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Optimization of Aqueous Two-phase Extraction Technology of Total
Flavonoids from Lonicera japonica Thunb. Leaves and Its
Antioxidant Activity

XU Xiaolu, DAI Guoqing, WEI Hanfeng, YU Jie"

(College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China)

Abstract: The ethanol-ammonium sulfate aqueous two-phase extraction of total flavonoids from the leaves of Lonicera
japonica Thunb. leaves was studied, and the antioxidant activity of the total flavonoids was further discussed. The
extraction process was optimized by orthogonal test with the parameters including mass fraction of ammonium sulfate,
liquid-to-material ratio, extraction temperature and extraction time as independent variables and the yield of the flavonoids
as index. The antioxidant activity of the total flavonoids was evaluated by measuring the clearance rates of DPPH free
radicals, hydroxyl free radicals and superoxide anion free radicals. The optimum experimental conditions were as follows:
The mass fraction of ammonium sulfate was 15%, the liquid-to-material ratio was 25:1 mL/g, the extraction temperature
was 50 °C, and the extraction time was 30 min. Below this term, the yield of flavonoids was 4.98%. The clearance rate of
DPPH free radicals was 97.61% when the concentration of total flavonoids from the leaves of Lonicera japonica Thunb. was
0.48 mg/mL, and those of the hydroxyl free radicals and superoxide anion free radicals were 86.53% and 75.29%,
respectively, when the concentration of flavonoids was 0.72 mg/mL, showing good antioxidant activity.
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AR S AT R . LR . FER . PR TR A
CAEZFNEM . S, AR AR T HAE
H ) e e, PR AR L 2 N T RIS

PTAESKE, B B L 2K s, 4 5RAE
BB PR EC T AT TR . B RSN SR
CEE FR RS AR AR I B, F5 5N 0.487%; 2F
SR A5 SR FHAR S I 4 Bh O R B A AR A P B R T,
950 1%; WA SR 2 G B /K SR Ha 4R AL
- R, £ N 4.60% . SUKAHAEHEY A SE—FhsHr
FUPFEICEE A, B4 G T FH, 4325 LA HARy ™ fh &R
Sy alifbEDIRES, B SRR . AbFR R B T
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55 FIISCEEOE AL, St A HLE FIAE L, A AN
Gh¥ER 15 G/ N, DNITEAT S5 g Tl Ak
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25 I, AR HBEM . S5 1500 BRI IR ke
AVUKARM R, 9T G ARAE T BBl T 20, DABE
Ha S Z R FETR, B A T MR EL BT 4K . Wikt EE L 12
FPEURE | IR PR A 45 DA ZE X ERAS R A S, SR FHIE
AEIRIGAL T 228K, IO TR S AR AB T B ()
PG, DAy AR e S i) (A0 . e
B R He s A A PR AR
1 MREREE
1.1 MRS

SARAENT CRILIS RIS 6 H)  EwPFF 1L 1,1-—
FEFE2- AN REZE I (DPPH) . JUK-SRSERES . 25T .
SEAREN . KABIR | BREREY . WANPREN . -EAK SRR
PR, R =y . — I LA IE R e (Tris) . PLIR AR
(V). FTOKZEE, 30% SEEUKIER  UERFR . ARBRETT
KREBEE MR Bhobral, g saba:1eRk
Fita BN 28K S0as Al

FW177 258 EpL e B RHE A RS
FA2204B 73R pipHAGEGERHE A R F]; LeS
RULHNA] WA CETT RSB EAET A TR
Al KLO4A fIGHREL.OHL HIEAUEE T4 BRA El; DF-
1018 RS ETRINFARE S dEss  bUNEANLER
HA BRI F]; SK220H BUMEA P Tvesy LGRS
FEAY B BR N ] ; TENSOR27 214N GHHY  FEE A
YA AR AN 75 P230IT AR (A% ORI 4
ST A B H] o
1.2 EWHE
1.2.1 SARIERF AR R AARAENT AR, T
A AL LA S iR, i 60 B . Bad 07 5 i 4

