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Preparation and property of nano-copper oxide antibacterial paper of pomegranate pericarp

extract

HUANG Jiefeng', HAN Yuting', YU Jialin', ZHONG Muyi’’, CHENG Fan', ZHONG Guoliang’, ZHONG Wen’,
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Abstract: Objective To prepare nano-copper oxide (CuO) antibacterial paper from pomegranate peel extract and analyze
its properties. Methods The polyphenols in Tunisian soft-seeded pomegranate pericarp were extracted by Soxhlete extraction
method, and the main polyphenolic compound, punicalagin, was co-precipitated with Cu®* to immobilize nano-CuO. A nano-
CuO antibacterial paper was prepared with antibacterial activity of metal and polyphenol substances using hydrothermal
method. The antibacterial properties of the synthesized antibacterial paper were tested by inhibition circle test. Results The
nano-CuO antibacterial paper was successfully prepared with methanol extract of pomegranate peel (10 g pomegranate peel
powder + 100 mL methanol). The optimal preparation scheme of antibacterial performance was: 1.0 mol/L impregnated copper
sulfate solution at 60 °C for 600 s. The antibacterial paper synthesized under these conditions showed good inhibitory effects
on Escherichia coli and Staphylococcus aureus, with average inhibition zone diameters of (20.5+0.8) mm and (18.2+0.4) mm,
respectively. Conclusion The nano-CuO antibacterial paper synthesized from the mixture of pomegranate peel methanol

extract has good antibacterial effects on E. coli and S. aureus.
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1.2.3 PPEMIFTIE /T BB F s 25 1F 251
R, B IR ESN 5500 V, B FURIREE N 600 °C,
KA (DP) 4 100 V, fiffiEfg & (CE) 24 35 eV, filf
HREEY I’ (CES) %4 15 eV, FALAMENAR,
B 1 R 60 PSI, HHBIS 2 24 50 PSI, A5 <M 40
PSL, —Z i H:E F S E Y 100~1 500, IDA 3%
B N 100 cps 19 6 A MR T 4 i
i, FETHIIER Y 100~1 500, TP sh 88 540k
(DBS) .
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AILLTYER ERTE TS0
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S RHUmE  RUEE] CuSO, B H %
s /°C /s /(mol/L)
1 40 300 0.5
2 40 600 1.0
3 40 900 1.5
4 40 1200 2.0
5 50 300 0.5
6 50 600 1.0
7 50 900 1.5
8 50 1200 2.0
9 60 300 0.5
10 60 600 1.0
11 60 900 1.5
12 60 1200 2.0
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SEBEFE T, B LRl 19 CuSO, W AK g 48 A
FIAZ] 25 mL 0.1 g/L it R . 78 80 °C R
10 minJ57, 7F 40 °C NEZANHE 4 ho RWHEERG
U U8R, 40 °C g, BT 45 3L T4 Z 1) Cuo
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(ETNIOE TR R el e S Bl W W TE S p o S IR Y TR G i
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X 5 AN [) A AR 1 =32 180 53 4 0 I Sy 2 98 1
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13: AR 14: MHELR; 15: 9T 5 16: 7R

10 SETFAN R AR B B BB A- 463 5T 4K CuO T 4K
SEM &

PR SEM 45 SRR 5 2 T AL IR 45 5, A
R AR A O TR AR 2T 4 2 N AR
25 FHRAMEHBERLER

ARSI R T B A AR A R WL K R A
AT LA S = BHE DA 1 3 DL T 4 0 7 2 R O A
P S I0  SE IR X 52 o LABT A0 PR B ARk R B bR A
BTG BT IR AR A e il 28 T 25 2% o LARTAS- 0 AT Bl
HEENFEIEbR, X A AP AR tERE.
SEERAE SR KA R ULER 2. 3,

MR 2 WTLUE Y, A Y 12 LA B 400 T 5
= I KI5 A WA M RCR . W s 85
R, B XS T BT A B B AR K 5 45 B A
HRCR s oK . HAKOR TR 5 CuSO, Ik i
DL Sz imtinta] . 193 580 « IR BHRE 40 °C, &=
] 600 s, AR5 CuSO, W JE 1.0 mol/L.
3 ATLIE L, Bl 12 A 400 T 5 22 PR e 4
WO A ER R A MR RCR . X Ir S8 1 T 2
Je BRI, BT i5t i CuSO, W R BE A SR s ) % T
JIT G WA R ARAE K 35 A TR A R8RS e e K
YRR . AR T 2R« IR 60 °C,
12 ETE] 600 s, IFZ i CuSO, R 1.0 mol/L.
2.6 ATRRLLITH B EILER

ARLIVEH T2 AR 75% CFER IR AR
TR K CuO ARifE . 49K ZnO A ifE i LA & PPE
YERXTRRAL . ISR B EAR ) B ELR bR, i3 S0 gs
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R2 AR EARBH # CuO FURZARX KN IRA T A 17 2SR

