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Bactericidal Effect of Three Typical Strains by Ultrasonic Combined
with Sodium Hypochlorite

CHI Yuan' GONG Min’> MA Yanqiu® CHI Yujie’
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Three kinds of typical bacteria were selected as the experimental strains, E. coli, K. marina
and B. subtilis, in order to study the bactericidal effect of ultrasonic combined with sodium hypochlorite
and the lethal kinetics of microorganism. Three common models were selected, namely first-order
kinetics, Weibull, and Logistic models, to fit the inactivation curve of three typical strains by ultrasonic
combined with sodium hypochlorite. Besides, the damage degree of the morphological structure of the
bacteria before and after sterilization and the loss of materials in the cells were measured. The results
showed that when the ultrasonic power was 150 W, the concentration of NaClO was 200 mg/L, and the
treatment time was 180 s, the lethal dose logarithm to three kinds of bacteria was 4. 54 ,4. 28 and 3. 97,
which was 13% ~67% higher than that of sodium hypochlorite alone at the same time. With the increase
of ultrasonic intensity and the concentration of sodium hypochlorite, Weibull model was more suitable to
describe the sterilization process than logistic model (R® >0.95). At the same time, through the results
of scanning electron microscopy and the loss of material in the cell, it was found that the combination of
ultrasound and sodium hypochlorite can destroy the outer structure of the cell, make the cytoplasm
overflow, the organelle dissolve and the cell shrink, and finally cause the cell death. The research result
can provide an important method basis for the combination of ultrasound combined with sodium
hypochlorite widely used in microbial sterilization.
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Effect of different ultrasonic treatments assisted sodium hypochlorite on inactivation of indicator bacteria
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2.2 BEMWEAXRSBHAIERAXARDINFESH
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T E ZR R PR R 0 A B 40 A B Al — A B A
PEO AR L ~3 W R s S R A
PRAFA R A AL FR 25 10 T 1 B4, H o g &8
R*/NTF 0.95, Ju 24 NaClO Jii e i % 7 5 J3 1
RIGEME SRR B2, A Weibull £ R &
(M 3h 3¢ 2, H R* 3K F 0.95, Logistic 45171 %
55 5 11 B8 7 K R B[R] NaClO (1 4% B 3 J7 2 i &
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Tab.1

Kinetic curve parameters of three models fitting lethal effect of ultrasound combined with

