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Figure 1. Photographs of Sasa quelpaertensis Nakai leaves and Citrus

Junos, Poncirus Trifoliata and Jeju citrus[29, 30, 31]
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folin—ciocalteu's phenol reagent, quercetin, aluminum nitrate, L-ascorbic
acid, DPPH(2,2-Diphenyl-1-picrylhydrazyl), ABTS(2,2-azino-bis(3-ethyl
-benzothiazoline-6-sulfonic acid)diammonium salt, 2,6—dichlorophenol-
indophenol+= Sigma-Aldrich(St. Louis, Mo, USA) oA F43ste] A3t
metaphosphoric acid® ™A 3} (Ansan, Korea)AE TYste] AL&3stH o
butylated hydroxytoluene, tannin, potassium acetate, sodium carbonate,
potassium persulfates® A2 Duksan Pure chemicals Co. (Ansan,
Korea)®] A& AREsI. @dAikst &4 58S 98 A 717 d29x
(BW -10H, Lab Companion, Co., Daejon, Korea), n¥F7](DS-201HS, vision
scientifc Co., LTD, Korea), 37755 7](JP/N-1000SW, EYEL, JAPAN),
& A2127](FD8508S, llshin Lab Co., Ltd., Korea), §%% 53E &34
A(UV-160A, Shimadzu, Japan), ELISA reader(ELx808, ,BioTek, USA)E A}
|33t

A EAYEES F5A3= Human skin fibroblast A|EFE Al X528 ol A
e AS ARSIl o™, RAW264.73 MTT[3-(4,5-methylthiazol-2y1)-2,5
-diphenyltet-razolium bromide], E®HAl-oJt]Elelo] (Trypsin-EDTA), €A
[fetal bovin serum(FBS)], ®iXA][Dulbecco’s modified Eagle's medium
(DMEM)], &AM (penicillin/streptomcin), PBS (phosphate-buffered saline)
< Gibco BRL(Grand lsland, NY)JA} A3, dimethylsulfoixde(DMSO)%-2] A3

of #elE AFS Aduist A SATUEN PRV MBI AN A LHF)

|

AL AME ¥ on, ddFATS 9+ sodium nitrite, N-(1-naphthyl)

[¢]

ethylenediamine dihydrochloride®} lipopolysaccharide (LPS, Escherichia
coli O111:B4)+= Sigma-Aldrich (St. Louis, Mo, U.S.A)olA F<sle] AFE-3}

% © ™ phosphoric acid, sulfanilamid® W33} (Ansan, Korea)d& T35}

SHAFS 8l AFES 79 2 772 B A O(HB-402, Hanbaek,



Korea), ®l%7](Forma Scientific Co. USA), I4E#7|(AC-01, Lap
Companion, Korea), A|@% &317]1(VM-96B, Jeio Tech, Co., Ltd), 7}& x4t
71(MS300HS, Misung, Korea), &v]7d(JP/BX51, Olympus, Japan)& AF&3}%1
o™, petri-dish(#]7d 9 mm, ¥°] 1.5 cm), paper disc(® 8 mm, Advantec,
Japan)E AF83+$ a1, digital counter (KTO074A, Kartech, Korea)E ©]-&3}4]

#5E ZAsd LS st

AFzDY A F4, G4 L B A9 FEES e ge BHow A=
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Scheme 1. The complete scheme for the extracts from Sasa
quelpaertensis leaves in distilled water (DW) and in 70% of ethanol

solution.
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2 atst 24 4

-2 7 Aolrb=dl oA I A3k A AFoly FEEY AX T oY
7HA F71EA digk Abseke 58 FEAe] o B FAEES do
A fk[34]. o3k EAHAEA(ROS)7F A9 75 Ak A7 st
o] Fo] x| Ut} 18]l free radicals AT F A= AEUAA R D4 oA
Oo]:—/l\—

?l a-tocopherol(vitamin E)¥} polyphenols, carotenoids, a-lipoic acid,

flavonoids, glutathione “12]3l 484 free radicalS #A|AE 4= Y+ ascorbic
acid (vitamin C)¢] &4kt & Gol &dikiel S WAT + glon, &
3 ol% A= o] Aks)

T
carotenoids, turmeric, curcumin, flavonoids, caffeine present in coffee,

gk

473

Ol
rlo

= o
S5

o
N
)
B
=
s
rr
_>‘4_|‘

tea, orientin, glabridin, vicenin, glycyrrhizin, punigluconin, emblicanin,
pedunculagin, dehydrozingerone, 2-hydroxy—-4-methoxy benzoic acid,
picroliv, with aferin, yakuchinone, gingerol, chlorogenic acid, vanillin (food
flavouring agent) and chlorophyllin (a water-soluble analogue of
chlorophyl) %< A48t9 21, flavonoidss A1 &9 Mo ®Wo] Exjsw 7
el s A A=A 0] JEe o= Aow A JUT[35]. AlFxEId] A
s oA 7 SFHe= YEY wo 2= Kang 5[36]¢ <17l
A AFzRAY A FEFEE p-coumaric acid gl 23.71£1.78 mg/g,
0.03+0.02 mg/gl. % p-coumaric acid®] &S ¢ Wo| H {3}
= & T o, Anel37]19] Aol oletd AFxsdel drE
—-coumaric acid”’} tyrosinase A= Q3] HAhd ABAS AdA = T8
AEYE olofr] skl 9lew, Kim[38]¢] <AFolA+ natural medicine

comprehensive  databaseE AR 3 AFZXIYY AFHEOEE

rﬂl

fr
m&‘i

2%

O.u

rr

i)

tricin[C17H1407,5,7-dihydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)
-4H-chromen-4-one)Z &4 A& & 5 9

e el e FAEE2 HEW Bl, Colol ARl AR, FThE o
=, szenels Fol it oleld AREY] F2 J5S Avnw WA A%

o] FH &2 R-gRdld ols 553 dr|adolH, S AN =83
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ATz g3 F2, gx @ F 33 100gy] E5FA 208 (G2 A
By 1089 F

Whatman paperg ©]-&3sto] o#gk & ymx|= 79 of #gh

of FAAX AAA wATOo R Ao

ANeHe FEE 55 AL
vield(%) = [82471x2 4& B2 d@/Am9 (@] x 100
2) Polyphenol 35 =7A

Polyphenol3Fe Folin—Denis®#H [42]8 W33}l Folin-Ciocalteu's phenol

reagent’} FE=E°| St LA R R Q8] B dHAN o7 YEh =

= o] &3l =4 3t 2 FEE 1 mge 1 mL 550 £83 FE5E 9
Folin-Ciocalteu's phenol reagentAl¢FS 1 mLE ¥ U 5~ 887 4] 3 10%

sodium carbonate§9 1 mLE &3] EAAT] ths A4 60F &<t WA g
U} ELISA reader(Biotek. ELx808)E ©]&3}°] 700 nm A FF=E 43151
U EFEd R gallic acidE ARSI o of7|dA S AFHA(Fig. 2, Fig. 3=
0]-83}o] % polyphenold&S AAFSL mgGAE/g (GAE: Gallic acid equivalent)
2 BAE o 7} Alme tis] 33] wHestel 5A §F Hgto® dehd
[32,33].

3) Tannin F =4

Tannin®d&F 9A] Folin-DenisH[42]S WHasle] 54 Axd 29 5+ 1 mg
S 1 mL =F |83 =5 0.5 mL 9 folin—ciocalteu's phenol reagentr] kS
0.5 mL Y& & 5 ~ 8% HX3t 3 10% sodium carbonate&9 0.5 mLE &3}35}1]

2ol A 1A)7F W2 & ELISA reader(Biotek. ELx808)2] 700 nmolA &3 ==

||V
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A3} tannin acidE ZTEZDZ ARSI S polyphenold] 573} 2 W
Mo S35t 48 RrA(Fig. 2, Fig. 3)= ©]83to] tannin acid®] S AL

33l mgTAE/g(TAE: tannin acid equivalent)® YWEFHATH[32, 33].
4) Flavonoid & &3

Flavonoid& #& 24 &2 5o SAstY, A& YU gAtstEd 2 o] Fo

A gER AEAd WA HAANE sgdET

e SZeRol=E Wol & stal & FEEo] Mo =E ¥
0

Y& o|8&3 MorenoWH [44]5 uwzt Z+7;

s
Sl
e
b e

aluminum nitrate 0.1 mL%} 1M potassium acetate 0.1 m
4.3 mLE H7lsto] A225T)eA 40% =< A% F  ELISA

3 =2 =z5Lo 3%
FEE SASAY. EF

ol

reader(Biotek. ELx808)%] 405 nme®l 4]

=
querceting AF&38tH o™ of 7oA A& FFH4H(Fig. 2, Fig. 3)& ©] 83519

%’,
(o

Z flavonoid¥#H< AXF 311 mgQE/g(QE: Quercetin equivalent)® YERU
w, ZF A= dishe] 33] vbE SA4se] Fagtes YERITH32, 33].
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Gallic acid standard curve
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Figure 2. Standard curves for determination of total phenolic compound,
tannin compound and flavonoid compound in Sasa quelpaertensis Nakail

leaves extract
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Gallic acid standard curve

2.000 - y=11.931x+ 0.0743
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Figure 3. Standard curves for determination of total phenolic compound,

tannin compound and flavonoid compound in Citrus Junos, FPoncirus Trifoliata

and Jeju citrus peels extract
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5) Vitamin C &% =4

2,6-Dichlorophenol indophenol A& YEM™ vitamin CE FE3Ul=
metaphosphoric acide} AgstH W2 oMo TS et of7]o] Als
E A7V HW A= vitamin CO el webA AR g Eo] Aol
22 T3S Yepdtrt FAe] ®nk wEba] 2EE 29 ascorbic acidE ©]

=
galo] Aol ojAE FES AL vitamin Co FHFS AFT 5 9

ZF N g9 g vitamin C & 2,6-dichlorophenolindophenol(DCPIP) H] 24
°% 2y vitamin CO HFHE ol&sto] APt 424 A= 0.05¢
o] 1% metaphosphoric acid €M< 10 mLE #H7}ste] 6087 wwkdl oS- o
3} 3k} o] oJ3el 1 mLel 0.15% 2,6-dichlorophenolindophenol 9

E3ste 30% § 490 nmol A ELISA reader(Biotek. ELx808)E o] &3}

AsIAE E=EA 2= ascorbic acid(AA, Sigma-Aldrich Co.)E o]-&3lo] ZHaEA

1

S A3 3 vitamin C %S ascorbic acidE 7]+ o2 $Hitsle] AAkeg o
Gl mgAA/go 2 FAISHSITE ZH2he] Almel dlste] 33 WkE SAste] Hf gk
o= Yehlilth46, 47].

g T

e

e 24749 AlEE 100 mg/mL sEE vHEo] A2 tAE
FEA(SCM-1000BT, Pocker refractometer, Korea)E o|-&3te] =43 o
H @9= Brix® YEAT. 7 #E=9 pH5A 2 pH meter(ph/mv/TEMP
Meter P25, Korea)E ©]&3te] 150 mg/mL &% Ao|A pHE 7435+

oh Zb Aol diste] 33] WHs SA 8] Fgho = JERA AT
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7) DPPH free radical £2A% &3

DPPH radical 2~A84S F4shs WS DPPHYE S43taat she 549
#do AEE vElle SdE8E VTR FARAHEE Ve He Wl

of. oAl @wEbd Fig. 49k o] HxAe]  DPPH(2,2-Diphenyl-1-
picrylhydrazyD)e HAH e =842 &M free radicalz A4S FAOE 51
radical®] 7+%Z 33 dow, 515 ~ 517 nmollA EA3 "o 3t Hdo &
TE Ut FEE st os] S o] radicale]l AAEW
e F7F glolAAl B des A&k delE 483 BloisBH48]s &
rs

= A 0.2 mM DPPH(2,2-diphenyl-1-picrylhydrazyl)E ethanol®l
felA1 7 Bes =] SQlYh ZF w=o wE A& 20 pL¢ DPPH& S 54
% 517 nmell A 0.98~1°] & &= =5 343 DPPHEY 180 pLs & ¢
sto Ao A H& Apesle] 30 < WA th ELISA reader(Biotek.
ELx808)E ©]&3}e] 490 nmel|Al DPPH radical 2A%% F34atqlch &
© & L-ascorbic acid®} butylated hydroxytoluene (BHT)S A}-&3}om, Al
5 FAIR Bl ALbste] 8 ghe WMEE(%)= A Lg)al DPPH
radical®] Z71&°] 50% #ad o Yehll= $=8 ICsoo2 FA| sh3len 7}

Aol tisto] 33 RbE Akl Fogho®w YEhit[32].

Inhibition(%)=(1-A| &8 7} 9] EF /A 5579 533 5)<100
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Figure 4. Absorbance change at 517 nm caused by the reaction of

anti-oxidants with the free radical of DPPHI[4]
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8) ABTS cation radical &A% &3

ABTS radical 2A%< ABTS(2,2-azino-bis(3-ethylben zothiazoline—
6-sulfonic acid)®l potassium persulfate®} ¥Hg-3to] A== HF29] ABTS
cation radical®] F&E°| &3t U= I3 &3} WES5le] ABTS cation
radical®] H=Ao o A ¥+ ¥98]E H83F Vanden Bergs

[49]1¢] wWHel dARE WS FAHIT. 74 mM  2,2-azino-bis

2

(3-ethylbenzothiazoline-6-sulfonic  acid) diammonium salt®} 2.45mM
possium persulfateE SFoll &sfiste] A2 ShaolA 2443k F ABTS
cation radical& FAEAIAA o &NE 734 nmollA FFI= ghe] 1.45+1.57F
HeE FRTFE et ARGt A4 FEES SRl &8skl 500,
1000, 2500, 5000, 10000 ppm9 #%=2 £HlgleY ZF =W A& 10 pLet
ABTSE9 190 pLEe =3t o
ELISA reader(Biotek. ELx808)& °l&3te] F3d%=E 700 nmelA FA 38}
ABTS adical A~AEAHS 4 oy, x2S =2 L-ascorbic acid®t
, AlE TR Blalske] AL

al
3. DPPH radical 2A&A 3 wpzk

—
—

dlo
L,
ro
=2
>
NE
o
)
e
ol
ol
2
w
o
M
~

us)
o,
olo
>
A

butylated hydroxytoluene(BHT)S A3}
T Ade e MEERE YERRIT. 1y
7HA 2 AAEC] 50% AT W YEdE #5255 [Csotto® 3127] 3o 7}

Algel el 33] wHsstel 54 9] ghe Hoake= yeEhAT[20, 321

Inhibition(%)=(1-A1 52387} SFE/AIEFH7HY F35)X100

et
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o AZAEE B

AFzg o FE2ES A AfFobAEF<2A 3T3(human skin fibroblast)
© FIAEFZYAAN B Tot ARREA o, Fab, A 2 oF 3y FE
B2 vt 2o giAMEZ 4E 3] macrophage(RAW264.7)S o] &3St}
Dulbecco's medium Eagel's medium(DMEM)®l| Fetal bovine serum(FBS) %
gAY Al (Penicillin/Streptomycin)  GibcoAl (Glsland, CA, USAAFS A&
&9 th. fibroblast 3T3% RAW264.7 cell& AE39lom 37C, 5% CO»
Z719] incubatorol A 24A|7F vjFste] AE SFSit) HietE wiAl= PBS 2 mL
131 37°C, 5% CO, %7

