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Preparation of eggshell-powder nanosilver and its antibacterial properties
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WME: A h A RABEA FRER XL AgNO,; \NaBH,
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LW ARBATHA. EREN, KT Hh KRBT KA E .
ERENARA AL EFRAHB . GELARD L HAH AR
W e a7 B ROR L R AK AT B AR (MIC) 5 41 4 1.5,3.0,3.0,
6.0 mg/L, & &k 4 ¥ % & (MBC) & % # A4 6,12, 12,
24 mg/L,

KB :F e ARBGRBERERE WA

Abstract: Eggshell-powder as reactant react with AgNO3; and NaBH,
through ultrasonic reduction method to prepare the eggshell-powder
nanosilver. The eggshell-powder nanosilver morphology and mor-
phology changes of treated bacteria were characterized by using Scan-
ning Electron Microscope (SEM). And its antibacterial properties
were characterized by the microorganism meathods. The results
showed that silver nanoparticles of eggshell powder had strong bacte-
ricidal effect on Escherichia coli, Staphylococcus aureus, Bacillus
subtilis and Candida albicans etc. And the minimum inhibitory con-
centration (MIC) of this four bacterias were 1.5,3.0,3.0,6.0 mg/L
and minimum bactericidal concentration (MBC) were 6, 12, 12,
24 mg/L.

Keywords: eggshell-powder; nanosilver; ultrasonic; reduction meth-
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B 702, ZHE 139, EAE MRS A — e R A
FE R BT LA FE Y 4K AR 1 e E

AR AR 19 JC B 0 M R L 2 PR AR AR N
TT YR AR AL A 4k 1 1 26 Bkt v RE (0 BF 9T 4% 2 6 T, 5%
BREGUAART GO AR T 45 HLAT BT % T Rl R gl ok
AR RN Z 0T . BRI HERS X —E YT 2R,
IERA — 2 BN R MORL B4 UK & Y 7 2 i R
DA . AT E Ak 2 S5 L R T NaBH, (19 58 38 J5 7
H AR i 2 A SR &S B b, i B0OET B A B0 AL R, T
AR I8 W 5 2 50 0 A KSR A 410 T g
1 Fe5051k
L1 ##

1.1.1 i fp

E A2 E (GIM 2.194 Candida albicans) . K W ¥F &
(GIM 1.559 Escherichia coli) H 28 1 #F @ (GIM 1,977
Bacillus subtilis) . 4z 5 {0 1 % 3k 1 (GIM 1.221 Staphylo-
coccus aureus) : | IR WA Y AR ARG PG
1.1.2 EERKA

95 %6 A  AgNO; % — % R T B NaBH, : AR %%,
B Ak 1B 03 A BR 2 ) 5

BB R 156~20 g A RE 3 g EA K 10 g & ik
£ 5 g 7&K 1 000 mL.# pH %= 7.3+0.1,7¢ 121 C F &K
15 min;

LB #5375k A R 10 g/L & Ak 8 10 g/ L BEBEIR L
W5 g/L.H pH % 7.0,# 121 °C TR 15 min;

W SE R B R 20 g AR S g AR RR S g F pH &
7.54+0.1,7¢ 121 ‘C F K& 15 min;
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102 FAL A IR & MR K S - IR IR 4M 10 g B 76 A i
17 g E@ALH 100 g R EZHEE K 3 g A% 0 2.5 ¢ BEIR A —
B 2.5 g pH & 7.34+0.2,4€ 121 °C F KA 15 min;

AR R AL A R 6.0 g iR 20.0 g. A A A
20.0 g Z&1#H7K 1 000 mL. 4 pH 2 5.6 0.2, 121 CTF XK
7 15 min;

MH R4 W 2.0 g BRKGERHE T 17.5 g fliE M e
1.5 g 2K 1 000 mL . pH £ 7.440.2, 78 121 CF K
W 15 min,

1.1.3 FREAUMR A
Hiffi 7 B 4ss . JSM-6010LA #, H A<y F ok 24t 5
AIEER B Pl KQM-X4B A1, J& BH 4 72 38 FH Pl A R

Sl
W 2 4 (X RE-52AA 0. 15 00 4878 LX)
HE PR B - ZWY 240 . T I I 4 07 £ o3 A R
o~

AL R SR AR LRH-250 B, b i 1A B A & 5

KA YXQLS-75G B, g A IR A

% #l. ALPHA1-2 LD-PLUS #, & i MarinChrist
YNGR

fEIR K HH-6 B, G150 R g T

HLF 40 M K OF  E240 B, Mg 45 8 —FE R 2 B bR 32 5 (1
AR E]

MG T AE & SW-CJ-1FD I, 35 JH % | = < R A R
NEIR
1.2 RWHE
L.2.1 2 Fss g R R 5T 0 1 1 4 K i B WL 4%

(1D X FE 7P BT BREE DL Bk K %5 .

