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ABSTRACT: Objective To optimize the extraction process for total flavonoids from pomelo flowers and investigate
their antioxidant activity. Methods The extraction process of total flavonoids, the bioactive constituents from pomelo
flower extracts, was optimized by single-factor experiments and orthogonal tests, while their antioxidant activities were
evaluated. Results The optimal extraction process conditions of total flavonoids from pomelo flowers were as follows:

solid-liquid ratio 1:30 (g:mL), ethanol volume fraction 70% and ultrasonic time 50 min. Under these conditions, the
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extraction rate of total flavonoids was 12.44%. When the total flavonoid content was 49.86 mg/g, the scavenging rates of

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) disodium salt kation (ABTS") and 1,1-diphenyl-2-picrylhydrazyl

(DPPH) radicals reached 93.91% and 92.59%, respectively. The scavenging rate of hydroxyl radicals was as high as

99.51%, when the total flavonoid content was 24.93 mg/g. Conclusion Total flavonoids extracted from pomelo

flowers exhibit excellent antioxidant capacity and possess superior application value in the food industry.

KEY WORDS: pomelo flowers; total flavonoids; extraction optimization; antioxidant activity

0 3 B

AL I E AR [Citrus maxima (Burm.) Merr.], 2%
FHHE B A s o e e R HR ALK, HA
TP PR R D mlie b & 280 s B, dn
WEIZEYI T . Z W2 ORI S im A, i Sl 6 A 43 25
WESEHABLR . PUr AT E b o™, o o R s ik
B BER A R EE B R AR A AR o
e &9 .

i o0 30 B2 A 4 KSR, RS LA E
BN R, EMAE IR K RS R AT K o HREETT,
WIFAEIARAAT 2% 82 OR B FEmS |, Ay 98% A #A M
TEE TR FEO i A B IR B MR AE SR,
PR AT, A ARG FLAE R T RE S R I EURI, AN
AIER A 5 5%, $RFFBRIRZEG FIHE, W RARBTUA
PRI TF AR AL TRnER . R Tl RESRIEI
25 Ak A 1 DR L R A P SRR T T R e e, IR R A
A BBTAALR, TESNRETE A . K IR B O e 55 40 tul Jrg
BT A N AT S P, TR AR B 2 5 Y 4
BT 2 KA AL TG 7, o R fh A6 7662 o 038 6 oz
HARIEE X

H Ay, e 05T 32 AR A HE R M B A2 A
Oy o3BT BB A A TRV T, T AR 4R K A T
ST AR BT AR RA B Rk, 2 RER T2
WEFE, BRI T AR AR 2E ) BAE & b ol i i — 2P T R
SN . AR TE T T AESERE b, DARAE N ROk, R
B P B IR IOk & G A Ak Rl 7R 3R B (pomelo  flower
extract, PFE) BB 42 I T2, M AR IR E 5 1E5
TR0 SR AR IR, I — 2D VF A il 8 A 2 ) R S
PrEALIE T . WFFT AR B 7R SE B AR T i T & i SE
PRV, AR SR P S ORI AR B R S, R B S R
Coll i R AR BUAAL R G T & 5 0 AR LR 2 A B, HE s
TEMAZGE R FH 1] 55 BRI D e P £ b SR 4k

1 #MR5RE%

L1 MR5{EE
LLL # &
HAERD: MM T AMABL 22 B Rt

112 & A

P8 Bz T FRAE A (2 = 98%, b5 B AR LRI A BR
ANl oK LG I A, K R ), 2,20
I - W (3- 20 2 % 5 1 e bk -o- T R ) R R PH B T
[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
disodium salt kation, ABTS TH Hi&E . 1,1- A& KE-2- =Rl 5k
ZEB(1,1-diphenyl-2-picrylhydrazyl, DPPH) [ %t . #3EH
L35 bR AE SR (A & T4 TR BRARD; L(+)
HUAMER (Gt ati, T INARZ=G0) ).
1.13 NBEL5#%&%E

1860QTD 75 1 PEAX (™ AR [l A 7 Je A A R il );
N4 (754N 50 A1 WA H B T (i A i A Hr SR A PR A
Fl); GM-033A [ B L 2s ik B (R L SE 005 45 A B
AT]); TG16 & B OHLAH F SRR = AR T LA R
A]); PTX-JAS10S L F R | mg, R E)H PR
HARAH].
1.2 REHE
1.2.1 AR BUR %) &

