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Extraction process optimization and anti-oxidant, anti-bacterial activities of
polyphenols from Morus alba leaves

CHEN Xiang-yang', MU Ai-jie', WANG Meng-meng',  FU Jie-yu',  CHEN Yong-xia®,

WANG Wei-dong®, WU Yong-xiang'"

(1. College of Life and Environmental Sciences, Huangshan University, Huangshan 245041, China; 2. Huangshan Qihongyun Danbaisang Agricultural
Science and Technology Co., Lid., Huangshan 245612, China; 3. Huangshan Fengyuan Biological Science and Technology Co., Lid., Huangshan
245600, China)

ABSTRACT: AIM To optimize the extraction process for polyphenols from Morus alba leaves and to evaluate
their anti-oxidant, anti-bacterial activites. METHODS  With sodium dodecyl sulfate ( SDS) consumption,
ultrasonic power, ultrasonic temperature and ethanol concentration as influencing factors, polyphenols yield as an
evaluation index, the extraction process was optimized by response surface method on the basis of single factor test.
The reducing capacity and ABTS free radical scavenging capacity of polyphenols were studied, along with the
detection of their effects on inhibiting Escherichia coli, Staphylococcus aureus, Proteus vulgaris, Bacillus subtilis and
Pseudomonas aeruginosa. RESULTS  The optimal conditions were determined to be 15 min for ultrasonic time,
1 : 25 for solid-liquid ratio, 0.34% for SDS consumption, 250 W for ultrasonic power, 60 °C for ultrasonic
temperature, and 50% for ethanol concentration, the polyphenols mass fraction reached 15. 11 mg/g. The reducing
capacity, ABTS free radical scavenging capacity of polyphenols demonstrated the ICy, values of 0.116,
0.014 mg/mL, respectively, along with the MIC value of 0.2 mg/mL ( E. coli, S. aureus, B. subtilis) or
0.4 mg/mL (P. vulgaris, P. aeruginos). CONCLUSION This reasonable and feasible method can be used for
the extraction of polyphenols with strong anti-oxidant, anti-bacterial activities from M. alba leaves.

KEY WORDS: Morus alba leaves; polyphenols; extraction; anti-oxidant activity; anti-bacterial activity;

response surface method

M ZF Morus alba L. XFREZ, 2 E 2 Bt RIS RN (SDS) .
HRER . R, i A, BAXEGE TR, 442 F €. DPPH, ABTS &% (3E[H Sigma 2%
DEEFTERE | R E SIS, BEFZMXE ") B FRE . BUE (AR ER By
FIR e, R R RS, & ARAE),

Wik, L8, mESY, BABEL, Bik. B 1.2 & SQSI0C B R KAy (HKHED
M B G U S R A e v Hoh e BHCAIRAHE]) 5 SpectraMax—190 B 4x I K A HR X
B —M AR R mE MR AN Y, AWEA ( 32 [E Molecular Devices A 1] ); SCQ-5201C #I%L
LTSI T 2 RE S HERTE s TSR AT R P R UE A (L
HH AT %%l%iﬁm%%W%E%H£ BAXTABRAF)

Wy, AR TEE M T e R el (Sps) 2 TTESER

MR SR Db R A e, T H B2 ifE R 21 Z@mRBRyHEE WMTREARHHR
e, H, A EASZ 2R T 2.0g, #1115 BREREIA 0. 6% SDS, 60%
2, FEM HEBUE L . IR, DIV SRRSE BE, JATTEAIREE 50 €, HAINA 200 W,

IR R B 1) 10 min, A5 PEBGRE TE.CEH, 3 000 r/min
1 ## B0 15 min, BCEVERMEAT, BT

L1 XAB5 %Yy EARMHBEILBAREARK 2.2 Z2;4FIME BELCH [11] ik, HE
WRHEA R A AR, T 2018 47 10 AR HLHAE  @&M4E%, K&ERCH 25, 50, 75, 100, 150 pg/mL
RITEINEE, S ilsebe b SRR = BT IR, 450,05 mL, 5 0.05 mL fEAk
KEHRYEE NREFZPHEY E A Morus alba L. BHAF] (0.25 mol/L) —[F'ET1.75 mLE.OE IR
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AR 3 min, fILA 1 mL BRERENAETR (0.7 mol/L) 127 .
il NEFE 1 h JF A, AR 0.2 mL SN, § 2

be be

BTEAMYE, 7E 750 nm KA ESEE , LI
W R B R AR bR (X)), OGN (A)
PEATIENE, 5578 A=0.001 7 X+0.006 8 (R*=
0.998 0), 7F 25~150 pg/mLIEE N IE X R BT,
A R R, e 2B E A,

