nariruting% & 9] aglycones}
Narirutin®] AWEFE =0]7] 98 narirutin FEE° cellulaseE & 3¢
aglycons} T AERE ZASIYE Y Cellulase 2 § 2 & narirutin®} hesperidin

o] aglycon3} % o] naringenin® hesperetin®. = A= Aoy 7).
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1,200,0

1,100,000
1,000,000
900,000
00,000
700,000
600,000
500,000
400,000
300,000
200,000

100,000

03

uv

Pectinase A& A

o

340,000
320,000
300,000
260,000
260,000
240,000
220,000
200,000
160,000
160,000
140,000
120,000
100,000
80,000
£0,000
40,000
20,000
o
20,000

Pectinase ## %

o

18] 7. 7 narirutin FE 29 pectinase ¥ A% flavonoids FA WL
E3], aglycond WA &ure] A AA H4dte] deHAAE B3 20k
AL Z2AHA FaHe A THAA E4aHg & 480z AA 743 narirutin
FEES HAULS DR AES e o cellulaseE X @ de] aglycondtA 7= A
o] Agastelel AFRETHEE 6)
¥ 6. Narirutin &= 9] pectinase *2] d52] ok A% vl FAF7A}
OF A 13- @&, 53:H1T, 98-+ =5)
Cellulasex 2] 4 Cellulase #g *
s A% 7 4
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2. #3328 € narirutin 7] 54

7F. A9 28 AA nparirutin FE32A AA
A543 o] &3 7t AE ME H AES =go] ool F48 F2
e Bl A4 AEHow TIFAC AL aHEA, A A AR F
Aste AEdIE o] &3t nariruting &AF = V&S MEstaA 3
E5] skl dd wu7F gl 184 #d=Ed9E ol&d F A7) wiiel ¢
W2kl B8] narirutin A Skl FEl 3k Ho] o FAr|H (F)Hd AR
A 7ol Ahek #Ale 7R AL = AEelth. B8 narirutine] -84
9] flavonoide] 7] wie] #ElTAHS Avdo=z /e 4 dow 7|eAdYERE
Ao AgAdE 2 F3ol s AeRE FEH
Narirutine] ¥ =2 HF9 FEHFES AX3a o&s daAd o H7ier] ¢
gto] &3} B E A ZAFTE A4S, narirutin®] FELS THE o, 53
o] v T B AAskET ol gl Bol HEvlER Ax A AdEHE
AEvbs G872 vk AErte] giRES AdEdaE A AY] wiEel
e By Z FE nariruting FEF5E 3L HAEIGUY. T gEdy s
EtOHZ 9], hexaned AA, 743 & EF% 59 T4& 5319 narirutin 5%
S Az Narlruth TEE Fo]7] 93l XAD-7 columnlZ |3}
o o] FAHES AX Z polyphenol H&Fo] oF 70%92] narirutin FE=2 9
ATHLH 8)
0.8
0.7
0.6
0.5
mg/ml 0.4
0.3
0.2
0.1 .
0.0 '
XAD-7 S} ™ XAD-7 E1} &

29 8 ¥ narirutin FEE
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) B2 narirutin(30%) ¥ hesperidin(10%) 0.2 74 & o] 9}

o] flavonoids

™ narirutin® 7]

5

o]
o] 5.t}

e
5%

O

F= 709% EtOHZE 80TolA] 18087 &75%

9] 3] 4=& (narirutin 5.1%, hesperidin 13.1%)°] 7} ¢4
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Solvent Time Temp. Yield 1*“lavonoig)sO Content

% EtOH Volume® (min) - C) (%) Narirutin Heslfgrid
U-EtOH-A 0% 20x 10 30 39.80 4.0 A7
U-EtOH-B  35% 20x 10 30 3571 46 4.4
U-EtOH-C  70% 20x 10 30 3702 5.3 85
U-EtOH-D  95% 20x 10 30 2059 5.1 10.0
U-time-A  70% 20x 10 30 3702 5.3 85
U-time-B 70% 20x 20 30 3845 5.3 8.1

UAE"

U-time-C 70% 20x 30 30 3891 6.4 85
U-time-D 70% 20x 60 30 4021 5.4 7.4
U-Sol-A 70% 10x 10 30 2724 5.5 6.3
U-Sol-B 70% 20x 10 30 3702 5.3 85
U-Sol-C 70% 30x 10 30 4432 5.4 9.7
U-Sol-D 70% 40x 10 30 4512 5.2 10.4
CSE” CSE 70% 30x 180 80 4396 5.1 13.2

UAE: Ultrasound-Assisted Extraction, P CSE: Conventional Solvent Extraction, ¢
Volume: added volume of solvent expressed as times of sample amounts (v/w).
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3. Narirutin F&%9] 434 X7l oA a5(5E54F)
z

o} =
7}. Narirutin 7|7} ASS7HEN A= 9F

TEof ERu 25 FE3% narirutin® FAA AW dATETES ATEH
13t AE I Z5H narirutin SFEES 93 °lES 8FH 9 male SD ratoll
653 2olgt wd 70uLel  @FEE  ethanolg AHAFN AL EAl MY
20mg(Low Narirutin) %+ 40mg(High Narirutin) narirutin/day/ratell 33}
narirutind &&= 433 FAS T3 HAHEY F JAEE A Narirutin =5%F
9|+ narirutin®] 5271 2%7F H A A3 DW= 31431 e] Lieher-DeCarli 2 ©]
o 1.4%(Low Narirutin) %+ 2.8%(Iigh Narirutin)7} A #H7}89c 6 7 ot
of ARAFEY Az T/ HAE T & 9 ol A9} o] v FETIH AT
Sate] nlmol A 2 F(wkiol A, olgkSe] o3 dikow 2FARE AFErIE]
ooz A4hdEs DA F vt 22 9 Ao]FH (70 ml/day)°e] 65 &<t
A EH QAR o)H e AFT7HE FAaddS 657 Ul Faso HEHo=w 654
of wlael WA #A3 HaES HAA. 28y nariratin B5EE] A
H7t AFel nAE FFe AR gl

#F 9. Narirutin®] 437} 65 Fote] dx AFwsle] vz G
(91 g)
Week o . o
(wk) Control Ethanol Low Narirutin High Narirutin
0wk 3650 + 115 348 + 136 328 + 133 36l0 = 116
1wk 359 + 111 3427 + 125 3461 <+ 11.0 3450 < 117
2 wk 376 t 10.0° 32 : 102° 3479 : 131" P15 + 11.87
3wk 35 £ 102% 346 + 1070 3602 £ 129" 385 £ 14.1°
4wk 3875 + 11.1° 3608 £ 120" 3686 = 11.1"° 3653 £ 148
5wk 3993 £ 125° 3710 £ 127" 3813 £ 123" 362 £ 159"
6 wk 4067 + 12.0° 3732 + 143" 3823 + 135" 3740 :+ 192°

Walues are means * SD, n = &.
“Values in a row not sharing a common superscript differ (P < 0.05).
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}. Narirutin® Zdo] 9 AW o wx=
65 &b naritutin® FFol dAe FAAY, FeAHEZ, GOT, GPT %o
_]

R
A= QES E 109 #Zo] YErwth Narirutin &9 A3 df Ao =

i

A)
%+ Control¥ Ethanol:* 7Fel
=

T
St Aat= B FE4d9] ethanol 599

narirutin F&&8% =F=&°| olYg &7} E2 cthyl acetate FE=&55 ©| &3}
7

A g Aol e ATE v AFEr] = Sl

¥ 10. Narirutin® 657F 35¢] & 2w @ GOT, GPT ¥ &=o] v x& g™

.. Low High
Lipids Control Ethanol o o
Narirutin Narirutin
Triglycerides, mg/dL 1.85+14.56" 552422.80* 41.30£14.72° 20.97+6.73°

Total cholesterol(C), mg/dL ~ 63.71£554° 94.14+13.46° 90.05:10.59" 77.63+9.56"

HDL-C, mg/dL 36.49+2.42" 51.76£9.70° 51.28+6.92°  42.05+7.96"
non HDL-C, mg/dL 27.22+¢5.35"  42.37+7.97° 38.78+7.85" 35.58+6.15°
GOT, Karmen/mL 423.1£951  380.6+1094 520.3+184.7 465.9+124.9
GPT, Karmen/mL 304.8£92.7  369.5t161.4  290.0+£109.3  260.5£78.8

Walues are means * SD, n = &

“Values in a row not sharing a common superscript differ (P < 0.05).
Abbreviations used: GOT, glutamate—-oxaloacetate transaminase; GPT,
glutamate—pyruvate transaminase.
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). Narirutin ¥ o] 2rx2 9 AW 3 Ao w2 = F3F

Narirutin & &wo] b Aol nA= FEFE gold Zie ¥ 119 2%k
v A¥EAy dixzad v dE o o' o] Z}Z:ﬁoﬂ/ﬂ a—tocopherol,
total cholesterol, total lipid& o]
0.05). B3k o8& narirutinFE=E-S FA0 208k 3} o g2 O]‘E% W] 3 3}
S8 w & dgke] a-tocopherold total cholesterol, total lipid7} 2% o
3] ¥R narirutingEE AHTLAA FoHdoR e RS HYTHP <
0.05). o)A 5o 2]8H quercetin, texifolin, isoflavon % flavonoidZ =4 &2
A A Aret FEY = dud o) WES Edte] A H e A ol #@ofste A
o=z Ruso] gl wEkx GFA AWIE FHeo] 2ole] flavanonAlel YF
narirutin® o] ¢IZE=Z Qe x4 total lipid ¥ cholesterol® ##HE 2%

o WAL fEFeRA WEENI} FEE Ao AuAY

m

—

4

¥ 11. Narirutin 657F &F5°] 7+ 2342 a-tocopherol, total cholesterol 3%

Hske] vA= A&

Low High
Control Ethanol o o
Narirutin Narirutin
Tocopherol
nmol/g liver 1278 + 289 1676 + 339 143.8+ 221.8 131.7 £ 39.7

Total cholesterol
umol/g liver 133 + 21" 196 + 23 193 £ 24* 160 = 4.2®

Liver

weight, g 10.8 07" 107 + 04* 95+ 07

H
H
H

0.9° 100

H

total lipid, mg/g 1658 + 15.2" 227.0 + 21.5° 220.2 + 27.6° 1869 + 266"

