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Flavonoids Composition of the Ethanol Extracts of Four Citrus in Chongqing and Their in vitro and in vivo Antioxidant Activities
GUO Chun-xia"**  (1.College of Horticulture and Landscape Architecture ,Southwest University , Chongqing 400716;2. Laboratory of Qual-
ity & Safety Risk Assessment for Citrus Products ( Chongqing) , Ministry of Agriculture , Chongqing 400712;3. Key Laboratory of Horticulture
Science for Southern Mountainous Regions , Ministry of Education,Chongqing 400715)

Abstract [ Objective] The research aimed to study the flavonoids and the antioxidative activity in vitro of four kinds of Chongqing citrus ex-
tracts. [ Method ] Four kinds of Citrus in Chongqing producing area (Liangping pomelo, Fengjie navel orange, Wanzhou Dahongpao red tange-
rine and Tongnan Eureka lemon) were used as materials to qualitatively and quantitatively analyze the main ten kinds of flavonoids ( Hesperi-
din, Narirutin, Naringin, Diosmin, Tangeritin, Nobiletin, Eriocitrin, Sinensetin, Isosinensetin and Kaempferol) in their ethanol extracts by
applying the ultra performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry. Three antioxidant assays ( DP-
PH, ABTS, FRAP) were used to evaluate the antioxidant activity of ethanol extracts from the peel/flesh of the four Citrus.At the same time,
the Saccharomyces cerevisiae BY4742 strain was used as the experimental model to detect the content of reactive oxygen species (ROS) in yeast
cells after treating by the ethanol extracts of four Citrus with low, medium and high concentrations.[ Result] There were differences in the types
and contents of flavonoids in different Citrus and different parts of the same Citrus.Overall, the species and total content of flavonoids in Citrus
pericarp were higher than that of pulp, and the pericarp extracts had higher in vitro antioxidant capacity than the pulp extract. Among them,
Liangping pomelo had high content of naringin, while Fengjie navel orange, Wanzhou Dahongpao red tangerine and Tongnan Eureka lemon
fruit extract had high content of hesperidin. In addition, a large number of eriocitrin, nobiletin and narirutin were existed in Tongnan Eureka
lemon, Wanzhou Dahongpao red tangerine and Fengjie navel orange, respectively. The kaempferol was specific in the peel of Liangping pome-
lo, and diosmin was specially distributed in the pulp of lemons and grapefruit. [ Conclusion] Compared with the other three kinds of Citrus
pulp, Fengjie navel orange pulp contains the highest flavonoids content and comprehensive antioxidant activity, and high reactive oxygen scav-
enging capacity.

Key words Citrus; Ethanol extract; Flavonoids ; Reactive oxygen species ; Antioxidant activity ; Chongqing
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Table 1 Citrus sample materials

page  TXH 24, W g
Chinese Plant parts
No. Taxon name Abbr.
name used

1 W LS Citrus limon(L.) Burm.f. S P
FEFTEE A LF
2 PHh Citrus  maxima ( Burm.) PSs PP
Merr.cv.Liangpin Yu HA PF
3 ZEA5 KRG Citrus sinensis(L.) Osbeck. B OP
RA OF
4 T KL Citrus tangerina Hort.ex Rz TP
HILTAE Tanaka B TF

112 [EEREEBR, A PR 9 B T bR BY4742 (ATCC®
201389™) (MATq his3A1 leu2A0 lys2A0 ura3A0) W3 T2
TR FE Y ELEE ( American type culture collection)
L1300, SEBEabRIE S [ 1 5 (Hesperidin) il 2 2575
H (Narirutin) i 2 F ( Naingin ) 3 B8 5] B} ( Diosmin) 1% 2 &
(‘Tangeretin) . J1| % )i 2% ( Nobiletin ) \ 3 ¥ YK 1 ( Eriocitrin) | &
F& & Wi ( Sinensetin ) . 5 8 & Wi ( Isosinensetin ) | 1] 25 [}
(Kaempferol) |, L—Z8 3R , W b: AUIA, To = HEMR (YNB) , i iR
B B MR, B RN BE B B, H2DCFDA, 2,4, 6~ =1l g
Fe—s— =M (TPTZ),2,2'-(ABTS) ,1,1- — 78I -2 L3
(DPPH) , —HINEE(DMSO) , LA 1 BT A 1250 X 1 [ PG A% 3 5
B 2723 A (Sigma—Aldrich, 1) . YPD R A Ak 5
K A FZHFEYHEHARARAF (AL .