Ir

= Yo AMFH3I F trypsin-EDTA 2 mL=
incubatoro| Al 5% &< YWolA] cello] WolA =
of Yolx DMEMWIAIE 4 mLE ¥ § 52zt A2 st 5
= WA= AlASEZ DMEM #l#] 3 mLE Yol cello] & 4ol=F 3l%o
™, petri dish 37§l Z}7 DMEM#IA| 4 mL& Yol ¥ s 247 v
=L petri dishol] cell 1 mLAE 124 EF3te] 37C, 5% CO, Z79
incubatorol| Al Hj%FEA o 2~3de] FF HA AhujF stz I cell

& g

Jt o

sl 283 156mL H A2

2) MTT assayE ©°|&3% AESAH A

MEREES =AHs7] Yallr] WIS 71A a1 9+ fibroblast®} RAW 264.7
cell(AAE)S o]&3ste] MTT assayH< o83t A4t} =k 484

714 9] MTT[3-(4,5-dimethythythiazol-2-y1)-2,5-di-phenytetrazolium

[N
o

bromide] A]eFS A EUe] FTFAZ T HEFEZZgoloA  succinate-
dehydrogenase(&4a4)ol o8] HF8A 7129 A H&AANES YEde=
formazans @Alsle] o] EFo] AME oto] FAEo] nEIZ=gole] Aoy

S
AaA Aol WalAw AL BHL U AozA AEY AERE 3
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ok 7H Al wEe Abgste]l S4sH50]. 10% FBSSH 1% P/Se]

A7+l DMEM#u]A] o] 3T3(human skin fibroblast)®} RAW 264.7 cellS 24 4]

Olt

7k vjoksle] PBSE A A3 3 trypsin-EDTAZS o] &3o] cellE "oy &
hematocytometer® countingalo] 96well plateo] 1X10* cell/well® &5
SFRATE 1Al Bl 24417 SQF wikete] AlEES bRk ARl F 125~1000
ppme] FEZ AT A5 FEEI et FEES 7H7 100 uLE H7b
gte] 37C, 5% CO», Z%19] incubatorol|A] ThAl 24A]7HgeE wiFstqlth. 1
2]21 MTTI[3-(4,5-dimethylthiazol-2-y])-2, 5-diphenyl tetrazolium bromide,
sigmalE 7} welld 20 uL® H7lslo] oAl 28 A7 4A7HEQE v kst
T E£ZHS o] A AEIL dimethyl sulfoxide(DMSO)E 200 pLE #H7}st
o] MTT e <Jstel AAPE formazan HHEES &3|A# ELISA
reader(Biotek. ELx808)2} microplate reader(biochrom. Ez Read 400)& o]
&3ted 570 nmellA FFEE FSAHSAG. 24 FEE shod W FH-
s Fota AEE AYsHA &2 welld] FFE @S Tl AZAEES A
stttk MEAAEES YUy 22 Ao i AEsi o™ cell viability
concentration A XZAYEE] 80%7F & FE(CVCg)Z EA] S Al A
E&(Cell viability)2 ofef o] WA o2 A4stATH50, 511,

4

Cell viability(%) = (Exp/Control)><100

Exp: AIXE 233 FE&9 54%

iyt
K
i
ol

Control: AlZ& gt SR FE =

v}, LPSY] 93] %3 nitrite oxide A AA &3 24

ysA=2 2 d3x 9+ LPSUipopolysaccaride)s= gram-negative bacteria
of Alxe] oo F2 EAStA 9lon, RAW 264.7A1E9F e A A W)
o] d=ol w3l (monocyte)ol Al tumor necrosis factor—alpha (TNF-a),
interleukin-6(IL-6), interleukin-18 (IL-1B)¢} (proinflammatory cytokine(¥
S APlETRRDS S7HA= ASEdE dHA e o LPSE o] &35t
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target celldl H4& FSA7IAY AEAE e A5NS4 F Ao

T Ak olglgk LPSE o] &3te] Axe] d5s
238k nitric oxideE AAAIZIHE o] NO9 Y45 5% phosphoric acidell 1%
sulfanilamide®  &3fA]7]aL 1%(w/v) N-(1-napthyl) ethylenediamine

0.
dihydrochlorideE &%3to] A3k Griess reagentE ©]83tH &

DEREE
= REAL = s o] S Zskel LPSl s 44E NOe| g A
zol EolQs FAAES ola o= Ax A A 4 b o

2 7ME ®eol AEEa AdTh[52, 4, 53].

LPSo] 98] =¥ NO AL Griess reagentE ©]-g3lo] A3 o,
Griess reagenti= 5% phosphoric acid(in 1% sulfanilamide)®} 0.1%(w/v)
N-(1-napthylethylenediamine dihydrochloride® 1:12 &3%}3}o] ZA|3}At}.
RAW264.7(HN A A EL)E 96 well plated] 7+ welld 2x10" cells& ®F31ef 24
A7 vkt LPSE 400 ng/ml 52 EE welld] 83 e A%
o ¥ b, B 2 AFgdE 3y FEES 0.125 mg/ml, 0.250 mg/ml,
0.500 mg/ml, 1.000 mg/mle] F%==2 ATk & 243t wjFaste] NO BAFS
=43 E. o] MES AFl 100 pLet Griess reagentE 100 plLE H7)sh
T 1083 Aol WEA17 the ELISA reader(Biotek. ELx808)E ©]-4-3}4]
570 nmoll A FHEE 5489 0H39,47]. NO A4S sodium nitrites ¥

TE=dE A2 2T (Fig 5& ol &ste] NO9o ke Atsslvh
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Sodium nitrite standard curve

3.000 -

y = 0.0065x + 0.0451
R? =0.9983

g

L1of
=]
=]
=]

Lo
=]
=]
=]

Absorbance(570nm)
8 g

e} 50 100 150 200 250 300 350 400 450

Concentration(uM)

Figure 5. Standard curves for determination of Sodium nitrite compound
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AL FTEAY B
D AERF 2 2T

7hH a5

w9l Staphylococcus aureus(S. aureus) ATCC 29213, %3 X449l
Staphylococcus epidermidis(S. epidermidis) KCCM 354943 tA#o =2
Escherichia collE. colp) 2 X2 Candida albicans(C. albicans)t Xdt

shaL Aol g et TAmARstmdel ) RE #& ALE sk
gy wiA @ 2F MR

F e ARgE HF9 wiAEE  DIFCOAMY  AlES  AMEssier,
Staphylococcus —aureusv brain heart infusion (BHI, Difco, USA),
Staphylococcus epidermidis®} Escherichia coli~= luria bertani(LB, Difco,
USA) A ufR S AME3F9 o™ Candida albiansv= yeast malt(YM, Difco,
USA) MAjA & AR&stleh. 28]al & BEehal vy HA3s 993 1A
WA 2= Staphylococcus aureusts brain heart infusion agar(BHIA, Difco,
USA), Staphyiococcus epidermidis®¢ Escherichia coli= Luria Bertani agar
(LBA, Difco, USA)E AF&38FSIth. Z18]al Candida albiansv yeast malt agar
(YMA. Difco, USA)E AH&3F31 o™ Table 1[54]0] YeERHRATE. ZH2He] A=
Azl A AAshE H= 2 Sk § a1sks7] Eat)elA gk datstke] At
gatglon, 4 Axd Fo A8 AGuYrld (Forma scientific Co.

USA)A 2447 vjek 3 Ab-&3193 o),

4
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Table 1. Microorganism and media used for antimicrobial experiments

Microorganism Media Remarks
Staphylococcus aureus BHIa), BHIAY Gram positive
Staphylococcus epidermidis Gram positive
LB, LBA?
Escherichia coli Gram negative
Candida albians YM?, YMAP Yeast

YBHIL; brain heart infusion, ”BHIA; brain heart infusion agar, “LB; luria

bertani, 9LBA; luria bertani agar, OYM; yeast malt, DYMA; yeast malt agar

uLel ARE §547 AEF paper

st Ae FHas 9ls o Y
o Agste] mumstgon, FAREY 2@ dstel YrLoz A
2
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AFE-E = 3k
disc(8mm)E E3tsto] clear zone(X = A 3l 3H) 9]

Som Zp Alge] thste] 33] WHE SAste] Pagkow LE

A dHA A8

O
7“~

gentamycin<

3) A4 A& =Minium Inhibitiry Concentration, MIC) &3

aureus, S. epidermidis, E. coli Z1¥]il
249S dehled QoA zzte] FEBe
= #ste] 2.5 mg/disc~25
AR Bhe] paper discE olg3tel 4 At
3 ¥ 1x107 CFU/mL7} H =% 345}
7} 2}

27]

z}zke] FEE o
C, albians®| W3
S e
mg/disc® 7z} oA
zbzte] dFES

agar plate®l o] 50 pL
< paper disc o 50 pLe] A
ZF ARAA SHFES
o ¥ clear zone(A

o] et A2 Fw

o

o ) Joll A 24A17F vk Sl paper disc
A gl o o] A H A
zk7] YA MICE 5
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o
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of. HREA

1) GC/MSe]| 9]t J7&

f

LS| )

] A

o

% 9
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=]
RN

m

rpmei| A
Ultra(Shimadzu Co.,
Ad WE dsi) =2 30
Shimadzu GC-2010(GO)el T4 33
0CelA 532 &

5C/min. &2 280C7HA] +=S A7l &

m X 250 ym X 0.25 pm7} #=H
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o,
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= 70eVolA 2s st om, BAxH-S Table 2.9 YeERAAT

Table 2. The analytical condition of HPLC for GC/MS operating

Iteme Condition

: Rxi-bms (30 mx0.25 mm 1D, 0.25 pym film

Column thickness)
Carrier gas : He 1.0 mL/min
Injection mode : Split ratio (3:1)
Temperature information

GC  Column temp. 1 40T

40T (bmin) to 150C (Imin) at 10C/min to

0 t . progr
ven temp. program 280C (47min) at 5C/min

MS Ion source temp. 1 2607TC
Interface temp. : 260C
Oven temp. : 60C (30min)
Solvent cut time : 12min
InjectionInjection temp. 1 2507TC
lonization method - EI
Ionization voltage 70 eV
Injection volume : 1.0 mL
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membrane filter(0.45 ym)& ©]-&3sle] o3l HAJo A}
218 Prominence HPLC(Shimadzu Co., Japan)S AFg3ste] F4151
=L Table 3.0 Wepdth 28al 7714k e JFstr] A iEe2
= citric, tartaric, succinic, lactic, formic, acetic acid(Sigma, Supelco,
USA)E AHE sto] HA=EAES AAdste] AlAE skl o™ Figure 6, Figure 70 4
ERi A et

Table 3. The analytical condition of HPLC for organic acid

[teme Condition

Column Two Shim-pack SCR-102H (300%8.0 mm)
Shim-pack Guard Column SCR-102H (50%6.0
Guard column
mm)

Mobile phase 4 mM p-toluenesulfonic acid
Oven temp. 40C
Flow rate 0.7 mL/min

16 mM Bis-Tris aqueous solution containing

Reaction reagent 4 mM p-toluenesulfonic acid and 100 uM EDTA

Detection Electroconductivity

Injection Volume 20 puL

_29_



T 3 Iz = 3
o (=3
= = e 2 = =
o o ° o o
= = = 2 = =
- = (=3 S 2 =
a = =
- O
=
. 4
¥ ¥
T =T T T T L I S R S S R T L
150 s 20 2= 2% 0 75
”
]
2
4
T LI T T =¥ T T T Tk T T T L
o 00 e i ns = o s =0 o L d

Retentiontime

Figure 6. HPLC chromatograms of citric acid, tartaric acid, malic acid,

succinic acid, lactic acid, formic acid and acetic acid
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Citric acid standard curve Tataric acid standard curve
- = =220.97x+341.2
— y=334.31x+ 3246 ¥= g ;;’78 .
R? = 0.9996 p— -5
30000 -
E 25000 g 15000 -
© ©
& 20000 x
§ 15000 E 10000 -
10000 5000
5000
o T 1
2 o a ia o 0 L it ) 20 40 50 80 100 120
Concentration(ug/mL) Concentration
C D
Succinic acid standard curve Formic acid standard curve
45000 70000
<0000 y=406.73x + 339.6 y=609.53x- 197
R? = 0.9996 S0 R? =0.9999
35000
50000 -
g 30000 g s
z 25000 E
(0 20000 - g 30000
g 15000 3
n- 20000
o 10000
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o T T T T T 1
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E
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o
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ﬁ 20000 -
(1]
0. 15000
? 20 40 E‘D 80 100 120
.
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Figure 7. Standard calibration curves of citric acid (A), tartaric acid (B),

succinic acid (C), formic acid (D) and acetic acid (E)
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2) obFlt ¥4

7h) T At B2

5 o] &35t S A A ¥ sodium dilution buffer® 10 ml 83 v, ]
Z 1 mlE F 3] micro membrane filter(0.2 ym)2 o] 7}l F24of A& &}
Ak T oAt EAS flske] opm At AFE A 7](S433-H, Sykam
GmbH, Germany, Munich)& o]&38}o A=A slom A 272 Table

4.9 HERR A

Table 4. The analytical condition of total amino acid auto—analyzer

Ilteme Condition

Column Cation separation column (LCA KO06/Na)

Column size 4.6 X 150 mm

Column temperature 57 ~ 74C

Flow rate Buffer 0.45 m¢/min, reagent 0.25 m{/min

Buffer pH range 3.45 ~ 10.85

fluorescence spectrophotometer
Wavelength
(440 nm and 570 nm)

_82_



W) #2 obwat BAza

S
]

M)

M

67 olm=Abe] thE =&AL Ohara, 9t Ariyoshi[56]9] WS $835}d]
T 20 ml& 7F8te] 30CelA 130 rpm

=
=
o2 A3 FE3AUY. FF0] E AT rotary evaporater® s

ol
-1

g38kdth. 48 % sulfosalicylic acid 0.2 g& %7} dke] 4TelA 1A17F WA
I ¢ Al&% 0.2 ym membrane filter2 o333l o]F 1 mlS
lithium citrate buffer(0.12 N, pH 2.2)¢} &3ste] H 43 sz 343
%5 Imls Fste] A ARE eFlnt. frel oAt A4S ffste] ofn] e
A5 7] automated amino acid analyzer(S433-H, Sykam GmbH,
Germany, Munich)E o]-&slo] AgE4 sklern 4 312 Table 5.9 1

B A

32

oF
(

N
O

o

2

Table 5. The analytical condition of free amino acid auto—analyzer

[teme Condition

Column Cation separation column (LCA KO7/Li)

Column size 4.6 X 150 mm

Column temperature 37 ~ 74C

Flow rate Buffer 0.45 m¢/min, reagent 0.25 m{/min
Buffer pH range 2.90 ~ 7.95
Wavelength 440 nm and 570 nm
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A, EAEY

[

BoAdgo Ad A= Microsoft office excel 20103 SigmaPlot 10.0

x2S olgsle wAsR e Hf gh(mean)¥ X ¥ A} (standard

deviation, SD)Z YEWY T, a8l TFEAS o83 Az ae M3

A A (linear regression analysis)S ©o]-&3Fo] HA 3% o)
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FEZE L dH59o 9= Folin-reagent”} polyphenol A &0l 93] Zg 2

g o w ghelo] ¥ Ao o3 A= Table 63 Figure 8 WE

*
qM= EdF FEEL oeE FEEoA 747 10.8£0.00 mgGAE/g¥
g FEEAM O = Ugkon B Ao A4
FEE gt FEE0lA 42 9.1£0.01 mgGAE/g, 14.24£0.01 mgGAE/g=
oehE FEEONA o #A Yetdth 2 3] A dF FE2EY duE FEEA
10.1£0.00 mgGAE/g¥} 26.3£0.01 mgGAE/gZ oleh-2 & 5] 1 =] VERT)
AEA Fu= AAH o Wk w & 37} 26.3+£0.01 mgGAE/g= 7Fd =4 1t
Bt 2le o 7t 22, 32].