“Values are means = SD, n = 8.
*Values in a row not sharing a common superscript differ (P < 0.05).
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E12% x4 9 fatty acids Z£AAWSIE AFS Aald], 1AW FEFSHAH A
o} FAIA dFAHT Y 7} fatty acidsd FEFo] ThE o vldle] E=UTH &
%] narirutin FEE9 437} oleic acid®] TGRS conjugationg A3 AL <&
T Ao oleld 8-S F3he] narirutin® AHH7F EFAH AW S o=
A ok = 9lglog e FEE oA
¥ 12. Narirutin 653F &5 0o] 1F 249 Al shafiislo] nl A& G

(umol/g liver)
. EtOH + EtOH +
Lipid Control EtOH Low Narirutin High Narirutin
Cholesterol ester
16:0 273 + 042° 245 + 082" 196 + 024" 178 +0.63°
18:0 045 £ 008" 053 + 0.11* 049 + 0.03 041 +0.06"
181 506 £ 148" 1041 + 322* 1053 + 252°  7.83 +2.95°
18:2 193 + 061" 346 + 0.86° 350 + 0.77* 274 +1.00™
20:4 093 £ 034" 155 + 0.39°  1.70 £ 033"  1.38 +0.49"
Triglyceride
16:0 1377 + 383" 2468 +10.69° 20.65 £5.93" 17.83 +3.85®
18:0 095 + 0.26°  1.89 +0.62° 173 +041"  1.40 +0.13
181 28.02 + 8.38° 5300 +22.60° 50.47 +14.43" 39.11 +6.03"™
18:2 17.36 + 555" 3650 +14.02*  33.23 +9.40°  27.48 +4.01°
20:4 171 + 057" 461 +155° 542 +1.57° 456 +0.60"
22:6 0.15 £ 005"  1.09 +0.40° 1.29 +0.44* 1.19 +0.19*
Phospholipid
16:0 1457 + 453 1385 + 1.08 1368 = 0.71 1469 +0.61
18:0 20.08 + 6.18" 2358 +1.24" 2266 +1.53"  24.42 +1.07*
181 142 + 049 152 + 021 151 + 015 1.49 +0.10
18:2 776 £ 563 785 + 056  6.88  0.63 6.74 £0.48
20:4 2438 + 751 2539 + 148 2570 + 207  26.16 +2.25
22:6 358 + 1.13 401 + 036 392 + 042 4.40 +0.92
Free fatty acid
16:0 253 + 029 242 £0.34® 217 +0.21° 2.29 +0.13%
18:0 157 + 009" 176 +0.21*  1.65 +0.10™ 1.73 £0.09*
181 1.21 + 028" 128 +0.19* 1.02 +0.14> 102 + 0.19°
18:2 077 £ 0.16® 091 +0.17° 0.67 £0.10>  0.78 +0.13"
18:3 0.02 £ 0.01*  0.02 £0.01° 0.01 £0.00°  0.01 +0.00™
20:4 027 £ 0.07° 052 +0.07° 048 £0.09 0.68 +0.08"
22:6 0.03 £ 0.01°  0.08 +0.01°  0.08 +0.02" 0.11 +0.02*
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2% 18. Narirutin® Raw 264.7 celld] 3t ASAA &%

)2 Al ¥ (macrophage)= 9% WA nitric oxide(NO)$} cytokines A Ats}o]
Addz7) A wold Fod JeEs ste AXE ¢HA Yuh isisE 2 o
272 lipopolysaccharide(LPS)y= Z#&2-Al1F9] A xQvto] &A413w, Raw 264.73%
2o g AE E= @A TNF-q, 1
cytokineEE F7HA 71H, NO%F PGE2Z& A% UH7H =7
Alzith 4Rk el NO9| A HLﬂ]ﬂo}g solAY T
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>

A
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Narirutin 717} Raw 264.7A A NO A mlA&= 23E FASH7] 93]
ot E NO AFaE<l NO: (nitrite)9] Griess reagent ¥H8--S o] &3lo] =33}
FBS7} %3t¥ DMEMHI X & o] &3] 96well platedl] 1.5x10°/wellZ A ¥XZE seeding
3to] 37T Al 64 7FH&<t incubationA| #Hth. A dS AAT F samples 8=
A 2] 3Far, LPS(lipopolysaccharide)E 1ug/well2 A 2] 3lal 18A1 & <QF incubationd}
At A5 100409 Griess reagent 1000E 1:132 WAl ELISA 540nmol A]
4390 xEIAHA o2 s NaNO:(uM)E AFE319F Raw 264.7 cell=5-H A7
5= NaNO& SA4st7] flstel mE:54e 243 29, y=0.0119x+0.0858
(R*=0.9996) ©.& }EbsiTY,
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Raw 2647 W& AlX e NO B freshs Aoz 4ezl LPswhs 94502
A sk9e v NO. +%7F 2658uM=E AA F7Fet A A ¥, nariruting 2°] *
gt ToAE v EAoE NO A3 €45 Beoem 25 50, 100ppmA & +
oA ZkZb 23.89uM, 19.83uM, 15.83uMoe.= NO Asigdido] A veEwtH(2d
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83 AY 242 AAEE 2 A oA Ves FA UEhY &L= v
B AR HaAd AW WA R dofsts AoRE dHA Ak NOS= A2 F

ol w2744 NOS(NOS, NOS1), 54 NOSGNOS, NOS2), 3]/ (eNOS,
NOS3)Z FEIHH olF FEA INOSE AXY Za FEe 9 Fd=
calmodulin®] A== F-A3A &dstd Azt A& Holw thgst Ax
oA Fyo] Wl Aestel Fa3gk dsts . oM AF whEelA = INOS
9]¢k nitric oxide(NO)2} 22 AFddA AAEo] AHETE NOAAY @zl
iINOSS] Axu @ld vy HATE western blot 4 H-& o] &3t B33k
LPS @5 w& AAst Zo] 18A17F &<k v MEFE 3334 cold PBS® 2
3 M #3sd k. RIPA bufferE A z2lste] 1417 Ya&H# & scrapperE ©]-§319
cell lysateZ 2L 3 47T, 13,000rpmell A 30% FoF Y4l E-gdle] HEHS 73}

|
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Ak @A AL BCA (bicinchoninic acid) protein assay kitZ o]-&3to] A
lal, T dalE (50ug)S- 5% sample buffer®t 4o] 100Co A 1087F #9 &
SDS-PAGE(sodium dodecyl sulfate polyacrylamide gel electrophoresis)E ©] &3
western blot& A&tk 2 A3 LPSOuy/mh) s A oA e A3t
INOSe] #do] FE33, narirutind= =5 50, 100ppm 5 %=Z X3k A&7
AE LPSYES A 3halg wHth iINOS @Hde] 5% o&doz oAy E AL #
ZEFATHILE20). INOS @A 2 A=-5 3hA F2 bk efe] Al ol A=
Aol AFAgel A AR LPSA 9)ste] @ASA FUtsk Y. S
INOSHH A o] A& narirutin FEES] A osle] v% &4 0= s}
ATk 2 A 23 INOS @ Az E et NOBAE A= AR A3s UE
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PGE2¥= % WS fEste T8 dAR COX-29 Ldo| o3 A= A
o2 4#HA Jou COX-2d 93 AAHE PGE2= FASAE, Adasigxz 2
WAAE 5 HgAA Axe] A4S FEst dFNEs dovles 9l E40]
vl wpelA] PGE29} o] & A3 49 COX-29] @dd e narirutin &%
o] AFE gelaksivh. WA, PGE2 443 19 213 Zo] LPSH Y A+
PGE2¢] 9%k& 851+0.08ng/mLo| 13, narirutin FE=9 4% 25 50, 100ppmes =
oA Z+zb 5754032, 4.48+0.15, 4.17+0.03ng/mLZ PGE2 AAo] vx FZ oz
Atk COX-2 w9Ae =8 A && <M AHe A AxdA=
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Aol Zrlslgd (™ 22). =713 COX-2%¥ narirwtinFd==8 A Y39 72

T TR EHor APAHES A s Aoz UEET o9t PGE29]r

COX 24 A(E}\‘]E Harlmtln %%%O] O—];(ﬂo]_‘— EJ’]'7]' )\}\1_. 742; L:_]_O]— Og% .71:@
of 4TS MAE Aoz Atmdr
10 -
ﬂ ]
gl
E 6 -
S
=
S I
(NN
g
2 - I I
0
CON LPS Marirutin {ppm)

a2 21 A Al E oA narirutin FEES] PGE2 A4 A &3

120 - T !

100 COX-2 --- ‘
£ w .
8 60 | ‘
L w D-actin | —— S —
('}
X 9
(&)

07 LPS (lugimt) -+ + +
R \I_ -
i ik Naiutin (ppm) Narirutin (ppm) 50 100

(
o

a3 22, A A Zo| narirutin F 77 COX-2 @9l z W3 o] n)x= o

LPSE 2l A Fo A W7 5S F23t= IL-18, TNF-a9t 28 cytokineE<
HBt=E MEXE A=351H, o] tst 29E Yt X uk ditd o=z o St

iz

_72_



& S/ 7IEY #@ejskth. LPSE {538 IL-1B9F TNF-a®] Aol 3lojA
narirutin 5% &2 A EHE AFH7] 9@ ELISAE o] &3to] ZA3tt

TNF-a¢] Z-(29 23) LPSE Hessls w 35952047 ng/mLE F7}sk=
Ao 2 YEWA, narirutin FEEES A TolA = 50, 100ppm FEelA Zb7h
20.12+2.43, 9.78+0.20 ng/mLZ =A@ o 24 TNF-a¢ AAS fF9gdoz A3
v AR uEyth IL-1B9 A-(2® 23) LPSE AHES W 46.8+12.37
ng/mLE ZF7}8k= Ao ® VeI narirutin &S 50, 100ppm # & ol A= ZF
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Narirutin 259 9% WNEd A4 A4 714& &858 9814 MAPKs
o ARE ZAMYTHE 24). MAPKs®] A% HE2E2 LPSE ffEEo] &4d3td
A A E A9 INOS B AT AESHEZL Td #olsith. MAPKsE F2
AN4st w A Fe BEEA FHjolAE AEdd WETIE 4kste] ot &4 3t H
o=z o]F3lHA cytokine A FHoJdtoh AF A narirutin FEE
LPS= &43te 4 A xelA MAPKs% p38, ERK1/29F JNK9| <14tsts o A &)
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dZ e srha AZtHL