U547 09 10 g BRI AR 500 mL #ETE iR HY, %
W —E RN L, A —ERBU B SR TR, V396 24 h
J&, TERAE IR 120 W, M5 42 kHz, HRJE 55 C&M4F N
FE—E B [HEEI, ARG AR . R HER E 25 mL,
FreE, RIf% PFE.
1.2.2 AR & 205 B R F BRI RN 2

Z: B NY/T 2010—2011 HARZEK IR B il i o 8 B
ERAIAE Y, LATRSEEE A HARARCY), I 5T v
R A BR(X, mg/L), ZxfiliE R bR <, 1530 mH R
Y=0.0051X+0.0083 (r*=0.9982), 7E 0~100 mg/L & Bl A K
WRIZEPESC R . MRE I PFE B IR & 5 IR BUR
123 #HERXE

SR B AB SO ot e s, 8RR L EEA
T B BHBL B | 8 75 EsF [0 Yol e 4, 95 ) $2 T ) S - [
FE LR FH 70% , AEASATIE] 40 min, %%% 1:10, 1:20,
1:30. 1:40. 1:50 (g:mL) R FVBHE Lt XAl 18 S s i 4 B 1Y
B, B A E 40 min, BB EL 1:20 (gimL), %%
30%. 50%. 70%. 90%F1 100% % 4| Z BRI BO fli 46
LT EA PR R M m; [BE AR R 70% . BHE
1:20 (g:mL), %30, 40, 50, 60, 70 min Z& 4|} [a] %Al



106 B il 2 A iR A I A 4

FH1TE

AE B LR B R o
124 B

TEEL N R IR A5 R A REA |, PEICR A IR ] Zpik
FUMECRUENE = R =P LoBhHIEIRE, #&iT
W1, LA Rl A8 S B 1 e ARSI T2

#1 EXMURBEERKFER
Table 1 Table of orthogonal optimization experiment
factor levels

KT ACEHE B‘(ﬂ»ﬁﬁlﬁ C(LZ AR
H)(g:mL) [])/min 0%
1 1:10 40 50
2 1:20 50 70
3 1:30 60 90

1.2.5  AbiedR B RIN L AAL B8 ) 2

(1) ABTS" A HELIEBRAE S

ZRESCHR 9] RIS VE ek sl, DL Trolox A FHAEXT
B, WSE 405 nm K FAIRIE(E, ABTS'H i 3LiERR S
AR (DI
ABTS F TR Jyim W

Ay

T A M ZEIB AR i IR GAE ;A e N BRI
i SRR R LIS ARG A e R S 4 RO

(2) DPPH H i3I BRAE

S CRR[101)7 IR VE 8), LA Trolox 14 FHAEXF
W, MAE 515 nm K FAROG(E, DPPH H HZENBR Sk
NV 7 A

DPPH [ HAETEBRAE )/ %=

+ Asg)

x100% (1)

(Basp By + Buga)
Bip

KA B MIRBUR EOGIE; B wwchisdi A% DPPH
TAERAIOEME; B we MRFIIERS S5 DPPH TAER RV 5
I S AE

(3)F=dtk A AL IE FREE

SRR IR s, UgE4E R C (vitamin
C, VO/VE R BAEXTIE, 5% 536 nm KT HRSGIE, 7L
[EREEE- SRS N k) 17

BT I BRAE 1112 E T 1000, o)

Cospy = Copm

K Coe A 5E B B GAEL; C e A ZE IR KA RN
FEARIASF ARG C e ZE BRI AL S R DU
BRI SGEREE
1.3 HUBRALIE

AR E LM E 3 K. 2 Microsoft Excel 2019
A PR 8, GraphPad Prism 10.1.2 2%, % SPSS
27.0 PEAT ARy 22 M AL BRELHE, P<0.05 R EA ST

PUYNESV
FEX.

x100% (2)

