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Abstract

Quercetin is one of the main flavonoids from onion. To use quercetin as a functional component for onion food
products, the effects of various extraction assisting methods such as juicing methods, microwave, ultrasound and
enzyme treatments on the yield of quercetin and its glucosides were investigated. For conventional solvent extrac-
tion, the highest yield of quercetin and its glycosides was achieved with 0.8 mL/g of 60% methanol at 50°C for
15 min. The juicing methods using mixer and screw showed no influence on the yield. Microwave and ultrasound
treatments showed 2.14 times and 2.06 times more quercetin yields than non-treated extraction, respectively. For cel-
lulase and viscozyme treatments, the highest yields of quercetin were achieved with 0.5 mL/g of 1% enzyme-0.1M
sodium acetate (pH 5.2) buffer solution. Cellulase and viscozyme treatment improved quercetin yield 1.65 times and
2.29 times more than non-treated one, respectively.
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w2 xpo]7F AR 185-634 pg g fresh weight 4%
8t5]o] SITH(Crozier et al., 1997). H= =43 59
?‘@WEE‘H quercetin— uLoLU &) o] §L/\04 7l/\’ %Lkﬂ:lj_o
IR RS Xﬁﬁ FAEde] S5 % ol oAz A
S48 2He 5 BHAT 7158S 7T AL BALE L Q)
T}H(Leighton et al., 1992).

AAZHA Aol e A
371 Qe B2 A77F BarE A 9l
Y microwaveE AL ZUAAY oFJAIE o] &3t F
Z3AY BAAYE st oE TR/ FF HE&HoY
A2 Ho]l AFE L UTh Microwave 2] Alol] o}l
9] quercetin(Jianlin & Zhanxia, 2004), %3}2] oleore sin
(Kwon & Kwon, 1999), AF}2] pectin(Wang et al., 2007) 3
Z o] solvE RVt =l Evonymus alatus®)
rutin?} quercetin®] Bo] FEZH A= A+ ZA3IKYi & Fan,
2007) & Z2e3E ZARES W A Folu HAEE A
FEEY FES =S A7 Bol o]FAN AT
(Mason et al.,1996). 45 o] & FEES

Lo ro H

st FE2E &S =
ol dAF% Bo] PaiA L A=d cellulaseS ©] &3]
olslElA 2 Frold HEAe] BHO) £E5L k0l
ATLAZ7} BIEHJAT(Sun et al., 2005), viscozymes ©]
&3 AT Ee LEY AdA diA & F55 =3
Th= 37} 1THGuan & Yao, 2008).

2 AFoME A 717ke] &2 ol f=E ARgol A7}

l‘

e Pt HFHE 05T FNIAE ALE 9T 7|
2ARE AFFDA Gt Tl UE F§ R
quercetion HHEAS] FEWL HH3p717] Gate] 75
B0, £%, A2 S, % AF P 5ol A 24

FAsta et Aely, T2 Aely, vhol =g o8

% ° :17_ 9 ]?j‘lj
AP 9] e ¥ FE WE quercetin T
£ g

Az
B AGeI AR Fuke HeA BotE A
1 20070] ok FE gk Az wgs}o% 7
ekt on] dcolr Win

it g FEES $4 UNF F ARE 557
(WRD-205, Woorideul Industrial Co., Seoul, Korea)2} 714
4 9 A 7](HM-180, Hibell, Hwaseong, Gyeonggi, Korea)S
o]-g-stod AF3siTh

Quercetin?2| Z|& F& F71 EfM

st AAY 243 FE2A0AM HeE S AR
Z9| quercetingt 7 WA ] FFRML 95le] & &
M= AR EQF 2 2BW-05G, Jeiotech, Seoul,

Korea) oA F&sAY 282 S dto] 2 a3&
k.