114 U584, Xevo G2-8 Qtof =43 BEIULAT AT 1]
B AR (36 [ Waters 23wl ) 5 42 9 4 454 50 2 2 BE i b 4X
( Varioskan Flash, Thermo,USA ) ; Lambd 25 %I484h/ 0] Il 435t
JeEET) (2 [H PerkinElmer /A ) ; RE-52A/RE~-52AA Jié
s (HEIESR) s Milli-Q B4k AL (36 [ Millipore 24 H] ) 5
AN TERIL (b 50 % I R R R S AT FRZY B] L, RT-04) 5 15
TR E U AL ( Eppendorf, Centrifuge 5810R, Germany ) ; 4 14+
TAEG (FRME A BRA ) sHVE-50 94 { 38 K
B (VLI R A s b R 7)) 5 T8 IR B IR A8 OUHR 1
HERARA )

1.2 7

121 FESATIALBE, AR R SR AW S T T SR 452 25 K
A RS A B U RV RIS A, 2% R TR
AIRTCT 80 CokFiftfE R

122 ZEEHRRY PRI 2R B R o o B DRGSR IGET
B HYSR B/ RN 2 ¢ T 10 mL B A 7 mL ZF%, TR

A JE 8 P HEH 30 min,5 000 r/min .0 10 min, U _F 15, 5%
M7 mL HEEEE R 2 R, 5IF LRI ESE R
25 mL, T 4 CvkA 8 o e B A, 0.4 miL 4 B
W, MA 0.6 mL M4l KRR BEF 1 0.2 wm 3E7KPE PTFE 5|
2 mL SRR/, REI . T Q—Tof S 43 17 4 B 1S 2 il
JRAT I BRI A 547 S % Yang 251 1SS

[FTRE PRI 125, AR P 4 A 8, i g e FH A 2R
KR 50 g, SRR R 100 g, 75 2RI FH e 5 28 R A%
RILLBE KA R B 53 5% T 10 mL T S mL DMSO
B v BE R IBOR , 5 ] DMSO i BE 10 £ 745 21 v ik iz 2
IO, P ERGER 40 Hh e B SR IR DMSO #5810 545 2Kk
FEFRBOR
1.2.3  [RIMTEATN .
1.2.3.1 DPPH, %% Barreca 2" [y )5 ¥, #E i W% X
500 pL B4 T 3.5 mL 75 wmol/L fy DPPH ¥, MG I 1%
30 min Ji5, 7E 517 nm AJUSGREE . LAVAE T 80% £ I Trolox
VWA REABRE 2, B AL RE ST T Trolox i TE I,
1.2.3.2 ABTS, 43310z HL 0.1 mL $2EU# , fil1 4.9 mL ABTS J2
B 10 min f&F , DLali SR, F 734 nm ZRGEROERE . DL
T 80% H Y Trolox VAR ARFE SRS I #R 2% , Trolox ¥k &
RAEIT 2, P4 AR J) FH Trolox it TE iR, HART %
ZWCHR(13]
1.2.3.3 FRAP, UERAUEL 200 wL $2HUE M E]3.8 mL TPTZ
Wb, )W 30 min J5, LL 0 5 (200 wL 80% H FiE+3.8 mL
TPTZ) Jp%f B8, 7€ 593 nm KRR . LA T 80%
217 Trolox YR MAREEMMAREINZR , it fbfig 71 H Trolox X4
it TE R, BARTES WGk 14]
1.2.4  EEREM G ROS 5E . A T A/ oM 32
T A A B () R B PR 1 A KO, B 3 20 R 525 Sk
[15], #£30 C T, ¥ T DMSO %1% 2 wL 5 mmol/L 1)
ROS #%1 H2DCFDA Jii A 1 mL 7 30 °C ,200 1/min $5372 d
B RF R BRI IR A RN 1 he BRGNS BE SR 3L A TT R
K TP 2 UOTEIF T 1.0 mL 50 mmol/L Tris/Cl 2% ph
W(pH 7.5) /. HILA 20 WL 45 F1 10 WL 0.1% (W/V) +—
P SRR AN (SDS) , I 4HAfLAE 30 °C 200 r/min Z544 iR E
30 min DUHEYLRM B, K53 5 000 r/min 5.0 5 min,
{6 TR CAE 480 nm 38 & P AN 520 nm A& Tl &
THW P
1.3 HEAIESH  F Excel .GraphPad Prism 7 #4847
I BdEab s 22 57 BT .
2 ZRE5HH
2.1 4 EHIBRERA ZEHRZEWH 10 FEEFRRISRER
2,11 JRiEEHIE, 3R 2 WORRKIRT1.2.27 7k, 10 FhS R
PAPRAE Quof =54 HFDU AT AT B ) J5T A3 o i 45 31 () A o4
M2 AE Ltk i BBl N A B R R o
2.1.2 R R RN K i o, B 1 4 FhATAG
IR R QB 10 FhSE R L3 1 A i B . IR
AT, 3X 8 AN il Y S IR A 20 R A AR — 2 25 R
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Table 2 Linear equations,linear ranges and determination coefficients

