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Preparation of nano-silver by sodium citrate -
Pseudomonas stutzeri reduction and its antibacterial activity
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ZHANG Zongyuan, WANG Xueyan, QI Landa, ZHANG Yingtao"
(Henan Academy of Science Institute of Biology Co. Ltd., Zhengzhou 450008, China)

Abstract: Nano-silver was prepared by sodium citrate combined with Pseudomonas stutzeri reduction
method using silver nitrate as the starting material. The ultraviolet absorption characteristics, microscopic
morphology, phase composition, stability and antibacterial properties of nano-silver were analyzed. The
results showed that compared with the nano-silver prepared by sodium citrate alone, the nano-silver prepared
by the combined reduction method exhibited an obvious ultraviolet absorption peak and the overall size of
the particle size was reduced by about 10 times and the stability was also enhanced. In addition, the
preparation efficiency was improved. More importantly, its antibacterial activity against Staphylococcus
aureus and Escherichia coli increased by 62.5% and 77.5%, respectively.
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(Lactobacillus)3 & V5 {5 % fd B (Pseudomonas
taiwanensis)'¥. H 22 [T R (S, oneidensis MR-1)
SEOS1, NEEE ORI, it AR B M T RT DAT 32 Ag R S
B, AliAE] 50 mmol/L, FEAEKISFRE A oA TE 4
i Joi 2 () () R AT AR E ), ST AR
PIAPKIRRL TS5 G, B GPKRIRMERDY, 2
— PR ELIAE T 7 ) ) 2 A K AR B A A

A o T 7% BHEER. HBHRRAR, 2
B AK R R, HA ORI A
JuAhiE, P 2B A AR R IR I RE A B A Py A
AN ZE o A T A AR AR B R A
FFEAIPRE T RS R, DA R R
kR, I AL B A PR R R IR AR A
JSE (R AR 150, DRI T i P V2 e 28 ER A o - o
PRI KAER . — BT, BMRT R IR EE R
FRBZRE TN IR PR T K AR B 1) 8 AL, o
JUAMEA R R RS YE, BRI TR R,
TR AR A 57 22 BN 4 WA 2 2R I LSRG AR
FERGURER, & —MHE BB AT E R
J7ENCT HOL I AT e 2 41 B 40 WA 1 AR N A
Aghie B 7 ORHER, JF Hax e i vl DL 55 7E 40
KRR, BN H AR P81,

g5 b, AT AR AT AR B 45 G it PR o
TR LA 72 4 B4 T 4 T 4 RO BRI 23 B A DGR
BEMAGOREE RIS T8, BRRAE A,
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1.1 RFR SR
1.1.1 345

THIRAR . AT IRAN . SALENI G ST H MUK e
G AR BERR . BRI SE TR
AR AYHE AR R TE AR . it IR A B ) K
H b R 5 B 2R e R R e 3 O
(CGMCC); Kzt b A1 4 1 €006 4] BR 1T EH TR B 24
B AR P 5T A IR T AE o Al Al

GLB K5 777K : B IR 10 g/L, BERRZ R 5 /L,
AEFERRN . NM 578 JREE Ak 10 g/L,
RHEHR 5 /L, R 10 g/L. NMS %ik: FIH
NM 557205 75 it (B M R 2 5 (1) BB . LB 85
FrFE: RE AR 10 /L, BERHZR 5g/L, SN 10
g/L, Biflg 15 g/L(FEfARiFRIE) . DL RS FRlipRE o+
FEM pH ¥4 7.0 £ 0.5, 1E 121 °CE&AF FaiRm )k

YK 20 min J5 .
1.1.2 43

ZQZ3-C8 MHiR R &G FeAE, Ll EA
FRATR; SX-700 2875 KW %4, HA Takara Tomy 2
A]; KQ-500DE 2 & XAz G veds, ARzeiift
M 7 38 W 2 A B /A & ; Eppendorf 5810R 2 /5y i 4
TRE DL, FEESCARE A A F .