2.3 FRERKE

2.3.1 SDS H& [ S BRI 60% . BHE
Fo1: 15, MAIREE 50 °C, B tiZ200 W, HH
Bf1E] 10 min, %8 SDS H& 0.2% | 0.4% . 0.6% .
0.8% . 1.0% X Z M & A =5, 451K 1,
FUETT T, SDS /N T 0. 4% B 2 & A A
HoEE 0w TR R, OAE 0.4% BF Ok ) B oK, M
(11.49+0.04) mg/g, SARNM SDS L EF HAS
P45 L (P<0.05); SDS FHH KT 0. 4% I £ i
AR RO AT REAR, P fE 2k 2 I SR vk i
JaXZ A AE B AN A, (B HA 2% BT
o R @, W b, ik B SDS M BN
0.2% ~0. 6% .

0 0.2 0.4 0.6 0.8 1.0
SDS/%

T ARE/NG FREFR R X G Z 18] i 22 7 BAA ge it i X
(P<0.05), W—/WNEFHEREEFLEHEITEE
(P>0.05),

E 1 SDS AEXNZEMEFENM
Fig. 1 Effects of SDS consumption on polyphenols con-

tent

2.3.2 MFEYPE [EE BRI 60% . BHE
b 1:15, SDS Fi#E 0. 6% . #AH R 50 °C ., #H
BFIE] 10 min, HECHA I 100, 150, 200, 250,
300, 350 W X2 & A mAy sz, 458 WA 2,
A AT 0, M )R 100~250 W I 2 & A Bl
HH B 0w T, AE 250 WORE Ik B B KM, M
(11.28+0.20) mg/g, 5100, 150, 200 W Fbii2s
SEHAESH¥E Y (P<0.05); HAENFEKRKT
250 WH Z B & A it i 2 FEUE R, nTae RT3
WS ENZ N A R I, SRR T
%k 200~300 W,

Z®/(mg-g")
=

8
100 150 200 250 300 350
A E/W

H e AREVNG FR: R R %N RS Z H 22 R BA St E X
(P<0.05), AI—/MNEZH X RHEZRLHEIT 8
X (P>0.05),
B2 BFENENSHESBEENIIE

Fig. 2 Effect of ultrasonic power on polyphenols content

2.3.3 MFEUREE  [EE ORI 60% . BHE
It 1: 15, SDS HHE 0. 6% . HFHDI% 200 W,
FAE] 10 min, ZEGEB AR 30, 40, 50, 60, 70,
80 CXf Wy & A HMsgm, Z5 R ILE 3, hitn]
AL ORBUERE 60 CHF 2 & A ik Bl RE, M
(11.07+0.08) mg/g, 530, 40, 50 C L% HF
HAEG 42 (P<0.05); $EBURE R T 60 C
B 2 &AM (P<0.05), FIfREER
2R R 2 AR, I EL AT 5 DRIZ R R A4y
fiet ! Ik, BEEREEFTIRE R 50~70 C,

12 r

30 40 50 60 70 80
AR/ C

T AFR/NG S8R 7R % N R 2 ) iy 22 = B R gt B X
(P<0.05), Ml -/ NEFHERAEERERIT¥E
X (P>0.05),
3 BEREMZHMESAENHM
Fig. 3 Effect of ultrasonic temperature on polyphenols con-

tent

2.3.4 HRAEEHE [ E LR E 60% . RHR
b 1: 15, SDS FiE 0. 6% . #EAH R 50 °C, #H
W# 200 W, % £ A k| 5, 10, 15, 20,
25 minXf 2 & A SR, SR UK 4, fita]
AN, EBFEFR] 5~ 15 min B 21 &G R AR K
M7t e, 7815 min B35 8 KME, A (10.47
0.23) mg/g, 55, 10 min LB EF HA G I22E
X (P<0.05); A EKT 15 min BF 285 H
TSNS A BEAR, 7T AR ) 75 R 3l 2 R X
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RS R DtL, BERERE R ISR 15 min, Jf
HAHRATIR S5