of flavonoids

FEOkMmIE amore el
No. Flavonoids Linear equation e/ mL

1 R y=4 479.3x-815.38  0.5~100.0 0.999 2
2 LML y=3 603.6x+5 025.3  0.5~75.0 0.996 9
3 il e 1 y=5271.9x+46 280  1.0~100.0 0.990 8
4 WIRE  y=4034.1x-206.83  0.5~50.0 0.999 7
5 (%S y=36227x+6 097.8  0.5~50.0 0.999 8
6 JBERE y=9 217.16+606.19  0.5~50.0 0.999 6
7 ZRORH y=4213.3x-214.05 1.0~150.0 0.999 6
8 EMHEEN y=16 530x+1 6254  0.5~50.0 0.999 9
9 SAEEE  y=7 846x+1 422.5 0.5~50.0 0.999 8
10 AT y=4234.5x-1572.3  0.5~50.0 0.998 5

W k% Tangeretin

W #,5L3) 89 Diosmin

W A& F Naringin

W A E AR Narintin
W FE 3 Hesperidin

W LA Kaempferol
JHEE TR Isosinenset in
455 HR Sinensetin
23R Eriocitrin

W)\ F Nobiletin

w
d

R

Concentration of each subtance

i
(=]

—_
T

EEFP A

in the fresh sample /| mg/g

o

LF LP PF BP OF 0P TF TP
5t Sample
1 4 7B RE R A ZERI H 10 FR BT 5857
Fig.1 Distribution of 10 flavonoids in the ethanol extracts of

four citrus peel and flesh

WE i R IR S R LR 2, A6 B i i
PRI 20 31 )1 B 3% RS B A B 3R RS B L S
B AR 2 A A B 5 U T IR R K, B S B TN
RELHILIAGANZR S IR SR A Bkt 2 B e b, A
PRI SL i A e A DN il e s B R RS R
FER P PRI S T B B, 4T 3.00 pg/g (FW) 5 Hak

NZENTIHPREIR Y IR R TE T SRR AT N R LML AR 1) SR B
FEH) i 2.00 we/g(FW) 5 55 by i pg L g sidr s 221
AT N R LT HIZTAR (1028 A BRI, 2950 1.00 pe/g(FW) o
T80 R BCHAERT AR B RNZL ARG h AT AT R 5 B W B e
GVl AT KA A, 3 WO 20 AR, S A
B BB TR, L2 32200 A0 T3 Al R B
H 3 B R I S B A T RS RIA 1 A 2R A R T R B R

FEIM TR FILIAG B
R3 REAKENTENZEFE EECEMRERZH
Table 3 Linear equations,linear ranges and determination coefficients

of antioxidative detection methods

e LR

Jiik

2
Method Linear equation Linear range // mol/L R
DPPH y=-0.002 9x+0.671 6 0~200 0.999 7
ABTS y=-0.000 6x+0.644 0 0~1 000 0.996 2
FRAP y=0.002 3x—0.003 0 0~560 0.999 2

