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Fig. 1
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1.1 350 Fndr 4

ST T B T B (CAS 70458-96-7) AW T2 ( |
W) A A B 73K . R Z Mk oK (CAS 9002-88-4, i i
40~48pm) WL F VM BB R (L) RO R A . H
T AN B TRV AR AR T A 1 A o VS IR S T AR A S
RBE AP ORHOEAG IUT CHp B R . R R R YD B T TR R
HARMEY BT (GSB05-3338-2016) , ¥R Jy 100 pg » mL ', M
F6& 1 mL o« 327", o ILAE it B AR HLAR O 0. 2 mm,
1.2 HAHE
1.2.1 |RMEHKGFHE

FRIBGHS 533 500 B R 2R 08 M AR AE DR B Th 8 0 P IS 2 )5
FHE R BL B HAR B (Specac GS15011, 3D JE fy, JE 7 K/

LR EE

Flowchart of the experimental process

& 3.5t JKFIFEN 3 min e F ', KA EAY 13 mm, &
BEAE 1~2 mm Z A, FEA B BT 200 mg, 43 il & e B
5%, 15%, 25%, 35%, 45%. 55%., 65%. 75%., 85%,
95% F 100 %6 M HE FFEAS , i AR 22, B =R
BRSO MR, L 99 MR, 2 1K
43 BURE IE B R0 4K
1.2.2 BODBEHKGHE

R R 2B TP SR VD B R B b E ) i (GSB05-3338-
2016) R B . A% B 45 3] 29 A4~ /NS B VR B (0. 001, 0.002,
0. 004, 0.006, 0.008, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1,
0.2,0.4,0.6,0.8, 1,2, 4,6, 8, 10, 20, 30, 40, 50, 60,
70, 80 f190 pg e mL ™., AIBBABR L ENIERIY AL
P A Y3 n ) B €0 TILARE it o B 58 BARE A ) 2% KUK 58 BT
HEEAGIE . A WBEERAE 9 DA, b 261 B/ B2 A
A, e 200 1 R4y UK TE AR FO BN AR
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i I H A< ADVANTEST 2 7] A4 7™ 1 K 2% i 380 1% &
% TAS7500SU., fff i 4t TAERA . 03K 91 550 nm,
HEMFE N 50 MHz, kP 5ERE Sy 50 fs, J64F RADEOGEE Y
D)%k 20 mW Ry, T AR S RS 0. 1~7 THz, 4
W #ER R 7.6 GHz, RGEB(FSIEELE 60 dB LI 1. 5¢
ISIEEIR B 25 C(£1 °C), MHMBE/RT 3%.
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ANBEBE IS5 5 5 R 2 HIN A LA s .
1.4 SHRBMSHBEE

B 576 30 ps BLAWT B . L 25 BR AT RS 3 TH1 )L
S5 S o AT I B AT DL L A 4 (FFT) 45 3 #E A
FIFR IO . M 45 Dorney™ " F Duvillaret™* &4 i % J7 12531
RS XN ES

BHUOP M (S-GOE R —F B uk 4% . 7T LAY 1 8040 oF
TN EHE A5 W L (SNRO o X6 3% 88l 4T S-G F i, LA
g 7 T 46 AR T 8O

BA e AR, kIR REL, 5
A RO AR s SR (SPA) T Sy —Fh Al D ok 4 5%
[¥) SH 22 P /0N b 1 T i A R R R RO L LA R R AR 6
MEh B TOA (R B R PR3 7T LA 3 A A0 1R B, 4RI
B LSRR IE AR % . 2 0 46 1k Bl 5 k47 A ek AR 0 43 A7
SIS RO AL P 5 4 R 4 #8/E Matlab R2018a I Origin 2017
e AL
1.5 REEHS,
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FIHIAR 2 280 o A HE Y 7 AR 22 (RMSEC) F 15 I 24 77
%22 (RMSEP) R M B AL i M. P AHC R r Y
R (R IEAH & R 80 Al R, (U AR 2 R B0 . H0I0 3 610 22 ik
R A TR B TR ) A TR i EL AT v R T R O R B (RO FH T
AHERBCR,) » K A R HE 3 77 R 58 25 (RMSEC) I Bl A4H 5¢
ZEC(RMSEP) , Ry fRIUEALT (4 B P . 38 B i fR 1IF RMSEC
1 RMSEP 8% /MW 22 5.