Nano Drop 2000 By E 2540 5 6 EETHU V-
Vis), 3 EFRERCH/RBHEA R JEM-1200EX Y%
SR EE(TEM), HA JEOL A 7]; Nano ZS90
BRI, WEET/RCAF; HIEEEET
& A (ICP-MS), 3 H 2446 AWl ; Varioskan
Flash FbRA, 3 EFEER K H/REHE A F]s BRUKER
D8 8 X S A RATHMU(XRD), 7 [E A7 & e A
1.2 SERHE
1.2.1 RIVGPRER A6 &

Z B SCHRIT T RORT T EAER R, IR AgNOs K JE
E 2.0 mmol/L, #fE G HRBI A T il 2 R SUR
BT, WMOARSGAR RE AR 100mL, LL AgNO;
BN R, BOEWIERMREE N 1.04 2.04 5.0 mmol/L,
TN INAT A6 TR AN g 3 B0 D 591 e PR A R B v
Mo BARSZIGVETT ISR 1 Fivn. K seatdl 43N
30 °CTEIRERFRAE T, (EIE M N EE R 24 h,
ZJE R SEIG 20 A AN K AR B S EA T SR AE 3T o

®1 BLRAKAR

Tab.1 Composition of each experimental group

SR AgNO3/(mmol/L) paslid
A 1.0,2.0,5.0 7K
B 1.0,2.0,5.0 GLB
C 1.0,2.0,5.0 NM
D 1.0,2.0,5.0 NMS

1.2.2 GKRARIRAE 4B

UV-Vis I 5E : GKREREE AL 5 5 AL 3 5 min,
WCHL 2.0 pL, IELIMDCE NG B, wE
300~800 nm A=Y KA Y FE U 52 . TEM TES5 I 7€ «
F ORI b, S EE AR O, A%
AR 10 pL B 5 R S AE AR Y F, 10~15
min Z Ja FERAUIGE 2 R, RPN BRI S
FAERES & LWEE . R BRI e . W HGHE 75 5 R L 24
2.0mg, fIA 1.0 mL S7KAFE S 805, N
Ser FEACHEAT M . XRD P58 = F A TN
YURERFE R T RO R, OR¥FI8 5] T 150 B AR
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R, ~FEIERIFERER & Db, FESIHELF S ) E
ERE, ERZRMERR, SR PR
WA, BAEATHHAI T 8 & LE . FTIR
M3E: B 1.0 mg AR T8 5 B R AR, A1 100 mg
1)1 KBr — [RIBN B 78 20 i B 31 50, R
MU RCI%5 BH 38y i =
1.2.3 YRR B A AL

H4 R A B RN 45 €08 &) BR B AE VA LB s
TR, 2 Ja ¥ 51 iR An A & & ALEN ) LB [#
IRBEFRECTAR, OB IO R B A AR TR b, 4
BIEL 100 pL il & 15 B K BRI 2R AR
16 30 °CE M NAEIRRE I . I8 00 82 10 54 325 B P8l 1)
FKNHEG KR AR P o RIS, 5 HX 1.0 mL 42K
HRVE, MAF] 100 mL GLB 8578, 43 4 fd
KIGAT R NG o VB R BR B, WS G s B 50
BRI AE AR L, 0 BT 9K AR B4 B 1

2 R

2.1 GORRBITERME 54T
2,11 ERANAT WG BE A3

A ] £ K BRI R EEBE I B, X
AgNO; ¥ JE R 1.0 AT 5.0 mmol/L [ 5% S 56 2H i1 4 M
KRV HGAT 7 UV-Vis 37, 4550 1~2 k.

M1 F I, 7E 300 nm~700 nm 48N BGE
BN, AgNO; KN 1.0 mmol/L if, A, B. C 5
B0 AR 3 B AN, T D A IR A
WU, RERE TR T GORR A 22, HIE 2
AT, AgNOsREN 5.0 mmol/L [ A F1 B 41,
R IUBH BRI R S, SR BATEJEIRAR R T, B
— AgNO; AN AgNO; 1 GLB 553754
SRR, FULH SRS AL B ARS8 RaTHERR
JEREE AR TR RIS FH A R R X S 06 &5 AR 52
RFT R, R AR BRAN v AR S — s Ji 75 A 23 BT e
¥ Ag iR RN Ag B, C Al D 4Emeh e 24 fe st
FRAIKAR, SRR 1 AR D ZHH BT B 2 1 I
Wb, HEM TR A RCATE ST 24h N, IR
P B B3 VR P A E A DG Bl S SR ) 5 R )
TR T R B I SR R KAR, I SCRRIY
T 9% 45 SR AH — B

