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Comparison of Flavonoid Contents and Antioxidant Activity of Yuzu (Citrus
junos Sieb. ex Tanaka) Based on Harvest Time

So Hyun Moon, Awraris Derbie Assefa, Eun Young Ko, and Se Won Park’

Department of Bioresources and Food Science, Konkuk university, Seoul 143-701, Korea

Abstract: The aim of this study was to evaluate the changes of fruit quality, flavonoid contents and antioxidant activity of Yuzu
(Citrus junos Sieb. ex Tanaka) from Go-heung and Jeju according to harvest time. Samples were harvested from August to December
on the 1% of every month. August and September samples were green colored, whereas November and December samples were
yellow. The fruit shape index decreased, changing from globular to elliptical, whereas the °birx increased with ripening stage.
The yuzu from Jeju was larger than that from Go-heung in each month of cultivation. August samples exhibited the highest
amounts of phenolic compounds. In addition, samples from Jeju had higher total phenolic content than those from Go-heung.
The content of phenolic compounds decreased with ripening until October and then increased subsequently. Antioxidant activity
of the yuzu was evaluated by FRAP and DPPH methods. The antioxidant activity showed a similar trend as total phenolic content.
Immature yuzu fruit was found to exhibit the highest amount of flavonoids such as naringin and hesperidin. November and
December samples showed almost the same contents of flavonoids. The flavonoid content of yuzu fruit harvested from Jeju
was higher than that from Go-heung. Overall, the samples harvested at the early stage, in the month of August, exhibited the
highest flavonoid content, phenolic content and antioxidant activity. As the health benefits of these compounds has been
demonstrated in various studies, the immature yuzu appears to be preferable for use as a raw material for formulation of
pharmaceutical products as well as for functional food production after a proper in-vivo and in-vitro medical tests.

Additional key words: total phenolic compounds, naringin, hesperidin, quality variation, immature fruit
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S AKCitrus junos Sieb. ex Tanaka)= 23} =< SAY (Ji et al., 2008). QI7to| A= | ALA|, A ADA], 27]

Eoldo] &3k AEWRO| dujz 4F, odA|, A oFoR AEEE § 1 fko] ofn] & %eld glom(Shin
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= flavonoidF2] 3F4Ql Naringind- Ao /o] glaL =
daHE AAae} WY NEF FEAAER HIkA] 7]
= A, Y AlESA AsRREe] e, Akt A

S, A FHAR dEA Qlo] ot A 7S
ZIt(Chae et al., 2008; Lee et al., 2011; Yang and Eun,
2011). Hesperidin-2 Naringin¥} vj2l7}&] 2 Zh=52] 1l
o T ThiEo] dlon] WE BAlAEE BE Aol
& AT ANAE D T FRAE FAARE 5 2
o] WIS 28, WAAeIAE, FAAANRE S e
X 8= ekelA SIEWoo, 2000). AR fARFTE 7}
A7) ot Thelo] A7) wron 73] ofgt wal ol
sltepo] 40% Fwo] ol=7]% shu] 2EHAI7]7E 19 129
2 gEol glol Aol oA B 9jel ThEol
AGEIT Glon] Fm RS ol g3 SAROI S 5
of G2 71zl HolAskth Ea 28 SolAs saw
gz 9 B4 vlg8Eel ol ol ¥R glon] ol

2ol Yel2 Wrke thre Ago] Wyl ok
(Shin et al,, 2009). WA FFE5o] et gL ZERo] 4
B3} B4, B 0 SV BASAT olsist R
v|aof ot A7 Hal HojA] )l o m(Yang et al., 2012)
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23t o] fi= FEAI7I7E g E o] Qlof Aty & Fufnt
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Fig. 1. Maturity stages of yuzu (Citrus junos Sieb. ex Tanaka) cultivated in Go-heung and Jeju farms from August to December,
2012. A, August 1%; B. September 1%; C. October 1; D. November 1%; E. December 1%
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PAL-1, Atago, Japan)& AFg3Ho] “Brixghe Z75}9ich 4
Halgke F=ZA A% 7](Lyophilizer 7754042, Labconco, USA)