Futol| SHrrEo] U quercetin FHEEZH L] HZFH FE2%

AL Fe7) fetel ALgeE gul, oot Al v
FE 25, F& A7 FF o wWE querceting Bl T"]'Xﬂ

o] & F&& vt FE 8] e a94E 1Y)
el 60% methanol, 60% ethanol®}t FFHFZS ©]-& 3}
60°CAlA] 1AI17F BF FE3t Tt &rlj o} Al59] H]&of ot
2 FF FE2245 dolrr] 9él 60% methanolS &7 5
v)o} A|g A#e] H]go] 08, 1.6, 2.4 mL/ge] =2 Y1
60°ColA 117F F<F FZsIith FE259 IS 17|
A3l 25, 40, 50, 60°CAIA FZ3ATt. 25 Wl W
quercetin = FEE 7] 98] 4o AHES 7S =
F71¢F 9X715 ol &3l FAES & 72t o R FET A
EE 60% methanol= 1A 7F &< 60°CollX FE3F31 T
HEXZ|E ol8¢et F=2 2HxTA E

Z279} microwave AN 0P74‘/} Ei A E =
o] thFek HE&A 7t quercetinF-o] FZol " A=
ARt 259 HEe /e 557 l A5 5

o 60% methanolS 23 30, 60, 90% &9t 233442 7]
(280 W, VC-05, JeiotechyS A}-&3}o] éé’—ﬂ% ARAIZ
T guiFE AddA AHE HF & FEAEHF

o} A5 H ] 0.8 mL/g, FEEE 50°C, FEA1ZF 153)
AN FEel5

Microwave % Ziﬂ = 60% methanol &0 K& Y
74§ microwave(700W, RE-21CRN, Samsung, Seoul,
Korea)E ©|-&3te &ul¢] BIGS WASH7]| 98t AA|
7HE 2022 ste] 13], 33, 53] 7FEH o= ZAbste] A
Aet & A4 E 4 vl 7= 2UoE FE8IUTh

Cellulase(Yakult Honsa, Tokyo, JAPAN)®} viscozyme(No-
vozyme, Bagsvaerd, Denmark) Z* |7} &9l v]X= 4
TS AR fJEte] 7HE8 55712 A5e A5l 27t
1% cellulase-0.1 M sodium acetate(pH 5.2) buffer & =}
1% viscozyme-0.1 M sodium acetate(pH 5.2) buffer 812
A&} HEo] 05, 1, 1.5 mL/g7F EI=2 B3 45°Co 4 1
AZE Eet F2pzo A REGAIZ T whgo] FAE ¥ dry
ovenoll Fol bufferg ST F HF &u 5 =49

A FZEFAT

Quercetin F2| £
Quercetin?} 2 ¥ A 2] A #EAS ¢]5le] HPLCE A}
g3t 7 AR FE23 T dAEE71(KR/UNION
55 R, Hanil, Seoul, Korea)S A3} 4,200xgZ 30% &

o AYRse] 7 HFAS B AR Sgor 45
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Table 1. HPLC operating conditions for the analysis of quercetin
and its glucosides

Items Conditions
Instrument Genetix. UK/QPix2
(Waters, us 600S)
Column Nova-Pak C-l$ column
(3.9x150 mm i.d., 4 pm)
A: 0.1% Formic acid,
B: 100% Methanol
Mobile phase Gradient :
80%—0% A within 25 min
20%—>100% B within 25 min
Flow rate 1 mL/min
Detection UV 375 nm
Injection volume 20 pL

