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Abstract: In order to obtain the inerratic crystal of ZnO nanoparticles, ZnO nanoparticles was biosynthesized by using Lactobacillus
salivarius L3. Lactobacillus salivarius L3 strain was isolated from faeces of healthy weaning piglets weaned a 7~10 d age. Effect of
temperature, action time, raw liquor of pH value and the concentration of zinc solution on the synthesis were investigated. The optimum
synthesis factors were determined by orthogonal experiment & follows: 0.25 M ZnCl,, pH 7.0, water bath temperature 70 “C and reaction time
25 minute. Under the optimum synthesis conditions, the size of the zincoxide crystal grain were nearby 70 nm. Meanwhile the crystal shape was
uniform and had a strong antibacterial capability against E: coli; Salmonella and Staphylococcus aureus. The minimum inhibitory concentration
was 0.024 mg/mL to E. coli, 0.029 mg/mL to Salmonella,and 0.016 mg/mL to Staphylococcus aureus. Using ZnO nanoparticles instead of
normal ZnO into animal feed will effectively enhance the growth performance of weanlingpigs.
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B 1 L1 EREARE (<1000) [ 3 L3 ERIRAE (X1000)
Fig.1 Microscopic image of the L1 strain (><1000) Fig.3 Microscopic image of the L3 strain (><1000)

E 2 L2 EHREFEEE (X1000) B4 L4 EHRFERE (X 1000)
Fig.2 Microscopic image of the L2 strain (><1000) Fig.4 Microscopic image of the L4 strain (><1000)
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Table 1 Morphological characteristics of the indeterminacy strains

m5 ERSES FLRHE AT 2

L1 flae, BAF, L% 2%, LF. 84 05-1.5mm G* KATK, A SR

L2 Kaaé, A% T R#. L% 05-2.0mm G* KAFHR, AALNHE

L3 aé, A% T¥, RF. A2 05~2.0mm G* £BATIK, FHLI)HE

L4 fLad, X, Q%% LF. 84 05~2.0mm G* KATK, A SR
212 LBRAMNAEEAENLETER T FEIEAR AL . ARIE Bk A= FURR S, DUk
2.1.2.1 FREM IR R TR0 TR 3 A RT S AR AT B R AL

L1, L2, L3I L4 PYSCREE H B AR &, 2.1.2.2 ek AR B AR AURFAE
UEIA AR R SR G, LR AHER
R2 TEERNENLEEER
Table 2 The biochemical identification results of the separated strains
kA LR T £ Ry K Eek BARKR V-PiX Pk R EFME

B

K HRE KB RRER KR RE R K ARER KR
L1 - + Ft - - - - + - -
L2 - + F % - - - - + - -
L3 S + F - - - - + - -
L4 3 + Rt - - - - + - -

E v AMRBEER S, -AAKRE, TR
R 3 UKL SR EESFRVLERHHE
Table 3 The identification features of carbohydrate fermentation and species
A BEESR HEHESL BHHERM LB BHE KB LHE AFHE RE O FIUE KBHEF HR_4%

L1 - - - + + - + + + + - -
L2 - - - + + - + + + + - -
L3 - - - + + - + + + + - -
L4 - - - + + + + + + - -

H# 2 A, L1, L2, L3 Al L4 B afetE R V-PREe, PR RIS R, JREEAT T S AR
il BRGNSl G, IR AR, KSR RIS, SRR 3 . KR 2 Fik
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Table 4 The antibacterial ring diameter of lactic acid bacteria
metabolites to pathogenic bacteria
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Fig. 5 Effect of zinc chloride concentration on zinc oxide crystal
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Fig.6 Effect of fermented liquid pH on the zinc oxide crystal
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Fig.8 Effect of reaction time'on zinc oxide crystal grain
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KLs Gy 7T, eI Al K i b LR AN i 4h 1
BEBIR, AMIEERZR, TR AR I KRG A A
.8 h R %1 2 PR E BRI Fetl R4 AR WK R T
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225 "2RIAFH L3 A RMRANE T
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*5 ARMEEMERMKRENFLZZE MU ERXERERSE
Table 5 Factors and levels array of orthogonal experiment

about the biosynthesis of ZnO nanoparticles

*
KF A(EMAER B (ABR C(Kis D (KB
Wik EIM) & pH{E)  BE/C)  al/min)
1 0.2 6.5 65 25
2 0.25 7 70 30
3 0.3 7.5 75 35

WP 7 T ATEER, p<0.05, RKHIRMIE
WBEIRE « A2 pH AE L 7K AR SN I T] DY FA]
B YR EUL BRI R AT BT, HR 6 B
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DU ZE RN A URPIENEERIE) >B (f
Z pH ) >C OK#HREE) >D UK N ), Bp
JEEA S BRI B B F AR AR S B i AR A ) B
FEREK, R pHEIRZ, KIBIREZREEN,
TR P S5 JSE IN TR] SR 5 /) o AR TE 22 43 AR FH MY
FUATTE L3 BV A KE B L 2k R it &
& AeByCoD1, RIGHALEEKE 0.25 M. & R pH 7.0.
JKHHIREE 70 °C L /K S S TE] 25 min
% 6 HERILE LB EYAMAKRLELH MU ERLERT
Table 6 Results of orthogonal experiment about the
biosynthesis of ZnO nanoparticles

B & FHER
FRR 2T

X+
<o

44.25H.77
30.75+1.41
55.00+2.12
35.00+1.41
35.75+1.06
47.00%2.12
65.00+2.82
46.50+1.77
50.75%2.47

© 0O N O g b~ W N e
W W W N NN PR R P>
W N P WN R WN R|m
N P W REr W N W N RO
P W NN P wow N~ [T

K1 129.999 144.249 137.751 130.749
K2 117.75 113.001 116.499 142.749
Ks 162.249 152.751 155.751 136.5
k1 43.333 48.083 45917 43.583
ka 39.250 37.667 38.833 47.583
ks 54.083 50.917 51.917 45.500
REKFE A, B2 C D1
R 14.833  13.250  13:.084  4.000

xR7 IZHRHEXREHEDHER
Table 7 Variance analysis results of orthogonal experiment

about the biosynthesis of ZnO nanoparticles

DS I &L F7fa df 77 F Sig.

BEAER 1851.444% 8 231.431 47.338  0.000

e 37355.556 1 37355.556 7640.909 0.000
A 704.528 2 352264 72.054  0.000
B 584.194 2 292.097 59.747  0.000
Cc 514.694 2 257.347 52.639 0.000
D 48.028 2 24.014 4912 0.036
3 44.000 9 4.889

Bt 39251.000 18
ARIEG Bt 1895444 17

E: AR AR, BEE AMEES a: R?=0977
(A% R?=0.956).
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Fig.12 Transmissionelectron microscopic image of the standard
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