2 olgslo] MBS P3| ARA T FHRAS 5
e EUFe 2ot

PL FeRA70f| whet FARIR ST 5 &
2E %Oﬂ = 5 2715 AR v 2A A2 Als I
20g°]| 99.5% ethanol 100mL-Z 7}3f] Al-L-of|A] 100rpm 2] <
T2 3%} shylow, 25°CE] 7)oM) SAIRFERE
150rpm O 2 53 & 1AIZERt A2l ®A|ste] 33] vb
Halo] 22319tk 2E5LS Whatman No. 2 oA 2 7t
Qtoust & 51214 AQs=7]|(EYELA Rotary evaporator
N-1000, Tokyo aikakikai Co. LTD, Japan)& AME-3}o] ==
LE5 30°CR AT T e, 5Edte] 0.2 mL R
Azslo] -70°C9] AL WETLS wReln Ago] ol

z ﬁilé“*é 3}5HE 3FFS Singleton and Rossi(1965)2]

W olgslol Zgelgon, 22 1004
o 2.3mLe] FF¢} 400uL Folin-Ciocalteau’s reagentE
22 718kl 72%ol WAl &, 1.2mL2] 20% sodium
carbonate S 3715101 vortex & g3l & 4]0 429 eFalofA]
1A]7FE2t A5t & UV spectrometer(UV-1201, SHIMADZU,
Japen)E E3fl 765nm o] HAol A FHE=E SHTIUS
gallic acid(Sigma-Aldrich, USA)E XFEA 2 ARE-310] A]
29} FUT PO BATlo] AL BEYFAS 085
of Fols e AEelAc.
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FRAPHoI| 25t eHitsts =3

Ferric reducing antioxidant power(FRAP)Hof 2J3t &AL
312 Benzie and Strain(1996)2] WS HEHslo] =45}
Atk FRAP reagent= 1.87g2] sodium acetateg acetic acid
16mLo} 225~ 1LY %o0] pHE 3,602 2+ 300mmol L’
9] buffer reagent@} 0.1562g TPTZE 40mM HCl 89 50mL
of Y411 &HoutE 10mMe] TPTZ reagent, 0.2703g2] Iron

chloride hexahydrateE 50mL $&429] &Hojut= 20mM
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FeCl3-6H20E H ] a] AJeFo 2 ZH|5)] £ 300mmol L’
buffer reagent 100mL, 10mM TPTZ 10mL, 20mM FeCl3-
6H203 10mLS Z+z+ W11 4lo] FRAP A&l os Alg
Shlek ZF Al& 100uLe] 557~ 300uLE 71]t %, 3mL ]
FRAP A@-8HLS H7}sto] 37°CollA] 9055t 423t o}
2 UV spectrometer(UV-1201, SHIMADZU, Japen)S -3l
593nm 2] 3}7‘}01]/\1 S5 =7451%.2 1 Trolox(Sigma-
Aldrich, USA)E #2242 ARESto] A2e} Sdtt B
o BAjste] e BEYUHORIE FRAP S 4t

=3Ht

DPPH Radical £&7{s &4
1,1-diphenyl-2-picrylhydrazyl(DPPH) 2}t]Zt 2752 Blois
(1958)°) S HF|] 43I0, 1 x Mo] DPPHIE
WHE  AR20] Aol 12412150k AR F AHEH
t}h Z} A|& 0.25mLof 100% Ethaol 0.25mL, DPPH reagent
2.5mLE AR 4o] 805t 422 dAlollA A5t
o] UV spectrometer(UV-1201, SHIMADZU, Japen)—‘;: =)
S17Tame] 3gollM FE=5 S7dsioint ti= = 2.5mL
DPPHS} 0.5mL Ethanol-S ZeA{t)& 4lo] Zhe z% xia]i 7
2 748 Ao A TP E 2Aslg o 3dkE o 2 235}
itk ol Trolox(Sigma-Aldrich, USA)E E&EA 2 AR
slo] Ao 7 7rekd o 2 3E DPPH 3HFS A&kt