12r
EN a
;:ﬁ b ab ab
=
=10 -
B c
A

8

5 10 15 20 25

f/min
e ARFE/NG F8E R R %0 B Z Y 22 R B Gt E X
(P<0.05), M —/NEFHEREEFXTHIT¥E
X (P>0.05),
4 BEREBEXNSHBSEENEMD

Fig. 4 Effect of ultrasonic time on polyphenols content

2.3.5 COPERFUAMEL BEERNELL 12 15, SDS
FHH 0.6% . HAIREE 50 °C . BAIE 200 W, #H
PRI E] 10 min, % %8 2 R AL 40 50 40% . 50% |
60% . 70% . 80% X Z I & A s, 45 5% LA
5. HBEATHEN, ZEEARFRAR L 40% ~ 50% B 2 1 7
A HEBEE A A, 7R 50% I8 B i R AE,
9 (10.7320.11) mg/g, 5 40% L EFEA S
TER L (P<0.05) ; LEARRUEURT 50% if £
Wy A ROMRRAG, v REE AR G = &
B FERFAEDNE, BHARIZ A A 240 i
A PR I, R L EER B BN
40% ~60% .

12 -

ZH/(mg-g")
>

840 56 66 76 8I0
7B /%
TE: ARVNE T8 3278 % 08U 2 18 B 22 5+ AR e it 2 B X
(P<0.05), Al — /NG FHERLER LRI ¥ E
X (P>0.05),
Es5 ZEARSBXNESHMESEEHZM
Fig. 5 Effect of ethanol concentration on polyphenols con-

tent

2.3.6 BhkL [EE AR %60% . SDS H
15 0.6% . MFSIREE S50 °C . WA 200 W, M
BFE] 10 min, ZECREL 110, 1: 15, 1: 20,
2262

1:25, 1:30 XM ARmEm, &RILE 6,
HICAT T, RHR R 1 25 I 2l o A B iR R R R
5, K (13.58+0.05) mg/g, 5 1:10, 1: 15,
1:20 WRZERBAGIT¥2ER (P<0.05), R
Wi 5 s 1) FH T v 1 B 5 0 ) A o RS
BRITHEE S, WY EGA B A5 R B S B
T I, MG AR T g, B R LA
1:25, JFHAMHITIRE%EE,

1:10 1:15 1:20 1:25 1:30
FH

e ANRINE S8 7R 0 I B 22 8] (9 22 5 2 A e 3
(P<0.05), Ml —/NEFHRREERELEI¥E
M(P>0.05),

6 REtXZHMEFENHMm
Fig. 6 Effect of solid-liquid ratio on polyphenols content

2.4 rapdk EREZFEIRAEEA L, EEE SDS
M (A) . AR (B) . #BARE (C). O/
WA (D) fEREmMNE, ZHEAE (V)
YERTEMAERR, R 4 ZE 3 K- 1 1 AL AL
T2, WEAKEREL, 45R0%E 2,

x1 REEKE

Tab.1 Factors and levels

K- — HR - -
ASDS/% BIBFEINR/W C BAIRE/C D ZE/%
-1 0.2 200 50 40
0 0.4 250 60 50
1 0.6 300 70 60

PR 2 AR AT LG, BRI Z o H R N
Y=15.41-0.364+0. 16B+0. 12C-0. 12D +0. 27AB +
0.20AC - 0. 304D + 0.31BC + 0.28BD + 0. 15CD -
0.54A%=0.32B%-0.74C* - 0. 44D, J5 &M W%
3, HIGATH, B P<0.000 1, 2B ok ) 4%
WK, AT P>0.05, F B R HA & X451
SR/, R 9 0.916 8, Ry, 0 0.833 6, WM
RGBT R, TR RECN 1.65%, KWL
RGP, ATEEMEEIAR, WE A, B, AB, AD,
BC, BD, A’ B>, C*, D’ ¥k 3 (P<0.05)
B RE (P<0.05) 7K. Wb i 2B DLIEL 7
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x2 RAWRITEER
Tab.2 Design and results of tests

