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Abstract

In this study, we investigated the change of antioxidant activity and flavonoid contents by fermentation of
Citrus grandis Osbeck peel (CGP) using the Saccharomyces cerevisiae (KCCM35053), comparing to unfermented
CGP. Total flavonoid content in the fermented Citrus grandis Osbeck peel (FCGP) was 3,768 g/100 g sample
and higher than that of CGP. The antioxidant activities of FCGP was determined by DPPH, hydroxyl, alkyl
radicals, and hydrogen peroxide scavenging assays. FCGP showed higher activities than CGP in all scavenging
assays. The ICs values of FCGP were 261.3 ug/mL for DPPH; 1,474 pg/mL for hydroxyl; 90.9 ug/mL for alkyl
and 1,195 pg/mL for H»O, in respective scavenging assays. Flavonoid compositions of both samples were
determined by liquid chromatography/mass spectrometry (LC/MS). In the spectrum FCGP was similar to CGP
in the contents of neohesperidin, naringin and an unknown No. 7 compound, but some unknown compounds
(No. 1, 2, 4, 5, 6) were higher than CGP in each flavonoid contents. Therefore, the fermentation of CGP could
increase the contents of unknown compound and improved antioxidant activities.
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Ao H(7-10), o] W2 FEF Hu £ F A3 FE25L
71584 F 02 s o] gt o]H FHER HREEY F
g E ot FFEL wEA Y P EA HA SR o]
E9] 50~60%E ztAeH, ZHE o] o ARl widA FHE
= naringin, hesperidin 2 neohesperidin 5°] o™ o] &
AME2E Fejo SR o= ASdFo N 758 S F
A7) A7 BuEa Qdok11,12). 28 71E Y

l

o= %?ﬂ% Els 4790 Aggy 24d& stA e
E oy So] Ruda 9om(13),
1}3} AF7E Es] = QT
A AFddA B vAESL & 23] Ehe TE
3 AL Tt wEA Fe o SR o=t
HgA Fel2 AJEHAY == vAAEY 23 gAGA S
23 FH9 S22 AIAATUD.
Xﬂ—zrl.:_ A 2 7& 9 BHFAH Citrus grandis Osbeck)=
AfAg BT AT A gEEA,
Faf, Zhgoldto) &ate Aol A 7)E
A& 7?*]? AEo=
ingin, neohesperidin 5% &3t Jom HZ 42 L
FHAE 0]&g 75 4AF N 9 A tig AT
7F BRaEa JoH15-18).
wEha 9 AFM e & A2E dUAdoZ AHE-3H
g UE AFE AMEHIL e AEFVANEN BER
Saccharomyces cerevisiae(KCCM 35053)2 &3l o)A
A7 BEoEol g 2(12,19) 23171 &olsl=E 2wa

N7 BN FiA BFo] Fhen QA Feprmol=
o

Ho

g
o
m{u

limone, obacunone, nomiline, nar—

B2 ARE FUR AR PORA ol

Waleh 4% WelE netow, M HAE L AGRENFE
5o AFF A2 AT AzzAe 0§ FsdS Bal)

At

Mz o

M=

AF A =2 A Citrus grandis Osbeck)+ 2009

3€o APT A9 E AFE AAZA HPF A=
ARG FASAT B AHEE SEtR o=
3% % neohesperidin, naringin® SigmaAHSt, Louis,
USA)o A Y3993, hesperidin, nobiletin, tangeretin,
3’4’ 55" 6,7-hexamethoxyflavone, 3’,4’,5",5,7-pentam-
ethoxyflavone, 3'4',78-tetramethoxyflavone2 Extrasyn—
theseAHGenay Cedex, France)Z2FH TU3tRoH, 7[g}
B4 2 g Aeke HPLCH Al AME-3 AT

sl

l:\:l nu

A 2 ﬁ] ANE 1kegS ZHS5E NH & HARg 2
01%5 W72 -20°Col A RESIY T &
=3 2ok dad A E9paa