ERAE B AR AR TR A R 2 o

1.2.2 SARIEMH SEESUKARERE T2 RS HPREL
— B A (NH,),SO,, IIAZZFR 15 mL A E
SR T, SRS I AGE BT S 80Ch 30% 11 B4
W, AR (25 °C)F, #7(200 W, 15 min) /[
PRIk AR s, SR R L R R IE OB UK AH
SEXUKAEMAT A 10 mL, #2288 s <8 B0 LEFREX
—E B M AARAE AR, I AGRAE P, K i E—
ERFIEUR, B5.043 25 (3000 r/min, 5 min), IFME EF
iE e RIEORSS Sy LT U

1.2.3 FAPESL  PRIEAE(NH,),SO, Fiht 5344
(12%. 13%. 14%. 15%. 16%) . KIL(20:1, 25:1,
30:1.35:1,40:1 mL/g) . iZ#EEEE (30, 40, 50, 60,
70 °C) . IZ4EAFEI(10. 20, 30, 40, 50 min) 2 FHXT
SELVEET A AR A S o A IR ER 09 [ e KSR
(NH,),SO, B 4348 14%, Bk 30:1 mL/g, =242
IE 50 °C, Z4ERTE] 30 min.

1.2.4 IEAZIRGS  IESIREUEE(NH,),SO, Fiisy
BRI R IR R R SR 3R O A AR
2 EZE S A E =AY SR A S AR5
M ERLE I, e R T S8 R 1 Ly(3H)1E
AEARACIGS R 2K

F 1 IEKENR K-S

Table 1 Design of factors and levels of orthogonal experiment

P (NH‘!')ZSO4 Bkt CRIERE D ‘E%EJ‘I‘EH
J (%) (mL-g™") (c) (min)

1 13 25:1 40 20

2 14 30:1 50 30

3 15 35:1 60 40
1.2.5 SARFEN SR AR AMIE T ARiErh £
R IR B2 AERRFRE 10 mg 25 T, HHJC/K B2
fi#t, LIS E S ECR 60% B IS REZZE 50 mL, Jid

Hil B B A 0.2 mg/mL (P T AR UEE R . =% 3¢
Bk [16—17] F AT 3L, LA 510 nm SR 3 K,
FRESES TAREE TR G, ZsthilirifE ik, 15
1) I S B A AN B i e oG R OT R y=12.172%x—
0.0022(R*=0.9991) .

A ARAEN S TRAR FR I R T A R AR 2 T
PR 1 mL, I 10 mL &R, #& FilbrifEh

R, FR N TSR AR B AR (Y) . IR
P 2T B B EHAE R (B ) o

1 XV,

Y(%):CTXIOO = (D

C, xV,

0, —

EC0) = C,xV,+C,xV, x 100
b € FRos PAR AU BT IR B 5, mg/mL; V)

s FAEMARER, mL; C, 3R F AH b 9 BV R 5 i

mg/mL; V, &x FAERL, mL; m#&B R ES4RIET K

& (D
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1.2.6 WAHETE AT SRAAIESSI IS H 0 et 1.2.7.4 E5RAE 2 2R X #E A B 1 3 R BT
PRPCT 2, PRI AAE T B3 . SR HPLC 35X} BRAEFH  SRIHZBAR = Wyl X2 4 4R A6 M- o 2 R X R

AR BN R P EA) TP AR BR B L KRR RN
Wit Hz 3 = A S P E  E TI0E

o P it 2 R P T ) R oA e 225 1 - AR B
BOE AR | i Z R R R R AR E S, 45
MR EE A 10, 20, 30. 40. 50 pg/mL Y Z AR o
RO A4 T AR, SRR R4 500 10 pL, DAk
FE AR AL AR, WET AU PAR AR, ZeilbruERhR, 158K
JREAFAOLNE T TRE N y=27.484x+346.74(R?>=0.9993 ),
MRz ZZ RPN y=35.234x+72.933(R*=0.9997),
ARBRFERIERTFEN y=38.451x+37.682(R*=0.9995 ).,