R3I AESW

Tab.3 Analysis of variance

X B s C # Y ZW/ . B
IS A SDS/% o D /% b EEC F P
TR O mW R/ LB/ % (mgeg) e oy A i) fH fH
1 0.2 200 60 50 14.93 ) 8. 88 14 0.63 11.02  <0.000 1
2 0.6 200 60 50 13.62 A 1.57 1 1.57 27.25 0.000 1
3 0.2 300 60 50 14.91 B 0.32 1 0.32 5.61 0.0327
4 0.6 300 60 50 14. 68 c 0.18 1 0.18 3.08 0.101 1
5 0.4 250 0 20 1414 D 0.18 1 0.18 3.12 0.099 2
S04 W M S o 1 o ae o
7 0.4 250 50 60 13. 54 ‘ : : :
g 04 750 o “ e AD 0.35 1 0.35 6.08 0.027 2
: : BC 0.38 1 0.38 6.65 0.0219
9 0.2 250 60 40 14.49 BD 0.31 1 0.31 5.38 0.036 0
10 0.6 250 60 40 14.71 cn 0. 094 1 0. 094 .63  0.2231
11 0.2 250 60 60 14.89 A2 1.86 1 1. 86 3236 <0.000 1
12 0.6 250 60 60 13.93 B2 0. 66 1 0. 66 11.42 0.004 5
13 0.4 200 50 50 14.58 c? 3.55 1 3.55 61.74  <0.000 1
14 0.4 300 50 50 14. 30 D> 1.27 1 1.27 22.13 0. 000 3
15 0.4 200 70 50 13. 94 2% 0.81 14 0. 058 — -
16 0.4 300 70 50 14. 90 AP T 0.72 10 0.072 3.44 0.122 6
17 0.2 250 50 50 14.78 A% 0.084 4 0.021 — —
806 20 5050 136 AR, SARHEECT 200 SDS JiTHE 0. 34%
19 0.2 250 70 50 14. 41 . .
20 0.6 250 70 50 13.78 T 259,92 W, HH R 60.89 °C, LR
21 0.4 200 60 40 14.94 BUrE050.33% , 2B e 280N 15.48 mg/g, %
2 0.4 300 60 40 14.50 FEF A PR EAE O SEBRIE DL, B HAB IE R SDS FH i
23 0.4 200 60 60 14.13 . . L
24 0.4 300 60 60 14. 81 0.34% , B 250 W, BRI 60 C, LB
25 0.4 250 60 50 15.22 RFATEL 50% , $2 08 R iifk T2 A7 i ik 5e
26 0.4 250 60 50 15. 54 WA Z W i 3 80 (15.11£0.21) mg/g, 5l
27 0.4 250 60 50 15.57 .
m 15.48 / T iR 2% 8 2. 45%
2% 0.4 250 60 50 15.37 UJ% me/g PRI (AIXTIREN 0), &
29 0.4 250 60 50 15.36 BH AR P 4 R4

507200
c AR LGHEAE R

&7

Fig. 7 Response surface plots for various factors

60 ( 500
55 275
s B
10200 o B
d #@ETRE ZREERS K

FE RN EE
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2.5 ZReH SEHICER [18] HuE, IFHEEY
Bk, B0.05, 0.1, 0.2, 0.4, 0.8 mg/mL $£H
WA 50 pl, 5 1% ZAAMEW . pH 6. 6 BERSZ
4 50 pL A, BT 50 CKE RN
20 minf5 B, AL, A 10% =& 412 50 pL,
3 000 r/min B> 15 min, B EER 90 pL, hiAZE
7K 100 WL, 0. 1% =5 L8k 10 uL, # & 10 min,
7E 700 nm PAKEIE WG, DLgEA R C o FHPE
XTHR, ZRIEAK A AR, ER 3w, BOFXIE,
ZPRIER 4, MILATHI, ZWiAlREE ) 5 H T E ik
JERIFAMSE (P<0.05), IC, 2~ 0. 116 mg/mL,

R4 SHMEFREHNELR (x5, n=3)
Tab.4  Results of reducing capacity determination of
polyphenols (x+s, n=3)
e S/ (mg-mL™")

5% EE (700 nm)

0.05 0.24+0.01°
0.1 0. 48+0. 01¢
0.2 0.79+0. 07¢
0.4 1.08+0.01"
0.8 1.38+0. 19°

T« 7] 51 AN [) 7 B 3275 A0 N 508 =2 ) 1 22 S R e i 4
X (P<0.05),

2.6 ABTS AwAAmkitr SH Wk [19] )
W, JFEE Yk, ¥ 2.45 mmol/L i HRH 5
7 mmol/L ABTS H HIESFEIES) 5, #FE THAL
16 h, ZPEMiFE ABTS H iAW E £ 7F 734 nm 4b
AN G RE A 0.70+0.02, fE R ., B 0.01,
0.02, 0.03, 0.04., 0.05 mg/mL $ZHUE 4 50 pL.
fEHIME 100 pL, JEAIE RO 5 min, 7E 734 nm
PEARAL M E W SCEE A5 4% 100 wL 5 50 wL
ZRABKIRAT, S min J5TE 734 nm K KA E W CE
Ay; ¥ 100 pL £ F£ 5 0.01, 0.02, 0.03, 0.04,

