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O #7]o oA ZA1HE  ‘Hero SteVita'= A® ) &F 02 wo] o= 2H|H|oKStevia)7} 73
Aoz Z2e+= 60kcal mTtolH 13 AlFF T 6.3g2] &Fs=S &

i';’m&o,n@ #3
SRR oy

Skinny Cow

A olo|A32 A3THE B2 Kazd A

[23] AZ2=2e - &2FFF AF

O Ul AE A77F ARE Ao == em7}h-3, vtavlw, 2w 52 9

FaE XTI wHF
T2, Eo Ho]FH Al Rt 100 A% B TS 5 J& FoEE xnzt
S =7A s, AsAF =S Fe AFY. 58 AW 23 s2EQ] 257129 #HlE
ZZ8ta Ao) g7t 2ol Wy A D wHE wZo) E7FY
O 'Xiomega 3 Chia '& X|olRE L8 &2, oW7}-3, HE, Ao]dH So] a5 o] glo] Ay 73}
o & ¥

O ol A FuEa Qe ‘Healthy Warrior Chia Bar'= 13] Al&% 3 <F 100-110kcale] AZ=
g oA mlolw, A =gk Fol &4 = b

22 = 540 A=

g BPIER Eup,

S21x g2 4xE 100kcal 2224 PET]

[Z3] AsHFS A% 22 =9 AF

O ‘PopChips’ & FAZMset FAHIIEC] HE Eo7HA &2 Aol
100kcal® == Aju] e} gt

C])Z]'

nJ[o
off

Aol =72 = A staA, &RjabEe] sujdadE EokFe Al

e
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O ‘AR ¥4 K’ ¢ Brownie Bite's 3¢ =719 vy Bty R, 3k vhxof 67 BA 2
TAE o] Qlom, 3 B2 o 100kcale] AFE 7HA AL o] AT 2A S = AHAEC] BF

ol €2 F J=F T AF

O ‘Graze'A}2] ’light box’ = 9F 49~146kcale] A& HAEZ o] Fo|x 2WutAg
82714 T/ 29 F A4l HIFHWE MEste yrte] 29 virs FAAE F U5

S
=
]

51 )

HNZ=2e gAHE Glucerna Hunger smart #410|3 | Glucerna Hunger smart A H}

[13] TS A% AT=EdHF

O ‘Dannon’ Atell A #A]8F ‘Light & Fit Carb & Sugar Control Yogurts” & @ A= €}
Aoz 3 QAHE AZFoR E} AW QAHE AZTHT 55% ) Ho A= E]Q} 85

< g3t o, AT 2do] B3 g xS BE glo] 24 F UAEE §

O ‘Abbott’ AHFbDE B=W FAES] AT2HS A% SFAAY A ’\U}E(Glucerna Hunger
Smart)” FEZA #o]l= &‘ vhbars)EF Y o] AAF & 7HA] 848 AL o] AF ‘7tE
2HH(Carb Steady) 2t 53 & @2 &@F3ES FFsta Ao A F7F 2o, g@5eE|

A23EE £55 =3 g9 £39 A5S HA2IANA F= a3 QL. ‘Glucerna Hunger
Smart® 4]z 7% dFFo] 180kcalzZ T & 15g, F& 6g 5= st il 2571419 Z+
Z vl at v Rl Solle

7h wl= A%

O W= A% - AYZAHNHNES)o] wEw, 2013~2014\d vl A<l 2 wlgkel ALg-e 38%E, QA
2011~20121d =4} wo] 35%H.th 3%p7t Z7He Ao 2 A"

O "= U golofHDieter)+= 2013@ 7]+ ¢F 19 83dW HE=Z FAHEHY, o|F 82%+= A 3ET}o]
JEEZ st Ao 24

O HZ, "= "ol E AR HIRRIF F7keh A%l tigk #4 S7t= vid AAska lon,



vl AGZAF AR 3R vl ekl (Market&Market)o] HH3EgE AlA] Tho] o] EAA H31A o
H=w vs go]oE A qfEE Adsfel Hls| 1.8% &7 605 28 = FHAH

[£] vl= AF2EAZ TE

10y =)
e 20 M 22 A3
Haex 504 AR 618 8.3

o ﬁﬂzﬂ v A 4T L go]oEAZS A 87) EokE FEIH, O F AF2dAEFY T4
Bolx= tho|ol E& 5 (Diet Soft Drinks), A Z=22] A Z(Low cal/ diet food), 2] AFth &= (Meal
Replacement) 2

O ol E H#F55 (Diet Soft Drinks) A2 Ak 51d%F FRlglom, ko2 SAE B
Zolghe= At e A 4 o] % 10 %<l 2009%301] T A EIE 859 2B BEAL
U, 1 o]F fgoloE AFFEE AR UEd. FERYUE A5 odd, Ad 5dzt o
o] E HHFSZEAIAY A o Fe 20% o]/ A3 2014 709 2 F=o)H, 2015 o

S F7HE R 5% Y s AS=E st A=

1+

O.N

O 2] At £ F(Meal Replacement) Al &= 2013 1.35W%F 282, Ad iy oF 6% AE A

Sk
=

O HlFollA = thololE 279 7HA vigoe] Ha IV7IE @I A= HoloE 7H wig ] A
220 A% FFEE 20121 89 6,900% Zejg oml, 2013l oF 99 400w Ze Fro] A%
P33 Q1. 20170l F 109} 8,000% 2ol =2, 5%2) AW Aol d=H 9]

X
=

KR
=

O
o

o] E 2F 74 wiEgd > 27| 0] FAE olg 10470 714 S0l o]EokollA A st
RNow, & AFe] Aol whek Al AH| 2ol mE 7GRt Fstet i s FA7E 4
=5, o] Hofo] 9 PAZ & A =Z(Zone Chefs), +E & A 2~El(Nutrisystem), Ay tho]dE
(Jenny Direct), 7wE Z3]oHNutropia) 5°| U

ki

A\

O ToloE 714 HlEde 8 a9 60~70%7F o2 ZAEHGOH, ol T HFEEY 1
MEL 8~12F Z2 78S Fujsts Ao R ALY, o552 1Y 7]1F 102894 40298
o] Hl & AEsla ARer, & F Ho 15002 7HA] AEsts AR FAME



O Y' o] 60%7} ThololE A E A Ao W, YB F 30% o4
o] 255 ol4e] tholofE 4 F S AEST oF 2% TholofE A Fo] Azk 1% 200001142
4) ole AEshe A0 ey

[#] d& AZR=EA, A, BIA, 7855 R 44 AZTR

(E49): odol)
He 2009 2010 2011 2012 2013 2014 2015(1)
ANERE 16,701 17,105 17,635 18,033 18,393 18,614 19,164

& UL, AliRE AR AlEStel mhel B5-uefst Ha e

O 7 HoloE AF AL 20, 30the] &2 ool 2 Bzlold et vj2auH] Al UFJoll A A A

S 2l 2Ah Ak, avlAke] ARTIe} Eo] TheFslElof A% 4

ARE7} o] ol A& Hoz
ehy

O & ¥4 71 SeeSe] AL Aol st A2 Ho|oE #d F2 J9=s FolA,

TS o Ueht YEA LRt Auw B 43
S A STt 4 RS BRI Y8

'E'

O W, YA ThololE T AR P4 A TholofE HANFRTE (2R, A, uE
A Fol Fo ANER, 4ol v £5L B Tolo|EE stelt A Fe] 4

0 W, F - AUFAAE (e ololg, 1), FHEAZ L HerEe N=846) PA) 3
o oIl 8 AR AT BHE A0 thelt 4N - AEE Aol ol T2

O ‘TheA M1 £5e oA golx U Bk A Zeo|2E AR B ThololE 4
Fol A7) F BHOo, T30 300 o] MY AF BE F AW TE L BEW G FHS
BYTHE BAgo] AW HUFT BEHE AF DhF Balo] Foby

0 WY H AANME A Hhe S, ABRE 147 2L tholojEd] E82 Hi
HES BET A
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A LA NEE HNEEE

71E9 =g 0|E Huf Ze| 7|30
MEZ L= 7K E1 gE YAoR
gl = i [EHS 72% BAAF|L
s UE
Sib A
IS AH;: -
s = A A FEel B4E 50
1= A2 2% | anws 2anzis 230t 98
[28] 48 TolojE 29 2 §5 AF 47}
o = A%
0 FF AR BEe] MW 0129 E F7Fe] WU TE 30 25008 Fow FHe 49
ol ninko|w, o] FA|= Hlw, I, IF T Hu 2 TAY

Al AT Tt FE= A AANA HAFol o]} 292 T AT-e] oF 25%7F A

Mo R EFHE

)
Jot oy

rlo Al

f

0 20059914 20119714 BAAF S 23she Age 4u)
T FHEEE AANA 71 ME Qo Uehd

fru
il
2
o
2
o
Hi
ui
o
2

m
=2
0%
1o

o
ofy

o AR WAL ARUE B A2HEA T tF 247} Soju Yo, 71%
o4 9 3R U AH BHELS F2o)A tholo]

tlo

O T AR At WEH FAd = FAF, T 59 o E o] EE st AHE]
oy, H 10d st vE&e 9l HoldEE ste AR U A 50w

0 % ABL A ARANFIZ MR AA ASABNA 9| we] Fayol ANA AAF
e AHE Vg JRE 93 HololEE s e

O AA tololE Q1Fe] 46%7 M &S S5 AFAFYeNE Tholo EF Fa g

ok

=
3

Xl

o
YO =2

ul
5

g]

O T3 AFTxdHF AIF FEE 20143 7|& oF 1209 22°lH, &3] S7HHE HEtH

2016 o= 1379 @82 AAT Aoz Hus

O HMA| NZA thololE E)7} AAsH= vl Fol 7.6 B(E31NE 71 A, oolA 24t
23F 199 28(16.2%)2]

O 7V Al=(ERGLIT )] TEI STHEAALIA(FEERELZFRE) N ©h=2d 2012d 2
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7% Sl

oj

i

23 to]olE #AH A= 29 50000 Y

M\

0 2011-20154 3 thololEYE AgEA D AAEA Hdel BE B3 o MW B3
ololEA AN FF 223 54 HAET} AASE HFES o 64 JE 22 BAST}

FAE Holal &

[E] S5 AT2E4H4F ANF 1=

B e

== 2012 2013 2014 2015(1) 201600
fﬁiﬂ"““f_f‘g;tg{;a”gi‘g;fggéz’g'il,éh 1.088.9 1.120.6 1.190.5 1,282.5 1,370.4
i rep;j;;:it%s i) 1724 174.8 194.7 914.2 234.5
%"ETOTOTQE tilas 649.1 690.0 756.3 825 895.9
\Neigr;‘" géj?fiégzlze‘llrren:s 163.6 154.9 150.4 147.2 145.3
RIS B AR TRan 104.1 100.9 98.1 96.1 94.7
(ZIED
QO o TO|oEAALS ojn] o8, Ak, BAFE, A%, 74, v§, 5 & A7IA FHA
A A

o oy

= cho ol EN(REEIEM)C] THEH, thololE A¢] F HAFME - A )7 oFFol A%
o 51%% 7P Be A% ARES AANL Jov, Bony

- 2E77 5

i

O TholoE AFol 19%, HoloE 2J8717] 5ol 10%E AAst= Ao2 Yebd 1 5 &3

AdsA AL o A= BAF A AAo] 7V Addd

0 AEo U NALASE HEshe 7 £HAe] SHOR H4lE T4k Tholo]E4
Fol Aol 2 A7E TR e
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AFALA Y 59 34 B Y WE
[FAAFEF 52 D)
7h g w7 Aok 1Y
D E2 Ak Al oteflo] 2= A%E WA
i) WAlo] ¢k ® Z2A 7+
i) 37]= 40mm o]/}

i) A 2 Wies o) B}
o] Fo§oF AL TEA A

V) AFEBAAE FANEDAN HES 2
- EaAk
D) Gl fe B 5 Sl 27 R AAe BHL UE T 2

2 Mesle] A&Hoz A8 AFH o AT A

i) & &7}

A0z 8712 3
" "

a9, FF v AlkA

Solstgom 1 7 B SE olush 2.

- A7 pe 2HoE FFE

&7+ Fa v F(kg) Hl 1
M= 7}F w521008 5,000 Fg2yd =t
A FA2A 39 22272 40,000 Fg2yd =t

© 22]1930-1 .
X 2b 3 ! 60,000 *2 A %
E4FE]598-1

92 1930-1
127} 34
3~571%]
IR B

rl////////

il

§ 51w 2072 EAkE] 598-1
87H I

5~671%
EEERE

1270 34
3~571%]
lelz 23]

om, otefol I} e




-2} kel AR RA D €17, Wl obdl 00 D 1007 2
¥A@ | 1] 2 ] 3 [ 4567 8 9 10 %
O
Wil 3850 | 34.32 | 3061 | 3483 | 32.45 | 5131 | 3465 | 26.00 | 38.43 | 3196 | 35.32
SR=|
o | B 13840 | 44.01|39.31 | 48.79 | 48.66 | 34.48 | 37.70 | 41.00 | 3419 | 32.80 | 39.93
082 | 2259
[e)
7€ 1 2221 15195 | 47.66 | 55.25 | 48.36 | 40.70 | 42.57 | 36.63 | 36.08 | 30.38 | 3224 | 43.38
A 35,06 | 36.45 | 37.25 | 20.10 | 24.74 | 2358 | 16.96 | 20.89 | 24.51 | 24.73 | 26.43
>
HHS 16713 55.05 | 76.93 | 78.50 | 69.44 | 84.95 | 57.86 | 63.91 | 75.94 | 63.77 | 6.37
S8
o | o1 17002 | 74.47 8179 | 84.66 | 76.48 | 62.29 | 67.84 | 70.48 | 88.56 | 58.59 | 74.51
08% | 2259
[e]]
P 225 15818 | 63.62 | 99.64 | 60.28 | 53.40 | 59.26 | 5467 | 5234 6105 | 83.21 | 64.57
T |66.38 | 49.63 | 59.30 | 53.71 | 62.72 | 49.72 | 56.25 | 53.48 | 58.60 | 54.54 | 56.43
o
HHE 86,81 104.53) 92.67 |112.39)102.99| 92.39 | 92.89 | 83.95 | 86.72 | 96.61 | 95.70
SRe]
o | B 182,85 138.68]105.93(102.00| 97.30 |110.11| 92.83 |108.56| 82.26 | 98.54 |101.92
09% | 2259
[e)]
9% 2= 76,67 | 88.41 |102.79|112.43| 78.88 |115.05 8357 |106.22] 78.44 | 90.46 | 93.19
2 18152 | 91.20 | 77.03 | 74.24 107.30| 79.40 | 8354 | 99.96 | 84.15 | 8160 | 86.49
173 m) 1 [ 2 [ 3 [ 456 789 1092
N
S 4428 | 45.04 | 42.00 | 42.71 | 42.01 | 49.05 | 44.76 | 4158 | 45.47 | 40.52 | 43.74
o | B 4571 | 45.50 | 44.96 | 48.38 | 49.21 | 44.38 | 42.79 | 43.30 | 43.55 | 42.90 | 45.07
082 | 2259
[e]]
TS| 515060 | 5034 | 47.79 | 49.03 | 46.00 | 46.03 | 4357 | 44.02 | 44.44 | 43.14 | 46,51
T 14357 44.22 | 44.40 | 37.44 | 30.14 | 30.95 | 34.84 | 38.90 | 37.56 | 30.43 | 30.95
o
B 5467|5032 | 56.06 | 56.60 | 52.66 | 58.30 | 5101 | 52.18 | 55.20 | 49.46 | 53.66
S8
o | Bo1H 15580 | 53.46 | 55.87 | 57.63 | 5551 | 49.13 | 54.21 | 51.09 | 57.39 | 51.36 | 54.15
08% | 2259
0]
PR 2 5101|5168 | 59.98 | 50.80 | 50.12 | 50.44 | 50.24 | 49.91 | 50.86 | 54.73 | 52.07
T 15326 48.14 | 49.92 | 48.13 | 50.51 | 48.56 | 48.66 | 50.67 | 5181 | 49.72 | 49.94
o
HHS 57,27 6237 | 60.01 | 63.24 | 6140 | 50.54 | 60.72 | 50.52 | 58.44 | 62.30 | 60.48
SR
o | B1H 5643|7097 | 61.97 | 50.98 | 61.32 | 61.87 | 60.55 | 60.72 | 56.50 | 59.95 | 61.03
092 | 2259
o]
P | = 5469 | 57.23 | 60.44 | 63.34 | 54.60 | 64.01 | 57.76 | 62.78 | 56.44 | 57.53 | 58.88
A= 155.90 | 50.26 | 56.18 | 55.97 | 62.49 | 56.59 | 58.94 | 64.07 | 50.86 | 58.41 | 58.77
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W} (mm) 1 2 3 4 5 6 7 8 9 10 | B+

o
ﬁot(')? 2.86 | 2.79 | 249 | 235 | 239 | 259 | 1.50 | 1.49 | 2.30 | 2.11 | 2.29

Eia=he)
08< 2259

07¢ | 2=x4
1930-1
EAkY
598-1

127 | 1.51 | 1.46 | 1.88 | 2.38 | 2.57 | 4.25 | 3.71 | 1.60 | 2.17 | 2.28

244 1 298 | 484 | 258 | 3.48 | 1.82 | 1.80 | 1.56 | 1.97 | 1.31 | 2.48

149 | 1.98 | 2.06 | 1.70 | 1.39 | 1.33 | 1.26 | 1.16 | 1.47 | 1.23 | 1.51

o
]‘/jlot(')gq 2.14 | 259 | 259 | 246 | 239 | 3.34 | 270 | 2.75 | 2.89 | 3.62 | 2.75

HEE | 903 402 | 214 | 242 | 238 | 311 | 1.89 | 2.45 | 3.45 | 2.48 | 2.71
sa | S | 2 . . . . . . . . . .

19¢ | 2=%7

1.71 | 252 | 250 | 256 | 214 | 231 | 1.56 | 1.43 | 2.61 | 3.23 | 2.26

1930-1
B4k
sog_1 | 285|305 | 244 | 314 | 331 | 171 | 232 | 1.63 | 2.20 | 3.16 | 2.58
o
%&)gﬂ 3.30 | 291 | 358 | 3.17 | 3.52 | 3.34 | 3.11 | 3.01 | 3.26 | 3.00 | 3.22

HEE | 951 1038 | 273 | 403 | 3.12 | 445 | 3.22 | 348 | 3.39 | 3.13 | 3.24
wa | e | 2 . . . . . . . . . .

03¢ | 2x7
1930-1
Bk
598-1

295 | 257 | 345 | 236 | 3.82 | 410 | 3.54 | 342 | 294 | 1.94 | 3.11

255 | 1.94 | 2.20 | 251 | 2.89 | 2.87 | 2.38 | 2.70 | 2.74 | 1.96 | 2.47

A

Ao A AT A F 7HF T Abol =} & Alo]=2E 77t sty o o3
3} gE AH3t] 80% ]%%Oﬂ 245rpm, 30C, 3hr, shakingdlslom, o] %
Abum filter2 €E & B8 3P L.

akad
fe
i)

of
ol
£

™
O
ofN r
_10
o —
S

Zo¥ 3 £ ZgkE o] &, Narinrutin, Naringenin, Hesperidin,

%
of 747t dHEEAL.

- Narirutin, Naringenin, Hesperitin £+%2 3 %2 Methanolel] &3f3}e] 0.5~500mg/L & %2

2E S TEo AFFHES A4

- Hesperidin & 22 Dimethyl sulfoxide 12} &3 Methanololl €-3l3}le] 0.5~500mg/L & =2
o ]

= [e)
0] AFTAG 24,

- A8 4P YRE AP AHA Asel E AFo] Basy] MEe] ST YR T
A91A A BE BIA A A S AYHGom A 2009 o AHF A
B R 5Y A4 Bustge. BARAL ok 193 2.
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1} 212 @ Agilent 1290 Infinity (HPLC—DAD)

2) 88 ! Forbax Eclipse XDB—C18 (4.6 x 150 mum, 5.0um}
3) =2 30 C

4) OIS &F @ Gradient

= A0 2. 1% H3PO4 in Water, B § 0,.1% H3IPO4 in Acetonitrile

Tirme A (25) B (25)
.0 82 i8
15.0 o 30
25,0 50 50
30 52 18
5) EH AIZE D 30 min
6] 7= 0 mL/min
) ST U= 285 nm
8) =22 ¢ 1 uyL
[e] = B
I9. 34 AS E4=4
(o) 1=
A% W b A A

£ e

1) Listeria monocytogenes
i) A A =
- BPW(Buffered Peptone Water)E #| %3} 5ml £} W58 Test tubeol] ¥ o] Autoclaveol A
Hi g
i) HE 2wt
- Algo HE°F swap & BPWol HEF3ke] 20C oA 1hr v eFgit). Vortex mixerE AR
sto] # A% F ul g 1nl & HH A AT 2nl & SFet S H 2 H S
3ml & 3M Petrifilm Environmental Listeria Plateol]l & % 35C oA 28hr Hj 3ttt
iii) =

- 23 AN FA 7 FEE o7 BAHIT

T = 1

J

2) Bacillus cereus
i) HiA A =
- MYP agar 21.5g(450ml 7])2 A| =3} Autoclaveoll A =3t} Egg yolk Emulsion 50%
50ml 2} Polymyxin B 5ml (Polymyxin B supplement 1vial¥Z} 5ml E#A 2|2 d 4 E3HE MY
P agarell &3}sle] Petrish Dishell =3It}
i) A5 dAAg
- A5 2bg3¥} BT A5 225gS HFZE Yo &3
i) HF B i
- MYP agaroll WjFo]5 A83te] w kY-S Streaking & 30°C ol A 48hr v %F3Hc}.
v) I=
- X%k Ao gko] FAVE FRlEHWE FAH o= I
3) Salmonella spp.

o4

2

.

s

i) B A =
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- BPW(Buffered Peptone Water)& #|z3}o] Autoclavedl Al H gttt RV BrothE A %3}
Test tubeoll 10nl o] Autoclaveo] A H#3tch XLD agar Al z3he] 7hd23# & Petris
h Dishel] <31t}
i) HE 2 S
- A% 25g3} BPW 225 EBE{ Mo £ 9 ¢4 F 36T oA 24hr W g} RV Brot
holl ¥} 0.1ml & HEF F 42ColA 24hr wjF@ch XLD agarol WFo)lE A-g3ke]
) Y-S Streaking ¥ 367 ol Al 24hr B 3k,
lll) 'L]—
baelsw gpgom

e

chiag

e

Aol A

N

flo

e
- A%

4) Staphylococcus aureus

i) wjA A=
- TSB(Tryptic Soy Broth)ol] 10%<] NaCl2 7}sle] A %3}l Autoclaveol| A 3o},
i) A5 2 wet
- A& 25g¥} TSB 225gS HHE| WMo &3 2 #32 & 36C OHH 24hr wjokaity 72 2
v} el 1ml & 3M Petrifilm Staph Express Count Plateell & ¥ 36C ol 4] 24hr wjj &F3to}.
iii) =
- AN FA7F GRAEHHE FPoZ FA g

5) Coliform

i) AR HAE
- A2 25g7 A A s 225gS AFZE o] £
i) HF B

H kY 1ml & 3M Petrifilm E.coil & coliform plateo]] % & 35C oA 24hr v %

et

i

rok

.

Z]

i

g E

o

i) ¥
- A2 Heg F90o Z|EZE FAS= dAVF GRlEHH FHoE AATT

&

=
=

i

6) Escherichia coli

i) AlE A
- A5 25g¥ "o A Eg 225gS HodE Mo 5 W #A3gn
i) Az 9wk

- 72 = vk 1ml S 3M Petrifilm E.coli & coliform Count plateol] & & 35C ol A 24hr

2o
i
r o
tlo
of
%
M
i
mLY

Aol Bt AFAel] AR AFAA FEET

4> N
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9. EFFA A=

- FTEFAEFYY F=& 3.0+05 brix % oldel™ pHE 3.0+022 Yepton, Azxd x
22EFHL AAF AR AAZ AMESIA

2) & o] &% F= - FEYHS e 2oL
- EF 3.3%, T4t 0.3%F vlEo DA WAt AT 96.4%E EF3t FE7]A 12
0C+1CE TAZHER FE3t1 AAEZE U2 H 50um filter
A& 98C £2T oA 1023+ A+ £ 100mesh filter= o=}

== AxTAEE ofdl 193 2ok

f
of &
o
e
i)
2
o

ol

HMERA | 20210025
i o TELA | -
£ um Ul @ iz )] HZ3EE E -
- w YERE | e
ZEEsEY EHEY | 1-300kg
2388

ZEL TRLE R A AZEY 245y 20
N | HH= 064%E FYUSIY 120°C 7412 FE BLL

{ =B > Brix; 25205, pH :30£01

=8 | iome gswn

¥z P 90PCOflM 208 O1Y #2TLL

[ o 100mesh filter / 7,000G 0|4 of3hsic),

b 260 0|2, 2& 50°C+5°C

| HYS CE CHE

[ = -18°C O8O3 M Y BB RHLL

I8, XEFEssY 2 AxsAE=E



EE2FEESYY FEE= 260 brix % oldelw pHe 3.0+0.1, 1 ES 26.0% oS
E yeiton, Axg XEFEEFAE &8st AAlE “Xﬂ—rcﬂé} BaE” 3 Al
T4 TEAY” 2T< NESs
[A19FAHF st AstEH )]
7h xE mEARY FE38 HA3
D g 59 Asxd 7158 AEEE A% A9 54 9 7 24
O X2 &5 A8 5 A
- 597k Z=(Citrus unshiu Markovich)& #AF=2] g F7to| Al g3, AlH F A7 =2
9023 BT &, 2ARE T2 FAFVE AFSS T2k AFHoE et FAE
T2 ¥ BHES 1 mmE Sqsts] A JAE Iestia e B9 & 34
Az 9 E414-50 w38t -20° Coll A3taA A 82 AHEEA S

- Hesperidin, hesperetin, narirutin, naringenin, xanthine oxidase from bovine milk, xanthine,

®©

allopurinol, e -nitrophenyl- £ -D-glucopyranoside ( p -NPG), acarbose, « -glucosidase from
Saccharomyces cerevisiae, p -nitrophenyl butyrate ( o -NPB), lipase from porcine pancrea
s, orlistat, and 3-(N-Morpholino)propane sulfonic acid (MOPS)< Sigma Chemical Co. (St. Lo
uis, MO, USA), Hesperetin-7-O-glucoside, prunin= Extrasynthese (Genay, France), Citric a
cid= Junsei Chemical Co., Ltd (Chuo-ku, Tokyo, Japan), HPLC grade acetonitrile, methyl
alcohol+= Daejung Chemicals & Metals Co., Ltd (Shiheung, Gyeonggi, Korea)Z %8 3}

o Ag3HaS

Shshot WS (EE) T FehEolE 54 WY

SFA gEHet vsAE 242 1070(eF 700 @) A Fdke] HARLIEFA DR &
A3t 5 go BBl vWiereS 30 mL 71 F AeolA] 3083 wukstAA FE3H%
o EdEE dAEG000xg 1083t e Eejstgion, RE FehRol =T}
Ao od fix 4 O RS FEAT FEE RS vEes S
3 3 JARTE F&3t AFA D045 pmE A F AA 2 vtE 18 3 (HPL
O B4tk AR 59 T8 TR 105TAA =22 & FA0T 22 25
i 3o FetHeolEl] FFE FUY FEUL o83t FASUE

E. gsde} vSHZE) AR

9123}

Fruit picture

2019, 9
9.5 + 0.2

2019. 11
115 = 04

Harvest date
Juice brix(° Brix)
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@ AAZZntETH o] &3 HE EPRicol=e] FA

- ofdAF ThEEAE T d2HYd, e FE, s 2H g 1-7-0-2 F3ZA 0| 5, TR,
ddAgE D JaAde ke Alliance 2965 114 % A A 2 2 0tE 18 1)(Waters Corp.,
MA, USAZ A9

- 534 ODS-3V ZH4.6 mm X 250 mm, 5 xm YA Z7], GL AlolAd A~ =5, dE)S AL
gate] Z47te] SetHo|EE BelEATh o] B4 0.5% MU EAT SAAPT} b EY
EY@EPE TAHAO L B 1.0 mLojon, ST BAOE 0% 15%, 85
25%, 158 25%, 328 65%, 33& 15%= AA3HU S

D 94 22=zWHEVI-VIet PEHFEEMVIE 25 oo
(2) 48 =d7I(PR= 5071 o2 g zdsto] Fo
() & AZIER)C 713 SFFE A0

2

27 BH(E= 5 pmet FEFe A A2

@) F27] AnTo] 2EQ 9
() 5AAZ 7 AFU B2 1 go] A1420 WS et RV T 2 e 27
AEV) PpEoe FHUT
6) #27] FRPo] 2Edlelag BE(ES 5 umot felde A9 FaT
18 QB4 BRAT

(=3 300° O ddt+ FF25(140, 150, 160, 180° O= =H 3o}

=
2EWBVDE 21 IFFZHPPL £F¢ Uohe F&ol DA 2se) 2Ee
0]

< #RIg & 2exMH(VDE Frth
(AD A CIAPDFHZA: 200719DE FAISHHEA o] 50714l 2 wf 744 7ot
(12) = (PDe] 507]%to] =™ B
(13) g7 |HE2)E 253t
(14) 4=5PDe] 50742 g
(15) +=€P2)e] 5071%e] HH &

I
=
(z
=
L
Ll
ng
Kl
v
o
o
il
=3
o
o
=
(z
=
S
ul
e
2

#2822 74z FHA5 mLd v
(16) 2UZ FR(I5 mD)o] =32 SFAAA vEHIBEMY] =3 nAsA 225t
o AT FHoT FEAT
17 W 1088 2UE 5B05 mDE mASEA 3087 22t
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PC ' V6 @) P2 -
HEL ¥ [ ]Sa
Vg* V9
¥ 33 2
EV 4 HE
]
Oven 1 Oven 2
(extraction) (hydrolysis)

2 7SR AR BEAECV: AaWBe, EV: +&7], F: <&t
, MV: mlEjgdi B P: teAlo] x|, PC: oH]7}E =Y, PR:

2y
&
[

(D vg LB2AXETA!: 250° OF d3te 7Hisl] %170, 180, 190° O =4dste &

t}.

) vlg du37HEDE A53le] L5(T2 534 300° O)F Y3ts 7R 2507

0, 180, 190° O= Z=Hale =t}

(3 2oxWB(V6x VEZ A=W (V59 V)= 271 A9,

(4) 3 P2)0] 5071¢0e] Hd LoZWH(VYOE I, o2 nEHPAEMV)E do 7}
FEA=ES ZIYUZE FEAOAS mDd o=

G ZYUZ FEA5 mDO] w55 FUstHA rHEBEMV)S wa-& PASA 243t
AAZ &0 7 TR gt

6 vl 1027 =y Z 7205 mL)E

ol

AstrA A 30&3F 7k

1

=

.

=
2
ol

4

OlAAT FE2 281914 150° C, 1 mL/minoll Al 33t H a1, ofLA T 7HrEsle A54

o® E24A ZHAY 24 B2 18 AADe] Aol(, 2, 3 mE 2Elst o8 25017
0, 180, 190° O)oll A &ttt @204 2] AFALEL T 4& o] &3] AHE38H3+.

Vipr

Vo Po

AF A (min) =

)71 4 VRS o] BEu(m3), v0& F<(ml/min), pRE 7tE8) 259 =5 MPa)oll A
£ 9] Ax(kg/m3), p0& 25° C2 5 MPaoll Al &9 ¥ x(kg/m3)o]t}.
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Sepube 1A 2o 2 9-7-0-F £ Aol Sop RS} wlulFA G = @ €3} 2
Aol 7HERs) FE L e 4 ol gl A

Qp X MWoq/MWy)
QoG

7haell & (ug/g dry sample) =

o714 QHE oA 7teEslls T Sdhvbe 1 EA e v dA o 5=(uglg dry
sample)°] a1, Q2G+= 7Friall A & 5 Fohvle 2o 3 A Y F%(ug/g dry sample)o] it
MW2G= Zehvb= 20 2A| o] EAgFol 1, MWHE Zdhvls= 10134 =+ vujdA e &
A4,

AR e F Behuhize] SUFe thg AL o] g3t Auatg .

o714 Q2GE 7HrEdl A & T ZehulE 2093 A 9] F=(«glg dry sample)©] a2, Q2GR
& ol A% 7}4—5—311% Foll wolgle Fehuhe 201 P4l 9] 5 =(uglg dry sample)olvi, Q
9 Zepvbe 1A &} v A o] s = (uglg dry
FA o] % (unglg dry sample)Z 4+ ZE.

2287 4R6% Fo| ZeuwolE §FL HPLCE ol &dle] B} $248
De 2% F9 AaAdun UL TR FFS 22 A 4 AR T FFOE Lpro]

5 7 F2 AFW Fo s2A9n G T FHe F2 HFW 05 gl WHe 30
MLE 7hshe] Aeol A mUFEHEA] 3081 $5F F AL (B.000xg, 10¥)5te] 45
2 f5staa, Ao ds de o] BE JPHon 54 u—mxl AAE 49
FEs19a, 38 W 4o A%E B

2223} 5EENE B A Al AAFEE B, o-FEIAN A &
), 246 HHELGEF B, AL MBELGFTEY T ANBEL &
oA Bh ANTH ZAL olUASF LB vige 2 HHES A8

A4 g aolAl o] Aal&Ad-2 AlE 0.05 mLol| 0.025 mLe] # gl gtolA] E4-8<H(1 mg/mL
in (N-morpholino) propanesulfonic acid sodium salt buffer [10 mM MOPS and 1 mM ethylen
ediaminetetra acetic acid, pH 6.8)3} 0.05 mL tris HCl ¢%-8<4(100 mM tris HCI and 5 mM
CaCl2, pH 7.00= 7}stAth EFES 37° ColA 1583 ¥H-&-A1Z1 % 0.05 mLe] 10 mM 4-
HEZHY FHUCIEE 7SI 37° CollA 3083 Al ¥E-8-A1Z1 3 405 nmoll Al &

FEE A=
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Au-Z2IATA ] AFNBAHL A2 0.025 mLE G-I 2IATHA] E2LA(100 mL in
100 mM 214+ $FZ&98 pH 6.8) 0.025 mLe} 0.1 mL $14F $+3-8(100 mM, pH 6.8)3} &3&
Sk 3 25° CollA 158 &<t vESAIFTE o719 3 mM 4-UEZHAYE p-D-2F 232 AL

ol= 0.05 mLE #H7}ske] 25° ColA &3 ThA] HES-AIZ] 3 405 nmol| A o] 3 =5 45
Al

=
shth & 103 SRSk Ea A7 AFY WS SEE Bh ANBHLS AN

ZHRIAst g Aol AFEd e A5 0.025 mLE 0.025 mL ZEAsLE 4 898(0.5 U/mL 50 m
L phosphate buffer, pH 7.5)3} 0.1 mL <14t $%-&<H(50 mM, pH 7.5)3 &g & 25° Col
A 158 B HESAIZ T o 7)o 0.05 mLe] 2 mM ZHel &8-S 713k & 25° Coll A 583t
OAl JEA1Z1 2 290 nmoll Al S =5 4Eviet & 103 S48t 84 H7F 59 v
T EEE 34 ABA e AT e S4aAHEAE SA-0A 50% HEES xT
o

kA 2 &l 2l-1 M3 A(angiotensin-1 converting enzyme, ACE)9] A& &4 o33} 2ol
=439t AlF 0.05 mLE 0.1 mL HHL €<4(12.5 mM)3} 33k 3 37° CollA 5%7F uj
FstA Tt o7 ACE €< 0.15 mL(50 mM QI4+d &+5-8<4, pH 7.3)& 7FstaL 37° Ceoll A

2 AR F 025 mLe] 1 M HCIS 7}0}04 32 AAAZA W H4E hippu
2 o golAH o] E 1.5 mLE F Z 587 4,000 x gl Al HAERT F 45 1.0
NLE %ol B FEAY F 2H4 1 mLE ASel AT F 228 ol GRS

oflere HE= 20, 40, 60, 80, 100%(v/v), %E% 25, 35, 45, 60, 75, 85, 90° C, Sv]o} A=
o 10, 20, 30, 40, 50, 6052 W7}13-A-S.