HE 2 ATCLEH, W0 AgNOs KN 5.0
mmol/L ft] C ZHLF1 D 4H Hi B 1 1R 5 & FI 48 AR i g
H D AR gss =T C 4, 45, D Ayl
KARMIREAH LT C iR 26.7%. 74k, C 4l
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Fig.1 UV-Vis spectra of nano silver prepared by

adding 1.0 mmol/L silver ion
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Fig.2 UV-Vis spectra of nano silver prepared by

adding 5.0 mmol/L silver ion

B KR AN AU b T 465~485 nm B KTEFEIA, D
HEAETIRK 430~450 nm Z 7], C HIEBRKRET
ARSI St T A S R S
Keitloh, W7 BN, VR C AR A R
KT D AHPY, i C AT R = 5 gk
LN N-AgNPs, ¥ D 20715 it PGB 5 i B i o0 7=
VIR BR AN RS TR 45 I 4K BRI S-AgNPs.
B LA b UV-Vis i BT 50, 7ERSFRE FIRE T,
Jita AR 5 B B A = el e R BRI AR B, FE R
BT BN R, 38 s R e . S
3635 FHAR N 5.0 mmol/L AgNO; S5 4H 1l 46 1) N-
AgNPs Hll S-AgNPs, HEAT J5 2R AR 4T
2.1.2 X S4ATH 5 BT (XRD)

K H XRD 5 il & P98 KA T 20T (B 3)
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Fig.3 XRD pattern of nano silver

K 3 HitLk(a)Eas 20 1E 27.2°, 32.6°. 38.3°,
46.5° 40 B X AT, SinHEEAER R A
(JCPDS No.41-1104)1(110) (111)s (200). (211)f]
Vg A7 B AT N, I HL L A = AN IR UG B T O ST T
(FCC) 45 K i b v S AL R A (JCPDS NO.31-1238)
H(111)+(200)~ (220) (U A B A XTI, 2% B N-AgNPs
HHZKER ) AR TE RO EY) Ago0 FiT AgCle
& 3 1 S-AgNPs i £k (b) i 260 7E 32.3°, 38.2°,
64.2°40 I X SEAT G, SARHEMASR R
(JCPDS No.04-0783)41(111)s (200)« (220)F] & i AH
X, B S-AgNPs ¥ 1) 3 B4 U= K
AR, B ST T AT,

XTELRIL, S-AgNPs AR A AL, HIF
BA AgCl AR, RIECHIA, 1EEYIER%
YPURBME RS, HRTREOSEEEYPRRE
LR EES, MoK mEz e, R i
PP 5 6 1 L & 7= 42 R AR AT REAT AR 3 S P Pl
T, £ Ag IR BUR R IFR, KRR
WERMERAES, R/ & I H
B AgCl B Bi7 1k il £ B 9K B p SE AL % Ag20 .
2.1.3 BH B HT(TEM)

FIFH TEM X & B gRAR R FE S T %
fiE, S5RWE 4 Fros. BB 4 770, N-AgNPs 44
KA R A, AVOR RS EOR,  HED 2
RARFAERE) AgO BZ, FREWAL; M S-
AgNPs Y KALTR R AR AR —, K2 ERLE
30 nm 47, HUE S HEL. 454 UV-Vis 1 XRD K
MEER, S-AgNPs [MALKRAEE =, KR/, Fife

IR B B R o I 5 BT AT e S i PR B
PR L3SV AR AR R A W) 7)1 T DA SR AE AR AR
Ry, Bribhir %, BeRfse .

(a). N-AgNPs
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Fig.4 TEM images of silver nanoparticles

2.1.4 A CHUNKLAE(DLS) 7 A
F 5 /R SCREAZ 3 BT A 5E N-AgNPs #1 S-AgNPs
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Fig.5 DLS particle size distribution of silver nanoparticles
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H& 5 7T%0, N-AgNPs (£ DLS Kif2 040 A
Fif2<100 nm (5L 8.2%. 100~1000 nm 2 [A] /5 Lt
80.5%- Fi4£>1000 nm (5L 11.3%; S-AgNPs [ DLS
FiAR I B AR LE 15~50 nm 22 7], 5 EE 87.83%,
I HRARLE 100 nm PRI 5 A H] 97.0%. Z5&
XTEE, S-AgNPs BRI A, HRifE 2 EHE
50nm PLF, f&F N-AgNPs. iX 5 UV-Vis. TEM [
SEJARXT L, AT DA e P AR S R e A L
LAk = P A T SONAR JR AR N RIAR AR AR,
BAERRAE AR
2.1.5 LA 7 A

