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Bioconversion of onion extract to improve the bioavailability of
quercetin glycoconjugate
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Abstract Bioconversion and fermentation of onion extract by lactic acid bacteria were carried out to enhance the
bioavailability of quercetin through the increase of quercetin recovery and aglycone formation. Lactobacillus casei, L.
plantarum, and Kluyveromyces lactis were selected as the optimum strains for bioconversion. The environmental conditions
to maximize the conversion ratio between glycoconjugate and quercetin aglycone have been evaluated. The concentrations
of quercetin after fermentation of onion slurry by K. lactis and L. casei increased to 260% and 318%, respectively;
however, the quercetin concentrations decreased after 48 hours of fermentation. Additionally, the quercetin hexose
concentration increased to almost 141%. Controlling the initial pH of the onion juice increased the lactic acid production
by L. casei and L. plantarum by more than two-fold. Meanwhile, the concentration of quercetin hexose decreased rapidly
with the increased production of aglycones. The scale-up experiments showed the same fermentation efficiency; however,
thermal sterilization reduced the quercetin glycone concentrations drastically.
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(bioavailability)o] AZ3It}a BHI%
P w2 TR R Q| Aol wig- T3
W EddeR Qs 7HAo] EQPgstth(Park, 2009). 7, =5}
Holl W} ORAC (oxygen radical absorbance capacity) #tel 7+
28, S5 74 2 Byt dojulr] gokSiddiq 5, 2013). o
2hA] b Azre] Al 45 A 97A BASE siA 4
Fo= AHgte A olgdl theFst gt AR MR LHE
FoiAZ F8do] dAsithPark, 2009). WX Fuhs Gyt
7HEAE & 2AEF S AR A% T? Feje] AEH 4
ol9] T2 FANFE FHst] S| ARTE 2 FE Al
Fo| AL QAE}(ChOI 3, 2009). $Fe A7 BHow A
HEAR, d9te] 553 AV 719 a9le g ZHE
o] g Az 71574 & SHEY
at7] 918 &) HEg HrteiAd thE dRE
=3 SlthHou# Go, 2004). wekx Fate] Fm|
1 AR BHE FVAE F e AR 7]
SEvEhe S48 IEste] mE AA 715 A T
HygA 850 S7H8kaL UrkKang, 2004). 3 A%
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3 9)tH(Saha, 2003).

HAET 540 71d A o83, mAES] ARk &
T BANSES AN Axske 7]%% AEHAZkol2} HH(DI
Gioia 5, 2014). 2|FA11e] 7154 &AE &4 Te vAES
o]l AEAS 745, MEH 7“?} o] EAlsh= #-& Al
2y EA4E o8 7Fes AT (free) HEIE ABAIA 7158 E
Aol F5E TVHIA AA ol&ES FUAZ F UtHLim 5,
2008).

4kt Lactobacilli sp2} Bifidobacteria sp.= F3toll EA3}
= ZHE(fuctan)S A T F YL HERSFIAO|E TR
3 EA(B-glucosidase) E4S 7ML e A= 4EA Uk
(Makras 5, 2005; Pyo %, 2005; Rossi %, 2005). =3 -fabte
BrElE oAl s Bald A gt S IAe|E s
3l & & (glycosidase)S 7FAI L o] YutE Ta Al HAME wig
Ao TheEad] Fod AT & 5 YrKGrimaldi 5, 2005;
Michlmayr?} Kneifel, 2014) Kluyveromyces lactiss 2)E2] A|X
HE Eofste 84 4 HAAR AE 7
glucosidaseE  AJAFSHCh(Fonseca 5, 2008). HE3h, K lactise
geraniol2 citronellol, linalool & a-terpineol® F3FA]7] ™, acetate
estersE AJAdete] ThFSE A EA 959 LR Al FUE FIA
4 £ Ade Aoz JddFEthJiang, 1993; King¥} Dickinson,
2000). AEA GAHT §AE 0|83 Agg AT S =) <
gFe] Fu| PPt oivet JAE Iege FUF 9 R
Al (aglycone) FEN 2] A%e] F = -‘H]H]EL] AN EFE =7}
71hE 4 Ath(Kumagai, 2009). Wb 2 AFdA= Gt
A@Exqg]. J—;(q 0 O]a} Al B /K—] O/\]._H_J,], ARE I3 }
T84 2719 X}"]Oﬂ w2 FAAE wjgA 2 H]HH‘;LZH S
w48 ot FARe] vugst AEe-S Hoislele 38
oh 322} BkSAT.
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~7W%‘\D} %} drolE 110°ColA 3087F 7ItE45al 4
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T FJAE FZ2EE&S PV Q8 AR S O] 0.1%9]
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Gy} FEdo] vy T AYA B dF 33F(L casei JHK
07, L. plantarum JHK 05, L. sakei JHK 09)3} Bifidobacterium
2%(B. infantis ATCC 15697, B. bifidum PRL 2010)& AM&-3}31
o L sakei= 30°C, 1 9] frikt2 37°C 270914 MRS broth
(Difco, Detroit, MI, USA)ell vl BE fAakde] vl
90% N, 5% CO, 5% H,9 EF7I=2 A% anaerobic
chamber (Coylab Grass Lake, MI, USAYIX &7 A= 4
3t fAkt ¢ e #o2e s Fr F3E sl
892l K lactise 30°Coll4] YPD broth (Difco)oll & ¥l &
AFESITE 2E A9e 80°Co] HPT 15% (viv) glycerol
stock #TE £ 1.5% (vIVE HET]