Park[19]9] Aol A AlFZZd 219 polyphenold# 12.81~15.98 mg/gH.th=
Folglem, Song F[33]9] AFZZI Q19 41.27~41.46 mg/ghti= A2 &
o]0 Folut 5 W ol mEbA oxte] Apolvt S o glon met

ml, &% 5 o] 7k1] 8%le] w2 Ajo] Fo] gl& Ao AlmHr)
[32]. fr=t o] e} 2 E AL s8R A3 RuAM[60]dA Sx A
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Fuje} e 9= Park[26]9] ®AF Bl 9] 33.75+1.15 mg/100gH.t} B2 &
Fol U & & Stk 124 Jeon S[61]19] WA dlghs FEEoA= A WA
oA 53.38+1.94 mg/g® M EA U A Hlaste] & wells WA Ushes &
T Ak = B9} & 49 Park 5519 A7 AT oekE FEENA e}
Ho] 23.497~42.341 mg/g, Aol 42.341 mg/gS Ve A3} v &19S o 3
the ot gk o 2 Ugkvhal B = QlvH[22]. HAH o Hoks wis AlFEs]

Qo] A4 FEEIN AFAE W dekg FEEA G B Fo] UL AL

e

¥

I

i

e

2

X

Wiy
X

<

o
FAVE
lo

a=)

ol

N

k)

H,

2

i

12.240.01 mgTAE/g, 28.4+tmgTAE/gC &2 o|ete 55

S 9 Yt BHEe A ATEolA tannind = WUl flavonoid S-S 7433t
AL WS W §x, 2 2 & 73] FEF5 BT tanning@Fol o =4 U A4S &
T ATH[22, 32].

Park 5[18]9 %3t oehs F=ECA 18.36 mg/gBt= AFEHT 219
tannindgo] B B2 &S FHrohs Ao R Ueksth 12|l Lee w6219 A
Al =219] tannin $HEFO] A A7F 12.70%, S5 A7 10.36% 5 291 oH, Park &
[6319] AP F tannin HE 40T FFHFNA 2447 FEE9SE A
5.60£0.09 mg/mLe] S B3 o™, Yoo 5[64]9 AFolA A4 & FE55
o] tannin ¥HFS HWA 45 FEEY dus FEE A 47 +0

mgTAE/g, oA 67.20+0.47 mgTAE/g9] =< HSIt} o]} o] A AF&

A
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4) Flavonoid &

Flavonoide= Al & Aol &A= Zds AR 714 & RES
ehiel, AR el At 7% e AANE B8-S e JRoR 3
AbetE & YEllle Axetar & 4 du(14]. 28 A flavonoide #EHA &

o AEe ol o, FAao g ELAR o]FolAde FFEE
A [65] 3k 23tA1e 5P S v flavonoidE 73F FEE0] Moz W
e 9EE ol gste] A¥ste] 543 A3} Table 6, Figure 8o YERH AT
AFzd <o 4 FEEN dus FEEIAAE 17.8 mgQE/g, 70%°]
25.4 mgQE/go2 oets FEBA 27 o =4 e A4S & 5 itk o=
Song5 3319 =3 o FEEo|A 21.45~29.49 mg/g Kb g e 3
HARE vzl etk & 4 glvk el 2k 3o dg =
o es FEEAE 27 2.940.00 mgQE/g, 8.0£0.00 mgQE/ge® 4
FEENA o B o] ugon, 9x daoie oekE FEEI I
ol FUsA 9.240.00 mgQE/ge® ygkth whdd] & Iyl ogke =
A 8.4+0.00 mgQE/ghtt &5 F=EA 11.7£0.00 mgQE/ge.= v = et
Wtk Jeon T[6119] AAellA] Bz} o€ FEEAE A WA} oA 27.82£1.
mg/g¥} Bl S wle B ATelAe skl wWel v US4 F e
L Park[26]9] AellA B f2p 3] 75+1.13 mg/100g¥ WA #3] 60.75
+1.15 mg/g¥ WAL 3S Wi vlaA we ko] UskeS o4 4 Stk ¥
3 #3922 A5 Kim[66]2] ATl #AlF4E -2 flavonoidh=Fel 114 s)
0] ARl A 14.68 mg/go] o R UERGon 2 Atol Aol vlzek A7)
AT = A wUskov 45 FEE9 HuEs We A

2 o & g3k,
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Table 6. Total polyphenol contents, total tannin acid and flavonoid

contents of Sasa quelpaertensis leaves and Citrus junos peels, Poncirus

trifoliata peels and Jeju citrus peels presented as mean=£S.D.

Yield Polyphenol  Tannin acid Flavonoid
GI’OUDS a) b) c) d)
(%) (mgGAE/g) (mgTAE/g) (mgQE/g)
w? 6.31 26.6+0.06 72.140.09 17.84+0.00
SQLe)
B 4.46 22.3+0.04 61.2+0.03 25.44+0.01
w? 25.82 10.8+0.00 12.940.02 2.9+0.00
cJp?
B’ 26.3 6.1+0.00 8.2+0.01 8.0+£0.00
w? 37.3 9.0£0.00 11.1+0.02 9.240.00
PTP?
B 20.21 14.240.00 16.340.01 9.24+0.00
w? 27.14 10.1+0.00 12.240.01 11.7+0.00
JcpY
E) 21.4 26.3+0.00 28.4+0.01 8.44+0.00

Yo: w/w of 50g dry sample, “GAE; gallic acid equivalent, “TAE; tannin
acid equivalent, d)QE; quercetin equivalent, 9SQL; Sasa quelpaertensis
leaves, YCIP; Citrus junos peels, 9PTP; Poncirus trifoliata peels, MICP;

Jeju citrus peels, YW; water extracts “E; ethanol extracts
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5) Sugar &3 vitamin C ¥ pH

ZF 39 AFFAH A}E Table 79 HERYSITH AlF2HY A FEEAA4=
Z B A 7+7} 8.840.06 Brix, 7.8+£0.00 Brix® 44
oA k7t ] A ykew, A 3= 242 9.8+40.25 Brix, 8.5+0.06

ol

%
A5 FEEY L FEEAE 10.5+0.06 Brix, 10.2+0.15 Brix® %<&
ZFolE= gloy d FEE0 4§ YRt 52 AS & F oy, AFgE 3y
T E22E3 JEL =22 2% 9.7+0.00 Brix® 593 4 E JegisS

| =

e # A FEE BA>E> 2> AlFxE 2ol F=7t 7F
T =des & 5 AU Kiml66]19 AFA = F 99 SeiH 1€ sk
7hA el B, xE 3 bE e 9= 242 7.34 Brix, 9.84 Brix, 9.37 Brix&
woltprh A Frlstthr) 249 dheols O WojX= Ao vskEd 8
7ol wEbd FrErh ged 4 dvke AS 4 4 Atk 18la Ryn §[67]19)
Flo] o] gheFel] ek AFA FYe] GEE S SAUE AVEY AL
14.4+1.06 Brix, & 10.75+1.08 Brix, ¥% 13.46+0.84 Brix, %o} 10.41
+0.40 Brix, 9 10.34%0.40 Brix, ¥l 10.31%£1.42 Brix, 3} 12.93%£1.88
Brix, #+9] 12.33+0.67 Brix® YElgtom, of7|oA Z3} v uddS w & o
Foll Al oF7E GHAl Ygto} ol FEE Fwko] mE Xolek 54 A FEE

2

o FEol WE Aot Y Ao

=
HS,

o
il
o

W) Vitamin C &

i

vitamin C& collagens A3t Slojx 449 4= Jo &
o] 3t =39S A collagend] $AJo] xdtyo] = xp 714 b}
kel A= o W FAo] yehdt o]t collagens FASIE =
Fe® o]&3 =&k A¢e Ael2 glojoryt 249 gae Zgaiid

3lE]o] Fe’* oleow WalA Hw o] glo}x A "} ascorbic acid(Ve)E

o

H
Ac)
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N
-

b

|

B
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Fe’" o] 255 Fe¥ o|2ER IAAAAN i 4E9 -SH/E 89 HH=
FTAANATFE 71540l 3ol collagen®] el F&A(coenzyme)®2A =9}
T 9gES gt olef o] vitamin C& 73 3 e 24 2A
collagen A5 Eob5m, Abste} hd o] whgo] MY = AW P/l vitamin
C7t H28%s & 7 2

b, WA 2 AFgE Py FEE9 F ovitamin Co] > Table 73
Figure 8 YEeEMAT. AT <o dF¢ FE2E2F deE FEEdA=
Z+7} 14.14£0.01 mgAA/g, 12.0£0.03 mgAA/gl.2 B4 FE=EAM ¢ B o=
o= ygomn #x #}y= 217} 15.1£0.03 mgAA/g, 15.3+0.04 mgAA/g= &
T FEEY A FEE BT Ht dEeRE USRS 4 5 Adsdd 1y

3 B Hue= ¢ FEEY Adus FEEA A7 16.2£0.01 mgAA/g,

(e
JE
o
N

17.840.02 mgAA/go & B Aol glon oEe FEHEA ok o o
ol S-S & F Urh g AFE By dF FEEY JdEE FE
HoAE= 2+ 20.7+£0.04 mgAA/g, 15.7+£0.08 mgAA/g & EF FEEA E
A ge FHFE e AS o 5 Ao d%e sAe= F By E5 >
B2k 2y oehg > B iy A5 > & Hy] des > A 3y oue >
T2 By A > AFZIAY A E5 > AFEIEY A dEE SAR ]
A4 FEEAA M =& FHFS HeEpit

2o o w A Jis[47]19 AFtdA 5749 vitamin CY T

1\
i)

17.0£0.5 mgAA/g o|om, & WHE ofYX|vt Park's[69]¢] tF9] FF

Ce] d=ro == 930.67 mg/100g~2540.0 mg/100g<] H$
2 Uston, Leel[70]19 A o459 vitamin C HES 908.84 mg/100gl. &
Aot frAbeE o] FFo R fx % ', & #79 vitamin C S HaL
A =l AL 4 ¢ AT T3 Leel7119) AFAb=AA 252] vitamin C
SeEe FEAA 47.5~56.1 mghE UL AL & F JAT. 2P Leeks
[72]1¢] HPLCE o]&3t #d AA9 vitamin C FHS BH =g o] 0.12
mg/g, & 4.60 mg/g, L¥A| 2.27 mg/g, F 2.16 mg/gso®E Ugtom 11F
o] oA vitamin C2 FF THE BW & > 179 > oA > e >
ZE7)9] > AR > ZHF > ) > Hpol > vhuut > X% Fo® Ugon &

1~n

o



NANE AR Fol TErlE s ge

el

vitamin Co] $H&Fo] 7Hg =2 AS HAS uf 2 AFoA F339 EF F&
o}
=

th pH #4
pll %7 738 Table 7914 BW AFzAW Qo] A5 223} dee F
222 6.1+0.019 6.31£0.012 oS yJehiglen, 2 a7tz

S e AL Qlom AlFxRY ¥ 2, B 4 2 Ay Sl AFx
Ao 9o pH7E T4 pH7A 77k As & & AT Kim[66]19] AlF4E
Aol FFA7E pHE AAFOR pH 255 ~ 4,109 MY A4 955 A
ste] #2 AA gov ot FUkskE ZloR HS W TV w

o] Aol7t A& F dS ¢ 4 Juh Ryn S[67]19 Ao FH| o #A
AFelA pH7F % #AgE AHEEw 72 pH 6.61+0.12, FHF pH
5.85+0.09, #2| pH 6.01+0.27, ¥} pH 4.63+0.14, A} pH 4.404+0.07, =%
o} pH 4.3+0.14, & pH 3.81+0.07, £% pH 3.71+£0.03% etk on o3

A og A g Aol B Qs @du el pHe} wlasel RS W <l
FolA ofzh Al skt o) &R Hueh HEe] Aol W 557
e aol7h 9 Ao Amer,
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Table 7. Total sugar contents, vitamin C contents and pH of Sasa
quelpaertensis leaves and Citrus Junos, Poncirus Trifoliata and Jeju citrus

peels extracts presented as mean£S.D.

Sugar Vitamin C )
Groups | b pH°®
Brix(%)? (mgAA/g)
wh 8.8+0.06 14.1+0.01 6.1+0.01
SQLd)
EY 7.840.00 12.040.03 6.34+0.01
wh 9.840.25 15.1+0.03 3.5+0.01
CJp®
EY 8.5+0.06 15.3+£0.04 3.4+0.01
wh 10.5+0.06 16.2+0.01 3.1+0.01
PTP"
EY 10.2+0.15 17.7+0.02 3.1+0.06
wh 9.7+0.00 20.740.04 4.5+0.02
Jjcp?
EY 9.740.00 15.740.08 4.6+0.01

“Brix(%); 1Brix=1g/100g, YAA; ascorbic acid, “pH; hydrogen exponent,

d)SQL; Sasa quelpaertensis leaves, “CJP; Citrus junos peels, OpTP;
Poncirus trifoliata peels, ICP; Jeju citrus peels, YW, water extracts 'E;

ethanol extracts
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Figure 8. Total phenolic contents, total tannin acid, flavonoid and vitamin
C contents of Sasa quelpaertensis leaves and Citrus junos peels, Poncirus

trifoliata peels and Jeju citrus peels.
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Figure 9. DPPH free radical scavenging effect of extracts from Sasa
quelpaertensis leaves and Citrus Junos, Foncirus Trifoliata and Jeju citrus
peels extracts. L-AA; L-ascorbic acid, BHT; butylated hydroxytoluene,
SQL; Sasa quelpaertensis leaves, CJP; Citrus junos peels PTP; Poncirus
trifoliata peels JCP; Jeju citrus peels, W, water extracts, E; ethanol

extracts
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Table 8. DPPH radical scavenging activity of extracts from Sasa
quelpaertensis leaves and Citrus Junos, Poncirus Trifoliata and Jeju citrus

peels extracts presented as mean£S.D.