AL 02um PVDF membrane filter(Millipore, Billeri- ca,
MA, USA)Z ZE ¥ 3 T HPLC(Genetix, UK/QPix2,
Waters, Milford, MA, USA)Z 4]ttt HPLC #4]9)
£ Waters 600 S Controller(600 s controller, Waters)E A}
£3t9e &= 0.1% formic acid(buffer A)2} 100%
methanol(buffer B)S AFH&-3}% Tt} Columne Nova-Pak c-
18 (4um, 3.9x150 mm)S AFE35 2™, 1 mL/ming
flow rate= 43} T}, Detector= UV-Vis detector(SLC-
200, Samsung)E ©]-8-314] 375 nmol|lA] EA5FTh AFA| g
HPLC £4 27L& Table 1 o Yepfidich e
quercetin 3£ 5= (Sigma, St. Louis, MO, USA)S Al-&-3}4
oF ZFEHOoZ ALt A3 AU FuSH-2] HPLC
A= Fig 13 2t} Fig. 1(A)= quercetin standard®] 3|
AolA Fig. I1B)E 43I #59 FHIow EE A=
quercetin®] 3 38 B+ quercetin-4’-O-glycoside©| T}.

DE A8 33 o)A ukEale] AASIY Y HEH 25
AR AN F 1 ADHE vastar. BE Age] 5
A= wet basisE 7|FO 2 sl St A8 £
HFS 90%SATH BAHEA S A sto] folF oz 2jo]7)
U 79 SPSS(SPSS Inc., Chicago IL, USA)E A3}
o] Duncan's testS E3l F2l5F p=0.05914 FIA4S 7
S8t

Response (mV)

1000
800 - Standard in (Fraction A) (GV]
600
400
200

0
1:::2 _| Onion Edible Part ®)
600 - Quercetin-4-glycoside
400 - (Fraction B)
200 | (Fraction A)

o I W W

0 5 10 15 20

Time (min)

Fig. 1. Representative chromatograms of analytical HPLC for
(A) quercetin standard and (B) the onion edible part.
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Fig. 2. The effects of various solvents on the extraction yields of
quercetin and its glucosides from onion edible.

Ao

S0 FE2f XA B
& FFl W& quercetin WEAH o] F= J—E— Fig. 2

o] el At 60%2] methanolS AFE3SIES 72-$ oF
0.030 mg/gl 2 SHFE AHE3E AR quercetm:% ul]
A 7L oF sul o] ¥ Bol FEHAULE 60% ethanol®]
73%-, 0.029 mg/gSZ methanol®] 7-$-2} 24 Zol=
AN 715 E] quercetingt 2 wEA| 7t SRR
= f718ulol] o % Zof Q3 ethanol®.th methanol©]
quercetin®} 2 Wi Aol thgk 218t o] o A7) wfjZol H
Bol FEHUS Aoletal Al H T

Fig. 3(A)°l % &ule} A Fe] v]&d wE quercetin
I 2 wFA ] FF TS vt FEEe A s

o] W&o WE FEFIEES 2 Mol 08Y o
0.031£0.001 mg/g & 7Hg We] FEEHU oY T v &
S 7H = FolHl Aol wolA] gttt

FEA e FE2E82 158, 308, Ner F
Zatol® foHel zo]& WolA AUthFig 3(B). F&
ez AS,

L8 EUFE quercetind B FA| 7 Bol
FEZHAOH 50°C o3 w= FoH o2 Aol 7} YA T
(Fig. 3(0)). AW &L 50°Ce 2=oA 0.031+0.002
mg/ge] 2™ 60°Col A& 0.030£0.003 mg/gC & F2] A<l
2ol s YERA] skt 27t 571E4E quercetin
Hj A o] FEo] EoWAIRE &1 ] F=F 0] 64.96°Co] 7]
el 60°C o’ 7 kel wAeE vl b Sty

FEHET Aol AL F o A FF 2EF 60°C
2 Atk AfH oz gnf F&9 HAH 272 60%
methanol&- olﬁé}o:] |/ E o] 0.8 50°Cel A
158-7F F&35= 2ol

10
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Fig. 3. The effects of extraction conditions on the extraction
yield of quercetin and its glucosides from onion edible part. (a)
solvent volume/sample ratio, (b) extraction time, (c) extraction
temperature
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Fig. 4. The effect of juicing methods on the yield of quercetin
and its glucosides from onion edible part.