o
1%E 747t 92 ¥ %v 3 A 1 LE A=xs o
3 N NaOH= o] &3t AA &9 pHE 7002 =43
%, 7FFE(121°C, 158)39 k. HE d5 2 AHEE 1R
X Saccharomyces cerevisiae(KCCM 35053)2] 2 ujj ok
YM broth #jX|e| A 25°C, 5243 & 7], W¥Z71(120
rpm) 3fol| A vl FEF AT AR S-S HA FHA 2
3 1w A 9 2%((v/v)7F HA FEQIL vl e 37°Coll A 48
A|ZF aLRE] F(70~80 rpm)3HA o1 48A]7F & -2t 7
dENS JItET S o2 HaE g8 '3}9\51‘:}. Hlj ko]
B8 B2 By dgdge -g0°ColM ¥E s & 5
Z715 o] 83}y 48117t AZE T LJ_% EL Lokl
80% ol &k 100 mLol| ¥
3% % membrane filter(0.45 pm, Whatman,
Maidstone, England)2 < 3}3}e] AL-8-3F31t}.

2 flo o

1o

baA U: i 7
[O mlo

e

E}Eh:0|‘: x-IEt
ZtR o] == Zhuang 59 WH(20)o =t AL
B3 FEFE 05 mLo 1.5 mLe 75 05 mLe 5%
NaNO.E Y31l EF3 & 687 vk AIAY. 2 & 10%
AlCl; 015 mLE ¥ il oA 683 HH-EAIZATE o)A 2 mL
9] 4% NaOHE ¥ $HS 5 mlLE S/HSFE @& F 1658
ZF 93393 510 nmoll A S8 AT. F FEtE=o|=
a2 quercetin FFF N o5t FAd A

AHE A

DPPH 2}C|Zt

ksl Al & 2] DPPH radical 2A&42 Nanjo 5 W
2DE ¥¥std 389 60 LlL /\]§ £ 60 uL
DPPH -&<}(60 uM)S Z7F8ho] 10 AWk o &
| NS quartz capillary tubedl] &% & 2—c
spin resonance(ESR) spectrometer(JEOL Ltd., Tokyo,
Japan)2 =339t 2" EH L scan time: 2 min, field:
337.15 mT, time constant: 0.3 sec, power: 1 mW, ampli-
tude: 1x5008] 202 7|E3Ath FAsA g5l digh
DPPH radical®] £&AZA-& otef o] 21& o]&3to] Axba}
At

DPPH #&tt)Zt &2 A&4(%)=(ESR signal intensity for

medium containing the additives of concern/ ESR signal

e

o Op

A 7.[ §LA-I

3.9 electron

intensity for the control medium) x 100

Hydroxyl 2tC|Z

A3IA 5 9] hydroxyl radical A&A AL Rosen#
Rauckman®] ¥ (22)0] 3t S35tk &, 44 &
Z9 A8 20 uLE e-tubeol] ¥ F o37]4 0.3 M 55-di-
methyl-1-pyrroline-N-oxide(DMPO) 20 pL, 10 mM
FeSO4 20 uL ¥ 10 mM H>0»/0.1 M phosphate buffer(pH
74) 20 uL A7ste] &3t o A2dA] 258 WA &
27 ESR spectrophotometer& =

Aj-l ELM

quartz capillary tube®l|
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Attt 2HEZ 2 scan time: 200 sec, field: 3461.3+50
G, time constant: 0.3 sec, power: 1 mW, amplitude: 1 x 200
o] o8 715383t FbstA g el tigh hydroxyl radi-
cal?] 2AEA AL 99 DPPH radical &4 =3 W3
FAsth,