(2

2
o

rlo

_73_



P-P38

e
PoERK | . - | —

P-JNK

— e —

B-actin | M — ——

LPS (1 ug/me) - + +
Narirutin (ppm) - - 100

18] 24, Narirutin F&%9 MAPKse &4 A& &3}

NF-xkB¥ AA}F¢1A} (transcriptional factor) 4], dZur&y W vke = o}
g Ak TRl #ojste] FFIA, AV Wy Al A5 A o]

S 93tk NF-kBE AXZd oA JAEA k-Bast ZAd 2gdAdgdoen &
Ast™ Tk-BaZ} ¢14k3} (phosphorylation) 12 NF-kB¢ 23] (degradation)® H A
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LPSE &3 H 2%
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. Narirutin 5971 A5 2 7+ 24 716 vX3= 93

3 13. Narirutin®] A3 7} 85 &<kl A AFTHsol vA= FTF

(&9 @)
Week Narirutin Narirutin
Control Ethanol
(wk) (150mg/kg) (300mg/kg)

0 wk 2126 £ 011 2823 t 043 2866 = 022 2172 £ 031
1 wk 3697 £ 050 3187 + 035 BN £ 039 HH = 064

2 wk 364 £ 037 3119 = 072 3802 £ 1.04 3709 + 093
3 wk 972+ 0564 I 078 394 £ 057 IBA = 065
4 wk 4078+ 052 4022 : 039 3984 £ 057 4005 = 0.69
o5 wk 4183 + 068 419 = 1.07 4082 = 060 4092 + 0.95
6 wk 4210 £ 049 4255 t 060 4202 = 060 4235 + 111
7 wk 4397 £ 092 4319 : 041 4291 = 072 4327 + 0.13
8 wk 418 £ 095 4450 = 075 4290 = 075 4274 + 078

Aol Az ol vl& ethanol F ¢

, ethanol® 7| nariruting A 3 3

% 14, Narirutin®] 437} 971 2576 v A= Qe

Treatment group Liver weight (g)
Control 1.54 £ 0.02°
Ethanol 159 + 0.02°

Low-narirutin 1.57 £ 0.02°
High-narirutin 1.54 £ 0.03°
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A E4e] 1ng2 Agd Y-S v gt Narirutin® THE 35S 37187
4] 2 kEA TR doe) GOT,
GPT 48 &As vt A, o e+, o &S+narirutin 150 mg/kg F o]+, ol
e Snarirutin- 300 mg/kg Folwel GOTEAHL 747 248458 U/L34.3+59
U/L27.5+7.7 U/L28.2+55 U/LZE WPt ® 27). o&& 9] GOT &4¢] A4
ol wE] fre)d oz =A el on, o ® & narirutin 150 mg/kg Tl olEE&
+narirutin 300mg/kg Folw ole-&ol nls) A uEbwith A, ol e
o & & +narirutin 150 mg/kg Fol, ol &&+narirutin 300 mg/kg Folwel GPT
e 7bzh 14.8+4.8 U/L, 21.8+87 U/L, 14.0£3.7 U/L, 13829 U/L,& Y Eb%t
(19 28). olgb&aro] Fgdo] Aol wE feojHoR A vElgon, oghE
+narirutin 150 mg/kg o]+, ol ®S+narirutin 300mg/kg FoS o §h-2of M]3
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0 4 T be
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Wl o’ 30, 31).
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Triglyceride {mg/dL)

Control EtOH EtOH+NA EtOH+NA
150mao/ko 300maoko

219 30. Nariruting 4759 3 mouse 8% o 25 H Triglyceride =4
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| Et-=-+narirutin 300 mg/kg FoA oA &= 7871+£30.8 mg/go.= o g H]3H
o4 o= triglyceride 577} A= Ao 2E 33).

EE

—k amh
[ T T
[ T e T
He=r
H—=

Triglyceride{ma/g)

control EtOH EtOH+ EtOH+
narirutin narirutin
150mofkg  300molko

1% 32, Nariruting 4759 3k mouse liver®] Triglyceride &%

—h
[ )
L )

[ ]
[
Lo

Hma

T

o
i )

b
L)

=]
L )

Total cholesterol{mg/g)

[ )

control EtOH EtOH+ EtOH+
narirutin narirutin
150maokn 300maoka

18] 33, Nariruting 4759 3 mouse liver®] Total Cholesterol =3

SOD+= metalloenzyme &2 -3k F45:9]

2 TR, O7F & Ao AAE Wolse] BehAdA AstE 07 ol2g HO,
AN A oA o TN s AEHAZEE

o
N

O

o

N

=

=

=
)
7
o
ofN
i
2
bt &

o
=
ol
o
Z
g
£
=)
o
o
=
ol

_80_



1:011
ol
o
o,
N
>
ol
ol
~
o
o

o

0,
i
o,
)
S
riot
offt
il
td
i)

o A] narirutin F<jol 23 SODe| &
ol oA SODE] &Aool Aol H]
34). 300 mg/kg®] narirutin A #=
o]

o] SODe] &Ae Foaoz =714

?l SOD SHEE FoAo=2 T7HAZ L

al
30
a2
0
» R

A, WEhA] narirutind 2= O AAE A
1 ethanold] 93] A EH+= AFgAEH A

A7k
125
; c
- 100 c
2 b =
k= =
S 75 a
s
£
>
T 50
L]
a
o
1]
25
o]
CNF (nglkg b.w.) - - 150 300
EtOH (6.5 glkg b.w.) - + + +

1% 34, Nariruting 4759 3 mouse liver?] SOD &4

Glutathione (GSH)2 4174, d4%
WeleEd Rgs e AoR ¢
i Al DNAS g,
o g 359 #Zo] dEE&o] 1273x1.54umol/mgo. = 7HE WA UERR
narirutin X 2] 7ol 4= 22} 14.28+1.65umol/mg, 16.68+2.10umol/mg ©-

}A5E GSH A4S /04S¢ & 99t

offt
1)
o
=
N
do
r)«
o
o
SRS
g
E*’
wu,
o
2
wo b
o
o
£

L
=,
N
N
o

O

_81_



20 - b
= b '|'
= b
£ 16 1 a T
=
o 12 4
E
2 ¢
=
- 41
B

control EtOH EtOH+ EtOH+
narirutin narirutin
130maolkg J00maoikg

19 35, Nariruting 4759 3k mouse liver?] GSH =4

Malondialdehyde(MDA)E= A A 34bstE2] A gz A3 =d 3iksixd-e A
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a9 38 olerES 85I A7) FoId mouse FHEA A narirutin®] Y A
a3 (A) AT (B-1,2) g 65 g/kg bw./day F9+5; (C) narirutin A2

(150 mg/kg b.w.); (D) narirutin 314 °](300 mg/kg b.w.). ol && &5
3t kA E9 FEWHA I arrows) HEZE Z7Hdouble arrow head), A ¥ 3 A}

(double arrow). Hematoxylin and eosin stain; Original magnification, x 100
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| Fo33 mouse 7+EA A narirutin®] A3k A
23 (A) AT (B-1,2) 982 6.5 g/kg b.w./day Fol; (C) narirutin A2 9]
(150 mg/kg b.w.); (D) narirutin 34 o]<(300 mg/kg b.w.). o8& 7] F 9
s A9 (double arrow head) FEW A (arrow). Masson’s trichrome stain;

Original magnification, < 100
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w34 flavonoids(naringin, hesperidin %)Z 8] 89 9 3} (aglycond}) A
F A flavonoids(naringenin, hesperitin 5 )7} AW &2 (bio—availability)H
Fatrtar s a ok diF2 AAE9 flavonoidsy WE A F = EA)

AAA A m Bl AFAE B-glucosidased] 23 FAFRo] HH
aglycon def o] flavonoids7b thdAuhs Fs SFdva dyA ok webA
flavonoids & Aol &AL /SE A a2l wel B e s F 3o
A F Aol w2 aglycon®t A71W flavonoidse] AWEFE Z7HAA AlolA] o] &
2 Y F dE Ador AndAv. 2 HIdMe EHEF AXAA Tl
flavonoids = aglycon3} A Z = = BAE AWsle] YaiA Fo FYde] A

U&7t 8013 aglycon flavonoids®] A4& FE=3taxt sheith.

84 e w5 9E 24° BrixZt HEE 5872 48 & A4 sumizyme &
5 F7e E4E 01%9F 0.5%(w/v, v/v)2 HA7}sle] 60C 848204 100 rpm
O 2 3N ¥EAZl & AR FE HFote] dasdaA At 2AdAg g
U E 59 narirutin aglycon®H naringenin®. 2 W) AEE vuws 2 A3E F 169
L e AT

¥ 16, AHE Exd s 14 g L EF 9 narirutin aglycond} vl

5 aA7] Mole &% (mM) Narir?ger.lin/
— - - narirutin
Narirutin Naringenin
Control(}+# &) 0.054 0.010 0.177
Sumizyme 0.1 0.030 0.010 0.315
0.5 0.077 0.011 0.142
Glucoamylase 0.1 0.028 0.012 0.421
0.5 0.030 0.015 0.505
Sankolase 0.1 0.018 0.012 0.671
0.5 0.035 0.017 0.486
Collulase 0.1 0.033 0.010 0.319
0.5 0.024 0.016 0.663
Pectinase 0.5 0.024 0.013 0.544
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Cellulase® A3t WFFo|A FEFEA 02 narirutin® aglycond}7} &8 3
ow Mgy Aoz ALRIFIU. 7 a2xAAY wEF FH EAS H® 17 4

ERu ST

Total Sugar Alcohol Hunter’s color
Alcohal . .o
fermentation acidity pH content content Turbidity
(%) (CBrix) (%) L a b
Control 191 367 119 9.1 0.042 86.01 -7.01 39.75
01 179 370 11.8 9.1 0.013 89.10 -800 39.81
Sankolase
A) 03 179 374 11.8 9.6 0.017 8871 -763 39.67

05 178 374 118 9.4 0.029 86.17 -6.55  39.17

01 177 372 11.6 9.6 0.021 8855 779 39.08
Cellulase
03 178 373 11.8 9.5 0.021 88.10 -715 39.73