Do
[«
w
[«
N
(e
(@]
[«
(@)
(=)
\]
o
8
&
oQ
_l

rﬂlN'
r:L
flo ¢

A2 R e FHPAF} fAE A=, 2=XD
(X2)= 40, 60, 80%(v/v), &m e} Al &2 B]&(X3)2 20, 30, 40

.
o)
>
ﬂ
o
© O]
o
o
=2
.
o
off o
b
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- Box-Behnken® el &3+ 43 A= & Az o] Foixl 127] 9] 4d+(1-12% T

=
ol A 5709 mtEAH13~1NCE T

$1o(Trial ¥ A, Stat-Ease Inc., Minneapolis, MN, USA)S A}-&-3}
2o Hg3te ZF Alg ghs IS

- Design-Expert 11.0 43
o 49 HoHE =3 A

oL {m

oL

A

- X2 ZAFo 2 RE A dd Y FEY & vX s FF & FFL ek
o] A2 %7(80.3° C, 58.4%, 40 mL/g, 30&) Al W gtL3} opH| EL AL-&3lo] A3

DO A<(120° 09 oldA G 93t 7l-E3)

- ¥ A5 B 1 goll gAY {4t
120° CE 7143 & IdAART &2 7HrEalst A+

<]
3
8
=
o
ol
u
-
Ll
N
e
ol
to
fm
iy
&,
o
=
2
X

- PRI ES SA ClRAR AP F FRFE JhShe] 50 mLE 83
shel 26} B 4SHL 045 wm AUA BEIE Jhe F AY
ol BA A5 S,

- FAA e ko @ Zuk Bul A go) fate] T =52 4,7, 10, 13, 16
19%(wt/wh = Zelste] 120° CollA 8AIZE 7H=Ealst o, 7hial At 93 4, 6, 8,
10, 12, 14 2 16412 Zelste] 120° CollA 10%2] FH4HS Hrlste] 71286159+

|

O

-S4 4 A= 120° ColA F 7ol 51 WS /e &AM =XK1, 151, 4, 10,
16, 18.48%), 73l AIZHX2, 2.35, 4, 8, 12, 13.65 AIZH)ollA A A5 =

- BY A5 23S 25t $A1-8N AP FAFAIL FAHNAE 571913
MEAYS AU 20 GFAL ol F3he] BY MATAN FEsh sheRs) Azhsh
F& WRONFAG AZA Y F&, AA AFEAZ] £&, DA SRR %) A
oo HBVAE ZHHAS.
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(1) gd4Ktannic ac1d)°§ 5~10 mgoll 433 &S FHslH 50 mL &FZ=T FHS

5ok .
@ 9%l BN TR 50 mL YBE F AR Axced ABEAE AL, 60, 80
100, 120, 140 mg/L)

() S 1875 mLE A&l 42 %

(4) ZHZke] ARl 22t BE o), APEY 2 SRAFANLHE 025 mL A3k
(5) Z+ A& o) Folin-Denis A F 0.125 mLE 713+ & 35% EF2FES 0.250 mLE Qo] &3
(6) 25C L2olA 30% ¥x3 & 760 nmolA] TFEE =A.

o XEe o] &3 HF AY N
D A8

PHUEL o g3te] AP WPsHG oM, B AT A

M
]
X
il
=
Sy
D
'y
o
a
=3
=.
=
>
g

- Al&E petri dishell BB sA F-& F A21A(CR-210, Minolta Co., Tokyo, Japan)E A-&3t
o] ™ %(lightness, L), &M Z(redness, a), &2 Z(yellowness, )& FA3H o™, Az
33] WHESA3 Ao HAFoE e,

& A G =A(PAL-BX, ATAGO CO.,LTD, Tokyo, Japan)& AF&3l] =4 3) Brix® 2
el om Axzhe 33 urEste] =43 Ao HFZo s e,

@ pH

- pHE= pH meter(5470 SevenExcellenceTM, Inti Inc., Schwerzenbach, Swizerland)Z o] &3}¢]
SAstd o AR 33 wHESt S A HAo = e

©® F d=s FF
-2+ A& 200 uLE 575 900 «L&} £33 £ 2 M Folin-Ciocalteu” s phenol reagent 100
LE 713 & 429 &AM 533 ¥-3AI71aL 2% Na, CO, 300 ¢LE &3t S/

F2 2 mLE A& g2 dAdA 60837 HH-g- & Microplate reader(EpochTM, Bio
Tek Instruments, Inc., Winooski, USA)E ©| &3} 760 nme] A4 FF = A 3H

® DPPH radical scavenging activity

- ZF A3 2 mL9} 0.3 mM DPPH solution(in ethanol) 0.8 mLZ
— 52 —

Egate] Aol A 3043t ®



SA1Z1 % 200 « LA microplate reader(EpochTM, BioTek Instruments, Inc., Winooski, VT,
USAE o] &3te] 517 nmoll A 3= SA3

£ 73k tiz3 0.3 mM DPPH solution thal SR/E 713 Al 549
st Akl diddstd #4=E =g

il
o >
N

gk X2 95 F4 4
D 959 dx 5 AAe, AL
- 20199 FA&NA FAR FE2 33 AF B Adx F 10 kg AFE2ASH] 20CoAA B-F
Hastr 50dvttt AA o2 FAGIHE e

- FRBORRY ATHe FEAFAL 0TAA WERBN 0Lt AAH o2
Ea97te ARt

HEZ : REXEHHFLHM00%)
72 :16kg / SEEIHS : 2006062622530
*'“%“'uIH7|oEIQE*' HEE
Hlx°' 201914 098! 162/EHHE:
573 HIZLZRH 362
HIZ Azpas) [064-784-3003)
Dy sl

B

LE2AFY AF AR

*
F4 AR

D

2) YA RO FHEA LY
- xEH FEAEA) Q1 g4 FAL 2/TAASA DS B BA =g on, o
9 slzog 77t 509, 30LvtT AA RO oHsty B4 WsE BIY.
- AR SAAE 52 9% A ne) mEsE 98] TANB) ABHHAES BFE LA T

- X2 AN BEe SAR 2 AR 3 gl SR 27 mLe o] 108 3435,
Azt g a3 sy 20 mLA ¥l 1% phenolphthaleing 2~39-& 7}5kal 0.1 N NaOH=Z
At SAst o Aagre 33 RS Ao FEHgeE YER.

© & A= FF
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FEIAL gallic acid €402 AP on, A5 F HE S 100 g 529 mg gallic

equivalents(GAE)Z ER.

D o3 FHo AR Ay 4 24
- B AFNAME FES o] &3 HFAFAHZ)E A xsI7]o GA ATl TuEI A=
thekst Fejol Ao thdk pH, B %, 424 =(Fracturability) S A3t 3 A Az
Ao zkFojof & AL TPt g
- 2853 3%, AY 3F, FAY 4T disty 43S AY3H
Type
Stick

Cup

3o fe) H =
=9 Dole U7 Az 200 g o0 CFHEID WEE e e mma w90 g

T2 9 WA 130 g

Pouch

54 Dole Zopde]  muwol= Ay Ru 2epdy 4y AU Agm
da1dgle)AE 130 mL EZo} 130 mL dx=uok 130 g H4Ae] Wi 130 g

a9, AR A e 9

(i



2) A% 289 Adzle] T2 24

- H3 ATE B FAF €Y, 9N, AY AE T AU Shof Agow
HBE ANAES BHE B At 288 A2l oA G E YolnA AT 2
g3 Ao F4d 245 193

- T 22 £FEoA AEHI e Ve8 AEE FRF 29 FHY Ag 9FHF/
Z EAT 3%, 34 3B D olssH 543 Pkt TS BA,
- AR 3FL JEVIEE, A 3% B4 3% AR7E5AES.
E. AR 2HY Ay AFHR
Main .
. . Sample Manufacturer Product name Weight
ingredient
P1 GNM FAU0E HF2H 20 g
Pomegranate P2 oA =4 A Ag AFZea ~F 20 g
P3 S 973 o) 2] A5 ZeA A ~E with 3827 2~ 20 g
Gl DR.MOON Waoll Abal 72 A o} 20 g
Green apple G2 EIREREIE SR FA A 20 g
G3 227149 &3 i= FAT} thololE Alg 20 g
R1 U5 A oF 7|E5 S4A T 15¢
Red ginseng R2 A 2F FE 72 E4AE 5 g
R3 2| 42 H3day 44 20 g
1
'
E gg}
: §
Gl G2 G3

I3 AR 2HY A o9&

- 105C 7t zHE o83t A

11?_{({

N\

- A8 3 goll S/ 30 mLE 718ty 234 FAV(T-25D, KA, Germany)E ©]-&3fed 8,000
rpmol| A 18 3023F #23 & A ER71E o] 83te] 4,000 rpm, 20°C ol A 103 A4 E2]
5=

- £33 5 Al(Optizen 2120UV, Mecasys Co., Daejeon, Korea)E ©]-83}] 500 nmo| A 3 =5

_55_



xs] t‘g-'

A\

=A

1_.

©
o}ll

- A8 1 goll S%F5 50 mLE 7}k & 8,000 rpmol| Al 183t #AS A& ASE AT

- pH metere] A=5&

U=

o] 4-5te] wHFEIAA 0.1 N NaOHZ pH 8.27} & wj7}#] 24519 om,

o]
o] Z2H]E 0.1 N NaOHe| &F= &<Qlsle] citric acid (w= FH4ksle] A4k

2% (w/w%) = %;VXJE 100

V': 0.1 NNaOH®| =¥ (m L)
f 0.1 NNaOH®) Factor
S AAH(g)

D % A= B

=

- F Y& gL gallic acidg o] &3t THE EETA

des T3l dFs FdoH, ANE 1g F9
mg gallic acid equivalents(mg GAE/g@)Z UEMH
® Texture

- Texture analyzer(CT3 10K, Ametek brookfield, Middleborough, USA)Z ©]-&3&}o] TPA(texture
profile analysis)2 =43}

-A8E10 X 10 X 5 mme] FSHA woFo 7 Aukste] F A A (fracturability), 7 =(hardne
ss), F-2FAl(adhesiveness), S

%A (cohesiveness), B2 Al(springiness), 7 2Hd(gumminess)S =
A3k

£ A% 299 ded 247 234 24

Parameter Condition
Test type TPA
Target 80%
Trigger Load 0.02 N
Test speed 2.00 mm/sec
Return speed 2.00 mm/sec
Pretest Speed 2.00 mm/sec
Data rate 10.00 points/sec
Probe TA25/1000
Fixture TA-BT-KIT
Load cell 10,000 g
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@ pH

- AgA A7} A pHE ASAE A BE ASE HUlste &3)A12 F p
o] g3t =43 AzA H7} 3 pHeE ZE AFE Hlste &A1 T Z A9 %
& pH meterg o] &3t AT

@ P=

- ARA W) de) BEE AHAE AYD RE ARE Arelel §AA F AATEA
g olgdtel 4

- ARA A7k T FEE BE ARE Akt §AZ T F Feie] §42 ARG
g olgdtel 4

@ Texture
- W7t 24N 3 A3 FHFE sty Ay @ A5 e 2o AgE 10 x 10 X
10 mmz dAsle] =A3}

- Texture Analyzer(CT3, Texture Analyzer, Brookfield, USA)E o] &3} TPAS] WH S & Fra
cturability(F-4 F 4), Hardness 1(73 = 1), Hardness 2(74 = 2), Adhesiveness(¥-2+4d), Cohesi
veness(-2-3 43), Springiness(8+2 A1), Gumminess( 2H4), Chewiness(3 3 A)), Resilience(s=
HELE)E AE T 4 53 ol SAHY

-

|
( r[_E
>
o
2
>
oo
it
M
it
by
X
L
rlo
S
7
(L
©
e
Y
N
i)
2
o%
offt
f
u=)
o
e
O
_EL
ON
of

- EBHFY ] 1Y Ro] etk HOE 8| NEIF YA BOoBET ThFRt of )
We o A4 242 Fdstan ¥

- A FAS AXA F FFFAFA(HEY), 100 mesh A= 13 Oqﬂrfl o 2§(100 mesh), 100
mesh AZ 13] o3} & 65 cmHg 2 ANA g gste] Aoz H(HdAA & o] &3]

A s Az
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X AAEY 2ds 29T ZZ2FFY A9 widy

A5 A 100 mesh e 7
XE2HFY 66.8 66.8 66.8
Ehy 15 15 15
=9 (70° Brix) 17 17 17
2A2ENA 0.6 0.6 0.6
7hat Fhed 0.6 0.6 0.6
FA (T F%) 100 100 100
I Immature Citrus unshiu juice |

&

«  Heating 86°C

| Adding sugar and starch syrup

&

s Heating 80°C, stirring 256 rpm - 10 min

I Adding Locust bean gum (LBG) and k-carrageenan |

¢ Heating 80°C, stirring 400 rpm - 10 min

<
2«
g
&

¢« Couoling for 24 hours

Immature Citrus unshiu juice jelly

O¥. AP 2He 2 XEFFY AP AxITHEE

. AAY 2dS 29T XZFFY A9 AspAl H7F AF pHet 3=

A A7 A A A7t 3
NEw A5} 47} A 54 A7t F |
pH ° Brix pH ° Brix
A 3.105 33.2 3.064 = 0.011 353 = 0.3
100 mesh 3.098 33.2 3.146 = 0.073 354 = 0.1
7 ko] 3} 3.134 33.7 3.076 = 0.027 34.8 = 0.4
100 mesh
SR
A=
[A]
A 2
ol
[B]
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23Fd(A17 2 (Ble 2.

W E B o 5 T ? It o %
o " o # Tw o K ol WO N
oy 3 G W ° i oF < AR o Tl
wx o "o — = i) o = [y |
-~ I oy ] T = o oo
) N o o K =T HK =)
0 o |k K
my G o| 63 ~ o Ikl ar
& { RC W 5 w0 o N
o B 2 of o = 0 R &= il
— <° = N o w0 s ~
N K ™ IR ~ N oy e
B 5 o T Tk R g = ik
A = ® o PO T op i mw@ "
o) o o T < S o (- ~ o 1,m| XE J.Un
o & 758 ¥ N ® N b =
= ol LT g R W e MR ﬁ
| ol ™ o< © o 4 O i =3 -
: . O S T R
W MM = B K 5 o o T R El o Wo i ~ |
_ —_ - ) —~ i) p— ..
RN Moo N w2 5 gEo O o|E
= % o] % — _ om £y = iy ™ % W
= oy o ; s r
N ° T 4 W = o = o Le®
W a T o Ry w o B E
2§ pER. Ep% F 2EF 0 LET 0
< = 3 ,_lr.ﬂ =r 0 — — ,aa o ﬂra E_e B T )
o R K M o (CRLA S
bl o oy gl o a0
B o L R oy e = o ~ —
o3 g T % o___L_ = B 2 o i o = T & £ Tl
) ot R ¥ meg ML wOR gy T | -
3 .= o M ow N® T Moy iy
& TR : e S B A -l T N 2
ﬂL o] o1 o A o ~ W i ‘.1&| o R " < o= o =
2 = w2 T 8% KT = = § R
_ o o SR Y = o MK zo P o RPN = " o
A S o = oy i Y w_. oo o WVL _.me A mL )
AR - FEL FE o ol T Ta L P B
o op . TR T N N T h 2 W W o 6
w Px B o x4 @ fwe ¥a am T
TE w8 woem ww < < O w8 H
3 LA S G N SR R o A o S wo | T |
WA K KT R OKFER O WNH g KOEK K B odo T BT K
| | | | | | | | B
© .
27

62.4
10

98.5
10

o2
10
— 59 —

39
10



=9 (70° Brix) 10 10 10 10
g gl 2Hn| o} 0.2 0.2 0.2 0.2
TALE 0.1 0.1 0.1 0.1
Hlgtwl C 0.1 0.1 0.1 0.1
TAMMIUEF 0.1 0.1 0.1 0.1
ZA2ENRNA 0.5 0.5 0.5 0.5
7kt 7hetr) 0.5 0.5 0.5 0.5
ek 0.5 0.5 0.5 0.5
A (FF%) 100 100 100 100

Immature Citrus unshiu juice and water

' +  Heating 80°C

Adding sugar, starch syrup, stevia, citric acid,
vitamin C and trisodium citrate

-

I Adding LBG, k-carrageenan and xanthan gum |

,‘_

Molding

Immature Citrus unshiu juice jelly

Heating BO°C, stirring 250 rpm - 10 min

Heating 80°C, stirring 400 rpm - 10 min

Couoling for 24 hours

I8, X2FFY A9 Ax3H=
T XE2HFY A9 AsA H7 ¥ pHet g =

AgA A7 A AsA H7F *
A e
pH ° Brix pH ° Brix
1:1 3.344 21.0 3.312 23.0
1:2 3.379 19.9 3.442 20.9
1:3 3.498 19.8 3.487 21.1
1:4 3.492 19.2 3.604 21.1
= FEA43FY Ao 247
ANz
Texture
1:1 1:2 1:3 1:4
Fracturability (N)
(i 21 10.90 + 1.10 14.82 + 2.18 19.75 + 3.48 2144 + 196
Har?;eis 11) ® 2534 + 1.77 26.62 + 2.09 3558 + 430 4181 + 11.92
fopusul
Har?;eis 22) ™) 16.56 + 1.38 17.83 + 5.03 2167 + 562 2281 + 1529
S -
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Adhesiveness (mJ)

(L2120) 2.25 + 1.20 1.60 £+ 0.36 1.90 + 0.80 2.04 + 1.88
cO?ggi;)ess 0.12 + 0.6 0.10 + 0.7 011 + 0.05 0.13 +0.14
Spm(gglésjé)(mm) 250 + 1.10 2,53 + 091 3.75 + 1.28 369 + 1.19
Gm(l;;”%ej;) ) 3.05 + 1.79 270 + 1.94 3.77 + 158 548 + 4.93
Che&ngsjé)(mj) 8.60 + 7.78 729 + 563 1336 + 586 2217 = 22.97
éijiif%c;) 0.04 + 0.05 0.02 + 0.02 0.04 + 0.03 0.02 + 0.02

a9, X2RFY A9 o#

- BE ARE AsEon AP Lhe s AE FAT 5 AL

o

wFo g EZFFY  Eo HEo] 1: 104 1: 48 Z5 Mo] dojA&= AS Il

- gnle] BsE Slstel ARl AN e C F WEh C A7behA ergren,
ASA F AL AG UrA) 23] ARAEAZENL, 5ot DR Frhshel
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. XE2FFY A9 ity

A= ZEHEFY 30
EE2EY 30
B 48
e 10
£ (70° Brix) 10
B A 2o} 0.2
ALk 0.2
27 ~EWNY 0.8
7hst Fhehrg 0.8
A (5 F%) 100

Immature Citrus unshiu juice and water

.

Adding sugar, starch syrup, stevia and citric acid

Adding LBG and k-carrageenan

Immature Citrus unshiu juice jelly

Heating 80°C

Heating 80°C, stirring 250 rpm - 10 min

Heating 80°C, stirring 400 rpm « 10 min

Cooling for 24 hours

O, XEFFY A AxITRFE

¥ ZEZFY Ao AsA A7 A F pHe 2
AsA A7t A AsA At %
A
pH ° Brix pH ¢ Brix
*2 259 30 2.998 20.0 3.054 £ 0.016 23.1 = 0.1

¥, FZAFY A9 Texture

Texture xZ FFY 30
Fiifiﬁtfilfy 36.27 + 8.17
H?%dgsi)l 4961 + 7.95
H?%dnEes;)Z 25.64 + 4.88
Ad?gsi\:igl)ess 1.62 = 0.61
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Cohesiveness

(o) 0.10 = 0.05
S;z%néiilée)ss 232 + 0.77
Gglrg%e)ss 4.96 + 2.84
ngigis 12.87 + 11.41
éiiLf%C; ) 0.02 = 0.01

g 5 Ao AlF 2EY Aok AR G, Aluk ga
ol o
=

AsA AP om FERHENL WL
Az g A

®. XEZFY FA7rES 293 Ao wign

2 259 %)

AR (%)
0 10 20 30 40
ZEH5Y 0 10 20 30 40
B 78 68 58 48 38
A 10 10 10 10 10
29 10 10 10 10 10
F A g 2Hwl o} 0.2 0.2 0.2 0.2 0.2
T4 0.2 0.2 0.2 0.2 0.2
2 ~EWA 0.8 0.8 0.8 0.8 0.8
7t 7k 0.8 0.8 0.8 0.8 0.8
Total 100 100 100 100 100
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Immature Citrus unshiu juice and water

Heating 80°C

.

Adding sugar, starch syrup, stevia and citric acid

Heating 80°C, stirring 250 rpm - 10 min

«

Adding LBG and k-carrageenan

.

Heating 80°C, stirring 400 rpm - 10 min

Molding

Cooling for 24 hours

Immature Citrus unshiu juice jelly

O¥. X2FFY rhEE 29 Ay A3

¥, EZ2HFY FAU e 283 A AsA AVl AF pHY 3=

A A7t A AsA A7} &
ANE"
pH ° Brix pH ° Brix
F7 AF9 0 2638 + 0.034b 18.55 + 0.07b 2828 = 0.031c 21.00 = 0.66b
S£# 259 10 2866 + 0.0l4a 18.70 + 0.28b 2.929 + 0.031b 21.05 + 0.15b
£2 ZF 20 2973 + 0.042a 1970 + 0.28ab 2971 + 0.026ab 2197 + 0.49ab
F# 259 30 2996 + 0.030a 2060 + 0.14a 2973 + 0.017ab  23.03 + 0.23a
FF ZF 40 2979 + 0.04la 20.95 + 0.64a 2,986 + 0.034a 2272 + 1.46a
X, FZ2IFY HUES 2l ATy Texture
ST TEa (9
Texture 0 10 > _}28 1w 30 40
Fradéll\rsbmty 34.83+4.96a  33.65+4.65a  29.95+4.25a  27.29+10.06a  30.02+13.02a
Ha“};e)ss 1 6199+1332a 513610522  55.16+10.75%  57.11+1098a  56.06+8.21a
Hamgigss 2 4951419492  33.24+636a  3473+10.32a  39.18+13.00a  36.31+14.88
Adhe(%’ness 4.16+2.51a 3.50+2.44a 2.42+1.73a 3.36+2.90a 2.55+1.66a
Cohesiveness 0.23+0.06a 0.17%0.04a 0.15+0.08a 0.23+0.05a 0.18+0.10a
Spr(iglg;gess 3.39+0.60a 3.53+0.76a 3.58+1.092 3.4240.51a 3.14+0.52a
Gum(ﬁi)ness 1419+506a  857+2.50b  7.84+3.90ab  13.35+5.09ab  10.13+6.27ab
Che(r"fjr)less 48.08+19.11a  30.52+11.33a  29.30+18.02a  4581+18.3la  33.41+21.96a
Resilience 0.02+0.03a 0.02+0.02a 0.01%0.01a 0.01+0.01a 0.01£0.01a
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=4

[

a9, 22FFY FJAUFS 2 A 93
8 715 W7} (WS B Ao FEAFN A% 49
- 225N HrtEFo| W pH, Brix, Texturee] 214 xto]7t gl7] W&ol 7|E % H7HE
AME o] gte] HA o FEAZY ArFe AAHINE &
¥, FEIFY HAUMEFES 22l A9 V3R HU (9H)
7125 7} EZ ZFY %)
(=9 0 10 20 30 40
EHs 4 1 2 3 5
238 5 4 3 1 2
24 5 4 3 1 2
AA AR VZx 5 4 3 1 2
- Azl 3] YolM FoF 54 F Sl BUEe A FEAFAS A4 Y5
27|35 E BRYPYOoU FEFAFAE HUISHA €2 A5 AS 2398 g3 HAES
Ehfjo] 4] 2 yEEs Uehd Aoz Azt

- E2EY FBA0) A4S FEAFAL 0% AT A7t b B EEE UE

- FBAFNS 40% A7HR A A FFE Fh Aol UF As) FEHF 30% H7H
AT e £9E U o 42

- EFEHFY 20,10, 0% A7k AE FB P Ao] B ANA ol Wt e w9UE
el Aog AyztE

- AAHQ | EEE TP RE FFEY 292 1A e W, AFH o2 FEHFY
2 30% AR A7k A B 2R YEnt Ao FFHAFY AhFS 3% 2
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3}g wEsA 9

9) AstA FFe| A =

a
0

- A BAY P 9% FE Ae AsAY BRe ¥

- meA, ulARe Fal A% 288 A9} GA BHL A AoE Fl
ENZ, Aol AR S o % EqEe) 2Ro ol gala HHe 2ge 2w
¥, AgA 9 FHE 2T F=FFY A v
AlaYy
A= @ LC LG cG
ZFHZEY 30 30 30
= 48 48 48
X} 10 10 10
29 10 10 10
& 252 2~ H o} 0.2 0.2 0.2
FAL 0.2 0.2 0.2
27 ~ENAL) 0.8 0.8 0
7}z 71 HCO) 0.8 0 0.8
AD7(G) 0 0.8 0.8
Total 100 100 100
¥, AsiA 9] F/E 223 FZFEFEY A9 pHel g =
Az A AV &
A
15 pH ° Brix
LC 2.973 + 0.017b 923.03 + 0.23a
LG 3.128 + 0.058a 21.92 + 0.55ab
cG 3119 + 0.045a 21.33 + 1.28b
B, AsA e FHE ittt FZFFY A9 Texture
AgYy
Texture ic G G
Fra“g\rsbﬂ”y 2729 + 10.06a 187 + 0.18b 3.93 + 4.38b
Har(gigss 1 57.11 + 10.98a 12.43 + 2.14b 741 + 2.19b
Ha”?;g% 2 39.18 + 13.00a 8.10 + 2.15b 501 + 2.00b
Adh‘avjfness 336 + 2.90a 1.89 + 0.56ab 1.07 + 0.45b
Cohesiveness 0.23 + 0.05a 0.08 £ 0.04b 0.05 £+ 0.07b
Springiness 342 + 05la 2.48 + 0.40b 0.94 + 0.22¢
(mm)
G“m(rﬁ;ness 13.35 + 5.092 0.99 + 0.41b 0.41 + 0.57b
Che(r‘flljr)less 4581 + 18.31a 253 + 1.36b 0.35 + 0.51b
Resilience 0.01 = 0.01a 0.03 £ 0.03a 0.05 = 0.05a

_66_



N=H

LC LG CG

I9. A3AY FHRE 2ET X2FHEFY A 9B

- 2AzENZ, ARG, AR 47 254 23] AP AT A, 2A2E
73 AR 23] b vl 9#e Uehigion 47 oAA gt B
Ho) 28 Aelsh fAR 2URL YepE AL ST

st AYE Azxste Aol M FHAolg=

o

- kA, 2ARENASR 7h97tE G
ARE TE3A #

10) FZ22FHS o] &3 HIAY A EFAZ D HA5HA
o =7+ (ControD e} =252 15, 30, 45, 60% H 713k A
E o - BA st} 3
SAZE A Ao 45t 790l Hojy HQAHE Al AsA 2 F2 ALEH
1=

AFaAzs 4 dHA e LHREFIIDE A

fr M 1o Mg
o
ot
%
2
e
i
m
o
tlo
=

- o]H o] A E 100 g& 7|FOE AxdP O, 3FF Scale-upH thkdt AF S WPt
7] 98 500 g& 7|FEo 8 AxF

- A3 AFgE FEF(immature Citrus unshiu) &AL A FE2 o 2 HE A Fwgtom -2
0C Waae] RAstHAA A&

- FBAFAEL A AA AES T £4UE 4G 919 100 mesh AE ol kel 13)
oA} e Ao AHg3
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: 0 Immature Citrus unshiu jUice (%) Feospaiure € vws mrsfrin Juace, waler
Ingredlents » 0 15 30 45 60 Genting S0
Immature Citrus 15 35 45 g0 | —
unshiu juice Adiding swesr sterch svrop and clle aoid
Sugar 10 10 10 10 10 Heating 80, stirdng 3B30pm - Wi
Starch syru
(70 ° B}II'IX)D 10 10 10 10 10 Adding koniie ond w-carragoenan
Citric acid 0.2 0.2 0.2 0.2 0.2 Heatime 3L siiring S mm - 15 min
Konjac 04 04 04 04 04 -
x —carrageenan 0.8 0.8 0.8 0.8 0.8 o 28 s
Water 786 63.6 48,6 336 18.6 .
Total 100 100 100 100 100 Tomtiaure s wnvhin juicn jolly

%, AgA Y FFE 2T XFAFY A9 MPuIEhHe AxTH=(R)

D #EY

- 105C A7t zr< ol &std SA%

ol

an

- A& 3 g #3t Dry oven(LO-FS250, LK LAB, Korea) 105°C ol A AZAIA MEEZ %7]

@ ®4=(Water holding capacity, WHC)

- ARE Qe AR T A7 9F 0.5 g& FHda AR 7] Microfuge 16, Beckman Coul
ter, USA)Z o] &3}a] 8,000 rpmoE 15837F AAEYZ T Alg A7 o dAEAY
FAE SA3S ol ALtAE o] &3t AL

27 (g) — (N2 AAF QAR FA () — W T8 T
W (%) = ANsFA() - AEAAF 1_}\ E;‘iﬂ] (—rg‘)}” (g) 23 A (g)) % 100

- FEHAFNL FFA 1 gol FF 50 mLE ¥ 200 rpm o2 3087 mkste] A B2 A
&+

- FEAEN AYe A8 1gd F4 50 mLE ¥ 21% #27)(T25D, KA, Germany)=
o]-g3ked 8,000 rpmoll A 187F #23 A A g2

- 0.1 N NaOHE o] &3t A5 pHr}F 8.27FA] =E5l=0] 4H]=+= 0.1 N NaOH®] <(m
L)< citric acid 3% (W) O.& F4kste] ol o] A4kl S o] &35t A4

0.0064 X V< f

X
g 100

F (w/w%) =

V:0.1 NNaOH®) 20 % (mL)
f: 0.1 NNaOH®| Factor
S: A (g)

@ Texture
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- Z2Z2FY AgE 10 X 10 X 10 mmZ 433 & Texture analyzer(CT3 10K, Ametek bro
okfield, Middleborough, USA)E A}-8-3}o] TPA(texture profile analysis)Z =74 gt

- 7d %(hardness), ¥z (adhesiveness), -5-% 4 (cohesiveness), 2 A (springiness), & 2HAd(gu
mminess), Chewiness(*d ¥ 4), Resilience(=7H-98)S =4 ﬁ o, Z+ A8 9 53] o4

wE Zgse] 1 BERe e

- =4 7L strain 80%, trigger load 0.02 N, test speed 2.00 mm/sec, return speed 2.00 mm/
sec, pretest speed 2.00 mm/sec data rate 10.00 points/sec, probe TA25/1000, Fixture TA-BT
-KIT, Load cell 10,000 go. 2 3}%<

® % A= o

- EFEFAL tannic acid R oz Ao, AR F FlE 2 100 g¢ T4 mg tann
ic acid equivalents(TAE)Z Y-Eld

1) ZF2FFH<S ol & AIAY AFA=x 51 HA pilot-scale AxF4 &Y

- AAATE Bo) FRAFAL o] 87 lab-scale AFAD AxTAL AH e FYAL
U, AA AF AYAHS 9% factory-scale FdY Al 71E 9 wRbk 21 539 2L oy R
alol o3 HFAGe] FHo] MY o AoB 2 o] E HekstaA} pilot-scaleol A o] A
AQ Azx 8 F4 24 I3

F. Pilot-scale E2&FH QGAF v gn)

Ingredients @ Total volume (kg)
500 1,000 5,000
Immature Citrus unshiu juice 150 300 1,500
Sugar 50 100 500
Starch syrup (70° Brix) 50 100 500
Citric acid 1 2 10
Gum mix 8.5 17 85
Water 240.5 481 2,405
Total 500 1,000 5,000
12) gF4tE FEFEES ©]83 factory-scale YA E 2] FA =348
- YRR S e e 2EFESE AYE Az en, SHAE AxE 9 2
FE2EL ZEFFA 2l FANY AAREFES HUbste] MEH FARE Bt &S 7HA
= AYE Az
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Ingredients (%) Sample Placebo
[mmature Citrus unshiu 95 0
hydrolysated (26° brix) :
I ICUH, citrus concentrate, water, starch syrup |
Citrus concentrate (60° brix) 20 0 3 - Stirring 300 rpm - 10 min
Starch syrup (70°  brix) 20 30 I Adding t‘ gum mix |
. . * Stirring 500 rpm - 10 min
Enzymatlcally modified 05 0.3 I TE—— |
SteVIa ‘ * Heating 85°C, stirring 550 rpm - 10 min
Citric acid 0 0.2 | Cooling and solidifying |
Natural citrus flavor 0 0.5 4 " Cooline s, 24 hours
Immature Citrus unshiu hydrolysates stick jelly
Gum mix 1.7 1.7 (IcuH s))
Water 32.8 67.3
Total 100 100

I8 dZFAY FEFEE, SR A WiduE)e AzTAEE)

- XEYE BES o] &5l AAAGAFS A x5 Yl FEFFN S pilot-scalee] #HF-
Ax7|2 BEu3t 2133

- 28y, Bz =335t2 Qlste] 2%(inlet temperature) ¥ Al 5% ¢} &S (sample flo
= =

w rate) 2do] AZsA FHA kol £L FHo] dATA Fd=

- F3 F71AF7E 228, pilot-scale ¥ %7] thAl lab-scale 71715 A& o AHY

- XEFAFYY xS T X2 dE BEstE 19

- nlet temperatureE 150, 170, 190C & &l 3Pt

- EFAZXE B BEsE 2EFEY £ o, & AR, FEEAEE, 95, pH o
T8 DPPH radical scavenging activity, & ¥|& %S =743} inlet temperatureo] o}
= -

atolE WAL - BA G

B
B
2
o

R

: 40 mesh A 13] oFsle] A&
. Maltodextrin

e
Fi

L f 2 L

285 B¥A =45 : 40 : 159 HE&E EF
: 140 rpm, 25C, 13 h

B2 do 4z v
gy oo ot Ty
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o
_fOf

i

2= 800 g, &4 300 g

e
1=

c 3= 25 900 g,

o
e

)

X
T
14

oH

T

A

0.1 g& ZF 50 mLol &3I4 5008 3]

H
s

sle] Diameter, Zeta potential

°o]-&

=
=

- DelsaMax Pro(Beckman Coulter, USA)

g %9 mg gallic acid equivalents (GAE)Z +eR

X
T

el
wjr
oK
ol
o
uze)

o
N

=
i

—_

;o‘_

alo
i
Gl

B

o

3]

d AT

il

- A

T

g oiEwol e Az

)

—_
o

o

KN
=

2 H(Response surface methodology, RSM)

(Inlet temperature, aspirator, maltodextrin concentration)

o

AR 7171,

oo
)

N

g &% A

ad.

