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Abstract

Flavonoids, non-nutrient secondary metabolites of plants, are widely distributed in commonly consumed agro-food
resources. Flavonoids include aglycones, and their glycosides are reported to have potential health-promoting
compounds. The aim of this study was to investigate flavonoid glycosides in the fruit and leaves of Zigyphus jujuba
var. inermis (Bunge) Rehder (jujube). A total of six flavonoids (five flavonols and one chalcone) were identified
in jujube fruit and leaves by using ultra-performance liquid chromatography-diode amay detector-quadrupole time
of flight mass spectrometry along with chemical library and an internal standard. In positive ion mode, six flavonoids
were linked to the C- and O-glycosides which were conjugated with sugar moieties based on kaempferol, quercetin,
and phloretin aglycones. Total flavonoid contents of leaves (8,356.5 mg/100 g dry weight (DW)) was approximately
900-fold higher than that of fruit (fresh fruit, 13.6 mg/100 g dry DW; sun-dried fruits, 9.2 mg/100 g dry DW).
Quercetin 3-O-rutinoside (rutin) and quercetin 3-O-robinobioside were the predominant flavonols in fruit and leaves
of jujube. In particular, rutin had the highest content (6,735.2 mg/100 ¢ DW) in leaves, and rutin is a widely
reported bioactive compound. Phloretin 3',5"-di-C-glucoside (chalcone type) was detected only in leaves. The leaves
of jujube contain a high content of flavonoids and the results of this study indicate that jujube leaves may be
a source of bioactive flavonoids.
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Table 1. Chemical library of 29 flavonoids from Zizyphus jujuba var. inermis (Bunge) Rehder, Z jujuba var. spinosa, Z. spina-christi (L.)
Wild based on literature sources

No. Compound nanies M‘sggltar Fragment({;;z)ns PR G m}:lﬁtes” References”  No. Compound narmes Mv(jl;;ﬁ][ar Fragn ent({;)zns PR e reszlinois“ References”
quercetin 3-Qaluooside Confimed . » NP 71, 79, 69, 97, 47, Confimed .

I (.Boqmm)N&g) 687,465, 30 NE Mg T 16 6" Oranilloylspinosin B Ny S 60
qercetin - Olactosice Confimed . ate - 807, 785, 623, 609, 447, Confimed ¢ 1,347

1 D 6 47, 465 308 N by s 239 17 6" Oinloykpinsin B g a9 ey ¥ g0
qQuercetin Confirmed — Fruis” — 807, 785, 63, 69, 447, Confimed ¢

b e 608 40,8530 QP TRC P 500 1B 6 Olnloliogin T g ) MR S 46
quercetin Confimed s — 837, 815, 6%, 69, 447, Confimed

¢ bt W S04 45,38 e e 5000 19 6"l B g S LT

o Confimed ~ Fris™ 2, 3, 5,9, apigenin 6 Gelwoside 155, 433, 415, 97, 39, Confimed ¢

5 quercetin 3-rutinoside (rutin) 610 633, 611, 465, 449, 303 VR, MS) Leavs™ 12 20 fooviexi) 43 1 303 (MR, MS) Seeds” 4
quercetin o

6 Ot —fphoni 60 63 61 45 49, X3 (m) R’ 29 o e AN CO%‘“ Sk 3
(quercetin 3~ CArobinobioside) ’

- Frits™ _ ' .

Kaempferol 3-Onuinoside Confrmed c 691, apigenin 634i-Cgucoside 617, 595, 577, 59, S4I, Confimed

T i) S 611,35, 40,483, 8, g™ I;oae\('iessc D 2 g B s oy Sk
kaempferol L apigenin-6-C-(2"- Cglucosyl)

8 -Olamoyli—Gglhcose 9% 617, 5%, 49, 45, 7 (NC"M“IQ‘";}‘;) (S0 B g sog 1 90 454890 (chﬂ“g% Sl 4
(kaempferol 3- Chrobinobioside) (2" Oglucosylisovitexin)
Kaempferol Conimed . e foviexin T-Oghuooside 617, 595, 43, 415, 397, Confimed

) Ol ¥ 695,48 8 2 S Rt 23 M ot T TR

0 g?gcxeytligsyl(lHZ)rhmmoside- ms o T84 m) Fuis’ 9 %5 (epitecin 3 C"“ﬁmm)“’d Fuis' 2
4-Orhanmside
T-methoxyapigenin-6- Cglucoside Confirmed ¢ . . Confirmed a

