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Abstract Based on gold nanoparticle and gold nanorod film substrates, surface-enhanced Raman spectroscopy (SERS)
technology is used to detect the content of ciprofloxacin (CIP), providing a new mode of detecting ciprofloxacin residues in food.
The gold nanoparticle colloid is prepared by using sodium citrate to reduce chloroauric acid, whereas the gold nanorod colloid is
prepared by the seed growth method, and then applied to the SERS reinforced substrate. SERS detection of CIP is conducted
using different excitation light wavelengths, and the optimal laser wavelength is determined to be 780 nm. The calibration-set
CIP standard solution is used to establish a working curve of CIP concentration-SERS signal intensity, and the validation-set
standard samples are used to observe the predictive ability. The results show that the recovery rates of SERS detection for CIP
using gold nanoparticle and gold nanorod substrates are approximately 97.1%-105.0% and 96.3%-121.8%, respectively.

This confirm that SERS has advantages of high sensitivity and rapid detection potential in the field of detecting CIP antibiotics.
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Fig. 1 Schematic diagram of assembly process of gold nano-colloid enhanced substrate. (a) 5 pL. of gold nano-colloids are dropped onto

silicon wafer as substrate; (b) volume of gold colloids decrease during natural drying; (c) gold colloids are dried completely to

form golden films on silicon wafers
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Fig. 2 SERS pretreatment. (a) Original SERS; (b) LabSpec software operation interface; (c) SERS after pretreatment
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Fig. 3 UV-vis spectra of self-made gold colloids. (a) Au NPs; (b) Au NRs
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Table 1 Main peak attribution of NRS, SERS based on Au NPs substrate and Au NRs substrate of CIP

NRS /em™! SERS based on AuNPs /em ™' SERS based on Au NRs /cm ™' Attribution of characteristic peaks
709 709 707 Y(C—C)yp + y(C=0),,
790 786 782 Y(C—N),, + y(C—H),,
1026 1032 1039 3(C—N), + 3(C—C)y + 8(CH,)
1136 1142 v(C=0),,
1172 1167 - 3(CH,) i
1267 1261 1269 ring breathing
1384 1378 1389 vas(C—C)yupene T VIC—H)
1620 1630 - v(C=0),, + v(C=C),,

Notes: 1) v represents stretching vibration; 8 represents scissor vibration; y represents out-of-plane bending vibration; 2) as asymmetric
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Fig. 9 Stability research atlas. (a) Au NPs substrate; (b) Au NRs substrate
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Fig. 10 SERS of chicken extracts containing 2.0Xx10"° CIP

detected based on different enhanced substrates
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Fig. 11 SERS images of different concentrations of CIP

solution detected based on Au NPs substrate
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Table 2 Standard curves of CIP standard solution under different Raman displacements measured based on Au NPs substrate

Raman Coefficient of ~ Root mean
shift /em" 0.1X10° 0.5X10° 1X10° 5X10° 10X10° Standard curve determination  squared error

(R (RMSE)

1167 473 839 947 1590 2753 y = 210.48x + 621.61 0. 9806 111. 6517

1378 653 1028 1119 2811 4289 y=362.28x + 777.24 0.9902 136. 2291

3000

(a) y=210.48x+621.61
R°=0.9806
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Fig. 12 Working curves of CIP solutions with different concentrations detected based on Au NPs substrate. (a) 1167 ecm™; (b) 1378 cm ™'
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Table 3 Recovery parameters of CIP solution detected based on Au NPs substrate

Raman shift / i Actual SERS intensity / Predicted content /  Recovery rate /
. Working curve » ) Ly

cm content /10 arb. units 10 %

0.2 645 0.11 55.0
1167 y=210.48x + 621.61 0.7 762 0.67 95.7

2.0 1077 2.16 108. 4

0.2 851 0.21 105.0
1378 y = 362.28x + 777.24 0.7 1023 0.68 97.1

2.0 1518 2.04 102. 3
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Fig. 13 SERS images of different concentrations of CIP

solution detected based on Au NRs substrate
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Table 4 Standard curves of CIP standard solution under different Raman displacements measured based on Au NRs substrate

Raman shift / L L L . i ) .
. 0.1X10 0.5X10 1X10 5X 10 1010 Standard curve R RMSE
cm
1142 607 810 918 1507 2361 y = 167.75x + 683.69 0.9925 55.15
1269 832 848 1044 1804 2584 y=179.9x + 825. 14 0.9939 53.01
1389 585 661 712 963 1175 y = 57.166x + 629.41 0.9743 35.01
2400 2800 1300
P (a) y=167.75x+683.69 3 ® (b)  y=179.92+825.14 @ (c) y=57.1662+629.41
1800 R*=0.9925 E 2100 R%=0.9939 E o) R=09743
g £ e
£ 1200} 2 1400} 2 650
=z z =
73] T
§ 6009 E 700 g 825f
=] = =
0 . . . 0 \ . . 0 . \ .
0 2.6 5.0 7.5 10.0 0 25 5.0 7.5 10.0 0 25 5.0 7.5 10.0
Concentration /107 Concentration /107 Concentration /107
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Fig. 14 Working curves of CIP solutions with different concentrations detected based on Au NRs substrate. (a) 1142 cm ™'
(b) 1269 cm™; () 1389 cm ™!
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Table 5 Recovery parameters of CIP solution detected based on Au NRs substrate

Raman shift /em " Working curve Actual . SERS inter?sity / Predicted » Recovery
content /10"° arb. units content /10"° rate /%
0.2 722 0.22 111.5
1142 y = 167.75x + 683. 69 0.7 808 0.74 106.0
2.0 1129 2.65 132.5
0.2 859 0.19 96.3
1269 y = 179.9x + 825. 14 0.7 960 0.75 107.8
2.0 1263 2.44 121.8
0.2 648 0.32 161.4
1389 y = 57.166x + 629.41 0.7 687 1.00 143.3
2.0 779 2.61 130. 4
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