(®);
05 177 372 12.5 9.0 0.031 86.79 -6.14 40.01
_ s 01 188 367 11.8 9.1 0.030 845 695 3893
Rapidase
P 03 188 367 11.7 9.1 0.028 86.39 -712 39.61
05 184 367 11.8 89 0.042 8701 -753 3949
. 0.1 172 373 12.0 9.2 0.012 8758 -722 39.70
Sumizyme

03 173 37 122 8.9 0.024 87195 -6.74 39.82
05 176 374 122 9.0 0.039 8784 -694 40.54
01 17 372 119 9.1 0.026 81.50 -6.67 35.65
KFEN 2
K 03 179 372 117 9.0 0.038 86.18 -693 3752

05 17 373 120 9.1 0.044 8738 -647 39.03

(S)

719l BaA FF 2 sz A 7S Fermivin®-S 0.02%(w/v)
HEste] 30T, 91A17HEeF AAwF A7l &=

3 ANE D pHE HAA B
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v @A Z, cellulased] A% %
Ad sF9E 24° Brix/l IR
0.5%(w/v) A7}ste] 50, 60 ¥ 70C AGFE2d A 100 rpm o= 1,
A7l ¥ Fermivin®-& 0.02%(w/v) &
ZAFSF TR 18). Cellulase
A XA EH FH9 aglycond 2702 HFEW 70T =

371914

B9 narirutin aglycon3} A =&

A EE Aoz ey}

A Zbel uhE

aglycon3d} %

$85E 4D

gE3le] 30T, 91175t A Aw
A 2]

Fae &

Jlm

[e]

A
3

1 5A) 7}

)

71

QY

0

_
O

AN

™
rlo
O‘l e

@)

o

W& 39 aglycon3) Bl

AL Z A}

cellulase®

FAaAYAL EaAYeR Mole &% (mM) Naringenin/
(hr.) (C) narirutin naringenin narirutin
Control 2.16 0.22 0.10
20 1.50 1.01 0.67
1 60 1.31 0.83 0.64
70 241 0.60 0.25
50 1.24 0.70 0.57
Cellulase 3 60 1.17 0.63 0.54
70 197 0.49 0.25
20 1.08 0.61 0.57
5 60 2.28 0.58 0.25
70 2.27 0.33 0.15
Cellulase® AAgstar HEAZ HEF] FAELS A Z23H(E 19), 44
A 9 pHeE 843 A7 9 5 w2 & Aole gl AleZ Yeyhow
UFE e Ta A HE TN 90~93%2 7 A e &4 143
A g-7re| A= 50Tl A 9.0%= =& FEE YeEhd oy ges S48 A7t
mE Z AoleE §ldley 2RV FUEFE R geElx e Ao e
ol Ae] AeS £33t cellulase® H0TCAA 1A A AAgst & 42w g
ANAE o, ¢32& w54 dRdolA 71 573 AFs AxT & AT
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3% 19. Cellulase A& A3 ¥ 5o wpE X3y 7 dEFe] H2EA
weatmont (0%l Sugar Mleohdl ey Hunter's coor
Time Temp. (96) (°Brix) (96) L . s
50 1.97 373 13.1 9.0 0.034 86.96 589 4182
lhr 60 1.94 372 12.3 8.6 0.049 86.07 -H546  41.22
70 1.89 373 12.3 84 0.128 79.27 =212 38.26
50 1.97 372 13.3 9.0 0.034 87.31 548 4198
3hr 60 1.94 3.69 12.9 93 0.048 8480 -3.08 4201
70 1.85 3.74 12.2 93 0.126 T5.87 053 37.27
50 1.98 372 13.3 &7 0.034 86.82 484 42.00
5hr 60 1.95 372 12.8 8.6 0.062 82.14 0.24 41.97
70 1.85 372 12.1 89 0.095 76.01 241 38.05
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3
)2 e gAY HFAEN AR R ASS At
At B g v 9oy AAR Axd gE vhEERAES G539 v)aLs)e]

< 2E BEAHdle & Aot gl AowE yeut AAdEE (A) 054% =
0.65% ¥lsll & $HA Yetwth pHe 2aRd 9 54, A% 5 e o«
I @Al AR 2 AFEE Fu AR AT HE e A -S4

pH 3.2~357F Z#3lw, pH7} 3.2 o|dlol A= Algke] e Fdo] "ojxvla ¥

°
n
uy
tio
s
1:011
N
©
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pH:= (A) pH 354, (B) pH 3372 % 77 =% ZA pH

@
)
T
=)
o
.ﬂ“
rUE
HU o

e el e Aoz vtk ol e AatE dAE 23 wE duvhea
=9 e E SAS 2 AolE HolA ot 7 it B <dhae davt ke
e Aoz dddy)

¥ 20, AAY = wE FE JESEQ alcohol, sugardh® H titratable

acidity, pH
Pre—treatment Alcohol content Sugar content Titratable acidity
conditions” (%) (°Brix) (%) ol
A 10.13+0.06” 12.98+0.18 0.54+0.02 3.54+0.01
B 10.83+0.06 11.38+0.32 0.65+0.01 3.37+0.01

YA : Whole citrus, B : Citrus remove peel.

2
'Values are mean * S.D.

¥ 21, AAHY ZHde wE A FEHES Hunter's color value ¢+ brown

color

Pre-treatment Hunter’s color values Brown
conditions” L a b color
A 89.9+0.537 -3.9+0.14 20.3+0.19 0.90+0.12
B 91.9+0.69 -2.0£0.08 15.7£0.41 0.88+0.04

VRefer to ¥ 20.

2
'Values are mean * S.D.

) AAE z270 i gd R eE 38 2a A9 flavonoid ¥F #st
AAe 2@ mE 3 JtedadlE s da Ao flavonoids §

Aib= F 229 2t} Hesperidin, narirutin 2 naringenin 3¢ flavonoids”} A&

A o} naringine A& A &kt). Hesperidin S-S 5 -7ke] & x}o]7} ¢l

Aot narirutin $HE-2 (A7} 281.31 Mo 2 (B) 199.05 uMel ul&) vi-¢ =

By o) naringenine (B)7} 25 A UERTH =79 F8 flavonoide Wl

of T
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A1) narigin®} hesperidin Z2]31 o] &9 FulE ARl naringenin, narirutin %
hesperetin 5 °] Jth4,5). AA 7ao|= narigin® hesperidin 52 ¥W9A Fe=

F-o] A8, ol&9 FuiEAl &I3hEo| Arsh A9, Y &40 ¥ Fa
6), ozl Fu g WelA o a3 Aoz YerwthT). el
FEANEALE olg3tH WA FHA flavonoid IFEESES FuldA FeH 9
flavonoid2 A% AlZ 4= glow Alxw FAAE 74 ra A
v glel Es Ui o AEd

IE o] g8t FEig ARl narirutin®] ¢EFol wobA FF Ve A7) 7hed)

RERY

¥ 22, ZFEdA et 7359 flavonoids 3HeF

Pre-treatment Flavonoids content(uM)
conditions" Naringin Hesperidin Narirutin Naringenin
A N.D.? 3.89 281.31 16.66
B N.D. 4.52 199.05 21.61

VRefer to ¥ 20.

(ld
Loy
N
(o]
9§
<
<
iy
i
_0|L
£
kol
H
ofN

= 5 ol & d3s E
EAS AT 1y 349F #o] dFE e S, bayanus EC-1118°f A4
12.75% 2 7V4 =4 Jelston S cerevisiae RC 212 12.35%, S. cerevisiae ICV
D47 11.85%, S. cerevisiae Fermivin 9.95%, S. cerevisiae K1-V1116 8.70% <o =&

UetEth 23§ 9EE €as B 2o E 92 %S HEHSAY ol # %

=
A= Roh 5(9)0] X =FE Axe uf S cerevisiae Fermiving ¥ &3 &% 12
Z TR Age gheko]l oF 12% UeE BE FFd wE 2 zolr) gidvar Har
3l A= e Aoz S cerevisiae Fermivind K1-V11169 4= &2 =5

Koh (1) e AfAdtol AR AF& Ao

Fermivin¥} K1-V11162 A&o] dAF o &dzm& ko] v veld Aoz Azt
Hey 7 7R ES ol &8ty dxe wEad s d3s Ao ¢4 &
27 Age Aoz durol B AFaE dae MAsol 1 ¢ S
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bayanus EC-1118% A&ttt AAAEE 052~057% HYE BE S HA 1
=23k Ao yehtow pHE S cerevisize K1-V11167F3tell A 3192 713 v
A Vehgo e el A% ¢F pH 35002 2 Afol= UehubA vy
41).

| O Alcohol content B Sugar content

p—
(—} [
T T

Alcohol content(%) &
Sugar content(°Brix)

> (] - (=)} -2}
T

RC212 K1-V1116 ICV D47 EC-1118 Fermivin
Kind of yeast

9 40, B E 7 UE &43-g w8 E A (aleohol, sugar )
RC 212 : S. cerevisiae RC 212, K1-V1116 : S. cerevisiae K1-V1116, ICV D47 : S. cerevisiage ICV
D47, EC-1118 : S. bayanus EC-1118, Fermivin : S. cerevisiae Fermivin.

Values are mean += S.D. (n=3).

[ Titratable acidity B pH

Titratable acidity(%) &
pH

RC212 K1-V1116 ICV D47 EC-1118 Fermivin
Kind of yeast
% 41 3R 0 uE ¢3-g W E E A (Titratable acidity, pH)
RC 212 : S. cerevisiae RC 212, K1-V1116 : S. cerevisiae K1-V1116, ICV D47 : S. cerevisiage ICV
D47, EC-1118 : S. bayanus EC-1118, Fermivin : S. cerevisiae Fermivin.
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¥ 23 25 FF7 & dF3E B3FE 2 Hunter's color value ¢+ brown color

Hunter's color values

Kind of yeast L . b Brown color
RC 212 87.4+0.85" -6.9%0.13 29.0+0.31 0.91£0.01
K1-V1116 86.6+0.01 -6.6+0.04 29.1+0.04 1.36+0.61
ICV D47 89.5£2.35 -7.3£0.38 32.6+£4.00 0.89+0.03
EC-1118 88.1+£2.12 -7.0%0.16 29.5+0.63 0.97+£0.46
Fermivin 87.0+£2.40 -7.1£0.30 28.0+0.82 0.91+£0.02

YValues are mean + S.D.
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ofF FIE FHFE I fadhe AFE YRS 279EE 24 BrixZ

A3g FFE ov) 11.7%010), 2= 14.7%(11), 59+ 10.4%(12),
F132%(13)= gl we) dse 52 tE2A deue Ao A
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18

16 [ Alcohol content B Sugar content

10

Alcohol content(%) &
Sugar content(°Brix)

=] [ 5] -~ (=)} =]
T

0 0.2 0.3 0.4

Initial titrable acidity

2942, 27| e 438 v E 54 (alcohol, sugar $HE)

Values are mean += S.D. (n=3).

