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A ERBUHHER SR X AR E 8RB B IE FUEEK A 7
X FF, i, A K, BAY, thig
el K25 A R B, T 2RS4, TUI430070

WE: AR B MG E T R 7 Ak & A2 70845 (Citrus sinensis). A4 (Citrus grandis)4= %) £144(Citrus paradisi)F 52 7T 2 A X,
oAt AR AR &% % 3R #(HPLC-MS/MS) B R A, BF R R B 445 7R X % BA(flavonoids) 2L A= &2 09 £ 7, 4R
A R FERG LA TR F) R R MG R R £, RBER M B 41AY £ 2B, 2 F, F5 R (flavanones) /£ #45 Fo &)
AT EERFE, AT S ETRG[FHH353.06 pgg' (DW)], H Hb kX, A F 48 RIK[FHRA52.16 pgg’
(DW)]; #9513 BR (flavones) 237, @358 JUIRIE 64 & 3 BA (tricin) R 48 3 48 Fo B AP % ¥ 84 & BA(PMFs) 2574
Z R A2042, RE) XA AT, HRE . HEE (flavonols)fePMFs4-% £ FAs 3 b5 6 X B AK—3, Bbd L3

EFRK, B#HE TS ERG, T 458441 pgg' (DW); LA F HAh; b Ik, T34 FRH 18491 pgg' (DW).
IRIETH I 4150 KB A8 4B BT 2RO, TIHEFTH M MAE KR A3E, HMAE K25 R A AL, £ HFLEH
B AE AR IR, #t—FIGE T ) A K FH BB ATHAG TR 5 K G TAT .

SR BT dde &6 $ BT i AR 6

R H i (flavonoids) & fE 4 — R H L kA
PR, PS4 000F, H A H5E I PUE I 1
LA, X A fd A R . AR S5
(AN IE], SEBEHA T 4 A3 S B (flavanones) . 55 i
(flavones). 7 i (isoflavones). 3% i % (flavo-
nols). 1¢ i % (anthocyanidins)%% 28 (Cook %%
1996). i &t 5 b B E N RMIED 2 —, K
s E & 2K (GattusoZ$2007; Abad-Garcia%f
2009). H i C A 23 2 4 58 602 A S
gk, AR GEER SN 3, K 2 DS Bl E o A
WA, FHAR A 3 A A AR B 1 55 2 2 (Tripoli S
2007). % H 4 FE 25 (polymethoxyflavones, PMFs)
F& R FE 0 5 (phenylchromones) 45 #4) 23, 4. 5.
6. 7. 8. 2\ 3", 4, 5, 6'FHMBIERAN
DL b FSEIE T, B P PRSI
N MR IE ITPMESIE80FY, |2 4347 T2 & FH(Ruta-
ceae). 74 HLEL(Rubiaceae) M), WAE Jykar il &
T E A IIAT RbRiC(0oghe51994) . H FiT, PMFs
) LI AR 17 A 58 4 W T (9 53 56 55:2016), {HAERH
P& R F & AT (Chen%$2015).

TR € 2 2 A G A DA ARG SR 5 28 1
(A6 271, ) R v A 3% BT 4 A A A R
SEHP 1O SR A S 3 i (77 P 5520135 KBV 452014,
ZhangZ52014), {H 5% 7 AR mbR Ak i, S H A

o B BRI 2R B A X LRI, € B 0y A IS e T
FhRAT IR, AR 4 D2 5 B 5 7 12470 7€ (Zhang
220115 7Kk ICHESF2012; FHIH%52013). fm AOBUAH 4
ik - FELE 55 25 1 BF AR IDE 5 1% (HPLC-ESI-MS/MS) A&

HAT e i S S 0 T 85 AR, AT
TR g PR EIOHE DLE 5 110 28 2 I S 1 A
7M1 (Abad-GarciaZ$2012; Barreca®$2011a, b). i&
JH o0 RO E % - DU B AT - R AT I 18] 5 8% (HPLC-Q-
TOF-MS/MS)Hi AR u] SRAS & WIFE i it =45 5, 45
A AT NI T 45 SN S i — 20 R 1 1) SR AR R,
A0} 22 Fh S B 3R AT 5 A AT, R 2 R 5 A
fige AT AN E BRI A A T A

A0 DA PE AR 8] 225 vk g Ml i 8 SR 5
JIRERL, T e R Ut - R IS B B R, 43
AT 22 Pk A rh S B R ZH e, D E o5 PR T I 1 &
A BT 50 MG T R B R A AR . BT FOATTAR SR
ST AR AR, IR M A B R AN )
FHR DA