Concentration IC5oa>
500 1000 2500 5000 10000
(ppm) (ppm)
LL—ascorbic 78.1 78.4 79.1 78.6 78.3
77
acid +0.29 +0.29 +0.44 +0.60 +0.00
44.2 63.2 64.6 64.6 71.3
BHTY 650
+8.03 +1.86 +3.06 +3.06 +0.76
) 0.7 14.1 58.1 69.8 76.9
We 2220
saL? +4 .64 +0.45 +3.60 +4.75 +2.87
11.5 21.7 57.2 70.3 70.8
EY 2200
+1.94 +0.84 +1.99 +3.32 +0.29
4.5 10.7 26.9 44.6 50.5
we 9590
— +2.16 +1.53 +0.35 +1.28 +0.89
. 4.7 4.8 15.1 26.3 48.5
E
+4.89 +2.04 +1.80 +0.31 +1.57
8.7 10.0 23.5 35.8 52.2
we 9320
prpe +4.30 +0.47 +9.16 +4.14  +14.71
10.3 10.9 19.3 32.3 51.7
EY 9560
+1.51 +0.64 +2.68 +0.94 +5.06
8.1 22.1 35.9 62.6 71.5
we 3820
o +4.01 +5.70 +1.62 +3.02 +1.11
J 38 14.8 975 45.2 69.3
EEY 6000

+1.42 +4.08 +0.71 +0.71 +0.53

YCs0; The values indicate 50% decrease of DPPH radical, YBHT;
butylated hydroxytoluene, C)SQL; Sasa quelpaertensis leaves, YCIP; Citrus
junos peels, PTP; Poncirus trifoliata peels, DjCP; Jeju citrus peels, OW;

water extracts, "E; ethanol extracts
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7) ABTS cation radical &4 %

it

ABTS radical?] 24842 DPPH radical®] 2AZA¥ £ dFo
DPPH radical &~A €4 free radicaldl ]l wWHe] ABTS radical &~2AEAE
cation radical °]gt= Heo] th2vhal & 4 JAtH[33]. 72t 44 FEE2
& 222 500, 1000, 2500, 5000, 10000 ppme] FEZ ZFHe] L34
ABTS radical®] 2A&4 574 A& Figure. 8¢ Table 99 YEFATH dlz=a <l
L-ascorbic acid®] ICsok< 200 ppmol A &AEES H o™ 500 ppmoll A 95%
oY aAES HuE § o)A TksHA %Al adlE 74 Al AMES & ¢
AR o™, butylated hydroxytoluened} < 749+ ICsoake] 170 ppmeoll A 50%
o] o] &gl Ueves AS & & AT Lefy DPPH radical 4718 3+
2] butylated hydroxytoluene< L-ascorbic acid®} #o] H% 500 ppmolA
94.8%° Hdl 2AE HQ tg &7 Sl wet @ =7 A4 "ol A
10000 ppmoll A= 53.5%7+A4 oA &= A& & 5 AATh 28 ATz

FERAAE Fe FEANE BYE Be 92 MAAE ggot 95

3
a0

Aol Srtete As & T AT A dF FEEH dEE FEEY
ICsot= Z+2F 9930 ppm¥} 8380 ppmell A 50%2] 4

T FF= oA ICsoft 9770 ppmeoll A thghow ®A} ol ghe FEmol s & A
A HAsE Wl A ICsofh LA Ut & #3] A 523 g +
=59 ICsosk2 217} 3540 ppm, 3120 ppmol A 18k o™ DPPH free radical 4
Aggol et 2ol 72k, WA & ] FelA 2 Ayt pE W2 FEllA
50% A &o] vhgtom HA e =3 7MY =4 dEhdS o 5 A A3
o7 WS Wl Figure 91412} o] 71 ABTS radical®] ~2A&A o] 71 &£

FE AL tannin G0l 7 BYY AF 2 A FEECIN, F HAZE
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Figure 10. ABTS cation radical scavenging effect of extracts from Sasa
quelpaertensis leaves and Citrus Junos, FPoncirus Trifoliata and Jeju citrus
peels extracts, L-AA; L-ascorbic acid, BHT,; butylated hydroxytoluene,
SQL; Sasa quelpaertensis leaves, CJP; Citrus junos peels PTP; Poncirus
trifoliata peels JCP; Jeju citrus peels, W; water extracts, E; ethanol

extracts
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Table 9. ABTS radical scavenging activity of extracts from Sasa
quelpaertensis leaves and Citrus Junos, Poncirus Trifoliata and Jeju citrus

peels extracts presented as mean£S.D.

Concentration [Cs0”
500 1000 2500 5000 10000
(ppm) (ppm)
L-ascorbic 95.5 95.4 95.4 95.4 954 00
2
acid +0.00 +0.14 +0.14 +0.07 +0.07
94.8 93.7 81.5 69.1 53.5
BHTY 170
+0.00 +0.12 +2.22 +5.65 +3.78
13.4 26.7 57.4 84.5 94.6
we 2140
saL? +2.61  £3.50  £1.23  +0.30  £0.14
) 10.2 25.6 61.7 85.5 93.0
E" 2010
+1.85 +1.40 +2.70 +1.96 +0.12
: 0.5 4.0 29.6 32.8 50.2
Wwe 9930
CIp? +0.14 +4.20 +3.70 +0.08 +5.57
. -1.9 7.5 15.5 37.0 56.2
E 8380
+3.88 +0.37 +6.72 +5.53 +8.74
-0.8 0.8 5.1 19.1 51.5
we 9770
pTpY +0.57 +1.39 +1.34 +2.80 +1.42
o 0.3 2.1 7.1 17.2 37.3
+0.73 +0.94 +1.52 + 0.98 +2.69
: 7.5 18.0 40.4 63.4 85.7
we 3540
cp? +0.80 +0.16 +2.67 + 0.29 +1.22
JCP
. 6.6 16.9 36.7 58.6 81.6
E 3120

+0.28 + 241 +3.17 + 3.36 +1.98

YICs0; The values indicate 50% decrease of DPPH radical, “BHT;
butylated hydroxytoluene, 9SQL; Sasa quelpaertensis leaves, YCIP; Citrus
junos peels, “PTP; Poncirus trifoliata peels, bjCp; Jeju citrus peels, W,

water extracts, WE; ethanol extracts
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1) MTT assayZE °|&3 AX AES

MTTI[3-(4,5- dimethylthiazol)-2,5-diphenyl tetrazolium bromide]&4-&
428 A(succinate-dehydrogenase) 2F-8-o  9J3te] =gl 584 7]H 9
MTT tetrazolium& & HZFA9  formazans FAste]l A7)+
mitochondria®] A& o] &3t WHOoRA AL AFy TS dolE &
A WA WRolth. o] WRE o] &dte] I U AEL Froll H] Sk
Aol HajAl= dEE FFEE ol&sto] Axe A4S & F AT A}
gto] A folAl32F 3T3 (human skin fibroblast)E o] &38te] AlFZ23 ) <
o AZQEES S, 24435 W dd celldl 2t FEES& 125
~1000 ppm&E == A Elste] 2447 & MTTE A3 23S Figure 11
7} Table 10¢] WEbiAch HilEx 1000 ppm7tA AZAEES HobS
g ¢ FEES MEAYESC] 85.6~66.6%0% SolxX = WA oEE FEE
© 95.4~92.1%% 90%°]3e w2 AETES Hvh. 22i RAW 264.7
celle ol&3te] #a, ®#A B AFHE B39 AFEAESS
A o] A FEEH AdEE FEE BT 90%0]4] AEES B
ow wz 3 125~250 ppm 7FHA= 80% ©]79]
AEES Ho]Z 502 HolXt}h7F Hals%< 1000 ppmol A+ 58%
2 HojA e ASs & 5 Ao, deks FEZA 9] 125~250 ppm

AAE 90% ol4e AEES HAF A AEEe] WAt} A5 =

m O
et
0,
o
ih?
%)

=

At & Fy = HuFE 1000 ppmZ7HA 80~90%°) 4] AEES H AT

23 Ao HoE W EA Ay FoAME

AME AE AELC] 80%~100%% BEA3] E& AEES B F e
, AAA o2 BokS W Figure 10914 BHW F2, AF3Ee] 4

™
g FEed Az Qe JEE FEE0] 80% ol AEE
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58%~69%7+# WolA & A& A 4 AUk Park[24]9 %3
o] A E HepG2MEZEHEAI ) gt Alz5do] digh Ad3olA+=
500 ul/ml o]dlell M 99~115% AEES Bom 1000 pl/ml oHE 70%

AEES Bt aga odekg FEECAME 150 pl/ml eldtelAME

107~123% AE&S B3en 250 pl/ml ol-E 100~112% AEES 500

pl/ml olA= 99~126%°] AEE= WU 8 FEENA AZATES Ao

FAeS & vk I Kim[76]19] 2Ho o FEE9 dTelA 3T3-L1

AAGAHEE o] &e ANEHA Aol 70%M e FFEA 500 pl/ml7t

A AEEol YEREA @gkott 1000 pl/miol A AEHELo] FA5A @

olfon A4 FEEAE 200 pl/ml e MEAEE] TS vxA &

oF7F ol 01k (80%©]14) 1000 pl/mlol A ¢ o] 4 wrolx]

A e ANE BAs W B AT AT

< Z

ol J AEgo] =A Y

=
=

AoH AEEC] =2 A F 5 ATk olst FE ARE KBS W x99 9
FEEOA Celld] Tl webs AE AEE0] o =7 yehd 5 AS=

i
o % 9k,

Fe7h AEAEERD WE ATE Sad s o Fus PR P
Fio] £71v AW ALAEEo] Fe BroAE A8t 44 97 )

o meA AFEzed Qe due 2EEi ge Aes ¥
==
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o] 5} 0 ppme A &3 slo] 443 so=
AbE o] A [32], A Hd ek AlFEe] H¥ls 80~90%° BEH ol
9\ 1000 ppm7hAl= AREst=d FE7h flua dddn. 2ean A2

tha gekE o
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Figure 11. Cell viability of dependent on concentration from of Sasa’
quelpaertensis leaves and Citrus Junos, Poncirus Trifoliata and Jeju citrus
peels extracts, SQL; Sasa quelpaertensis leaves, CJP; Citrus junos peels
PTP; Poncirus trifoliata peels JCP; Jeju citrus peels, W, water extracts,
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Table 10. Cell viability of dependent on concentration from of Sasa
quelpaertensis leaves and Citrus junos peels, Poncirus trifoliata peels and

Jeju citrus peels presented as mean=xS.D.

Concentration CVCgo®
125 250 500 1000
(ppm) (ppm)
wP 86+1.59 79+1.33 792+1.38 67+0.89 240
SQLb)
E? 95+1.80 94+3.27 9145.88 92+7.69
w?  131+£0.03  120+0.10  109+0.09  105+0.08
cJpY
E? 1174£0.05 100+0.09  9740.07 91+0.28
w?P 90+0.20 85+0.20 56+0.09 58+0.10 300
pTPY
E? 126+0.49  9740.24 78+0.14 70£0.04 470
w?  113+0.09  108+0.05  95+0.03 87+0.16
JCP?
E? 99+0.10  104+0.18 118+0.35  92+0.08
a)CVC80§ concentration producing 80% cell viability, b)SQL; Sasa

quelpaertensis leaves and Citrus Junos, Poncirus Trifoliata and Jeju citrus

peels extracts, OCIP; Citrus junos peels, YPTP; Poncirus trifoliata peels,

JCP; Jeju citrus peels, W; water extracts, 9F; ethanol extracts
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t}. LPSo] 93] F X% nitrite oxide A A &3 Hr}

v AHEA A0S 23 lipopolysaccharide(LPS)9} & zp=o] 73t
=do] 7F AW nitric oxide(NO)9] ol F=ahAl weol A48 =t o= 3
oo Aol BASHA He AFsbd 2EH2R Q] AATE HaolA
pro—inflammatory cytokine(¥Z&f12 Alo]|E7FQ)S F7F A7) =S 07y
= B4 5% EHlstA "@vH[78]. o] &do] ol EASHA HWH <A #WE
B 7AA Holl whebA AEe] &4 ASRbEoR Qe Huredy d=s)
of B1EW o HYA Ae ol Fad dlew #AgeiA fu(79].
23 o 3 2, B B AFEE FEE0] LPSE =9 NOAE e o
&

o
o\
rz

O

Table 110 YERRATE. RAW 264.7 cellol LPSE A g]atA] & thxatoll A
NOA A Zol 3.1£1.11 pM= &/ o] @A vers oy LPSE A8 3 + NOAA
ol 37.2+11.86 pM= B2 ol F7F sidlth. o 7)ol AF=HAW <o A=
FE25S AP Ay 0,125 mg/ml~1.000 mg/mlelA  39.1£3.48
UM~2.7+£1.18 pMZ Fxo wehd JAHE AL & ¢ ddon, J
A3 AxE= 0,125 mg/ml~1.000 mg/mielA  16.8+6.85 pM+
SEL13 uM, 2 9G] AHE F=eo wepA dAEE As & 5 A 18
A By I FEFES A 2= 0,125 mg/ml~1.000 mg/mlel] A
35.9+12.88 uM~18.61£0.46 pyM=Z %o wetd JAHE A4S & = dde
o, e FEES Ae 2= 0,125 mg/ml~1.000 mg/mlol A 54.7+7.82
nM~8.8+1.20 pM, = GA] A skd webA odAHE AS 4 + Aoy
0,125 mg/mloll A NO9| o] 7Hd & As &

:16:
T FEES AY 29 0,125 mg/ml~1.000 mg/ml

rlL‘
4N'
e

Do m.lg
o

ol A 22.6+£7.62 tM~4.7+1.31 uyME §x0] wetA A= A4S &4 = AU
o, IJErE FEES A3t ZAFA= 0,125 mg/ml~1.000 mg/mlol A

18.7+£0.71 uM~3.7£3.02 pM, 2 9A] A7 Fxo| welr A= AS &



FEES A 249+ 0,125 mg/ml~1.000
mg/mlel A 25.1£8.00 uM~16.6+£3.90 pMZ Fiol webd dA=EH= AL &
T Ao, derE FEFES A 4% 0,125 mg/ml~1.000 mg/mlelA]
25.2+£1.78 uM~7.0+£1.33 M, 2 JA| A sk webA JAH= AS & F
AR ARHoZ WS W f2F R AFE Ao A FEEAA=
NOAA oA &7t dpom ynx] FHEELS BT
e dizw s NOA=e] fAF Al dAE 31s & & 5 AT 28
Song[33]¢] A-elA =R Sl NO A Yo] e FEERY 4
BollA o 5 A B A7 ATz SlelA 0,125 mg/ml &%=l A]
7 5 oM, olE& FEE0] 20.948.56 M= H]&o] H|S=EY o
U 5o fE HAS ol NOMA &3 AFzZY o] A Hojd A
2, v} Z28]a Hyun[7519] &2 oA 25 pg/miolA 59.6%2 #4
o} A oA 50 pg/mlolA 67.3%¢] #HAR FE7F 74l wEkd NO
2% AL & 5 Ul o9 e Ane} d4 BHkS W fA 7
g} AFitE R A FEEAA v A= AT = St wet
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o] ol ZAoR Holr ol5e AEAEZE] £}V Wi sEE

32
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EEH NOAA A a3s 235 Hel Ao g Hol 7 wojd AL
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Figure 12. Effect of Sasa quelpaertensis leaves and Citrus junos peels,
Poncirus trifoliata peels and Jeju citrus peels on LPS-induced nitric oxide
(NO) production in RAW264.7 cells, SQL; Sasa quelpaertensis leaves, CJP;
Citrus junos peels PTP; Poncirus trifoliata peels JCP;, Jeju citrus peels,

W, water extracts, E; ethanol extracts
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Table 11. NO synthesis inhibitory effect of Sasa quelpaertensis leaves

and Citrus junos peels,

extract on activity in LPS stimulated RAW 264.7 cell [79]

