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Optimization of microwave-assisted extraction of total flavonoids from

leaves of Moringa oleifera Lam. by response surface
methodology and its antibacterial and antioxidant activities
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Abstract: Objective: The purpose of this study is to improve the
extraction rate of total flavonoids from the leaves of Moringa ole-

ifera Lam. and evaluate their in witro antibacterial and

antioxidant capacity. Methods: The extraction of total flavonoids
from the leaves of M. oleifera Lam. from Baoshan city was opti-
mized by Box-Behnken response surface methodology, and its an-
tibacterial and antioxidant activities were evaluated. Results: The

optimal conditions for microwave-assisted extraction of total fla-
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vonoids from leaves of M. olei fera Lam. were solid-liquid ratio
1:29 (g/mL), microwave power 567 W, microwave time
3.6 min and ethanol fraction 50% , and the highest extraction rate
of total flavonoids was (7.414 4 0.027)%. The total flavonoids
from leaves of M. oleifera Lam. showed strong DPPH - ,
ABTS™ -

value of 0.024 mg/mL, 0.014 mg/mL and 0.051 mg/mL, which

and hydroxyl radical scavenging activities, with 1Cs,

were 3.43, 14.00, 1.09 times of ascorbic acid, respectively. Con-
clusion: The total flavonoids from leaves of M. oleifera Lam.
have different degrees of antibacterial effect on B. subtilis and E.
coli and have no inhibition on S. aureus.

Keywords: leaves of Morniga oleifera Lam.; total flavonoids;
microwave-assisted; response surface methodology; antibacterial

activity; antioxidant activity

AR (Morniga oleifera Lam.) 2k 3 A Bl 5 K J& 69 —
T TR A, B HOAR AT = UK T 45 44 5 AR B0 AR L I AR T
AR R il W] A0 O i T ek R R BOR R
EPRE L EAERTE T E 2/ T )R I R AR X 2 A )
R o R nF o w A 2 R E 3R 4 R 2 FTE PR R
GyUT B W BRSPS A YU T R IR L o R R
e IEL o] i 28 A DL T 2012 45 BGOSR B
BT TR BT 28 v 43 i S T V2 AR T
BEIRIER A B R M B S M B L s -3-O - 7 A
H LR B-3-O-N B O 2 RER PR KL
KRFZF WA EGY. XY R Z T RERK
FAEST,

H A, B F A A BT R I O vk Ve R B AR
TRU R I A B R IR I e B 3R LT
FR AR IBCIETT L SR AR A RO R R R P S

161



162

2B 5% % EXTRACTION & ACTIVITY

RTINS RO 7 U A B AR B R R £
ke 2 T8 A0TSR 0 A T R K B el K 4 BRI L0 %%
ST AR 18 0 R I TS I AROK R R S I AR R L R
P S 7 VR SR IRUBOR v ) B B R L A5 R 4 R 157 %,
1.82%,3.25%,1.91%,3.21%,2.64 % ; & #i # &1 H 2
T 12 52 R B0 I8t A B 32k 4R RO i B B L 15 R 4 B R
2.60%6,3.45 %0 ; i R 38 S ) I FH 8 7 U 4 B 3 0 19 SR AY
7 0.84% 5 R FEBUEREAL, G F A I R 2 i 10 57 7%
PR . T B 5 % WL A I R 4 4 P
RO Ry K FF 18 = il B0 28 960 4T T > 4 B €0 78 28 3K 1A 5
S BRI F W ORI B 4 AR A R
22 T > R FF TR > 4 B8 7 4 BR B > Rl R 2 T A
T T S 0 5 3 W R I TR X A 2 AR T Y
A FH 58 T 4 B 00 08 25 R TR 0 K A DN SIS 4 o 1
RPN Y N

Bl 7= A A T A R R I R A 4 i A 2 Ak A
it P 28 0 O 0 O o T A A I el Bl R B AR 4 R 4R B
] 4 o B TR el 2 VS R A L I R T ) O 4
A WSR2 B 5T A8 D P e R T 3 R A Bk D il B 42
B2 SR IR AR R 12 00 5 A i 2 7 ) 3 o At 3K 7
Tl (4 300 1R RE T 5 2 LR A B S AL T L B S ORI
S B TR 11 1 BB IRt — 20 B R AR A R
1 #5057
1.1 #R5iEFH