2 AE= BRI
5 golatA vhEo] & FE5 EQl ZAoE Azt
EXE|E 0188t F22| Z[H= EM
—I—EJJrﬂﬂi Q1% quercetin®} L HHD‘r;‘q]sq EE X X3
Fig. 5(A)° YePHSITE. 2234 2] Al 60 AMS A&
o quercetiniﬂr w7} 7 2ol zg;]mr)r 605 ZA}

NS W quercetin® B EA| 71 0.063+0.002 mg/gRHE
o] thE79] 0.030+0.003 mg/gHth 2.068] ©f o]
Atk 608 ZAFE W7kA] quercetind} WA Q] S
eoi»}_o—\)r 90 Ak ’\]"ﬂL st 25T
E EAANAG AEE A A7)= & 54
th. ol 3t S/ wet quercetint Wi FA| 7t T
Atk B F Ak 2e9Agrt FE FE
Al o]fr= &uie] FTiAl S wE
AE-8 HE 2HA9 F7tas i o] th(Yang
and Zhang., 2007; Haizhou et al., 2004).

Gt Fito] % 4 microwaves AMSHH TRt
o ¥]3t] quercetin?} Wi ZA o] F=F F&°] TR o
ZAL Al Zko] WE fo Q1 Apol= HolA] 2 SkThFig.
5(B)). Quercetinz} v FA o] H] FE2& HQ 60% %=

AF A1(0.064+0.004 mg/g) tHETHT} 2,148 T Eo| 3=

ik du N{N’ N{N’

=
=
Fol
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o]\zi S5 o b e N m1ru
K
fol
k)
il
f

il
S

=
d A

AN

=20t} MicrowaveE B0 ZAleld i AR F 52
o] B2 RUES fEste] AR WHRERYH 553
A7FEE BANA o] SEsto] Al S 71t
o8 AdHor AxE dYske S 7L A
(Mandal et al., 2007). o] &T3}Z A3 o} WH} vl

oo AR oR Fe AZE Qb &H S = quercetin?t
HZA 7 F5E Ao R AlgdTh
Fot gl &2 AT g, Ghe TR AR

quercetin} B G| 8] FZTFo] 57}0} 3 CHFig. 6). Cellulase



E
"
i)
o,
o
N
)1,
mlo

(a) 0.07
_ T
5 0.06 - e
=1
(]
2 0.05 -
3 i I
= 1
w 0.04 4
S
B
8 op3q -
o
7
£ 0.02 4
8
5 001
O
0.00 - - - .
caontrol 30min G0min 0min
Ultrasound
(b) 0.8
=
= 0.06 1 T
k=)
£
5
‘w 0.04
]
= T
= Al
£
T 0.02 4
o
- |
&}
0.00 T T . .
control 20s G0s 100s
Microwave

Fig. 5. The extraction yield of quercetin and its glucosides from
onion edible part treated by (a) ultrasound and (b) microwave.

£AS 5 mL Y99S W quercetin HEA 7} 0.050+0.004
mg/gl 2 HWX|7} FZ2EHIJoH o] = thxt H| stk
1654 o o] FE2HoH 5 mL oS WS we F
Zo| A3 tHFig. 6(A)). Viscozyme 22| H-$-, 842
5 mL ¥9<S W quercetin} HiFA|e] A7 5 %5]910
W cellulase?] 73-9-9F PIR7IAIZ 5 mL oS EWAS e
FZo] 743t Fig. 6(B)ollA 25| quercetin} Bl A
o] At FEX= 5 mLS B3-S W= 0.070£0.002 mg/g®]
Rom )} Blaste] 229 vl o Zo| FEE Atk

Cellulase *2]E & 7% quercetina} W32 & a&
7k AEHS o]F = cellulosed] £ 71544 E
o] gZo| golalxl Zolgt & & AUtk TS viscozyme A
& & g AoA o B2 quercetind WA 7 FE ]
2 Aelz o 7 Bajsh= cellulase®t &
arabanase, cellulase, beta-glucanase,
hemicellulase, xylanase 5°] E3te B3 §4F M EHS
olF= g3 T/ EEES Ealdtd ¥ AR
quercetin®} B A 2] &5 o]Fo] W Zolgt & 4= St}
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Fig. 6. The extraction yields of quercetin and its glucosides
contents of onion edible part treated with (a) cellulase and (b)

viscozyme.