2 #RHE

2.1 BHESEKMHZ AR &R ST
2.1.1 HXBEERVENSER

W 2 Ca) T 78 J2 80 R B B2 1 96 U0 L v S [ R B 1 A 4
MU RO Y 63, IR T 0.4 THz fim T 1.5 THz
5 5 15 1 G (SNROARAK . i DAL H % 0. 4~1.5 THz i 54
PTG Se RBP4 . AR SC K B Al 3 R T B AR A HE 0. 816
1 1. 205 THz 44 PRI . 55 Long % KL 9 0. 825
1 1.187 THz M Redo-Sanchez ZEUY 65 ) 0. 79 F1 1. 19
THz AT . —J7 T8 WO 524000 B 8l AT RE I H A S 1 JB0RE K
NSRRI 55— D5, AT RERR O i S V0 AL 0 R 2% 22 S A
AN AN () 3 BT R U A R /INRS 2l o R I AR IR R B
B, AT LUKk BURA & v 0D A ok R S, WROBCR B s OF
LR R Y BN B o 3 I SR R A A R B Ak
WA HELR. MRAEHRDBEEREMT S, R
e KBS ) A E TR RT RE R B 20 TP R YD R R A
AV PR B A o A A T A 2 D' T T IR AR A DT 4 3 1 R
58 2% B 306 5 5 7 1 45 8 AR D I B,

200
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1001 |
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Fig. 2 Average spectrum of terahertz absorption coefficient

(a): Larger gradient Norfloxacin; (b): Smaller gradient Norfloxacin
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TR ICTE AT WAL B, XFAHSR 11 AR S AT WAL A
RS MG L B 3 B s . W LA H T4 S Y S0 B
¥ AL AL .
2.3 RAMEERIESEERHAEREEMR
R SN B A B Y 1 TRV B RE AR R AT KR 2% 00 1 Il i
PG H R BF2ZWRE . st E 3 i, S-G I G
B 3(h) TR o 1AL B BY A 58 -7 AR YE Ak . R R
FRID B T A~ R AE W Wi U4 0. 816 I 1. 205 TH2) #E4T £ J0 4k
P [T VA A 5 N, A5 B B AR G R AR R, RO 4 07 AR 1R
2% RMSEP 435 %y 0. 941 F1 10. 84 % ., X B %& B0 F 0 46 % &
B, BB T 0.9 KL L, {HJE RMSEP W . T —
Ao 4 T B R B o YD AL B OO SR . AR O 5 S R A U
0 ] 9 B3R SR 38 20 [l VA 07 12 G BBURRAE A8 4 X BRI 11
A FEAF A8 HE (0. 412, 0. 443, 0.557, 0.633, 0.786, 1.106,
120

80
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IR T 2 Em L, MBI ER A T 2 G
B SR BEAT Z2 o0 R 0 IE 43 B, B AR 0GR E R R0 S0
¥y iR iR 2% RMSEP 40524 0. 962 F1 2. 74% . B4k, A& S
[l 5 35 HCAR k1Y) 22 TO 2 Pk A1 U o ST A A TR LY R AE 0% 22 JT 4R
PE A g 7 A RDRS B B . R A3 3 T4 = . RMSEP FEAI%,
XU B 3% 2 4R A [l A 7 T AN 4 U B R R RO 2 S A
B B mERENEDSEKPE R R, Hh A bt
BE A T AR B A IO S A Y X
AW AT B — WIS BR o 7 38 8 B OB B T R B
R (¥ TOOMORS BE 3 — 25 P ARRAE IR0 25 5 8 25 4R 1 ] I e 4%
A 5k 14 22 70 4R P T I e T 5 A A R D R VR B, X
Bt R, =0.989, RMSEP=5.72%, 4% 00 AH ¢ R 3042 &
T E S AR R 2R WG I T
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Fig. 3 Terahertz absorption coefficient spectrum

(a); Larger gradient Norfloxacin (raw data); (b): Larger gradient Norfloxacin (after S-G filtering) ;

(¢): Smaller gradient Norfloxacin (raw data); (d): Smaller gradient Norfloxacin (after S-G filtering)

FIF SPA BE£8 1 A8 8 X 5 RB B2 W R B AT @
T A3 AT, BEHCAL w A AR P, 2847 SPA Y H, SPA_
MLR FJ7 & 115 — & 51 1Y iR 25 ¥ 7 iR 22 (RMSE) , X4
T AR DR TIE 8 IR A8 i A HOE R — S FE AR R RMSE, JF Hix
A~ RMSE A4 o f /il RMSE B 8, Bl 4 () B8 T3 i
SPA EFAA IR, WEIHTTLLE H . 24 SPA ¥R 5 4