O *2 T=9 Ax

AEEW

seele A &

Zal 2 100 mesh A= 13 oA A

=}
=Y

3

B
o}

N
Ho
M R
B ajo

Fto.m,

}od 10,000 rpme. &2 38-37F #As

3

A7E o] &
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Z#2 FFHB0+0.5° brivdg FHTE ot} 2o] Hlggk ¥ shaking incubator (SI-600R,
JEIO TECH, Daejeon, Korea)S o] &3}o] 25C ol A 30&3F 140 rpme] £ =2 &3t

&3tE 899 maltodextrin (DE 14-20)8 Z+ZF 12, 16, 20% ¥l&= H7}3k
9 £ 2 1A T £33t o, o]F 10,000 rpmO. & 587 21 FA SR AL, overn
ight WRHH25C, 140 rpm, 14 h)< 3t HFAHRQ EFHEE ASE AxF

EF-A=x7] Mini spray dryer B-290. BUCHI Labortechnik AG, Flawil, Switzerland)E ©]-&3}
of FF BdS Azdgon, BRAzE 7z A8 A wet inlet temperature(*C)<}
aspirator(%)& 239

F BEFAZE AY FZ 49 240
) Maltodextrin concentration (%)
Ingredients (g)
12 16 20
Immature Citrus unshiu concentrate (ICUC) 9 9 9
Water 255 243 231
Maltodextrin 36 48 60
Total 300 300 300
| Immature Citrus unshiu juice |
(100 mesh sieve 1 time filtration)

!

Homogenization
(10.000 rpm - 3 min)

!

| Rotary evaporation concentration |

(34°C. 50 rpm. 50+ 0.5"brix)

Il

| Immature Citrus urnshiu concentrate (ICUC) |

!

ICUC (320) and water (77-85%0)
(Shaking incubator 25°C, 140 rpm, 30 min)

!

Adding maltodextrin (12-20%%06)
(Shaking incubator 25°C, 140 rpm, 1 hour)

1

Homogenization
(10,000 rpm., 5 min)

!

Shaking overnight
(Shaking incubator 25°C, 140 rpm, 14 hours)

1

| Spray drying |

1

| Immature Citrus unshiu powder (ICUP) |

I8, & 593 5 49 AxFAH=E
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FaxEd HAH3LE A AIAY

©
A

ethodology, RSM)& 2 A]
(BBD)& Ab-&-3te] A3

el EPHFXnNE 5 Ax%72 inlet temperature(X1)
AFE-3F maltodextrin concentration(%) 2.2 AA3}¥P 3, =9
A1, 0, +)2 F-353}5t) ).

=
)
rlr
rO

- g B 9
9} aspirator(X2), @9} &2
Aol ik A3 WMo

T

. Box-Behnken dAjo] A188 =3 W9 F&

Factor levels

Independent variable Symbols
-1 0 +1
Inlet temperature (C) X1 160 180 200
Aspirator (%) X2 90 95 100
Maltodextrin (%) X3 12 16 20

- FF Bgo SR Ao FR=A7] (MAS0. X2. A., RADWAG, Torunska, Poland)=
o] &3} 33] WHE =AY S

©® dA=A7], AEAS], AEEZE
- g Bgo] Hi dA A9 YAEEEE DelsaMax Pro (Beckman Coulter, USA)S o] &
3l dynamic light scattering (DLS) Qe 9J3) =3t om, Aebd (¢ -potential) =4
< DelsaMax Pro (Beckman Coulter, USA)E ©]-8-3}<] electrophoretic light scattering (ELS)
Aol oaf A%

- XE 225 SRl 1008 343 2 33 yHE S-S o, A=)+ diameter (nm),
AELA Q= ¢ -potential (mV), YAHEFEEE polydispersity index (PD Index)& e
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2M Folin-Ciocalteu’s phenol reagent(Sigma Chemical Co., St. Louis, MO, USA) 50 L, 35%
Na, CO, (Kanto Chemical Co., INC, Tokyo, Japan) 100 x L9} S5F< 750 ¢LE &35l
Aeo] QFao A 3087 vH-8-A 7 2.1, microplate reader(EpochTM, BioTek Instruments, In
c., Winooski, VT, USA)E ¢]-&3}c] 760 nmoll X FF=5 SAHF

- Z dE &2 tannic acidE o] &3l THE TFEIJALS 53 FFE FIeH, AlE 1g
%2 mg tannic acid equivalents(mg TAE/g@)Z e}

BAe BREA%7]9 inlet temperature(X1) <} aspirator(X2), ml| A7 <3S ¢Js8] At
P A2l maltodextrin concentration(X3)S SHWHFE HAASA L, SHHFZA
o] AZx FE(YD, FEFFHN2), FEIZHE(YI), = dAlE Y4, YA=71(Y5)
H 3l

|

f
i

ol
L

RE EAEAI A 3lE= Design Expert Ver.13 software(Stat-ease, Minneapoli

(452 AFdgn At HH)]
7h A2
DAYd A=
- 3-isobutyl-1-methylxantine (IBMX), dexamethasone (Dex), ¢1% ¥, Rosiglitazone, Oil Red O
powder+ Sigma-Aldrich (St Louis, MO, USA)ell A <43k

- Bovine serum (BS), Fetal bovine serum (FBS) Dulbecco’ s modified Eagle’ s medium (DME
M), penicillin/streptomycin (P/S)+= Gibco (Grand Island, NY, USA)o|A 43t

- AMPK ¢, pAMPK ¢, ¢}AE-CoA 7I2E4A2FAI(ACO), pACCA thgt &A= Cell Signaling T
echnology, Inc. (Beverly, MA, USA)ollA <3k

- p-actin 12+ &A= Thermo fisher (USAZHF-E T3
- EZ-Western Lumi Pico®} EZ-Cytox+= Dogen Bio (Korea)oll A4l <43
- B AP AMH 2 FEES AFEAAA AF v EEEE 2592 80T ol A

9 ATt FoF AXFE . AZR3 2Fuke Ba5te] 40 mesh 27| 2 A 8E 93 3, met

hanol& ©o]&3te] 10% s=2 FE3AF. FE2E 40T olstddA AdsHs st

ofo
i)
i
e
2
ol
2,
Y
o
%
o
3
-3
>
offt
i
l-'\l
BN

2) AA el B3 W A8
- A& o] A}83 M EZF= KCLB (Korean Cell Line Bank, th3tlH)oj| A EFuk-S mouse fibr
oblast®l 3T3-L1 AA|AZLE A3t} 3T3-L1 AW A ZE 96-well plateo]] 53+
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< 10% BS (Bovine Serum), 1% Penicillin-Streptomycin (p/s)e] $-f% DMEM #j =] ol 4 co
nfluent e 7}A] incubator (5% CO2, 37 C)oll A Wl FstH . =3} 2 Confluent el & Da
y-02} ®&7138tar, B3t/ =81 (0.5 mM IBMX, 1 M DEX, 10 xg/mL 1<d, 5 «M Rosigli
tazones ¥+ DIME wAste] 347 A2 & v gstAtt. 3= %, 3381
0 pg/mL Insulin and complete media, DPM)Z 183l 29 S F7]2 2145 v X2 w4 s}
HA 109714 NZE vjkstdt o] ZEEZ wal 0¥ 3 109714 AlZ ) PCE (50,
100 wg/mb, SR o] =(5, 10, 20 «M), FAA =< Simvastatin 4 M) =7} =2
A F7HE Aok A2 09 5FH 109714 10% FBSE X ¢+l DMEMo|| A vl &3}t

) AEEY 4

- 3T3-L1 A& 96-well platesoll &F3}3L PCEE U3t s =EZ A 23 ot Aol A
g]3tod 48A17F E}F v FetA . MEZEAEES MTIT HAe g3l S =AU, viAE AA
3lal, 10% Ez-cytoxE @i 37° CollA 3A17F F<F vl ks At platesE A A3 & 7+ well
o] ¥ ¥ formazan-2 450nm 3}7+e] ELISA microplate reader (Gordig, Austria)2 43t
=3

o

4) A=4 AAF (Oil-Red-O Staining)

- AZU AA #F2-2 Oil-Red-O Staininge A&t Hrlstddh 3 247 b2 5%
9 Zgtrxol=rl AHgd 3T3-L1 (WA EZE Ao = WA E A A3t PBSE A A3 o
< 10% formalin®. & 147 ¢+ 1A3IH T Ao ¥ ; =5 4;% o] &3te] NZE A
g o5 Oil Red O solution& A 2]3te] Ao A 1A1Zt & Ao AAEHTH G T
Oil Red O solutione A|AsIA SFT=Z 43 A AT s IncuCyte Zoom System (Essen Bio
science)S o] &3sto] #AZAs AL & 2 Total Red Object Integrated Intensity (RCU x
um* /WelDE A4 3FAT

5) AAEY Q] triglyceride (TG) &4

- Ay Ef Sy A gte] =(TG) $H3F-2 triglyceride colourimetric assay kit (BioAssay System
s, CA, USA)e} 1 A& R ol whet F&Fstatdtt 84 A 317t =% 3T3-L1 4|35 PBS
2 M| Hsta 5%9] Triton X100& &3k lysis buffer2 A|ZS &a13 5 #2338l 3000
xgoll A 5&EF A skt 7t MEe] il d w5 = Bradford assay 4] ¢F(Bio-Rad Lab
oratory Inc., Hercherlas, CA, USA)¥} 1 Abg&ubHol w2} A Fstgch TG $F3F-S calibratio
n standardZ bovine serum albumine] &% Zt @A Fo o3 A FsFAT

6) AAZEN =3 7+ 4 A

- Glucose uptake A& £317} 989 3T3-L1 AWAZE o2 3319} 3T3-L1 A
WA L E 96-well plateo]] HfF3IH L flolA A 3H | DIM Z2EFS AL-g35}¢]
B EHEE A tH2.2). B3V g5 AN Ee x9S @A77 95te] FBSHE

HA7vste] 12A12F v oFat ol o] & 2443 5 MES A st i gstATh. AAE
37C oA 3053 100 nM <&@l A7tk QU= 40 4M 2-NBDGZ i ¥atqich. 1 & A

II

.

rlr mlo

Z
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WA EE deA " 27F PBSE 3 Al H g o5 IncuCyte®ZOOM Fluorescent Microscop
e (Essen BioScience, Inc. USA)ZE #33 =& FFsla EA319)

7) T ol Qlskst 4l " HAL (Western blot)

- AL A3 271 RIPA (Radioimmunoperation Assessay) bufferg 3 7}ste] Qb

A o5 AAEEs A v T SiE S Bt A5 adud FE=
Bradford assay A]¢F (Bio-Rad Laboratory Inc., Hercherlas, CA, USA)3} 1 AR&-wrH ol wh2}
AEFstgth Y3 K10 p)el &= A8 sodium dodecyl sulfate (SDS)-polyacrylamide
gel (G A A= A7] 71F 10%)< &3t 223 s A7AdsS dAlste Eed &
W 2 -9- nitrocellulose (NC) membrane .2 oAzt o] ZHol® NC membraneS
5% skim milkE A g]ste] H]E0] 22l D‘r‘:‘"7§°ﬂ th & blockingS A Astar Zhzhel 1xF & 2
2k FAE At AT ¥l € & w4 e o] By k2 Chemi-luminesc
ence Bio imaging Instrument (NeoScienceCo.,Ltd.,Korea) Al-&3}le] #2413} o

8) A =7 ZAF (Molecular docking)

9 A= FHA T

10)

AR

&2} B = o] =(Hesperidin, Narirutin, Nobiletin, Sinensetin % Tangeretin)¢] ++Z+ SDF for
mat©. 2 PubChem databaseol A th&2 =3l 1 Futel(PDB ID; 2ya3d)e] AgH 84 A
MPK: PDB databaseoll A ZAM&Qth £4 =4S $13te] PyRx softwares 283}t
8- (Thr86, Thr88, Thr88, Lys126, Vall29, His150, Argl51, Lys242)& E&Aal Z+7; 24.4
0, 27.79, 33.09 =719 F3te] A H I o]F ZgtH - o]=+= A5 Dock Vina module2 A}
&3t AMPK9} A &3ttt AMPK-8]7tE W 2~E 2dS MAsle] EAsgon, 1 &
2 92 ZA o)l Pymol, Chimera, ligplot softwareS AF-&3}%3th.

H

4

o|N
A

%

% RNAE Easy-blue RNA extraction kit GNtRON H}o] @ H| &2 2], a-=)9} 71 AF&HH
whg} 7 22 o 2 HE B33l th RNA qualitys= Agilent 2100 bioanalyzerol 2]3 RNA 60
00 Nano Chip (Agilent Technologies, Netherlands)2 AF-&3Fe] =4 = 1t} RNAE ND-2000
Spectrophotometer (Thermofisher, USA)E AM-&3te] A ZFsstdth 23 437 RNAE
213t g}o] B8] 8]+= Ouantseq 3'mRNA-Seq Library Prep Kit (Lexogen, Austria)e} 1 Ab-&4F
ol wta} =3k th. High-throughput sequencing& NextSeq 500 (Ilumina, USA)S o] &
3R AL QuantSeq 3° mRNA-Seq reads= Bowtie2 version 2.1.0 (Langmead 2013)& A}-&-3}
%©. 1 Differentially expressed genes-2 Bioconductor version 3.0 (R. et al. 2004).2 A}-&3}
At RT (Read count) Hl°] €]+ GenowizTM version 4.0.5.6 (OcimumBiosolutions, India)-&-
o] &3t A 2|39 1L Network diagrams 2}/d-2 Cytoscape (version 2.7)& AF-83}3 01 ©]
© AR FHBAE FAFHLE B35t NetworkS AAslF= 4 &l Gene
l"i:TEr—E Medline database (National Centre for Biology Information, USA)ell ¢Jal] F&3tx

&

1

2E AY Ads 33 ol whE-ste] 3 (mean)+ EFHXHSD)E VR It SPSS Statisti
s (Ver.17.0; USA) &4 ==& %b] one-way ANOVAE A}-&3le] fo04d AAS AASHA
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ot o8 39 HlnE ¢35t Turkey's testE AAISFH o™, parel 0.05 =] TP < 0.05,
**p < 0.005 2 ***P < 0.0005)Y =) Aol Q= Ao E FAASAT

D AgA
- 2 ARoA AR XEd FEEL AFERANA AF Be TEE ZAFFA-L 80T ol A
9 AIZF Bk AxAL. AxF ZFure Baste] 40 mesh A7 2 A8 #9383 ¥ met
hanol& ©o] &3t 10% T2 FE3A5. FEES 40T olsldA TdssHs sty
s A3 AA F BT FANEE AAAS

- A® 100 xLol &< 1.5 mL¢} 2N Folin-ciocalteu’ s regent 100 «LE &3 9, 302
ZF volteing ated #2 3} gt} 20% Sodium carbonate 300 ¢ L& A7}t #A3} 3o}, o

2 A TN B T3S ARE HESAIZIT HESAIZ] A58 BFFEAE o] &34 76
5 nmol A EJ 58 =A3 ) Gallic acidE 52 Sds5HA 2 'é.f?} H, xF3Hoz R

Bl phenolic &S 4kt

- A& 200 xLo) ethanol 800 x«L<} 5% Sodium nitrite 60 L& F7}s+ & voltexingste]

A3lgith £33 A 55 AL 5827 ¥k A 71tk 10% Aluminum chloride 60 #L
st 72 ¥ 587 wkgAZIth 1M Sodium hydroxide 400 L A7} & 187 v+-8-&h a1
4 500 ¢ LE Hrishe] &3t} Quercetine 3 =EE FUA A3 F, 25
ZR¥ flavonoid &FS F4kso

@ DPPH free radical scavenging activity

- A& 70 «L<} DPPH Al¢F 140 ¢ LE E& | daolA 3083 ¥H-5-A171T. ELISAE
3tod 517 nmoll A FFEE SA T

DPPH free radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

@ ABTS radical scvenging activity

- A& 20 xLo} ABTS A9F 180 nLE 3 5 aolA 633 §-3-A121th ELISAE
sted 734 nmolA FFEE SHTH.

ABTS+ radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

(® Hydrogen peroxide scavenging activity

- A& 100 Lol 10 mM H202 20 L3} phosphate buffer (pH 7.4) 100 #LE ¥& &
st} 37 Coll A 583 ¥H-3-A17] a2 1.25 mM ABTS 30 L9} peroxidase 40 xLE Yl
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A\

!

et

gttt 37 CollA 1023t ¥h-&A1AH ELISAE o] &3t 405 nmollA 3 EE =

Hydrogen peroxide scavenging activity(%) = (1-(sample abs/blank abs)) x 100

SE2 AlFsFANA AT e FEu FHFAL 80T AA 9 A T2t
3] K= 493 & methanolg ©]

- PCE-] 8% #

s o
FERE AT o)A ddEHe AYste] SojE 4
= A S

AzskAs. A 2
&3t 10% s=2 F=3t
3 AlA F 80T <A

9
FEL S 53:HE 7 CO7BLI6E (g dEnto] e 2 RE FYste] 13 AF
=] 2=
= |

- a9
st oAt e AP FEANEHEE, 21£2C; 55, 45+10% HWET7], 12A17Dl A H
A7 F Aol A,

b oh.

ol

- o] AHFe ud MEST AZFH P 1Y HHAoE 2T 7

- BE ARS AT sEL4F 52993 (ACUCC; Animal Care and Committee of Jeju

- =

National University)e] A% (Approval No. 2020-0047)l wh2} <=3 3} 31t}

@ Azl A4

- AYFELS 1573 Bel(Pellet) Fej2] 2 o](Chow die)E Al F-3ted AFSEA | H-3A20 &
3] ®H(Randomized complete block design)ell &3] Z} 15 o2 Yo 2335 tHScheme.
D.

- AREA B FAA o), BE A A= AFH A Z2I9 Fo bl SPSS
packate program (Statistical Package for the Social Sciences, SPSS Inc., Chicago)< AF8-3k

o AEHAH.

- ZF & 2] H Aol g ol AR S el A EAHEAone-way analysis of varian
8



ce(ANOVA) & A AISHA I T 2] Aol ©3ke] thaH 974 (Duncan’s multiple range

tespoll o3l p<0.05 o]/l FFol A AFAAR S AASAT BE Aades HAdExFA
[mean +S.E(standard erron)]& A&}t
T A=A & 7 A <=
CD A= 242 o](Chow diet, 4.8% fat wt/wt) ] 8
HFD IAYAL R T A A2 o] (High fat diet, 60% fat wt/wt) T 7
ORL AT =T HFD + Orlistat (10 mg/kg B.W) &< 7
HES-p HFD + Hesperidin pure (100 mg/kg B.W) 5¢ 7
PCE-L AE T HFD + F#23F%%E (5.3 mg/0.2 mL per mouse) ¢ 7
PCE-J HFD + ¥#3%% (100 mg/kg B.W) I 7
Normal :
o HFD induced
C57BL/6 mice ot ing
A.daptallﬂ-n 10mzke 100 EkKE I6.5meky 10ime ke .
CE7BL/6N
> | Duration of the treatment 10-Weeks
I : -:-{ Sacrificed
A . Recording daily food i i
6-Weeksold Week-1 ttake and weekly Weel0 S‘ﬁeekﬁl} &
T ernm, Liver, Adipose
Body waight GIT tissue & Feces
ITT
v
In Blood In Blood InLi In Li In Muscl InF
. T:;,cr . G'ITD purlr}ml.gtrx ENA Eeql:.:nr.dng ntclllr:c = = ! %
= TC, = ITT p-ACC, ACC Analysis . Total » Adipose tissue
- HDL, - HOAIAIR HAGCER, cholesterol
- LDL SREBP-1, ACAT . TG
{Scheme. 1) The classification for each group using the C57BL/6 mouse
3) uivt a537}
O A5, &9, Ad 2 Arsd 34
- AFEH EHe 139 oz dAHIZ Azt =AHs L S5
- A9 FTEHL YRFELS AT B4 F HAAAT
9 woh ) A 22)e 75

- goje 94l Pstel @4e RS, 2ARY 2%
o Z7F BAE 98l -80C UE nBs,
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@

ol o AAAE W 24

A S o] &3ty A @Al FAAA(TG), Zd 28 =(TC), high-density lipoprotein (HDL)
2 Jow-density lipoprotein (LDL)S =73}t

- TG+ EnzyChromTM Triglyceride assay kit (BioAssay Systems-ETGA-200, USA)E A}-&3F

)

31, TC, HDL ¥ LDL-2 EnzyChromTM AF HDL, LDL and TG assay kit (BioAssay Systems-E
2HL-100, USA)& o] &3t Z47+e] A3 S MPstgon, F3EE FTE3ZEAE o &
&tel 570nmell A Skt

r\l

A 2

b4
.

H~l

e FAAATE 2 =428 =(TC) 54

W FHzEE 2 AL & A2 Folch 52 W& 4, Haste] S4s}

H:l

3R r\I

=, 7tx2] 50 mg< #H3 ¥ 0.5 mL PBS¢} 0.5 mL [Chloroform : Methanol (2:1)] &<-&
47Vsto] Tissue lyserg AR8-8le] 30Hzol A 28 B3 A 3sl Aok,

2 YL 12,000rpm, 4C oA 2087F AAEZE Z 400 pl o A=H-S F3) 65C heating
block©. 2 2A17F &9+ AZAIZ1 3 100 pl o] DMSO & o2 thA] &3jAA 8 28 =3
FTAAE A Fol| AREsEAT

Z]

A==

H Y FH2EHE 2 F8AE §F 542 Folch 59 HE 54, Bgste F23HA

A
g

$

IN

=, AxE EHEs AAPL Zol 0.5 g& FH3 = 2.5 mL PBSE HUlbstd 2 £33 &
o} 7]o] 2.5 mL [Chloroform : Methanol (2:1)] €948 HA7}lste] F=314th

FEHE 2,000rpm, “F-2olA 1083 A8 & FSHE F3) syringe filter2 of 3}
a1 65C heating block .2 6A1ZF &<t AZAIZ1 £ 100 ul ] DMSO &d o2 Al &3 A
A FUHEHR FAEAED Aol AHESA T

Western blot analysis
HEE 2%) 258 50 mg A% F DUARHEL AAAE FHTF DAY 27HE 500
uL.e] RIPA buffer (20 mM Tris-HCI pH 7.5,150 mM NaCl, 1 mM EGTA, 1 mM Na2EDTA,

1% NP-40, 1% Sodium deoxycholate, 2.5 mM Sodium pyrophosphate, 1 mM NaVO4, 1ug/mL
leupeptin) &S H7}sle Tissue lyserg AR&3Fe] 30Hzo| A 28 &2 +2 33T

ol

A -5 12,000rpm, 4T ol A 2023F AA R st FFHel 9

rr

% v e gelsar

FE e @l F= = Bio-Rad @2 A& A 2k(Bio-Rad, Hercules, CA, USA)Z} 1 A&
e wel % 3 -3 39| Laemmli sample buffer (Bio-Rad)E 43014 sampleS Tt
St} olgA 5] 2 sampleg sodium dodecyl sulphate (SDS)-polyacrylamide gelg ©]
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&8ty Ards oz EAFl wel £223 o= electroblottinge A A st E2ld T
< nitrocellulose membrane (Schleicher and Schuell, Keene, NH, USA)©S. 2 Z o] A]Z T}

- @ o] Holg nitrocellulose membrane-g 5% skim milkE A g]ste] v 5ol TS
of th3t blockings AAskaL ztzke] 1 8 22F A& A gfsho] wH-SAFA T

- Hk-g-o] ¥ & Chemi-luminescence Bioimaging Instrument (Neo Science Co., Ltd., Korea)
ol 41 Enhanced Chemiluminoesence (ECL) solution(Amersham Life Science Corp.)= -84
1 O3 ZBAA EA aide] oy s A4 5AT

O 9H3=7H A} (Glucose Tolerance Test; GTT)

- FEIIIEAHAMNGTD = €4 U xE90o] AlX Y2 FUH
2,5 A= AT FTES UA AAR 3 S 0.2 m )
0 g/kg, Sigma, USA)S A5 3 30, 60, 90, 120% Ao 2 njydo 2 HE z|E s}
dF& SAsIH

a9

@ ¢l<&d8 7+54 AAF (nsulin Tolerance Test; ITT)
o148 7+A A A (Insulin Tolerance Test; [TDE A4S ES 6A17F A A7 3 <)

(1 IU/kg, Sigma, USA)S E7FF<o & 30, 60, 90, 120% 7tA o2 w|H A
g8 A3y

@ Jded A HAF (HOMA-IR)

- ol<d X34 A= mouse insulin ELISA kit (Crystal Chem, USA)S AF83te] = ¢
FEE A3 & the homoeostasis model assessment of insulin resistance (HOMA-IR)

HOMA-IR = [(glucose (mg/dL) X insulin (uU/mL)/405)

)
M
!
N'E
J{>

=9 in vitro ¥4+ks} &

off

- 223 S AFFRL FE AKo2HY FAEFG oM, HEHLS 2700 x gollA 20&
By 3 A28 whatman No. 2 o720 o3 & -80°C ol A] 575550}9}%_

- Fgut ZFEAL 80T oA 9 ARt Bt AxEE S AxT FEFe B3t 40 mesh =
1= NBE #Y3 F, methanolg o] &3l 10% $E2 F23A 3. FE2EL 40T o3}
T5e AYsto] §ulE A3 AA F B0CoNA F2AEE A=

ol

- Sigam-AldrichAHSt. Louis, MO, USA)Z%-¥] narirutin, naringenin, hesperidin, hespseretin<
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T4ste] in vitro 43t A Aol AHRSHSE.

2) A3

O % = FF

- A& 100 yLel =75 1.5 mL<} 2N Folin-ciocalteu” s regent 100 ¢LE& 3
ZF volteing ate] #23} gt} 20% Sodium carbonate 300 ¢ LE H7}ste]
Ao A 1A 5o 333 A8 E v A7t HH2 A7l A REE B n
5 nmol A FFEE A I Gallic acidE s=HE FYsA A H, 3
E] phenolic o< 24ttty

EIJJ
T

w
o

I3
£ 3 2 P

N oot

oo
ol r_O‘ll, jﬂ;
o

=
o
<

B
AN
,|J
2
o
f

@ % Eepnwols ¥

- A& 200 Lol ethanol 800 «L<e} 5% Sodium nitrite 60 L& F7}$+ 3 voltexingsle]
At £33 A5 S Ao A 583F vkg-AZIth 10% Aluminum chloride 60 «L &7}
0}—’ 2 & 587F 9k-8-A 71t} IM Sodium hydroxide 400 L 7} 3 183 ¥b-&-3la =

T 500 xLE A7lste] £33t} Querceting TEEE U3 A AF3 5, FFA o
—,—E1 flavonoid &S 4kt

@ DPPH free radical scavenging activity

- A& 70 xLe} DPPH AJeF 140 ¢LE EFT F Aol 3023t vH-3-A1 21t ELISAE ©] &
&tof 517 nmoll M FEEE SR

DPPH free radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

@ ABTS radical scvenging activity

- A& 20 xLoF ABTS Al9F 180 uLE &3 H ¢haolA 623+ ¥--3A 71tk ELISAE ©]-&
shel 734 A FHEE FH L

ABTS+ radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

(® Hydrogen peroxide scavenging activity
- A& 100 Lol 10 mM H202 20 L3} phosphate buffer (pH 7.4) 100 «L

e}
o}, 37 ColA 583t H‘f&/\] 7131 1.25 mM ABTS 30 xL<} peroxidase 40 #LE %2
sko), 37 CollA 1083 ¥H-8-A1A ELISAE ©]&3la] 405 nmolA FFE=E A3}

i
oy

Hydrogen peroxide scavenging activity(%) = (1-(sample abs/blank abs)) x 100

® Hydroxyl radical scavenging activity

- 10 mM FeSO4 - 7TH20 200 «L, 10 mM EDTA 200 «L, 10 mM 2-deoxy-D-ribose 200 xLE
Y=tk AlE 200 «Le}F 0.1 M phosphate buffer (pH 7.4) 1 mL, 10 mM H202E ¥ 1 &%
o 37 CTollA 1A ZE BEgA T HEg-&HoA 1 mLE & & & 1 9389 1 mLof| 2.
8% tirchloroacetic acid (TCA) 1 mL<®} 0.4% thiobarbituric acid (TBA) 1 mLE Yol& & &
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e, BE 2ol 1083 WA F Aeo|x W2 395 xgol A 587 A4l e
NAZ F BRREAE o] 8a4 532 nmol A FREE ST,

Hydroxyl radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

@ Superoxide dismutase actvitiy (SOD) : SOD Assay kit-WST

- 96 well plateE AF-&3te] A& wellZ blank 2 wellell Z+Z} sample solution 20 ¢ L& 211,
blank 13} blank 3 welloll= ddH20 20 L& Yo+t =& welld]l WST working solution
200 LA Yo I Esle] &gt Blank 22t 3 welloll= Z+2} diliution buffer 20 L2
Yol Fg e oz Egsf=r}. Sample well¥} blank 1 welloll enzyme working solution 20
LE Yo} £&3t}. ol enzyme working solution®] £o]7}kmka} superoxide aniono] 343
Heg Folgokgit), E33 96 well plateZ incubatorol| A 37°C, 2083t W34 A Zt}. EL
ISA readerg AFg3le] 450 nmolA FFE=E SA 3

SOD activity(%) = [(A blankl-A blank3)-(A sample-A blank2)]/(A blankl-A blank3) x 100

SOD activity Sample Blank 1 Blank 2 Blank 3
Sample solution 20 xL - 20 nL -

ddH20 - 20 uL - 20 nL

WST working solution 200 «L 200 «L 200 xL 200 «L

Dilution buffer - - 20 uL 20 uL
Enzyme working solution 20 xL 20 uL - -

Reducing power

- A& 1 mLell 0.1IM phosphate buffer 1 mL3} 1% potassum ferricyanide 1 mLS ¥ 1 &35l
1}, Incubatorell A 50C, 203t ¥H&-A| 1T} HPQ/\]ZJ A= 10% trichloroacetic acid (T
CA) 1 mL #H7F & &A1t} wkS-&Ho A 4= 2 mLol dw 2 mLe} 0.1% ferric chlori
de 400 xL& go] &3ttt FaoA] 1023t BH3AIZ & £33 54 E AFE-3tod 700 nm

NH FF=E =43} L-ascorbic acid2 A&E LA A3 ste] vl w3},

3) g - g&xa FEE2 Flavonone &3 4

- EFA 71 Beol =% = Hesperidin®} narirutin®} aglycone & el <1 hesperetin, narin
gening 4

e

FzE=E4d
- Hseperetin, hesperetin, narirutin, naringenin £&%2-& DMSOE o] &3} =2l ¥, YA
TEE 3N 3 AES

@

HAE

At
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- PMP, MP, PMJ, MJ 52 A ZE 28 DMSO°| =4 Stock solutionS A %3}, methanolS ©|
L35t AT TEE2 O] A5t BEA o A

ol

HPLC Conditions

HPLC Agilent 1260 Infinity II HPLC
Column Pursuit C18 (250 * 4.6 mm, L.d. 5xm)
Detector wavelength 280 nm

A : 0.1% formic acid

ol e B : Acetonitrile (0.1% acetic acid)

Flow rate 1 mL/min
Injection volume 20 pL
Oven temperature 35T

0-10 min : A(78%), B(22%)
10-35 min : A(39%), B(61%)
35-40 min : AW0%), B(IOO%)
— B4 & 1583t washing & o2 24 23

Mobile phase condition

o

rlo

- 3 g AYAFEEESY 20% - X2 g AYgAFEEESS vg)
_Zl_

oA AZwot AT,

@ 5 A
ol oSty ABHOR AT FeIs S WS AR ARtHTh

7 AYHRoM A4S AAY

|
>
{
i
N
N
rlo
Do
(@]
[\
—
L
—
C>
w
(e}
e
—
Do
mﬁg
—
(ee]
e
N
A
o
\]

A% BA(nbody), A 2 BRAWL Bka] A s} dgol Ed AxY
ARZANE A Z AT,

- X8 @ AgAF £ X2 g s AGAFS 25 0o, A= M o &
hel AFe AHst=ES st
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ESC N

[20g 2 4 44AE] E—

=,

s
)

> ol
E I Duration of the treatment 7-Weeks
} >
Week-0 Week-4 Week-7

«  AA4% #4 (Inbody)
|—> . HAEqYddelEA 24

+ AT FEYIA

[ Experiment design ]

- A Al 2 AR FE AR 4 7](Inbody 570, Korea)E o]%o}oq 176 o B
g JdBolgde SAE AHEStY FYe ARV 2H =4

- QB A} B EAe] BEAN A LAL AAS AT, ALY LA A AL 2
ol £42 o] s,

- RGN FH o 2= HF x @A E(Total cholesterol, HDL/LDL-cholesterol, Fatty Acids, T
ri-glycerides $)¢t &5 T2 E(Apo Al, Apo B 5)E 43t Ath

Q@ FA A

-2 A3 dojd BE B AE5E HF+EF A mean+SE)E YERY 212, One-wa
y analysis of variance (ANOVA)E A-&3te] o4 HAA S AAsATH w39 vlug 9
stod Turkey's testg& AAISFF 2™, p ko] 0.05 ==k £ YAl Ae Aor Ads

At

e n}i

np, EF A oldA + VMRS FEE9 in vitro FA3F &%

D AJA=

- %8 44 oA + 7}

B
I
x
T
i
o
>
1l
fu
ok
2
o

7

2) AFYH
O F =9
- A& 100 xLel &7/ 1.5 mLe} 2N Folin-ciocalteu’ s regent 100 L& &3 H, 30x
7k volteing ated #23} &t} 20% Sodium carbonate 300 xLE H7}ste] #23} 3oy, &

&

e

| =

o

K
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2o A TN B TR A RE HESAIZITE HESA|
5 nmell A §3EE =43t Gallic acidE &
Bl phenolic &S ST

@ F ZgH%o]
- A& 200 Lol ethanol 800 L%} 5% Sodium nitrite 60 « LS H7}3+ & voltexingsle]
233t} £33 A5 E A2 A 5E7F vk A]ZIth 10% Aluminum chloride 60 L 7}
3lal 7@ & 587 w3 A171tk IM Sodium hydroxide 400 xL A7} & 183+ w83} a1
500 xLE FH7lske] £33l Querceting FEHE FYU5A AP H, 254
ZR¥ flavonoid &FS F4ikgho)

(r
o
ol

o o[N

@ DPPH free radical scavenging activity

- Al= 70 xL9} DPPH Al¢F 140 ¢LE &3 F Aol 30837 #3171t ELISAE o] &
5ted 517 nmol| A EF == =A30}

DPPH free radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

@ ABTS radical scvenging activity

- A% 20 L} ABTS AJ9F 180 «L
sto] 734 nmell M FFEE SH R

Tl

33t 5 a4 6E7F v A 71T ELISAS o] &

ABTS+ radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

(® Hydrogen peroxide scavenging activity

- A& 100 Lol 10 mM H202 20 L3} phosphate buffer (pH 7.4) 100 41L& ¥ &
Sk}, 37 CollA 5837F ¥Fg-A1 7)1 1.25 mM ABTS 30 « L2} peroxidase 40 ¢LE ¥l &3
Sit}, 37 CollA 10E37F ¥H-8-A1# ELISAS ©]-&3la] 405 nmo| A §3F =5 A3}

Hydrogen peroxide scavenging activity(%) = (1-(sample abs/blank abs)) x 100

® Hydroxyl radical scavenging activity

- 10 mM FeSO4 - 7TH20 200 «L, 10 mM EDTA 200 «L, 10 mM 2-deoxy-D-ribose 200 L&
Yok A& 200 #LeF 0.1 M phosphate buffer (pH 7.4) 1 mL, 10 mM H202& ¥ &3t
ot 37 Coll A 1A W3 AT ¥hg& R oA 1 mLE & @ § 7 958 1 mLoj 2.
8% tirchloroacetic acid (TCA) 1 mL<®} 0.4% thiobarbituric acid (TBA) 1 mLE ¥ol& & &

g BE 2o 1087 WA F Aeos WA 395 xgol A 587 U4l e
NAZ F BBFEAS ol §M 532 el A FREES ZHIT

01& _1

Hydroxyl radical scavenging activity(%) = (1-(sample abs/blank abs)) x 100

@ Superoxide dismutase actvitiy (SOD) : SOD Assay kit-WST
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- 96 well plateE AFg3le] Al well¥} blank 2 welloll 242+ sample solution 20 ¢ L& 211,
blank 134 blank 3 wellell&= ddH20 20 ¢L& ¥ol&Eth 2= wellol WST working solution
200 ¢ LA Yo mslelsle] &332t} Blank 29} 3 welloll = 242} diliution buffer 20 LA
ol gy o2 33+t Sample well#} blank 1 welloll enzyme working solution 20
LE ¥o] &3t} ol enzyme working solution®] o] 7}Ar}2} superoxide aniono] A§ A
Heg Folsokdttt, £33 96 well plateZ incubatorol 4] 37°¢C, 2083+ ¥H8-A|AZt}. EL
ISA readerg& AFg3le] 450 nmolA FFE=E SA ST

SOD activity(%) = [(A blankl-A blank3)-(A sample-A blank2)]/(A blank1-A blank3) x 100

SOD activity Sample Blank 1 Blank 2 Blank 3
Sample solution 20 uL - 20 L -

ddH20 - 20 uL - 20 uL

WST working solution 200 u«L 200 u«L 200 uL 200 u«L

Dilution buffer - - 20 uL 20 uL
Enzyme working solution 20 uL 20 uL - -

Reducing power

- A1% 1 mLell 0.1M phosphate buffer 1 mL3} 1% potassum ferricyanide 1 mLS 23 &3l
<=t} Incubatoref| A} 50C, 203t RESAIZITE RESAIZI AlEe 10% trichloroacetic acid (T
CA) 1 mL H7F & AT g8 do A 45 2 mLol dw 2 mLe}t 0.1% ferric chlori
de 400 ¢L& Yo E&TT. gAolA 1023 WH3AZ & BFFTAE AHESE 700 nm

NH FF =S =A3I ) L-ascorbic acid2 AAE FLsA A3 ste] vl w3},
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3. AT ALAA +9 A3} P BE 2 A=
CERERE E e

[F& AFIE2HR D]

= 3T
o =

ZfH ol s,

3x.