Akyl 2tC|Z {8y

g2ks} Al7 9 alkyl radical 4&7134& Hiramoto 59
W 23)l F3te] S ATh ksl AR 20 uLell FFF
20 pL& EF3F 3 40 mM 2,2’ -azobis(2-methylpropion—
amidine) dihydrochloride(AAPH) 20 yL<S ¥ 3 40 mM «a
—(4-pyridyl N-oxide)-N-tert-butylnitrone(POBN) 20 uL
S EFS oS 37°Coll A 3087t W8 ¥ quartz capillary
tubeoll &7 ESR spectrophotometer2 =743}ttt 2 E
A& scan time: 200 sec, field: 3461.3+50 G, time constant:
0.3 sec, power: 1 mW, amplitude: 5x1008] Z7H S 2 7|&
3ttt @3 A 8ol i3 alkyl radical®] A A A ALk
2 99 DPPH radical &7 &4 W3 Fd3hc}

Hydrogen peroxide(HpO) A7{EH

Hydrogen peroxide AL Miiller(24)2] =<l
2,2-azinobis(3-ethylbenzthiazolin)-6-sulfonicacid(ABTS) -
peroxidase systemol A H,O, 2AZAAS =A3ATh 96
well platedll A A& 80 pL, 10 mM H:0- 20 ul, phos—
phate buffer(pH 5.0, 0.1 M) 100 pL& ¥ o] 37°Coll A 587
WS AIZATE 21 Fol] 1.25 mM ABTS 30 uL.¢} 1 U/mL per-
oxidase 30 uLE ¥ EFgH & 37°Col A 10837 ¥-&A17)
11 enzyme-linked immunosorbent assay(ELISA) read-
er(Sunrise, Tecan Co. Ltd., Salzburg, Austria)E ©]83}]
405 nmol A FHF=E SAsATh

HPLC/MS 244

FE Ao A8 HPLC/MS+ ThermoFisher ScientificA}
©] LXQ(San Jose, USA) &S A3l th & ARolA=
A Foo ol FfEojHthta B %3 neohes-
peridin, naringin, nobiletin 5 & £7/F9 ZgtH kol
REFS B 20dA FAl E48ten olmf HPLC
9] column< YMC C18 column(5 ym, 4.6 mm x 250 mm)<
AHEEFA A, o] F g2 A HlgE, B B8 AT ol F
ATele WEE/ES 10/902] BIEZ AlFSEE 4079

3

100/0¢] Bl&= E438th ol 742 0.8 mL/ min&
2 AL A® FHFS 20 uLE A8kt HPLC =3

7 LC/MSel tigh B2 thg Table 137 2t}

4037 AES - AR - A5

Table 1. HPLC and LC/MS conditions for the determination
of flavonoids in C. grandis peel

A. Condition of HPLC

Company
Column
Mobile phase

ThermoFisher Scientific
YMC C18 (5 pm, 4.6x250 mm)
A: methanol, B: water

Time A% B% Flow
0 min 10 90 0.8 mL/min
Gradient 40 min 100 0 0.8 mL/mn
50 min 100 0 0.8 mL/min
52 min 10 90 0.8 mL/min
60 min 10 90 0.8 mL/min
B. Condition of LC/MS
Company ThermoFisher Scientific
Ton source ESI source
Polarity Positive (+), Negative (—)
Mass range 100~1,000 m/z
Sheath gas 50
Scan type Full scan
Capillary temp. 350°C

Ty W& E(Fermented Citrus grandis Osbeck peel,
FCGP)] 80% ol&S F5& & 4 TR ot 33HE
o] 3teFS BAI AFE Table 29 2o FE582 CGP
FEEO £ O =& 2%=E FCGP F&E 17%Et =4
Uelstth & ZetR o= ek FCGP7F 3768 g/100 g2
2 CGP 33% g/100 gt} ok 7t =& &3S st AU
g 5580 e ZetE ol gakS Hluws) B Ay
FCGP F&E9] 22.02% % CGP F&= 1643% XK.t} °F 6%
TS