AR, RMSE {5 & 2 09 B, Bl & 8 8 48 A 803
RMSE { Z ik /Iy . 38 #8 14 A2 & iwh, RMSE 58] 7 3
FUH(RMSE=1.66%) ., &4 & d, R4 RMSE Hi £
FAAE— S g, (A2 S IR R PR & 2 & 193 in RMSE fi 4k T
FEr e s, R R R B R A, SPA &M 14 4
A ANE 4(b) IR, SPA BE BRI AR & 43 3 F /N I O JE ARl
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(0.764, 1.000, 1.053, 1.098, 1.144, 1.311, 1.326,
1. 349, 1.379, 1. 402, 1.425, 1. 455, 1. 478 #1 1. 493 TH2),
FATEBMAE 1. 205 THz LFA 5 A48 #t, 1.205 THz DL E 47
FE 9 AR R XU AUE B AR K £ 43 i A R AR
Final number of selected variables: 14 (RMSE = 0.0166)
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(a) : IEHUE REH RMSE; (b) : 3R A8 A1 &
Fig. 4 Variable selection SPA (Larger gradient Norfloxacin)

(a): RMSE graph of the number of variables selected; (b) Location of selected variables

BB B Y RS LR 1, B AP I A e AR
BE I 22 04 1 18] I 3k 2 B 0 R SR A A . BN A 55 BB R,
=0.962, RMSEP=2. 74 %, %8 # 75 AR UE T 00 AH 6 & %0
HIRG32 T . [ IR E RMSEC #l RMSEP (4 25 (8 & /N, {# #
B T i e M o XU I RO 2% B S8 B B R BT A
BRBE R B, TIUORY B AH EL A K B B G AR (R,
=0.867, RMSEP=16. 6 %) 83| T R K3,

F1 RABEERDVEN MLR BEER
Table 1 MLR modeling results of larger

gradient Norfloxacin

5 A G R RMSEC R RMSEP
VRS 3 ¢ /% ? /%
A 16 2 0. 995 3. 44 0. 941 10. 84
b AN E| 11 0. 996 1. 62 0. 962 2.74
Egﬁ; 13 0. 999 1.76 0. 989 5.72

SPA 14 0. 999 1.58 0. 992 5.52

2.4 BIVGEERIVESEERHAEEEEMR

R T 2 /NG (8] i RO B R 1 A U
A, AR SO A TR B R SRIEE /N F 100 pg » mLT Y
29 AN BE W BE X/ INER BE I D R AR AR R AT T
i, MEEREIE MK 3o fin . & S-GIEEJEWE 3D fr
7R WAL B A 508 TS0 AL AL, i SRk kAT A
Y0 B FE, A U O YD R R AR 1Y R AE 0 (0. 816 Al
1. 205 THz) #1722 70 & P [0 59 2 A5 000 /0N 6 5 32 9 U 2 TG
KRR E, WM E R AR, 435 0.590 F1
0.307, @AM NI, 7T AE R h T&R/MEERY R
BRSPS BT AL S Y R AE 0 £ St
o AT S SRR A 0 AR AR R AR L 2 5 T SPA Bk i I

AR EEAT HEE A3 T, SPA BEEE T TG AL & (0. 496 AN
1. 77 THz), F F 3 WA~ 48 & #E 4T 2 70 28 1 [l U5 A8 ) 4
INEREE Y BV WO R, RATM B RO R, 4 B2
0.485 F1 0.472, KMHIMAHR RZE R, HA 0.472, BRI
AR AHAR, 3l fE S N O SPA B3k K& A T8/
EHRYEEBCRIERA 2, WA SPARIMNEESTHA
PR A0 % £ 8, . I A P 3% A 2 [l O 39 TR e b AT 22 T 2K
PR EERE, B AR B T 10 MRAE AR 5+ (0. 565, 0. 610,
0.641, 1.335, 1.762, 1.793, 1. 862, 1. 892, 2. 152 #1 2. 228
THz), @ AR R, F R, 4372 0. 859 F1 0. 728, /N
BEVE D B @R R 3K 2 B . W] LLE AR AR R I £
JCER PRI A A SPA 1Y 2 S0k 1 [ 5. 3B 45 R M | A Y £ 5T
2 T T A A S SR R B T et LR TN AR OG R Bk 0. 728,
T2 )5 AR 2 18. 79 g « mL' L 3 U8 B KBk 2% I ok
T AR T G I A/ N A ST BV R TR RE RS . T Ak
ST REFAMTE.