Narirutin, Naringenin, Hesperidin, Hesperitin

A7 Ege| ¥ Z2vlE € ¥ Skl Narirutin, Naringenin, Hesperidin, Hesperitin®] #4] A=}

% Z 99 =(mglg) % Zg}H o) =(mg/g)

08 07 08¢ 199 08 07 08¢ 199
il 1.87 1.59 0.92 0.72
1008 : : : :
EEE
2950 1.89 2.01 0.83 0.8
%2 2.34 156 0.97 0.55
1930-1 : : : :
E4H
“08.1 1.8 2.62 0.79 1.26

Narinrutin Naringenin Hesperidin Hesperitin

08¢ 07¢ [08€ 19Y|08Y 07Y |08 19 [08€ 07Y |08 19% |08 07 [08Y 19Y

h=paa=)
1008 388 282 0 0 342 299 0 0
#Ee 304 255 0 0 300 316 0 0
2259
22 547 337 0 0 364 307 0 0
1930-1
B4k
“08.1 591 558 8 10 345 332 0 0

-

4

o9

- AANE Aol w0 JRe) Faro] vrold e
o A7lel F3stel Ausstelcl 2o £82 o
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a3

A== 1 = T (Crerees constiics) DNA sequence SHEA1 =44 @R
=HE-1e 344/346(F9F%)
Exr 12% rfboscrnal RMA pene . partal regmance: intarnad transcribed spacer 1. S_AS ribasomal BNA gene . snd (nter el
b e o e e e e S
211008 ' 344/346
h=)
99%
) | =F@(Citrus unshiv) DNA sequence 3840 E4 T
wnei-19 ] 254/258(98%)
iy - TR Pe— : O ———
e e i g e
] = - 254258
e 22272 o o | 989
JEEELISIEER 0
PEX] [ EF@iCitrus unshic) DNA sequence 283 B4 W
Y ! 346/349(999%)
445 it SA e, partiad samuencey imvarmal Srarnscribed spocar i, S.A% riboscmel HAA gens, and imtarnst
e 3 e sequerce; m 185 st A e, et eource
== 346/349
2 %71930-1 SRR 99%
0
P | S a(Citrus unshiv) DNA sequence tH8 38 B4 Wk
&9 I 347/349(99%)

E4H2]598-1

amtane ki 28 b 1,8 ol LR A
Tranaceibed spacer 1. complets seguence; snd 383 ribosomal RMA groe, partis! sequence
S 10 NIRSRAMLL Loy 838 e b

347/349
99%

206
(g4

s E | eFmcins unshiv) DNA sequence 2848 £ Wt
air-20 I 34T7/349(99%)
[ votats v 58 105 Fitmsomsl AHA gore, partial srauencat L p—
a S o g v
s o g it v

347/349
99%
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| S

[FF1A TSt ASHEEHD)

O Fg9 94
- 6 kg o r V¥R AHEI & 3 aAFo2 U@ 2 kg &)

- 37 shud B+ FA= 85.1+£3.1 golH, 1 5 AF2 65.9+1.9 g(77.4%), 3+ 19.2+1.

3 g(22.6%)°1 =

% 443 B9 A

IME %A@ 2AE EAR 3HE FAQ)
No. | #% | &9 | &4 | #% | @9 | ¥4 | #% | @49 | ¥4
1 45.8 13.6 59.4 52.0 13.2 65.2 51.8 13.7 65.5
2 47.0 17.3 64.3 53.2 16.3 69.5 53.7 16.0 69.7
3 50.5 14.0 64.5 53.9 14.8 68.7 54.4 16.0 70.4
4 54.3 12.1 66.4 55.5 15.4 70.9 58.3 17.3 75.6
5 54.6 17.0 71.6 55.9 13.5 69.4 59.3 22.6 81.9
6 55.4 12.4 67.8 56.2 15.7 71.9 59.8 16.4 76.2
7 57.8 18.9 76.7 57.7 17.2 74.9 59.9 14.4 74.3
8 57.8 14.2 72.0 57.9 20.5 78.4 60.6 17.4 78.0
9 59.8 17.4 77.2 59.5 15.8 75.3 60.9 21.3 82.2
10 61.3 18.8 80.1 60.6 16.6 77.2 61.1 19.8 80.9
11 61.7 21.3 83.0 62.4 15.3 77.7 61.2 18.8 80.0
12 62.9 21.9 84.8 63.4 15.3 78.7 62.5 18.8 81.3
13 65.1 174 82.5 64.1 19.2 83.3 62.6 19.7 82.3
14 66.4 14.3 80.7 65.1 22.3 87.4 64.4 18.0 82.4
15 67.1 17.5 84.6 65.6 19.3 84.9 66.4 19.1 85.5
16 67.6 17.8 85.4 65.7 17.2 82.9 66.6 20.1 86.7
17 68.4 18.2 86.6 66.7 20.8 87.5 68.3 17.2 85.5
18 70.6 21.3 91.9 69.6 17.4 87.0 69.1 22.5 91.6
19 71.1 16.6 87.7 73.4 26.9 100.3 70.2 24.3 94.5
20 72.7 20.7 934 74.8 19.8 94.6 72.1 20.5 92.6
21 74.4 19.6 94.0 84.3 34.5 118.8 72.3 27.9 100.2
22 76.1 19.0 95.1 99.8 30.2 130.0 88.0 25.4 1134
23 81.0 22.4 103.4 104.9 28.9 133.8 99.8 28.3 128.1
24 90.9 24.8 115.7 110.7 37.3 148.0 - - -
A 1,540.3 428.5 1,968.8 | 1,632.9 483.4 2,116.3 | 1,503.3 455.5 1,958.8
R 64.2 17.8 82.0 68.0 20.1 88.1 65.4 19.8 85.2
Hx} 10.7 3.3 13.3 16.3 6.6 22.4 10.7 3.9 14.0
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£ 783 B3¢ BF T

AE 75(g) 73] (g) A
1 64.2 17.8 82.0
2 68.0 20.1 88.1
3 65.4 19.8 85.2
o 65.9+1.9 19.2+1.3 85.1+3.1
H] & 77.4% 22.6% 100%
g 4 FAE EX(AP)
FA 14 E 2AE | 3NE | BEX% A A
50g 1 - - 1 1.4 XX XX
60g 4 4 2 10 14.1 14.1 10 XX
70g 4 8 5 17 23.9 23.9 17 17
80g 9 6 10 25 35.2 35.2 25 25
90g 4 1 3 8 11.3 11.3 8 XX
100 1 1 1 3 4.2 XX XX
110 1 1 1 3 4.2 XX XX
120 - - 1 1 14 XX XX
130 - 2 - 2 2.8 XX XX
140 - 1 - 1 14 XX XX
- 6070/71% 42071%
[0)
A 2471 24 23 71 99.9 84.5% (84.5%) (59.1%)
Dz 820 g 88.1¢g 85.2 g 86.3 g
@ F#e #98 Fehuwols FF 24
- FFS 07 38y Hu 2 By 3§ 1.5 kg, #9 0.5 kg
- A8 GANAHLFAGE)E F5e 30, HulE 602 2
FHL) FH
99 o 9 Sajole) Mol BaE Fel-dH F )
l BB FZr} 33 (Y BeH)
3} o 1 YA B Fu-iol FHHAE @
B4 52 290 nm
DZ«’% é o hesperidin
narirutin
R
NS R Y Y e )
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i

q g

oN

- 330 nm

0,025

0.020H

0015+

AU

0.010+

0.005

0000H—"

nobiletin

b

\

sinensetin

\
L

£31.469

33.647
35.164
36.010

%

tangeretin

/

—
5.00 10.00

(I —
15.00

— T — T
2000 25.00 30.00

Minutes

— T
35.00

a9, £ o

£9 HPLC 2 2vlEO%H

- Narirutine] AA Ze}H -0l =9] 24.2%, hesperidine] AA 2] 75.6%= =}A|

- PMF+= A9 0.2%° &3

- Narirutin®} hesperidin®] monoglucosides®} aglycons= 7 &% A

- 93 Fo F FHHREolE FE & 25509 uglg fresh weighto 2 #-5-29] 2125 4 g/g fresh

weightol] H]sle] 124]

]
o
A =t

o}

ey

- PMF(sinensetin, nobiletin, tangeretin)+= 3] ol A%k AZH <

® EXE A5 FYAE) FY EFEolE FF

SR ol= & (ug/g fresh weight)
ZERxolE
RS )31 @7
Narirutin 797.4 5,197.3 1,790.1(24.2%)
Hesperidin 1,328.5 20,242.2 5,595.7(75.6%)
Sinensetin - 8.2 1.85
Nobiletin - 43.8 9.88
Tangeretin - 18.0 4.06
Total 2,125.9 25,509.5 7,401.5(100%)
*2 Uig 7A@ 65.9(77.4%) 19.2(22.6%) 85.1(100%)
® %2 NE F FEIF =24
- FE ANRY FEYF 34 A, £F HFoAY FEFTFOl 24%E =S
- FE Juo FEFFS £ ASEY 47% 3=
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E. X2 I35 Ay FELF)

I 9] &
T %) 92.4 87.7 89.5
¥ X2 H5F JHE) FY SHEolE FHHAERE B4 3D
EgdRwol= & (uglg dry weight)
EHHrol=E
5 33 A
Narirutin 10,492.1 43,311.8 17,905.5(26.0%)
Hesperidin 17,480.3 164,794.0 50,755.8(73.7%)
Sinensetin - 66.8 15.1
Nobiletin - 356.6 80.5
Tangeretin - 146.5 33.1
Total 27,9724 208,675.7 68,790.0(100%)
@ =} vsR(ER) T FgRolE I
- 237 Fo| F8 TRl =(ZEhlE S8 ZAe] =)= hesperidina narirutine] 1.2
o, njg A H O 2= sinensetin, nobiletin, 3,5,6,7,8,3 ~,4 ~ -heptamethoxyflavone, tangereti

- Hesperidin3} narirutin®] &

2 AA7%

RS >

=1

o ghey) B} FFo] 747} 232019} 2.34u] =ghTh uhEbA
& A% FehuolS HolzM $53 AR/t B £ Ug

- &2 2549 hesperidin &2 23 2oy, narirutin®] 32 2=, ©]= hesp
eridinell Hl3 narirutin®] SAo] o} 237d F2 AF7E HED w] T2 o] FHI
7] W&ol A+
E. SR vsIHER) TY STHEolE FF
& uglg dry sample)
TR o=
g3 > XE FFy
Hesperidin 21,898 + 108 50,822 + 662 49,731 = 808
Narirutin 7,841 = 92 18,359 + 275 12,969 + 165
Sinensetin 125 = 0.9 289 £ 1.0 145 = 0.6
Nobiletin 588 £ 2.3 1385 £ 4.9 771 = 1.0
3,5,6,7,8,3 " ,4 ~ -Heptamethoxyflavone 544 + 39 108.7 £ 3.0 69.3 = 0.8
Tangeretin 418 £ 2.1 73.2 £ 2.6 50.9 £ 04
Sum 29,908 0 69,530 + 896 62,912 + 907




© X234 d=3 Hy Fo| ST ol I Bl
- XE Aye g3 ARG F2tEeolE FEFo] 3508 ==

- Narirutin-& 4.66%H, hesperidin& 3.29¥] %<

- PMF &4 569.9 > 178.2 (3.28) =2)
T o] 7

- x8
v o

o
5

=D
rlo &
A
M

o)t e 0.207 g/g dry weight® HAx%
Wb 943} 3hy] o= 0.059 g/g dry weight® A %%

ol 20.7%° sF= =
o] 5.9%°l 33 E

SHureT EgdRrol= FF(uglg dry weight)
*2 37 s 3y 2955
Narirutin 43,311.8 9,284.4 4.661H
Hesperidin 164,794.0 50,027.4 3.294)
Sinensetin 66.8 18.9 3.53%H
Nobiletin 356.6 103.8 3.434)
Tangeretin 146.5 55.5 2.634]
Total 208,675.7 59,490 3.504H
© ¥E }FYH %5 Fo| Bepricols FuF B4
- 2 d=60g<HFAIK100g) °F 3 kge 1 kg& U+ sets) AAAE 45+

- 9F 500 g A 7HH& HAZIAILAdEGEFNE E4099%)

S Ad SEAGEBR 2aF 42 AE5 FEAY FFew L)
- 2FAL 470 AR Bl MAUA BAAZ AFuAZ o))

. FE 948, FFY, AFY, A2AF, AzoH(ge IF B I

AEQR ZEF4(Q) 2EFHHg) AzARNY (@ | A=AIHg)
13] 967 709 258 493 216
23] 968 674 294 472 202
33 976 692 284 493 199
Ht 970+6 692+18 278+19 486+12 206+9
Hl & 100.0£0.0 71.3+£1.9 28.7+1.9 50.1+1.2 21.2+1.0
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7HE HAZIAILAdGENE £ AL 5 FEVE HAL, A 37 o4

B 23R HFA A oS FP-HFAS FFgo] v T PEAN B A7}
T Bask g2 AFNE AFNS dehin] dearstd $g. HFNS A BuA o ¥
7} ol Fo1 %, Wk of AFAL ofYAF FEHY ANRE A B BIE H
Fol BrlhER). AF A O ol FHo BaF A,

OElTJr‘:‘L AzAF}A Fo] FgH ot EX
< 28.7%° EHSAIRE SefH s olE ke 54.2%
o

Az A JADL 3 5Fe oy Rk olE e ko, 3] hesperidin
o] o] &A% hesperidine &l gt & =7}t wf-¢- 27] wjEoll wA|G=tel @o] o}
e Aoz F44

O

, A2 TA L 70.2% B FHAAR T F STEolE IS 33.6%2 FA tiH

i)
FH-olE FFS S

we

- WA 23F AF F OAFY F U4 YAE Az 85T Bast I
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. EE AE, AFY, FFY, AXAIE, AZRAH(Y Fo| SZFHEOE FE
E R xolE FFF (uglg fresh sample)
Eg R olE
4E 2EFY ZrEat Az 3 7z 7t
Narirutin 1,614.3+£52.9 1,314.8+65.0 1,733.7+62.2 945.9+43.7 1,587.6+79.7
Hesperidin 5,154.0£332.8 | 3,188.3+206.4 | 5,455.2+219.2 931.4+56.0 7,211.2£332.1
Sinensetin 2.5%0.0 1.9+0.5 4.0+0.7 1.7+0.1 2.9+0.5
Nobiletin 11.8+1.5 9.9+0.6 17.5+2.8 8.9+0.6 15.6+15
Tangeretin 4.9+0.4 3.4+04 9.3+1.1 2.9+0.1 6.3+04
Total 6,787.5+387.1 | 4,518.2+267.9 7,218.5+270.7 1,890.7+93.8 8,823.6+367.1

SR ol & (mg)
EgRxolE
4B 159 25}
o 909.8+62.0 707.7£29.7
+
Narirutin 1,566.3+46.1 (56.2%) (43.8%)
. 2,205.8+167.0 2,977.2+225.0
+ ’ ’
Hesperidin 5,000.3+304.1 (42.6%) (57.4%)
Sinensetin 2.4%0.0 1.3+0.3 1.2+0.2
Nobiletin 11.4+1.4 6.8£0.3 49+0.8
Tangeretin 4.7+04 2.4%0.3 2.6+0.3
3,126.1+226.3 3,693.1+255.3
+ ’ ’
Total 6,585.1+351.2 (45.8%) (54.29)
FARE % 100 71.3 28.7
% AzAHY}, AzGHY Fo] FBepRwols FF
3 (mg)
A
Az 3t AzA 3
Narirutin 327.0%+31.2(41.6%) 459.9+30.4(58.4%)
Hesperidin 1,484.0£111.2(76.6%) 452.7+31.0(23.4%)
Sinensetin 0.6+0.1 0.8+0.0
Nobiletin 3.2+0.3 4.3+0.2
Tangeretin 1.3+0.1 1.4+0.1
Total 1,816.1+138.7(66.4%) 919.1+58.8(33.6%)
FARE % 29.8% 70.2%
obdAlT FE=A EE AR AxWH 2AA
D 7 34 s2dxE AL
- FEL 7} RS U FAR AR A48T 49T 1] 947 v T



o
ok

=3

M

- narirutin<

- narirutine A=x4d g37F glovw FFo] Ao

P vm

ER(#H5+349)7} S} Bo(2S A9 BT FFo] i =g

kT fﬂ—

1.928) -3, hesperidin& #®]<=

- PMF gtaFo] 38-(0.721)

- X

, PMF& @&

P o
g F gl=

128.7 < 178.2

EgBxol= FF(uglg dry weight)
TR wolE
& J5+39] A L) =3 39(B) AB
Narirutin 17,905.5 9,284.4 1.924}
Hesperidin 50,755.8 50,027.4 1.01
Sinensetin 15.1 18.9 0.80
Nobiletin 80.5 103.8 0.78
Tangeretin 33.1 55.5 0.60
Total 68,790 59,490 1.15
@ #ZFueA =t FANRE AL
- AFiA 2R} Azojddo] FRH|E of Who 2 oy

- FEESHAINIT 453} 3] 39
whebA oF 30%

HH UJ-,Q_

2AEnT

b ol Gome B bs

- A=

>

|
Dy
)y

HE A7} % hesperidine] 90%

o] }E]'
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e
ol FAY &

o|= 3 vl

upo] ZHE3HE

WAz ks A=A og R -5

]

WA narirutin
A2, &3 narirutine A

7z o= 14,

ol oF 1.92
T4 5




- Az AfA o8 WA T 50%S AAL 47t JeB=, ¥ AN ouR] B8-S tiF A7t Vs
- hesperidin 3]F+&°] &

. AFeAZo Tt Az FA R FetHkolE BE vz
gt e R S EC R EECED
FA(Q) 278 206 484 486
H]-&(%) 28.7 21.2 49.9 50.1
Eg R x0lE FF (mg)
Egnros e
24} Azt | HFuheA =i} RECER
Narirutin 707.7 327.0 1,034.7(69.2%) 459.9(30.8%)
Hesperidin 2,977.2 1,484.0 4,461.2(90.8%) 452.7(9.2%)
Sinensetin 1.2 0.6 1.8 0.8
Nobiletin 4.9 3.2 8.1 4.3
Tangeretin 2.6 1.3 3.9 1.4
Total 3,693.1 1,816.1 5,509.2(85.7%) 919.1(14.3%)

© x#F T Aexd 7led ASEs Ax 4D Fd
-4 ol FFE e AuI EgE ol Aol o= AR AFTxH AUt U=
A &olr 7] 2|38}, hesperidin, hesperetin-7-O-glucoside, hesperetin, narirutin, prunin, na
ringenin, sinensetin, nobiletin, tangeretin & EFE2 S o2 AFF2H dF(pancreati
c lipase A3 &4)E S8 AS

- Hesperidin monoglucoside$! hesperetin-7-O-glucoside®] 84.4 mg/LIC50)C.2 A|Fxz4d &
H7F 7HE =ko ., 1 o5 9 2 hesperidin aglycon?! hesperetin®] 104.6 mg/L, polymetho
xy flavone®! tangeretine] 148.7 mg/Lo] %=

- Positive control?! orlistate] #|&z4d &3154.4 mg/L)¢} vlu3ste] & u] hesperetin-7-O-gl
ucoside?] #F=x=4d a384.4 mg/L)7} =& HY

E ZAE F FL ZPgRoE HEY AF=zA F3Hpancreatic lipase A3 A4)

Flavonoids Pancreatic lipase A3 &4 IC50(mg/L)
Hesperidin 418.4+21.7
Hesperetin-7-O-glucoside 84.4+4.2
Hesperetin 104.6 £5.2
Narirutin >2,000
Prunin »2,000
Naringenin 22,000
Sinensetin 301.4+22.2
Nobiletin 426.4+27.6
Tangeretin 148.7£6.5
Orlistat(positive control) 54.4+3.6

- 101 -



O

FS 8 EStExolE HE9 e 7IeA B 23
- %% A3 &3 (xanthine oxidase A& &%}, IC50)«= naringenin®] 129.3 mg/LE 7} =

) o] hesperetin(275.4 mg/L)°2.2 flavonoid aglyconse] &/ e] 7} =3k5 Naringenin
positive control?! allopurinol®] &43(116.7 mg/L)3} H] =3} %<

- Jud}EINACE A3l &2 IC50)= hesperetin-7-O-glucoside”} 106.5 mg/L, prunine] 22

[<]

1.2 mg/Le. 2 flavonoid monoglucosides®] &4do] 7} &3ka1, 1 o
o] & flavonoids®] &4-2 positive controlQl captopril®] €43(6.97 mg/L)

so] 4ol w4t

[e)
Hoe= W3k

- 3}

T
w°l h
_]

=4

- Polymethoxy flavone<! sinensetin nobiletin, tangeretin-
1, 5343 & ¥ (xanthine oxidase 3l

A EIHE LR QAT

cosidase As] &)= vl =

E. 7+ flavonoid EEA1¢ke] 7)€ 715A

¥

A =0°
Q2L .

EED

o] flavonoid aglycon

& ¥ o -glucosidase #]3l &3}: IC50)= naringenin®] 72.2 mg/L= 7F& =3k, 1 ¢}
esperetin(131.8 mg/L) 2.2 flavonoid aglycons®] &4do] 7}
2 positive control?l acarbose(1,366 mg/L)E.t}h 18.91] %<& Eo|dt A4S VEIAS

=3tt}. Naringenin®]

% & IHACE

gy
F= a9 (a- glu

9} g}

AR BAHIC50 value: mg/L)
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Flavonoids Xanthine oxidase ACE o -Glucosidase
(FFAEFD Fugda Fd=ad)
Hesperidin >2,000 1,375.8+62.1 >2,000
Hesperetin-7-O-glucoside >2,000 106.5+3.8f 1,395.5+69.9
Hesperetin 275.4+17.7 358.2+7.38 131.8£7.3
Narirutin 1,104.7 £40.7 1,937.1+£425 1,004.0+42.6
Prunin 862.5+36.6 221.2+6.2 622.7+28.0
Naringenin 129.3+6.4 459.7+15.0 72.2+3.8
Sinensetin >2,000 364.0+13.4 >2,000
Nobiletin >2,000 322.5+4.7 >2,000
Tangeretin >2,000 352.0%£8.9 1,763.1£66.6
Positive control 116.7+3.7 6.9+0.2 1,366.9+73.2
(allopurinol) (captopril) (acarbose)
o AF2E 7154 AREE AT AR oS 25 R kR 3 A3 B 283
D) 32w we vy erge F24E 34
- FEEVF 2y Y FHY FEEE MA s 9FS 44 515 mL/min)¥t
dA3E #H(G MPa) sholl A 140, 150, 160° Co] &= WL oA AR



dlzdgde FEFEE FELE 140° CoAlAs FE2AIRt et AA38 S7std AT 1
50° Colld = FEAZ 15 7M1= F43] S7FstRer I o] Fo= A3 A& S7tst
Aot 28 160° CollA = F2 AT 108 7HA = 5438 S7FFRAA T 1 o] %ol = 150°
Cold Bty FE58&0] 22 o= EOP =R Qﬁ Eib Aoz FAHJY. FE2ARE

B 5o FE482 150

W £Re] 3258 F2LE 140° Coh 150° CANE FEA310 wet 343 2713t
FAT 160° CollM = F=

1 e AoE FHHUG. el The 55
sslel gl Hskel 24 ghghsdl ol el Rlo] 82 o] Hste] ol
7} 7] gz

—~ 45,000 12.000
) o
= a0000 | () 7 @ =2 (b) 3
= T g 10000 &
2 35000 | u
& b i g g g &
_E’ 30,000 T 5, 3 & @ 7 8,000 s &
2 =

20 25,000 g g X
&0 X z T 6,000
2 20,000 g % £ :
. x oo * 140 °C
5 15000 | " X140 °C £ 4000 | =
o = = 4 o150°
% 10000 |8 x 0150 °C = 1502C
g v . £ 2000 ¢ 5160 °C
E 5,000 | = o 160 °C Z

0 1 ! 1 1 ! 0 L 1 1 1 1

0 5 10 15 2 25 30 35 0 5 10 15 220 25 30 35
Extraction time (min) Extraction time (min)

9.

oldA T 250 WE X FFHo 2Ry Fthules9Y FEJ4H(HS 1.5 mL/min)
(@) hesperidin, (b) narirutin.

O

2) ol AFe] fdol W HavPu el o] FE5E Fa

Q

=

A 25(150° O ¢33t

F&ol Al s U TR 22550 WA 9F
o tae

2FE(5 MPa) 3FollA 1.0, 1.5, 2.0 mL/ming] <& H oA

L
ol
ol

Ay 3t e Fre] FE25e2 BE F5dA FEAL b2t 543 STk e
U ol Al §4io) W2 2ol= aohx] x| @gkon, 2.0 mL/minol A2 & 2#H et
Uz 6ol FE588 1.0 mL/minol Aol 1.12u), 1.10vH0] &35S

fd F7bol wheh FE2580] F7FSHE 2 AR §u1Ql olelA S Aolo] BARTLE
sh ol 3% Pl FHY) MRl THu Be R4S FEEC RuE 271
A% 3580 Aste HEY FES BFBE AT AFNH Ednwols 3YET ¥
S7b B4 GRS A4 FES Ashs o] Fa%
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—~ 45,000 = ~ 12,000
= | (a T [ = b & e 8 =
? 40,000 ( ) a P % % g 10,000 ( ) . : E g i
g 35000 | " £ G . :
-
_E’ 30,000 | g 2 = 8000 | i B
‘3 25,000 | T ox %ﬁ
2 20000 | 3 x g 0T g
g %1 mL/min g s o % 1 mL/min
5 15000 % . S 4000 ¢ .
= o] 0 1.5 mL/min S m O 1.5 mL/min
@ 10,000 - o =
2 % 02 mL/min 2 2000 | % © 2 mL/min
S 5000 f Z
0 ® ' . ' L ' ' 0 :
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Extraction time (min) Extraction time (min)
29, olAFY f&ol BE FF AFRo2REY Stk FEJURE 150° O)
(@) hesperidin, (b) narirutin.
3 o} YAF FEx HA 3
- o}AAI] 25(140, 150, 160° Ot 7471, 1.5, 2 mL/min)o] W& F& 2FHI o 2 HE
dsgds e e 2558S 2R
- aHEde FE5ES 140° ColA 98 T 9] 45.2-57.6%1 A AT 150° Coll A= 7
4.9-85.2%= S71sk HkH 160° ColA = 56.4-70.6%= 743 =

T

BRI F25E 140° Col A 55.0-75.4%0] A% 150° Col A= 78.1-87.0%= %7}
& WA 160° COlME 64.9-69.6%2 7H43HS

of

slose s el 2Rle] 2E580] 150° ColH BT} 160° Col A W 2 dus)r} o
gol 5317] MEolth utebd REG GAYE Aok R F2FEL FaD B
o et Am MEY2ZRE AstA = ARe] JieEd 2 8§52 FUSEE FEd
F22EE Jste Aol AL

£ olgAFe] $ELES f&ol BE X2 FFURE A<D UTHY 3258
k=X

. EES F&&(uglg dry sample)

h (GO (tL/min) Hesperidin Narirutin

1 140 1.0 22,502 £ 307g (45.2%) 7,140 = 217g (55.0%)
2 1.5 22,692 £ 523g (45.6%) 8,912 + 330d (68.7%)
3 2.0 28,656 + 1,335f (57.6%) 9,788 + 311c (75.4%)
4 150 1.0 37,282 £ 1,049¢ (74.9%) 10,141 + 87bc (78.1%)
5 1.5 39,405 + 898b (79.2%) 10,534 + 396b (81.2%)
6 2.0 42,409 + 819a (85.2%) 11,284 + 37a (87.0%)
7 160 1.0 28,097 + 814f (56.4%) 8,419 £ 157e (64.9%)
8 15 30,968 £ 837e (62.2%) 8,988 + 244d (69.3%)
9 2.0 35,114 £ 2,339d (70.6%) 9,027 £ 436d (69.6%)
- X2 AFUe R RE dadgdy e FRe HH FEexdes 3] At R dE

e TSRS
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- v g Y2 Rl et 39 2
22 R2 ZHR2 = 0.9471), Bl G9]
< 5%) 0% <lstel = WA Ao

o] A
= sl =
] Al &

=

3o B4k E4(ANOVA) A3 wr& p-3t(p < 0.05),
G4 A > 0.05, 13 e B A FHCV
Holelo] & REEUS

. olAFe] 2= 750 WE I aHEd Y FRI 2589 37 2F) Uitk EANEA A
Hesperidin Narirutin

Source F value (11)3;\(;%1;11:) F value (11)3;\(;%1;1;)

Model 155.09 <0.0001 75.15 <0.0001

X1 132.91 <0.0001 1.85 0.1880

X2 107.68 <0.0001 101.68 <0.0001

X12 527.76 <0.0001 237.42 <0.0001

X22 6.74 0.0168 2.00 0.1718

X1X2 0.3592 0.5554 32.82 <0.0001

Lack of fit 2.47 0.0951 2.89 0.0641
R2 0.9736 0.9471
pred R2 0.9548 0.9121
adj R2 0.9674 0.9345
CV.% 3.91 3.30

Xi: temperature ('C), X,: flow rate (mL/min), pred R* predicted R? adj R? adjusted R? C.V:
coefficient of variance.

OO

dadgdy Yl £ FE5ES
Ces e 23 thaAo] AkE Y

]

2] A

Avjgely] 9@ Ao 22 2AL F487] 919

=
11,693X 2+ 1,321X 7 —

Y (hesperidin) = 38,817+ 3,388 X, + 3,409X , — 215X X,

T(narirutin) = 10,772+ 98X, + 733X, — 1,914X 7 — 178X ; — 510X , X,

714 X1, X2t 247t e ol

-7 gl W@ 99 AS kel A7 4 STl FE5E) MRS G et ®
3 obel WEMEE 7 Wt 2 AR FE5FE NAE 9T AGHoE FH5
<d =& F

- sl Te A9 freldol e p-akp < 0.9 ZHe AF BX1H X2 el A4
27 H(K12)9] ol AFE FEFE0] £50 F7tol whet F7sHA Aol o2 F 7
adTE A Jvsta S

- gelRrel oo £xel of Yol s dUnT 24 wgke
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Narirutin yield

Hesperidin yield
(pg/g dry sample)
(ng/g dry sample)

140
145

i 150
1
Temperature (°C) Flow rate (mL/min) Temperature (°C)

9. olAASe) L2 f&o BE A2 U $EY 253580 U 349 BSE
™ =24 % (a) hesperidin and (b) narirutin.

bh]

1 Plow rate (mL/min)

- A FZex9 52 d2~Fedoe] 151.3C, 2.0 mL/mine] Y1 Y& FElo] 149.0C, 2.0
mL/minojl o] A FE5&2 sl 2w o] 86.7%(43,122 xg/g dry sample)o] 3L 1}
2] F8lo] 87.4%(11,338 s glg dry sample)o] A&

- = gdd Y FRE A FE57] 9% HH FELE9 F5-2 150.3C, 2.0 mL/
minolRom, ) FE58L sl do] 87.0%(43,295 1 g/g dry sample), U] FE o] 8
7.2%(11,311 xglg dry sample)o] it o] 2K E 42(25C)Y =A== &l=7F ml$ 22
(4.95 mg/L) S 2H DL ofJAFZ FE FE2T 5 ASS & F A3

AR IR TT

£ olgAS g% sxA Dt Y THY FH 23245 FE5E

2= & 9% FE25& AP
() (mL/min) (uglg dry sample) o
Hesperidin (H) 151.3 2.0 43,122 1
Narirutin (N) 149.0 2.0 11,338 1
H+N 150.3 2.0 H: 43,295, N: 11,311 1

LEINA &% 150° C, < 1 mL/mi
B2014 259 AFALE Seste 7hEl

- z7] =2 ZAEFe Fo JdladEd g3 49,731 xglg dry sampleo] l=H], 7FEEs] &
o= 170C, 1.9%-91A 30,597 xglg dry sample(61.4%)°] 1 a1, 190C, 5. 7% A= 9,850 «g
/g dry sample(19.8%)7Fo] ‘ol 38.6-80.2%7}F 7Fri-all = A+

- z27] 948 F9 Yo FE &2 12,696 «g/g dry sampleo] =4, 7FE3l $oll= 170C,
1984 9,763 xglg dry sample(76.8%)°] L3, 190C, 5.7 A= 2,349 xg/g dry sample
(18.5%)qto] Fo}l 23.2-81.5%7} 7}r-&3l = =

- v d oz R S 'R-T-O-gFZACI =22 ThEEd &2 170° ColM = 1
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A 190° CollA &= 23.2-30.3%= 7+
AR ez 7tz o I3y

9.0-27.6%°1 A 21} 180° CollA = 32.8-35.8%= S 7} Rt
LS, ol oA B-7-0-FF Aol £} A

A7 WZol A=

- =AY E-7T-O-aFZ Al =25 =¥
-19.2%°]1 R 2} 190° Cell A 33.1-36.6% =
H-7-0-=2FFAe]| =71 180° CollM 7HE =
oAM M =+

o 29 Thid| &8 170° CollA 11.6
S7Fstith ol 2R TheEs] a2 sl

’19: 1__ 1__, 8"_}—\--\4] E‘ﬂ 1__'1? l\.‘:‘lrz_‘% %E?_]_ 1900 C

3.

naringenin®] 7}~

E’
T

L]

"oz ZedoEs e

B3 FRE H5Es

=57} 170C ol A 6.3-12.3%l

B33t g A 190T ol A 28.0-32.3% 2 FA F7etgen, TR Ho2RE YdAdo g9

Thes

3| =4 | ’1-7-0-
w2} ZHAask A A vk oﬂ*JﬂEﬂE] 2z
24, ydAAJd oz 714

7k

ot A e

TEE 170C A 7.5-15.3%°] R AR 190C ol &

exsh AFAZ
2 5

=
=53

ApelE= 7

ol ol 2
wefoll dag oA B 5<

f
1__91/]_

KR+
T
o

ol

-

=B
T

ma%

e

TE&0]
A
o

pe

e
T

o

I OIN V}O

Ko
.
A

AN

AR

) .
olgj\

i

O

be 2o

7}

lo

hesperetin-7-O-glucoside,

26.6-34.5%% A Z7}159 L

=7} 180° CellA] 190° C=& zmﬂoﬂ
o2 RHol 2y
& 2w g "l - 7—O—%—EriA}°lE§«l

hesperetin, prunin,

EEN ERE R = k=2 GRS AFEHE s
o A (uglg dry sample) (uglg dry sample) E 34
Az Hesperetin- (uglg

() (min) | Hesperidin | 7-O-glucosi | Hesperetin | Narirutin Prunin Naringenin dry
de sample)
170 19 30,597 + 7,193 + 2,853 * 9,763 + 610 + 457 + 11,114 +
’ 1,161a 167£(19.0%) 164h(11.6%) 45]a 27g(6.3%) 10£(7.5%) 3lle

58 25,587 + 8,961 + 3,951 + 9,014 + 971 + 794 £+ 3% | 14,678

' 1,058b 300e(23.7%) 163g(16.0%) 515b 26£(10.0%) (13.1%) 342d

s, | 24577 % | 10431 & 473 + | 8292 + 1190 + 933 £ | 17.292

' 1,167b 189d(27.6%) | 291f(19.2%) 384c 41e(12.3%) | 136e(15.3%) 91c

180 L9 21,773 + 12,413 + 6,047 + 7,338 + 2,004 + 1,170 £+ 21,636
' 105¢ 760b(32.8%) 436e(24.6%) 162d 16d(20.7%) 15d(19.2%) 1,204b

58 17,286 + 13,532 + 6,896 + 5,692 + 2,432 + 1,527 + 25c | 24,388

' 1,378d 709a(35.8%) 263d(28.0%) 172¢ 72c(25.1%) (25.1%) 1,040a

s, | 13810 £ | 12436 + 8154 = | 4568 + 2596 + | 1,733 + 55b | 24,970

' 606e 123b(33.0%) 162c(33.1%) 287t 54bc(26.8%) (28.5%) 281a

oo | Lo | 1TATAE | 14T £ 8221 + | 5084 + 2,714 + 1,618 + | 24,032
’ 163d 222c(30.3%) 280c(33.1%) 219f 134b(28.0%) | 100bc(26.6%) 441a

3134 +
38 12,389 =+ 10,404 + 9,020 = 3,379 + 9484 2,098 + 24,657
' 340e 371d(27.5%) 3300b(33.4%) 157¢g 150a(34.5%) 520a
(32.3%)
sq | 9830 & 8,767 + 10,690 + | 2,349 =+ 2979 + | 2,020 + 93a | 24,458
' 825f 300e(23.2%) | 336a(36.6%) 69h 27a(30.7%) (33.2%) 108a
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- Hesperetin—?—O—glucoside hesperetin, prunin, naringeninell th$t 37 =g o] Ak FA
NOVA) A3 2 p-3k(p < 0.05), = R2 #@R2 = 0.9608), vlf-2& <l AgA
0.05), Z8l31 ¥ B4+ Al ZHCV < 792 st md v alo] Ad Holg
FEE A=

e
o

¥, oA 59} A FAZe) wE hesperetin-7-O-glucoside, hesperetin, prunin, naringenin
o] JtrEs &9 37 EF i3 244 23

Hes;;tleésgisrilaz—o— Hesperetin Prunin Naringenin
Source F value (%;Z%I;l;) F value (%_r\(;%l;llf) F value g);‘(/)%l;l;) F value (%_r\(;%l;llf)
Model 102.89 <0.0001 363.70 <0.0001 329.36 <0.0001 162.87 <0.0001
X1 42.16 <0.0001 1,557.53 <0.0001 1,464.78 <0.0001 672.75 <0.0001
X2 0.9233 0.3476 241.82 <0.0001 82.33 <0.0001 110.83 <0.0001
X12 328.04 <0.0001 14.34 0.0011 80.96 <0.0001 15.68 0.0007
X22 7.79 0.0110 1.80 0.1935 12.78 0.0018 14.65 0.0010
X1X2 135.52 <0.0001 2.99 0.0986 5.96 0.0236 0.45 0.5090
Lack of fit 2.07 0.1394 1.49 0.2505 2.55 0.0881 2.95 0.0605
R2 0.9608 0.9886 0.9874 0.9749
pred R2 0.9391 0.9811 0.9798 0.9578
adj R2 0.9514 0.9859 0.9844 0.9689
CV.% 4.16 4.36 5.40 7.05

X,: temperature ('C), Xz: residence time (min), pred A% predicted #*, adj #* adjusted #*, C.V:

coefficient of variance.