[ Titratable acidity E pH

Titratable acidity(%) &
pH

0 0.2 0.3 0.4

Initial titrable acidity

a8 43, 27 R wE des o A (tiratable acidity, pH)

g E
S.D. (n=3).

=
Values are mean +
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¥ 24 274 RS e 438 WwE E 2 Hunter's color value®t brown color

Initial Hunter’s color values
titratable acidity Brown color
(%) L a b
0.0 84.8+2.13" -6.8+0.67 29.0+0.26 0.96+0.06
0.2 86.8£2.40 =7.4%0.71 28.3+0.22 0.93+£0.01
0.3 82.0+1.65 =7.2+0.15 28.6+0.55 0.94+0.03
0.4 86.2+0.02 -7.3+0.02 28.8+0.01 0.91+0.00

1
'Values are mean * S.D.

[ Alcohol content E3 Sugar content

Alcohol content(%) &
Sugar content(°Brix)

22 24 26 28

Initial sugar content

a9 44, 27|FEe] mE 438 W EA (alcohol, sugar §HE)

Values are mean += S.D. (n=3).
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[] Titratable acidity B pH

Titratable acidity(%) &

22 24 26 28

Initial sugar content

a9 45 27| Ee] wE ¢3S WEEA (tiratable acidity, pH)

Values are mean + S.D. (n=3).

¥ 25 V|G R wE 438 wE E 2 Hunter's color value®t brown color

Initial Hunter's color values
sugar content Brown color

oy - L a b

(°Brix)
22 89.5+0.12" =7.3x0.07 29.4+0.09 0.90+0.00
24 89.1+0.34 -7.1+0.13 29.7+0.18 0.92+0.00
26 88.8+0.41 -7.1x0.14 29.9+0.17 0.93+£0.01
28 87.7+0.38 -6.9+0.03 30.1£0.06 0.95£0.01

YValues are mean + S.D.

7 3 F5el o 3 Ut EY a8 ta 54
T EFRd E fgw Ui Ee] dae $E 5AS 2AE] fEiA A,
=, 4, 2 2gESYAG o R 24 °BrixZ A4 BY § vt Lalvin EC-1118%
5%(v/v) H&Esto] HEAZ A= 19 40 F 419 2uh Eae e = 3t
3 g 10.15%5 2
v =gk AeS YERAT 2 ATl A

=
FolA g FAI SEAP oM, Fng FIIE 2 AU} 9
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18

16 | TOAlcoholcontent B Sugar content

12 ¢

H

10

Alcohol content(%o) &
Sugar content (° Brix)

=

Sucrose Honey Fructose Fructooligo.

Kind of sugar

o9 46, F FFo WE fddE VR ES ¢3S ©a E A (Alcohol, sugarshE)
+

Values are mean += S.D. (n=3).

oTitratableacidity ®&pH
g 4T
£ 3
Z=
E‘ e
R
E ol
0 e i i i
Sucrose Honey Fructose Fructooligo.
Kind of sugar

a9 47 F 5ol wE g VheEdlEY ¢3E B EA(titratable acidity € pH)

- 101 -



¥ 26, 9 Fio E A veEEEEe] ¢3S WE =29 Hunter's color value

2} brown color

Hunter’s color values

Sugars Brown color
L a b

Sugar 83.93+2.24" -7.57+0.46 28.21+0.82 0.99£0.06
Honey 89.71£1.85 -7.04+£0.53 27.99+0.22 0.97£0.06
Fructose 83.631£0.02 -7.71+£0.04 27.89+0.01 0.96+£0.27
Fructo-

] , 91.54+0.43 =7.70£0.24 29.49+0.12 0.92+0.02
oligosaccharide

1
'Values are mean * S.D.

= ¥ 279 2 F2 F89S fructose, glucose, sucrose 2 maltose’} A& A
Foll nlal fructose ¥ glucose?] ko] A U
ofsf Aghd Ao dddvt =¥ Byt 4

gkt}. o] sucrosed] 7FEEE
T & ol vls maltose®] ROl 1,930 mg%® 7Y =dh A BHE-7Re
%

o}
=9k o™ glucose, maltose, sucrose <=0 = UERE
F fructose® EHEFol 7HE EUUh ol W Fol
wepa frEld 2 2 el Aolrt e AoE AT Edk Es o &9
E %!

i
ol Awtael F#F rEFL fructose, glucose, sucroses O =

r
Q.

off i

A
, olelst A3t SEF5)9 BEAF(16) ¢3s ¢E 3A
olsletd EA wW3le] #A3 AFo|A] Freol o o]8Ao] sucrose, glucose,

& YERSIT
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E 27 % FRl 0 4E AR 2ng dudd fUY F3
Free sugar content(mg2%)
Sugars
Fructose Glucose Sucrose Maltose

Sucrose 5,606£20 2,232£12 1332 236+7
Honey 1,621+11 268£8 bl+4 1,930+17
Fructose 467715 1,122+8 53+6 578£11
Fructo-

) , 2,899£16 761£4 3108 2349
oligosaccharide

71 AF-E- lactic acid 499~671 mg%, citric
acid 136~153 mg% % malic acid 48~54 mg% = 7 &% 3L, oxalic acid, tartaric
acid, acetic acid ¥ succinic acid® HAEH A Utk AFEL aw DaF9 77
Ab 3rEFe F =2 citric acid ¥ malic acido]™, 1 9] oxalic acid, lactic acid %

succinic acid® A& EA3FAtHE Koh S(1)9] Hiaret dF fAlstd o) e

rir
5=
8
o
m
v
o
154
ne
K
tio
%
boj
2
lo
do

&, FEA7], A Fol wekA] [F71AF A 2 ghEe Aolr) gl Ao=E A
ZrA ), 949 Azl A citric acid®} malic acidi= Brell F23F AF S 2 citric acid
= 9219 Fo AAETE F7FA7) AL, malic acidE 24619 Alubs F =87 g Fx

o.
A FEWE SR STHAT7). B Aol A Alxd
[
NeR

gk = s
E=3 = =y
# @mg wEAe] 4% 471 Bl 1eeldz Ueh) Bsdez A% 4
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acid

Succinic
N.D.
N.D.
N.D.
N.D.

Citric
acid
153+1
139+3
143+3
1364

acid

N.D.
N.D.
N.D.
N.D.

Acetic

Lactic
acid
671+2
49946
661+3
643=1

Malic
acid
b4+5
H4+3
H2+3

Organic acid content(mg2)
48+1

acid

N.D.
N.D.
N.D.
N.D.

Tartaric

Oxalic
acid
N.D.V
N.D.
N.D.
N.D.

Sugars

oligosaccharide

Sucrose
Fructose
Fructo-

Honey
UNot detected
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299 FFRol e 4E MFEAE ¢3g BHAY oA EA
Attributes”
S Overall
Hears Color Flavor Taste .
acceptability

Sucrose 5.8+0.1% 5.1+0.3* 5.3+0.5" 5.7+0.4*

Honey 5.3+0.4" 4.2+0.5 5.0£0.5" 5.0£0.5
Fructose 5.0+0.1° 4.8+0.3* 4.6£0.3" 4.4%0.1"
FmCtO_Ohgeosa‘CCha“d 44£02° 48+0.1° 37+0.2° 3.9+0.2°

deyralues with different superscripts indicate significant difference from each other(p<0.05).
U Attributes is represented 7-point hedonic scale

2
'Values are mean * S.D.

=l SUCrose
=== Honey
Overa! . Flavor Fructose
acceptability
=== Fructo-oligosaccharide

Taste

Z flavonoids ¥ 3}

[9)]
p—g
oy
e

)
pop

& Ao narirutin®} hesperidin®] flavonoids¢] tHE-#-& x}x] &} 1L

ar
=
o WE Foi= ol F W& FEFo| narigenin¥} hesperitin® & Ao]H-&

=
F e oy A= ta A cellulased 2l E B3l Aoyt &S HAERT
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Narirutin

Hesperidin

AAAAAAA

0130

Naringenin

0110

0080

2 o060 Narirutin
Hesperitin

Hesperidin
0040

0020

4000 4200 4400 4800 4800 5000

S
Wy §

a9 49, FAEd g g wao wE flavonoidZ A W3k W (HPLC chromatogram)

e ol narirutin H7FEE 2AFSEY] #8ko] narirutin EFEES 1.0%7HA

LEAFE Hubste #edAE AAE A3t narirutin H7FE &8te] Frtste] 7]

=7t oz frgow WEFo| narirutin®] H7ks 2#IA 7|2 A

AR o7 g Fo|E narirutind hesperidin 5°] 400 ppmeo] THEHoidoH

5 2 o] & A5 T3 sHdAvd el
o

A e A B
Fol AR A w=EZA 9 onAFE 7t & 3

%] narirutin® <=
F AAEZEANE &
SRR

7]
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dag wE TR 5T oAFE e FAEER 1A oAHg v circulating
aspirator(sibata WJ-15, Japan)® 22} oj3}dle] Wl & 15Co|A AA3 AL 7/
ABZ ARG T T AR HTHIE ol&st AR 2EE BTN 7t
date] T U Ae 27(10%), T 7(80%), T (10%) = Hro] 33kt
EH3 AZEE membrane filter(pore size 0.45 um, Advantec MFS, Japan)® <3} 3k
% Gas chromatography(Hewlett packard 5980, USA)E o] &3lo] &5 AE =
methanol $H&& 48k & 303 Zo] & 9219 methanol 3L 603.6
ppm e 2 YETE FA A 2k9le] methanol 32 1,000 ppm ©]3tE FA S AL
ettt e Qs SRE A9 279 ¢