BN :2020 4F 8 F R4l TR 1L T VL0, 2R (L &
Wt TE i = AR 5 08 i BOR B UK 8 A W R (Morniga
oleifera lLLam.) ;

KW A 1 (Echerichia coli) . 4 # 4 % % ¥k
(Staphyloccocus aureus ), fh B 2 5 #F W ( Bacilus
subtilis) PR 14 BERRUAE 1) S5 30 25

BT RRUE SRS 7% [E Dr. Ehrenstofer Gmbh 23 7] 5

1, 1- R H-2-= g 2 K JJF (DPPHD L 2, 2-BK & -— (3-
LRI M- 6B ) — 4R (ABTS) : A IE B Wi R AW
BHEERA A 5

FRE AT A E R A

FEE M AL B R AR B RS A A .

1.2 {ussfigE

125 T T B R HL - DEY-800 28, b7 4 Il BH AL WK i 4%
/AR
ok s MW20-M605 #I, k5 2% A1 0i 4 ol 38 IR
2 ONAT L4336 98 BE 1 UV5000 21, %2 # i AR5 A5
PR 5

Hy P K U B HH-4 B0, g — 0 B 22 U2 A R
NI

MES RN Z A I A B ORISR T 5 R

/z_\\_

&l

BE 2488 | 2022 F 6 A | R@SHW

&l

AT
TEHE 28 KA - N-1001 BY, |- 965 SR 2R AL 2847 BR 2 A 5
75 I ZE VR K B LDZX-758KB #, |- g B 22 =
SrA )
R IR 3 955 32 40 - SPX B, i R R A B A R A 7 5
R T HRAL . ZX-LGI-TA B, b g 045 SE 50 A48 B A
HIRAF.
1.3 Hik
1.3.1 brdedligemyasr S B TN Mok SR %
)9 4 y=9.55240.000 3,R*= 0.999 4,
1.3.2 BORM SEERIC KO TS B e,
60 F i, FRIBUE &K B K BT R IR 1 mA
A B ARE 2 b g BT S B A SR i JBENE A OK .
FERFREL 1.00 g B i 15 N8 #3847 50 I8 4 B S 0L
1.3.3 BEZERE wER I 125 (g/mL) . Rk
RNy 406 W, I I [N 4 min, ZEERF 500 50 % .
[#8 5 LAt 2% 11« 43 ) 2 S8 R0 EL L B D T 6 B ik e DL 2
T PR3 00 IO I A 8 T A5 236 1) 50
L34 mg 7l g it fER R R I AL LR
Box-Behnken & 3 0 b7 17 3 5 .
1.3.5  BORM SCEE & R E BIERIUK 1.0 mL,
510 nm A WEOGRE. TR 3 WL I (1) A M B

x=CV XV a0 D
T XV, X1 000 0

EVL P
X— R P S SR IO L 05
C— & ¥ B B4 ¥R B - mg/mL;
Vi—E A A mL;
Vot 8 S0 i 8 AR R, mL;
BRAM Bi it g5
Vo — MR IR BUR (A B mL.,
1.3.6 METEEIE ST k.
L3.7 P ALTE I
(1) DPPH - {5 BRRE TS : 2 BEAZ W AR 550 1 0 1k
(2) ABTS' - JEBRRES) S IEFEE" %k
(3) « OH W B S REBESET Mk,
L3.8 HdEsbs AL EL 3 W GIRUTBIE+
PRUEZ KR . KT SPSS Statistics 22 B AF#ATRHA R Ty
2200 M 0 1Cs, {355 . % i Design-Expert 8.0.6.1 ¥ {44y
BT o 7 T 43X 4
2 g5
2.1 BRERRAE
Hi P 1 AT AL B AR LG L A0 P L AR i 8] A 2
B AR 300 T v ORI R B R IBCR X B T m R
o6 AV B0 i o 5k 2 TR Oy B A R 9 LE A 88 BROAR I R R

m



r&M | Vol.38, No.6

PRICE
Extraction rate/%
SN WAL N ®O
T
-

1:15 1:25

1 1‘35 1 1‘45 1 2‘55 ‘
BHELL

Ratio of liquid to solid(g/mL)