- Hesperetin-7-0O-glucoside, hesperetin, prunin, naringenin®] 7}4£3

I 282 et g
Bxo) JhaRsl 2208 FFe] 5 chea e oAt ko] AE RS

Y (hesperetin—7— O — glucoside) = 13,146 + 677X , + 100X , — 3,271X 2— 504X 5 — 1,486X ;X
Y (hesperetin) = 6,925+ 2,732X ; +1,076X , — 454X 2+ 161X 7+ 146X ;X ,
Y (prunin) = 2,453+ 1,009X , + 239X, — 410X 2— 163X £— 78X ;X »
Y (naringenin) = 1,577+ 591X, + 240X, — 156X 2 — 151X £ — 18X ;X ,
- o714 X1, X2&= 47 259 fr&o|t

-7 Wl B A AL ghel A7lE 4 WGt 2256 VAL 9T e, =
3 obd) WMSEAEE 2 WL 7 AR FE5EE0) VAL JFS AHoE T
o =9 F
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SO
SR
SSTONRY

Hesperetin-7-O-glucoside
yield (ug/g dry sample)
Hesperetin yield
(ug/g dry sample)

1.9 170
Temperature (°C) " " Residence time (min)  Residence time (min) Temperature (°C)

Prunin yield
(ng/g dry sample)
Naringenin yield
(ng/g dry sample)

197170 19710
Residence time (min) Temperature (°C) Residence time (min) Temperature (°C)

I8, ofdAg=e] 259} AFA|7He] whE hesperetin-7-O-glucoside, hesperetin, prunin, naringenin

o) FheBa) g e 34 HSER 4=

- 2 HE-7-O-2 FZA | =9} g~ d '] HA 7teEs] 59 AFALS 181C, 4.
0Fol Hu 7tEsl 82 47 34.7%(13,136 « glg dry sample)3} 30.6%(7,531 «glg
dry sample)o] 131, 7Fri3l] &2 32 65.3%°1 U+

[K

- 4ANA ARG 2 EHE-T-0-FFZA 0 =, dl2d#EE, Z249, ydAd) RFE FA] |
HAAZ 7] A HF 7t s 229 AFAIZES 184C, 4518 01R 3 A 7F-R3l
8o 747} 32.7%(12,386 glg dry sample), 35.0%(8,626 «glg dry sample), 29.9% (2,897 u gl
g dry sample), 31.2%(1,897 1 gl/g dry sample)o] =, o] w] 323" -7-0-2FZA]
o} A Y Y TR £8o T 67.7%019 1, TFIH JHA I st &
&9 e 6L1%CIAU+F
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F. oY AT 23 hesperetin-7-O-glucoside, hesperetin, prunin, naringenin®] H2 7}4=83j
Z73 JtEs &
o= _7;';_ 7 A%- 2~ 0
Eohnols o ‘rr.’\]Zl' 9 &8 & —
) (min) (uglg dry sample) (%)
Hesperetin-7-0-

glucoside (H7G) 181 3.6 13,183 34.9 1
Hesperetin (HT) 190 5.7 10,587 43.0 1
Prunin (P) 190 4.7 3,090 31.9 1
Naringenin (NG) 190 5.2 2,094 34.4 1

H7G+HT 181 4.0 H7G: 13,136/ HT: 7,531 | 34.7/ 30.6 0.796

P+NG 190 5.0 P: 3,087/ NG: 2,092 31.8/ 34.4 0.909

H7G: 12,386/ HT: 8,626, | 32.7/ 35.0/
HIGHITHPANG 184 4 P. 2807/ NG: 1,897 | 29.9/ 312 | 707

5 Mlge FE=, obdAlT FE=, ofdAlr F= 2 Vs ed EtRol= o B
EAFIN FIPFE FF
- Hge FEEodAs SThte 2B A sl=Hgdd el Rdrte] AEHA o, 5
Hh= 2 A of Thaerel &)l 1A oF vl = A AESE A okt Wb opd Al
FE=H oldAT F= A ViR EdAs Sthvle 2019 A 9] TRl =] Y AE
=M=

- 150° C<} 180° C o} A =
e, =74, UrFJXﬂ”)?J k2
= % 180° C, 3.8&
99ul o} 1.92u) =3t

1O
i

o 7
L.
=0l

ENA R =Gl 2 G ') -7-0-2 F Aol &, 3 23
7y 6,1042F 12,640 1 glg dry sampleo] 1o, 150° C F
| A 7R &) $He 24,388 pglg dry sample2 Z+Hz} 3.

- 53] AFxd a3} sladgdig of 4950 £ dl2d g e-7-0-2 FIZA 0| =9 4§
£ oldAF F&= D TR E0] 13,532 « g/g dry sample® 150° C<} 180° C o} A
F FEE9 40729 wnglg dry sampleol| Hlste] Zhzb 3.32uf 9} 3.530] =k

-E

d AFzd a7t slave it o 4u) £ 2] FEe oldASF F2 ';'
‘Fl‘i:’?? Eo] 6,896 ug/g dry sampleZA] 150° C<} 180° C o} AIG FEE<] 1,389%} 6

wglg dry sampleol] Hl&le] Z+Zz; 496w <} 1.09%] =942

2 g

)
N
9
M
%
min
5 o)
lo

of

-
ol

ofdATF = 4 sheko 44.4 g/100 g dry sample® 150° C o}
AAF FEE2] 45.3 g/100g dry sampleﬂr vl =3kt 12y 180° C ofd Al FE25
68.2 g/100 g dry sample® o}dAlF F5 % 7l =Xt 1.530] E8ke=t], ol& 1129
A ZEhbE o] AREE FEIAEH §EFHAY] WECIAS

KN
L.

- 180° C oAl =&

= = &= = 5
32.1%= wi-¢- 2 W oAl F=& Yl UhrEdlEe E4E&2 dadgdy v Fd



o] 27t 1.5%9} 5.9%= wj$- vttt wleka] 180° CoF 2L 129 F&2& A= A
2o BEG ARl O ARG ofUe} AE MEIAERY U5A G 4R I
23 2 82 FWAINEE BFAIA GUde

- uHe] ol AlF 2E 9 sbrRAEe AskE AR SRR Fe FoHA Y
Reo P Fonz dshE HRe] FE/ B IFRABS 48 5 o, Ushe
R A% A28 5 YTk BEkA bsd Aol AsE HES F2F F FE
S u20A d&Ho 7 IR s T ulEEE A

%, IF AF9 WEE FE2E, olYAF FEE, olYAF F& L JIFEHEY SgR:

ol=9] ZA(uglg dry sample) L £4F3} FuFE FF

NUAF 53

2 s olIAIF FZE | oA+ FFE | (150C, 1 mL/min)

ZaRyolT Be 22E = . : ’

FetELe ] i TEE 1 (150C, 1 mL/min) | (180C, 1 mL/min)| % Jt&EHE
(180C, 3.8 min)

Hesperidin(H) 49,731 + 808a | 37,732 + 1,123b | 5537 + 220d | 17,286 + 1,378c
Hesperetin-7-O-glucoside N.D. 4,072 + 49c 3.830 + 254b 13532 + 709a

H7G)

Hesperetin(HT) N.D. 1,389 + 33c 6,280 + 294b 6,896 + 263a

Narirutin(N) 12,969 + 165a | 10,331 + 105b 4,293 + 319d 5692 + 172c
Prunin(P) N.D. 270 + 2c 1,102 + 48b 2432 + 72a
Naringenin(NG) N.D. 371 + 11b 1,426 + 87a 1527 + 25a
Total 67,700 + 904a | 54,168 + 1,272b | 22,470 + 105d | 47,367 + 2.248c
H7G+HT+P+NG N.D. 6,104 + 90a 12,640+ 104a 24,388 + 1,040a
B 343 + 0.1c 453 + 1.9b 63.2 + 0.3a 444 + 2.0b
(g/100 g dry sample)
Flavanone loss(%) -— H: 7.7, N: 11.5 H: 53.3, N: 32.1 H: 1.5, N: 5.9
6) HE-E F25, ofdAlT F=&, ofdAs 5 % VIR Ee 84 A3 vlu

- A AYEN a4, G- FIZAGA|, TZE 254, R LHIA-1 A F 40 A
e A7 AF2A G5 9=, FEF, FIY 9 BHL e AEY

- OldAIF F= H IR ELS WEE FEE0IFES A vlste As2d a3+ 2.0
Hufl, s S+ 1.958), 5= S+ 8.97v), &gt a3+ 7548 =9ko, 150°
C o} AT F=E vaiA= 22 1.4249), 1.518), 2.228), 2.098] =3+&

- 53] ofdAT FE 9 b ddlee AS2E e FEth=T orlistat 100 mg/L H
solF A, g9 a9 = AU ZTQ acarbose 2,000 mg/LET EkoH, §5F a9 =
AT 22l allopurmol 200 mg/L¥} w123t o, gt 3= At =721 captopril
50 mg/LRTh tha w9
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- o]g} Zo] oldAF F= L ISR EY T4 A BAo L AL FF FFHorH
A
o

L

B olelAl Sl ol F%® Sepubiz 20 DAl Sefube Ta)gA of vl A 2 60% of
o] 7A5EaN 7t 7] WRelth BH 180° C o} AL FE B Hx ANBHE B
b, ol o)A ARAD mA Y YR BoiFHs] WE RO
} o

S A i AEEo] o7 A =4 et HALT Bavk A

£ e

£ ZE 430 MRe F2E, JIAF F2E, HYASF 52 L ASRAEY 5L A3
4

& A3 BH)
FIAF | AT | UAF &

4 FH e =25 (150C, 1 mL/min)
Bo mzp Te== FE= , TTin, = oFE
ASE FEF 500, 1 | asoc,1 | ®@ AsReE 718 e
mL/min) mL/min) (180%C, 3.8 min)
Pancreatic lipase 76.2 £ 1.3a

As=d a3

+ + + +
35.7 = 2.6c |51.4 = 2.8b|75.0 £ 1.8a 734 = 1.9a (orlistat 100 mg/L)

a -Glucosidase 50.4 £ 1.3b
+ + + +
(@n w3 34.6 1.5d | 445 £ 1.8¢c|69.5 = 1l.6a 67.6 £ 1.3a (acarbose 2,000 mg/L)
Xanthine oxidase 715 £ 1.2a
+ + + +
(== awh) 7.6+1.2c 30.6+2.6b | 72.8+3.7a 68.2+2.4a (allopurinol 200 mg/L)
Anglotensin-I 88.1 + 0.6a
converting enzyme | 9.4%0.2e 33.9+£2.5d | 67.8%0.4c 70.9+1.3b (cantooril 50 me/L)
CELDIEED pIopHE o e
o AFEEE s HEEE AE 4R 33 3234 A3 2 w23
D 9 2E3H wee] 49 A
- 7 322 A50IRE BE, o5, 89 AR Hg, F& AWMt 2 AFuo R
g dy Y FRe FEFE A e IS NEHCE Frtetd s
- 60° C, 30 mL/g, 304 sz~ d & Y FE FE2FE] e de-E& 55(20-100%
i) &S SAAT. sz dd e FHY &L dgs 5271 20% A4 60%

2 2718 wet Zhou I ol FEAE FaSYth hehd B FEEE
10, 60, 80%E WS EALAL 9 oHe 2o WIR AP AT Yo e
3 Be BFD gule] AT gashe gl 83

g0l Z71%

Slode e el 2Ee] 22580 e S=(25-90° O] FES 60%, 30mL/g, 3050l
A =gt dladEde] 22588 S5} 25° CoA 75° C= Z/hshdA = 2
FFetA o, 90° ColA ot rast ATt el RHE dlaueda Ae) 2o Age vA
o} oebA 60, 75, 90° CE HE-3- St 2T WHE AT Rk o s 12
o gl gIEE Z/1A7M, fulo] MEsl wW FHL gaAA Zahurol s

. h
ETES /MY 28y dEA e U A EdE = Ae

sledel 9 UeTrie] 22520l tat §ulsh AR HE20-70 gD FF=
- 112 -
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0%, 60° C, 30&olA ZA3stAth &ule} Alsel Hlgo] 20014 40 mL/g=E F7}3}
A 25 &0l S, 40 mL/g ol FellAE °«l M7 it ARk o=
ek Alse] Hlgo] wom Almet FE84 Abole] wx THivE S ER =3
S7H ©] %E}E‘:_OIEQI FETE] 7M. :Laiur =2 Srlet AR vE

ol NFHER AF FFHdl= GAE A IER w2 A LHE l‘H B3 A
o meEbs 2 20e HHE o Ad3 gujel ARl vlE M E Adgsts Ao
sttt kA REgEHEEA e A &e AR HEe=E 20, 30, 40 mL/g

o
=]

mlm
o
o
ol
ol

oﬂ*iﬂﬂ‘ﬂﬂr weF -4 —’F%OH EH?'L

-

50 100
<) al ‘
BT (2l S so (a2) a
= = ‘ b I b
2 30 e 2 60 ‘ e | a
E = T
= 20 = 40 T
=2 = ‘
) e o=
2 10 | 5 20
= z
= |
(1) (U]
20 40 100 20 40 60 80 100
Ethanol concentration (%26) Ethanol concentration (%6)
100 100
—_ bl = ‘ b2
= w0 (1) = 80 (b2) b T2
% a ab %
= 60 I E 60 . d
= c £ ‘
= 40 | g 40
—_ d =2 =
=3 . e ‘: ‘
= 20 f = 20
3 =
£ |
0 - (1]
25 35 45 60 75 85 90 25 35 45 60 75 85 90
Extraction temperature (°C) Extraction temperature (°C)
80 100
= (c1) = \(cz) b &b B &
s ~— 80 | l
= 60 - —
= a a = 60
= 40 b - ! . =
:"'.: c = 40
2 =
W N =1
E_ 20 ﬂ 5 20
(1] (1]
20 30 50 60 70 50 60 70
Solvent to feed ratio (mL/g) Solvent to feed ratio (mlL./g)
50 ‘ ( 1) 100 (d2)
_ d —_ ‘
= a0 - a a a a = 80 a a a a
= ‘ b I = ‘ b T
'E» 30 c ‘ .f‘.;‘ 60
=] ‘ + = ‘
=2 20 £ 40
S E
2 10 = 20
= z
£ |
o (1]
10 20 30 40 50 60 10 20 30 40 50 60
Extraction time (min) Extraction time (min)
o == = = =2 = by = - 7‘-5.1* 0
I9. FA3FE dgd mE 298 d@l-dDd U8 F8@2-d2)e FE2& (2
=== o
et F%, (b =%, (0 &gt A5 HE&, (d FE2NIL FE2TE&2
==X i=] [e) o =0 =
FE=9 4 ALY FHFS 945 FY FHOE Uro] 4=
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. Box-Behnken AA1 9} 19 wE 2vaddd e

me|
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o — o0 o o= Te} <f S o) o~ <f Te} o o ~ o~ ©
ny Ire) © o %) o o~ © o ¥e) o~ © ~= ~ ~ o~ o~ ~
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S| 7
N
oy
A
|
,_m|w © o~ ot — < < < — S < o ~ o < SH & ™
B — < o o) N oJ o~ o Lo o) — o~ o) oS o o o
1l N N < IS8 N < o © N < o <t s %) e %) el
©
oy
Hg\n_l.w
CIE ="
imm o o o o o o o o o o o o o o o o o
< . O 138 158 I32) 138 N < N < N < N < I36) 32) 58] 138 I36)
o
>
F S g
M
~
RS
do >
s o o o o o o o o o o o o o o o o o
op X < 1) < Ie) %) %) o %) < < o o o %) %) %) o
W
T X
~
O
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(ANOVA) A3} & p-k(p < 0.05),

1=
B4

\=]
o

S
| WA A > 0.05), LI e A A5 ZHCV
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. FAFE 244 BE d2ugdst YRR FE7E 37 23 o 244 2%

Hesperidin Narirutin
Source F value p-value F value p-value
Model 117.8 < 0.0001 71.5 < 0.0001
X1 193.3 < 0.0001 66.1 < 0.0001
X2 0.11 0.7450 4.67 0.0674
X3 272.0 < 0.0001 305.7 < 0.0001
X12 190.6 < 0.0001 105.8 < 0.0001
X22 292.3 < 0.0001 119.2 < 0.0001
X32 45.9 0.0003 10.28 0.0149
X1X2 5.54 0.0508 0.40 0.5453
X1X3 3.46 0.1011 0.53 0.4900
X2X3 3.72 0.0953 9.30 0.0186
Lack of fit 1.53 0.3365 1.09 0.4498
R2 0.993 0.989
Adj R2 0.985 0.975
Pred R2 0.939 0.913
%C.V. 4.13 1.78

Xyt

temperature (‘C), X;: ethanol concentration (%, v/v), X3 solvent to feed ratio (mL/g dry

sample), pred A* predicted A%, adj A% adjusted £*, C.V.: coefficient of variance

- mebA sl da YelRee] 22488 Anstely] 9@ Ao 22 24

ol

]_

74

o

Ello e

iﬁf"

7] 918l &3 2S 23k thaklo] Aty

Y (hesperidin) = 59.29 4+ 8.88X , + 0.21X, +10.53X 5

—12.15X7— 15.04X;— 5.96 X7 — 2.13X, X, + 1.70X, X, — 1.74X, X,

Y (narirutin) = 77.68 + 3.61X, + 0.96X , + 7.76X 5
—6.30X7— 6.68X,— 1.96.X; — 0.39X, X, — 0.45. X, X; — 1.92.X, X,

- 9714 X1, X2, X3 47 25, JAdgs w5, et A5 HlEo|th

7} wpol tie 39 AS kel 271e 7 WATE 2258 MAE 9GS Ve =
3 obel W EMEE 72 Wt 2 AR FE5FE NAE 9T AGHoE FH5
<d =& F

©— A% X1 X FY At 2aF 3HX129}F X32)
gulo} A g Mol Zrtol mWe} ZleAT ol

ofgbs: TE¢ A5 A¥ FX2)E HlFYHoln o & YEfA L 23F 3HX22)
o &g Uetdd=r, ole F 3= FE5E FAo] dEE 59
| gF<~(bisymmetry quadratic function)®] Hej&E YEeEWAN oW, =&
o] Htjell o]& ¥ 11 o] &Y dEE FRoAe= Ao e Ae BRAFI A
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o < 0.05 o] F

=]
=)

[=}
0

90

80

60

Ethanol (%)

50

50

Ethanol (%)

40 60 Temperature (°C)

40 60 Temperature (°C)

Solvent to feed ratio 20 60 Temperature (°C)

60 Temperature (°C)
(mL/g)

Solvent to feed ratio 20

g 3

Ethanol (%6)

40

%) ploik urpuadsopy

80 20 Solvent to feed ratio

Ethanol (%6)

Solvent to feed ratio

80 20

(mL/g)

(mL/g)

3 sl d 3t

| 22208 529w

&
)

=7t =& 27000042 H

=
=5

Eyl_

39.6 mL/g, el FE e -5 78.8C

stel A RDANA 7H
739 81.5TC, 58.4%,

- HA
&

%, 40.0 mL/go] S

58.4

’

B

=
=g

Hg o] v

Ea

= 8l

£, o

=9

U FeHT 2.7° C

]

GBS

7F 7]

Ly
—a-

3

0 29 &

=0 0.97DAM o HA FE2212 80.

=
=

E{J_

Y

§—_]:

A FZE0l

i E=t: =R B

2327} el

3

9
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UERse

U
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O =F gy AAY AN A
- ma g el s o8 F2Fe AFA
3C, 58.4%, 40 mLg)ol A 33 FZa}ol

- o] A sz dR Y FH F&2 44 666 +

0.9%<} 82.3 £ 1.6%=, 5%
RO RN B AN A% ST T AASAS

w2 A AP F5 ws] B9 WA sz dus U e $548
& Agal 5T 5 AAS

. A dd U2 FRY FEFE s A¥Ad 4549 Hu

ex dee e | SHS A= .. .
) H-& (mL/g dry A& o X)(%) AF X (%)
(C) (%, vIv)
sample)
80.3 58.4 40 Hesperidin 66.2 + 1l.1la 66.6 £ 0.9a
Narirutin 83.7 £ 0.8a 82.3 + 1.6a

S/F ratio: solvent to feed ratio (mL/g dry sample). The mean values with the same letter (a) in
each row are not significantly different (p < 0.05 by Student” s t-test)

- FE AU XE ASHeERY 4 5El FEeaEl vAe %

o
A\
o
ol
2
oo

S AZAAAS YA TE RELEE 18] FRAN A% 616%5% R AKOIN, 29951 7

ol 1:1]0
lo
g
>
S
ich
-0,
(%)
)
)—l
§
i)
=
ich
AU
<
o
SN
3
=
e
S
4
e

- 239 FEE XE 3%”—.‘ el
o, A F= e 232 sAs(H@ T (92.1+97.2)/2=94.6%)

10 E-79+02% [JEE28 £ 0.2%
R N o
< 80 245 £ 0.3% TaE09%
=
= 60
2 T S804+ 09%
s 67.6+0.1%
§ 40 -
‘E & Third step
B20 - B Second step

m First step
0
Hesperidin Narirutin

Id. FE397) dxugds Y| Fde FEred nAs 9T

- dutzlow ZEdE FE0 ol8He #718vYt A dd UElF'E e sEel A
=9 HAHx7180.3C, 58.4%, 30+, 40 mL/g)oll A w &t



298 de FE&L2 A2 66.6%= 7HE =k W E-2-0] 57.3%, oFA|Eo] 37.7% <=9]
o

el srle) 32488 olggo] 823%2 WH-E(6825%)3 FAK 0T BT opAETD
10oIA] 71 skt SlBE e e s oAENT daHHu YRR e F2ae
4 o ZnHelge

dutA o2 olek&e Fehrico| o} T FHIAIE, FHHZ, Bhol, vEee E4t
FEIRlel, P ES ZREA Y, s e niATe] Eefvne] o) AP
gAZ IHA 9l

100 100
(a) (b) , a b
e\: 80 -~ a ;\; 80 |- = = I
% 60 h = 60
2 F - ) L
> * £
3 € £
= 40 = 40
@ |
: :
= 20 - z 20 -
0 0
Ethanol Methanol Acetone Ethanol Methanol Acetone
Extraction solvent Extraction solvent

I, FE8me IRV d2dgdsn e fee FE7E nAs T

e AR A Y] Fabst g2 MEH 2 g3 of Aol 77 w72t
A3 A offo met 28T weby As FE5E29 ¢4k3 282 3 7HA U
oz AUE FUME 57 Sl

2 AFoA = g, vets, olHE FEE9 it AL TFHoZ Hrkstr] sl
107FA] 4] S AMesta o, AfrettZd &4 24 (DPPH, ABTS, nitric oxide, hydroxy
1, superoxide anion, ORAC), o}&Ata} H4kstri o] AAEA, T84l 2 (FRAP, reduci
ng powen-< EA3A S

DPPHe} ABTS®] #AHg-aht)zt 27 s e girzte] ek Ado] = )
@ FaksiAl o) kst F4S ZAste Bel ATk DPPH £ Af44 Al=d
o Z&o] 7}53tA R, ABTS #2417 A3 A A2

o
2
o2

o 2
&

DPPHS} ABTS®] A§-2ttlz 27 A& et ol E 22200} Jgg 22204
o E9iT) oeg FZEolA ABTSS] A2tz 47 B4 DPPHE| A-f2Tiz 47
94 ueh 4069 B, o) ABTSS] A-febtI 44 BAol A4 Assel o B
AgHATE AL HAZE

RNSS} ROSE 4k8} 2Ed o] 24 oldte], $UA8S, Fuy, B4 9%, 143
Ae TS olg AW W DHT Bo| Uk oW AL tEAQ



RNSe]th RNS A-frettZd &7 84S v s ofMlE FEsR0 dgs FE=04 ¢

olo
T A=

- dgE FEE obEAE Y ARHHZ oA S s AL Ay E 24 84 B
o} 4.269] =9tth ROS A2tz &4 &4 (ORAC, hydroxyl radical, superoxide anion rad
ica)& g FEEo] WEEH oM E FEET EUAT A G23 WaE FEE9
FHatstr s AFEHd &7 4= Aol e

- gL FEELS RNS A0z &4 A (nitrite: 17.9, nitric oxide: 4.2 mg TE/g dry sam
ple)ol Hlsled o =& ROS AF2tHZd &2AH ZA(ORAC: 237.5, hydroxyl radical: 206.1,
superoxide anion radical: 394.5, and hydrogen peroxide: 74.5 mg Trolox equivalents (TE)/g

dry sample)g YEM A2

quog
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o] ROS+=
e} A

3t WA

== ¥4
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gg
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Lo
off
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wn FE
N,
i)

SHe WA FasAe Ahe 2

=

<
T

i, DNAS AHELg E4HE
Afeidd £ BHe AR AF

O L I e

o] o
P =1

PN
=4k

A8t F2 AHEEE 2714 W

(reducing power assay, FRAP assay)o.Z =A3}A <

gk ¥ (reducing power)# FRAP+= WgH-& 3 oA E FEEED d&-& FE=A o %9
t}. FRAPE o8t =559 3198 B} oF 1.85u) =okth = W Abol 9] o33k 2ol

A2 O 3y ]7“ u] £21d], FRAPo| A= 8+4k3}A) 71 Fe-TPTZ complexoll 4] Fe3+Z& Fe2+

= st W

- e FEFELS ALTHROO., «02-) B 42 7HA 44 RH0H, H202)& &3 A-f
gz tg 24 S48 ¢ =%or, ATHDPPH., ABTSe) =+ A oz
3 dANO2—, NOool| gk 24 42 vwd gty =3 dA4E 373 Fe-comple
x(Fe(CN)63 —, [Fe(M)TPTZ)213+)l o3t TP = vlwa ok

E. G, WS, oMAE 5

, o™

QUL WY

ZA o= d4kslA| 7} ferricyanideS ferrocyanide® 13+

- 119 -

32+3)l 84 (mg Trolox equivalents/g dry sample)
- Nitrogen Reducing
TE radicals RNS ROS abilities
£ Nitrite Nitric ORAC Hydroxy | Superoxi | Hydrogen | Reduci
DPPH | ABTS NO2—) oxide (ROO-) 1 radical | de anion | peroxide ng FRAP
(NO-) («OH) («02-) (H202) power
shanal | b T a2 w ) o3rs 2060+ 3045 £ | 745 = | 78 + | 140
02a | 03a 06a 0.1a + 8.8a 11.3a 13.3a 1.7a 0.2a 0.8a
vetanal | e o B 134+ 1076 1281+ 3278 £ | 698 = | 7.2 + | 147
0.1b 0.3b 0.8b 0.2b + 8.7b 9.4b 10.8b 2.0a 0.3b 0.5b
ncetone | 29+ 20 los 30+ | 18 T 0w o356 x| 573+ | 72+ | 1S
0.1c 0.9¢ 0.3c 0.1c 111c 5.9c 5.5¢ 3.2b 0.2b 03¢
RNS: reactive nitrogen species, ROS: reactive oxygen species.
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X,

- Y S AT BE ks 248 g FR §50.741-0.958) Bt & ~F Y §Fol
2 AAAA0.923-1.0000 8 Yt A=, ol FE2E W dlx=dgde o] =1
2 Ed ExFe] B-ringoll £4)3}+= catechol group &<

®. FEE9 I BAH STt FF Abelg] doj& AR A

. Nitric Hydroxy | Superoxi Reduci
Flavonoids | DPPH | ABTS (Eggﬂf) oxide (g(R)jé)?) 1 radical | de anion | H202 ng FRAP
(NO*) («OH) («02-) power
Hesperidin | 511 | 0978 | 0999 | 0913 | 0927 = 0940 | 0991 | 1.000 | 0730 | 0.959
+Narirutin

Hesperidin | 0.949 | 0.983 1.000 | 0.923 | 0.935 0.947 0.994 0.999 | 0.746 | 0.965

Narirutin | 0.789 | 0.865 | 0.932 | 0.741 | 0.764 0.787 0.899 0.958 | 0.481 | 0.822

gt Asz2d 78 wEe AR oFdA

4y
e
PH
rr
N
N
Mo
o
Lo
)
o
o
£
o
N
2
o

=]

& oz Fg FFu 10% =A H71ske 120° ColA 8 l& &t Tt
AA FFEEE(Ee Rl = 1a A e v el 3hHel F&e FAKpKa
3.14)°] 25.41 mg/g dry sample)Z 7}F& =k, E}EE}E/&(pKa 2.98) 23.21, 7w AK3.7) 21.
09, =¥ 4H3.40) 20.26, o}~ 2H]5H4.19) 16.15, <414H4.16) 14.82, %4H4.76) 11.96°] FH
= o9

= =]

E. A7 R BE X2 FFHoERE PR 0lE 1A BlHiEA Y Tt &
7V8E38] $8(mg/g dry sample)
= A R 4F
T4 |ofxzm2ULH AL | 24 BEEELN YA | FAl4E
Hesperidin(H) |59.29+2.13 | 18.67 28.45 18.99 29.19 11.90 18.94 28.70
Hesperetin-7-0-
glucoside(H7G) 13.73 9.02 12.11 7.04 13.00 11.93 8.92
Hesperetin(HT) 6.09 3.66 4.45 2.30 5.25 4.02 2.69
Narirutin(N) | 15.79+0.56 | 4.17 7.34 4.07 7.53 2.50 4.13 7.05
Prunin(P) 3.92 2.62 3.35 2.13 3.52 3.28 2.61
Naringenin(NG) 1.67 0.85 1.18 0.49 1.44 1.03 0.60
A 7hrEsl = 2541 16.15 21.09 11.96 23.21 20.26 14.82

AA 7R & H7G+PR+HT+NG
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a4.

2w 8l &

- ol AGl )@ A5 EE WARNF(TALL SR} S5 R AP EBepaimols 101G
Ash wimFAe] AERs Fgol A 9P SHSA 1P 120° Coh AT A
TFAR FEU-19% [WIWDE Deldtel F7 HFWonre Fepuwo S 1ajFAIs v
MAe] trEs 22 dehin 9

- A4 FrUF SUME wel ZEtR o= I AIG) A g ' -7-0-2 8 Z Aol = 2
D)9 Tkl #&2 TAY T 0-7% Aﬁh STV AR A4k § 5 7~13%¢1 A
= YA M3} e, ole w8 T4 FRAAE SR o= 1uigA 7} vl wj
FAE o Asto] FHUr] ot v ZH o)t Hu A 2 FE D YAA)
o] &L FAM FEIF 0% A 19% =2 S71E4= Z7elA s ole & At v =
oA ZetRolt 1HjGA 7} vlHiGA 2 o ASto] 7] &Y

E‘E 10 R a s dlu ein %1 %1
= =1 o u o Z Z c .
N m.I%ﬁ.l%ﬂ..ﬁ..ﬂ.lﬁ.-ﬁ
4 b Citrie oia (2o 1= 1 10
= = . a;" N g x e ? N y ? - %ﬁ
: = I%m Iﬁ BEn mEn el &
T FE=E 28ty 120° ColA 8AIZtE F<¢ FE FAFHLE VIFEISINE o =
HYEH-7-0-FZAo| = 9 F2mdee 7teEs 8034 Z3d 9 yaAdY 7}
FEI +&B).