MRE7EE

1 i

2 56 A4 L6, 15 & 4% [ Citrus sinensis (L.) Os-
beck]. #li[Citrus grandis (L.) Osbeck]F1% %] fill
(Citrus paradisi Macf.) 3R IEZSRY, K B R E M
(T Sl R e e v N0 X S B A R R T
TEAE BT . FEMIAE TV BRI, A4 S i

ks 2016-03-24 &E  2016-04-09
FEL AL B PEAT L (RO BHIEE 151(201303093) [ 2K H
IRBIAEE G (31521092) AN 7 #HT LB AR T3 A A SR it-4l
(NCET-13-0810).
* JLEEIRE# (E-mail: jie.luo@mail.hzau.edu.cn; xujuan@

mail.hzau.edu.cn).
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Table 1 Investigated Citrus cultivars

KA b 77 S Ta)

FigieS ‘Itabori’, ‘Early gold’. ‘WEAIIFE . <= FZLEHE" . REMAREIRE . ‘BudiiiE . AL 2012-12-10
HRIKT2-1. HiFE. Paperrind 4XHIHEF1JE L TG

Tl ‘Kao Phuang’, ‘7KFEFAEM SCEAM . /NGEAWR . Vb HAR R OK s> GIN 2012-12-28
LA 1SR A ST B WK 2012-11-27
TCERAM . ‘Kaopan’ Fll A4 2T Al Bl AT 2012-12-10

A ‘Red Marsh’ #1‘Flame’ AL 2012-12-10
‘Red Marsh’, 5 4% LU & Al R B 22 A == R EIN 2012-12-28

HAR AR RR 1 A A Ok, BERR IR FE. P
64 77 57 478 BB 58 A1 B R/ — B SR siedAs, 3k
TH24AN SRS ORE Jo 4 SR S FH 2l K e i, 7 B9 45
B J 2 M 5 1R B R R AL, R TRCE
TETAE T (Heto Lyolab3000, F}22)F 4%
T A, T CryoMill =i & 41 20T B 4 (Retsch, 15
) RIS Rk A, 7E—80°CUKAR HH PR A7 45 HH -
2 FEAFFLEE

WARF] 2 £ [ (lidocaine, 73 Hr 4y [ 5
WA FR A W], 2250 2 5 B AR il 72 3R (5,7,4'-
trihydroxyflavone). J73& 2 -5-7%] % b 1 (apigenin
5-O-glucoside). #4131 (apigenin 6-C-glucoside).
"H: 30 F (apigenin 8-C-glucoside). A J# H 2 (luteolin).
AR R B &K -5-0-% %) B (luteolin 5-O-glucoside).
R R B & -6-C-5] %) Bl (luteolin 6-C-glucoside).
A JBR B K -7-0-7 % B (luteolin 7-O-glucoside).
XL F (eriodictyol 7-O-rutinoside). 257l 2
(naringenin 7-O-rutinoside). A % ¥ (naringenin
7-O-neohesperidoside). #& & FF (methyleriodictyol
7-O-rutinoside). #1151 (methyleriodictyol 7-O-
neohesperidoside). 7 X E #f (methylnaringenin
7-O-rutinoside). 1% (methylnaringenin 7-O-
neohesperidoside). O-H H:Aih 2 & -C- b (O-
methylnaringenin C-pentoside). #i ¥ % (quercetin).
Wi i K -3-0-Z 4 i (quercetin 3-O-rutinoside)+
2 B W (tricin) . I B5 % % (3',4',5,6,7,8-hexame-
thoxyflavone). &5 (5,6,7,3',4"-pentamethoxy-
flavone) Fllid % 2% (4',5,6,7,8-pentamethoxyflavone)
4 H Sigma-Aldrich/a 7]« FHEE. ZBERI R AN
A, 8 [ Merck 3 7 47

A58 FH v RICGTBURE £ 3% - DY WA - AT IS 1) Joi 1% 4%

(Agilent 6520B HPLC-ESI-Q-TOF-MS/MS, % 4#1¢
A R 23w ) 1 2 A S W, e 250 A €3 - Y
PFF-Ze k2 7B B A (AB 4500 HPLC-ESI-Q-
TRAP-MS/MS, [ N AW RS A 7)) E & i
KA .