AHgElgom gl @5
9.

UIE B4 BiE WE

GutE wrgo) Hgs + 71 913l Lactobacilli@r
Bifidobacteria % 2 K. laci Hok st wix|e] A
7t dEEY FHE ‘%‘iﬁ}/\WV ‘ﬂl% of E‘r% HXI é-‘jr% 17}
a2 ¥ A L' E Pt
AZNZ el 3= ZHel Oiﬂﬂ]-ﬂ
Sotdch wEkA 24k g
ot B3 E K lactise 37°C A& H°t7]°ﬂ’\1 7]15} TTES
anaerobic chamberol| 4] &5 R P35},
o]:_q_ AR OH z:gi‘:-/]i o] zf;_ sﬂiy]?@ 274 6:1/\—1 ul /\1‘3 /\_"u.
AR F7F 5 470 4uks dEsE e zolrt wAEe
Felslr] fste] &eie] 150 g 23S s it g
200mLo L. casei, L. plantarum, L. sakei 123 K. lactisE
A% 2 AT ANE Pl Bk Led g Aho)
Sele) g0l mE f4kE WE T 9 o2 wmaly) 99
W F AN e 2Aa

YIEe) pih #9) djel e v elap) s
o] IN NaOHE ©|&3] =7] pH/} 2H3%1 435S pH 6.0-7.0
o2 A% F L casei, L plantarum, L. sakei lﬂl K. lactis

o X JE

£ 495 100mLol] HE 2wk pHE HAS duge
FE F AAE 3 AAE Ao Wk 4.
GAES 0]83 A AAS mAEkEl] Y5t warE

AR a3 I AVA JSIAY. L plantarum, L.
sakei IR K. lactiss ¥ 1Ll FE382L 37°ColA pH 6.5
£ At wiFaiditt. S AESe] s e 2
239 E At WS o] &SI At o] F HAME el W

stE A&

JuiEe| M s 57X

FoRE2 15,000 pmol A 4EE] § A3 35S High-
pressure liquid chromatography infinity 1260 (Agilent Technologies,
Santa Clara, CA, USA)C.R @3} #7124 HAsit). 248
A2 Rezex ROA-organic acid H+ (Phenomenex, Torrance,
CA, USA)E AH838Ilal AE71= RI A&71E ARSI ©f
402 H,S0, (0.005 Ny o]&3Iith AEE 4952 1/5
Z N3 ARSI, AEFUFS 40 pLol F52 £ 06
mLE AT

HPLCE 0|88t HMEl MZHEM

AN AFEAE A FE 1mLS 15,000 rpmell A 3%5-{L
st st Fsl 045 um PVDFR oA ZiT} 54
£ Zorbaz eclipse C18 (4.6x100mm, 3.5 um)S 2st HPLCE *]—
23131t Detector= UV HE7|E ARS-3te] FARISY A F
el 370 nmollA S8t 0542 0.1% formic acid’} ‘32—
e 33 SF759 0.1% formic acid’} &3 acetonitrileS ©]&
sIRem 42 B9 1mLE sIth