A x| g0l ME F

7 A2

)
=

oz A F mlcrowave%— 60 i/\}é}j_ 603 Bt =
ki3

&3 ZA}

27A02 F2a9S o

quercetin?} WiFA| ] FE%FE 0.014£0.0002 mg/gl =, T

Z-9] 0.030+0.003 mg/gel]

Hlsto] froldow AA F&

% A TH(Table 2). B4 2] F buffer solutions ——HU\] 7]

wje] AA2] & microwaved} F2-32]

A o] 57t dolke Roletn ¥ 9

BE

Table 2. Amount of quercetin and its glucosides in onion edible
part with various treatments

Process Quercetin + glucosides (mg/g onion)
Control 0.030+0.003"Y
Microwave 0.065+0.002%
Ultrasound 0.063+0.002¢
Cellulase 0.050+0.004°
Viscozyme 0.070+0.002¢
Optimum combination 0.014+0.0002*

DValues (Mean+S.D.) with different superscript within treatments are

significantly different at p<0.05.
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Hirota et al.(1998)°] ©]&}H %43} &L 608 B #S
S W quercetin 4’-glucoside &&o] &F 80% &= 43|
Atk Bysgdrh B AE AgoME trrnc A

=S|
279 23l WE A5 querceting Wi FA ] F= 4
1:7} 53.33% stk vt A% FE Ha F

= x2, & 4294 60% methanolS W& &
/\H} St FE3 AHE quercetint W FAH O] FEF
3.0mg/100 g(fresh  weight)e] F 3 FHO FE2A=
Sk SS9 2 7.0 mg/100 g(fresh
weight)THE  quercetin® HIEA| 7} FZ2H Ak o] A2
Kang et al(1998)°] A& F&-2 31799 mg/100 g(fresh
HEFHES 410 mg/100 g(fresh weight)<]
Aol vlws| Boks
2 Al B REHoR

& 5 k.

Viscozyme e &

weight),
quercetinZ} BIGA 7} FE2HATE
o microwavelt 223} 28], 3

quercetin? WA E F5 F U5 &

}.

o ok

i =
Fu} ool SaEo] AUe & AES quercetint
SRS HRE 2F 2 22wl 0E £2S =4,

EAsnor 2 A%4E aoksid
o] quercetina} WiEA 2] 3 i% Ze =
60% methanolE &7 2 Al-8-3) I

]
= F&o] 7HE AT 259E 607 B A Al H
ol H]&te] 206812 & St E-erg 7 dAeH
microwaver= 60% ZAF Alol] Htieo] & Ut &39E Y
Ef ] microwaveE *2]3}A] &2 A9} H|W 3} querc-
etinZ WA 7} 2,148 Fo] FEH2U
cellulase &M} A]72] H]-&o] 0.5mL/gd = quercetin}
Hj A o] gl 7Y =%how 1.65 v O Wo] FEEHU
3L viscozymeZt A 52| H]&©] 0.5 mL/g¥d ™ quercetin}t
A o] FEo] 7P %o FESTHES 229 Wil A
o2 ygth 7P B2 quercetindd WiEA S & FES
Hel e viscozymedt A7 H]Eo] 0.5 mL/gd wle
0.070£0.002 mg/g3l A 2 LFERITY.

ZAlel 2
B ATE FYUY B2/ o) A7H A9l o
3 ApAste] AREA olo] 74 EFLT
028
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