] &
sheFe 72.5%, 57 335%, 7 49%E FR7F JAEHHA ¢3E FEFS Hx

® 30. FsFeol wE ekl alcohol¥} methanold

Citrus wine Fore shot Potable spirit Tailing
Alcohol content(%6) 139 72.5 335 49
Methanol content(ppm) 603.6 1,136.7 1,607.5 605.5

sto] 23 2R/(10%)% 27@B0%)E ot ¢3E =F
40%¢] e BAUE Axste ¢3E& AEs AN 2y 3 313 2tk
n-Propanol, Isobutanol, Isoamylalcohol & fusel oilE-2 77+ 171, 286, 478 ppmS.
2 YERTh o] fusel oillES €3E HFo FAERZHN AdF g €ISHY &
FEoly FFe T4 Fad 221(19)¢ ¥vl. N-Butanol, N-amylalcohol2 #
Z5 A &gkal acetaldehyde¥ 128 ppmeo] #HAEW o] FAW A BHdg AR 714

(acetaldehyde 700 ppm ©]3hel] A&3 Aoz yeEltl Methanol= 1,059 ppm©]
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Az w0} 1,000 ppmelste] malt] 4% A& zasah ol %o dwmel v
FolE N (pectinel FHE oI om, o WL Fme WEAYAN 235
methanol & AAA TR Feid GrhQo). HAF AN FFS A4S A3t 4
e o 25%2 UERon(2), TE 0.19~0.22%(22), ¥ 1.2~14% 2 A9 1
3~16%29e) T JeUo] AEe 9mz F4F 2 HASE AxT A4S

o
[N
(ld

=
methanol ko] 714 & Aoz FAddATt wEkA 3FF methanol T

A Axe A7 27E

3l e By ¢aEg AEs A
Alcohol components
Citrus brandy
(ppm)

Acetaldehyde 128
Methanol 1,059
N-Propanol 171
Isobutanol 286
N-Butanol N.D.V

Isoamylalcohol 478

N-amylalcohol N.D.

UNot detected.

2t Zhe eSS ol 8% eI ARzl Hdn
&

=
2 pHE 43 A3ae 29 503 2ok d3E e (B)7) 13% = 71 =8k
(A= 12%, C¥ 11%= vetsith durd oz Al o8 3haFe 9~14%=
UhFet, &g FhaFol 12% olahrb S opdlo] A WA=
1 °Brix® 7F& =4 dewa A9 O= 44 119 2 100
Brix@th. A4S 9 pHe= 7H7; 053~0.63% 92 322~3422 AH3ke 2 Ao
7F it Kim 5(24)2 AlgolA s an o= 9 AAxE7E 0
waskglon, o= ArhAlE zEsqle] Al ekl B ojyE ¥:F

7}
o ARAESE WEF FEUS &+ YTk mH oele] pli ojle] wE,
%20 2 gre] A AL plsl 36 ool A% F Awel WAL Aol
3, W R ply) 32 olskol® AUAA Atke] Aokl BeAow RAA o
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F& oy deA 9o)25), A7HAE FEekeld B gEee) 2% BT selo
24 AP FE0R ebTh mebd ABekel (B)E very sweetthsl o] ke &
e G A AFea ARFAOE mediumEr ) B3} Fme FHE A

o

AFolw, A7MAZE FEed(A)e B¢ (CO)Y FHe = medium-sweetE Y

™
medium(+) 23 FHE 712 AFold warAr),

16

" Alcohol content  ®3ugar content

12

10 A

Alcohol content{%) & sugar content("Brixz)
[==)

A B C

Citrus wines

" Titratable acidity ®pH

Titratable acidity{%) & pH

A B C

Citrus wines

oy 50, ATHAZR ZEelyt Alddaele]l E#EA H]il(alcohol content,
sugar content, titratable acidity, pH)

A : DIY wine(citrus wine), B : Commercial wine(citrus one shot), C : Commercial wine(gold
beak).

Values are mean = SD (n=3).
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2) A%

A Az 2R (A) Ad EekeI(B, C) 2% AE 2 AMTE B3 4
= E 329 2ok Ame] LEH(ER)S (A) 9387, (B) 9815, (C) 97.39= H]s5z3t

FAE e, agt(AA =) (A) -5.19, (B) -1.97, (C) -1.8322 A% a9}
Qlall A oF o] A yeht F3dlo] Astath b (F ) (A) 1432, (B)
773, (C) 8192 A7hAZ Fhaeploll A oF 6017 o} wehdle] ZatA vhebyba,

A== (A) 036, (B) 013, (C) 0152 Yeh A= §A18 Aaks Bt o
WAl Al g Alxol A AEe] Ayl= ARAdE R ATE S0 Aiel o
#F FrEol o FxA T & ' Y 52 ZAE ob]s] Wil o] E Al
Agt ¥ BHREE o] &3te] WEe| o] &HH(@6). 1y el FHyol= T H
ksl 248522 narirutin 2 hesperidin 9] flavonoid’d & W] %3 thgk 7]
s BAE Fskal doh@n). wekA B Ao oldd Ve d EAS 48
harat g sy g 29e A vheERdEe of8ske] HAuagle Alxskilow,
ol HHwhE AnE AT Al EekQld vlwsgls W M zpole] il

A ekle] F- 54 vl (Hunter's color value,

T 32 AT E FEl A ¥

brown color)

["

Sample"
Colors A g C
Hunter’s L 98.87+0.06” 98.15+0.01 97.39£0.01
color a -5.91+0.01 -1.97+0.02 -1.83+0.00
value b 14.32+0.00 7.73+£0.00 8.19+0.01
Brown color 0.36+0.00 0.13+0.00 0.15+0.00

YRefer to Fig. 1.

“Values are mean + SD (n=3).

3) FE3 ?:Eok

A7 Az g k1A Al e SRIB, C) 2F 9 WOTI’/]‘% SEks 248 2%
¥ 333 2y 2E AFolA fructose 2 glucose® & 2F°] A=HAL. 7T

o] 2% (B)7} 5855 %2 7Hd =il (A= 4,189 mg%, (C) 3,927 mg%=
el 9E Aye} 71%—8— AgFolArt. Song 5(28)& #E Ayl A sucrose,
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glucose, fructosess .2 AZEHJ o BE FFo dojA AA F8F F sucrose
7} eF 50% SHRuo] 7P B9kal glucose ¥ fructose’} 15.7~25.7% 2 175~
30.1%= Bls=gk gheFoldvhal Halskglvlh 3F9] AEedle ¢ag wE Ay =
e Fﬁﬁﬂ sucrose’} fructose 2 glucose® A3HE 7] wfFof Ao
2FA A sucrose’t B AR WHE T FodE AF

HA e Aoz A4dnd0).

333 ARAlE el AdddEeRl e Y R v
Free sugar Sample”
(mg%) A B C
Fructose 3,380+36” 4,028+25 2,333+232
Glucose 809+34 1,827+15 1,594+99
Sucrose N.D.” N.D. N.D.
Maltose N.D. N.D. N.D.

URefer to Fig. 1.

“Values are mean + SD (n=3).

4) 713t S

AZFAZ ZHERI (AT Al EeIB, C) 289 #7114 e 248 A3
¥ 349 Zr) F2 F7]4F citric acid®ZA] (A)7F 414 mg® = 71 =i, (B)=
274 mg%, (C) 291 mg% = YEt o™, 1 9 succinic acid’} A& AT (Aol
A& citric acid ¥ succinic acid 2F% A& 3L, (B)T lactic acid, citric acid
2 succinic acid 3F°] #HEH 2™, (C)F lactic acid, citric acid, succinic acid
9] A=A A1ube] malic acidel 2 xe] FAAECRE S Al8kE YERE acetic
acid& X3sto] & 5Fo] HAEHAW. A=l 774 FEe 4% Kim &
(29)¢] H.aLo| A<= citric acid®] $HEFol 7 A dEhd 2 Adet FAFEES ou
AdHE HF F lactic acidE A= A= A7MAZE AEe(A) G ol
A vebskoh whebas A7RAI . 1A Al e Rl(B, O {714 B EF
ol s B WExd So wE Aow AAdr)

o

mlo m
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T M AHAIzE gheEekld AldghE ekl e 1A 3R vl
Organic acid Sample1>
(mg%) A B C
Oxalic acid N.D.” N.D. N.D.
Tartaric acid N.D. N.D. N.D.
Malic acid N.D. N.D. 28+0
Lactic acid N.D. 19143 115+3
Acetic acid TR N.D. 10242
Citric acid 41427 274+2 2911
Succinic acid 145+1 09+0 46+1

URefer to Table 1 for letters.
“Not detected.
Trace

“Values are mean * SD (n=3).

5) ol 9 k];,‘:_'_

A1E A
A7 Az FEAA AT AlF FEeA(B, C) 2T ¢3e S 24¢ At
= 3 3He By FH IS HEO=ZE acetaldehyde, methanol, 1-propanol,
2-methyl-1-propanol % isoamylalcohol % 5F°] HZEHAY. (A9 A4
acetaldehyde 2 methanol $t#Fo] Z+zF 8 ppm, 10 ppml 2 v #F AZFH 0 ow (B)
2 (O)H} vf$ e FFo]vt Methanole %3 99E4d= 43 & FE5& #
watnz ol 2EEd 4 E80) A A F 2] methanol $HE-E& 1,000 ppm ©]3F=
TATFeH, we AFo]l Ao AFsAT.  Iscamylalcohol, 1-propanol,
2-methyl-1-propanol % fusel oilf+ Z %A= (A)7} 300 ppmo.& 7} =kaL,
(B)= 197 ppm, (C)& 188 ppmo. & YEN} A7FAIZ Fhaeplo] Ald el B
100 ppmel’d =A HERSh FR9 fusel oile WV E F-ofdt=H)
TR wel o ghEFo]l gelA Y mlE EAE A fddE TR sty &E o
o]

A dFE AT 83 adolvh(3l, 32).

il
)

4
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E B ATME gEGAY ARGEGele] Fag 4F v

Alcohol component Sample
(ppm) A B C
Acetaldehyde 81”7 18554 60+26
Methanol 10£1 58+4 36+19
2-propanol N.D? N.D N.D
1soamylalcohol 2059 156+1 147£10
1-propanol 59+4 19+0 212
2-methyl-1-propanol 36+11 22+1 20+2
1-butanol N.D N.D N.D
1-pentanol N.D N.D N.D

YRefer to Fig. 1.
“Values are mean + SD (n=3).