I e M6 49,4104 b Sl 348 06 (oigloandin N6 39, 07 Ny L 1
Fmethorypigeni- 631, 69, 447, 40, 411, Confimed B34 6 ) et Corfimed

12 6" Oguoosyl)ghcoside gy o W A Al Seeds 7,8, 10, 27 \remealocaen 4% 481, 459, 307 Leaves 12
et 0 (MR, MS) i 3 Olte ()
T-methoxyapigenin- it

By Ogelghosite g G B HBAL (m) Sl 467,10 28 plovin 35 Caeoice 98 670 20 8L 8838, m) Laves 9, 11, 12
(isospinosin) ' Seeds’
- 751, 79, 69, 607, 567, Confirmed e 8-Caluooside 99, 417,39, 381, 36, Confimed

14 6™-Ophydroxybenzoylspinosin-~—~ 728 47 48, 411, W 0S) Seeds 3 9 (e 416 35, 97 (MR, MS) Seeds” 4

T e— i TS0, 98 40, Confmd ¢

0, % (NMR, MS)

la

. Z jujuba, °, Z jujuba spina-christi (L) Wild; ¢, Z jujuba var. spinosa.

z)1, Bai er al, 2010, 2, Choi ef al, 2012; 3, Choi et al, 2011; 4, Cheng et al, 2000; 5, Guo et al, 2011; 6, Lee et al, 2012; 7, Liao ef al, 2012; 8, Liu et al, 2007;

)

9, Pawlowska er al, 2009, 10, Wu er al, 2011; 11, Yang et al, 2013; 12, Zhang et al, 2014.

INFL, new flavonoid in jujube leaves.
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Fig. 1. HPLC chromatograms of leaves and fruits in the jujube tree (Zizyphus jujuba var. inermis (Bunge) Rehder).
Six flavonoids: peak 1, quercetin 3-Crobinobioside; peak 2, quercetin 3-Crutinoside; peak 3, quercetin 3-O-glucoside; peak 4, phloretin 3”,5°-di- Cglucoside; peak 5, kaempferol

3-Orobinobioside; peak 6, kaempferol 3-Chrutinoside.
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Fig. 2. MS spectra (pos1t1ve ion mode) of flavonoids 1solated from the frults and leaves of ]u]ube tree (Zzz;plzus ju;uba var. inermis (Bunge)

Rehder).

(a), quercetin 3-CHrobinobioside; (b), quercetin 3-Crutinoside; (c), quercetin 3-O-glucoside; (d), phloretin 3’,5’-di- Cglucoside; (e), kaempferol 3-Crobinobioside; (f), kaempferol

3- Crutinoside.
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Table 2. Contents (mg/100 g dry weight) of isolated 6 flavonoids and their mass spectrometric data in the fruits and leaves of jujube

tree (Zizyphus jujuba var. inermis (Bunge) Rehder)

Aglycones  Glycosides Peak No. Individual flavonoids MW Fragment ions (772 (Frljlﬁjslf?r?esh) (FrJuli]tlslbgry) ég;?;)
5 kaempferol 3-Orhamnosyl(I ~G)galactoside 5, 617 505 449 287 06:00" 04400  1052:15
Di (kaempferol 3-Crobinobioside)
Kaempferol

(/2 287) 6 kaempferol 3-Crutinoside (nicotiflorin) 504 617, 595, 449, 433, 287 0.7£0.0 04:00  2158t3.1

Total kaempferol glycoside contents 1.3100 0.80.0 321.0+4.5

Mono 3 quercetin 3-Oglucoside (isoquercitrin)™™ 464 487, 465, 303 02£00 0.1£0.0 404408
Qurein ?:S:fent?n 35%?(?&?2;&}%%“““’5“1" 610 633, 611, 465, 449, 303 52401 34300  1054.1#157

1z 303 !

( ) 2 quercetin 3-Orutinoside (rutin) 610 633, 611, 465, 449, 303 6.9+0.1 4900 67352840
Total quercetin glycoside contents 123403 84100  7,829.8499.3

Phloretin Di 4 phloretin 3",5-di-Cglucoside 598 621, 59, 581, 563, 545, 527, 461 ND’ ND 205.8+49

(2 2T4) Total phloretin glycoside contents ND ND 205.8+4.9
Total flavonoid contents 136102 92+00  8,356.5£107.2

All samples analyzed in positive ion mode (pz [M+H]") using UPLC-DAD-QTOF/MS.

"Each value calculated as meanstSD of three replicates using internal standard (galangin).

