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Table 1 Gas—phase inhibitory effect of cinnamaldehyde on S. aureus
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Fig. TEM microgragh of S.aureus treated with different concentration of cinnamaldehyde
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Fig.2 Average Raman spectra of S.aureus treated with

different concentration of vapor phase cinnamaldehyde
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Table 2 Main Raman spectral signal assignment of S. aureus
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A B A U5 8 T ik KA 5 0 C-0—C 8 1 s Y
WL 1090 em™ 280k AR S DL Bk B B RS
RN RO HOR A RS U B K AL 5 T g C—
O-C BT EEn e &M, AR IAJE Fookib &9
TR 2 RIS A H S, A R AR A A
b, U6 R T 5 | i B sk 2 B C-C E,C-0-
C PR HESE AR Ak, DA X B A 1 £ S8 A% ik AR
P 1 Y

)& T 2508 A9 CH,.CH; %5 il 3% 3h 76 1 450
em™ PTERIERI QAN T, 2 PR ) R R
AbER B R 1450 em™ Zb5E B T A5, ULBIAR
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Table 3 Contents of bacterial protein secondary structure after fumigation with different concentrations of cinnamaldehyde

BRI AR B/
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0.25 4373 £ 8.22 16.48 + 3.03 18.52 + 8.12 21.27 + 10.10
0.5 30.37 + 8.81 12.91 + 8.41 25.00 + 11.42 31.63 +7.96

1 36.29 +5.70 13.53 + 6.41 25.16 + 10.91 25.01 +6.34
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Fig.3 Average Raman spectra of S.aureus treated with different concentration of vapor phase cinnamaldehyde

at different times
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Abstract The antibacterial activity of vapour—phase cinnamaldehyde fumigation against Staphylococcus aureus (S. aureus)

was studied by plate fumigation method and colony transfer method. The effect of cinnamaldehyde on bacterial morphology

and intracellular biomacromolecules was investigated by transmission electron microscopy (TEM) and laser tweezers Raman

spectroscopy

(LTRS), respectively. The results showed that cinnamaldehyde had good gas—phase antibacterial activity a-

gainst S. auwreus, with the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
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0.25 pl/mL and 0.5 pl/mL, respectively. After fumigating with cinnamaldehyde, the surface of the cells shrank. The high
concentration of cinnamaldehyde may lead to the leakage of intracellular substances. The results of LTRS showed that the
content of intracellular biomacromolecules increased when cinnamaldehyde was below the MBC, but decreased when cin-
namaldehyde was above the MBC. With cinnamaldehyde treatment, the main chain, hydrogen bond system and spatial
structure of bacterial proteins were changed, DNA single and double strands were broken, fatty acyl chain backbones
were broken or cross—linked, and the order of the body lipid bilayer also changed, which affecting the fluidity of the
membrane, as a result, the bacteria was inhibited in growth or killed. The results of this research showed that LTRS
could detect the changes of biomacromolecules in bacteria at the single—cell level. The skeleton and structural changes of
biomacromolecules in a single cell can be analyzed to infer antibacterial substances by analyzing the Raman shift and
peak intensity changes. It provides a new method for studying the antibacterial mechanism of antibacterial substances on
single cells.

Keywords laser tweezers Raman spectroscopy; cinnamaldehyde; Staphylococcus aureus; antibacterial activity; mechanism