R B R B I B8 I IESS IR EG Tk H B A 4%
{4, PEER AR AEIT BV, - IC/K 2 Wi e, 1 BE
(0.22 pm)J5, 15 BN EARAEM SO ERAE SRR o

{0, 35% 2514k Hypersil ODS2 C, g %4+ (4.6 mmx
200 mm, 5 um); HshAH(A) R 0.2% BERRIER, s
A (B) Ay BB A6 B 5B E (0~5 min, 20%~22% B; 5~
10 min, 22%~25% B; 10~20 min, 25%~35% B; 20~
25 min, 35%~40% B; 25~30 min, 40%~55% B; 30~
50 min, 55%~20% B); flE 1< 2 350 nm; i H
1.0 mL/min; F:1&~ 25 °C; 478 18] 2~ 50 min.
1.2.7 &4 B EHAB TR LG E AT
1.2.7.1 FEMEWEGA  SRAIEASRES O 1Y
R T 25, R I A AR AE P B B B, I Ik 2, itk
ATHERE, FAF SR TR 43528 0.12., 0.24. 0.36.
0.48. 0.60. 0.72 mg/mL FYRESRIERR, i o
1.2.7.2  AARAENM BIEERYT DPPH [ HRIEMTEERAEH

% FH DPPH 75102 4R S ERXT DPPH H

FEAIERRERN T, A3 2 mL AR, ILA 10 mL
B.OET, HABIIMA 2 mL #)E A 0.15 mmol/L
DPPH %W, ¥25], B FHEALALFE30 min, L 517 nm
SRS I, I WG EE(E, RIS A [FIRS, RAJG/K Z,
B DPPH ¥, MAEWOCEEAE, BIh Ay BATGIK
S RFFIRE S i, e WG, B2 Aye T
ARHE=(3)3H4E DPPH A HEUEGRZ0) .

A (3

1= (1—Ai_Aj)x100
A

1.2.7.3 E4RIEM ST I A B IE TS RRIEA
K Fenton 758 G 4R AENM BBl X3k 1 i 3k
FO T I SR US43 i e B 2 mL 3R A O 9 A
10 mL B0, A 2 mL ¥ N 9 mmol/L [
FeSO, W, SR IGHKIKINA 2 mL ¥ &5 9 mmol/L
B 7K AG BRI AN 2 mL e BE A7 8.8 mmol/L BIXUE 7K
VEUWR, $24), T 30 min, A 510 nm SRR, )
REWSCEEME, BISh A [FIRT, DAZSES PR U R K
W, ARG, RIS A DA25 B T/ BRAAS D
FESH IR, DA EREARL, BN Ay IFHRIEER(3) 1T

TS B BTSRRI, L 4.5 mL pH 2y 8.2,
N 50 mmol/L 11 Tris-HC1 £, LA Z 10 mL
BLUAE, 76 30 °C AZKIEHECE: 25 min, ZRE5HIIIA
2 mL ISR FEINA 0.4 mL ¥RE A 25 mmol/L
FIRRZRE =R, F220, IV 4 min, Bif5 Sz BRI 2
TS 8 mol/L MERFRIF R, A5 HAE 320 nm 4b
PG REME, BICA Ay TRIEE, DA 2238 FoKRBUY R AR —
Wi, DA RO REAE, ISk A LA B TR RRR
TR SR, TNAS IR OSGEE(E, Bl Age FEARPEZR(3)
T AR ES T H SRR (D .
1.3 HIEAIE

K JH Origin B0 4 BLARA4F 01T B Rl /e, R A
IEAS T BF 113.2 44357 7 1E 22 Ak s 5 15 1
SAT . SEISEHR RS 3 RIIE RIEHIME
2 HERESH
2.1 BRERSWER
2.1.1 (NH,),SO, Bt 43 HOeT G 4R AL I B B 5%
FIFEBERARZN (NH,),SO, BT/ E06 & 4R e
BETERAS R AR BCRAGFE AN 1 s, RS
HRMABCREEH (NH,),SO, T o35 i3 fin Sok i
JEREAG ., YR EC 14% B, S S ER S-SR FI AL B
Fl . (NH,),SO, XA F /K o i R A E FH B
RSP RS RE OC, Nmde s T AR 2
P8 B 53, SR B s A R0 B
(NH,),SO, B JE 4 Beak sy in, HAe FAHTAgS
AR BT, AMTASFIF B FEE . 25 L, 84E
i (NH,),SO, BTSN 14% .