E

l

UPLC/UVIMSE 0|88t HMEl = FHME HiEH 24

AAR L A= HH“Zﬂ A8 98 S9E 02 mLE 15,000
rpmel| Al 3E7¢ °J“—kv"ﬂ ato] AEAnkE Hal @l Ay
Z 12 FA % solid phase extraction (Sep-Pak, 200 mg C18
Cartridge, Waters, Milford, MA, USA)2. 2 A% &}it}h. SPE C18
FIEFA HE-ES 7l 9317 & 33 FRTE TS
Atk AHS WSS TIERX] 9 ‘%‘—3’— SHIZ g9 & 7y
ES 60% WEESE §E3AA. o] & FAAE BF S UlF

=



Gk LR A Gk S slurry) $Hre] 9 393

B BEEAM AR AT Hrtetd & DAY s A
A st o] WgelM FE B8 97+5%°] T

AAR I AAE viFAE LC-UV-ESI-QQQ (6460 Triple
Quadrupole System, Agilent)2] positive modeZ =73t} Gas
temperature=  250°C°] 1 22 8 L/min,
pressure= 45 psi, Sheath gas temperature= 300°C, Sheath gas
flow= 12 L/min, Capillary voltages= /32l 739 3500 V, &4
9] 739 2500 V, Nozzle voltager= FAd3 <44 =5 500 V,
Scan mass= 200-800 (m/z)Z 3}t 48 HYUOZ = Zorbax
Eclipse C18 (2.1x50 mm, 1.8 um, Agilent, CA, USA)S ©]&-3]
AR A WZAE EEEIATE 05 A 0.1% formic
acid7} E3F9 33k SHTE ARSI o5 BE 0.1% formic
acid’} E3}% acetonitrileS AMESIATE §42 £ 04mLE 7]
7] & Z21& ARSI 7187] & 2712 04% B B
7t 5-15%, 4-7% SAAE 15-55%, 7-9% SAd= 55-90%, 9-12
B Folls 90%, 13-18% FelE 5%E FEFAT UV 4E
7] (1260 Infinity, Agilent, USAy= A€ol o) S53421 370
nmel| 4 57453k

Gas flow= Nebulizer

(A)

Absorbance
N

4 na
ZEMI|E 0|38t HME HHEA H dH[uiEkH| 24
AFEAN A, FFFolA quercetin, quercetin hexose (two
isomers), quercetin di-hexose (two isomers), quercetin methyl-
hexose, “12]3L quercetin methyl-di-hexose’} AEF o™ ol&
370 nmollAe] UV ZE2vPET8 3} mass spectra® YERH W&}
AthFig. 1). AR & F 7P FF8 quercetin hexose™
65%°] %13 quercetin methyl-hexose, quercetin methyl-di-hexose
2 A wEgAzE ZH2E 12,9, 93 2 8.5%°] AT Quercetin
4-O-glucoside”t FAAE &N 7P &8k W methyl-
quercetin-4-O-glucoside=  FTfol| A A= ofolATE
(isorhamnetin)®] =2 et B =S cHLeed}t Mitchell, 2011).

YUE WE FF ME Y LESY ol
fakmel @ WE BAe 24 4710 ANS BS F

1. Quercetin - de-hexose
2. Quercetin - 2hexose
5 3. Quercetin - methy! - de-hexose
4. Quercetin - hexose
5. Quercetin - hexose
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7. Quercetin
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Fig 1. UV chromatogram at 370 nm (A) and mass spectra of quercetin and its derivatives in onion juice (B)
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Table 1. Concentration of fermentable carbohydrates and organic acids in onion juice and their changes during the fermentation

o Sucrose Glucose Fructose Lactose Propionate Acetate Ethanol
Onion juice
14.3 163.7 166.5 16.7 243 5.1 10.9
Substrates consumption (mM) Product formation (mM)
K. lactis 14.3 163.7 158.2 0.0 9.4 8.5 605.6
L. casei 0.0 58.3 139 116.6 17.5 39.0 0.0
L. plantarum at 37°C 0.0 222 444 78.8 0.0 6.8 0.0
L. plantarum at 30°C 2.5 472 54.4 105.5 0.0 0.0 0.0
L. sakei 0.0 20.5 30.5 40.0 0.0 5.1 0.0
B. bifidum 0.9 1.5 2.8 0.5 0.5 0.3 0.0
B. infantis 09 0.4 1.3 0.0 1.0 0.0 0.0
40
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Fig. 2. Change of (a) quercetin and (b) quercetin hexose concentrations during the fermentation of onion juice