(a) FHELL

HmEE MEEERUMEEDRIRAHRERIZAURENEMRELFTERR

PRICE
Extraction rate/%

9
8

7

6

5
4F e
3,
2

1

0

Il Il Il Il Il J
00 200 300 400 500 600 700
[CUIES
Microwave power/W

(b) A

L a

]
Iy

PER
Extraction rate/%
SN WA UL ®O

T 1

30 40 50 60 70
CTHARTRGEL
Concentration of ethanol/%

(d) ZEHRI L

N R [ 35 2 5 8% (P<00.05)

or
8k
L7t s
< <l b
=6
© »
g{ % 5F B . c
24
B
& 2f
1 .
0 L L L L L J
1 3 4 5 7
s st ]
Microwave time/min
() THita]
A1
Figure 1
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Effects of various factors on extraction rate of total flavonoids
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Table 1 Levels and factors of Box-Behnken experiment
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Table 2 The results of Box-Behnken experiment

Fif ey A B C D IR/ % A5 A B C D IR/ %
1 1 0 —1 0 6.84640.047 16 0 1 0 —1 6.710+0.008
2 1 —1 0 0 6.61940.020 17 0 1 —1 0 7.016£0.026
3 0 1 1 0 6.937+£0.026 18 —1 0 0 1 7.090+£0.020
4 0 0 0 0 7.426+£0.027 19 0 0 0 0 7.269+0.020
5 0 0 1 1 6.758£0.008 20 0 —1 1 0 6.994+0.015
6 —1 0 —1 0 7.365+0.020 21 0 0 0 0 7.247+0.033
7 0 0 0 0 7.29540.020 22 —1 1 0 0 7.011£0.020
8 —1 0 1 0 7.15140.033 23 0 —1 0 —1 6.902+0.030
9 1 0 1 0 6.649+0.035 24 0 —1 —1 0 7.107£0.023

10 0 0 1 —1 6.82840.033 25 —1 0 0 —1 6.907+0.020

11 1 0 0 —1 6.636£0.013 26 0 1 0 1 6.610£0.023

12 0 0 0 0 7.299-+0.027 27 0 0 —1 1 6.784+0.015

13 0 0 —1 —1 7.064740.046 28 1 1 0 0 6.763+0.020

14 0 —1 0 1 6.806+0.026 29 1 0 0 1 6.457+0.020

15 —1 —1 0 0 7.17340.039

% 3 Box-Behnken i &R A EHH'
Table 3 Variance analyses of Box-Behnken experiment result
U I EREiN: ¥o7 F {H P {H B
A Y 1.782 14 0.127 25.651 <20.000 1 * %
A 0.640 1 0.640 129.050 <20.000 1 % %
B 0.026 1 0.026 5.155 0.039 5 *
C 0.061 1 0.061 12.341 0.003 4 * %
D 0.024 1 0.024 4.772 0.046 4 *
AB 0.021 1 0.021 4.148 0.061 0
AC 7.225E—005 1 7.225E—005 0.015 0.905 7
AD 0.033 1 0.033 6.603 0.022 3 *
BC 8.812E—005 1 8.812E—005 0.018 0.895 9
BD 6.304E—007 1 6.304E—007 1.271E—004 0.991 2
CD 0.011 1 0.011 2.222 0.158 2
A? 0.267 1 0.267 53.796 <<0.000 1 % %
B? 0.289 1 0.289 58.237 <20.000 1 * %
C? 0.063 1 0.063 12.774 0.003 1 * %
D? 0.760 1 0.760 153.117 <20.000 1 * %
mE 0.066 14  4.961E—003
SR 0.050 10 5.005E—003 1.031 0.534 4
4R 22 0.019 4 1.853E—003
L 1.851 28

T ox FAREFBE(P<C0.05), * x FREFHEFH(P<0.01);R?=0.962 5,
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Table 4 The diameter of inhibition zone of total
flavonoids from leaves of M. olei fera Lam.
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Figure 2 Antioxidant activity of total flavonoid extracted from leaves of M. olei fera Lam.
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