Poncirus trifoliata peels and Jeju citrus peels

(mg/mL) 0.125 0.250 0.500 1.000
Control 3.1 + 1.11
LPS(400ng/mL) 37.2 + 11.86
wP 39.1+3.48 4.7+1.08 3.24+0.15 2.7+1.18
SQLb)
E? 16.8+6.85 4.3+1.20 3.6+1.38 25+1.13
WP 35.9412.88 23.8+1.02  20.1+0.27  18.6+0.46
CcJpP®
E? 54.747.82  29.6+7.11 16.84+1.85 8.8+1.20
wP 22.6+7.62 18.7+3.91 8.3+4.71 4.7+1.31
PTP?
R 18.74+0.71 10.2+3.29 5.9+0.89 3.7+3.02
wP 25.1+8.00  20.8+3.78  18.345.88  16.6+3.90
jcp®
R 252+1.78  17.1+1.00  15.2+1.08 7.0+1.33

a)IC50; The values indicate 50% decrease of nitric oxide radical, YL PS;

lipopolysaccharide C)SQL; Sasa quelpaertensis leaves, YCIP; Citrus junos

peels, “PTP; Poncirus trifoliata peels, bjCp; Jeju citrus peels, 9W; water

extracts, MR ethanol extracts
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v A= oigk g adE Yeldl= A2 terpenoid®} alkaloid, phenol¥}
w22 ok diitEely I fEAER SR e, Hd
540 wet gAks}, &, siEAE I W r]so] AdEe 59
[80]. Al+f(bacteria)fell &ot= Ho=2 S
TS 7HAIL A= AR 95%0llA Bol P e o5 ofsxl v]H-9

) o2 AE-st
Zto] o) WAukSS FEd|A Th-2A430l o] WSS F23le]
of 955 oFslA7|71% St} 81]. Staphylococcus epidermidist= %39 X%
Gy 2o SR FuRbEA A A,
HE Y dF2 5 T T3 297 29 HAS W AT o wA 85
L gttt aga FJoslime)s A 590l o] AE(biofilm<S P43
of #A ~2RE HEE7|E o d7kek 95 pHE FAAA F-E FH
AdS oty I5EE Bosr| = b [82]. 18lal Escherichia coli®] W%
I sECIU AR Al A e Ao r HAde s ETEH
Aol ofajA] == A3t el AW 5] giis IHAE ol AE
star vk wEbA FarAlel teft AERE okl Bol oAl o] darAel
ek WS Hol= Algto]l Bobxal JvH[83, 84].
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AFESHE B2k oRAlY] Ul el A WYA Candida w57 AAA diFEe A
dE G e FIFA dete] WS dEhE Fol AAWY. Candida
albicans® A& W& YAz g0z Ak FxlAle] gt AFgo] ATHY

T 7] wZol o3k el ek A gl mypHol Fakgo] 2
2]
& 86

TAE A& oAFfAol A& o] HAE R
o o] FWo| clear zone(AFA )0 Ao FAHEH. oFHA X
clear zoned A& 545t IS SAs= o) ol &g ol
Hetts HAY sk FdadsE dHede &85 HALANE=MIC
minimun Inhibition concentration) #tal s} [20],0]2] 3t agar diffusion™-

Sotoz A WESI|7F A9 TP Aoz ALgshs el
D) A FAEE o] &3 FF - I B}

7V Staphylococcus aureus o W3+ &7}

Staphylococcus aureus (S. aureus)t T2 JHF-o A3S IAYA7|= 7o &
o2 Ry Byl IX| Al dF5E& doA AdrEs WA= dow #

gl A e 3718 s Fdatelw[79].

Azt o3 2, @92 2 A= dF FEE dvs & S
aureusS. aureusS X3t S. epidermidis, E. coli, C. albicans®| W3+ &+t
S 543 A= Figure 13 ¢F Table 120 YERNAT S. aureusol

o
I AFFZEY Ao FEE 5% 6 mg/disc~25 mg/discoll A Atays ol st

0£0.00 mmz & FEENA4 o 52 Fwrads Il

00
a2l Z2TQ) L-ascorbic acid®} fAF 33 2 AFgdE Jyod= 44 F

rir



EEdAM 2T Faadrt ds yeigA ko ®xl 1y
F FEEoA 9.34+0.58, 10.3+0.58 mme] A EH} dEEL FEHEofA
8.7+0.35, 9.5+0.71, 10.7+£0.58 mm¢ ddHaxes o

me
i
_ﬁll
o
uu?
filo
I

positive control?!l gentamycin< 0.0005 mg/disc &%°]4 10.3£0.58 mm¥]
Asgs FAdg AW vwetdlS W AT A @z Gy e &)
TaENE HYoY wx7F S we ddadE JH FUtsie AE ¢

& A9E Jeon 5[61]19 ATl st H €A dEE FE
discE A3 clear zone(ASA3gh)o] 2.84 mme] a7}
FAHA YEES & 5
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Table 12. Clear zone of Sasa quelpaertensis leaves, Citrus junos, Poncirus

trifoliata and Jeju citrus peels extracts against Staohylococcus aureus

Staphylococcus Inhibition zone (mm)® MIC®
aureus 7.5mg/disc” 15mg/disc” 20mg/disc” 25mg/disc” mg/disc”
D.W. _d —d _d _d _d
L-ascorbic
acid ) ) B - -

0.0005 mg/disc™: 10.3+0.58
Gentamycin 0.005 mg/discb)i 18.7+0.56 0.0005
0.05 mg/disc®: 24.7+0.58

w 11+3.54 1243.04 1242.65 13+3.54 6
SQLG)

B 9+0.00 1040.00  940.58  10+0.00 7.5

Wi) _ _ _ _ _
cJp?

Ej) _

w - - 9.3+0.58 10.340.58 20
PTP?

B - 8.7+0.35 9.5+0.71 10.7+0.58 15

Wi) _ _ — — —
JjcpY

Ej) _ _ _ _ _

Ymm; diameter, “paper disc; 8 mm, ¢MIC; minimun Inhibition

Y—: ho inhibition, ® Sasa quelpaertensis leaves, YCIP; Citrus

concentration,
junos peel, ®PTP; Poncirus trifoliata peel, “JCP; Jeju citrus peel "W;

water extracts, YE; ethanol extracts
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S. aureus Water extracts

Ethanol extracts(70%)

Sasa
quelpaertensis

leaves

Citrus junos

peel

Poncirus
trifoliata

peel

Jeju crtrus

peel

Figure 13. Antibactenal activity of Sasa quelpaertensis leaves, Citrus junos,
Poncirus trifoliata and Jeju citrus peels extracts against Staphylococcus

aureus. A; D.W., B; 6 mg/disc, C; 7.5 mg/disc, D; 15 mg/disc, E; 20
mg/disc, F; 25 mg/disc
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W) Staphylococcus epidermidis o W3t a7}

S. epidermidis= ¥F-ZA ] Rlo] H= %y =Y T dFo
2 4o R sy oA=go HUAES fiste] oA 9 R AE
o Qlo] ATH[78]. AFZERAN A 2, BA A AFEe] g FEEH 9
ee F2E9 S epidermidis o Wd FAEHES 54 AIAE Figure 149}

1

3o JeERALE AF=23 & &2 5% 7.5 mg/disc~25 mg/discol A
1

=
o Ere FZE A 10+£0.00 mm= H|Z5=8F s ar &9 st 2 739
T B} ogs FEEAA 25 25 mg/discEEol AT 10£0.00 mm &
Hego] yelston, B8z} 3y I FEE4+ 15 mg/disce, 20 mg/disce,
25 mg/disced =4 11+0.71 mm, 14%+2.52 mm, 15+2.65 mm<e s++a3}
o} ol ghg FEEoA 14+2.89 mm, 15+2.65 mm, 17.7£2.89 mm?| &7}
2 eE FEEAAA ¢ w2 FHEdSs gl siglem tixa 9] ascorbic
acidel AlFte HAylolX e Hs Fd DS el A vk 12]al positive

ToA] 11.3£0.58 mme] A3|3<

Mo

off

control®! gentamycin<= 0.0005 mg/disc

7b S7beell wet Faads= A S o ¢ AT
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Table 13. Clear zone of Sasa quelpaertensis leaves, Citrus junos, Poncirus

trifoliata and Jeju citrus peels extracts against Staphylococcus epidermidis

e a)
Staphylococcus Inhibition zone (mm) MIC®

. .. . )
epidermidis 7 5mg/disc” 15me/disc” 20meg/disc” 25mg/disc” mg/disc”

D.W ) ) ) _d _d

L—-ascorbic

acid

0.0005 mg/disce™: 11.340.58,
Gentamycin 0.005 mg/disceb)i 19.7+0.58 0.0005
0.05 mg/disc”: 27.7£2.08

w 9+0.58  11%0.58 20
SQLG)

B 10+£0.00  10+0.00  1040.71 15

w - - - 10+0.00 -
cJp?

B - - - 10+0.00 -

w - 11+0.71 144252  15+2.65 15
PTP?

B — 14+2.89  15+2.65 17+2.89 15

Wi) _ _ — — —
JcpY

Ej) _ _ _ _ _

Ymm;  diameter, “paper disc; 8 mm, ¢MIC; minimun Inhibition

concentration, Y no inhibition, ¥ Sasa quelpaertensis leaves, bCIP; Citrus
junos peel, “PTP; Poncirus trifoliata peel, YICP; Jeju citrus peel W;

water extracts, YE; ethanol extracts

_67_



Staphylococcus

Water extracts Ethanol extracts(70%)

epidermidrs

Sasa
quelpaertensis

leaves

Citrus junos

peel

Poncirus
trifoliata

peel

Jeju crtrus

peel

Figure 14. Antibactenal activity of Sasa quelpaertensis leaves, Citrus junos,
Poncirus trifoliata and Jeju citrus peels extracts against Staphylococcus
epidermidis. A; D.W., B; 6 mg/disc, C; 7.5 mg/disc, D; 15 mg/disc, E; 20
mg/disc, F; 25 mg/disc
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tVh) Escherichia coli 9 W3 &3}

Gram negative 5% Escherichia coli @ s 5ol 3t FH4S&H S =
g7t A¥}E Figure 15 7 Table 140 YepIe AlF=3ld) 1ot 4 2 A5
e B3] 5 FEEY oAlekE FEFolA Escherichia coll Wd 3t a )
= Ad UeuA Fan B Ay a5 & 3
13.0£1.73 mm, 113.8£0.76 mme| Fa3e} o
mm, 12.74£2.52 mm, 15£1.73 mme| FHaAH=E &S FE==M o =&
gads &l Stk 183l positive control?l  gentamycine 0.005
mg/disc &=l E 16.540.71 mm= ®A} 3] oghE FEE] 25 mg/disc
S AR AdEs FAds o B 3y FEEI 2 49 positive
controlQl gentamycin BT SHARF 57} S715ol] wel faeo] SUhshs
o Ank Park[20]9] ATFolM = AFEIAUFE=E AF &= 3000
ppm/L FE=Z &aAIZ] dEs FEE9 0.25 mLAA = 7.1%, 0.3~0.35
Abolol A= 24.3%, 0.45 mLellA= 56.4%< dHars vebd 218 & & 3
ol ol AFxIY ol dFe] fle e Hoks W =78 o BT
E AHEAE A= daEo] Xt 18l Choi 5[87]19 AFolA = E coli
of B3k 3T Hu-F(BFS, &, Fu)e] daek 294 FE200A A3 &
Ha(clear zone 12~14 mm)E HQl A& ¢ F AN, Kol77]9] A4
A zEd =719k Yo E coldl WF FHadE HW 100 mg/mL(5
mg/paper disc) &% 7|9 9o d4¢ FEEIAAE 13.0 mm+0.2 mm, 12.6

1

1, 14.1+20.12 g F=HE A

o7} T =& FFHS wol AL o & vl 18l Kim[88]e thuE <le]
E. colPll gt &> 3] YEhA ke, Park[20]9] AFxSde] 9
e FE59 E colol e FHEHS 46.6%2 FHadE Yed AGE B
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Table 14. Clear zone of Sasa quelpaertensis leaves, Citrus junos, Poncirus

trifoliata and Jeju citrus peels extracts against Escherichia coli

Escherichia

coli

Inhibition zone (mm)®

MIC®

7 5me/disc” 15mg/disc” 20mg/disc” 25me/disc? mg/disc”

D.W ) _d _d _d _d
L-ascorbic
acid
0.0005 mg/disce™: 9+0.0,
Gentamycin 0.005 mg/disce™: 15.5+0.71 0.0005
0.05 mg/disc”: 21.0+£0.71
Wi) _ _ — - -
SQLe)
Ej) _ _ _ _
Wi) _ _ _ _ _
cJp?
Ej> _ _ _ _ _
w? - 11.342.31 13.0+1.73 13.840.76 15
PTP?
EY  1140.0 11.342.31 12.7£252 15+1.73 7.5
Wi) _ _ _ _ _
JcpY
Ej) _ _ _ _ _
Ymm;  diameter, “paper disc; 8 mm, ¢MIC; minimun Inhibition

concentration,

Y no inhibition, ® Sasa quelpaertensis leaves, YCIP; Citrus

junos peel, 9PTP; Poncirus trifoliata peel, VICP; Jeju citrus peel W

water extracts, YE; ethanol extracts
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Escherichia coli Water extracts Ethanol extracts(70%)

Sasa
quelpaertensis

leaves

Citrus junos

peel

Poncirus
trifoliata

peel

Jeju crtrus

peel

Figure 15. Antibactenal activity of Sasa quelpaertensis leaves, Citrus junos,

Poncirus trifoliata and Jeju citrus peels extracts against Escherichia coll

A; D.W., B; 6mg/disc, C; 7.5 mg/disc, D; 15 mg/disc, E; 20 mg/disc, F;

25 mg/disc, G: 5 mg/disc, H; 4 mg/disc, I; 2.5 mg/disc.
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2}) Candida albicans 9 W& A&7

Candida albicans(C. albicans)~= 8] B4 AE|EZ JAqF HAHo| <fsl
AlEO Al A S WAAZ| I L] A ML) o)X FAsle] S do
o

A% ReH8YL AFEDT A3 f7, G, @]9

FEE RSN candida albicans®)| W3k 3R tol] thal &= AF e
&kom positive control?l ascorbic acid®} gentamycind| A= A& stHta
7 RASS & & AJY candida albicansie AN E WAl I o
2 4 A JARF 53] gentamycin aminoglycoside?] dFOo2 Mt 7Y
Az F2 ARRHAAE FAA Y] wEed Il SAo= whgo] fIUW
Avtz P
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Sashg st Fushay ea GFBAC tshol vl AT Ast ATz
Uit A T FAN AFHE Al P Bl Y £ Aoz He
stglom @t bl A g Fe BB wedth 1AM AT A AF
AE % 9 B Agstel AWY AT BHL 9fe) shramehE e

FAZI(GC/MS)E S8 GA=dS FF A w4 L edAazrtE Y]

Jo SE

¢

(HPLO)E o]&3F A FolA F71hheAs Est

o
o
FRATE B ohulwAl ol Bete] Fbom ATsas sl

-

1) GC/MSe 93 A& H7}

ATz 3 Az Ay 2 " Ay FgirE GHE=dES gas
chromatography/mass spectrometry(GC/MS)& ©o]§3te] Zt7te] &5l gk &
X1 A3} GC chromatogramol| A 4=F9] peak’} UENWTE 1504 wHExog 1}
it 80%c el YaEs THOE dF FEEY A FEEA A 57
AARste] ZAzbel FEES 7P B vES Uil E45YH SAWE library
search 331t