2 FER5HH

21 BREFRAEERSHH

LB ARG 5 T LEAARR R O LR
FIF [ X6 Al A6 B SR R A M, G55 nIE 1 R . AN
(1) 2R R B0 R AE A SRR R OS2 i A Pl 1A IR,
Wl AR B8 0, Al 2 R 4R B S T v I
Ko ZEAATRBOEINE 0%, IRBCKERRE 8.55%,
Wi 5 AR B S AR BRI A PR X — AR bRl A 5
2R IR A YR BCR T — 3. L REARU M Ed
IR, AR g, W R, R T B 28 Ak A
oA R0 e AR B R, VAR PERR ARG, A
PEZL TR (AN SR BRSO e, RIS R A5 P
IR EE AR AT Y, PEGRBCR R, 2Bk 3 8 o 5
7 55 B 4 ) ) SR A A A, DRI R SRR A
Py U A, AR, 70%4 47 (1 S ROK IR RS
AL W R DG T B e, RS SRR i (1 B BBk
RIBL FF LU EGEIR, AUFRERE 50%. 70%. 90%HIZ,
BB B A T IR 220G

AR TR) B 7 B 10 X Al 7 A S R B R S A A P 1B
JIT7R o FE 2 S0 ] PR 7 ESF (0] o Al 5 ) 2 B ) 5
BIETEJE TRERBES . BAEE R 30~50 min B, $#
R 7 [ ) 1 2 TR TG 225 S8 B) 24 50 min
B, AhAE S B PR OR IR B e = (. 8.23%. 75 Al Bl
BB T 5 25 AR« WLBRRIN, FEAEON, . FE4REL
W13, RS A A G s RN RO I R S AT O
ORE Py 40 M R 25 4, AR 0 i PN 5 Ak 5 0 08 R 5
o R B TR B, RS A B AT R 4141
TR S . AN EE Ry, S s R B AR o 4
LT T A /N (T R e 0Nl N 6| P S G 11} 2 U S e5 4
ARAEN T RERB IR SR FHZE AL B 05 F-45H0, RRARILA T 1k
G L A R R T T R B A SRR R R, A
WSR3 40, 50, 60 min MRS I AT EEHRE

AN TR AR X Al A8 B T L R A S i A 1C fF
TR o FEZE S P PRHRE EE T A A6 5 28 48 B3 1 5 i 2 3
T T E BRI A . ZERHR LM 1:10 (g:mL)34 %
1:20 (g:mL)}, $RECRE 8.55% 1 & 8.97%, I I
LR F f ;M ARSI ROk H, A L 4R R S
A FTREAR . WK R AR ORI BB R R 2 —, 6
24 (RO G TT LA AN N SR B, 8 HE IR AR A
Py A A A 5 50018 S WOR FL AR, AR
BIL, 200 RE PN A1 148 35 TR 25 55 /0N, ) F 35 i 1 o 1) 78
U BB ORI K, $RBOA S, YR R B
Jid, SIS RIR B SR, MR R, R
P e AT FLAE B AR B (AN 2205 . 2R 11 55 R H B,



5518 1 Moo, & e SR R B A R I A ATE PR A 107
FIRE S B0H AR B AR XS & 5 R RIS, ROk PSR, ARFFTIERE 1:10, 1:20. 1:30 (g2 mL)AEHRE
Se i I TRV S RS Savk A RERERS U7, LR A HRIBGICR L HEA T 5 2 i
Al0f B10 clop
a
S 9t a S © 9l a 2
@_ ab be J:i 9r a X i 9 a E
2 8F ¢ Il &éﬁ gl a a g;g sl
bt 4 b ¢ c
=70 d E7r E7r
:C[é‘\ 6 :]é‘\ 6+ tE:g\ 6+
5 : . L L ) 5 L L L . L . 5 : . . L L )
20 40 60 80 100 120 20 30 40 50 60 70 80 1:0 1:10 1:20 1:30 1:40 1:50 1:60
CIARF 0% A I ] /min BRI L (g:mL)
T AR TP RN G HAT B2 5 (P<0.05),
Pl 1 AN SR IBCR A A A S 0 P B (4 52
Fig.l Effects of different extraction conditions on the extraction rate of total flavonoids from pomelo flowers
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Table 2 Results of orthogonal experiment
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Table 3 Variance analysis of orthogonal experiment
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