Flavonoid & £3
Naringin} Hesperidin 342 Wang et al.(2008)2] WH-S
W& slo] HPLC(Agilent 1100 series, Agilent Technologies,
USA)2 =439l o 7} 2&5-3 0.45um membrane filter
2 FHAR Ae Alme ARSI 240l Atlantis C18
column(5uM, 4.6 x 250mm, Waters Corporation, USA)= A}
23519, FHHL 0.5% acetic acid(99%, Sigma Aldrich,
USA)E AS1| 2, acetonitrile(HPLC grade, Daejung, Korea)
= BQUHE slod Ol%*o*ﬁi gradientE 0] AR5
040 ImL-min’, A|RE 10uLE injectiond}o] EA5191
o} ol-5/de] Bl FLulli= A:95%, BiS% = AlAFsto] 10420
A:90%, B:10%, 20+o] A:84%, B:16%, 405-°f A:80%,
B:20%, 5050 A:50%, B:50%=35}0] 558 71K EA4619 1
Binary pump(Agilent 1100 series-DE43618438, Agilent, USA)
2} UV detector(Agilent 1100 series-DAD: G1315B, Agilent,
USA)E ARE-3to] 280nmofl A S5t FE§H o2
Naringin(95%, Fluka Chemie AG, Buchs, Switzerland)i}
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Hesperidin(95%, Fluka Chemie AG, Buchs, Switzerland)2
Ethanolo] o] Z+2F 1, 0.5, 0.2, 0.1, 0.05, O.Ong-mL'IQJ
SER A0 peak @A S oI HALHAL o] g3t
ARAE AAgstol ek

SAHXE

B e o AN Auke FARA sASZE
T1Z(SAS, 9.2, Institute Inc., USA)S o] &35}o] BALEA
(ANOVA)E 3191 2™ Duncan®] t}=7%(DMRT; Duncan’s
multiple range test)E ©]-85}o] p < 0.05 oA 94

& 3o

f7pe] AR S8kA7le] w2 Beld B4 B
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7191 114, 1292 Sommo} o] 27|15 fFA8FAL 74 E
3t A7 A Zekeon 57| walel vl
Z7bee uigo] v 2 Aore otk THle] mpe of
4= Q)= T} X 4(fruit shape index, Height/Diameter)+= 82
Bk A= 1o FIOL B A 7haE
97 ol el TN ST AU elg e

2 9A3h AL BlsITh BB 8Yo| 1]
9% 42t 249 Brixglol oFF 24 SO 119E
= T S71ske e HlaL, e 86-97%=

Ehtet.

-

=

A GRS Ao W F st 24 A
H= Table 29} Ltk AlEAol= wf-2] M3 gk = ¥
=79 3RRHEo] &4 b AlEAo] de] =] Ql= 22t
A= stz shehaler tpofgt Faukgoluy thek
gk ks AEollA iRtk Al el HisAd =
phenol&, phenylpropanoid, phenolic acid, flavonoid &7}
FREo= ol ksl ot YA, AAE S o
83} Q= 3EEel ERE A4 A] 9t Azuma et al., 1999;
Kim et al,, 1999). 49| & #l= o2 84 19 &g
AFE 927} 3.06 + 0.18mg-g 'F.W(fresh weight)= 7}3
=9ky 89 19 23by 115 2%} 2.48 + 0.05mg-g 'F.W7}
I tZer woton, 1249 1Y $2% 15 FA7F 145
+ 0.0lmg-¢g'F.W, AIF%E 947} 141 + 0.12mg-¢g ' F.Wo.
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Table 1. Physical characteristics (weight, height, diameter, fruit shape index, brix, moisture contents) at different maturity stages
of Yuzu cultivated in Go-heung and Jeju farms from August to December, 2012.