0. 05 mg/mL $2POE A 50 pLiRA), ##E S min, 7F
734 nm PARAMEWROSCE A, DIFEAR C o FHTE
YRR, A 3 W, TR, AR =
[ (A=A +A)) /A1 x100% , Z55E0L3R 5, HtkrT
W, Z Mg BRRE 5 OH B R kO R OE A G
(P<0.05), ICSO%II 0.014 mg/mL,
x5 SWHEREAVNEER (x5, n=3)

Tab.5 Results of scavenging capacity determination of
polyphenols (x+s, n=3)
A B/ (mg-mL™")

ABTS H H#7EFRZE /%

0.01 39.96+1.21°
0.02 67.95+1. 34¢
0.03 89. 44x1.30°
0. 04 93.27+1. 90"
0.05 96. 30+0. 93°
[ 5 OK [R) 5 B 3% 7 A I B0 2 E) i 22 S BLR SE iR B

X (P<0.05),

2.7 WHERE CRAEAEAYHIED ) ERFRE
FTMAGAH KGR, s OmARRE, SE2y
FFRA . RSB ZEAUAT IR . SRIMEAT B A TR 45100 pL,
WRARYYA], FEEAR 6 mm BYIEACH T ULIIA 10 L $2
WO, DIHSLRCh 2 O I, R 28 R i
BEA FREXT R, 37 C M EIE G 24 h 500 A el
B, [, BB FR B 0.05, 0.1, 0.2,
0.4, 0.8 mg/mL, ZHICHR [22] R 1Y 7 ik WL
TGARE, R v s B BT R ke g 1 i BRI o it vk
FEVE R AR B (MIC) , 459 WK 6, ]
A1, #£0.05~0. 8 mg/mL JEEIREETLEIN, LB S
TR B A4 i SR B ASOC &R (P<0.05) , %R HF
P AR OOR AT BRTA . ORGREZERAT AT MIC Xk
0.2 mg/mL, M50 AR MEFF 1R SRIRAT B 1Y MIC
¥5°40. 4 mg/mL,

x6 SHWMEEFENELER (xzs, n=3)

Tab. 6 Results of anti-bacterial activity determination of polyphenols (x+s, n=3)

. Jrinse7id: 94 B 18 LA/ mm

(mg-mL™") KIGHFF SEOMEERE  TERIEAR M B 2R AT P SRRRFT TR

ZHIEE A — — — — — —

Z 1 0.05 — — — —

Z 1 0.1 — — — —

Z 1 0.2 9.72+0. 61° 8.33x1.54° — 7. 68+0. 66° —
£ 0.4 10. 3320. 50° 10. 26+1. 25" 7.16+0. 50° 8.98+0. 36" 7.49+0. 78°
E2i) 0.8 12. 00+0. 97" 11.17+1. 15" 8. 48=0. 42" 8.41+0.41" 8.97+0. 63"
X 35 K F R TR T 1.0 15.22+0. 87° 14. 39+0. 89* 14. 00+0. 20* 13.17+1. 00* 12. 83+0. 79*

TE : [R) S AN ] B 3 7s AR I Bl =22 ) ) 28 5 L e 11438 L (P<0. 05) 5

3 itig

NS PN VAR R A= A=A e/
2, IS Z i 43 80E ik 15,11 mg/g, BARUM
SDS 4855 1 59. 83% , A MmN 2 18 = ey )0 1 % |

2264

BTZEHAT T, ZWmARIER 12 38.8%, {1
THRTASZIREE R, RW] SDS G F 5 S F AR,

PUAMSLIRES R BN, EARMZHAA RH
MR JERE Sy, REARUH R ABTS H 4k, Jf5H
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RSB EIEAG, REMED XEHFzL
My S Y PR E TR AT TSR, R KR
XFABTS H i B AT 5 1 BR B 71, 1C5, fH A
41.25 pg/mL, = FARLIH 14 ng/mL, FH SDS
I Ie] e P P B R A G b P B BT A 1 TR S
WE R RN, EARN 2T KB, &0
EIBKTE , WRAERT I | ARLERAT IR . ST R
PIEA BRI, O S 00 A 50 s A
TSRS TR S 2 AR B X B 2 AT 1
SEEHEKE . K@ EA —EmHiEH,
MIC 7 0.3 mg/mL, & FASEEAY 0.2 mg/mL, 3
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