ATzt o FEEAA 2AEds 8% AHRE GO/MSl 93] ¢&
chromatogram< Figure 16,3} Figure 179 YeRIoH, EAEZEL Table 15
o} Figure 189 YeR|ATE E4 FE=E94 5-hydroxymethylfurfural (R. time.
13.83min)e] 53.75%% AA3H o™, benzofuran, 2,3-dihydro (R. time.
13.63min)e]  23.92%, 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-
methyl (R. time. 12.44min)®] 14.00%, 2-methoxy-4-vinylphenol (R. time.
15.12min)°] 4.32% Z12]il benzaldehyde, 3-hydroxy- (R. time. 15.76min)”}
41%%= 7FF A2 HlEE AA T Ao g2 yeet 22l dEs FEECAE
1-(+)-ascorbic acid 2,6-dihexadecanoate (R. time. 27.02min)¢] 38.75%,
9,12,15-octadecatrienoic acid (R. time. 30.35min)7} 21.78%, benzofuran,
2,3-dihydroxy—(R. time. 13.65min)7} 15.10%, phytol (R. time. 29.85min)°]
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13.44%E A A3t o™  5-hydroxymethylfurfural (R. time. 13.81min)o]
11.43%% 7V A2 Hl&& AAAT AdA 0w Bgs W dF FEE0A
71 we wj&S AA st = =2 5- hydroxymethylfurfurale] S &
T A¥eH,  geE  FEFEA+= 1-(+)-ascorbic  acid  2,6-
dihexadecanoate, 9,12,15-octadecatrienoic acids©°] 50%°]7%2] H| &S =}A]
stal AT 1P A FEEH dEE FEEOA s UEd 224

benzofuran, 2,3-dihydro®} 5-hydroxymethylfurfural®l& < 5 2t}
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Figure 16. The GC/Mass chromatogram
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Figure 17. The GC/Mass chromatogram of volatile compounds in
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Table 15. Compounds identified from Sasa quelpaertensis leaves extracts

through Gas chromatography-mas spectrometry(GC/MS)[90]

Retention Molecular | Area
7% | No Compound Formula
time(min) (g/M) (%)
5-hydroxy—methyl
1 13.83 CeHgO3 126 53.75
—furfural
benzofuran, 2,3-
2 13.63 CsHsO 118 23.92
dihydro
SQL-
) 3 12.44 4H-pyran—-4-one CsH40O22 96 14.00
Wa
2-methoxy—4-vinyl
4 15.12 CoH1002 150 4.32
—phenol
benzaldehyde,
5 15.76 C7HgO 106 4.01
3- hydroxy-
1-(+)-ascorbic acid
6 27.02 C38HgsOg 653 38.25
2,6—dihexadecanoate
9,12,15-0octadecatri
7 30.35 C18Hz002 278 21.78
enoic acid
SQL- benzofuran,
b) 8 13.65 CsHsO 118 15.10
E 2,3-dihydroxy-
9 13.44 phytol Co0H400 297 13.44
5-hydroxymethyl
10 13.81 CeHgO3 126 11.43
—furfural

SQL-W¥; Sasa quelpaertensis leaves water extracts

SQL-E"; Sasa quelpaertensis leaves ethenol extracts
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Sasa quelpaertensis leaves water extracts
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Figure 18. Chemical structures of the identified compounds from Sasa

quelpaertensis leaves extracts[90]
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benzofuran, 2,3-dihydro-

4H-pyran—-4-one, 2,3—-dihydro—-3,5-dihydroxy—6-methyl-
2-methoxy-4-vinylphenol

benzaldehyde, 3—hydroxy-

1-(+)-ascorbic acid 2,6—-dihexadecanoate
9,12,15-octadecatrienoic acid

benzofuran, 2,3-dihydroxy-—
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phytol
10. 5-hydroxymethylfurfural
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AFgg ) FEEANA 2AEDS 58 AfdE GO/MSe o3 d&
chromatogram< Figure 19¥ Figure 20°] Yelow, AHEAES Table 16
3} Figure 219 YeRAATE ¢ FEF=94 5-hydroxymethylfurfural (R. time.
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ﬂJ
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Figure 19. The GC/Mass chromatogram of volatile compounds in Jeju citrus peel

warer extracts
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Figure 20. The GC/Mass chromatogram of volatile compounds in Jeju citrus peel

ethanol extracts
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Table 16. Compounds identified from Jeju crtrus peel extracts through Gas

chromatography—mas spectrometry(GC/MS)[90]

Retention Molecul | Area
7% | No Compound Formula
time (min) ar(g/M) | (%)
5-hydroxymethylfurfu
1 13.89 CeHgO3 126 54.88
ral
4H-pyran—-4-one,
2 12.61 2,3—dihydro—-3,5-dihyd | CgHgO4 144 19.94
1CPp- roxy-6-methyl-
) 2-methoxy—-4-vinylph
we 3 15.13 CoH1002 150 14.24
enol
1,2,3-propanetriol,
4 14.11 CsH1004 134 7.94
1-acetate
benzaldehyde, 3=
5 15.77 C7HgO 106 3.00
hydroxy-
5-hydroxymethylfurfu
6 13.92 CeHgOs3 126 55.33
ral
4H-pyran—-4-one,
7 12.56 2,3-dihydro-3,5-dihyd | CgHgO4 144 20.68
roxy—6-methyl-
JCP- i i
2-methoxy—-4-vinylph
EY 8 15.15 CoH1002 150 13.78
enol
1,2,3-propanetriol,
9 14.13 CsH1004 134 7.77
1-acetate
benzaldehyde, 3-
10 15.78 C7HgO 106 2.44
hydroxy-

JCP-W¥; Jeju citrus peel water extracts

JCP-EY; Jeju citrus peel ethenol extracts
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Jeju citrus peel water extracts

ﬁJ %&ﬁ
HOHVY ey

Jeju citrus peel ethanol extracts

\/DJ %&ﬂ/

OH

e G

Figure 21. Chemical structures of the identified compounds from Jeju citrus

peel extracts[90]

5-hydroxymethylfurfural,

4H-pyran—-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
2-methoxy-4-vinylphenol

1,2,3-propanetriol, 1-acetate

benzaldehyde, 3—- hydroxy-

5-hydroxymethylfurfural

4H-pyran—-4-one, 2,3-dihydro-3,5-dihydroxy—-6-methyl-
2-methoxy—-4-vinylphenol

S A S S

. 1,2,3-propanetriol, 1—-acetate
10. benzaldehyde, 3- hydroxy-
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B2 Ay FEEdA SAELdS 8% AFRE GO/MSel I d
chromatogram< Figure 223 Figure 239 Yellglon SAHEAELS Table 17,
3} Figure 24 YeAY. E4¢ F=E94+= 5-hydroxymethylfurfural (R.
time.  13.85min)°]  82.73%= 7}  BE&  HE&SE A %o,
4H-pyran—-4-one,2,3-dihydro-3,5-dihydroxy—6-methyl (R. time. 12.44min)
o] 12.04%= =FA3Y . 18]al ethyl,alpha,~d-glucopyranoside (R. time.
20.23min)”7} 6.21%,, benzofuran, 2,3—-dihydro- (R. time. 1.63min)7} 1.86%,
trehalose(R. time. 23.09min)7} 1.71%= 22 v &S At A& F=
& 9A] 5-hydroxymethylfurfural (R. time. 13.90min)®] 55.33%% =}A3}
o°om 2H-1-benzopyran-2-one, 7-[(3,7-dimethyl-2,6-octadienyl)oxy]- (R.
time. 13.47min)°] 13.87%% AA A, 18]a1 4H-pyran-4-one,
2,3—dihydro-3,5-dihydroxy-6-methyl- (R. time. 12.56min)®] 9.69%% =}%|
skglom, (S)-7-hydroxy-8,8-dimethyl-7,8-dihydropyrano(3,2-g) chromen-
2(6H)-one (R. time. 41.14min)°] 3.47%, benzhydrazide, 3-methoxy-N2-
(allylaminothiocarbonyl) (R. time. 15.14min)7} 2.83%% 2+ H]&S A3}

Atk AaHoew  wHYs wW dF FEEd dEge  FEEA

5-hydroxymethylfurfurale] 7} % H5S Ao 53] dFFEE
A 7 Be BFE AX L AUSS & F Yo I FEE e

1 z] O

== BT FdsH e} 2298  5-hydroxymethylfurfurala}

AH-pyran-4-one,2,3-dihydro-3,5- dihydroxy— 6-methyl-9< <& 4= it}

v

A
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Figure 22. The GC/Mass chromatogram of volatile compounds in Poncirus

trifoliata peel water extracts
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Figure 23. The GC/Mass chromatogram of volatile compounds in Poncirus

trifoliata peel ethanol extracts
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Table 17. Compounds identified from Foncirus trifoliata peel extracts through

Gas chromatography—mas spectrometry(GC/MS)[90]

Retention Molecul | Area
T+ | No Compound Formula
time(min) ar(g/M) | (%)
1 13.85 5-hydroxymethylfurfural | CgHgOs3 126 82.73
4H-pyran—-4-one,
2 12.44 2,3-dihydro-3,5-dihyd | CgHgO4 144 12.04
PTP- roxy—6-methyl-
thyl,alpha,—d-gl
w? | 3 | 2093 |CTYRAPRATERECODY oy 06 | 208 | 6.21
ranoside
benzofuran, 2,3-
4 13.63 ] CgHgO5 120 1.86
dihydro-
5 23.09 trehalose C12H22014 342 1.71
5-hydroxymethylfurfu
6 13.92 CsHeO3 126 55.33
ral
2H-1-benzopyran—-2-
7 38.47 one, 7-[(3,7-dimethyl | C19H2203 298 13.87
-2,6-octadienyl)oxy |-
4H-pyran-4-one,
PTP- 8 12.56 2,3—-dihydro-3,5-dihyd | CsHgO4 144 9.69
roxy-6-methyl-
oe)
(S)-7-hydroxy-8,8-di
thyl-7,8-dihyd
9 | 4114 |V HYAOPY o HLO. | 246 | 347
rano(3,2-g)chromen-2
(6H)-one
benzhydrazide, 3-— CroH1sNs
10 15.14 methoxy-N2-(allylami 265 2.83
nothiocarbonyl) 025

PTP-W®; Poncirus trifoliata peel water extracts

PTP-EY; JPoncirus trifoliata peel ethenol extracts
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Poncirus trifoliata peel water extracts
1 2 3

0 OH
OH
\/@_/ ) \
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OH g

Poncirus trifoliata peel ethanol extracts

6

ﬁmm%&
YO0, oSN

Figure 24. Chemical structures of the identified compounds from Foncirus

trifoliata peel extracts[90]

5-hydroxymethylfurfural,

4H-pyran-4-one, 2,3—-dihydro—-3,5-dihydroxy—6-methyl-
ethyl,alpha,-d-glucopyranoside

benzofuran,?2,3-dihydro-

trehalose

5-hydroxymethylfurfural

2H-1-benzopyran—-2-one, 7-[(3,7-dimethyl —2,6-octadienyl)oxy]-
4H-pyran—-4-one, 2,3—-dihydro-3,5-dihydroxy—-6-methyl-
(S)-7-hydroxy-8,8-dimethyl-7,8-dihydropyrano(3,2-g)chromen-2(6H)~-one
10. benzhydrazide,3—methoxy—N2-(allylaminothiocarbonyl)

O 0 NSO W
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o[ #2 A A¥m WS o AFEd I AFdE v @ @A
Wy FEEA FEASE 5-hydroxymethylfurfural(HMF)®] 53.75%~82.73
%= 71 B HES A ek @dEHo|en AlFxId 9 ots &
Eo| A vt 5-hydroxymethylfurfurale] 11.43%= A%°] o™ 1-(+)-ascorbic
acid 2,6-dihexadecanoate”} 38.25% Z18]3l 9,12,15-octadecatrienoic acid”}
21.78%° &S AA s = 2ddE & 5 Al

AFzAd7E 43 magor Q8 the AETe] HAAE AWste] A
5 FEgte doE S skl AlFEH A7 $rskal 9l p-coumaric
acid, alkene glycoside, polysaccharide, tricin, flavonoid, polyphenol &< “3
AW Aok @S a9t sl Radar dv[28]. Park[18]19] ATolA =
A e FAsEAES HPLCE o83 #4 ZA¥iE HW  ascorbic
acid(water:11.5, 70%EtOH:12.0 mg/g), protocatechuic acid(water:1.9,
70%EtOH:0.5 mg/g), p—hydroxybenzoic acid(water:0.9, 7T0%EtOH:0.9 mg/g),
caffeic acid(water:1.7, 70%EtOH:2.7 mg/g), syringic acid(water:8.5,
7T0%EtOH:7.7 mg/g), p-Coumaric acid(70%EtOH:34.2 mg/g), luteolin—6-
glucoside(water:34.1, 70%EtOH:84.0 mg/g), tricin—7-glucoside (water:13.3,
70%EtOH:39.5 mg/g)®l stgt=3 FFS & & vk 283l Yoon S[91]¢]
Al ot xEY o FEFEAA tricin,  tricin 7-0-B-D-
glucopyranoside, luteolin 6-C-a-L-arabinopyranoside%s ¢ 33&2S FAH3}
ROom, Sultana s [27] st AFZID dolA AMEL 2749 seHE
3-p-coumaroyl-1-(4-hydroxy-3,5-dimethoxy-phenyl)-1-propanone,
3-O-p-coumaroyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-0-8
-D-gulcopyranosylpropanol® 7]&el o] izl 3709 FHek=<l N-p-
coumaroylserotonin, N-feruloy lIserotonin, p—coumaric acidE IR A~FEZ,
FT-IR £37]5 o] &3te] B4 3 th. T3k alkene glycoside@ Eje] A 28

g W3 NMR 23S Sslo] E¥sin gE £35S TA=R

-

4-hydroxybenzoic acid, 3-hydroxy-1-(4-hydroxy3,5-dimethoxyphenyl)
—1-propanone, saikochromone A, tricin, tricin—-7-O-glycoside, tricitin—3,4,

5-tri-O-methyl-7-O-B-glucopyranoside, isoorientin, daucosterol, lutein &=
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BAEGTH92]. 283l Kol4]9 AFxZAUY GaAEe Ry dAFdAs
NMR&EF71E ol&ste] Azvteagvuyor sigtee] x5 AL £ds
S T #5437 12F9 ddEZA F flavonoids 2% 3 EAE3} A
lacton AlE 3¢ 2%, TRuks, A, HEito] 234 e gEw BF
stk A7l A4t gRtES BHsA = ES oY methyl  cis—p-

hydroxycinnamate, methyl trans—-p-hydroxycinnamate, 2,3-dihydroxypropyl

ok

>
—
ofN

97, 12Z-octadecadienoate, (+)-(6S, 7aS)-epilolide, (-)-(6R, 7aS)-Iolilolide,
naringenin's 9 3= AFHY o FEENA ASF Hid sFEds &

dlosied, AlFExId <M gEFE 7P ®el Hl d9E

rlo

3-O-p-coumaroyl-1-(4-hydroxy-3, 5-dimethoxyphenyl)-1-O-B-glucopyra
-nosylpropanol B8] Utk Jeong[931¢] A7tell o8t Fzlthe] QlxfelA
WA L2 16.38% obv]x=4b 93.3 mg/gs RSt S & T den,
Kim[94]¢] <7-el olstd AFz3de] A3t

12.2~16.6%%2 YEtxtom tigdadM= AdHP) 0.11~0.13%, Z+#(Ca)
0.30~0.42%, Z&([K) 0.87~1.40%, v1vl&sMG) 0.09~0.14%, YEFN)
0.02~0.03%€ 1¥i WFAAES H(Fe) 172.2~243.5 ppm, FZHMn)
403.6~571.5 ppm, °}<1(Zn) 39.4~50.1 ppm, T-2(Cu) 5.6~5.9 ppm<2] FTH<
e .