sodium hypochlorite on E. coli

Jrigi9713; %4 i — By Iy A Weibull #5571 Logistic #74
(mg-L°")  IIE/W D,/s R? a b R? p q m R?
0 112. 360 0.971 117.755 1.222 0.979 -2.839 16. 285 0.018 0.973
60 105. 260 0. 965 111.917 1.251 0.974 —-3.587 18. 345 0.017 0.971
30 120 93. 460 0. 955 85.969 0. 835 0. 955 -2.512 8.412 0.018 0.921
150 83.330 0.956 75. 258 0.832 0.957 -2.751 8.323 0.018 0.922
0 81.300 0. 960 90. 475 1.230 0. 965 -4.80 18.318 0.016 0. 965
60 77.520 0.979 83.310 1. 129 0.979 —-2.458 9.34 0.019 0. 944
100 120 59.172 0.943 44. 180 0.749 0.958 -3.755 7.862 0.019 0.921
150 46.393 0. 944 28.536 0. 680 0.981 -2.784 7.585 0. 033 0.936
0 42.373 0.926 20. 904 0. 628 0.983 -3.875 7.903 0.029 0.943
60 40. 000 0.923 18. 264 0.614 0.989 —4.006 8. 832 0.032 0.958
200 120 35.714 0.821 5.676 0. 423 0. 996 ~3.994 10. 930 0. 048 0.953
150 34. 130 0.818 4.939 0.419 0.995 —4.174 10. 140 0. 047 0.947
F2 3WMRENSGBENERXREBIMNIT K. marina BEH RN N E2RBESH
Tab.2 Kinetic curve parameters of three models fitting lethal effect of ultrasound combined
with sodium hypochlorite on K. marina
JoT R Wk i/ E — R G Iy R Weibull #5571 Logistic f5%4
(mg-L°") IhR/W D,/s R? a b R? p q m R?
0 161. 290 0.967 157.6170 1.2730 0.979 -1.795 17.258 0. 020 0.975
60 133. 330 0.973 134.373 0 1.2210 0.982 -1.815 16. 859 0. 023 0.978
20 120 99.010 0. 950 87.2890 0.7258 0.974 -1.877 7.317 0. 023 0.926
150 90.910 0.967 78.3125 0.7622 0. 986 -2.039 8. 358 0. 025 0.950
0 94. 340 0.976 90.1230 0.9020 0.973 —2.458 9.344 0.019 0. 944
60 88. 500 0.957 77.0250 0.7610 0.972 -2.167 7.623 0.022 0.929
100 120 69. 930 0. 854 32.6600 0.4730 0.991 -2.077 9.529 0. 043 0.939
150 55. 866 0. 895 26.6950 0.5510 0. 986 -2.784 7.585 0.033 0.936
0 41. 841 0. 857 11.134 1 0.4749 0. 995 -3.523 8.743 0. 040 0. 946
60 39.526 0. 845 8.8790 0.4562 0. 996 —-3.683 9.484 0. 043 0. 950
200 120 37.037 0. 834 7.1533 0.4437 0. 990 —-3.908 8. 660 0.423 0.936
150 35.970 0. 805 4.9390 0.403 6 0.993 -3.942 10. 666 0. 049 0. 946
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R3 3MRBHEGBENEIRSEINIT B. subtilis MR N ERESH
Tab.3 Kinetic curve parameters of three models fitting lethal effect of ultrasound combined
with sodium hypochlorite on B. subtilis
Irig: ¢7.3; 4 e — R F) Iy 2R Weibull #5171 Logistic 174
(mg-L°")  IIE/W D,/s R? a b R? p q m R?
0 188. 670 0.953 171. 015 1.6216 0.972 -1.59%4 31. 125 0. 023 0.978
60 128.210 0. 985 129. 820 1.0870 0.984 -1.644 13.920 0. 024 0.971
30 120 104. 170 0. 965 95.674 0.7900 0.976 -1.926 7.927 0.021 0.936
150 94. 339 0.970 84.514 0.776 0 0.986 -1.977 8. 337 0. 024 0. 945
0 91.743 0.981 94. 994 1.096 0 0.980 -2.450 13.974 0.023 0.973
60 78.740 0.979 68. 800 0.809 0 0.992 -2.227 11.076 0.029 0.976
100 120 60.976 0. 885 28. 940 0.5260 0. 996 -2.479 9. 627 0.038 0. 964
150 55.560 0. 895 25. 858 0.5430 0.993 -2.758 8.364 0. 035 0. 950
0 73.529 0.992 67.387 0.8845 0. 996 -2.582 10. 621 0. 025 0.973
60 65.359 0.975 54.340 0. 806 4 0. 986 -2.775 9.556 0. 026 0. 960
200 120 48.077 0.928 27.028 0. 649 0 0.975 -3.503 7.630 0.028 0.934
150 41. 841 0.916 19. 443 0.609 5 0.977 ~3.966 6.955 0.027 0.924
R W 5k B R S ] S B R R4 PEREINSHBOLEK
Zl—“ﬂ%ﬁ By e) ?g TJJ‘ IEJ NaClO 3 & & 4.;/} % j'ﬁ %:; P 1‘% Tab.4 Comparison of evaluation indices of
R 7 D S NaClO R i e FE 524G 19 15 5 mathematics model
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B \ A, 1.080 2 1.062 7 1.058 4
A LAAR G 48 5 3l g 2 il £, Bl R D) R I NaClo 8, | olso L0003 | o0s6
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Fig.4 SEM photos of indicator bacteria before and after treatment with ultrasound combined with sodium hypochlorite
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