k35 3B it AR B B T ) RS P v )
YRR IHLE], XA B BRIE AT FTIR 3%
fEor#r, SR aE 6 s,

120
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Fig.6 FTIR spectra of silver nanoparticles
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1269.4 cm'y 1079.1 cm! &b B 1 REAE RIS, 5>
HIXER#E N-H (3500~3100 cm'), C-H (3000~2900
em!), C-N(1420~1390 cm')Fl C-OH(1320~1210 cm'?),
X UAR IR ST U A b o 35 57 YA O R ik 2 1 R B

QIR FrERME S F-COOH. -NHz. -OH
S B ReE T AR R E R IS I . X LG S 6(a)(b) K
Bl, S-AgNPs #HAE 1300~200 cm! FII K X ]
HEL T R AT, R R it PR B B 1 B A )
I 45 R A7 72 -OH 8(E-OH 289, fis B
WM, G AgR Rk Ag, WIE—EREE L
TRHEPURER AR B a3 TEK I 550, A
FI T PR AR AR B T/ N RS, X5 SCHR—
Fol, HIYERRMEZAAE N, GORERL A T R4,
TR 2 A T A B T2 B NRLAR AR R

2.2 HEEESHT

%F T N-AgNPs 1 S-AgNPs VW, H A K i
LR TN KIAT T 4o € 25 B 8 A 008 2K
R, GRWE 7. 8 Fin.

ME 7. 8 AIFN, FESCEGHT 12 h i, FHILTA
NI N-AgNPs Fl S-AgNPs [ KT B Al 4 5 (]
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Fig.7 Inhibitory growth curve against Escherichia coli
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Fig.8 Inhibitory growth curve against Staphylococcus aureus
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S-AgNPs I LT N-AgNPs. xFF & —Fr e i,
HABOK R AR 1)/ NGO AR A 2R I 5
E TR ETE, S ET N BB AR — ET28,

T AR AR AR SE B, 43T T N-AgNPs Al S-
AgNPs IR R, HARAPAR BB A
BIRE—APATA . ST 4o 8 4 BR B 15 97
PR, WSIN S-AgNPs 4B Bl B 2K T~ N-AgNPs
(1, KA B ses At 22BN R . 2 J5 051
BTSSR AMEE N ER, THECPEIMERZE
I3HT, 155) N-AgNPs Fll S-AgNPs X 43 (0] ) Bk
B 30 B3 43 08 16.8+1.4 mm A1 27.3+1.8
mm, X K AT R B4 B P~ 45093 - 8.0+£0.6 mm
AT 14.241.4 mm,  GRERXT I P F 350 1 356 AN [
T BE B8R o 72 [F 55 268 7, S-ANPs AHXT T N-
AgNPs, 4 €75 47 3K B R0 B SRR 7 62.5%,
XK IAT B A RO = 77.5%. WFFCR, 4
W6 R R K AR R TR 5 11 F T 41 B 1 4 i
JEL RIS EESR JE T i E E 5y SR BB AE A,
FLPUBE T SRR RS IR BE RN 30 45 R 35 k20310,
R, HEM N-AgNPs fil S-AgNPs 774 DL A 2%
PSR AT AEZ T S-AgNPs FIRiZRE N,
RMEAK, HILBSHATSE, #RHT A%
fink K J AT T R 4 2 0T A BR TR, [0 R A A R
BRHE TR AR SR T N N — 20k NAHM P98, AR 40 2
1 45 R A B A R TS FR AL R 2 A R

3 4

1) ) A ot AR B L T BB 65 A7 A TR N Ji ) %
YAKAR, it PR R PR B M A0 = 0 T A S S 7 F
HOR, AT9oRER e, Rafl&rEE, A
BEE AR B FIRFER BN, (R R BN .

2) AHLLTRAiFT R ER AN SC I 20, 5 it IR R
R A M H SIS A AE A 100 nm DL R RARYE
FERAKAR S B S T 10 1%, 7ERISEEM T H4%
PUIKAR I P~ 1R = 26.7%.

3) [T, il B KA R AT B A 4
B OO 2 K B 10 0 B M LU AT AR TR BN A 4y I B
62.5%F1 77.5%.
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