(2) ABEFM IR (Ag™ SEMMHE D BRI 0.5 g
MEFEH T 10 mL ) 12 mg/L AgNO B+ . #7= 10 min,
A 15 mL f9 0.2 mmol/L NaBH,, 4k # 75 10 min 5,
E TR

(3) B IKR (Ag™ SEiR J5 )5 WP  FR IR 0.5 g
MRS5S INA 10 mL (1 12 mg/L AgNO, %, I im A
15 mL B fit%F i NaBH, . #75 20 min 7,4 HM* .

(4) FLBEILEE : HL 2 Fh 7 v il 4 1) 2% W JBE 68 B2 A 401 K 4R
BTV O T o o A AH I 1 R R AR AT 4 A R A% L
Fo e 1 A HOE X (EDS) $E4T B8 1% s 49 F4F .

1.2.2 X He 2 Fil gy vk 1 45 1 2 70 40 9 K R A 400 TR RIOR

(1) BB A5 7 %« 4 0 A0G TL VK A R A7 14 81 P LR A R
JEHERINZE 100 mL 4% & Rl IT X L 14 VA B SR L ep L 7E 37 °C
200 r/min.24 h {544 T B8R 35 R A Bk VBN AT 1
B 25 BRI R .

o, KM AT B P 53 PR VMR B R RS AL B 5 L LB
{0 5 75 B TR AT 0 TR B 0 5 4 0 A BR TR T 10 00 Ak B ik
KT R WA B 55 S A TR 8 3R N8 [ R 5 5 ke R A7 41
PRI 5 o o B R TV B R R R AT B RS AL
B0 D T IR B R AT 0 TR 6 5 A 2 A T A
VWA B R B R AT A IE AL  8 57 BN 1 A B 55 B R AT 40 A
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(2) TR TR A A 43 K R A 19 2 1 mL A9 T
AR KT 50 CAL R B IR A AW BE o 1 X
10° CFU/ mlL {1 & il 18 W 4801 B [ 5 45 10

(3) TR R B0 e B R TR A 4P 0 2 AR R SE R
%% B 12.00,6.00,3.00,1.50,0.75,0.38,0.19,0.09,
0.05 mg/L ¥ AT 0P X5

(4 PR R AT . HE KB M 6 mm A4
(A FTFL AR 2E AL 14T L $R 5 L35 IR AU 42 6 mm A2
A AR L 43 AL B AL B 80 L 4% Fifv ik J3E A 28 e B 4N oKk
RO TE 4 CURFI T T 8 2 h, B R4 b T 37 CHEE
Fi g% 24 b UL N S0 T B E AR

(5) 7 P A DU k< P A R ROBEAT 92 38 Sl &
1.2.3 SR B e B (MIC) Al A A% 1 e B (MBO) (171 562

L 2 2R 72 R 49 R R P 0 TR R A 1 — AL AT
oL

(1) S AR 18 R B2 (MIC) : 76 TC W S B8 F il % MIC 4L
M O A% H AR T S 00 A TR o 2 6 1) 8 7% 3 401 DK A o b
FENGF m ) 96 FLE AR LM T AR b AES 1 FLESE 11 fLifk
ATIM25.10 pL/4L .55 12 FL A K PR B I 2, 58 13 4L
Sy B B TG TR 8 TE AR T R AR AR o il A5 vk B S 0.5
22 TG Ll Yy 1 b o T R, T MIH I #6147 1 0 1 000 7 B
JEM AL EA 100 WL, BHIFET 35 CRAEH/DTHE
16~20 h, A F i 3k - Eotk 3+ B0 77 v A 0 R B W 4%
A FL b EE Y BCE S DUEE/INFL Y 58 4 400 1 40 B8 AR K B AR 2
Y B S MIC, 4 BH M o BRFL CRIR 25300 38 25 ) 19 40 7 W
BARKE A A B L. YR R R B — i Bk
FLAsF S R S A0 B AR K B 2 R . A B 2 A Bk
AL R R e g5 R TR EE IR