] 100
5 S A
N e
— 4 R < S
S . &
= A 190 i
3 Jﬁi
® =
E 185 &
) 'V #
N 150
0 R 75

12 13 14 15 16
TR Bl S5 k3 K (%)
P B Rk o i ook A AR I S S A5
B ES A
Fig.1 Effects of mass content of ammonium sulfate on the
yield and extraction rate of the total flavonoids from Lonicera
japonica Thunb. leaves

2.1.2 WORHEX AR AR S B RS AR AR A 5
M YRR AT B AR AL I S B RS AR AN A R A R

il 2 B o BEAEWORE LRI BE N, S B RS A RN AR
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be SvaNE ok NN N D W &L Ik 7/ DD o1 =k e ol e Rl
AR, WA FNAL BRI NC Y B WOk L A4k
AN, AN 2% BT AP H 2 (A5 R 9 HH A2 BAS A
SN, BRI T ZR Ik B A A A2, IHeAh, TR
R 2 2l BUKARA S RS e MEAZ B2, i
AT R FNALIBCRFEAR . 25 R R, BAERWEHL
30:1 mL/g,

71100

TG (%)

\

20:1  25:1  30:1 35:1 40:1
R (mL/g)

P2 OB G R AL I SBT3 R AL BRI
Fig.2 Effects of liquid-to-material ratio on the yield and
extraction rate of the total flavonoids from Lonicera japonica

Thunb. leaves

2.1.3 RZPRIR X GRS B BT AR AN A B Y
RO IR AR R G R AR R B R A A B Y
MU 3 JJron o BEFE IR PEIE 9 T, o Bl ng
THARFNAL ORISR US BRI LIRS 50 C
), B BRI OR R . BEEIR LAY T, 3
Tz B EEMVER, M A TR A9, B
FEWCRIGIN . SR, 2SI PE— 2Ly, SR 731
R IR AT RERL ALY, SR AR T
R ZEHRERH, BAEMRIRIRIE R 50 C.

. 1100
st 2 3R
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Fig.3 Influence of extraction temperature on the yield and
extraction rate of the total flavonoids from Lonicera japonica

Thunb. leaves

2.1.4 {RARE AT G AR I S A AR RN AS R Y
RN IR A R A R B A R AR IR Y
NN 4 Ffrzs o BT pIA R A AL BORBEE IR B
IFTRI B NS EBEn, SRIG PR, S8 A2 30 min
s, P33R FZE R B o Rl BEJE: Hh T [ 1R (A] 14 S
1, B BT H BB T O, B A RN A R Y

e g e A ), 2B B S L
TLEMIBEEIR, AR NFEBCR T, 45, 3¢
AERIZHERTE] 2 30 min.

1100
2H 327
ez R
5 A 4
95
—_
~ 4 b <
N S
~ 1z
3 0 %
N 4 ul ,
> Nimm:
S~ N\ :Hﬂ'
= NN\ 85 ™
=) N =
1 N e
/ i
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SO\
1 N e
Z /NN
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/ 7 NN VRN
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ZAEWF ] (min)
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Fig.4 Effects of extraction time on the yield and extraction rate
of the total flavonoids from Lonicera japonica Thunb. leaves

22 IEXREER

2% 2 NIEASIRIGAL UK AR EC G 4R AE -
Jii T 25 A0 45 SR . ARPEAR 22 R (B T JIWF, AS[R] R 246
AR AL I R R 5 5 1 BE M T S A>C>B>D, i
WS (NH,) ,SO, Tt 43 F>12 $i B >0k b >12 42
Afle] . BefEFEES S ALB,C,D,, BI(NH,),SO, J&
RO 15%, $ERCRHEL S 251 mL/g, 123205 M
50 °C, ZHERIE] R 30 min, FEATEIEMHRES, B
=R, RIS R 4.96% ., 5.01%. 4.98%,
BN 4.98%+0.5053%, 0045 I ey TR n H
BAE—5, FEX R R ZE (RSD) 2 0.5053%, UEAH
(P78 WP E6 =K o = Vg e o S o

#2 IECIRARATR

Table 2 Results of orthogonal experiments

e A (NH,),S0, BfL CREILRE DS SEiR

R 8(%) (mL-g™") (c) (min) (%)
1 13 25:1 40 20 3.21
2 13 30:1 50 30 3.81
3 13 35:1 60 40 2.99
4 14 25:1 50 40 491
5 14 30:1 60 20 4.70
6 14 35:1 40 30 4.05
7 15 25:1 60 30 4.92
8 15 30:1 40 40 4.52
9 15 35:1 50 20 4.71
k, 3.337 4.347 3.927 4.207
k, 4.553 4.343 4.477 4.260
ks 4.717 3917 4.203 4.140
R 1.380 0.430 0.550 0.120