4, B4 2 B FBR W0 gERds ol FHHe At

F

=
flavonoid®] A5+ hesperidin, naringin, neohesperidin, naringenin,
rutin, hesperetin, nobilctin, narirutin, tangeretin, natsudadain, sinensetin,
didymin, 5,7,4'-methoxyflavone, eriocotrin, 4'-methoxyflavone, poncirin, &
o] B Holglen, Holl= old FEEe AedAol e A4vF
SHAl AEa k58], flavonoidel thek A&A Hrze X379 F7

T a2y Ag9A ol wekA zpelE HolA H=d|, methoxy”]7F Bold g
=, ~OH®] F2b7] Bt} ~OCHs®| methoxy”| & 7HAaL 3= 3hgh=ollM 73t &
Qe el Aow wnna drks8]. 53 Rl we csh Aol
A4k} carotenoid®} flavonoids o] %o 1o o]# 3t flavonoid7} 7}A] aL

A Vsont WASe g, WEIN BPF 2% Fol vk 53 287
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T ALY Ao BE Edvbes ekl Jemn o= glyconedt

aglycone? HEj=Z &x]3}™ glycone< rutinoside®} neohes -peridoside® -

B3 4= 9loy aglyconed 7Hg 83 ZEpuli=& hesperetin®} niringenin®.

2 FE 4 k. 2glal o] aglycone?] ZEHl=FolA]l hesperetine Z+E

ezl &7 %5o] e niringenin¥ A A= 4ks avE U= &
2

= 7HAA = o= A U801

et

F710E ATk YEhls 299 stz Zeju @71E dEhe =23
3]

w23k A3} citric acid, malic acid, tartaric acid, succinic acid, lactic acid,
formic acid, acetic acids 77F49 712 TA43H9 2™, malic acid, lactic
acide VFowA RE FEEA FFow FAo] HAE &Stk E4 A
=& A tartaric acid(FA4He] ol 7HE =4 vUstth 1 FollA
Bz} gyjo] A4 FEENA 284.98 mg/g &2 JHE B2 o] Liste
2 9] o eE FEEC] 552 mg/g, ATEIAY 4 45 FEEH I
Z}2}y 6.27 mg/g, 1.88 mg/g o= ustow, AFdE vt 2zt
6.11 mg/g, 5.00 mg/g?] THFZFS & = A} tartaric acid(FH LS F
of @Wol A5t 53] ¢ls Axd w FAY] ko] weh 9kl
b getAl=d FA4 4 o] Atow ARgstr] wiimolty 1ejar 9fQlel] St
v &5 A A8tH, vre glolo] el #-g-of
b Asteb[96]. 18] AL citric acid(7-AAh S AlFxBd Ao &

F=EA 1.19 mg/g o rEd B 95 FEE0A 481 mg/ge®
YUebgth T3k g A2 48P formic acidet A4S 987 H & acetic

acide= AlFx3Y Yo 4 F==9A 242 0.43 mg/g, 0.48 mg/ge] &=ol
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olglom, AFE] A FEEoAE 44 0.35 mg/g, 0.23 mg/g] I
o7 yed Ae & F Ak olst ZFe AdE Woks W ga Ay FEE
A Fdaadrt =99 ol FAN ol e FEEC nlE deetAl ol

e,
5.
o

[eb)

Q.
2
—
re
r >
©
i)
ol
)
bzh
o
S
o
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ox
N
ol
ol
38
rlr
=
Lo
fo
fu
=
ol
o
2
=
i)
ol

o= FAo] HA ZUrh Song®[97] AFAES] FFolA citric acidd] T

AbE B 7P mokom Ak web ] xbol= UAAINE

% st AoR BAE ¥ HUE HFol|A citric acid¥

shafo]l ] Wol Y AS ¢ S vk 283 Kim9][98] Aol tigh A &84

% citric acid®] o] 56.4%= 7HE w2 It

Fol Ustes ¢ F dRem E AT AFzE AyelAe A HeX
erok® malic acid®] o] 18.5%% F HARE w@o] vt

ANAoZ HYS W EE FUIF FoA ®A A3 dg FEEAA

tartaric acide] st&Fo] €58k A =kow, citric acid B3 WA} ¥y A4 F

ZE A 7HE w2 dFgor UgesS & & AAY 183 succinic acide}

formic acid % acetic acid 25 A5 22U & 4 FEEANA 71 =4 o

OO o)} X~
S ¢ F A
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Table 18. The organic acid contents Sasa quelpaertensis leaves, Jeju
citrus and Poncirus trifoliata peels extracts

(Unit : mg/g)

o Organic acid
Composition

Citric Tartaric Malic Succinic Lactic Formic Acetic
Sample

acid acid acid acid acid acid acid

w?  1.19 627 ND.” 034 NDP 043 0.48

SQLa)
E 010 188 N.D. 002 ND. 0.03 0.08
w® ND. 611 ND. 029 ND. 035 0.23
jcpY
E ND. 500 ND. 027 ND. 025 ND.
w? 481 28498 ND. ND. ND. ND. ND.
PTP?

EY  N.D. 5.52 N.D. 0.26 N.D. 0.32 0.21

a)SQL; Sasa quelpaertensis leaves, YICP; Jeju citrus peel, 9PTP; Poncirus
trifoliata peel, YW, water extracts, “E; ethanol extracts ” N.D.; not

detected
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AFzd A3k AFgaE g 29 Aol 4 ohulweal FFS PG
A7HE Table 199 LhERHITh obrlmils 4 ofvlmibe A9 A&} 4
Sol EAlshe @A dog Rasteld wude BAsts dHoR 1758
24 stlch A ohulmite] & @ @4 dule 9% FEZo] 68.73

mg/ge= 7P wtew, &8ty duks ekl YEtl= prolineo] €9 F=

=3} oS FE=F0] 47 58.75 mg/g, 63.30 mg/gl. % aspartic acid”} 272t

4.77 mg/go ® 7P B2 TRES AL dglew, Agkdt 2t
A0S 7FA] a1 91 glutamic acid®= 11.75 mg/g, 12.57 mg/gl & B gaks
ZHA AL k. mg Al bl 33 9 A] aspartic acidZF ZHZF 9.10 mg/g,
6.67 mg/go = 7} WkoH, prolineo] @4 FEEY dE@& FEENA 7
7} 7.18 mg/g, 6.95 mg/g¥ B S ZHAAL ASdH WA 3yjo] 7H

< S-S YER = proline ZERle] A=x2 3 gelatin, 37 5ol @Ol

&%



SHrEel = prolamint - Foll A= At A L] caseinQlol Tt
Ho] oA Feplls AU =4S 3&ete s FoH100]. 1
ATz Qe 71 @ol el U= aspartic acide I A==
asparagus officinalis(o}2=ape}A )] NFol A FEQlom, AlGFF, T,
AtRReE Aol & F T AEAC "ol EAldt e =EE WYs A
71 71%°] YuH[101]. %3 glutamic acide A4 HdE

of F TAAZLE ANAACd ANAHDE 7S STV, glutamine
GABAR d#t=v ot AghaL Sol d4Hor Agsr|e star ZFol=

52 A5 7% 5 A9 RS FRAIVE @k adn dreles

)
(0l
i)

(o]
2
4
__>|’I_',I
ftl
e
r >

& 9% A oprlmal TollM = ARz ol &8ko] A3 valine©]

(A

T FEEY e FEEA 47 2.58 mg/g, 3.59 mg/glE 7 Edo
w, Algto] &k threonine® o8& FEEA 2.76 mg/gl®E B & F
AATH AFE HyoA = EF FEEAAE &8ro] Ak arginineo] 2.53
mg/gl® 7HE Btk EE /A oAM= dg FEEOA &Etho] A%

leucineo] ol&E FEENA HA] &ote] 3k valineo] - 1.42 mg/go] F
For M Boes & 7 AT 2 Kim9[98] fratell digh A2 el
A A B9 o] T A obw Ak S 671.88 mg%el AL 15l A aspartic
acid”} 106.58 mg%, proline®] 87.21 mg%, glutamic acid’} 75.41 mg% <2<
2 B2 dFs UEden dobn| it FollA s ok £8hE ThA AL ql
o ojPolo] S At Agoln| Ao 7 #8351 histidineo] 50.85 m%= 7}

4 owe 4239 gtk Andon noks o 94 39 Yok Y =

She o= & AekARt &gt 9] A7 prolineo] v FEERY 453

A B2 e YERY] Moz Ats "uh 28 i Kimé [98] Ak 3}y of

Hlatste]l WkS wlolle &qbst gAdo] TP Fd Al A3 AlFiE

399} GEF@gel 44 Aol G4 Wk DA Fe T obvlwate] §F
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Table 19. Composition of total amino acid in Sasa quelpaertensis leaves,
Jeju citrus and Poncirus trifoliata peels extracts

(Unit : mg/g)

Sample

Component
SQL-W® SQL-E” JCP-W¢ JCP-EY PTP-W® PTP-E”

Aspartic acid  19.39 14.77 9.10 6.67 11.25 11.06

Threonine” 2.17 2.76 1.36 0.36 1.10 1.06

Serine 4.21 4.47 2.10 1.00 3.23 3.14
Glutamic acid 11.75 12.57 3.31 1.63 4.81 4.59
Proline 3.28 2.96 7.18 6.95 32.58 32.01
Glycine 1.77 2.82 1.57 0.53 1.16 1.15
Alanine 4.88 5.17 2.30 1.08 6.36 6.29
Cystine 0.25 0.49 0.08 0.04 0.10 0.12
Valine™ 2.58 3.59 1.72 0.30 1.38 1.42

Methionine” 0.12 0.44 0.28 0.08 0.16 0.15

Isoleucine” 1.29 1.82 1.39 0.24 0.88 0.84
Leucine” 1.51 2.48 2.44 0.52 1.42 1.37
Tyrosine 0.68 1.03 0.70 0.23 0.52 0.47

Phenylalanine”  1.44 1.69 1.43 0.33 0.86 0.81

Histidine” 1.44 2.35 1.07 0.52 1.10 1.03
Lysine” 0.81 2.16 1.85 0.41 1.14 1.08
Arginine” 1.17 1.73 2.53 1.52 0.72 0.85

Total 58.75 63.30 40.42 22.39 68.73 67.44

YSQL-W; Sasa quelpaertensis leaves water, YSQL-E; Sasa quelpaertensis
leaves ethanol, JCP-W; Jeju citrus peel water, VJCP-W; Jeju citrus peel
ethanol, YPTP-W; Poncirus trifoliata peel water, YPTP-E; Poncirus

trifoliata peel ethanol, ‘Essential amino acid
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) ol mat 24
AFEDY 9 AFHE ) L @ AR ) opveit FHE B

8= A T 39FS sAsN e, O dAFEEAA FLageR F
ol UetebA] &2 10F2 A9t 29FS 24 silvh.

i T obv Al Bk A2 RN Al e A F=&
AN & ol 44.45 mg/ge® THE FAUST. 1 FoAME AAASA #F
S FA)FE asparagine©] 16.77 mg/gC2 74 Bkow ¥ o] 75S T
7]+= y—amino—n-butyric acid(GABA)® 4.30 mg/g® =S 7H<a Ao AlF
A Ao AE odlgks FEEOA] asparagine©] 0.59 mg/gl2 7Hd @3kon,
B2k By FEEolAE A otvmAtl et viTA R S 5o Zehals
A8l =w5& F prolineo] A FE= s FEE0A 44 6.38
mg/g, 8.20 mg/go = 7HY B & F AT 4 FEEAA F 9F9
T oAbl E AxEEY de o
valine®] 2.06 mg/go.2 7} ®@kow, A
s e leucine®] 0.24 mg/go2 71 ©tth 1ela ®Al 2y o gk
= FE=oA @gte]l A% threonino] 7 Ba= & 4 AU 8 o]
Fso A 71 B2 dFFS HAY asparagine
ofxupElA o) A, AV, TR dol A MY @Al T5 A4
S HA sh=d #o] 3}[100]. 18] y—amino—n-butyric acid(GABA)E F321
A = A= ERA HY s S8l o] Al Tus STMIAA
o] A7 i lss S 5 EE sfal dkS 717 IE o dase] o)
A A7 FEs 103, Kime] [98] Akl g A4 olA 74k 3}

o] F e ofv b $HERE 324.29 mg%el Al 159l A proline©] 134.48

o
AU
2
ftlo
-
o
Ol
ol

u

mg%, serine®] 54.84 mg%, aspartic acid’} 34.48 mg% o7 B IS
Uehl o dAgolujal Foll = F2F 33| o] A opn|w=Atal wizbriA] 2
histidine®] 17.35 m%2 714 Be doeke Lheh
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Table 20. Composition of free amino acid in Sasa quelpaertensis leaves,
Jeju citrus and Poncirus trifoliata peels extracts

(Unit : mg/g)

Sample

Component
SQL-W® SQL-E” JCP-w¢ JCP-EY PTP-W® PTP-E’

Phosphoserine  0.28 N.D¥ N.D¢ N.D# N D? N DY

Taurine 0.03 N. D. N. D. N. D. N. D. N. D.

Phosphoethano
0.43 N. D. N. D. N. D. N. D. N. D.

lamine

Aspartic acid 1.13 N. D. N. D. N. D. 0.08 0.13
Threonine* 1.38 0.27 0.05 N. D. 0.05 0.43
Serine 2.84 0.30 0.06 0.05 0.20 0.75
Asparagine 16.77 1.22 0.25 0.59 0.61 0.15
Glutamic acid 1.86 0.03 N. D. N. D. 0.12 N. D.

Sarcocine 0.30 0.00 N. D. N. D. N. D. N. D.

Proline 1.62 0.70 N. D. N. D. 6.38 8.20
Glycine 0.59 0.07 0.02 N. D. 0.01 0.02
Alanine 3.38 1.08 0.16 0.18 1.08 1.68
a—aminobutyric
N. D.#  N. D. N. D. N. D. N. D. 0.01
acid

Valine* 2.06 0.77 0.10 0.03 0.15 0.17
Methionine* 0.36 0.00 0.05 N. D. 0.03 0.03

Isoleucinex* 0.97 0.35 0.08 0.01 0.05 0.06

A

&
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(Unit : mg/g)

Sample
Component -
SQL-W? SQL-E” JCP-W® JCP-EY PTP-W® PTP-E”
Leucine* 1.31 0.39 0.24 0.02 0.10 0.07
Tyrosine 0.75 0.17 0.09 0.02 0.03 0.03

Phenylalanine*  0.90 0.30 0.12 N. D.# 0.04 0.02

B-alanine 0.02 0.01 N.Df N.D. N.D? 0.00

y—amino—n
4.30 1.99 0.13 0.14 0.55 0.69
—butyric acid

Histidine* 0.37 0.03 0.01 N. D. N. D. 0.01

Anserine 0.33 0.16 0.08 0.00 0.15 0.12

Tryptopan 0.05 N. D.¢ N. D. N. D. N.D. N.DP?