NFL, new flavonoid in jujube leaves.
3)ND, Not detected.

v 2£2¥ flavonol 71 AJE FollA Fo RS RISt
Aot 2 B-2USX(Z jujuba forma hoonensis C.S.Yook)
3} vl FMechu, Z jujuba var. intermis) Bvl FZE2] rutin
&13K295.5, 707.5 mg/100 g DW)Eth= S YERETS).
o2 & quercetin 3-O-robinobioside”} %ol A 1,054.1

mg/100 g DW(Z flavonoid &3 5 13%), 214G rjol| A
5.2 mg/100 g DW(38%), 43z dujolA] 3.4 mg/100
g DW(37%) <22 YEFTE Isoquercitrine Lol A 40.4
mg/100 g DW(Z flavonoid & Z 0.4%)= Al Fwf ol A
0.2 mg/100 g DW(1%), FA = rjollA 0.1 mg/100 g
DW(1%) 2t} =9k} A0l w204 F=2 Celycosylflavone
2 d# 7 spinosin?} isospinosin, ©}2 S}(coumaric acid,
ferulic acid, sinapic acid, vanillic acid)¥ spinosin”’} E.11%]|
oglon, B Aol ALE thFRoE AEEA) ¢
Sttt ol WS4 (Zzphuyl wet hska e 7]
A AR Aol7t e Ao E Hod [h2,29). o] Yol =
3-O-arabinosyl(1—2)rhamnoside,

quercetin quercetin

3-Oxylosyl(1—2)thamnoside, quercetin 3-O-xylosyl(1—
2)rhamnoside-4’-G-rhamnoside 5 quercetin ¥ &7, flavanol
FH(catechin, epicatecin, procyanidin B2) 5 TF2] flavonoids
7 Bag vb gloy, B AFdie HEFHA &%
(24,30-32).

F U Yol A nicotiflorin®} kaempferol 3-O:robinobioside
= 7217} 215.8 mg/100 g DW(Z flavonoid & 5 3%),
105.2 mg/100 g DW(1%)E YebA ). Evll9] nicotiflorin}
kaempferol 3-O-robinobioside S AlXMLuzE 0.7
mg/100 g DW(Z flavonoid &% F 5%), 0.6 mg/100 g

L

DW@%)elR 1 4% dul= 0.4 mg/100 g DW(4%),
0.4 mg/100 g DW(4%) 2 A g7} 34z Dot
A YERY quercetin WA ¢k Bl 529 A8 ERASIT
2] 2 phloretin 3’,5’-di-Cglucoside= 7|0 Had 3
I wR A R g U oA Rt AEE 9 em, 205.8
mg/100 ¢ DW= 3 flavonoid % & 2% 5 A5t T
(4,31).

U Fo A 229 flavonoide 7N AR £7&
A7 Gujof|A] H]=Et o F9lel wet 2 alol &
el 53] T U2 flavonoidE 531 ¢
st AE Ao R Akl A~EYAE YEoR n¥Y

T AEdA g a3t dvtal 4 ruting FH-5H
3

1 7 vEe Bow mad PR o 754
34). SielA] o
TR, 49 5 FA S GA A AL A

A 730 wHE 715 it BaE A7}
AHEES). o & Faho rui
o9 e 7154 A2

2M 28 7ol

3 Aol S HFURe] 93t il flavonoid
WA 2A1el7] fieke] A A7E AERAL uhe
2 W30, ST, ouFUT 5 hFurs



of

1010 S & A A

(Zizyphus)dl| W flavonoid®] 31814 3 H 7 2 A8t
o] 3749 flavonoid 2ho]l B2l E A&ttt 7t
flavonoid 7]¥ 4] ¥-& UPLC-DAD-QTOF-ESI/MSE A&
sto] A 5I om A2 glo|Helg]e] HHE o] &3t
TULE IFUF25E F 659 flavonoidE 21313

ol& Fotd FAE tF U do] 8 AE L quercetin
B Q1 matin®)-S &H915199 31, 53] quercetin 3-Orobinobioside

- NECEER EETR- Et

9 isoquercitrine T+
dolre AF FIE AS & 5 UATE & AT 2ol
sol A2

U5 flavonoid®] 33E JHE 23
golBelg]e A3d Aot ol HAAE 7155
@ oz Alzgd,

ZALe 2
2 d4e w2154 AFAKRIEAE S PI01178704)
o] e 3| o] Foi7l FolH, AH] Aol AA=H
Yt}
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