- 282 120° CoF 74t $5 10%A 7HeEal A3 4~16M3D< 2elste] £2 2Fate
EHY St ot I A et vl g Al 2] 7hrEs] &< UERAL o Eeti o=

I A Gl 2= A’ -7-O-2 2] ZAfo] =9 22) 8] Thpisl] &2 7kl ARo] 44
oM BARteR S7HE R SUSIAIRE, I o] TheEdl ARt M= Akt
St ol = v BA(E =H d ’l 3 yddAlDe] T &5 TRl AlZko] 4413
oA 12Atem Frhetel wet Srbsti o, T o] el st ol AoA 4t
&gl A7 =EH St H AEA e E3E ] WEolt o
o &L dits A4 w29} Thr s Ade HEATI™ X 2
ol 2uiRA 2 RE 1At viujR ALl Ade 24T 5 dee UEAL S+

oy
=z
=2 >
n?L'
Jo
i
K
i
f
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A) B Hesperidin @ Hesperetin— 7 O—glucoside OHesper etin
25 B
EE 20
£ 2 s
£ = 5 &
= = 10 < =
b 1. !'" 1mn
: i Wi e
o [ P
L3 b2
Hwvdrolysis time (hr)
T T (B) BNarvirutin £ Prunin ONaringenin
L3 < a
E= ST
E} % 4 i h b o gh
E = 3 I ! i
= = & A i k
= 2 B n a ﬁ T n 1 n
Ll %ﬂ i B ean
8]
14 16
H} lel‘_‘SlS time (hr)

9. AR AGE FEstel 120° Co FAN FE 10%04 £F AF4E N5RASHA
< o F2HH--7T-0-2FZAolE 4 2R Y 7Ies F&Q)F} 28d € 4
dAde 7teEs] +&0).

3) WSEAEA o] o3 bR Wee) 23
120° CollAl 744k & %7F 1.51~18.48%, 7hall Alxte] 2.35~13.65A1Z el A & 2H&4)
O BRE 75EY FEL 8 a¥ Y E-7-0-F2FA o] =7} 6.47~12.09 mglg, # 23w El

o] 1.99~8.05 mg/g, = F

Yol 2.05~3.45 mg/g, YA o] 0.53~2.20 mg/g/gel o, Saln

=olE 1B A= 8.52~15.54 mg/g, BIvlZ A= 2.52~10.25 mg/gel AL, AA 7Rl E(E
gt o= TuigA 9] nlefA o] ¥ 11.44~24.60 mg/gel AL, AA 7hea F&& 2
2.9~53.1%°1 =
. FA A AA BE olgAIF g% X2 FAFWOENE EHRE0|EY Il F&
HH(ZE) 7hrEsl -&(mg/g sample)
AlFH S ey =
seus - ;—_Lg;f} % A]%&*Sﬂm HD H7G HT NT PR NG
1 AC-D) A1) | 26.87+0.20 | 6.47+0.06 | 2.32+0.04 | 7.70%0.00 | 2.050.00 | 0.600.00
2 AC-D) 12(+1) | 16.60+0.41| 12.09+0.21 | 4.48+0.00 | 4.33+0.10 | 3.45+0.04 | 1.28+0.02
3 16(+1) AG-D 10.34+0.09 | 9.33+0.05 | 4.83+0.26 | 2.72+0.10 | 2.47+0.01 | 1.35+0.07
4 16(+1) 12+1) | 1.68+0.13 | 7.99+0.09 |6.59+0.03 | 0.38:0.03 | 2.11+0.00 | 1.91+0.00
5 | 151(-141) 8(0) 25.13+0.26 | 8.10+0.15 | 3.87+0.01 | 6.23+0.31 | 2.13+0.04 | 0.96-0.00
6 | 18.48(+1.41) 8(0) 4.19+0.32 | 11.40%0.00 | 8.05+0.02 | 0.99£0.02 | 2.95+0.01 | 2.20+0.01
7 10(0) 2.35(-1.41) |24.08+0.14 | 6.88+0.11 | 1.99+0.12 | 7.55+0.21 | 2.320.04 | 0.53+0.02
8 10(0) 13.65(+1.41) | 2.63+0.27 | 7.86+0.49 | 5.11+0.69 | 0.69+0.12 | 2.11+0.11 | 1.48+0.14
9 10(0) 8(0) 10.38 12.07 6.59 2.45 3.13 1.69
10 10(0) 8(0) 10.23 11.86 6.38 2.47 3.14 1.67
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11 10(0) 8(0) 10.23 11.93 6.33 2.39 3.15 1.67

12 10(0) 8(0) 8.89 12.01 5.46 2.38 3.12 1.67
13 10(0) 8(0) 8.94 11.64 6.08 2.17 3.05 1.60
M (ZE) 7}83] 4=&(mg/g sample)
e PO Monogluco Total h groglalsis 10ss(%)
WE ?(%*J " 4723&?1) H7G+HT | sides ?ﬁ%‘ﬁg hydrolysis | Total geld o ’
’ ’ (H7G+PR) products
1| 4D 4-1) 879 | 852 2.92 1144 | 4601 | 229 31.0
2 | 4D 12+1) | 1657 | 1180 | 6.8 1798 | 4223 | 376 45.1
3| 166D 4(-1) 1416 | 1554 | 576 2131 | 3104 | 430 29.1
4| 166D 1261) | 1458 | 1010 | 850 1860 | 20.66 |  40.9 56.4
5 | 151-14D | 8(0) 1197 | 1023 | 483 1507 | 4642 | 311 27.1
6 | 18.48¢+14D |  8(0) 1945 | 1435 | 1025 | 2460 | 2078 | 531 40.1
71 1000 | 235-14D | 887 | 9.20 2.52 1171 | 4335 | 230 34.9
8 | 1000 | 13.65t+14D | 1297 | 9.97 | 659 1656 | 19.88 | 355 60.1
9 10(0) 8(0) 18.66 15.20 8.28 23.48 36.31 49.2 33.7
10 10(0) 8(0) 18.24 15.00 8.05 23.05 35.75 48.3 34.8
11 10(0) 8(0) 18.26 15.08 8.00 23.08 35.7 48.3 34.9
12 10(0) 8(0) 17.47 15.13 8.13 23.26 33.53 48.7 35.0
13 10(0) 8(0) 17.72 14.69 7.68 22.37 33.48 46.7 38.5

HD: 3|23 2gld, H7G: 3|23 2|d-7-O-aFZ Aol =, HT: sl 238", NT: Y258, PR: =5
g, NG: UygAd, H7G+PR: 181 %A, HT+NG: B]ui 34|, H7G+PR+ HT+NG: A A 71483 &

- ¥2 AFRORRE FenwolS 1At v gAY &S A A7) AT obUA
& hrRs) AANATAL B R bR A AH 2AS gEAR Y
3 B4 A AANOE HEHAS

= A o] =&, JA Tt e &
2 A ThrES (%)Oﬂ gk 3 2 w2 p-3k(p < 0.053 =2 R2 #(R2 = 0.97
6oz A3 HolE et & dAeA

. 39 2 dig 4 23 £4

LA e AA ARAE  BA AeRe $8%)
Source F value p-value | F value | p-value | F value p-value F value p-value
Model 57.19 0.000 78.43 0.000 108.05 0.000 114.76 0.000
X1 51.29 0.000 133.97 0.000 157.26 0.000 178.93 0.000
X2 0.47 0.513 112.57 0.000 31.28 0.001 55.20 0.000
X12 34.58 0.001 3.97 0.087 35.18 0.001 29.43 0.001
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X22 152.86 0.000 144.98 0.000 290.90 0.000 295.38 0.000
X1X2 62.78 0.000 0.44 0.528 46.85 0.000 33.99 0.000
Lack of fit 16.62 0.010 5.96 0.059 4.82 0.081 4.18 0.100
R2 0.9761 0.9825 0.9872 0.9879
Pred R2 0.8399 0.8931 0.9244 0.9305
Adj R2 0.9590 0.9699 0.9781 0.9793
X1: 74 5(%), X2: 7FE3ll AlzHhr), pred R2: 9= R2, adj R2: &4 R2. H7G: 3| =% 2|d-7

-O-=F3 Aol &, PR: ZFd, HT: s|=#HH ", NG: UdAd, 1A 7}&3&: HTG+PR+HT+NG.

- olgje] 23} Tha] WA e ofdAS R Weeh 2 Feprimo| =9 SRR 543

o FBUAE Yehh L Y

gAY 8 y = 15.02 + 1.39X; - 0.13X, - 1.22X* - 2.57X;? - 2.18X,X,
vlu A Q] 28 y = 8.02 + 1.60X; + 1.46X, - 0.29X,> - 1.78X;* - 0.13X;X,
RA| 7ol & y = 23.04 + 2.99X; + 1.33X, - 1.52X> - 4.37X;* - 2.31X;X,
RA| 7Hegol &%) y = 48.24 + 6.81X, + 3.78X, - 2.96X,> - 9.38X;? - 4.20X;X,

- 9] 7 G BT A AsE 7}#5—311 Fgol BE T ARFAN BE X1 715 E
A7 X2 G deh T gtk AA AR ES AA e FR%)0 e we
o % el 4 BT XDo e FolE Fol Asst 23 BXK129) X200l e 5
3 o) A% <0058 BAFIL Y, ol TR BEs} SRR Azke] F7to) m
2 7heRel ol FST Adel BRE ¥ 24 Yt =8 TAY BE
o} A A7k Alole] 45 BAKIXDE Folahel(p < 0.05 T @4 Abo]

ol AA G2 AA SEE FE0 ST FFL vHTY A 3
= 1gAe) ool UE muo At TlsRe) Azt A8 FKDL AYH BE ol
o3k WA < 0.05), ZehH o= wujgA o] 589 A% 48 K1 L X2 2

(P < 0.05)%k] fo o] AAS

- e 3 e BUERA 2 TRwo|se saRe) oo tF 2 Mg dTe
NZAH oz Bel 73 . AZstE 87 wdle] 42w Teriwol s 1Al o
Mol Jf5Re 20 TAM BT B shgEe] Aol 7k} 13.34%9} 7.944] 7k o]
Ar) 58-& 1541 mglgol Atk S ricol = mulgAldl @ HA o) ssia] 20E T
Axt B2} 7FRR Akl 247 18.48%9F 9.65A1 7ol o A 488 10.00 mg/gol
ATk A o) AL 9% Ao TA TEe} TR Azke T RA6l wa) T
A EEE 514%, FHeEel AZe L7147 Boket, ol o e 7 BEe O 7

7hrEsl AlZrel A EetR ol 1A 7F EAbEFo] A& v E Al R A E A7) wwol
Hiolt 1uA e} viuf A o] TA LS A% H A rheial 20
5.91%, 7t AlZE 8.62A1Z el A AT &2 24.62 mg/gol A=

[

T

-

32
off :’1'
g

)

—
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() | ®)

= %)
oo 18 RPNl :
w "H, 'E. 'l‘.
= g 1w it E' W
g @ E w3
; 2a 5 FoRR L
- Bl ] o
0 28, '
E P W : 20
= 15 18 15 _ T
| T 1 . T
5 8 § : 5
Hydrolysis i 0 Citric acid Hydrolysis 0 L Citric acid
time (hr) {%0) time (hr) (%)
© )]
" 30
= Bo . 2 il
£. 6 £ £
SEgn| _Z2n e
-.a = =, AL _ra & ] s
E'E E - = % 20 ;
g g R
BEE o VA . 0 = g L Ky >
15 o 15 15 A o
_ L ! : - 15
10 _ 10 10 T
§ : J 5 5
Hydrolysis 0 L Citric acid Hydrolysis it 0 Citric acid
time (hr) (%0) time (hr) (%0)
a4, T SR ol 1uigAl et HuZA o] &, A

& 20 AeEd A e F
% A F20 3 Wg BHE

% Buixols lMFAs vuAFA H4 e =A% A 9% &

ex | TALEE | Ased | A6 A% 2 | o
%) A 7k hr) (mgl/g sample)
1) .
HTGPR ERE 13.34 7.94 15.41 0.9824
B ul A o
TG 2 o) %) 18.48 9.65 10.00 0.9683
A AreaE |
H7G+PR+HT4NG HeA] 15.91 8.62 24.62 1
97 Sloma
A T ERE 16.94 8.85 52.53 0.9813
T (%)

H7G: 3298 d-7-0-FFFAFo] =, PR: 2, HT: 3|29 dE, NG Uy AU,

NEEEE
- A% FstobA, Y- AATHA|, FRASLE o] BT oL YAS SH RS R AT
& 2439 A evtopal, Lo-FFIATA, RS2 A BY L 27 AF
24, Saall, BFEA ael Belo] Yt Ta ANTAH B ST L= 2u)
S48 SlrraRol Ao TAde BEE 1% pRolgon, EaAsaBds 4s 4T

2 MAA B

=
a
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E. X2 FFHY oMGAF NFEAES B2AHTA

TRREE | e AR AT wgsantaw | wessEs o
1.51 8 33.8 = 1.6f 40.1 +1.7e 42.2+7.2c
4 4 37.0 £ 1.6f 23.3 £2.6f 27.1+3.0d
4 12 45.7 = 2.0e 40.8 +0.8e 55.7+2.1b
10 2.35 60.9 = 1.4d 19.5 £1.9g 21.5+2.4d
10 13.65 65.7 = 2.1c 41.5 £3.9de 69.8+3.3a
10 8 64.7 = 3.3cd 48.6 +0.8c 57.0+4.7b
10 8 66.9 = 3.9c 48.5 +2.1c 56.6+0.4b
10 8 65.2 = 3.1c 459 +1.9cd 54.1%+5.4b
10 8 66.2 = 3.9c 45.7 +£3.7cd 51.1£7.4bc
10 8 65.5 = 5.2¢ 46.6 +2.4cd 22.7+2.8d
16 4 81.4 £0.6b 45.1 +2.3cd 28.7+1.0d
16 12 83.6 £ 3.2b 53.0 =3.3b 72.8+8.2a
18.48 8 88.2 = 0.5a 62.7 £2.0a 57.3+4.2b
S Orlistat Acarbose 1,000 ppm Allopurinol

100 ppm 78.8% 51.9% 100 ppm 78.2%

- #% g vtobAel gt 0}0‘741—? Tt = AfEdS s
T ANBTF =S A Uehlon, e kst

‘E‘
o] 2 NSEAELFE Be ANBAL YBNAS

- Y AR AL DEES] FAROE SERAT e

A 2lgolAZE 7HE E8kaL olojA L - FIAAITHA, IRIAISLE A ol AT TR
3 AT AN 124 A A FEE 4% A 16%E Z718ER S wl HA 2l gkolA) o

A ZAd- 2H2; 2.280(37.090 A 81.4%)<F 1.89](45.7°1 4 83.6%) S sttt 1
4o tigh AP 22 L1vf27.101 4 28.7%)ek 1.3uH(55. 70 A 72.8%)

=9
dat-a2 FIATGA L HAd g TolA ol

ﬂH(81.4°ﬂ/‘1 83.6%)% kst © 1+

o 2hEl Aks)
) F7k3ke o)

A AeEs) Azkel Z7bel whet RS E AT g el A=

- TAR F57F 4%} 16%00 A ZFrEal AlZES AN ol A 12430 2 FTEAI 71 ZhRIAESE
Aol gk ZhrEsl =] AR 2 2.0891Q27. 191 A 55.7%)eF 2.581(28.7 A 72.8%)
57kt olol whall A g vtobAlol that A dd 2 42 1.290(37.091 4 45.7%)<} 1.0

- A g yfoA o °‘§Jr-%=}§ri”\l thAloll i3t A &AL gt FE9 ZhEEs] AlRtol 18.

8%} 841z ol A 27} 88.2%<} 62.7%°1 o.M, R4Sl Aol tidk A
16%%}F 7h2s AlZE 12413 el A 72.8%C1 0T 71 Hd a3te} ddd o Edol
grotaloll T3k ot YAl ZHrEsl =] AMBAEE SN oY Al ades THHA &
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5 EaA BT 74 SR o= st A

- ol SRR BAAN B MAE 2 Befuiol=e GBS 2] 95
of EAANTAT 7 Feprico= 5§ Aol BAE YEiE Foje 47 AFE A
R

- olQIAS ASR R BAANREL 4 Behrwolse] 487 WHE 4BAAE 7

A AT A 2ot o A v Xﬂ d(r = 0.72D), ZﬁXﬂ 7hrEsll = = 0.691),
HIEG A 2 S| = H " = 0.675)3% HAHE FHAAE AAS

- gop-2RaATA ] ABAe A HE = 0.973), M EA = 0973) 2 JAAIC
= 0.966)7 WA T FABAT} AU

- ZEIAELE A A AU = 0.7777), BIEGAr = 0.750) L S| ~H B =
742)37 DA FABAATT A} 53] vl G A Y &2 FAN T} 7R Azt l
wel B A DA 7] wZe A e golAl, -2 FIAIA, JFEASE L] 4 A
g A FAAAT AN

£ EE A3 olUASF HFENEY BAANBAT 24 Fepuwolty £ete) Vol
A A%Cp < 0.05)

SHExolE 74 2 oA & 3-F FIZA A ZELeLE A&
Hesperidin(H) -0.691* -0.799* -0.785*
Hesperetin-7-O-glucoside(H7G) 0.551 0.635 0.379
Hesperetin(HT) 0.675* 0.973* 0.742*
Narirutin(N) -0.653 -0.858* -0.820*
Prunin(P) 0.537 0.365 0.185
Naringenin(NG) 0.721* 0.966* 0.777*
1ul A (H7G+PR) 0.553 0.589 0.345
H 9 A (HT+NG) 0.686* 0.973* 0.750*
e g
(%Hj7ﬂG]+1Z£TH1”:HN§) 0.691* 0.607 0.607
AA 7l &%) 0.705* 0.654 0.654

6) FES o83 AA7IsAFY AFRAL LU AR & 74 2A
(D AEAZEC]SA ) hesperetin-7-glucoside®} hesperetine] %+
(2 AEAZZC1sH A1) 4
(3 Al#HF< 747152 F < Orlistate] PL A e &4 3} -AFgF hesperetin-7-glucoside 2} hesp
eretin®] <

o|
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Pancreatic lipase A3 &4, X2 1g9 R E F &F
IC50(mg/L) (mg/g)(120C, 16%, 4 hr)
Hesperetin-7-O-glucoside 84 9.3
Hesperetin 104 4.8
Orlistat(positive control) 54.4

- Hesperetin-7-O-glucoside®} hesperetin(H7G+HT)2] H+ IC50 = [(9.3*84)+(4.8%104)1/(9.3+4.
8)=90.8 ppm

- Orlistat®] 13] E-g3<21 60 mg/capsulel| & @3}+= H7G+HT2] <F = 90.8 mg * (60 mg/54 m
g = 100.8 mg

- 7h RS EE A HIGHTS 100.8g dosd Has Adx 28 9&E9 o =100.8 mg/14 mg
=72, 58g RWEEE 80 A& /] B 77 859 (& 1g 7IEalEddl+= HTY
G+HTo] 14 mg &)

AlTZ9l Orlistat 717]Al AlTZ9l Orlistat oF

alli Diet Weight Loss Supplement Pills,
Orlistat 60mg Capsules Starter Pack, 60 )
Orlistat 120mg 42 Capsules

count, $39.94 1978
$39.94/60 Capsule = $0.665/Capsule =800 )
/Capsule
el — s
@ starter Pack
=
T
— 359
wg
Orlistat 60 mg Capsules
Weight Loss Aid
FDAapprov{ea
non-prescri ption
welgh t loss aid
alli
;h 60 CAPSULES
- orlistats AW B &40 AHES oAFste] U AWo] E48F Wojmact
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E 7R B2 &

Az & lg«l HrEAE | Az B 9o MRS
=A Ay

Hesperetin-7-O-glucoside2} hesperetine] & 14 mg 126

Hesperidin, hesperetin-7-O-glucoside,

hesperetin®] 3t 24 mg 216

AA 7t5REe o 21 m 189

AA ZerR o)t 3 31 mg 279
g A7 sAE AlE #4
O 989 : 3 ofdAP 7ol Z2]u=(Citruspolyphenol)
O 7158UE  ARAY ZdAao =52 & 5 A3 (Y715 259)
O dIdHFT + 7 ofdAs 7Iaol E8H==4 378 mg/Y

(A= 1719 126 mg=371/Y = 378 mg/Y)

O AFZ/AF v 19 39, 18 17]1E HFsHIA| Q.
O & Z2|u)=(hesperetin-7-0-glucoside®} hesperetin®] ): EA]ZF(126 mg/A|=)2] 80~ 120%

®. 7L AVt AT THEAEY F EYHE(TPO) FF

A& RSM3 RSM4 RSM6 RSM9
e I
(L1219 A1) 16/4 16/12 18.4/8 10/8

xE R = 1go ViR =
FE8 9 =(TPC) & 35.5 42.5 49.3 36.4
(mg TAE/g dry sample)

ofN

*2 B 929 7t ddE
FZ2Y 3 =(TPO) & 319.5 382.5 443.7 327.6
(mg TAE/9 g dry sample)

ol
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- FEo YYHAE B4 «lﬂ A3 100 g3 E=F 31.16 kcal, &<+3}= 7.26 g, @A (.44 g,
A 0.04 g, 425 92.01 g, 3 0.25 g0 Ao, %%%Z}—ﬁ—@li& 100 g9 ek 25.94

kcal, BH5318 589 g, ©ulA 055 g, AW 0.02 g, 45 93.37 g, 3| & 0.17 go.& BAF
- FEFNEe Fgo v FEEH, did, B 2o A, AW, g5sES W
=44

- HED A W AEE QTS BE AETA AR AEFL6) nEsts A
= 243

- mEbA, 2 Aol AR XE FAFAL AEFHEE AXE AN dREA AU Al
2 Hojy

E[}l
2L
Lo
o
ot
Lo
o
J{m
>~
3
ot

Q@ WE AR A me F2 ERD

S 200%(2020.03.24) W 250%(2020,05.14) : 4% 3009(2020.07.01) 2 350%(2020.08.21)

I¥. 229 3EAR70 B oF ¥

i § e e Wy
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o R L ST Yo S SR 449
4 i 40 Wb bt * 2 oW g e e
s S SO S

i
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‘? 4 ) 4 A 3 {} : 1 I . ]
POoW oW ool M o » R N N

Frozew storage period day? freen storage period ttay) Frozen stavage period (day}

O, X294 ¥EAR70 UE M= §HE
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Frozen stovags period (day} Fronen sharage period {das} Froze gt pertod {dav}

a9, 29 YsAR7IN & g =, 4=, pH W3}

- 1 b beddd N

4 £ )

T 5:: o "é ff{"»{} i g B

F e b g2 o "w.,“““b b
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3 (1R o 2% MM 3N o § 50 M0 1A5 e 1Sn W IS

Hrozen slorage pevind (day) Frozen storage period {day)

a9, 29| YFA47I%te W& DPPH, TPC W3}

WEEOY | WES0Y | GE0R | By | $$m0% | VBBW0Y | wEOY 1 8 o
(2019.11.%8) | {20782.17) | (20200117 | (20280214} | (Z0ODOTS) | (ZD200574) | (20000714} | (20200919

a8 X2FFYY WsAHA7IN e dd w3
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*A: 2€3, B: 3}9X3, C: HY
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O¥. A Age pH, 3%, ¥R} =

PH

1059 A2 F 714 3 pHE el e *SuluE BF-7 Weese 20 g 02 1
ghe 330701900 7bY E e pHE Uehd 21 Y AmE Aem g Wi 130
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L' 2 2 g2 8lojglen
g’ 02 7 e 3672 vehd

- 29y A FY 3N 28 18 F CsvlUE BE-T WEesie 20 g o A5
the Age Hs PFs =& Brixg Lhehy

- ol A HANA AL Astel AP AW 2P Aol F5 Ae o] B
A7t AL YAT HAYst G A Fee] 544 A o= A7k Bo] glo]

Tl whe Avbeta 4z

ot ¢ Ag] B0} 130 mL’

- 1039 A8l F /g we AYAS dehd Ae vy
242 Ve Zle cshuluE BE-7 w5t

2 O & 194 Nejglen 718 2 A
20 g° = 1 < 5218 Nog Uehd

|
)

[e)
a}-¢-
;éL

g Ag F ‘Fd 2o Ag JxEnk 130 g7 o A AP & A
< a

2] o B3]
Uetl=H ol= 2ol H7hE o yehd diet H

o=
J}l_; m.\.,

=& M8

2) AT ~EE Agle @ B
£ A% 299 Aol 448 AsA TF

Gelling agent P1 p2 P3 Gl G2 G3 R1 R2 R3
Locust bean gum O O O O O O O O O
Carrageenan O O O O O O - O -
Konjac - - - - O O - O O
Xanthan gum O O O O O O O O O
Agar O O @) O - - O - O
Tamarind gum O O O O - - O - O
Arabian gum - - - - O - O - O
- AH 2HY A 9T FFHOE EAXENAY, JeH S AFAE ARt AS &
AT 4 Ader, 7ietrid, &2, BrldEd 55 ®ol Argdts As EU%
X AT 2HY A9 FEFFH A=
; Color
. Mam Product Moisture (%)
ingredient name L a b
P1 45.99+0.53Cf1) 24.40+0.18Bf -0.41£0.20Ce 1.23+0.64Ae
Pomegranate P2 46.95+0.41B2)e3)  25.56£0.27Aef 3.16+0.35Ad 0.80+0.51Ae
P3 71.14%=0.35Ab 21.82+0.15Cg 1.09£0.27Be 0.99£0.71Ae
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Gl 69.63+0.27Acd 50.09+1.50Aa 3.57+0.79Bd 25.17+2.61Aa
Green apple G2 69.62+0.42Ad 27.39%+0.55Cd 14.42+0.90Ab 3.71x£1.51Be
G3 70.04£0.51Acd 29.79£0.89Bc 14.32+0.67Ab 6.78£2.02Bd
R1 70.48 £0.48Bbc 43.91+1.47Ab 7.10+0.69Cc 16.92+1.73Ab
Red ginseng R2 69.27x0.65Cd 26.06£0.62Cde 14.90+1.79Bb 1.58+1.76Ce
R3 83.16 £0.36Aa 31.42£0.95Bc 17.41+0.80Aa 11.15+1.06Bc

1; All values are mean=SD.
2

Values with different capital letters (A-C) among commercial stick type jelly with same main

ingredient are significantly different at p<0.05 based on Tukey’s multiple range test.

® Values with different small letters (a-g) among same column are significantly different at p<0.05

based on Tukey’s multiple range test.

- Al 2893y A 9% 45.99~83.16%%] TFEFFS UEUH o, E3] AFEFHo] 9
0% °174 %7}9 P13} P2 frolHoz we e YehE AL 393
- Ase] B9 Aele] FARC wet g #g sHE HoR Yty
E AR 293 A9 =4 g5
. Maip product name Sugar cqntent Turbidity
ingredient (° Brix) (O.D. at 500 nm)
P1 5.95+0.05Aal) 0.72+0.15Bb
Pomegranate P2 6.00+0.06A2)a3) 1.00£0.07Aa
P3 3.18+0.04Bb 0.23+0.01Cc
Gl 3.17+0.05Ab 0.01+0.00Cd
Green apple G2 3.03+0.05Bc 0.09£0.00Ad
G3 3.00+0.00Bc 0.09+0.00Bd
R1 2.90+0.00Bd 0.02+0.01Cd
Red ginseng R2 3.00£0.00Ac 0.20£0.01Ac
R3 1.60+0.00Ce 0.06+0.01Bd

” All values are mean=+SD.
2 Values with different capital letters (A-C) among commercial stick type jelly with same main ingredient
are significantly different at p<0.05 based on Tukey’'s multiple range test.
) Values with different small letters (a-e) among same column are significantly different at p<0.05 based
on Tukey’s multiple range test.

- P13} P20 fojAoR 2o Be) BT g HAE Ao R Sl ue}, Ao FA)
T YU FFAY A =2 ZE9 HEE /RGE AL A%
¥ AR 293 A9 pHY F4H=
Main Total acidity
ingredient Product name pH %)
P1 3.40+0.02Bel) 4.60+0.08Aa
Pomegranate P2 3.38+0.03B2)e3) 4.23+0.08Bb
P3 3.61+0.02Ad 2.10+0.02Cc
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Gl 4.72+0.03Ab 0.71+0.01Be
Green apple G2 3.59+0.07Bd 0.95+0.01Ad
G3 3.64+0.08Bd 0.95+0.02Ad
R1 4.14+0.05Bc 0.51%+0.01Af
Red ginseng R2 4.20+0.05Bc 0.31+0.00Cg
R3 4.96+0.07Aa 0.37+0.01Bg

"All values are mean=+SD.

2 Values with different capital letters (A-C) among commercial stick type jelly with same main ingredient
are significantly different at p<0.05 based on Tukey’s multiple range test.

9 Values with different small letters (a-g) among same column are significantly different at p<0.05
based on Tukey’s multiple range test.

- Al 28§ A 952 pH 3.38~4.962] M E 7l oH, 0.31~4.602] FNHEE UERAL

dlo

24 6.0 PlRto| B2 Ay AHgH

E B 2HY Ao =437

Product Fracturability Hardness Adhesiveness Cohesiveness Springiness Gumminess
name N) (W) (mD) (mm) ™)
P1 - 77.18+21.48Aa 3.21+1.04Aa 0.16+£0.06Aa 1.93+0.49Aab 11.71+4.62Aa
P2 - 67.19+11.22Aa 3.33+1.08Aa 0.15+0.03Aa 1.78+0.26Aabc 10.27+2.47Aa
P3 - 44.40+£3.73Bb  1.14£0.62Bc  0.09+0.02Bbcd 1.65+0.15Aabcd 3.84+1.13Bbc
Gl - 45.13+£9.82Ab 1.49+0.38Abc 0.05+0.01Acd 1.46+0.53Aabcd 2.14 +0.65Abcd

G2 10.63+1.61Aal) 12.13+3.14Bc  1.06+0.52Ac  0.060.04Acd 1.33+0.49Acd 0.78+0.59Bd

G3  7.53%2.33B2)b3) 10.27+2.00Bc  1.04+0.34Ac 0.08+=0.03Abcd 1.40+0.45Abcd 0.83+0.38Bd

R1 - 35.59+2.89Bb 0.88+0.35Bc  0.09+0.02Bbc 2.02+0.42Aa 3.09+0.54Bbcd
R2 - 38.49+2.92ABb 0.63+0.43Bc 0.12+0.03Aab 1.83+0.24Aabc 4.52+=1.02Ab
R3 - 42.25+4.95Ab 2.13+0.68Ab  0.04+0.02Cd  1.11+0.30Bd 1.84+0.92Ccd

" All values are mean=SD.

2 Values with different capital letters(A-C) among commercial stick type jelly with same main ingredient
are significantly different at p<0.05 based on Tukey’s multiple range test.

% Values with different small letters(a-d) among same column are significantly different at p<0.05 based
on Tukey’s multiple range test.

i
rlo

- Hardness7} freld o2 YA S4 % G29F G3ol| ATt fracturability7} &4 g ol we}
55 7= A9 A5 g4 AAA Feve AS G

73

- Hardness7} el & o2 =4 Yehd P13} P2= adhesiveness, cohesiveness, springiness, gu
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i Pz P73 [ {22 3 Ri R2 R3

I, A 283 A e DPPH &tz &4 &A4. Values with different capital letters (A-C)
among commercial stick-type jelly with same main ingredient are significantly different at
p<0.05 based on Tukey’s multiple range test. Values with different small letters (a-e) among
commercial stick-type jelly are significantly different at p<0.05 based on Tukey’s multiple
range test.

&
An
s :
= Bb ' Abe
. A
g4 5
&
€ 3
2 Cd
§ 2
=
&
= F I Ae
= Be e Bf
NN N EEFEEENEFE NS
¥l Pl p3 Gl G2 G R R2 K3

a3, A% 283 A9 F wE . Values with different capital letters (A-C) among
commercial stick-type jelly with same main ingredient are significantly different at p<0.05
based on Tukey’'s multiple range test. Values with different small letters (a-e) among
commercial stick-type jelly are significantly different at p<0.05 based on Tukey’s multiple
range test.



Control 15% 30% 45% 60%

I¥. X2FFY AVrES 28T Ay ou.

% EERFY TA BH

Parameters Immature Citrus unshiu juice

Water activity (Aw) 0.994+0.001

pH 3.189+0.012
Sugar contents (° Brix) 0.50+0.00
Total acidity (%) 1.33+0.01

Total phenolic content (mg TAE/100 g) 68.82+6.76
L 47.43+0.20
Color values a -6.40+0.12
b 14.43+0.50

Data are expressed as the meanzstandard deviation (n=3).

£ FEAFY 1L 2T A A=

Immature Citrus unshiu juice (%)

Control 15 30 45 60
L 54.66t1.41a 47.32+1.20b 44.02+1.59¢ 42.04£0.89d 41.82+0.69d
a -4.53+0.21a -4.98+0.40a -4.99+0.35a -5.60+0.46b -6.17+0.29¢
b -10.38+0.22c 4.65+0.71b 11.88+1.27a 12.74+1.32a 12.54+0.64a

Data are expressed as the meanzstandard deviation (n=3).

a-dThe means followed by the same letter are not significantly by Tukey’ s multiple range test at P<0.05.

- FEAFAC Hrhwel Frbeel weh Aol b@A DL S AT UL
W LED ad A 2ge gasts 482 Uehy
- ol FEAFY FrjHoR L bkl YT v Ao Azt
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EXEFIFY AES 99 AYY FESE, TEELE By

Immature Citrus unshiu juice (%)

Control 15 30 45 60

Moisture (%) 80.76x1.36a  79.74%+0.67ab  79.17x0.52bc  78.44x0.72cd  77.93+0.49d

0.984£0.001a  0.983+0.001b

Water activity (Aw) 0.986+0.003a  0.985+0.002a b c 0.981£0.001c

Water holding 79 o 9 g6NS  72.0641.25 72724078 70704139  70.75+0.83
capacity (%)

Data are expressed as the meanzstandard deviation (n=3).
a-dThe means followed by the same letter are not significantly by Tukey’ s multiple range test at P<0.05.

NS: not significant

- XEHAFY Y HUtEo] St wet A TS s8R daste AT
UeEtl =, ol 250l = Bl 1L oz gF It 7] o
B2 Aoz Ayzd

- Ao By XEAFY e HUbEe] ST E fo A ApolE HolA] il oF 70%Th
£ FASAR = o= XEAFY o] Ao HaeHos A SFS VAR Feve
e BoF= Zolzt A4

X FELFY Frhge 299 439 pH, 7, 2=

Immature Citrus unshiu juice (%)

Control 15 30 45 60

pH 3.247+0.073a  3.172%+0.062ab  3.141+0.063b  3.111£0.073b  3.092+0.072b

Sugar contents

(° Brix) 1.93+0.05¢c 2.12+0.08b 2.13+0.05b 2.24£0.09a 2.33£0.10a

Total acidity (%) 0.24+0.02¢ 0.42+0.01d 0.64+0.02c 0.86+0.03b 1.06£0.04a

Data are expressed as the meanz+standard deviation (n=3).
a-€The means followed by the same letter are not significantly by Tukey’ s multiple range test at

P<0.05.