Hydroxylysine  0.01 N. D. N. D. N. D. N. D. N. D.

Ornitine 0.05 0.03 N. D. N. D. N. D. 0.01

Lysine* 0.97 N. D. 0.00 N. D. N. D. N. D.

Ethanolamine 0.29 0.18 0.05 0.10 0.05 0.06

Arginine* 1.08 0.06 0.10 N. D. N. D. 0.01

Total 44.45 8.12 1.58 1.14 9.66 12.64

YSQL-W; Sasa quelpaertensis leaves water, YSQL-E; Sasa quelpaertensis
leaves ethanol, JCP-W; Jeju citrus peel water, P5CP-W; Jeju citrus peel
ethanol, YPTP-W; Poncirus trifoliata peel water, PTP-E; Poncirus

trifoliata peel ethanol, ®N. D.; not detected, “essential amino acid
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5. 4 &

Aol AFEe] ekl AEta e AT t(Sasa
quelpaertensis Nakai)9 ¥ f-glupetoll Al ol Auis L = A=A 3L =
& Citrus Junos siebold ex Tanaka), ®AH(Poncirus Trifoliata Raf.) 2 A
= Ueju citrus)®] 35S AgYsle] AFxIY UL 95T FTHT9 22
70% oNegegRor 74zt F=sidlom, A, ®A, #3435 50TolA 242t
AT 70% Aegegdor F=3Th kst DA tg oS flske]
% polyphenol, tannin, flavonoid % vitamin C &% 58 =#31 343t &
S szl 98ke] DPPH radical &27%, ABTS radical 27848 =43}
vk Ela AlEEAgel o MEe] AEEI LPSel os &
oxide A A ax& H7}st7] 918+ human skin fibroblast®} RAW 264.
7 AEZE wjgste] AEAEEI NOBA oA 235 SAsAT. &, I3+
g4 HGrE st ARl Fsle SNYEEATTRl Staphylococcus
aureus, XI XS Staphylococcus epidermidis, 18]al WAH O =2
Escherichia coll| W&t @z} 7ol &3h= Candida albians®] &3
I &7E paper disc diffusion assayd S &3t 5 2 AHRE IS

o

o~
A

pa

A, Z polyphenol@dHFo == AFZd A3 2 Hy= dF F=E
A Z+7b 26.6 mgGAE/g, 10.840.00 mgGAE/go. 2 ¢ %74 yelwoh ¢
B 7y op AlFgtg Py oes FEENA ZH7F 14.240.00 mgGAE/g,
26.3 £0.00 mgGAE/g2® H F<& TS Uetdlth. Ftannin®] T A
ATy d7 F2 e dF5 FEEAA 47 722 mgTAE/g,
12.9£0.02 mgTAE/g2 2 o %<& 432 nolon, 9 3vjs AFng 3
9= 7+7} 16.340.02 mgTAE/g, 28.4+0.01 mgTAE/gO 2 o eh& F3E-of A
o =2 o] ygkth 18l F flavonoidShS Al 23 W 43 72 7}
= o Ee FEEOA ZHzF 25440.01 mgQE/g, 8.0£0.00 mgQE/go 2 T

22 s Yeluo 8xe 44 FEEY JAdEE FEE OET 9.240.00

=
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mgQE/ge &2 Sd3HA uvgtow, AFH=ES 5 FEECA 11.7+0.00
mgQE/go 2 oghs FEEHT ¢ A U$kth vitamin C 2 ATz
Ao = 12.0~14.1 mgAAE/g, 54 #3] o A= 15.1~15.3 mgAAE/g, B 3}
o= 16.2~17.7 mgAAE/g, & #3lol-E= 15.7~20.7 mgAAE/go & vgkoe
W, # B3] dF FEEAA M B FRFel Uses & 7 Udddth dAH
o HoMS W AFxIY I f2, BwA 9 & 39 BT tannin®] o
714 =A JEeben, 1thgo] polyphenol?] o] E7 Ugkom, vitamin
C 3%, flavonoid % o=z A Ugvh =3 2, @2 9 #3499 F
Fol S SAS e AFxdg A3 74, B el s dF F=
o4 8.840.06 Brix, 9.84£0.25 Brix, 10.5+0.06 Brix® ¥4 ugtl. 27
2 Hue= 45 FEEY dEE FEF BT 9.7£0.00 Brix® UskeS &
JRom A FEEY qEL FE2E BT "gx gyt b E2A usks
o 4 Atk 183 pHE 57443 27 3.07+£0.06~6.31£0.01 HH] kA

&) W > AT o SAR WA 7P AR

(il

10 to 4 K

==

2 DPPH free radical®] A47%¥ ABTS cation radical
A&t A3 DPPH free radical® &A= AFxRd A
o A, BA 2 AFAE EF 1000 ppmolstel A 2 WEE YenA ¢
7V AAA o2 FETr S e wep & AAEo] =4 e As o F
Adem ICs @kol AFxI o dF FEEIH dEE FEE OET
2200~2230 ppm®| 7P & FoA AAEC] Ugtow, 1 tgol AFE
3o dEE dEs FEE413820 ppm, 6000 pp
dauj el W2 = 25 9000 ppmthell A w2 RS o Ao

o ¥ AF e Hy Bue agA4o] 25 "WoAE HoE UgES ¢
T UATE. ABTS cation radical &2AZA 9 Al DPPH radical 2AZA4>
H =3 AR 2ASAS vEd A ¢ 5 Ao, tannin® ko] 7}
= vebd AlFERY 3} vitamin C &l 7MY 49 ASHE 9y
oA radical &7 4ol 7 #A vebd AS & F7F AT

AR, AF2Rd a2, G2 2 oE# o] AZAEES G110 A



125~1000 ppm =¥ =
4 sslst gaue 4% FEER oBe FHES AEAEEel 1000
ppmol A 87%~105%°] AEES How AFxHY do 4+ FE2E54

G Ao} AHe FEBANE AT 2F Dot AL &

A, LPSel 98] f%=% nitrite oxide A A &Fol| A= RAW 264.7
celld] LPSE At & tizaoA NOAAZo] 3.1+1.11 Mz &4 o]
A dERg oy LPSE AP e & NOAAZe] 37.2+11.86 uM=E B2 %ol
7F shlth. ZA7te] FEE % 0,125 mg/ml~1.000 mg/mlelA AlFZ3 )
o1& 39.14£3.48 uM~2.5+1.13 pM= F=d w2} /b e A4 avs
ok 2 2 AT A5 FEEA AT A vlE tga WEAE
% 7 el Wl NOAg o] Fo]E 3o HolA o5 AEANES
o] 7] wWiol TEE FUtste] AMESINS AfolE diEdd sk A
2395 vEd sz AZtEn

O, ATt A3 F2F, G 2= A9 S oaureus, S. epidermidis,
E coll 3t dFaixe C albians® 3 A a2 s Ay =% 7.5
mg/disc~25 mg/discol Al S aureusttTol e AFZEY o &

A 11+3.54~13+£3.54 mm®] I3 e FEEol4 9£0.00~10+0.

—i%

N
=)
off
1
ofN
N

mm= 45 FEEANA O =& IS g itk g EA 3y
oM BA Fylo gt 8.7+0.35~ 10.7+0.58 mmz I FEE3} J&S
FEE BT FadAo eSS & T UMY S epidermidisttTol A 7.5
mg/disc~25  mg/disc  FXZNA AFZZ ol o] g5 FEE
94+0.58~11+0.58 mme g}t ogtE F=E=o] 10£0.00 mm= H]52gh
s Felaglon s FEEN 2 A sESUt uE g g

Bel Aol AA JEhiA 29k 2@3 4 BHdAE Hn sE 25
mg/disc F=olA% 10+0.00 mm= vgtoerw ®Wx IHyo|= 11+0.70
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AXA, Fikst Gde]l Fdd AFERAY I AFE Iy H G 3y
FEu=e AAste] Aol digh A5 A AFxIY dF AFHE Ay 2
Bt 3 FEEA FFAH SR 5-hydroxymethylfurfural(HMF)o] 53.75%~
82.73%% 7F¢ B2 Hl&S At @A4E4 oo AFxsd o] o
L FZEJA9  5-hydroxymethylfurfurale] 11.43%% A %o]glon
1-(+)-ascorbic acid 2,6-dihexadecanoate’} 38.25% 1¥]a 9,12,15-
octadecatrienoic acid’} 21.78% =2 7} %2 H&S AAsta Y= 22
o F AR {7 FRelE BA A9 A FEFONA citric acideb
tartaric acid®] ¥Zo] 7Hg =4 Ugkemn 53| tartaric acid®] o] ¥-s3t
A =4 vkl 1813 YA succinic acid, formic acid, acetic acids 25
AFZRY Qo 94 FE=EoA 7 =4 Uskas & & AT 74 o

el & e WA FH¥e] dF FEE0] 68.73 mg/ge® 7P wWokor,
o3 @5ts kA vEtll= prolinee] &

g/g, 32.01 mg/go.2 HEsA B Iwde 7L sl a7

8 m
I AFREAY o FEE FA ot F S ¢ FEEY AEHE F
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=
w3k AT 7= ¥y H9A] aspartic acid7} Z+zF 9.10
7V #2okoer, prolineo] 44 FEEI oetE FEEA 747 7.18 mg/g,
6.95 mg/g® FFEFS 7HAL UAT

AP B AL FEFIAAT AlFEAY Qo A FEEY T FEFol 44.45
mg/gl2 71 Bokow, 1 FolXE AAAEA #3S 78l asparagine©]

16.77 mg/gl. = 7F4 ©gkow 4y o 7|FS dAA]7|E y-amino—n-butyric
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(Abstract)

The purpose of this study is to compare the physiological activities of
extracts from Sasa quelpaertensis Leaf and peels of Citrus Junos,
Poncirus Trifoliata and Jeju Citrus, and provide basic data for natural skin
care products and natural cosmetic ingredients. Hot water and ethanolic
extracts were obtained.

In order to investigate the antioxidant activity of the extracts,
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scavenging activity and cell survival rate of DPPH free radicals, ABTS
cation radicals and nitric oxide radicals were measured and antimicrobial
activity was determined using an agar plate culture method. The extracts
from Sasa quelpaertensis leaf and peels of Jeju citrus and Poncirus
Trifoliata, which showed the best antioxidant and antimicrobial activities
among the extracts, were analyzed in terms of the chemical components,
content of organic acids, and physicochemical efficacy of free amino
acids. The hot water extracts of Sasa quelpaertensis leaf and the
ethanolic extracts of Jeu citrus fruits exhibited the highest total
polyphenol content about 26 mg GAE/g. The content of total tannin was
highest at 72.2 mg TAE/g in the hot water extract of Sasa quelpaertensis
Leaf. The total flavonoid content was 25.4 mg QE/g in the ethanol
extract of Sasa quelpaertensis Leaf and 11.7 Mg QE/g, respectively. The
content of vitamin C was highest in Jeju citrus peel and Poncirus
Trifoliata peel. The pH of Sasa quelpaertensis leaf extracts was about
pH 6.2 and extracts from citrus peel was weak acidity in pH range of pH
3.1 to pH 4.6. The acidity of the extracts from citrus peels was in the
order of Poncirus Trifoliata peel > Citrus Junos peel > Jeju citrus peel.
The DPPH free radical scavenging activity, which is related to the
antioxidant activity of extracts, was highest in the Sasa quelpaertensis
Leaf and Jeju Citrus peel extracts, which had highest tannin content.
Citrus Junos and Poncirus Trifoliata peel extracts exhibited low
scavenging activity. The scavenging activity of the extracts for ABTS
cation radical was silmilar to that of the DPPH free radical and slightly
increased with concentration for Crtrus Junos and Poncirus Trifoliata peel
extracts. Cell survival rate was 87% ~ 105% in the ethanolic extract of
Sasa quelpaertensis leaf and peels of citrus Junos and Jeju citrus. The
NO production inhibition effect was the most effective in the extract of

Sasa quelpaertensis leaf. It is believed that the other extracts may be
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also effective in inhibiting the production of inflammatory substances.

The extracts from Sasa quelpaertensis leaves exhibited an antibaterial
activities against S. aureus and S. epidermidis, but not for E. coli The
extracts from PFoncirus Trifoliata peel exhibited an antibaterial activities
against all bacteria and Cifrus Junos peel extract exhibited an
antimicrobial activity only in S epidermidis. No extracts exhibited
antifungal effect against C. albicans. Considering that FPoncirus Trifoliata
peel extracts having much low antioxidant activity exhibited the highest
antimicrobial activity, it is believed that there is no correlation between
antioxidant activity and antimicrobial activity of the extracts.

From the GC/MS measurements, the content of 5-hydroxymethylfurfural
(HMF) in the extracts was in the range of 53.8% ~ 82.7%, except for the
ethanolic extract from Sasa quelpaertensis leaves, about 11.4%. It was
also found that ethanolic extract of Sasa quelpaertensis leaves had 38.3%
of 1-(+)-ascorbic acid 2,6—dihexadecanoate and 21.8% of
9,12,15-0octadecatrienoic acid. Citric and tartaric acid contents were the
highest in the hot water extract of Poncirus Trifoliata, expecially for
tartaric acid content. The total amount of constituent amino acids was
68.7 mg/g in hot water extract of Tannaceae hull, especially proline of
32.01 ~ 32.58 mg/g. These results suggest that the highest sugar content
of Poncirus Trifoliata peel is due to the very high proline content having
both strong bitter and sweet taste. In the case of free amino acid, hot
water extract of Sasa quelpaertensis leaf had the highest the content,
about 44.5 mg/g, which was smaller for the constituent amino acid.
Among the acids, asparagine, which maintains balance in the nervous
system, was the most abundant with 16.77 mg/g, and y—amino—-n-butyric
acid (GABA) which enhances brain function also had the content of 4.30
mg/g. Asparagine was the most abundant in ethanolic extracts of Jeju

citrus peel (0.59 mg/g), and proline, which was used to synthesize
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collagen in skin, was found to be 6.4 and 8.2 mg/g in hot water extract
and ethanolic extracts, respectively.

From the experimental results on the extracts of Sasa quelpaertensis
leaves and peels of Citrus Junos, Poncirus Trifoliata and Jeju citrus it is
revealed that all the extracts used in this study exhibited high antioxidant
and antibacterial activities and can be used as natural antioxidants. Some
extracts also exhibited antibaterial activities against S. aureus, S.
epidermidis, and E. coli. However, any extracts did not exhibit antifungal
effect against C. albicans. When they are used as a natural antioxidant or
as a cosmetic ingredients, it is recommended to mix or blend various
extracts with appropriate mixing ratio in order to impart cell survival rate
above 80%, rather than to use only one extract. It is believed that the
results of this study may be used as a basic research data for food,
medicine, and natural/functional cosmetic products about the extracts from
Sasa quelpaertensis leaves, and peels of Citrus Junos, Poncirus Trifoliata

and Jeju citrus.

Key word; Physiological activities, Antioxidant activity, Antimicrobial
activity, Gas chromatography-mass spectrometry(GC/MS), Amino acid,

Organic acid, Sasa quelpaertensis leaves, Citrus peels
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