1
=
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o} & EYuE HES AEAC g Bxshe 23 °
ARBEEA FAVE TR B S ES TAse A
© g hydroxycinnamic acid® H|£3 tiRE e Z¥E
AFES AxY, O3 RF, fgad 55 d2EHZ2 A%
AAY FFAZ EA8H, FA71E B8 FATAY HE
ATz FHIAFS o) ditst vEE vYEAT L
HuEATh2526). kA ZdERY st SR
o= o] ke Fite e S ne FH AAE

I HolH o] AP E FCGPY Zeth o]
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Table 2. Contents of C. grandis peel and fermented C. gran-
dis peel extracts

Amounts C. grandis peel Fermented C. grandis
(g/100 g) (CGP) peel (FCGP)
80% EtOH extract” 20.66 17.11
Flavonoid” 3.395+0.08 3.768+0.07
(16.43%”) (22.02%)

‘”Solid extract (g)/ 100 g of raw material (dry weight).
?)Flavonoid content (g)/ 100 g of raw material (dry weight).
Y Flavonoid (g)/ 80% EtOH extract (g)}x100 (%).
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Fig. 1. Antioxidant activities of C. grandis peel (CGP) and fermented C. grandis peel (FCGP) extracts. A, DPPH radical;

B, hydroxyl radical; C, alkyl radical; D, hydrogen peroxide.

DPPH radical Z~71&HS
AESE A AN FastA e REsEe T2 FihskA|
9] free radical 2%, F4Z1 chelating 58, $4H3l &
Ao &4, ksl 349 A Fgo 2 Aot 1 FoA
% DPPH radical 4715l ©]-8 %+ DPPH(1,1-diphenyl-
2-picrylhydrazyl) radical® 3}8t5 o2 f L% & Hl L F
{8 gk radical2 4], 01“13} HhSAlo A AAE Fof jroH
o] AAe] glojXith o] M-S lipoxygenaseo] &g %
Ho]'}‘ 5} ‘ﬂgﬁ] °ﬂ’\14 30“@} g4 ZARSE & F3et
N l‘—% ;é”ﬁ% 7PX]1 9»1‘:}(27).

S

=

FPE

Fig. 1AZ Yeghd At} ﬁﬂroﬂ w2 CGPQ‘r FCGP
2F 150 pg/mLoﬂ/H 1,250 pg/mL7HA] T oEFHo 2 F
bt AL B £ den, 53], FOGP A2A84-2 35%¢
A 83%7+A] &S DPPH radical 24248 B Ytk w3

A By FEE] Y Gy S RS wlol= FCGP
7} 261.3 pg/mLE CGP 485.3 pg/mLXEt} 7333 DPPH
radical 2AEAES B HTHTable 3).

Hydroxyl radical A~7{&HA

Hydroxyl radical &/d4t4 Sz FollA gst8o=z
71 vkg-Ado] A, A AaEE ) ASa DNA £48 F
AU EdR¥OlE fEste BEAZ duA dx, ALY dAk
Fgoll A YA EE AE ] BBy Fakslg Tt Fe

Table 3. ICso value of antioxidant activities from CGP and
FCGP extracts

IC50 value
(ug/mp) ~ DPPH  Hydroxyl  Alkyl H,0,
CGP  485.3+45 2361.3+26.1 159.3+12.4 4355+29.4

FCGP 261.3+21 1474+145 909£85 1195+128

U Cu”'ol 9] &) sl A AAE 71g F40] B3 free
radicale] ©H(28). Hydroxyl radical ol ™3+ CGP<} FCGP2
A% 343 = Fig. IBE YeER AT CGPe}F FCGP &
T 625 pg/mLol A 5000 pg/mL7HA] §% JEH o2 &4
o] F7lste AL B F Aoy O E g A
vl oha sk A AT S BRI ICy &S EW FCGP7}
1,474 pg/mLE CGP 2,361.3 pg/mLYE th= %3 hydroxyl
radical 2AE4E B Y (Table 3).