- FEAEN HrigFo] F7ighol] wel Al e FoFow Frlsle EEEEY 6
0% A7} AgE= 1.06%e] FAEE JERY

- Aeje] pHe XE2FY Hrbgol S met daste A4S HEddL 9=

T

bete AL by
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®. XEFFY A7 29 Ay =37

Immature Citrus unshiu juice (%)

Control 15 30 45 60
Harfgigss 1 2410+540b  3330+30la  31.57+6.26a  31.68+3.17a  30.92+4.4%
Ha“};e)ss 2 11.24+309c  16.15+4.00b  19.17+4.03ab  19.77+38lab  20.90+4.40a
Adhe(ivjfness 130+0.37ab  1.59+057a  1.13+0.52ab  0.93+0.56b  0.74=0.68b
Cohesiveness 0.10£0.04b 0.12£0.04ab 0.13£0.03ab 0.15%0.04a 0.14+0.03ab
Spr(i;grgess 196+0.29a  160+0.19b  1.75+0.27ab  168+026b  1.66+0.22b
Gum(féness 2.58+1.19b 3.94+1.27a 415+1.19a 4.77+1.33a 4.30+1.35a
Ch‘ir‘i’lijr)less 5.29+305b  633+2.16ab  7.28£24lab  817+30la  7.26:2.98ab
Resilience 0.08+0.04b  0.16+0.07a  0.08+0.05b  0.09+0.06b  0.06+0.04b

Data are expressed as the meanzstandard deviation (n=3).

a-cThe means followed by the same letter are not significantly by Tukey’ s multiple range test at P<0.05.

2 gzl v FEHFYE 15% %
Hog ge e dehion, F2AFNe ArtFol F/hste s A A9 Fo

d71ek Aol A

- o
E<= 1
|

o

o =a)
n =

"
=

Total phenolic content
(mg TAE/100 g)

-
h

Control

[mm.lture, Citrus unw'm.r juic e(%)

I19. X2&FY AUVMEE 28 2y F d= &% Data are expressed as the
mean £ standard deviation (n=3). a-dThe means followed by the same letter are not significantly

by Tukey’ s multiple range test at P<0.05.
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2 o] FofA 9o w2 BAS HolAe

. XEAFY A71EE 2% Ay BeHA
Immature Citrus unshiu juice (%)
Control 15 30 45 60
Appearance 5.15+1.27c 5.05%1.00c 5.35+1.09bc 6.15+0.81ab 6.30+0.73a
Color 5.10+1.21bc 4.60+1.35¢ 490+1.41bc  5.70x1.17ab 6.25+0.97a
Sweetness 3. 75+ 1.12NS 4.05+1.43 3.40+1.10 4.45+1.32 3.75+1.48
Sourness 4.00+1.26NS 4.60+1.39 4.00+1.49 410+1.25 3.75+1.68
Bitterness 4.46+1.10ab 4.65+1.27a 4.00+1.17ab 4.10+1.25ab 3.45+1.67b
Citrus flavor 3.70£1.56b 4.95+0.95a 5.55+1.43a 5.10+1.37a 5.55+1.50a
Springiness 5.15+1.63NS 5.60£1.05 5.80+£1.01 5.70+£1.22 5.45+1.43
Hardness 5.25+1.48NS 5.45+1.15 5.55+1.32 5.50+1.15 5.55+1.15
Moisture 6.10+0.91INS 5.70%£0.92 5.55+1.43 5.70+1.13 5.30+1.46
Overall acceptability  4.15+1.09NS 4.75+1.48 4.65+1.35 5.50+1.10 4.60+1.79

Data are expressed as the mean+standard deviation (n=3).
a-cThe means followed by the same letter are not significantly by Tukey’ s multiple range test at P<0.05.
NS: not significant.
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£. Pilot-scale F2HFY A4AD ol5sta T B
Total volume (g)

Parameters 500 1,000 5,000
pH 2.87 + 0.00 279 + 0.00 265 + 0.05
Sugar content (° Brix) 22.67 = 0.06 2297 = 0.12 23.33 = 0.45
oty @ 50 rpm 6438 + 324 4769 + 66 12,897 + 637
100 rpm 4131 + 132 3,187 + 214 8,409 + 850
L 60.60 = 0.70 51.20 + 0.50 51.00 + 0.20
Color a 370 = 0.20 460 + 0.10 550 + 0.20
b 9.80 + 0.30 030 + 0.80 030 + 0.60
Fracturability (N) 783 + 1.33 595 + 0.84 8.60 + 0.66

Data are expressed as the mean=+standard deviation (n=3).
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- Pilot scale B9 WellA EFZ22FA AFAFY F FAE 500, 1,000, 5,000 g2 =24

sto] A=F A% F Fol FNFLE pHS} B 247 da, FrhE AFE He
o) A= 49 5000 g& AZAYL W FA43) B g ey

- BEet =] - 500 g Aol Ao gho] thE AlgEel Hd w2 ALz YEgoen
PR7LEE AR Y] 2 AolE HolA Fdw

- Lab scaleol| A& AstA| 2&(Z ek 79771 dh)S EFste] ARE-3F3 o, pilot scaleol
A WG AP fFAL A FE AEEE AY2E AR Sl wet Ao EAo] WEetA
ow, H7tEF 230 Bad+

- Lab scaleol| 4]+ hot plate(HS-10, LK Labkorea, Korea)Z ©]-&3}o] 218 wHb-S 233513
L}, pilot scale &7l A+ overhead stirrer(OSD-30, LK Labkorea, Korea)& ©] &3} w kS
& gtol| me}t FLF Wik S=rpmEt stEets AE7F aitE = AR xtolrt AU

- Overhead stirrerZ ©]83}] Lab scaleol] Hl&l O] &2 wHl £ 2 A8 wukS 233y
o, 5 kg o) ARE FAsHA wHkEr]dlE ol o] AU

5 FYAE EFFEES o] &3 factory-scale A 2] FA) 23 H3H

O, A3 XEFEE 2EEDS STAE 2 A#

- FEFEE AU B AP gBPoRE 2 AolE RO, A
EYrFE AAES Axsgor] Bon Eaxgsdulol vge Tt
A BRSNS AzFYE

_8, o
i
)
&
Jo

23%E A+ pH 3.06, ¥% 38.6° brixg WElA oW, Z2tA B A= pH 2.68,
28.3° brixe YElf o] FZFEE A7) ZAE A vls] =& ¢ =& pHet
g 7HE Jez yed

o
g

- Pilot scale7}A&= F& ZFAES o] &3t AFAP S A =3t S factory scales 9
Hign] A A= 8 F2E5S A8 et #53 540 Mg o ol Hekst
17 g FFYE FUE AMESH A

- A 1S sl S 2 ARSRE dRe B E]zEH]olz sk T uiele] e tE

be AL e E Az SR WEI FAT BAL A Foe ANFE el
490 AF) GEE BHor, TAMY AARBFES /12 A7) gk A 54



%, A TFESE Ay o]3eA EA 9 ks 34

Parameters ICUH stick jelly

pH 3.38 + 0.03

Total acidity (%) 2.53 + 0.01

Sugar content (° Brix) 36.10 = 0.00
Fracturability (N) 8.58 + 2.19

L 36.16 = 0.49

Color a 6.76 = 0.06

b 18.16 + 0.62

Total phenol content (mg TAE/20 g) 55.99 + 5.98
Total flavonoid content (mg QE/20 @) 97.93 + 0.15
DPPH radical scavenging ability (IC50, mg/mL) 24.38 + 0.43

Data are expressed as the mean+standard deviation (n=3).
TAE: tannic acid equivalent.
QE: quercetin equivalent.

- fFy4E 2EFFEE Aee pH 3.38, 4% 2.53%, 9% 36.10° brix, 7§34 8.58 N, H
% 36.16, AA % 6.76, FA = 18.16, & d= F=F 55.99 mg TAE/20g, & STt rol= &
% 97.93 mg QE/20g, DPPH &}tz 474 &4 IC50 24.38 mg/mLE 7HA& ZAS &2 YEhd

6) hFE FEFEE S AIAIHF] FHEEE4H

D8 AlBIAEA|

HFCh DA TR | A

L LE HIERR C

I8 Q3N XEFES T AIABHFY IFHE

- FEFEE AYY FEP8E B4 A7 d7F 120.8 keal/100g, ©=r3}= 28.9g/100g, <+ 69.
3%, 3% 0.7%, T2 0.9g/100g, =% 0.2g/100g, &/ 20.6g/100g, Z3}2% 0.1g/100g, 1+

EF 15.7mg/100ge. 2 yeyton, ERAY FH2HES AEHA St

Z23E= A9 Hgyl C &5 8.7mg/100go. 2 Leba

M
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Inlet temperature(C)
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E. Inlet temperatureo] W& EFZIFY EL9 o|3537 EA
Inlet temperature (C)

Parameters 150 170 190
Dry vyield (%) 15.49 13.02 10.16
L 9256 = 0.14 90.52 = 0.21 92.21 £ 0.09
Color values a 271 = 0.17 2.19 = 0.08 2.85 £ 0.03
821 + 0.13 7.98 + 0.05 7.78 £ 0.01
Water activity (Aw) 0.239 = 0.006 0.205 £ 0.006 0.191 + 0.005
Sugar content (° Brix) 9.13 £ 0.06 9.35 £ 0.06 9.43 £+ 0.06
pH 3.067 £ 0.008 3.102 + 0.007 3.123 + 0.022
Particle size (nm) - 543.30 = 41.66 458.12 + 9.80
Zeta potential (mV) - -14.72 £ 0.90 -14.56 + 0.43
DPPH radical scavenging activity (%) - 39.24 £ 0.77 39.96 + 1.77
Total phenol content (mg GAE/100 g) 3747 + 5.44 38.21 = 1.91 36.57 = 4.78
Data are expressed as the mean+standard deviation (n=3).
- Inlet temperature7} ot ol wet EF&EFY E2Y F&2 A4
- Inlet temperature7} Fobg ol wet FE2EFY E2o A= S S EE A
st o, ol FEAFAY 2 FAET ALolA FAHo FAsHA HriFer A
Mes S7H 2o g A7d

- Inlet temperature’} Z7}3ro| wel 2

o,
b
rlr

- Inlet temperatureZ} Z713bo)] Wl B EE HolAE AFS Yo, ol FYUTFY &=
7F ol wel o] © Bol AA"E Ao w2 A3E HAH

- Inlet temperature’} S7Fsholl wel 29| pHE S71she 43S Jehlor gix 8oz
pH 3 =R E YERY
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- Inlet temperature7} ol ol wel BEhe] Jdx57]+= 500 nmeholl A 400 nmt) 2 743
< st o, o] A= & AolE HolA ggkom -14 mVole] s e

7
b

- Inlet temperature”} F7}std = 225 242 2 WstE UEh A &9k DPPH ra
dical scavenging activity«= 39%, ¥ & TF2 36~40 mg GAE/100 g& e

=

g% B AETHY FY R EHRA
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= b BEAS i A6l BEolg

S BEAZE Eo o7 RUe W4 ne A4S Yrhidlon Brdsed g3 o
2 Ao WEt FRsA YA aske

. AYEA 9 SE¥g7E 2 £20 nA e 9¥

Independent
. Responses
variables
No ;
X1) X2 X3 Dry Water Water Total phenolic — p. ive size
<) @ yield content activity content (nm)
(%) (%) (Aw) (mg TAE2)/g)
1 160 90 16 12.59 3.544 0.120 1.50 496.40
2 200 90 16 13.02 2.463 0.079 1.53 506.30
3 160 100 16 13.08 3.261 0.109 1.48 526.05
4 200 100 16 12.83 2.463 0.087 1.42 479.05
5 160 95 12 8.97 5.410 0.335 1.85 527.33
6 200 95 12 9.22 4.781 0.321 1.88 509.80
7 160 95 20 15.88 3.879 0.171 1.32 356.00
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8§ 200 95 20 15.89 3.195 0.140 1.29 328.83

9 180 90 12 6.76 5.749 0.385 1.86 516.40
10 180 100 12 10.62 4.760 0.286 1.95 528.80
11 180 90 20 15.23 3.628 0.166 1.33 372.17
12 180 100 20 16.24 3.145 0.122 1.28 383.78
13 180 95 16 14.21 3.044 0.135 1.70 471.08
14 180 95 16 13.58 3.378 0.157 172 494.30
15 180 95 16 13.56 3.854 0.189 1.72 484.18
16 180 95 16 12.89 4.291 0.220 1.63 507.00
17 180 95 16 12.69 4.426 0.236 1.72 480.80

Y X1: Inlet temperature (‘C), X2: Aspirator (%), X3: Maltodextrin concentration (%)
2 TAE: tannic acid equivalents
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Water content (%)
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T 7 T 1
sy . 2 g 8
i — B
1 g | H e
- ST ~— 5 =
|~ s ~— L i ~ |- ~ 5 |- -]
. 100 00 200 i
16 8% 120 180 16
Maltodextrin (%) Aspirator (%) Inlet temperature (7C) L % " Aspirator (%) Inlet temperature (3C)  [nlet temperature (°C) Maltodextrin (%)
1 %0 12

€ ey T T e C2os 1 L T [D-1]5; T D2 12— il =
£ al— £ . i g = i =
= i TEL . 35;1.7 - e
02— 2 £
£ I T ' s :
: 01, il . i Y
. £ 2w .
i 3 E.E: T f-?. L] - ]
; - 3 | 3 v ]
g | 2
100 20 00 06 0
180 16 % 180 180 1%
Aspirator (%) Inlet temperature (3C) - Inlet temperature (°C) Biry o] Maltodextrin (%) Aspirator (%) i Infet temperatare (°C)  Inlet temperature (°C) i 8 Maltedextrin (%)
e T
[E-l] i — T [El_—T T
g ; 7
< £
o o |
§ o) . £l - v
I 1 = e |
T o0, - E 300} |
£ £
100 200 00 20
£ 180 180 15
. ’ ., o i
Aspirator (%) 2 i Inlet temperature (°C)  Inlet temperature (°C) gy Maltedextrin (%)

9. Inlet % (C), aspirator A17] (%), ZTEHU2EY 3F (%) WE A: AX F& (%), B T8
5&‘“& %), C: & 4% (Aw), D: ¥ = 3% (ng TAE/g), E: 4A=7] (nm)oll tht
STEAHEAN A3}

Az

oo
=™

% FE EUH A FONSEUEANE ol §3ke] A 27 FY % oS
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£ WES 5o BB FT MAREHE AT AF =24 @
IT (C) Asp (%)  MD (%) Predicted value Desirability
Dry yield max. 180.00 90.00 20.00 15.88% 0.9618
Water content min. 199.77 99.18 17.15 2.332% 1
Water activity min. 199.96 99.99 15.56 0.079 1
Total phiﬁgzc content 178.69 95.02 12.35 1.96 mg TAE/g 1
Particle size min. 200.00 96.60 20.00 339.72 nm 0.9456
Dry yield max. + water Dry yield 15.75%
activity min. + particle size 200.00 99.75 20.00 Water activity 0.079 0.9527
min. Particle size 346.44 nm
- Ax48&2] 749 inlet % 180T, aspirator 90%, YEY~EH 20% Z7olA] 15.88%E A
& % AL Zoz Jxy
- FERIAHEE inlet &% 199.96°C, aspirator 99.99%, D EY ~E T 15.56% XA 0.079=
o %4
- YA Z7]+= inlet 2% 200.00C, aspirator 96.60%, REG2=~EZ 20.00% =71l A 339.72
mmz o =%
- 22 AERFEY UG FEEAE, dA AVE VA= B2E AZSH] fsAE inlet &
% 200.00C, aspirator 99.75%, Y EY=EH 20.00% 2HOoE EF10Zx 3t= Zo] FH o
2 ek
E 59 Heo nE 2 £29 AE A9, PDL A=
No Zeta potential polydispersity Color
(mV) index L% a% b %
1 -11.43 0.571 92.76 2.66 -6.81
2 -11.54 0.571 92.21 2.35 -6.88
3 -11.11 0.571 85.43 -0.12 -6.36
4 -10.91 0.571 85.47 -0.08 -6.39
5 -10.81 0.571 92.71 2.89 -4.73
6 -11.09 0.571 94.04 3.51 -5.26
7 -12.77 0.571 95.20 3.73 -7.65
8 -12.99 0.571 93.80 3.04 -7.38
9 -11.11 0.571 85.96 0.34 -3.16
10 -10.66 0.571 94.61 3.60 -6.00
11 -11.16 0.571 94.59 3.42 -7.49
12 -12.65 0.571 93.87 3.01 -7.68
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13 -11.48 0.571 94.64 3.63 -6.94

14 -11.40 0.571 94.03 3.39 -6.69
15 -11.72 0.571 94.35 3.55 -6.72
16 -11.52 0.571 94.60 3.61 -6.94
17 -10.74 0.571 94.52 3.62 -6.72
- g B2 A2 -12.99 ~ -10.662] M5 A= Aoz YEyton, At =7
o] A E YehlE PDIZFS =5 05712 Ueh) thEake]l Ao = Jepd
- FF Bge wWE 8543 ~ 95.20, AT -0.12 ~ 3.73, M E -7.68 ~ -3.169] HYES 7}
e Ao =2 Yehg
I FEUASELE o] &3 HAAFAEF A=
- i FAE FEFEE26° brivs o] &3 AAAFGAF Ax2E AT BL AXE AT

- FU7|BAA Bt A= BHEY A X7 E ol &35H7] HelA= A4 3 kg EHol H8
s, o] & Al=xs7] M= oF 20 kg A= XEFEE T & A=xdoF &

O FEFEFE

- FEFEELE FWNROZRE AFLE 26° brixe] AE AL

Q@ FEFEE &9 Ax

- FEFEEYN FEES T F shaking incubatorE o] &3ked 25C ol A 140 rpme] £ 5=
08T T3

- 2Ed~EHS H7}E F shaking incubatorE o] 83Fa] 25C ol A 140 rpme] £EE 247t
B =3

_o)lZ 234 FAIE o] 3t 10,000 rpmo. T 587 FA

Shaking incubatorZ o] &3} overnight w®kst (140 rpm, 25C, 14 h)

Q® XEF=E 8Y #28=x
- ko] R E FEFEE AL TAAERE 98] 80T WaaolA 24Xt o) Ad

- Freeze dryer (LP-20, ilShinBioBase, Heestereng, Netherlands)E ©]-838} 72A1F 521 =

£ QA

=
- EAAZY) BY FFEZE 28NS uF 355t w2 B8 & 100 mesh (150 u
m)

2
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-gEY Az A £2sc] & o2 5 A 8] As 1% HPMC &< 5% #7F & &9



- HPMC &99] o &&S Ja]7] YA £28 50C Dry ovenoll A 3AIZF St Wxg

- 100 mesh A 13 472 AH HAFH BLe AzF

P A
- 91 2ol AxH £LE o] &t FHT|BAA BEHS Azt AAF Y-S JPe

[AE2(A Tt AstE )]

75 AlEAE

-

- AZAPANE AARRL 7154 FAL A vl eutARN AMATW AR, F
A, AMPK, ACC 59 Mstg Bassin.

D X2 FE ARYES AZzsA 2923

- B Ao AFEH ZR o] = (i) hesperidin, (i) narirutin, (i) nobiletin, (iv) sinensetin 2 (v)
tangeretin®] 3}8t 7 %(Fig. 1A)°]t}. PCES] MTT assayoll thah Al =4S #23F Ay} 3T3
-L1 APFA Z o A= 1~100 pg/mLe] F=olA MEZ F49 E3= Rolx] s ISR

(Fig. 1B). =% £ A7 & AddA F25 55+ 104 50 yg/mLe s5=2 F34313 T

@ i)y Gy

w T o OCH;
L p o) on  Ho P QCH;
o " e, O ——o""o H:CO o
£ e Ho - © o ‘ ] OCH;
w0 )
-ﬂ\/‘;:/“:l/\\/"j S E = HiCO
A Y P o6, 6
Hesperidin Narirutin ———
)
) H,CO O ?GH;?
Hico. A M H,GO
| | |
H. =
HiCO™ g7 00 Hy00 Y
I OCH, LN
= OCH; N OCH.
Sinensetin Tangeretin
= 120
E |
g 100 |
=1
b |
: 30 -
B = |
= 60 -
£ |
= 40 -
o |
=
= 20 4
S |
0 +— e —— — —— s — — —
1] 1 =] 10 25 S0 75 100

PCE (png/mL)
Figl 849 F&& FEAEEY Ax54 A7 237 (A Chemical structure of flavonoids, () Hesperidin,
(i) Narirutin, (iii) Nobiletin, (iv) Sinensetin and (v) Tangeretin. (B) Effect of PCE on 3T3-L1 cell viability. 3T3-L1 cells
were aultured at a density of 1105 in %6well plates, after reaching the cell confluence were treated with 0-100 pg/mi
of PCE for 48hrs and cell viahility was measured by the MIT assay. Data are the mean+SE of three replicates. Results
were statistically significant differences versus contral (**P < 0.006 ***P < 0.0005).
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2) ARAESY A4 2 TG Y AAl v+ &%

- PCE7} 3T3-L1 AA| ol A Az A2 F2 3 TG kol ml2]= F &2 Oil Red O stain
ing=} TG assay2 &E3le] A3t GA =<1 Simvastatin®} &2} X 0] =(hesperidi
n, narirutin, nobiletin, sinensetin 2 tangeretin), PCE (103} 50 ug/mL)e] A& =% 3T3-L1
AWM oA AEY A A ZH(P <£0.0005)3 TG P <0.005)= FoFH oz TAAF L
), PCE¢} ZetRxolE& 3T3-L1 AA e #3171 A= S o, Ad W&o a7|=
O Zropzl& #EskAThFig. 2). T3 PCEZF 3T3-L1 AAlZ o] Az *4d =243 TG 3
FE FrRoEHOE A= AS U

Normal Negative
A Control C onnol SIM HES NAR

&
o3
g
: y i [ R i 2
NOB SIN TAN PCE-10 PCE-50
. 5 % > e PR T
N
120 L'q)ii Accumulation 120 Triglyceride Content
%lm - 100
0
80 ? P
60 whd e = 60 "
o
E 40 - o Y [ \: s . " : 2 . * o
2 . e
i illiinll " ' |
o . m i . I .

DIM

Sample Sim Hes Nar Nob Sin Tan UCE i i % - Y o
S 20pM 10 S0 Sample - - Sim Hes Nar Nob Sin  Tan UCE
SpM 20pM 10 50

Fig2 2% F&& FEAAEEC] AZU ALEHH L TG A mX& I3
Confluent 3T3-L1 preadipocytes were treated with differentiation initiation media (DIM) with
or without PCE (10 and 50ug/mL) and flavonoids (20uM) for 48 hrs (Day 0). Then the cell
medium was replaced to a normal medium containing 10ug/mL insulin with different
concentration of PCE and its flavonoids for another 48hrs (Day 2). After 48 hrs media was
changed to normal growth media with or without PCE and its flavonoids changed every 2 days
until day 8. The lipid accumulation was measured by Oil-Red O staining on day 8. (A)
Representative images were captured using the IncuCyte Zoom at 10X magnification. (B),
Quantitative measurement of lipid accumulation in 3T3-L1 adipocyte was calculated by
IncuCyte ZOOM® fluorescence processing software. (C), Effect of PCE and its flavonoids on
triglyceride accumulation in 3T3-L1 adipocytes. Total intracellular TG concentration was
determined using commercial kits. All data are expressed as mean+S.E. (**p < 0.05 and ***p
< 0.0005 compared with the DIM treated control).
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) AFAHAEES AAZTYRES X5 G HX= 8%

- 3T3-L1 A WA Lo Ao o F v x]= PCE®] &3+ 2-NBDG uptakeE F3}o #2st
%t} Simvastatin (1793} tf &9 =g} o] =(Hesperidin, Narirutin, Nobiletin, 2 Tan
geretine FolAo2 T F45 S7HAH AT, Sinensetine th 2Tl vl8] Fojve &3
E UEb A A THEIE. 3A). PCEE % 9EXHCZ AZUE FYdHe G & 57t

S
218t thFig. 3B). wekA PCESH Fehrico] =7} 3T3-L1 A A ZAA & F5 13

e M3 9ee Fstan
NAR

Normal Negative
Control Control SIMI HES

NOB S5INN TAN PCE-10 PCE-S0

2Z-NBDG

e e 3
e ake
e e ok e
I *** | I **
o '_— T T T T T T T T T -1
= =k =+ = = e = = = =

= ]
=l h ] th
i

Glucose uptake (fold change)
=
th

DIM - -+
Sample - - Sim Hes Nar Nob Sin Tam PCE

SphL 20pnn 10 S0

(ng/mL)

Fig3. ¥4 2 & FaEAEE) AZXY T3 #Yd v x|= 9% Differentiated 3T3-L1
cells were incubated with PCE and its flavonoids for 24hrs. Then incubated 2-NBDG (40 uM)
for 30 min. (A) Cells were washed with PBS for 3 times, and images were taken from
IncuCyte ZOOM® fluorescence microscope at 20X magnification. (B) Total fluorescent
intensity calculated using IncuCyte ZOOM® fluorescent processing software. Values are
mean + SE, n=3, *p < 0.05 vs control.

4) AFAEE0] MEN AMPK Alsdge vx&= &%

- PCE®} &2}H o] =(Hesperidin, Narirutin, Nobiletin, Sinensetin %! Tangeretin)2] =] ®-A| &
w3t A &7 AMPKeF fdo]2 ACCRE| <14ksl, HMGCRE] 3ol ojwgk Adto] S+
A& &18t7] $8te] western bloto. 2 A&kl 1 A3 Fig 40 ettt &4
A3} Simvastatind} &2}X x| =(Hesperidin, Narirutin, Nobiletin, Sinensetin % Tangereti
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n), PCE (10, 50 pg/mL)e] %12 AMPKS} ACC ¥%9] Q4ks}t X8 fowstA S7HA14
o1, 3T3-L1 AMA 4 HMGCR] W& A& A ZTh B $o] PCESH &Fehi o]
=& p-ACC (Fig. 4B)9] &8 F7MAZL o 2H ACCY @i F£X& foulsiA A A
Atk ol¥3 A7 A= PCES ZgtR ol =7t AMPK Al&de
E_

35 gARgE Ae FAANA FAH-

p-AMPK(Thr172) Io- o — - — N -‘ p-ACC(Ser79) |r— . » - © — -u"
T- AMPK |---.-...--‘ ACC |----—-----‘
B-Actin F---------‘ ji-ACtill |----_-----]
1 1 P-AMPK b 0.7 p-ACC ¥

0.9 - * s
s = 0.6
: " :
E 0.7 - - ok 8 0.5
= 06 - z T o4 £
205 - o &) seale
& o4 S o3
2 o3 = 02
Bl g
0.1 - i 0.1
0+ - - - . - . - , o+ . mm M N O N N N N N
DIM - =+ & & . i 3 & =+ & 3+ DIM = -+ + + + + -+ =+ + +
Sample - - Sim Hes Nar Nob Sin Tan PCE Sample - - Sim Hes Nar Nob Sin Tamn PCE
SpuM 20pM 10 S0 SpM 20pM 10 S0
(ng/mL) (ng/mL)
HMGCR - - . — - - .
ﬁ-Acti]l - =
D O W gve emr S35 -
1.2 4 HMGCR
14
-8
& 0.8 -
e 0.6
g
0.4 - * * oaa
E P, S e L ek
0.2 FEE i el i l s
MERERERENNES
DINM + + + + + + +
Sample - - Sim Hes Nar Nob Sin Tan PCE
SpM 20pM 10 S0
(ng/mL)

Figd4. X34 58 FEAHEE°] AMPK, ACCY I4Fst 2 HMGCR 2&do) v X+ &%5.
3T3-L1 preadipocytes were differentiated in the absence or in the presence of flavonoids (20

uM)

and PCE (10 & 50 xg/mL) for 8 days. The phosphorylation levels of AMPK and ACC and

HMGCR expression were evaluated by Western blotting. (A) Phosphorylation levels of AMPK
(Thr172). (B) The phosphorylation levels of pACC (Ser79). (C) The expression levels of HMGCR.
Relative protein levels were quantified using densitometry analysis and normalized to @ -actin.

The experiments were repeated three times with similar results. The results are normalized to
the DIM treated control group.*P<0.05, **P<0.005 compared to the DIM treated control group.

5 =

gtEol=9} AMPK 3He] #4 =7 A7 A

B2 =7 o2 Ze R o] =(Hesperidin, Narirutin, Nobiletin, Sinensetin % Tangeretin)¢} A

MPKe] 23t X8 =e) W7tUES FASAT =4 A% SR o= FHE Hlwg

A3 SR ot A AMPK y-49919 5= Aol o3 gk e Jo= &

o1 %) 1 oh(Fig. 5). Hesperidin (-9.0 kcal/moD3} Narirutin (-9.6 kcal/moDe] A3 3} o] o}

£ ZgtE o] =21 Nobiletin (-7.3 kcal/mol), Sinensetin (-8.1 kcal/mol), Tangeretin (-7.8 kc
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al/moD) Xt} =& 7S e A TtHTable 3). Hesperidin®] Lys126, Lys148, Tyrl20, Argl5
1, le149, Ile145, His150, His168, Val224, Thr88¢] A4 A& 2}8-o Zodshar, Arg223, Asp
89, Thr86, Met84= FAZ2 TS A3 th Narirutin®] Lys148, His168, His150, Ile145, Gln
3197} A& A sAgol Fodstar, Asn92, Thr86, Thr88, Lys242, Lys126, Arg223, His168,
Ser3157} F42A%HS dAsA T AMPK-Z2} 1 o] =(Hesperidin, Narirutin)e] 23 13t
22 AMPK-DCAS} fAMSER oW, &4A Aaz83 245 95te] AMPKe] y &t
9 WEgHol wj$- kA A o7 ATt AL FQTh

(ii)

(iii)

@iv)

M

: B
Fig.5. £&v} F&& f‘r’ri/‘s} li—"é— AMPK$}e] B2 =% =9, (A) Interactions of Flavonoids
and y -subunit of AMPK. (B) Interaction bonds such as hydrogen and hydrophobic bonds
between Flavonoids and y -subunit of AMPK and analyzed by the Ligplot program where half
red circles indicate the residues participating in hydrophobic interactions and the dot lines
show hydrogen bonds.
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Table.3 Binding affinity profiles of Flavonoids and v -subunit of AMPK

Binding Interaction bonds
Target Ligand affinity (in
kcal/mol) Hydrophobic Hydrogen bond
Lys126,Lys148,Tyr120,Arg
. 151, Tlel149,
Hesperidin -9 lle145,His 150, His168,Val22 Arg223,Asp89,Thr86, Met84
4,Thr88
o Lys148, His168. His150, Asn92, Thr86, Thr88, Lys242,
Narirutin -9.7 lel45. GIn319 Lys126
’ ' Arg223,His168,Ser315,
Lys242,Lys148,Leuld4,Arg
o 223, lle149,
@ ?gfggne Nobiletin 13| 11e145,GIn319,His 168, Asp31 Ampl1327
monophosphate 6, Ser315, Thr88.
. Arg69, Lys169, Thrl67,
-activated . . Phe243, Te239,
protein kinase) | Sinensetin -8.1 Ser225.His150, Argl51,Arg298,Ser241,
His297,His168
Lys242,Lys169,His297,Arg?2
Tangeretin -7.8 98,Arg69,Thr167,His150, Ty Argl5]
rl64
Lys126,Asp89,11e149,Tyr12
DCA 96 0,Leul2l,Arg223,lle145,Am Lys148,His150,Lys242,
’ p1327,GIn319,Asp316,Ser31 Thr86,Thr88, Argl5l
5

6) ATAEES0] AWML FHA LHo|| nX= B

- PCE$} ZetH o] =7} 3T3-L1 ABA 2 AAAL B FAAS9 Lo oju gt G
< "R AE Fst7] Y5t RNA 9714 S 2248 thFig. 6A). Gene Ontology (G
0) &4 2=, PCE Mgt A@ oA FaF=42.0u] o]/ hHE 5570 Fa=tet a4aFk=4 (0.
5 PIRHE 9] FHA) 2T FEOE IEHE S #EsY HTable 1, 2). A%
MEZ Yol AAthA #d bl d S0 113 FSAAE Lotrr] st STRING 4
< 3k 23}, Fasn, Mogat2, Elovl3, Dhrs4, Hmgcs1, Hmgclll, Decrl, Nshdl, Oxsm, Acadvl, A
cly, Cers4, Lrpd, Gba ¥ Snca 27 A FAAZ A= ATHFig. 6B). o3 23+
3T3-L1 AFAM Z A PCEZF A AAL B FixE9] Edg 2dsto] v 55
Ebl S A AMEHTE

(i) Negative Control / Normal Control

= Up-regulated genes = Down-regulated genes
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DINA Regair
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Fig.6. 249 F&&F FEAEEC] AYAZY FHA &l vX&= &%, GO analysis of
3T3-L1 adipocytes compared to the undifferentiated cells (A) The pie chart indicates
functional categorization of the differentially expressed genes in 3T3-L1 adipocytes, and the
bar graph represents the number of genes up and down-regulated. (B) PPI network of

normalized genes related to lipid metabolism in PCE treated 3T3-L1 adipocytes. Red circles

represent up-regulated genes, and blue circles represent down-regulated genes in 3T3-L1

adipocytes

Table.1 Up-regulated genes normalized by PCE

Gene | Negative Positive HES NAR NOB SIN TAN PCE-10 PCE-50
symbol /Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal
Cyp27al 1.000 1.000 1.000 1.000 1.023 1.028 3.319 1.033
Ugtla7c 1.000 1.000 1.000 1.000 1.011 1.013 1.014 1.015
Mgst3 2.013 0.569 0.452 2.122 0.773 0.575 3.064 1.013
Hsd17b7 3.566 0.949 0.623 1.542 1.309 0.826 2.027 1.206
Rdh16 4.566 1.000 1.000 1.000 1.029 1.034 1.038 1.040
Hsd17b6 1.000 1.000 1.000 1.000 1.014 1.017 1.018 1.020
Apon 1.000 1.000 1.000 1.000 1.007 1.009 1.010 1.010
Alox8 7.048 7.233 1.836 6.855 2.255 2.310 1.095 1.101
Acadvl 2.604 0.739 0.727 1.292 1.060 0.752 2.562 1.210
Acly 1.529 0.842 0.736 1.024 1.017 0.918 1.584 0.983
Gobpc 1.000 1.000 1.000 1.000 1.035 1.042 7.794 1.049
Fasn 3.173 0.572 0.664 1.511 1.137 1.078 2.419 0.883
Akrlcl2 1.943 3.137 3.318 2.656 2.191 1.812 1.847 0.876
Hmges1 4.001 0.506 0.397 1.376 0.915 0.866 1.776 1.204
Oxsm 2.264 0.791 1.165 1.545 2.150 1.150 1.249 1.293
Dhrs4 2.559 1.087 0.993 1.059 0.926 1.086 1.744 0.936
Pcca 2.794 0.584 0.702 1.103 0.982 0.991 2.097 0.896
Hacd2 4.129 0.609 0.364 1.018 0.514 0.498 1.583 1.082
Pip5k1b 1.872 1.000 1.000 1.000 1.011 1.013 1.014 1.015
Elovl3 66.758 1.000 1.000 1.941 1.154 1.188 3.736 1.224

- 156 -



Table.2 Down-regulated genes normalized by PCE

Gene | Negative Positive HES NAR NOB SIN TAN PCE-10 PCE-50
symbol | /Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal

Egfr 0.278 0.810 0.695 0.576 0.283 0.546 0.512 0.841
Scpepl 0.539 1.336 1.325 1.008 1.048 1.102 0.638 1.021
Scpepl 0.539 1.336 1.325 1.008 1.048 1.102 0.638 1.021
Efr3b 0.293 0.610 0.626 0.112 0.202 0.139 1.036 1.118
Lrp5 0.352 0.596 0.609 0.493 0.809 0.679 0.799 0.800
Gba 0.383 0.870 0.638 0.522 0.718 0.707 0.718 0.847
Snca 0.196 0.505 0.113 0.113 0.635 0.521 0.659 0.927
Gdpd3 0.991 0.726 0.496 0.837 0.716 0.555 0.379 0.801
Plscrl 0.600 2.626 2.879 1.268 1.711 1.751 0.541 1.131