x2 BNHBEERPEN MLR Z2&ER
Table 2 MLR modeling results of smaller

gradient Norfloxacin

i kR R RMSEC/ RMSEP/
Jiik 0 ¢ (pgemL D " (pgemL D
R AL I 2 0. 590 34.5 0. 307 10. 85
SPA 2 0. 485 23. 50 0.472 24.07
b AN E| 10 0. 859 15.18 0.728 18.79

AR o R 2% I 3O 3% AR AR Dy — Tl BT 2R G 5 A
DEEA . PR B MU A8 SORR . ELRE B T4 B A A0 4 4
e MLAERBTIZ BT T A R B E M E BT R AR AR .
AR R 2 A
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(D X TR ERN, —RAARIFOREE; (2 X
TR AR AN L G A 2, R XY A W e A T o
[ [ 5 bR (GB 31650—2019) B o A4 ) 25 75 5 55 R Ml . 37 2%
Ak, [ P AN I BIF T N B AR AN IR 3R OB AR O vk .
AR AT AR 4 B ST S TR B R . X
R AR W5 0 A 5 ) 22—

3 45

o3 3 AR BE (R BE & 51 Rk BE [R] P 29 K F 107 g+
ml s /I L00) TR BRI AF T AR T I 5EOME A AG U R Y
BN E A BE 22 50 R JEE (B B 32 /T 100 pg + mL ', B
0. 01V W R Vb B A BFFE X 0 il i Bt b SE 0. R K
58 22 PR 38R 01 3% A P T A 4 L T R VD B ARG T T . R
B LV U0 R AR (R 23 e R B A 1 v SR B R AR AT
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Study on Norfloxacin Concentration Detection Based on Terahertz Time
Domain Spectroscopy

BAI Jun-peng' *, LI Bin'* , ZHANG Shu-juan’*, CHEN Yi-mei'
1. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China
2. College of Engineering, Shanxi Agricultural University, Taigu 030801, China

Abstract The unreasonable use of antibiotics in poultry breeding has led to the frequent occurrence of antibiotic residues in
poultry products, affecting food safety and posing a threat to human health. Therefore, accurate and rapid detection of antibiotic
drug content is of great significance. This study successfully carried out larger and smaller gradient whole content detection of
norfloxacin This study successfully carried out larger out based on terahertz spectroscopy. First, in the samples of higher-
gradient norfloxacin, 11 concentrations were set in the range of 1% ~ 100% to complete the preparation of high-gradient
samples. Then the time spectrum was scanned by the terahertz time spectrum system, the absorption coefficient of the sample
was extracted, and the Savitzk-Golay(S-G) binomial fitting filter was used to remove the noise and smooth the spectral data of
the sample. It was found that the absorption coefficient of pure norfloxacin had a strong absorption peak at 1. 205 THz and a
weak absorption peak at 0. 816 THz. Finally, stepwise regression and successive projections algorithm (SPA) is used to select
variables and combine the characteristic absorption peak to realize the prediction analysis of multiple linear regression modeling.
Further, in the study of smaller gradient norfloxacin samples, we set 29 concentration series below 100 pg « mL ™' (0.01%) to
complete the preparation of smaller gradient samples. Then the terahertz time domain spectrum was obtained, the S-G binomial
fitting filter was used for data preprocessing, and no significant difference was found in the absorption spectrum of each
concentration. Finally, stepwise regression and SPA were used to select variables and combine the characteristic absorption peak
to realize multiple linear regression modeling and prediction analysis. The results showed that the multiple linear regression of
stepwise regression selection variable in the higher-gradient norfloxacin sample reached the optimal model (R,=0. 962, RMSEP
=2.74%), and the accuracy was better than the existing optimal prediction model (R, = 0. 867, RMSEP = 16.6%). The
multiple linear regression model of the stepwise regression selection variable of the small gradient norfloxacin sample is optimal
(R,=0.728, RMSEP=18.79 pg *+ mL™"). This method has a certain prediction ability, but its accuracy needs to be improved.
In this study, terahertz spectroscopy was used to detect norfloxacin in full concentration, which provided a certain research basis

for exploring norfloxacin detection limit and other further studies.

Keywords Terahertz time domain spectroscopy; Norfloxacin; Concentration detection; Quinolone; Absorption coefficient;
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