(2) B ARA TR (MBO) Bt MIC i 56 4% 52 v, Jo 1 2
K& RGP IR 0.1 mL, B B 255 & 1) Bl fig 1 5%
e FL,37 CHi SR 24 h, DUIG TR ¥ A2 K 0 05 Ik vk B2 2 25 1Y
MBC. [F]#} A A B 3248 v B3R 0.1 mL #6477 1L
Br 3R A g BH PR X IR AN BT GF 35 e B 3R Rk 0 OF L B Pk
xf B
L2.4 H#EBEETHREEIEREMH  JOKHE 7 b b
JEMRHERE TR EHEZ.OHFLL 5 000 r/min &£ 15 min,
BRE I A TR ) 4% % — 8,4 ‘CEE 2 h )5, /0.1 mol pH
7.4 BEIRGE PR VE 2 KK 10 min, A 120 SRR 1 T I
A 1 h, A 0.1 mol pH 7.4 BEFRZE wh il S 2 EEUE 3 I K
10 min, 7€ 4 “CyKFH N E 1786 B 7K. 30% L BE—50% &
fE—70% Z )5 90% 2 E—95% Z E—100 % Z B . 4% JBi 7K
15 min, #RJG .\ ZBEZ A o I 8 2 sl BT B G 5 kA
PR IR A i P B UL SR IV VR TR L T R O AT W 4 AL
B, FE S 4 RO AT SR AT L BE LA
2 HORYER
2.1 EMAKBHIHRENE EDSRAERRABENE

KI5 1R 7k A K S SRR B e i T AR R 1. BRI
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Figure 2 Elemental distribution of eggshell powder and

the nano-silver eggshell powder

KA AR TT R BT 0 B A B A B R RCHE T LGE 3 1
. MART 0.38 mg/L I H 58K PR BT LK 48 .
2.2 MEKE
W 2 B, A vk K BB STR OKRR N R L 6
B 4 R A R R TR B L 1 A R A S R RO

(a) HiTh (b) B IR H 10 T B R /N ] D3 2 i vk i AR 9 2R 5 B 4 K SR X R
B 1 &SRB L FT T A9 30 B8 RCR BB 3 L O SR M T RO 5 . Al BE
Figure 1 Morphology before and after silver treat SR 22 G O T A B R Y R SR OB 2 2 b BB B RN £ B SR A
with eggshell powder G PR 65 A R A i B R RE A 55 T, L4 M R A (Y
x1 HERPELEHREBLLFERFHLE
Table 1 The elements mass ratio and atom ratio of different samples %
. C 0 Ca Ag
i R RTFR O REE O RTHE O RE O RTHE REE R
il 61.71 70.26 32.46 27.75 5.83 1.99 0.00 0.00
48.00 mg/L & F& 4 4 KR 8.56 12.95 62.08 70.51 17.68 8.02 1.12 0.19
24.00 mg/L E 7490 K AR 0.78 0.13 59.74 69.34 21.39 9.91 0.78 0.13
12.00 mg/L HE5 M40 KR 3.41 6.85 36.75 55.50 55.31 33.35 0.56 0.12
6.00 mg/L & 7 H 4 K AR 9.43 15.01 55.36 66.17 28.99 13.83 0.28 0.05
3.00 mg/L & 58 M 41K R 15.57 27.67 34.21 45.65 49.99 26.63 0.23 0.05
1.50 mg/L 5T 0 A1 KR 6.87 11.75 50.19 64.43 37.86 19.40 0.16 0.03
75 mg/L B 9K AR 10.35 15.65 59.85 67.97 21.14 9.58 0.07 0.01
0.38 mg/L 5T H 41 KR 14.33 21.49 54.79 61.70 22.04 9.91 0.05 0.01
xR2 ABEEEHHRBRHONEUR
Table 2 A, B The effect of eggshell-powder nanosilver on bacteriostasis
7R AR R e/ KB /mm 4 WA A R B/ mm il B ZE AALFF 1/ mm A S Bk /mm
(mg+ L1 Ak Bk Ak B Ak B Ak Bk
12.00 28 26 22 20 25 23 20 19
6.00 20 17 13 11 19 17 12 12
3.00 17 15 9 8 10 10 9 8
1.50 13 12 7 7 8 8 8 7
0.75 10 9 0 0 7 7 0 0
0.38 7 8 0 0 0 0 0 0
0.19 0 0 0 0 0 0 0 0
0.09 0 0 0 0 0 0 0 0
0.05 0 0 0 0 0 0 0 0
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7~8 nm) KRB G WM RN SR . TR 22 I BH PR 1A 45 A4 P
G0 AR N 224 A0 JE] J5T ) B 45 o 2H s 200 i B ) M T 5k
S IR WA i R ) A L BE 5 A L A K AN 4 W R 2
B LR A KPR A 25 o IF I, 9 oK AR 0 5 22 1% B 1 40
IR B, A BN IR R R Y TR
A AR I, K AR X TR i VE R TR AEY .
P00 R TR Dy B AZ AR - DT TRT B8] DR /0N AT U 494 K R 58 o )
P16 2 2 TR A 40 7 A0SR B T A 3 R v R AR D . T
B8 2 5 BEnT AL, A W A5 1) 2R 50 R 40 R AR X 3 LA T 1Y
MBI T Bk, B, 85 A ERANETH K
FRPEAT X LA R i MIC LA K MBC {B % .
2.3 MIC.MBC &