“Not detected.

6) ETtrol= 3t
A7IA = ZFEer e gl FaEdd(Whole citrus), AH7FAIZE a9k 0(A) 2
Al ZHEekRlB, C) 2&9 STtiols e E4Y Aye £ 36 % L9 5l
I 2y ZFEAFe A9 narirutin 2 hesperidine] 27 1623 2 85.8 ppm AE
HAou HEEA EFouiol=x HEHA FUv (A)Y A MFAY
narirutin 2 hesperidin®] 22} 55.1 2 499 ppmo| 13, V]I FA Q) naringenin 2
hesperetin®] Z+zF 107.1 2 359 ppmo. & e 4 e 2 dmeds i
A-S AAWA narirutin® hesperidin®] aglycon®} % ¢ naringenin¥ hesperetin®.
2 AR AFHASS & 7 AT m=g AEAdage F EeEeol=E v
al 2 Ay TS AY dAGA AR AEedB)g (C)Y A-F narirutin® 7}
8 32.3 2 31.8 ppmZ YEFEOoH, B
HiF A Setuwol=s F AF EF A=HA Fgvh wabd ArkAx st
(A)2 AEd4E 482 A7 wided da 358 dn=e Al e
(B, ol Hl3le] & Zeluwo|= shaFo] oF 3w %A UEbGAL, Rl o] F
HIg Al Sehueol=2] 57% ool ningA] Eeumol=g Mol 25ke]
= 7|

_

!
S

8

s

3
Ly
=

¢}

[62]

!

D

=,

o

-

rlo

)

)

o

¢

w

LN

A2 g, 29, HYBY B %A 40 0% 3ud A

o
i)
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¥ 36, A7HAI 2 kol AledE 24919 flavonoidE#F Wil

Sample1> Narirutin equivalent Hesperidin equivalent
(unit: ppm) Narirutin ~ Naringenin Hesperidin  Hesperetin
. 162.3 0.0 85.8 0.0
Whole citrus (100%) (0%) (100%) (09)
55.1 107.1 49.9 359

A (34.0%) (66.0%6) (568.1%) (41.9%)

B 50.1 0.0 32.3 0.0
(100%) (0%) (100%) (0%)

C o1.8 0.0 31.8 0.0
(100%) (0%) (100%) (0%)

YRefer to Fig. 1.

fiind

Narirutin
Hesperitin

Hesperidin

| [

éﬂ.t.-a 1 i

A 1 i i
ool L L (0 ) et Vo APk Ay

e ! Ht
l,\j'\‘_ _,,J-"I i l‘l]-’ I\\;"’J'A'I__-.] |._,._,-__‘

i
— A |

b e A T T T S e e S S
1N 10 4 BN N W® 120 NN BR M® X0 NN MK B0 BN NH LE NN MK N A0 SN M0 &0 A% N0
Wt

s (B) ’ Narirutin ] (C) Narirutin
am o
Hesperidi Hesporidi
|
i {
h |
1] v - Voini sl O WO . (1
L) s AN A s ANV A R I OO L VSN | PV LY YLV L Y TPV, W | VO (o
T

a8 51 AMAIZE e Al ekl 9] flavonoid chromatogram
A~C: Refer to Fig. 1
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=
r o
ﬁi
}01
b
i
BN
>
Rl
ol
i
o
rlr
Ho
ﬂ
i
m
i

o, AEuhel S E 9 dvkA
AL (A)lA 5182 7HF e Aow b}E}ML (C) 3.36, (B) 2.73°
(A)ell A 53602 714 Ao, (B) 373, (C) 291& YEyTh o& A&
o] s "ﬂjﬂr ol o & A Alm7bel feojAgl AolE Hol Ao®
T @uke (B)ollA 47302 7HE E%an, (A) 445, (C) 3.55% heRY
@ﬂ—% Bk &5te (B)ollA 3912 7HE =943, (A) 364, (C) 2.18%
Az ek (A)e] Al 7 ekl(C)ol ulEke] $aubel] i B %
REARNA Hitolste] HAFE Ho] dnlA o Zute] i BRI}
okt Aoz wadr), Funt 9 Zﬂ‘ﬂ&@ 7|ZEE (Al A 22 536 B 5.27= 7}
% Z FrEepl(A)F Al e ekI(B,
C) 2&7r9 F94< zolE Btk webA] FEdd 7R ES ol &3t Hda

32 H
2w
ofk

t

o

o

[

ofL b
e N
‘:L &
=TS

Lo
HHL
_|>i

b
U
rlo

E}

O
K
30,
K
=
o
7
o
fu
=
2 &
iy

lo

)
_|>i
N
é

Attributes”
Sample” Taste Overall
Color Flavor . _ .
Sweet Bitter Citrus acceptability

5.18+0.42* . 4.45+0.69 3.64£0.67 5.36+1.03 .
) 5.36+£0.67 . . . 5.27£0.47

. 3.73x047 473065 391+1.04 3.64+0.50 b
B 2.73+0.47 b 3.73+£0.47

b a a

3.0010.52  2.18+0.67 3.45+0.50

C 3.36+0.47"  2.91+0.87° ) ) ) 3.64+0.69"

DIV alyes with different superscripts indicate significant difference from each other(p<0.05).
URefer to Fig. 1.
Y Attributes is represented 7-point hedonic scale.

Values are mean + S.D. (n=10).
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o) w4
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fsiz
=

°F 20 mesh H& %

=
=

o] 7]
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H

A ehapstel zAWel =

A
A}
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=

)
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T

200%(v/w) 7}=7.

0
Mo
u.o

g efs=

S °Brix YEAR °F 10~12 °Brix 4% =

I

g

2E A

o}

w3ateko] 24 °Brix 7}

=0
Ho
3
o
el
o
N
Ho

Nm
=y

3
=]

o

W
H

Fel 50C &Hlg7]el A 100 rpme = 1AF &<t

A 7)3

0.5%(w/v)

=
=

cellulase

Ho

o

5%9 Fm7F de. 13}
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Aoz wRHae] AH
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Azxd 2 74EdE 952 TaYas o$d 5 989 &xE g @i
2ol 15~25C 2 3 & Frdzoa AAs wldd =22 7 giv] oF 5% A
Z3lo] dILWEE APstE FTAHOZ WEIS 30CAA dHFE 2~3H wyk
A 143 A% AaHy F9 SAF A we) hE F oS

XA A5 RS UF System 2 vlolmz FE 37| E ALE
2

El
o3t el SUAE A ofHAE Aol

A) AGsdR A
12 oj7te AFE AGSAEANA 15TE AG3HA 4gHA s Ay
3to] 3~6714 3 A

o] AAEE vlolaz BE oHr]E Assid] Jns T W

B &3
3) 7] &

1) A 2 A A

489 A, 717 AA 2 AE TR AvelA BN = e dH=TTE 3}

FEUAY PO Fstel A,
TN WY £eAE TA @Al 1Y FHHl AT FED

F AE AFolnr Aty 2L HEE &

(2) A8 4= 2 chiller water
A QRN Hi= B2 olAo] gl FAEAN 7|#He] AAE B A4E AA

=
=] uksto] ALE.

- 118 -



L0

u. HAFE AL T2

1) &9l

N
=

i
o

N

o

3

SR A) 100 ppm©|
750 mL, 9% 11~12 °Brix, €325 12%

y

: 375

¢ 83 9 77
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3) AFr4

Stfrel Aelat e spA AL o], o] FH 7t glojok &

(th 4
O ANeEe(v/ve%) : =AM e] A6 o] s},
O W& (mg/mL) : 1.0 °]3}
O BERE@/L) vaolA Ak A o9 BEgrt AEHoM = o4

o}
S IR
BRI E 0.2 o]sHAERIAFS 2 A])
B S
ks A ok gk 0.05 °]3}
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Lactobacillus
narirutin®]

AR 17 529}

#) 3 (3.85%)
e

j=13
=

O}:ﬂ_

=<

thermophilus,

Fol €(96.15%)°1
k5 A

(&)
Streptococcus

naringenin.©.
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E.0E+04~
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[T F000 S0

o9y 52 @A 7ZE a9 HPLC chromatogram

B

38. A= HEH F4HTE flavonoids §HEF

Mole &% (mM)

Narirutin Hesperidin
Control 0.090 0.008
Streptococcus thermophilus 0.097 0.013
Lactobacillus acidophius 0.089 0.014
ABT-L(E 3 F) 0.093 0.013
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=

b1 00
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A A
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X

79.27
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81.27
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[aN]
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[aN]

Lo

79.27
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#E 40. Narirutin =5FE 1.0% H7ts 27 aE /2 vy

@9 %

sample A B C D E F

A R2.77 R0.77 7877 R2.77 R0.77 7877
A 21 3.23 3.23 3.23 3.23 3.23 3.23
2833 2 2 2 2 2 2

-t 5 5 5 5 5 5
=74 6 8 10 6 8 10
Z o]

- 1 1 1 1 1 1
=559
Feho]
&9 vy A vy 5

s

A 100 100 100 100 100 100

(ld
M

£ Fol Arhstel Axse 4%, 949 SARF

7bstat 65°Cel A Bl gate] @A =2l F 180~ 250kgf/cnfsﬂ oz #4539

th Q0CAA 53 AEaka, T2 W7hAZ e 49 #F(ABT-D)

% AEste] HE pl7t 442 a2 o 7HA HH%‘:/\]?J Che w72 A{A) 3]
. P

wetEA el 1502 Wassrh wEe] 2ad , Aguhd, Eehwols
5}

Narirutin 5532 &

o
o
ol

FEl, AAFE Whstel BT e wwstel g/ A % £ 5T
emel ARAHaY 53)

- 128 -



(90T, 5i)

ABT-D &
0.1% 7t

Hi ¥ (40°C, 547D

FAH 3k Narirutin 253%%

x|
aF B3 AR AlxeAds

"ABT-D 5 : Lactobacillus acidophilus, Bifidobacterium longum, Streptococcus

thermophilus = T4 ¥H &3+, Groupe Rhone—poulenc)

Lol A AE AT E B54).