Alkyl radical 2~7{&HA

Alkyl radical® hydrocarbon reactiono| A % 7] ¥+8 A
AEZ Bo] FAHE olv EXFAIA] 4k =EF
H X A7 Dojy o] = free radicaloll 9l& &3}
A4kl methylene(-CHy-) 71 258 F2AA7E @3 gk
w2} JA ) o]& Q& peroxy radical® FAMEEE A3k
= olFA FAFE AAAAISER Qe A EAS] T
22 AsyE W welel 24 2 AT fluidity o
7+, membrane potential®] 7+, o] 2T 1A o] =7} A E
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271 WEEY FF Fol AdHI AT AEV]5 A
stet A xS F5& 2T & Ut AFAAIEET 259
TR Fodle A falg BEEe] o WA
71%9 oA, @t oA thrombin ot A 53 2o
3l Z8-Eo] Hixo] gt} o]d whel A FAbsle] Ak
Holgl & 4 A= alkyl radical?] 2AZAA LS B3 1 A

A& Folslux}l 4 T) Fig. 1CE By
Aoz b2 gudy HORte B2 FRAXNE &
< Aol Y= Ae & & 3ler 53] FCGP= 150
pg/mLo A %= 60% ©]%+2] alkyl radical 24 &A-S HoJH
o}, CGP$} FCGP E5F 300, 600 pug/mLA Hls=3F A4S
RoF oy Table 32 ®¥ FCGP7F 909 ug/mLZ CGP
159.3 pg/mLET #2 ICs #4S AT = Aok =
I3 FEEEUE $a8E 53 FE2E0] 4E3 alkyl rad-

2]
ical 2AEAS VA= AL 9 A

vl

o\‘“

o

4
X2

Hydrogen peroxide Z~7{€h
AN A BAE hydroxyl radical 2-& A4
gh-g-Ado] s =T
(SOD)7} superoxideZ hydrogen

AP AZE O

AN superoxide dismutase
peroxide® W3}A| 7] L,
A A sk,
thione transferase<} glutathione peroxidases 2 A4
olES ¥ g3ty 53l SOD 23 HAF peroxideE
AAS a2 A WA &3}E oxidase stress7F A o
U M2EL o3 A H S hEste] whEskA v

catalasex hydrogen peroxide& 38 gluta-

RT: 0.00 - 40.00
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.
GRS

4o 7)1 necrosis$t
apoptosis® WA AT B 1 EHTH29). Hydrogen per-
oxideoll W&t CGP9} FCGPe] &A% F4 27+ Fig. IDE
Yelf Atk CGPF FCGP 25 500 pg/mLell A 4,000 pg/
mL7tA] FEEE &/do] A F7Hekz] FAAT v 9
T2 om S7FAAL ICx #e B FCGP7F 1,195 pg/mL
2 CGP 4,355 pg/mLEth 23] hydrogen peroxide 47 &
ol =t AS & & AAH(Table 3).

9 2945 B ARE o] &3ty FiA HHE
As o, S 3o 2o AEgd AEETe AR 3
BE Folo AYdAY ARl 71 2 AFH o B
12 &2135}7] 918t DPPH, hydroxyl, alkyl radical %
hydrogen peroxide®ll i3t itstss 4 7%»} BE
Frst oM hE 552 FCGP7L =
A& FAstHuet. 18]3 FCGPe] A=l é —E—

9 F7HE dolr 7] §8te] LO/MSE ©]838te] 48 &
3T

SRAL oo FEE2FE E2EL0|E SEE 2N

Fig. 20 BH2F 23 CGP9} & E<Q FCGPL HPLC
ogt EAFZ2vE RS YR At CGPETH FCGPol A
B2 peakEo] YEG oM F 7hx] FEfR o= Aol F
Vehe A FAF 5 ddTh 1 g g 2o

Table 42 R B3 Z2ulE a8 Yehd 33 2&
5003 % 9] Z9l retention-time?] 2.2 1350 tjst

A%l oxidase stress= Al EAES
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Fig. 2. HPLC/MS chromatogram of flavonoids from CGP and FCGP extracts. A, CGP; B, FCGP.