W 3.4 TR S AR BRIE WO KIG AT L &
A BRTA AN B ZF AT A L O & BRI R MIC 43 LS,
3.0,3.0,6.0 mg/L,MBC/%r % }56,12,12,24 mg/L,7 I,

3 AFETHNKREESHEN MICWELR'
Table 3 A The results of MIC determination of eggshell-

powder nanosilver on various bacteria

EFR AR EEOH Mz Aaad

WL/ (mg « L7 RIHEE i R AT PR

48.00 — — — —
24.00 — — — —
12.00 — — — —

6.00 — — —

3.00 — — —

1.50 —

0.75

0.38

0.19
B X
W14 1 - - - —

bk B AT R — R B R K s B X IR R 0

MH Pl 3 s B 4 F : MH 1935 .

+ + + +
+ 4+ + + +
+ o+ + + +
+ 4+ + + + 4

R4 AXEEEMHARINZHEN MBCUELE R
Table 4 A The results of MBC determination of eggshell-

powder nanosilver on various bacteria

EAEBAKR L REEE WEE A6
W HE/ (mg + L) HEE A W
48 - - -

24 - - - -

12 - - - +

6 — + + +

3 + + + +

B 1 + + + -

B 1 - - - —

T RN ARG — 7 IR B A B X B IO AR K
A MIC $5 37 W0 % BN 55 77 28 oP 55 95 5 B PR X0 1 &f B0 8%
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CXF R A AR B R 59 . 2% &R R 1 A 400 K AR T
RIS 22 T A A B ROR , Hrp A5 I A B 4 2 (6 A
Z BRI MIC {1y 3.13 mg/L, A& E K MIC {H 1554
1.56 mg/L;MBC {H4> 55 25.0,25.0,12.5 mg/L, 54 W 5%
PR EE AR AL T RE S AR TS S FIRLAR RNV R

2.4 BEEMARBLENEFFEERAIZ N

241 RGITFHEETHHARBLIE MBS Z/H &
Pl 3 AT L 2 K ARORL - S50 A Af BE b A 2 A R0 AL Ll i
X ] B 3 K A BT s R) S A0 M TR BN . 4 R AR B AT A
ML T2 DNA 2SR A o5 Ja M P9 9 5 3 0% o 40 L 5 4
ik X SR BT A AL Sondi &0 B 5 A
RIAE A BT LS 8 K AR A JH 3o 1) i A TR A i BE
b AR Z2 LR L 20 M IR ™ L O R BN K B R 5 4K
TR 20 Kk R R A

It

T

:

B3 ZrHhMmARAESHRMTECELR
Figure 3

The morphology of Escherichia coli after treated

by eggshell-powder nanosilver

2.4.2 W OHERREZEFCH AR B S B RSUE
WNIEL 4 BT 7R B 580 90 R AR AL IS A 4 B 65 7 4 1K T 20
JIfS B 0 B WD 0 2R ) 400 i 400 i B AL 5 A PN T S L
BAMAET . BB AR S M IR R L GOR AR X A
7 7 BR B DT BV RT3 0N T BE T SR T Y P 0 T M
QUK T REHE A ML N BOLFE T 5 AR BT BT 15 M 45 R A
—H.
2.4.3 M ELZE AT 4 S SO R AR AR AR LS TR L 1
UNIEL 5 BT 7R Al B 28 AR B 22 B 58 By G KR SR AL LS L 20
Ji I T e R 0 4 e 2R 3 A R M R A0 M SR A O
1403 T W BE T R AL TE ST LB Y BURERT . 94 oK B 3 i

B4 ZEHARBLEEHEFENARALRETLR
Figure 4 The morphology of Staphylococcus aureus after

treated by eggshell-powder nanosilver
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Figure 5 The morphology of Bacillus subtilis after treated

by eggshell-powder nanosilver
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6 PR G E 5k AR AR AR TG B9 1 &S B TE TR
B WA R B BN LIRS 3 L 2R A W] A R L B
P20 0 78 B AT A N P BE 0 o R O 2R A A TR
PR T2 78 . AT UL 44 K 41 3 52 B Hb 1 40 K B BE 5 1 2
28 1 (0 R R AT PO M RE AT . A RSN M B Y
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Figure 6 The morphology of Candida albicans after treated
by eggshell-powder nanosilver
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