22 AXMHBRERAZERRYNREWNKEE DPPH,
ABTS Fl FRAP 75 {8 )y it M3 RN AH 56 R B3 3.
4 Flvhi s R S AR B SR S RERR B ) DPPH ( ABTS FiI
FRAP HUAfLRE S a3 4 [, BO0E 2 %% Ak R A0 L A A7 #4 k
fiE e, i DPPH [ bR S35 R nl 1, 4 B SR SR i
WA 2 FEELEUY) DPPH {E 4 0.43~1.12 mg (TE)/g(FW) ;1
R IR L K () DPPH. F BT R AE ) ok, LR 2Ry
IR IR, B 55 1A AR . B ABTS [ F 23 il
AT, 4 FIR AR AL SR B AR B R L) ABTS {4 0.86 ~
4.29 mg (TE)/g(FW) ; Herh Z 5 [Tk SR B2 1) ABTS [ p ki
5% R 7 Aot , LR Ry i g U T AT R R B 55 1Y) AR R
P H FRAP RS 3 S5 i 0, 4 Bl R S 2R e R A
ZEEHY) FRAP 3 0.77~1.93 mg (TE)/g(FW) , Hrhig
FJC I SRR B2 1 FRAP [ B SLI5 B g 01 dci , ok 2%
TSR, B 55 1A T N R ETABET G R A o

Tz ] DPPH  ABTS F1 FRAP 3 Fho7 BG4 4 Fif
AR SRS SR R A SR IR 1 T AR A e D S IR A —
H, I LLZIRBO I Seeram 251 1738 (19— Fh 2 43 B A fL fiE
TIVFN AR BT R 255 VAN BT 3 AT 1 4 Tl bl s R S 2R e R
TR 42 U 1 Bt AL RE T, OF XEE AT Bt 48 Ak Be ) i
TTHEF (R4) 45 R RW], ASIR] i oA A% 2R B RN i 255

R4 ATHBRERAZERBONEIMIELTE

Table 4 Antioxidant activity in vitro of the ethanol extracts of four Citrus peel/flesh

YL TG Antioxidant activity evaluation //mg (TE)/g(FW)

LA PURALRE PR TR

o=}
z::;)le DPPH ABTS FRAP Overall a}nti(.)xidant potency f{ijj(
composite index( APCI)
LF 0.54+0.00 £ 0.86+0.01 g 1.09+0.02 d 41.60 7
LP 0.74£0.00 ¢ 3.06+0.02 b 1.93+0.03 a 79.11 2
PF 0.69+0.00 d 1.29+0.01 { 0.96+0.02 e 47.03 5
pp 0.43+0.00 h 2.06+0.01 d 0.82+0.01 43.15 6
OF 0.78+0.01 b 1.76+0.02 e 1.09+0.01 d 56.00 4
op 1.12+0.01 a 4.29+0.06 a 1.72+0.02 b 96.38 1
TF 0.47+0.00 g 0.89+0.01 g 0.77+0.02 { 34.26 8
TP 0.66+0.00 e 2.80+0.01 ¢ 1.53+0.02 ¢ 68.07 3

T [ 5B 22 5 W38 (P<0.05) o APCI=X (FfE/ %07 kb ab H) /O i rg B

Note : Different letters in the same column stand for significant differences(P<0.05), APCI=(each sample value/the biggest sample value in that method )/

the number of methods
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PURRECR 41.60~96.38, 2745 JH I SR K (¥ 5 - P 4l Ak 4
Hodwew , FOUCOH TR U1 se Ay R B TR L 1 se A B A
LB ZR S LA R RO A

23 AXMEBRERAZCERIUNBESEATEESE

IR

2.3.1 ARPREEREER 9 4 JEMHE R BRI SRR BGR Y T AF:
WRRE o R IR 1.2.27 7 3k A B ) 4 O A A AR AR R
DMSO Hr (3 8 RE S 1 e 2 i BB, o i vk 52 i B
DMSO #i ¢ 10 AFA51 e 2 SR IGRL, PGS 7 e EE AR IO
e 10 A5 A5 BRI SR BGR . K i op R 20 S B33 A
ASAHRLR AL S, BRI S,