- 129 -



Narirutin

2 (90°C, 5

ABT-D =
0.1% 37}

w9k (40°C, 5217F)

o
f
(it
>,
_?L
2
i
i
i)
(i
ol
)
o
2,
lo
roi
:10
lo

- 130 -

e
o
e




A}

e
Jo

tef

o]

] .

el o
[€)

[e]

=
o 639:ekk ok

Zb do 3R E o A 2#:d

ey

o TR EoR

=
RLe

ey

=
17 =52 v

5]
‘oF
L

15171

A

R wrHo R ofefe] HUE wel o

o 44

ok
w

v 85w

=
—
an

ey

==

=
A= EA

94 =
-

. =

54

Fe] 7] upgh e

o]

7t

&

9o AstEA R

T .
s

=79 E 59
D, E, F Aol +F

i3

71

Prol=FE g 05%

Al A B, C A|FExT g Zo

2l

o}
—

P

H

B

il

3k At

7

%

Ao vehylor) @]

-
1.

& "A

AL
;OO

ToR

o

- 131 -



¥ 41, Narirutin 252% 05% 27Hs 27|t afe a4 4971

93 (4) o =47 | 2| s9a

control” 6.00£1.73" | 6.00£1.00" | 6.85+1.34* | 654+1.05" | 6.00+1.22°

A 6.77+0.83" | 3.23£0.83" | 5.85£1.21* | 3.00£0.71¢ | 254£1.13°

B 6.60+1.11% | 4.46£1.05° | 5.85£1.34* | 4.38£1.04° | 3.77+1.54"

C 6.60+1.89" | 5.46+2.22"™ | 6.31£1.97" | 5.31£2.39™ | 5.23+2.39°

D 6.54+1.39° | 554+1.05" | 6.54£0.88* | 6.00+0.71° | 5.31+1.18"

E 6.85+1.14° | 6.69+1.11° | 6.69+1.32" | 7.00+1.08" | 6.46%1.33"

F 6.60+1.44" | 6.62£1.33" | 6.69£1.38" | 646151 | 6.31£1.44°

Y19k A el A4 1399 Hobde 9% g
w}

NFrYl W Eobeles wo)s A%
Y p>0.05

¥ 42 ET o) =FE2 RS 1.0%H 78 @y a R deHrt A RA HEhe
olEFZHE 05%H7eE AT vE=3A LE A AFTHT BFE I Hrre A

- 132 -



¥ 42, Narirutin 2532 1.0% J713 @7 dae #52 FA4977Y
93 (4) o 247 | VD | e
NEx
control” 723£1.74° | 561£1.04° | 6.23+1.17" | 5.46%1.27™ | 553+1.27"°
A 7.31£1.03" | 346£1.20° | 6.15£1.34* | 3.85£1.21° | 3.46+1.39°
B 715£1.14% | 477£1.24" | 6.31£1.32" | 5.15£1.14° | 4.62£1.33°
C 7.31£1.03" | 546x1.27" | 654£1.05" | 5.46£1.27™ | 5.46£1.20°™
D 7.00£1.47° | 523+1.36" | 6.23+1.17* | 5.15£1.21° | 5.15£2.03"
E 7.00£1.29° | 5.77+1.2" | 6.62+1.04° | 6.23£0.93" | 5.85+1.41%
F 7.38+0.87* | 6.69+1.03* | 6.69+0.95" | 6.77+0.83* | 6.54+1.05"

D 1og A e B 1399 Wbl o@ B
Dy wee b 2% AF

Y p>0.05

1% 56. Narirutin #7F 424 1176 7108 AR AAF

- 133 -



17 57% 582 Ake) A

gkt

Al A]

= al N
= 3 5
._”.Ao - iyl
K < :
= 0 &
© Y
al
= o) N 0 K0
<+ = H X0 K
0 A0 @ R S
= ol
S| | A s W
= M- = >l s |- |
M KE A0 ® X &
< =
Kk ol
i o) w1
< = i
Ok 0 ~ Ho
™ o Ok
o
al ] Ky
E.E oJ £l o ©
~ = H |- 2 «
R0 .,1A < )
o 0 - Y
[e0)
1 T
. . Rl
OF wl lm s B R Bl |m il
ok 2 I N I A W = = = S| |& (@ g B[R R
] - ) 30 - (] ° ° ° KO | (30| | Ki R H0 ™ K0
oF < . . = py iof o i 21 X ! Ul = . ! )
— A0 » X o . il il il . N K i . 3 g -
. — — . . . © o o N~
N~ [a\] [eg] < L0 (Y] ™ [e)
Al AN Al -
(ep)

H
rvze)

<
Ho

<

- 134 -



FOY

Pneumatichue' ! .
( f [P] Sanitary Pressure gauge

{ Ohilled : i
i Uiter Cooler ! 2ud Cooler 15t Cooler Regenerator

L 2

Stean In

Holding Tube (4 ssc, 15 sec)
(B0~ 1%¢)

L )

- 8
‘ Teup Recorder
H D i
— Dmlom & Contral ler
{10-Tc) 135388 “omﬂ:m:
Control Panel s
Batchity Tank  Strainer %mnce gﬁ"m“.." + i Tank Hot Water Unit t@m Ferment;
Mt in Trap
Lity Wster

Option 1, Deaerator Homoyenizer

WESF A )5 REFE] dE A0R LUA dov B ATE F5ol
S AEIs FEE) HBAY QA B RS ABY FELEA)
e AAiaF el Bolskel FEIA x5 AUl b AoR AnEn

- 135 -



B T CFA 4 o
=H=Z3E ARO[ 7|
S
T8 | A= | MEAST %) HAHAZ ok 7)ol g 7ox
[¢]
A8 7 2 A& gadssdaxz 2 o5 o &
REERS R oo [T EEF AX
AA g =4 H4 Haqdr = flavonoids]
Eliia| aglyconst& gt dAgas A4
A&7 2= A7 & 59 42 457495 &
TR E A ol &%k HA afH Axxn 24
' ] 100
Agza 2 . . -
= A FAPEE F  flavonoidse] W]
2008 & A
878 74 flavonoid®] 54 , Z2A
2R S| A
wgAEd o3 flavonoids W
25 2 e AT
fl ids @ | 1 L =
flavonoidsel 5% O ey narirutin 2% Az
7+ flavonoids ¢ gakslA,
HMG-CoA reductase activity A&
T ZA
%4 e o 25 A 9
Narirutin —%%%ﬂ narirutin &34 Y R 2EAE
87 72 oRe £9 = f9 dAAE vl A
29 244 00 |
%_7H}ﬂ°ﬂ Narirutin FEE°] g#¢ Z&%8
ER AEe TEAFS 59 G424 71
7 A 5% AT
A&7 2=l AxE He HA 3}
2009 1 ) Fx7, HExA L 154 FE
dgdr od WEF L (99 g 5 44
HA AarzAa DA
Narirutin 529 4 Hris 24
A+
rada s ARE 93 4 285y
A%A E LEH CEREREEE
A9 guza ag | 0

AT

- 136 -




)
s

olle] 7]

.]

e
il

-

diore] Ve

e

44 9)
el

72 5y

34
narirutin A4 3

3|

2
=

it

2

T

'
4 H

A
=

7l GE

RS

& 70%)
A FE&

iRy

Al

E(narirutin
e
-

N AR

FE

o) =
=2 =2

)

Narirutin
9)

44

5

I
'y
gox

by
Z .

A7
2
=

Narirutin
o

A

d
(%)

P

g
=

i &

FE7FEFAES 7
25 H  nariruti

FEES S EE

a7

=94
e

e A

AT
ﬁﬁfgﬂ%
= % 4 °
R My M
oW X o
T _®
28 A
£
5 W Mo
=%
= o< Jm
ojn &
T W AR
HTﬂ_u,ur Ea
it ol
oo w M
Waﬂﬂ7
ﬁ_ﬁﬂooﬂadﬂ
N R
o
o
—
Ul = — Ay
”.m_ﬂo oaw.
SN X
moWoEmlnoW
5 P
= o R
rm_wnﬁo%m
o n
=2 w
@mmiﬂm
o ~ o ofp
W o A do I

H
B

iz

32+

e
B

- 137 -



2l

alo
joifl

=
0

oK

=
0

ol

e}

N 5 %

3|

2012

-
1.

R

g

<

2 YEa

73 3}3)

T
o

,XL

]

)< 3 ol A

N

(

Q!

oy

=

3t Fei7]

g 9

-

Ho

-
6—/\

= ]

gel wske] Food
2011 274

3
ATt

NEE  narirutin

sfof

T

AF+E
Chemistryell

l‘ﬁ:

Food

s 25

e Ay

3L

[§)

Chemistryell

5E

tel =

S

el

7%

S

flavonoids

narirutin®

A

I

ol AAHReH, dA FgEAd 1

%

- 138 -



L Fusle) 9ag A

O

EgtE ol =] tAAlE QA FA a8k 3AF A & HAueA] EA
Hof 5~TAIZkel FHarA e vuskal 2443 A3 Fol= A

H, 1 LY 5725 HFA 0.2 mol/Le] yelF8o] A&FHAIL oF 2413 &
of =2 791%7} w&% 2 5(2003, European

57, 235-242)

—
o
5
=N
o
iy
!
=)
€]
=R
Z
S
2.
=
e}

=

d#H X f{-2 NC/Nga mice AdolA 01, 1, 10 mg/kg/b.w.2] £Fo= F
oAgle w, IL-4¢} IgES F71E Aar oA FAFT Beos Fss+
(2007, Clinical and experimental pharmacology and physicology. 34(8),
776-770)

S|~y DNFBO. &2 A Al 9} dfe] 742z} deAE fEdrzl 2o
narirutin, hesperidin, naringin, neohesperidin 4% ¢ #H&f# ZTH wo]=
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P2 ST o= Hla] =& YA Ees WEFHS(2004, Nat med,
58(6), 284-294)
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research, 19(6))
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orange 7%, Common orange 2% 3 Pigmented orange %9 citrusi 32
of e Zorwol= S satsume LH°] 276 mg/100 g ¢ H& U}
ZES T3 AoZ ATHAS(2008, Journal of Food Composition

and Analysis, 21, 377-381)
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