Table 4. Peak assignment for the analysis of the extracts
from CGP and FCGP

RT

Peak , . Identification Polarity m/z
(min)
1 3.58 Unknown [M-H]- 191
2 4.86 Unknown [M+H]" 260
3 5.54 Unknown [M-H]~ 180
4 757 Unknown [M-HI~ 447
5 9.38 Unknown [M-H]- 165
6 11.78 Unknown [M-H]- 203
7 2048 Unknown [M-H]- 595
8 2235 Naringin [M-H]- 579
9 2278 Hesperidin [M-H]- 609
10 23.28 Neohesperidin [M-H]- 609
11 3373 3'4’5'57-Pentamethoxyflavone [M+H]" 373
12 34.71 Nobiletin [M+H]" 403
13 35.25 3'4'55',6,7-Hexamethoxyflavone [M+H] 403
14 36.63 Tangeretin [M+H]" 373
LCMS 4 ARE et 1450 A 752 Al Bf

3t A= FYH o= EFF(naringin: 580 m/z, hesper-
idin: 610 m/z, neohesperidin: 610 m/z, 3'4'5'5,7-pentam-
ethoxyflavone: 372 m/z, nobiletin: 402 m/z, 3',4',5,5',6,7-
hexamethoxyflavone: 402 m/z, tangeretin: 372 m/z)¢
LC/MS 3 MS*S B38te] nlaate] Felsttr. 34
oo gfE FER o= JEZF A naringin®} neo-
hesperidin ©]d A5 B (28)| 4 ¢} o] 7H B2 &

ek AR FHA HF o FEEolE B4 X
Fo BAagrtEay Ao RT9 LO/MSS 53t &
3l o CGPS} FCGP =59l 4] neohesperidin, hesperidin
=i} naﬁngin% -‘l?r/\]-?'ﬂ- ’5’]—17/]:0] 61—0 5,101 = 7—]—0— <t - 9}%

A mlo

‘;]'. 3HAEE 9, 11, 12, 13, 149] AREL LdaHA T &
o] Y7} Al e S & F Ao, 2zl 1A
3'4' 5’ 5,7-pentamethoxyflavone FCGPo|A
golg § gl o AL ofuto] A Qi) 3+
FCGPAM = 3¥& AT 1, 2, 4, 5 6¥ 3FEES
o] FFujoll A =4 wiZhA] ZA ol FTlete RS 9
AR 1~7TH7ER &) A2 FEFd FPRe0lE
E3te] MS % MS*S o] &-38to] vmstgl oy o
Hs A o] 1T 5 ATk o] 2A FA A E
ARE Foto] BASHAS W FHA Aol i 2
ol N Aol AaEdeH AR HaRYS F

of 2 Ju e SFER AFHAT= AE & F 2

O,

ML HE
mlo r

1

!
e

Bl omoh oo fE oox ox 1o

AN

H
f

Ji’.*JP‘Iml

o
9,

o] 33&-& H|GA Fe) 9 naringenin® hesperetin©] 0]-1/1
M2 Fe o ste s AgHold 2s & 5 Ay
FFEES 54 AREIHAAN B F@ o) A
EEol & STl yg fA SA4E S 4Ag F
AR Ao 544 34 Fie] Bl e =4
o] wa] BEFHBEE o] 3etEde AFAFJAAR o=
A7](-OH)7} & Setizol=of Hls] go] =] 3
o gt AzH ol stol =54 7]= Fitst & JF
= A= JAARA AgHAN AEEC] AeEAS T4

= A% Wzt g kst &4 1315
A7)elet Belt,
olg fAke AT ARl S WR, pER B pEe B

33} 7] o] #l-& pectin, cellulose, hemicellulose, B-1,4-glu-
can 5% 22 AEEE FAHAA Jdor, i A
gAE Uehlle 2452 ol Wi EAgta By
Aot A EA AE 2 2= naringin, neohesperidin 2 hes—
peridin 59 FtR ol A&l o, old AEE]
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