AN, 53CHK [3, 6-7] AHLE, AR5 4R AE T
JREETR A R AR XA i, 15 PH SR AT SUOK AR HR S AT
TR AR BT — 2 e
23 RHEEIESh

ARYE SCHRFRIE 8, AR R RAT | Mib iz FE IR A
ZON AR AL R 0 L N S, e R
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ERAEAH G 54 BT B I 2R b . PRIk, ASBIFIY R
HPLC X AR AE I R 25 il 2 Hepy) sk — Fh 2 i £k
BT E MR AT, WNE 5 TN o BRIESR KRR
BT L MR R R B R AR B BT Al 43501 R 18.53
34.04 F11 41.23 min. A4RAEM B EARNEEAFRE THAE
A B B ] R A g, HIGERIFIARAE AR,
sER L, BEE TR A X RS Y . S iy
BT, SERAET AR S Y 624.5 pg/g, MRS
o8 30.8 pg/g, REREELZE S HN 247.8 ng/g.
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80 1
60 I | A[ A |
40 1 SV A 3\
20 1 [
op~——— L . ‘ .
0 10 20 30 40 50
Ak 1] (min)

K5 GAREM SR HPLC &
Fig.5 HPLC chromatogram of the total flavonoids from the

leaves of Lonicera japonica Thunb

TE: () TR G AR UE IR (b) G AR AL S ERE S 1: R
FREAT; 2: Wb 285 3: RBEER

24 SREM SRR E K

2.4.1 DPPH H HFIEFRFCE &l 6 7T, v X
DPPH F AR B3 BE S TS (g Mg o, 2k
BN 0.36 mg/mL B, IEBRFATIA 96.12%, JaiF—
TN, TR A UL i o R ARAE N R X
DPPH H AL R FEBERE i B A1 RmiHg R, 76
RAETRHBE S 0.48 mg/mL B, IEEREH 97.61%. K
FH SPSS 20.0 #4537, V. 19 1Cs, {HA 0.057 mg/mL,
SARAEM BRI 1C, (524 0.052 mg/mL. R4
AR, RN B EXT DPPH [ i3 LA TR 5%
AV BRASCR, HAEAHIRI BT B T, AR A S B
X DPPH H HHAERYTE RN & T Ve, 5 3CRUFFT 8L
BB A A A A5 SRAR AL

B (mV)

100
S oSy E/ =
@ oot Jf
#m /)
ﬁ 851 / ///
E gt ¥/
{0 /
= P —— SN
g 70t — V.
S e T
0.1 02 03 04 05 06 07 08
¥ (mg/mL)
Bl 6 AARAEM SR DPPH A H TR R

Fig.6 DPPH free radical scavenging rate of the total flavonoids
from Lonicera japonica Thunb. leaves

2.42 FRILAHILERSCR WK 7 o, BEEHRE

PRGN, Vo XTEE3E [ A SR RTE R TG , S RS
JFRRAE M 0.48 mg/mL i), FERFAEIT 100%., TE
ST SE AR BE S BT P, A ARAE T R X3 1 ph 3k
MR AR AT v i S Bl 1) B EOC 3R, e R ]
HREEA 0.72 mg/mL B, {EBR%HN 86.53% . KA SPSS
20.0 FAF53HT, Ve B9 1C,, B4 0.070 mg/mL, £4R4E
I BRI ICs, {EA 0.231 mg/mL. _iRgE IR,
SEARAEIT BT X YR L [ P S EA B I SRR,
55 SCHERITSE BT A i S5 SRR I

—_
=
f=]
[
o4

nr s

80

70

60 )

50 '

40 , L a -
A S R

30F F —— V¢

20

BRI HILERRR (%)

0.1 02 03 04 05 06 07 08
e (mg/mL)

K7 A SR B A R AT R AR
Fig.7 Hydroxyl radical scavenging rate of the total flavonoids
from Lonicera japonica Thunb. leaves
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Fig.8 Superoxide anion free radical scavenging rate of the total
flavonoids from Lonicera japonica Thunb. leaves
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