N AZEYE 1

B A= 3T3-L1 AWA| oA F8 FZFE(PCE)H Ze} R o] =(Hesperidin, Narirutin, N
obiletin, Sinensetin, Tangeretin)e] 10T+ &35 H7}sl7] 98] FFHAT 2 23, PC
Eo} Seti ol == 3T3-L1 APgA| oA A=W A =43 TG s AR AM
PKe} ACC 4SS S7HA1H 3 HMGCRY 2 & #HaAziom A AL #d Fd k<l
Fasn, Mogat2, Elovl3, Dhrs4, Gba and Snca Hmgcsl, Hmgclll, Decrl, Nshdl, Oxsm, Acadvl
2 Acly A= HdS 245t IRt E5S YERRAUTE o)A ATl A 3T3-L1 A
kA Z o) Citrus aurantium Linné$} SR o2 Ayt M EW A2 =23 TG 3
o] & oEH o & A ATt 8o Haud v JATH2L, 22). HZ Aol =1 Hesper
idin C/EBP « ¢} PPAR y & W& & A3t A S JA T2 2ZA] 3T3-L1 AR LA
Zo] F3E At B Ea QTH23). o] A5 PCES FetR ol =7} 3T3-L1 A
WA oA Az Ad 23 TG g AAStE ol 83 IS 5t A2 AARE
o} B A Ax} PCESF Z& R o] =(Hesperidin, Narirutin, Nobiletin, Tangeretin)7} 3T3-
L1 AAEANAN & 5 SAEAH LS 7R o2 FAsdh F & Citrus aurantiumo]
3T3-L1 AFA A Glutde] & FIIANA T FTE 771 7 ZalE SXAY)
= Aol i3k y&o] Bud vF ATH?24). =3+ 3T3-L1 A A o0 4 Nobiletin®} Tangere
tine] & &4 Sl RuE QTH25). o] A+ 2= PCES R o|=7) 3
T3-L1 AFAZAA G FF FEA 0] ke AL AAET 2 dFoA PCES &2
Hiol= 9] Ag]l= AMPK, ACC| R14tst +#& F7HA171aL 3T3-L1 XAz ol A HMGCR
o] W3S JAslE AL BEFAT oA ATl A= Citrus aurantium L. FEE3 2
Hi-o]l=7t ACCKE &4 38lste] l4ksl 2 SREBP-19A1 & T3] 1t A o2 ACC X &
ZaAzhZugr ®2ag vp JqTH26, 27). ACCE= acetyl-CoA”} malonyl-CoAZ A== AL
ZR38 e Zake] A28 Ao AFRATH27). AMPKE B 2@ B8 A skS =43
= T8% 2EACNEA Z=TH AAAL AHAR] IS FH 2T FTE WA
kil ACCeF 22 82 45 A7 24d& Bl Ad S35 AAITH28). o] B
2w Citrus aurantium L.&= RINE A28 D=w(26) 5 tiAES F98 3371 ot
= W&ol Bud vt glth. PCESF FetR ol =9 9§ AMPKe] &4 3= HMGCR &3 &
AAFo =M 3T3-L1 AFA 2] FH 2B E A4S S AT o] A4 =2
Hxol=7F HMGCRY #d A E B3t A=ZW AE 434 TG o 4AE =9
= AR o] 913 3 o HMGCR T3 S 2HE AFA S 2t Hax 3 JQTH29).
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3t PCES} TRk o]l=9] 3}1}¢l Simvastating $A tzFo 2 AFLS AFFgAE
Ad 2 TG H4& FA&A 7= sAl9 AMPK, ACC9] 14kst 5 F7HA17 o1 3T3-L1
=

A A &2 o] HMGCR H“ﬂfﬂ_% AAs= Aoz Yelygtt R (Hesperidin, Narirutin)
o} AMPK Atolo] A’ 43285 olalstr] f8te £4 =4S TAFoEN o5 AT
AstE o} W7t S-S dotR gttt Bad nie} o] SR o=+ DCA (ADP obg =)
o} FAFE7] W&ol 7-diethylaminochmarin- 3-carbonyl amino-ADPs (DCA)Z 7}z AMPK
o] 3D 77} 7142 BAHAT 3D IS vl B A3 Ze}r o] =(Hesperidin, Nari
rutin)-AMPK &84 ¢} DCA-AMPK 23t 9] =7 271 A2 §A8 9. =2 23E= =
2} 1 - o] =(Hesperidin, Narirutin)7} #2F =54 AMPK &4 A2 2212 AL&E 4 A=
7FeAd S HAFAY RNA €97144 £4 A3 PCE ¥ ZgtR 0] =7} Pasn, Mogat2, Elov
13, Dhrs4, Gba<} Snca Hmgcsl, Hmglll, Decrl, Nshdl, Oxsm, Acvl ¥ Acly A& —‘T‘};}ﬂ
AAAL #4E FAAEY TS 2= Ae A ol Aol AEAE &
& 27} acetyl-CoA, malonyl-CoA, NADPHO A Y 2= 71 AFE A H4Ake] A4 & f,‘?ﬂ??}ﬂr
I RIFEAT fasnS acyl 2HHA @l A= 7719] S 288 717 g @ o)t
(30). Mogat2+= 2-monoacyllglycerol® A%} acyl-CoAZF-¥ diacylglycerole] &AlS Zxs}
H Ex3 A4k 33 Erotd S gMlE S A5 @ED. H2e A= Mogat2rl %
Ul Az ol A triacylglycerol®] resynthesizeS o2 479 Ao} F4ol T3
TS b AAsEaL JATHE2). Elovide A WA AAF71E 7438k 4714 §kg-9] A
HAj o} SR g 9h-&& S8t Alaxet A 9 X wjyfA o] AFAZA g AE
2 WA Bt AT 2 Zdolo] xa W DBzl VLCFAS AP FAo] o
=& x3} 9 B3x3) acyl-CoA 71& | tist S EE Hol= &4 0|th33, 34). dhrsd all-
trans-retinal®} 9-cis retinalS 74 A7tk =3 NADPE 35 <1AHco-factor)Z 3l All-t
rans-retinole] 4HstE ZHE 4 AW &L F4 Yo, pyrimidine-4-aldehyde, 3-be
nzoylpyridine, 4-benzoylpyridine, menadione 2 4-hexanoylpyridine® & W&k 18 E
7}21 alkyl phenyl ketones} alpha-dicarbonyl compounds2 7+4A1 Z1tH35, 36). gha: &3
A Ao ZFaet Alxuate] 3ol FAA0 9E8@Ne 8tH, FH2HE At E & 986
8)< 3ttt T3 glucosyl ceramidedl| /] S ~HEZ X =98 A= transglucosylation
reactiong F3l 8 ~HE2] glycosylationE Z vl gFtH(39). snca= synuclein Al € 2] alpha
-synuclein®. 2 W etA 7 A DolAFEFE S 7HA 3 9191 synaptic vesicle traffic
kinge} 10 W& AAAGEED HE2U0H 22 AP E5dA B s g99ste 7
o T F oty Hmgesl (3-Hydroxy-3-Methylglutaryl-CoA Synthase 1) oFAl€-CoA9] &
A& Zujsle] HMG-CoAE ¥4 3kal, HMG-CoA reductase (HMGCR)®) 2]&}of mevalonate
Z HgsteE #AH S 3304l 42). HmgClll (3-hydroxy-3-Methydroxy-3-Methydl-CoA L
yase Lyase 1)-2 (S)-3-hydroxy-3-methylglutaryl-CoA¢] cation-dependent cleavageE o}A
gl-CoA¢} ketogenesise] a4l ©A|Ql acetoacetate® Zm3}e] non-hepatic animal tissues
of A 2] o4 2] AYr+S 2-3TH43, 44) Decrl (2,4-Dienoyl-CoA Reductase 1)& EEZ A%
enoyl-CoA esters®] WERFsE 2 AR T ALol] o] st= &4 TH45). DecrlS n|EFZ =g ol
A Agel 4 YA oA ol AE ke EX3) A enoyl-CoA esters®] Al Xt A
£ ZA3}H, NADP-dependent reduction of 2,4-dienoyl-CoAE vl 2 3}o] Trans-3-enoyl
-CoAE Ay 4F3tH(46). NADHL-S NAD (P) H steroid dehydrogenase®} f-AFsHAl, post-squale
ne cholesterol biosynthesisell Al = 7§2] C-4 W& 1&F2] =3} A A #oJsl= sterol dehy
drogenase Ti= decarboxylaseg 3 3}3ktH(48). OXSM (3-Oxoacyl-ACP Synthase, Mitocho
ndriaD F|EFZ =0} 7|5 Ak 71 A AGAHETE ofy g} gl Ake] AP =
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o & stm, OXSM¥ B d A2 A A4 g 9 palmitate A 94 o] TH49, 50). ACA
DVL2 Acyl-CoA €48 A=, palmitoyl-CoA, myristoyl-CoA % stearoyl-CoA$} 22 wj
S 20 A Ak o 28 2@ TH51). ACLY (ATP Citrate Lyase)E F2 A2 oA H)
o] E9} oM ”F-CoAR citrate &8-S £XI38t=r], 2= novo cholesterol#t A4t 944 9
ZF 714 4YL FTHGE2). webA 3T3-L1 AGAENA PCE o|@ Ad 7L Fasn, M
ogat2, Elovl3, Dhrs4, Hmgcsl, Hmgclll, Dher24 % Decrl f3129] YAAH o we} 24 =
O @ 4 vk ARHOE, B AF|AE PCES Setrimo] 50| 3T3-L1 A A Zof
A AMPK A2 B=& At o=n Ad 23 TG e AAdds As &3
o} =3 PCES} ZgRwol=E AZU 259 F55 Z7HAZ 3, ©13& PCEZ} 3T3-L1
AFAEAA 2= Al GRS mRITHE A& YEh = Zleolth PCES] A 2= 3T3-L
1 AA Zo A = A ALe B2 E Pasn, Mogat2, Elovl3, Dhrs4, Gba$} Snca Hmgcsl, Hmgl
11, Decrl, Nshdl, Oxsm, Acvl ¥ Acly fFAAE9 #dS 2HsATh o|8g 23452 PC
E7F vitA 2] e A 2A0] 242 AHEE 5 e Ve de AAskeE Aoz &5

A%A ATE 9% AFF AR2AY 1 A7} S 2L Ao Anmnh

G EBY AE9 in vitro F4H8h B

D E2 2

d

)

Total phenolic content (mg GAE/mL)
=
=

0

, &t4 4k3EA Butylated hydroxytoluene (BHT), % ¢18}4+3}A| L-ascorbic aci
3} A3} in vitro 4E @4 =A

oot i
)

(AA)<]

= o
5w O
(=

[

Total flavonoid content (ug quercetin/mL)
L w [
Reducing power (Abs at 700 nm)
o

wn

0 b b 0

Premature mandarin juice ® BHT ~ L-ascorbic acid Premature mandarin juice ® BHT ~ L-ascorbic acid Premature mandarin juice ® BHT ~ L-ascorbic acid

100

o
S

DPPH free radical scavenging (%)

96 160

a

b 94 a a

® % WV o
& S ©

=

S

S
=
=N

ABTS" radical scavenging
o
&

)

&3
S
S

[}

Hydrogen peroxide scavenging effect (%)
%

=3

78 0

Premature mandarin juice ® BHT = L-ascorbic acid Premature mandarin juice ® BHT  L-ascorbic acid Premature mandarin juice ® BHT  L-ascorbic acid

(28] E£Z4 ZFFH9) in vitro 48} &% 7} (n vitro antioxidant activity of premature
mandarin juice (PMJ), BHT, and L-ascorbic acid (AA). Solid content of PMJ was 7.17%.
Concentrations of BHT and AA were used as 1000 ppm in this experiment. Each bar

represents mean =+ SD of three replicates. a, b, and c indicate statistical significant difference
(p<0.05).)
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- # ZAF99 in vitro @1tsl B A FoA F2 AMESE S FATEAR] Butylated hyd
1 L-

roxytoluene (BHT)3} 34kl A| <1 L-ascorbic acidS positive controlZ H] &%

Zuk Zo o] 2 Z s kS (.68 mg GAE/mL ©] a1, positive control® A8 1000
BHT ¢} L-ascorbic acide] 73-¢- 0.23+0.01, 0.70+0.04 mg GAE/mLZ e}
2hZ o] 49 BHT Xt} £ Zg ¥ s 32 Yehy o1, L-ascorbic acidet= f

ZFol7F §l =

1o g\

=
=
a

ro _IEE, ol 1z
N

L M B M
oo B

- FEul ZFAe] F ZER ol e 512.89+36.92 g QE/mMLE YE oW, BHT<}
L-ascorbic acide z+z+ 7.07+1.45, 2.30+0.62 xg QE/mMLE UEGS. 7\‘%—}' 2} ol ] pos
itivie control®l BHT<®} L-ascorbic acidEtF & FetR o= FF& HFow, Fau) 2}
F99 H=fe diE SHEEEF S AT F A=

- g4} 2EH o] DPPH free radical scavenging acitivity= 78.04+2.17%, BHT ¢} L-ascorbic
acide] 79 85.65+0.81, 91.42+0.19% = Vel E=u =& A ] 79 DPPH free radical
scavenging activityZ} 50% ©]’3S. 2 =2 free radical &7 4L RIS

- F=gH} 2EH o] ABTS+ radical scavenging activity= 87.79+0.50%, BHT <} L-ascorbic acid
o] 7% 84.69+0.23, 93.72+0.30% = UEtstw. FEW 2AFA9 B¢ FA F4skAQl BH
TRt} %2 ABTS+ radical &7 A4S RS

- g1} 2FH 9] hydrogen peroxide scavenging activity+= 138.66+3.33%, BHT ¢} L-ascorbi
C acid+ 86.37%2.68, 93.86+0.13% %2 ety 249 2AFA 9 F3 =7 405 nmollA =
of 100%7} B E4& B Ao=Z o,

- Za=9 2EY 9] reducing powere= 2.75+0.10, BHT®} L-ascorbic acide= Z+2b 3.68+0.02,
3.58+0.022 YEel} BHTS} L-ascorbic acid®2.tt g4 254 9] reducing power”7} 2] &
o= vA vetsts

. s=4¢

- TEAYAAME AATEAE 75 FAS A vlo| QupAZRA FAAE, AR W, HA
&, Q1<d, AMPK, ACC, SREBP, UCP 59| Hs}lE &3t =3 S 2HETH 7]
A HIE Y3 glol 2ntA 24 HMGCR, ACAT, Total cholesterol, LDL cholesterol, HDL

cholesterol, SREBP-2 &2 WH3lE #zslHth

O AF =% 27T

- IAPARMHFD)E H ZellA o] A, ke FA 2 AAHWAT) FA= C
D)ol ®lsted ol 4 A 07}01'%19_“:], ol HFD7} d3¥&&2] vivt< %Ej‘i%% LHEH
Uy 2 A= (Fig. 1) o Yepd Ao

D v as%7r 23
g s
U_j]

>4
3
B
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- Aol A AF, ko] FA 2 AARWAD FAE 1A
A QA ZHastg o™ o= Hesdt PCEZE @ulwt &%o] 9SS UeRATH

Body weight 24 Body weight gain
. e
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(Fig. 1) Effect of PCE on body weight (gain), liver and WAT weight of HFD-fed C57BL/6
mice. (A) Average body weight of chow Diet, high fat diet (HFD), Orlistat (ORL), Hesperidin
(Hes), PCE Lim and PCE Jeju farm fed animals were measured weekly. (B) Body weight
gain (Weekl0 - Week 0).(C) The liver weight (D) WAT weight. Values are mean + SEM
(n=7). ***p < 0.0005 and **p < 0.005 and * p < 0.05

@ @4 el AdA x| W3}
- A@TAAY 8F W TG, TC ¥ LDLY| ¥ 5+ IAPALETHFD)A] Blste] o4 A
dastglon, €3 Wl HDLY w=& o4 A S7Hd < yehddo (Fig. 2) .

>
CJ

Total Chelesterol - Serum
e Hep roEa PCES

HIXYL.~¢ Serum LDL-c Serwm

(Fig. 2> Effects of PCE on serum biochemical parameters in HFD mice. (A) Triglyceride
(TG); (B) Total cholesterol (TC); (C) High-density lipoprotein cholesterol (HDL-C) (D)
Low-density lipoprotein cholesterol (LDL-C). Values are mean = SEM (n=7). ***p < 0.0005
and **p < 0.005 and * p < 0.05
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- DA ALEHFD)E Bl v gk A2 ZHAIE U TG % TCe %+ A4 tZ(CD)ol H]
o] fold QA Z7hstg o, AgaolAel A U TG 2 TCe) S =& HFDZo] )
slol fo4d A ZaBe G (Fig 3) .
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(Fig. 3) Effects of PCE on hepatic TG and TC in HFD mice. (A) Triglyceride (TG); (B) Total
cholesterol (TC); Values are mean = SEM (n=7). ***p < 0.0005 and **p < 0.005 and * p < 0.05
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r?hﬁlﬂ

- o]2]3 A= Hesdt PCEZF TG 2 TCo EHo R vlEs SHTo=N 92 EF TG 2

= [e] =] —
TC #55 A= Aoz Agd.
TG- Feces = TC=Feces
L1 £ oas
- 1 Z
£ oo " 03
2 =
= 08 £ nis
247 R
g 0o E 02
= s T &
= o4 ;E 0.15
] 0.3 oM
= 02 T .
o o E: 0.05
Il a
; HFD  ORL  Hes-p PCE-L FPCE-J . HFD  ORL  Hesp PCE-L PCE-]

(Fig. 4) Effects of PCE on Fecal TG and TC in HFD mice. (A) Triglyceride (TG); (B) Total
cholesterol (TC); Values are mean + SEM (n=7). ***p < 0.0005 and **p < 0.005 and * p < 0.05
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(Fig. 5) Effects of PCE on phosphorylation of the AMPK signaling pathway in liver tissue of
HFD-fed obesity mice. The phosphorylation of AMPK, ACC and the expression HMGCR
proteins were detected by western blot analysis with specific antibodies. Phosphorylation of
AMPK and ACC protein expressions were normalized to g -actin, respectively. A -actin was
used as internal control. Densitometry analysis was done with Image J Software. Fold-change
in comparison with that of the HFD group.

© ZHA|E oA A3 EFo] SREBP-29} ACAT-1 & o] =
- ZHAZ Yol A AP TA WA EHFD) Bl ste] 28] 2
SREBP-2¢9} ACAT-1¢] @&o] dAstA dade &l (Fig 6) .
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<Fig. 6, Effects of PCE, HES and LEC on SREBP-2 and ACAT-1 expression in liver tissue of
HFD-fed obesity mice. The expression of SREBP-2 and ACAT-1 proteins were detected by
western blot analysis with specific antibodies. A2 3 -actin was used as internal control.
Densitometry analysis was done with Image J Software. Fold-change in comparison with that
of the HFD group. Data were triplicated
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(Fig. 7) Effects of PCE, HES and LEC on UCP-3 expression in muscle tissue of HFD-fed
obesity mice. The expression of UCP-3 proteins were detected by western blot analysis with
specific antibodies. /£ -actin was used as internal control. Densitometry analysis was done with
Image J Software. Fold-change in comparison with that of the HFD group. Data were

triplicated.
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O FHSF=AAF (Glucose Tolerance Test; GTT)
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(Fig. 8) Effect of PCE on glucose tolerance in High-fat diet fed obese mice. GTT was
performed after 9 weeks of samples administration to High-fat diet fed mice. Mice were
fasted for 16 hrs and blood glucose levels were measured at 0, 30, 60, 90, and 120 min after
administration of glucose (1g/kg BW).
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(Fig. 9) Effect of PCE on Insulin tolerance in High-fat diet fed obese mice. ITT was
performed after 9 weeks of samples administration to High-fat diet fed mice. Mice were
fasted for 6 hrs and insulin (1U/kg BW) was injected intraperitoneally. Blood glucose levels
were measured at 0, 30, 60, 90, and 120 min after insulin injection.

@ Ad&d A3A HAF (HOMA-IR)
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(Fig. 10) Effect of PCE on Insulin tolerance in High-fat diet fed obese mice. ITT was
performed after at the end of samples administration to High-fat diet fed mice. Mice were
fasted for 6 hrs and insulin (1U/kg BW) was injected intraperitoneally. Blood glucose levels
were measured at 0, 30, 60, 90, and 120 min after insulin injection.
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{Scheme. 2) Anti-obesity effect of PCE

o} =& 2 d<4F9 in vitro FA3F &%

[#] X2 2 g2 FHEEFE, AFY) & s FFH F STERE0E FF

PMP3) PMJ MP MJ
Total phenolic contents
(mg GAE/g) 94.04+6.251)a2)  37.05+4.16C 79.15+2.38b 31.20+3.29¢
Total flavonoid contents 43.99+3.73a 4.20+1.04c 23.51+0.81b 0.09-+0.46d

(mg QE/g)

1) Each value is meanstandard deviation.

2) Means with different letters (a-d) in the same row are significantly different by Duncan’ s
multiple range test (p<0.05).

3) PMP: premature mandarin peel, PMJ: premature mandarin juice, MP: mandarin peel, MJ: mandarin
juice

29 & Zg s e ZFubo| A 94.04, ZFAo| A 37.05 mg GAE/gO & EFE oM,
gRxolE FeFe ZEFEF 43.99 mg QE/g, 25 4.20 mg QE/geE YER&

>

ol
[

- SsEY F EYvs S ZAFablA 79.15 mg GAE/g, ZEd A 31.20 mg GAE/gS
2 Yehgen, St olt i AFa, FAFdoelA Z4zh 2351, 0.09 mg QE/ge=
B

- XES gy ¥ F s 39 F EtEolE o] yEston, go] &
ST 7T A2 daTh Ao
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By
i)

Tkl B B2 71eA A&l &rE.

o 3t}

By

(8] =2 9 539 BAEEFY, FFY) flavonoid FF 4

Mandarin extract  Narirutin (mg/g) Hesperidin (mg/g) Nairmlng%glm He(%)ggm
PMP3) 51.35+3.961)a2) 76.81+7.32a ND ND
PMJ 6.84+0.30c 3.48+0.20c ND ND
MP 24.00+1.49b 62.12+4.28b ND ND
MJ 3.08+0.01c 2.25x0.01c ND ND

1) Each value is meanstandard deviation.

2) Means with different letters (a-d) in the same column are significantly different by Duncan’ s
multiple range test (p<0.05).

3) PMP: premature mandarin peel methanol extract, PMJ: premature mandarin juice, MP: mandarin
peel methanol extract, MJ: mandarin juice, HD: hesperidin, HT: hesperetin, NT: narirutin, NG:
naringenin

- g wo] Ex3}= flavonoid?! narirutin®} hesperidin 78] 32 7 HIHj A & el <l naringen
in, hesperetin &S 43193

- g3 gd5E 25 vuigA Fel2l naringenind} hesperetine HAEE A gkS

- g z5uk /H narinrutin®] 51.35 mg/g, 2tEFHol A 6.84 mg/go. 2 HAEFHJOH, d=F
2 N o) A zzt 24.00, 3.08 mglgl. 2 AEH

- 9b&g e ¢ oiv narirutin o] oF 50% A= 7+4, hesperiding 20-35% A% 745}
o

- &9 %4 narirutin $HEFR T} hesperidin $H&o] HA4 A&EH g on, ZF 1% nari
rutine] hesperidin®th -2 o] AEEHJAoH, At o=w 2Fukd o @
3} hesperidine] A& <.

(] X2 3 g2 FAEEFY, FAFH) in vitro J43 F4F H7}
DPPH

X . Hydrogen Hydroxyl
Mandarin radical A]ggas;e radical peroxide radical SOD activity Reducing
extract scqvgngu;/g hgor Vitng](l,}% scavenging scavenging (%) power
activity (%) YU activity (%) activity (%)
3)

PMP 30.39+1.70%2  2491+0.73°  81.52+1.00°  92.74+0.23  44.31+1.11° 0.93+0.05
PMJ 26.52+1.53" 8.77+0.72¢ 51.39+£256"  14.35+1.83¢  11.05+0.67¢ 0.38+0.02¢
MP 27.67+0.99° 24.03+£0.77°  93.24+0.43°>  92.13+1.24*®  34.07+1.31° 0.82+0.03"
MJ 16.74+0.53° 5.82+1.08" 44.90+0.26%5  16.84+2.26° 4.87+1.40° 0.23+0.02¢
HD 13.65+1.03¢ 19.49+1.38°  98.20+0.17*  90.97+£1.23"  25.34+0.68° 0.26+0.03¢
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HT 24.95+2.01° 36.63+0.67°  96.41+0.43"  90.07+1.03"  33.83+1.33 0.3440.04°
NT 4.32+0.39° 2.99+0.078 74.64+1.02"  91.78+0.78"  25.58+1.00° 0.19+0.01°

NG 5.34+0.37° 12.12+0.12¢  61.49+0.63°  92.16+0.67"  26.69+0.44° 0.20+0.01°

1) Each value is meanstandard deviation.

2) Means with different letters (a-g) in the same column are significantly different by Duncan’ s
multiple range test (p<0.05).

3) PMP: premature mandarin peel methanol extract, PMJ: premature mandarin juice, MP: mandarin
peel methanol extract, MJ: mandarin juice, HD: hesperidin, HT: hesperetin, NT: narirutin, NG:
naringenin

- EF3 @<L in vitro 43 S & HrtEla Foll Wo| x3kE = 2714 flavanone
Hluj Al P9 flavanone® 43t &3-S @7hste] vlastaat 3k

—

- DPPH radical &7 &42 £& 2gdo] 7 s%on, £ A543 g8 A5
2] A1 Aol 7} ¢l = Flavanone £3% % hesperetine] 24.95%% 7} &2 DPPH radica
1 27 &48 Yeldl o, hesperidine] 13.65%, naringenin¥} narirutine 2+2}+ 5.34, 4.32%
Z Yebd. hesperidin®] narirutin2 o} 2 474 A4S HYow, vuigA Jejrt ¥ =
S 27 A4S BY oy nariruting} naringenin® F2] A o2 Zpo]7F AU

- 29 ABTS+ &A &4 =& FFutsg %t’ﬁ“% zk&Hlo] 247y 24.91, 24.03%= AU
2ol 7F fllow, & ZAFHo| 8.77%, dsd FHFHo| 5.82%= F&F 2FHo] Fo3F o
2 =& 27 84S Yebd. Hesperetino] 36.63% = flavonoid &2 714 &8 &7 &4
S 2 $ o1, hesperidin®] 19.49%, naringenin®] 12.12%, narirutin®] 2.99%% e}, DPPH
radical 27 A3} wpzl7EA| & hesperidin®} hesperetino] © & &7 48 UEH S
ABTS+ &4 @42 iAo EAES vudA JeH=E Asd A, &4 &Ado] oF 24), 44]
oA &

- Hydrogen peroxide: feton ‘é_} <l «]OH % o] %&-& hydroxyl radicalS 4 &}7] HHPrOH
HEE A A Ao sl 24, 28 9 S5E9 FFdA 27 81.52%, 93.24%=E =
hydrogen peroxide 47 %W UERA S U% x% 1 gharg ZF o A= 51.39, 44. 90%
Uebd. 9sF 2Euto] 7 ZEFubR )l B 52 hydrogen peroxide &7 A4S B YL,
4%2] falvanone &2 94| 60% ©]’de] =& _-47% A48 eI S EojF o Z nu|A|

FEET WA FEY o, o 52 &7 A4S BAS

N2 o

- Hydroxyl radical2 wj-¢- &2 W-e4& 2t7] W&ol o]& &Asks 582 Zhe Aol #¢
Zoslth. FF3 SFo FF b AE 92.74, 92.13%2] WS- w27 T4 vES B
gom, HFHNS 1435 16.84%= Fe 27 FAHL JERY. 4 £9] flavanone 52 HA|

90% o9 =2 a7 B4e HoH, o5 e oAl Aol U=

- SOD (superoxide dismutase) €42 superoxide anion radicalS &7 3l= &
How ZAsH= Zolth E£2 ZAFuto] M431%=E 7HE =& S IS
vlo] 34.07%, F2 25 Ho| 11.04%, &+ 2FHo] 4.87%= 71 *& S
Z9] flavanone &2 hesperetin®] 33.83%=% 71 =& A4S e, 1 ¢ flavanone
°] SOD #4& F9oZQl Aol& YEtHA AU+
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HHT F2 2l = of gk 3 es
peretine] 714 =& &d¥E 7HxloH, 1b A Fel7h HH 248kl Narirutind}
naringenin®] #=#-2 0.199} 0.2022 Yepon, fof &2l Aol A

As AR vpolemARA AT, A ZFABMD, A
g, 7|ztALE 5o HIE #Esiith

D oA | s
%2 £2 5 AYA

3}l+= [Table 1], [Fig. 1]

Ex F2 NG AGAES HAD DA AL W

ooy
e
i)

“AZE 73 T g zre] YEASS 0.74+0.48 kg BAFGOL, AAFLS 0.26+0.08 kg =
7t o foAl Aol JEEZA EUdtHFig. 1A]

-BMI: 75 & =79 v BMI= 0.28+0.22 kg/m 748t o, A 941 0.01+0.04 kg/
11 Atol= BEEHA FdviFig. 1Bl

1.9740.36 kg ZHAatg 1, Adw JA 106+
o)A Ql Aol FAE A ekktHFig. 1Cl

o

- AALE - TF F Eae] Ho AAGES 2.85+10.06% AR, AT A 1.87+
0.03% zrastAou oAl ztol= BEEA &UtFig. 1D]

-3YEY 77 T xR B sEEEE 1.69+0.67 cm AR, Ad A 043
+0.04 cm ZAsF oY FoHQl ol #EEA FtHFig. 1EL

-9dQolEd  7TF F UxTo HF JdyolEdE 246+0.62 cm 4SRN, AFTE GA
1.86+0.12 cm ZFAastR oy oAl ztole #FEHZA FekHFg. 1FL

0.87+0.02 kg 2713t a, A&7 AA 0.85+
H#z= A g 1Gl

£0.00 Z7bakg ot APwel B
ol A ekgkehFig. 11l
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[Table 1] The changes of body composition

Placebo Sample
Parameters
Week 0 Week 4 Week 7 Week 0 Week 4 Week 7
(n=13) (n=13) (n=13) (n=14) (n=14) (n=14)
BOdYGZ“g?ght 57.01+2.91 | 56.75+2.75 | 56.27+243 | 57.89+239 | 58.09+232 | 58.14+2.47
Body
mass index | 22.01+1.23 | 21.78+1.13 | 21.72+1.02 | 21.79%+0.74 | 21.72+0.73 | 21.77+0.78
(kg/m)
Body fat
mass (kg) 19.57+2.17 | 17.91+1.91 | 17.60+1.80 | 18.00+1.54 16.83+1.50 16.94+1.54
Percent
bo%%fat 33.30+£1.77 | 30.65+1.67 | 30.45+1.71 | 30.57+1.51 | 28.65+1.48 | 28.70+1.53
Waist
circumferen | 71.62+3.50 71.15+3.14 69.92+2.83 72.29+2.48 73.07+2.30 71.86+2.52
ce (cm)
Hip
circumferen | 94.08+2.32 93.65+2.14 91.62+1.70 96.07+1.79 93.32+1.58 94.21+1.66
ce (cm)
Skeletal
musc(le )mass 20.13+0.51 | 21.13%+0.59 | 21.00%+0.49 | 21.56+0.74 | 22.48+0.77 | 22.41+0.84
kg
mggg%glic 1178.69+17. | 1209.08+20. | 1205.38+17. | 1231.50+26. | 1261.00+28. | 1259.29+ 30.
84 79 34 83 01 44
rate (kcal)
Abdominal | 0g6+0.02 | 0.86+0.02 | 0.86+001 | 087002 | 0.88+0.02 | 0.95+0.07
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Fig 1. Anthropometric parameters of the placebo and the sample groups. At 0, 4 and
7Tweeks of the treatment, the anthropometric parameters including body weight (A), body
mass index (B), body fat mass (C), percent body fat (D), waist circumference (E), hip
circumference (F), skeletal muscle mass (G), basic metabolic rate (H), and abdominal fat
rate () were measured in placebo and sample groups.
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2) dFA)xe W3}

- TF FE T AGAEF BEe 2 0T AYAEFS AT JFAEY dFAEY A
sl+= [Table 2], [Fig. 219} 2t}

- Total cholesterol : 757+ Ad 79 TC €4 X = txTol vlsty AR o2 7HAs=
AEFS YA 7F T x99 B TC €3 4= 0.69+1.36 mg/dL 7F43F 1,

AF T 9 12.14+4.02 mg/dL

- Tri-glycerides :

Al 1.71+0.79 mg/dL Fa

- HDL-cholesteroal :

- LDL-cholesteral :
&dhe AL YeIQD 73 & t2e
AT 9A 10.21+2.70 mg/dL

.J_O}'M_L.

[Fig. 1D1.

F o)

= gzzol
U Agee 0.64i0.89 mg/dL %}

17 AP

e

o felHel Hole

14.77+6.75 mg/dL 43R AL
Aol 2 A

W+ LDL-C 84 A=
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- Fatty Acids :

EP AT 75 = thxTe] W+ FAE 191.15+£32.56 «Eq/L %
} ]

6+5.67 n«Eq/lL ZF4& ol &l Atol= A2 EH X OLOLE}[Flg 1E].

- Apolipoprotein Al : 75 3 tZT9 H Apo Al 3.85+0.81 g/L A4St oy A7+
0.07£0.33 g/l S7IstR o oA xfole #E= A dthFig. 1F]

- Apolipoprotein B : 753+ A& 2] H Apo BE thxtol vt Hutr o g 7H4ste 7
&S JeERAT 73 T thx79 HF Apo BE 0.15+0.26 g/l 713 ou, A3 +-L 8.
14+1.27 g/l ZFA4stF o Fo2Ql 2ol AEE A ksktiFig. 1G]

[Table 2] The changes of Blood profiles
Placebo Sample
Parameters
Week 0 Week 4 Week 7 Week 0 Week 4 Week 7
(n=13) n=13) (n=13) (n=14) (n=14) (n=14)
Total
Cholesterol | 186.23+£5.53 | 196.62+6.65 | 185.54+6.89 | 191.3610.65 | 183.93%+7.33 | 179.21+6.62
(mg/dL)
Triglyceride
s (mg/dL) 76.15+11.88 | 82.23+13.32 | 61.38*5.13 74.367.49 71.43+6.95 | 72.64+6.70
HDL-C | 61694370 | 62.46+4.44 | 6254454 | 6343441 | 62.43+381 | 62.79+3.52
(mg/dLA) . —_ . . —_ . . —_ . . . . —_ . . —_ .
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(];r]l)g%af) 110.08£3.75 | 119.084+:4.90 | 109.15£3.92 | 111.938.42 | 107.50%£6.53 | 101.71£5.72
free fatty
acids 678.693i 89.0 484.311i 69.0 487.547i 56.4 619.5796.50 511.714i 77.9 477.2%%- 102.
(uEq/L)
/?go}go gr /OLt)e 158.00£4.91 | 159.54+4.54 | 154.15+5.72 | 161.717.32 | 165.29+7.85 | 161.79+6.98
Apolipoprote
n B (g/L) 86.69+2.77 | 91.46+3.43 | 86.85*=3.03 90.505.53 86.29+4.56 | 82.36+4.26
Total chalesterol Trighwcerides
250 120
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Fig 2. Blood profile of the placebo and the sample groups. At 0, 4 and 7weeks of the
treatment, the blood profiles including total cholesterol (A), triglycerides (B), HDL-C (C),
LDL-C (D), free fatty acids (E), apolipoprotein Al (F), and apolipoprotein B (G) were

measured in placebo and sample groups.
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(%] & A2 opA + 7MRe) 229 in viro F2ksh B4 B}
DPPH
. . Hydrogen Hydroxyl
adcal | DTS+ radical - perovide radical SOD activity ~ Reducing
a Cﬂvitng](lg/% Activit g1(r(}/g) scavenging scavenging %) power
y L y L activity (%) activity (%)

6.62+£1.25 29.52+6.14 0.84%0.01
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U SWE+H: subcritical water extract and hydrolysis extract of premature mandarin peel
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