Area Harvest Weight Height Diameter Fru.it shape Bri.x Moisture
Month 3] (mm) (mm) index (°Brix) contents (%)

Go-heung Aug. 323+ 50f 384 +29f 378 + 22 f 1.01 114 = 0.5 cd 88.7
Sep. 596 + 92 e 438 28d 471 = 26 e 0.93 9.7 + 03 d 89.9
Oct. 773+ 65d 479+ 17c¢ 523+17d 0.92 9.8 + 1.3 d 96.0
Nov. 973 + 129 c 504 +24b 592 +29c 0.85 10.8 + 0.9 cd 97.0
Dec. 1138 + 89 ab 547 +22a 654 % 30a 0.84 155 + 23 a 88.6

Jeju Aug. 259 + 33 f 341 £ 18 g 346 £+ 15 g 0.99 119 + 14 ¢ 84.6
Sep. 570 + 50e 427 +13e 467 +23 e 091 94 +12d 88.6
Oct. 773+ 91d 454 +21d 524+30d 0.87 10.1 + 0.6 cd 86.2
Nov. 1119+ 79b 513 +24b 618+26Db 0.83 137 + 19 b 91.8
Dec. 1214 + 132 a 524 +27b 651 +33a 0.80 143 + 19 ab 91.8

"Different lowercase letters within columns denote significant differences based on Duncan’s multiple range test at p < 0.05.
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Table 2. Total phenolic contents and antioxidant activities at different maturity stages of yuzu cultivated in Go-heung and Jeju
farms from August to December, 2012.

Area Harvest Total phenoli_glz compound _ Antioxidant :
Month (mg-g F.W) FRAP (mg-g'F.W) DPPH (mg-g'F.W)

Go-heung Aug. 2.48 + 0.05 b” 329 £ 002 b 0.40 £+ 0.02 bc
Sep. 1.66 = 0.04 d 2.59 £ 0.02 e 0.25 £ 0.03 e
Oct. 1.35 + 0.08 f 1.86 + 0.08 h 031 +£0.01d
Nov. 1.51 + 0.06 de 2.14 + 0.03 fg 0.45 = 0.00 ab
Dec. 1.45 + 0.01 de 2.22 + 0.06 f 0.45 + 0.00 ab

Jeju Aug. 3.06 £ 0.18 a 3.81 £ 0.07 a 0.48 = 0.04 a
Sep. 193 =+ 0.03 ¢ 3.03 £ 0.02 ¢ 0.30 + 0.01 d
Oct. 1.54 + 0.05 de 2.07 £ 0.09 fg 0.37 + 0.06 c
Nov. 1.45 + 0.11 de 1.99 + 0.11 gh 0.44 = 0.01 ab
Dec. 141 + 0.12 de 2.85 £ 0.20 d 0.41 £ 0.05 bc

“Different lowercase letters within columns denote significant differences based on Duncan’s multiple range test at p < 0.05.

2 23A)7)7) LojRE slefo] Aoz Hasls 7 329 + 0.02mg-g'F.W, AlFE SA= 381 + 0.07mg-g'F.W
FE Bk o7 =2 Y Hylon, 10 1Y 534 15 fA=

T3 AR Z s 3RS AR S48 A9 1.86 + 0.08mg-g'F.W, AFE 92 2.07 + 0.02mg-g 'F.W,
08 o P BRYon 18I ARE 4 BE 3 119 1Y 589 15 GAHE 204 = 0.03mg-g 'FW, A5
27101 1197} 129 4=8hg] 9x}= n]3) SkRS 92519 SR 199 + 0.11mg-g'FEW= 3H2o] tha Holx|=
o} ol AZh AL S AE T Aol A7l 7&%% Holon, 124 1Y 48k 1FHA = 2.22 + 0.06
wje} Suisslaro] Al ZHAEQITH= HilKim et al, 2009)  mg-g F.W, AFE 4= 2.85 + 0.20mg g F.Wo 2 t}A]

o o] B AFNAE B ADSE Gae] s FUbehart.

Fheko| 7AaEg o, TlisalsHEo] AEA| Q] T urE DPPH radical 4752 vz 7t#sta 712 0] #Fs}
o ¥&= Eth= Hil(Treutter, 2010) 47 A} Ifdo] ¢ of 7V de] AREEE Ak A 2 DPPH radical 4~
ojZdE o] WelHA HsdRtEl] Agor g A A A B o7 AAkofel ofsf A E ik
o] ot AL & Uitk o5 Bl HmdRlEe] & 3 kSl Holsh= ASHY free radical®] oA HEE
AR e 7 BEEA & Aol Ao whiE SAshe WHelth AR A7) of] whE fAEEE
T4+ 529 polyphenol FHgHFe] kS EAR A3t A AA7F DPPHESE o|ghsto] gHilst 2483 Aglsl=
oftl %719 FAE ol &stle W A 24 F 7154 U2 & ol&sto] 7R BdAtart 2 H e HEH
AEe &8 5 S Zlor wdE. + DPPH x}3015-0] ¥gks Z4s1ict 8¢ 1Y 42k
AT 9= 04 + 0.02mg g 'F.W, AFE §A= 0.48 +
et 0.04mg-g ' FWH o 99 19 4:3Hd 115 HA= 025 +