2.3.2 MRS SIS X o B PN I PR R R R
P 2 TR A2 6 P G A R S L PAY , A R S )
X TR A A 5 P 45 12 e 2 B B AR P8 , Lo J P 3%
PRSI DUREE e R RS TR A phi 3% 6 R, 285
JHE SR 1) L B U )k E AL B AT e s ORI BE D L 78

lop

KHIIBE
Fluorescence intensity
oo

FEEECEEEEEOBEFE =BT =S
2 L S5 & &= 5 £ = 5 & =
P LF PP PF

AR FER (58 LB BRI T 7.60 5 HLUCH LA S 1 2 g
B ) e BE AL, D BE Uk A 1 7.31 5 i L ) s A R
FZ I TR U ARV B 2 ELAT S IR Bkl BE 7, 7 HL A
TRBOGEEE T 115,

*5 WERERAZIRNTIERE

Table 5 Working concentrations of Citrus peel and flesh extracts

mg/mL

8 ks e e

Sample High concentration Medium concentration Low concentration

LP 17.86 1.79 0.18

LF 34.48 3.45 0.34

PP 20.00 2.00 0.20

PF 45.45 4.55 0.45

op 19.23 1.92 0.19

OF 33.33 3.33 0.33

TP 21.74 2.17 0.22

TF 50.00 5.00 0.50
iR R AR R

0P OF iy TF P

b Sample

T :H H-CK M M-CK L \L-CK F3 il Q3 55 e BE AL JREH | m kB A P Py xok BRZEL v i BEAL BA | rvlk B8 b JUIZRL Fy ok 2L AT BE AL LR IRk BE

A BREH B0 2

Note : H,H-CK,M,M-CK, L, L-CK represent the high-concentration treatment group ,the control group of the high-concentration treatment group ,the medi-

um-concentration treatment group ,the control group of the medium-concentration treatment group ,the low-concentration treatment group ,the control

group of low concentration treatment group

B2 4FiEiERERAZERIYS PR 3 MREXNBEERNEESHZE

Fig.2 Effects of three concentrations of ethanol extracts from four kinds of Citrus peel/flesh on intracellular reactive oxygen species in yeast

x6 B/.PRKREHBRERARIENBESEANEEERDHE
Table 6 The decrease of intracellular ROS in yeast by different con-

centrations of ethanol extracts of four Citrus peel/flesh

Feh U E B UL

Sample  High concentration ~Medium concentration Low concentration
LP 6.18 1.44 1.15
LF 4.04 1.82 1.18
PP 7.14 3.26 2.09
PF 7.11 4.98 2.50
opP 7.60 4.39 2.75
OF 5.94 3.90 3.06
TP 7.14 3.80 1.44
TF 7.31 6.47 2.36

3 @itsitie

VR TEA A AR MR A 63 2
FIKAI A BB TE 102 52, A ie S IR 0416 — 2L
RT3 MO SR B 26 SR TR FIK 15 8 ks TR,

B HA A RS A A — S o PRl ST R
e R B, 2R B T M R 2L M LA A T
JIFERPRER S ) P 5 R B S B A, X S Arriaga
S TR AE I — B IeAh, SRR K AR AE T R T
S1vikrEE R X 5 Miyake 25 I Kawaii 25 fOBF5E 4%
W—BGR R KRB TN RLLALIAE b, iX 5 Whit-
man %5 [UBFST A — 80 SEE R AR T2 1T S
H1,3% 5 Albach % ** (I FE 4% iE— B

U EAT BT W B 1 h SRS o A
4 M 2 AT 4 T AR SR SR PYER O A ST SR AL iR
JEAFAE—RE M 22 5 (LT 75, R B SR U i) N AT SR AL
AT T A S o IS5 Hh  RTRG 2R B 2 s ) 5 )
RIS SRR TR AT R

i 3 ORI T Z R (0 45 R - 4 0L DL VA R, 72
T A B E SR R Ry, S A
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