20| &8} B infantis ATCC 15697, B. bifidum PRL 2010
'R IFQ K lactis & ©8 SIF LR 5A4L HEASA

wgo] AREet guge 49 FE § G4E o83 34
Sy o] AEE 27| AROR 30gLe Y (glucose)d
(fructose), 5 g/L2] Al (sucroseyS 7FAZL ANo™ L] 7]
ko2 ZAKlactic acid) (17 mM), oFHEAHacetic acid) (5 mM),
= 23] 2 Kpropionic acid) (24 mM)2} 11 mM2] ol|E-E(ethanol)©]
AZEATHTable 1). AEEQ0 A D FUASE QA7) FH3E 2
EAEYOE FaFe] g 27 24 A] $3F W cellobiose
9} xylose= AZEHA &) dasy F uAEY A 4
TFe e wiEe HFHoR HZFIA] EIAL FuEe
EEshEe] 4Blet 714k S AEske] W S A
=

WA dF T 7P St B8 E Y AL K lactisA
(Table 1). K lactis= 33, XX, A 2477 ¢t 25 &
HEg Y HE FAEZE 06mMel ole-go] BAFHEUTE L

caseis ©|-&3F 487]7+2] WEOME 58 mMe] ExH T |
o] FZFg Mgt T 2mMe] BEskEE ARSI vk

~
=
]
g
N
%
W
<
Q
=2
R
=
0%
J
o,
o
~
Q2
=
o
[&!
]
i
N
=
3
<
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AN WA L plantarume o] EEFHTE 122080 o Bl
2yo] A o w& HEEE P L sakei= 7P B
sl AR S57F =gk 5 A7k @ F 21mMe] X
=93 31 mMe] AFE 2RSS F 52mMe BElES AR
I ol FAAITE B9 L caseitt L. plantarum?t 53 F
ehrslEoke] 72%9F 51%3.om WE AHECl lactic acid 3 34-
37% 4ol HA] &Uth. BE Lactobacillus sp. ¥+ EZ=TH
HFE FAlO AR R e 2E3 T2
q7bss 9Eo] S Teds WA AFSIAL wijR] S
o] ¢d3] ARE F AR tE wEY IdES AR
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S FAA oA 2Eekar o o]& carbon catabolite
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Table 2. Changes of total quercetin concentration and the quercetin hexose ratio before and after the fermentation of onion juice.
Negative value indicates the decrease of concentration after fermentation

Total quercetin (umol/L) Quercetin ration "
Before fermentation After fermentation Ratio Before fermentation After fermentation Ratio
K. lactis 95.6 96.2 1.01 26.3% 67.6% 2.57
L. casei 103.1 974 -1.06 25.3% 48.8% 1.93
L. plantarum 102.2 94.1 -1.09 28.0% 53.2% 1.90
L. sakei 108.3 118.2 1.09 27.7% 25.5% -1.09

YQuercetin hexose ratio=quercetin/(quercetin+quercetin hexose)

|

nlinilil
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il
0
50 | (b)

Concentration of quercetin (Lmolil)

g 0 o - VY e
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Fig. 3. Change of (a) quercetin, (b) quercetin hexose, and (c) quercetin di-hexose concentrations during the fermentation with the

addition of onion slurry

repression®] 2} gtk ey B gl ALES L casei, L
plantarum®}F L. sakei= '3 TS Al AR Solgh

A4e 2

B. bifidum PRL 20103} B. infantis ATCC 15697-& w5l
o 48 Wtk B bifidum PRL20102] 48A17: vk 3 2.8
mMe] FF7 E=T 1L.5mMe] a7t FFHAL A AR
A It g HEALHES] FEe] HElE BT 1.0mM ©]
SI= w3t Th B. infantis ATCC 15697 3+ X9 71 2
A 2M7F 2E 1LSmM ©E T, AAtE FHbe] wEE
1.0 mMZ Bifidobacteria 42 FI5 &adl HF3HA| Ao
2 AEdeh

Wizl Fo FHAE  vu] A (quercetin aglycone)St Bl G
(quercetin  glycoconjugate)$! quercetin hexose, quercetin methyl-

&) 4~2~(peonedin hexose)®]

[eX Xe)