3 KRR EDIRI,. "BE5EE

FE b H2 ORI 2% 40 it 26 A4 2 28 1) W 5 Ak 41
$1(2014) LA Sz Dong25(2014) () )7 VL& A5 Bk 5h .
BRI A FE 20 mg, JiI A\ 80% H % (#70.1 mg L™
2 R, 4°Cit R H2HL, 12 000xg #0210 min, HL
EIER AT

3 %Ak (3 k% Ay Shim-pack VP-ODS C (5
um, 2x150 mm, 55, WEIFHAN 2 (£0.04% 2,
1R), B ALK (F50.04% L 18) . 16 5 Pt
FE7: 0~20 min, 5% A; 20~22 min, 95% A; 22~28
min, 5% A; J5IE4T5 min FH G FE, 7E 0.3
mL-min”, BEFEARFIN2 uL.

JT B S5 AU LI 55 85 R (dual ESI), i &4
F36 FEl (B 7 EL, m/z) 100~1 500 Da, E40% HJE3.5
kV, ZA#E 72 758 kPa, FHRAMAERIELO
mL-min™, TSR EE350°C, R4k N w4l
N,. JE/70.15 MPa.

4 BAEBE RSG5

F]FHHPLC-ESI-Q-TRAP-MS/MS % J2 % s ]
A 4#i(multiple reaction monitoring, MRM)## K4
B, M A5 % ChenZs(2013) 7775 . SR AAR
T it S 2 ) b fE 26 05, 456 R R R R AR
E B ST R W T AR, R ARV T SR R S i
M & &, VEAME B LAR2.

IR 25 R SAS 8.1 fF(SAS Institute Inc., 35
E))™ XL AR AL ok 72 (general linear model, GLM)
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Table 2 List of standard compounds and compounds in samples quantified accordingly
NG SE BT
ERARjiNE] LI AT SR -6,8-CAEMETY . RBER-6-CAm BT . RBER-C-OHETTED. 3-

T R R -7-O- B E Y
F RO T
Wit B F-3-O- B Y

I ET-O- BN
IR 2%
KRB T-O- B R

F R T R -C- OO . 347,55, 7- TR -7,3,4- = WL RE-5- A R B . TSRS &R-6-C mi b
F-0- 1 pEtr

FRETE . Tl R RIO- T Al e - Co R

SERYCH . WIS R MR AIRE

221 -3-O- R WE-7-O0- AWE « LR Wy-CRi BIFETr . 3. L2 M-3-0-H B PE1r-2-0- AW 1T
WL 2 -3-O-ZEFFEE-T-O- B TF . 5,7- R FE 0 Wi 2. M R-0- Ol AE-0- O . Mz 170
Wil e Z53-0- 22 F AT

FESE -5 A

VIR e 2% e S R A e 2%

3R RN -O- O . ZHM-5-0-CFT . ZHEE-7-0-CFF . Z3EN-0-14 - HEE- O, %
FH-O-FF 7l CORET . ZHW-O-FF FHEET . RBEZR-C-OFF-0- O . REBEER, KBEZR-C-
CUE-O- BT« AR B B 35 -7- O~/ 1 W7 R AR J2 B 22 -5-O- il BRI

i e i, BB KT Na=0.05, G 4h
RZlog2#%5 40 J5 FH SIMCA-P+11HEAT 3 1l 5 43

(principal components analysis, PCA),
S e

1 HRBRE R A E T E M2

F| FHHPLC-ESI-Q-TOF-MS/MS X274 # #5 5
SEV BARE S 3E AT S IR E P Al B 4%, fEHPLC-
ESI-TOF-MSIE & 1A x0T, AT — 20l 4 44,
SRAFHE: it $2 O Hh 28 15 I % B ][] (retention time,
RT). 7+ FEFIMtH] Kitfim/z5 5. R)aE, &6
— 2R A5 K., i HPLC-ESI-Q-TOF-MS/MS fi
TS, [MAH] TR, AR R T E R
=R, XSRS R T 2R B 2
Y5E . 454 Abad-GarciaZ(2012). ChenZ%(2013).
Wang%5(2015) 15 3 1% < %5 3% /2 (MassBank, KNA-
pSAcK) F m RS B, MR & TS ER
S5 o X T A bR S B SRR, SR [FIFEAX
AROAE, FRATHRUE A TS HE, AHERT. [M+H]H
ffim/z A0 G B, ORI e o R A SR R
AT A& W 10 ool B Hs E AT Lu Xy o K3 9AH AE
TSR S e AP S B, L4558 Fh 1 e I
23FP B 7 A A3 B PMFs R R R 24, H
Fp 22 % B A s A v it B B IE