AR E B 7]o] 2 GRS E0] gASH=O FRAP  0.03mg-g'F.W, AF%E A= 030 + 0.0lmg-g'F.Wo. 2 tf
assay2} DPPH radical 2452 A2 BHrisiglon, 1 2yt A gojxe ATES H o) 10Y 1Y 8y 13 ozl
+= Table 2} 2}, Ferric reducing antioxidant power(FRAP) 031 £ 0. Olmg- g'F.W, AFE §A= 037 + 0.06mg g 'F.W,
of o3t g A2 A pHOA| Aol osf ferric 129 19 58k 15 A= 0.45 + 0.04mg ¢ 'F.W, A3
tripyridyltriazine E-3}4|7} ferrous tripyridyltriazine © 2 &k =S4 041 + 0.05mg g 'FWO R 10Y o]Z g 2=3kA)7]
HE TS o8 AOR 2EEe] £ S ZHel  7h AUGE AAACE Sl AL etk ol 9%
= o =(Jeon et al, 2012) 8Y 1 8h¢ 13 A= skl A 19 ske7bA]l AARs ol 5ol S7HElek L Hal
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5t A5k Kol on] DPPH
efel A7%e] TA ftolA E3kthe H3(Yoo and
Hwang., 2004)0] Az w2 Zapoloick
FRAPYO.2 243 73 DPPHO.2 243k gtel 5]
Q) Aol ZiA| hehbA] Fgkom, nlake] 49 A
o} o] folH o Th feokm AFmel A ekt f4)
7} DEAF AR S BHE Beom, 234477} 4
S5 GaIsh o] Tha HolAli AL Btk % 9
bk ahaksks o] Aol & sl ahere] e
A71914] DPPHE} FRAP Z4gke] 714 &
ShA) 7]l W Fuls St gatskso] wisks )2t
HYIE. ol DPPH A7) 47150 % Hlissiaieol
i} & ATAS UeHitks B30I et al, 2009)2}
AR Aakt o] AMLRNE FRAPYIT DPPHY] ofh
pakel BAS F disd SRR Belo] gl Aoz A
2 fAe) mlgaks ARRle] 2K we sy B
A PSS Bgale] Thoat 8-S B ofe] AYE
2RE ) waavtel ikt AL ZIHE 4 glck
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2ol o]of &ahu A
w2 ZAFHBohm et al., 1998). 9-AH] SaAE 3
pks} Sdo] QIThL AZHEE S0 flavonoid 8- A%
Al5t7] 918 HPLCE o]&sh3lem, /ol 71 wol
ZotR -o|& SISHE 2 A] Naringin?} Hesperidin
31 Ax} geolw]lch(Fig. 2A). Naringin¥} Hesperidin
© Flavononol 4510, 3] 4wt Fhalof Tk i
Ho] 9l MEEAS AT FA0) HESAE 27
AlZItkal Ba1E]o] QItHEun et al.,, 1996; Sohn and Kim,
1998). Naringin& 7+3#50] ojsiu} vslo] g8l 4

iAo dF oz ZFdolu F7]etke] o ofsf A

o] EAATE o] B LuROR FpAgol
Qitkal B 1Eo] Itk Shin et al., 2008). HPLC E-A41 21},
SF1% Naringin® FEE4S FEHU= A Z£5t0] 2534
S 2 AR’ = 0999912 1T = glglow, 32.98
£of chromatograme A& <= QI QIcHFig. 2B). 8¢ 1Y

S [e]