B

hexose, quercetin di-hexose, ¥ U™

&S BT AAE vgA o] ke UE ¢ dnkdoe=
Z7FATE K lactis®] 73%- 323 umol/LZ & A2k} vl ws}
of Hof 266%7HA F7}st FAktE Lo casei’t 167%, L.
plantarum®] 185% S7F33 . sakeis ©]-g-38fe] WES A9
AR v GA] e AL FrFeRA ZSkth AR vl A
9] <o) F7Fsk= ©l Ml quercetin hexose®] WS A|HZFHOZ
ZABIATE K. lactise 34.0 umol/LAIA] 15.5 umol/LE %7] %
9] 46%7FA 4SRRI Lo casei?t 57%, L. plantarum®] %715
o] 66%= UAFATE L sakeis 0183 LEAME A A
o] WHE}A] FSUTHFig. 2). Quercetin di-hexose®} quercetin methyl-
hexose®] 2 941 Ws7F VehA] gttt

e
o},

quercetin} & A3 o] W L] oltE & WHIlE R
o]F] 3Tt ol UYFEY FHEF 9 BAE o83 AT F
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Table 3. Changes of total quercetin concentration and the quercetin hexose ratio before and after the fermentation of onion juice with
the onion slurry. Negative value indicates the decrease of concentration after fermentation

Total quercetin (umol/L) Quercetin ration "
Before fermentation After fermentation Ratio Before fermentation After fermentation Ratio
K. lactis 122.3 145.4 1.19 13.0% 30.2% 2.31
L. casei 116.4 136.1 1.17 15.1% 30.1% 2.00
L. plantarum 1233 154.0 1.25 13.4% 27.1% 2.02
L. sakei 130.1 140.0 1.08 15.7% 13.1% -1.20

YQuercetin hexose ratio=quercetin/(quercetin+quercetin hexose)

10

(a)

T ]

(b)

15 |

12

Concentration of quercetin {iimol/L)

0 24 48 72

K. lactis

0 24 48 72
Time (hr)

L. casei

0 24 48 72 0 24 48 72

L. plantarum L. sakei

Fig. 4. Change of (a) quercetin and (b) quercetin hexose concentrations during the fermentation after pH adjustion of onion juice

AelA oln] AHE FHAE wFAFe] Tart X wE
EHFE] 7IAE glycosyl hydrolase®] #8072 A€l Hlulg
AR A== Ao siAdct e dE 5 F HAAE oy
FAAE v e A3 Svsted K lactise] - 2.69,
L. casei®t L. plantarum®) 735 25 1.99] Z7138le] §829 A
3 3L HAFATK(Table 2).

ks W Al gnt &242[(slurry) &Rl

Gake] 7154 A HANES Ik AxH EAEke AL
2 4EA Uk oA FEES FEE 2 S8 (slurry)ell
FEFA Za HoRlE R FAAMEe] s e FGHI F
7182 £eiE)e] 4= FME FE288S =o|7] Hsted &
5 ZEA "rkete] fAkd 2EE Hgsnt

& FEEE e HEeAE FAAY vuiEA el FA"
HjFA = W3yt S HA Y vl H A quercetin
hexose, quercetin di-hexose®] T+ ¥} E32|E HU7IeA] ¥
wealls Aot g8l 7538 ST K lacise ©]8-5h]
FoES TadNes W EHE HUA 22 A$ quercetin
hexose= 271 tiH] 45% 7HA3l9) ok (Fig. 2) €821 #71s A

£ 32 umol/LolA 45 pmol/LE 141%% Z7}3IthFig. 3). T3
quercetin di-hexose®] Y= 17 pmol/LAIA 20 pmol/LZ 120% 57}
sttt AR wEA o] Fo]l Frtshe 5t AAME Bl EA
o] 3hF wgk FE3] FIsIGTE 271 thiv] 48A17F & FAIE H]
WA Y] B2 2umol/LE Z7] 2aAZ ] 260% S71st
A=t ol E8EE HUEHA &2 A9t Y S0l
Atk ol g FFE & ST LA EH SR A

UE AEE AAE A7 G 2 §EH U FA
of mAES] wFe oste] FHME A7} HEPA R A8
3 4SS YEeRATHPhitsuwan 5, 2013). FAARIS] F=wWsE L
casei®] 7% %71 Fx UY] 318%7}, L. plantarums 248%7} &
7¥elet. 23y, &g 48A17F ©1F K lactisSt L. caseiS W3t
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