A5 Al 5 7 947 i B R P s 4 s B ok R 2
SE R R . #E(+) ESI-MSIE B TR R, *t
o ot 25 Bl R il — s s e, SRS A

FEMIRER[M+H] m/z 581.186 1FIH 7T 5 T-m/z 273
[A+H]" (£23), #&Hlm/z 581.186 1 55T [&l, 3KELRT
(9.67 min) ML A58 E1E B(EI1-A). s
m/z 581[M+H] a5 i L4 146 Dafl162 Da,
TR F B 0B Fm/z 273 [A+H] J X Jbk
FEREFT162 Das146 Da, 73 B JERE Fm/z 419
[M+H-162] #1435 [M+H-146]" (E1-B). =74
BT AR RN 1-C o [RIREAL 3% 564 T 20 b Bt
din, EGXE bR HE SRR S PGS YIRT . K fim/z
[M+H] e 8715 5, 58— 2, Mok Ak
e NEER R . B bR A2 A Al
T B SRR E . BRI R S g5 0.

DA 2 55 W A D 491 356 WA %o TG b o o 1 288 3 T
S e R ok, RIEAA PR 0 TR S E
FEHEMR, FEE— DS SCRR AT RS (S B WIE S e S
il 22 ST o S B TR I e AR e AR
fE(+) BSI-MSIE S F— il ~, A8 P
K5 Hfim/z 493.133 9 [M+H] F1 2 B 1 70 & 75 v
K ffim/z 331.081 1 [A+H] . i R, A
e I R GRS Fom/z 331 [A+H]Y, EJHE A
W F162 Daftz i — et F 88 +m/z 315 [M+H-162],
0 L HE W A0 & W0 22 SR B . & 1 Chen%s
(2013), FRTA9.34F19.90 min[r] 2 &5 i B 15 4>
) % 58 N B -5-O- CBE T (tricin 5-O-hexoside)
FNZZ # - 7-O- C AT (tricin 7-O-hexoside). #
FANTF WP S8 T HAB P2 S Wb 1 . X2
T URAE A RS I 1) 2 2 T A R
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B 7 LR s S R CE A AR P 32 DL O- Bl A
C-WET T AEAE o KA AR Fh 4 DR 38 i 147 93 28
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Flavonoid composition of Citrus juice sacs determined by high-performance
liquid chromatography coupled with tandem electrospray ionization mass

spectrometry

LIU Xian-Qing', TU Hong’, WANG Shou-Chuang', ZHANG Hong-Yan’, LUO Jie"", XU Juan™"
'College of Life Science and Technology; ’College of Horticulture and Forestry Sciences, Huazhong Agricultural University, Wu-
han 430070, China

Abstract: High-performance liquid chromatography coupled with tandem electrospray ionization mass spec-
trometry was applied to determine flavonoids in juice sacs of 27 Citrus germplasms widely cultivated in China,
including 10 sweet orange cultivars (Citrus sinensis), 12 pummelos (Citrus grandis) and 5 grapefruits (Citrus
paradisi). Forty-one flavonoids, including 8 flavanones, 23 flavones, 7 flavonols and 3 polymethoxyflavones
(PMFs), were identified and quantified. The results show that there were significant differences in total flavo-
noids levels among different species. Total flavonoids of sweet orange [averagely 584.41 ug-g”' (DW)] was the
highest among all species, followed by grapefruit [averagely 333.64 ug-g"' (DW)], while pummelo accumulated
the lowest level of total flavonoids. Sweet orange has the highest level of flavanones [353.06 pg-g"' (DW)], fol-
lowed by grapefruit [137.85 pg-g” (DW)] and pummelo [52.16 ug-g"' (DW)]. Flavones were detected at rela-
tively low levels, including tricin and O-glycoside which had not been reported in Citrus fruits yet. Levels of
PMFs in sweet oranges and grapefruits were 20-fold higher than those in pummelos. The accumulation of flava-
nones, flavonols and PMFs showed similar pattern to total flavonoid contents in different types of Citrus, which
resulted in big difference in levels of total flavonoid content. The highest accumulation of an average of 584.41
ng-g"' (DW) was detected in sweet oranges, followed by grapefruits, while the lowest level of an average of
184.91 png-g' (DW) was observed in pummelos. Principal component analysis (PCA) shows that the grouping
by metabotype as represented by flavonoids content was in line with the grouping by genotype of Citrus spe-
cies, revealing that the content of flavonoids was closely related to the genotype of Citrus.

Key words: Citrus; liquid chromatography-tandem mass spectrometry; flavonoids
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