A
3ty 15 92}9] Naringin 31282 1.18 + 0.02mg-g 'F.W,

oot
X
o

(N Ho
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AFE §2k9] Naringin $HeF2 1.48 + 0.08mg-g'FWo R
7P =2 RS Belom, 99 1Y 481 11 HAk= 0.56
+ 0.0lmg-¢g'F.W, AFE $4%= 0.68 + 0.0lmg-g'F.We
2 2ufjol i Akl 119 1Y =3k 118 §A}+= 0.33
+ 0.0lmg-¢g'F.W, AFE 44 036 + 0.05mg g 'F.W=
FolHor fgagion, 129 19 42k 1% §AH= 0.33
+ 0.02mg-g ' FWE dQsHA GAE o), AFE GA=
0.39 + 0.15mg-g'F.W=2 k7 Z7}el= HeS 5 rh(Table
3). o= A9 flavonoid 3Hfo] =EA7]7} Zold4E
R Gasts A Holu, E5ol wet Hso] H4
& gFol oAl 7ok FE % AUthe Eal(Kim et al,
2009)e} FAFSE A BTk

Hesperidin2 13t Weghil~ st Zghao] A4 wi= 2

=~0o
Y IRE BA, Folo QPERS G0l 4R

o}
SHag, ARt WARE-E Y] &S e
=] 9l m(Cha et al., 1999), HPLCE- ©]-8-5}o] Hesperidin
o] #FEAS FEHE Axsto] FEFAE 1HE A}

7 =0.999%2 I3} = 919lom 34.8750] chromatogram
8L = AUNUTHFig. 20). 8¢ 1Y 48 1& {49
Hesperidin 3F2F-2 1.49 + 0.10mg-g'F.W, AFE $A1=
1.84 + 0.06mg-g'F.2 7} =9ton, 109 1Y 235 11
T 92 0.88 + 0.13mg g 'F.W, AFE A= 1.26 +
027mg-g'F.W, 11¢¥ 12 £:3t5] 1718 92 0.67 + 0.01
mg-g'F.W, AF% $AH= 0.68 = 0.04mg g 'F.WE A&t
A7F AWDFE FH o R Frhshs A B o, 12
U 19 23y 18 92= 0.69 + 0.07mg g 'F.W, AF=
9 A= 0.76 + 0.19mg g F.WR ThA] 27181 A 54
THTable 3).

o224 Jx}2] ZQ Flavonoids’dE-2] Hesperidin¥} Naringin
9] sFF2 Hesperidin®] Naringin®ch WO, AMX|YH 43}
Al71of hE -2 Naringind} Hesperidin © 5 134 7
AT AEAE S o w2 S B90L, 53] vlsat
FA+2] Hesperidini} Naringin 32 422147] f2}o] Hlsf
A53] EOA FFAP|7L RolHE o] EFoR 3
ST7E ARl wheh 119 o] % thA] A A 3] STk
3RS H ot} Adutr o 7hao] 4=31A| 7] flavonoidsdt
2 FEA)7E RolHE JIadhs 2 0E HalEo] 9
[¢]

=
|

filo
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Fig. 2. HPLC profiles of ethanol extract of yuzu (Citrus junos Sieb. ex Tanaka) (A) and standards of naringin (B), hesperidin
(C) detected at 280 nm.
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Table 3. Content of naringin and hesperidin at different
maturity stages of yuzu cultivated in Go-heung and Jeju farms
from August to December, 2012.

Harvest Naringin Hesperidin

Month (mg-g'F.W) (mg-g'F.W)

Go-heung Aug. 118 + 0.02 b* 149 + 010 b
Sep. 056 £+ 001 d 136 *001b

Area

Oct. 041 £ 0.05 e 0.88 =+ 0.13 d
Nov. 033 £ 001 e 0.67 £ 0.01 e
Dec. 033 £ 0.02 e 0.69 * 0.04 e
Jeju Aug. 148 = 0.08 a 1.84 = 0.06 a
Sep. 0.68 * 0.01 ¢ 1.73 £ 0.03 a
Oct. 0.44 + 0.07 e 1.12 + 0.05 c
Nov. 0.36 £ 0.05 e 0.68 + 0.04 e

Dec. 039 £ 015 e 0.76 + 0.19 de

“Different lowercase letters within columns denote significant
differences based on Duncan’s multiple range test at p < 0.05.
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