SR G Rt /°C 1R HEE] /s CuSO, M / (mol/L) 0P e B A% fmm

1 40 300 0.5 17.7+1.5

2 40 600 1.0 15.2+0.4

3 40 900 1.5 12.7+0.8

4 40 1200 2.0 17.1£0.8

5 50 300 0.5 14.8+0.6

6 50 600 1.0 14.6+0.7

7 50 900 1.5 12.3+0.4

8 50 1200 2.0 16.2+1.0

9 60 300 0.5 15.5+0.9
10° 60 600 1.0 20.5+0.8
11 60 900 1.5 12.5+0.7

2 60 1200 20 ] 127402

K, 62.7 48.0 48.0 —
K, 57.9 50.3 50.3 —
K, 61.2 375 375 —

K, — 46.0 46.0 —
Sy 1568 1600 ] 1600 -
k, 14.48 16.77 16.77 —

K, 15.30 12.50 12.50 —
,,,,,,,,,,,,,,,,,,,, T et < < N
2z 1.2 427 427 —

a TR N IR ZEDTRACRAL; b RN NIRRT RACR A
F3 AR EAREUIE A CuO BT AN 4 8 (48 A BR B 1 VR 45

Duive R =it /°C I E] /s CuSO, ¥k % / (mol/L) PR P EL 4% /mm
1 40 300 0.5 13.5+0.7
2 40 600 1.0 12.6+0.9
3 40 900 1.5 10.9+0.8
4 40 1200 2.0 9.8£0.9
5 50 300 0.5 15.1£0.6
6 50 600 1.0 13.2+0.4
7 50 900 1.5 12.940.6
8 50 1200 2.0 11.9+0.4
9 60 300 0.5 14.9+0.6
10° 60 600 1.0 18.2+0.4
11 60 900 1.5 13.5£0.9
12 60 1200 2.0 15.1£0.3
K 468 435 4357 -
K, 53.1 44.0 441.4 —

Ky 61.7 37.3 374.1 —
. e 368 39T SR
k’ 11.70 14.50 14.50 —

k, 13.28 14.67 14.67 —
ky 15.43 12.43 12.43 —
,,,,,,,,,,,,,,,,,, K T2 R T
o2z 3.73 2.40 2.40 —

a PN NIRZEDTRBCRA ;. bR H NIRRT BORA

A 4 Fon o XA P TRRA W MEEN  EIIREECR IR TR ZnO brifEdh o 4111 K H B
BRI ZnO bRl dly, WG 8 A BRE RN ERAE UK (PPE) AU RCRIL T 80— 4100 B2 A I
PRt A ZnObRifEdh . 290K CoO bRERRXTPIRN W, 2 AR BOUILT 75% LB (AT X
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R BB RCR AN 10 5525040 .
T4 RERAIX) 4 8 (T A BR A AR % A TR A AT e AR
/mm
X HERA H) KInea SO RER
=i 0 0
75% LR 6.4£0.2 8.6+0.3
AR HER 9.8+0.3 8.5+0.1
22K CuO Frif iy 13.5£0.2 12.240.4
K ZnO Bt 17.2+0.1 13.240.2
PPE 10.4+0.3 10.7+£0.2
3 itig

WSS AR B T 2 W 250, I LAARSEET
A R FET AT 99K CuO AL, Fxd Hak T T
S FRAE ST LA SR P RE A IR
SEMZ5 KW, FEART I, TEABEEA4ER 1A
A CuO A AW, (1) BT Rz
BT Cu I, AT 4 T SR L Cu™
(2) B BHEASEL A R P Cu™ 50 R WP R U
W 2 By L By AR i S R AR TTE . (3)
B AE K IR IREE T, SR T4 P4 A A 1l CuO Bk
TE S A4 i CuO X — T Y v, 5 Bk 5] —
SERIREE ", R, AR AN, FEARI 27 4 2 R
TV 11 R RS 43 R A H AR B CuO 1) & S AR B DT
Yo IR AR LT 4E P 1) Cu™ (R AR S i, 0
MELAEARIE AT 2 22 A R 2 kL, AR, #7400k
LRYER H Cu BB L i, Cu®t )2 57 AR e
PP 1 22 W3 20 I A DRk 1 S N, 454
UKL S BE TR, 25 50 S80I AT RIS o [FIRERYT, Y
R R R RS, Cu® MITC T 7o ik A BIARSELT 4
N2, U VR0 e 4R 3R 27 2 2 R 1h A Bl
MHE B EE G, 2 S8 Cu® AL 4R PR
IR, SR R B B IO i 2 28 T A R
AN, e 2P B LAY CuO J0kE B SR B4 .
WEAN , ABIGE RIS T A B H RSB BBOR Hh i Al
43X F CuO M ACE L2 . H &l 10 1) SEM #AE
SRR, R IX — 2 W A i
FIURERE R, A F Tl 4EIE LT 4 R N0 Cu™ ULiE Ik
— A B CuO ks ; I, Mt Rt B2
Ty a3, A R TR LF 4 R N Cu DLiE IRk —2
A= B CuO ks, (HAH H LA R R U B 22, &
S R AT REAE T H B R R AR, He 22 A MR /0 L B
K Z R TERC I, 2T 410 SEM 25 B JLF- & &
A CuO Pk, FZ R BEZE S BmAR A T il
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AL AT T iR A — TR B T s
[ B, BRIl 431 P A B e i LA S Cu™ 25 A Rk R
DLVE . A BERR P &8 WA /D, FELIRIL N
F, XF T CuO FUkr 4 2B BRI HI/E -, BT LAEH: SEM
ERE LT BB PR S B4

IE AT S B S5 R, AT T B 4 B 4K
Xof 2 B AT A K M 35 A T R =2 PV T 1) 4 B
IR BREE Y R T B I B RCR o AR R R R
BU 1) 2 By 2 AN BE S Cu® 3 [ 1 DR 44 K
CuO [EEFEAUILLF 4R I, [FRHL 540K CuO H[H]
FIEMRI B AR . MHEBHRE | 1295 Cu™ R A
J& | R A 1] A PR 2 TR AR A A BRI RE
ZEIE GRS T, A IR AL R SRR 9 K R A B s 4R
FeAEHI4 417 7E 60 °C R Y 1.0 mol/L 11 CuSO, I
PR 600 s, 55 -5 25 mL AR 2 B AR U
N 4 ho WEACPETT A 0 0 TR AR 2R 1 Uk 43 A 345
AR ARG I o AT 5 1y 400 TR 2R 410 T Bl )
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