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1.1 #R5iHF

L1l frfEE R W ARG EYTTRE
(Salmonella paratyphi A,S. paratyphi A)CMCC
50001 , & BRI FEVH 1] IR T (Salmonella paratyphi
B,S. paratyphi B)CMCC 50094 . P4 %Y gl 475 9 70 ']
KT (Salmonella paratyphi C,S. paratyphi C)CM-
CC 50095, & A% 247 D\ B 52 4k A= W vl o D 3 o o
(CMCC)R I,
1.1.2 findspt okt
H5R) .

113 &K BERRGITEAITESEE, AR
LA W BB BR A W) A R B (Bismuth sul-
fite, BS) Biflig A 61 22 12 1t 460 IH £k (Xylose lysine
desoxycholate , XLD ) i fig , 5 & i BFE7 Toll bl ¥ 1
ARG BRA ] TR LB (oMl ) , B2 50
MAEEHE A R A,

12 UB5EF

R AR 2T AT, 56 EIEER R B
FA PR A R B 4 B A, 26 [ 52 19 [ A B
Iy B DAL (RS 3K15), 2 [ Sigma 23 A 5 fHIR
fER R oA, P ACE R A B A BRA A T8
i, R R SR A A R A
1.3 Ak
1.3.1 FERHIA K —70 AR 3 FRbr e i
Mo R T E RN T, (3621) C,180 r/min
PR 9% 18~24 h, % H .

PRI 3 Fh i Ak B — PR 43 B 4 A0 T 100 mL
BIRRAZT, (361) °C,180 r/min ¥k 55 % 18~24
b W DAV FE S, 0 R 3 AT S 1 mL T
1.5 mL 2045 H, 5 000xg B0 5 min, B 6 5 51 H
1 mL JOTE A FEER KR 1 mL B 4 K 45 28 % 2 Ik,
B Ja 50 WL 8 Sk 27 W R UTE TR AT, IO
[Fi) 7 R 3 P T 2 W 4% 10 L T ZnSe % A (3% 1 Ik
£ 7 800~440 em™, & 1 F KT 68% , JEFE 2 mm,
HAZ 25 mm) PO, BT 45 CHET 15 31 5 B A
oo FAEREEIRE 8 K,k 3 MEMEE
1.3.2 DGR A HL AR e 27 S 1 AUR
il £ 4F B9 ZnSe %1 R A ah #EAT GG H A R AR
4 000~400 cm™"M101 B [ N B OGS AR B, 4 B
H 4 em™ I 64 K BOFEEY AL R E A D)

W UR BRI TS T (R

HIBR R E 5,
1.3.3 bRy Eds e i e 57 S Rk i T
FIH OPUS 6.5 B A% 15 K i 47 i s 34 . o7
St AT AN IE , SRS G B AT T
W (—Br 9 miFW) B E H#E T R IH AL
A5 80 S HOE | 555 A DPT 085 A =05
excel B4 M 20, # 7 AR HE OGS B P TR
FITEW ST,

JH Metlab 6.5 il Statistica 6.0 #A{FXF 3 Fp &
£ 1 805.3~977.9 em™ % B [ P 119 S 3 £ 4l
17 & W 4> 43 1 (Principal component analysis,
PCA ) Fil 53 9 2 2553 HIf (Hierarchical cluster analy-
sis, HCA) , 15| I A 2 & N 3 Fh i FT-IR ¢
T 1) HCA F1 PCA A&, A 3 Fi il 4 9€
P TTIR B 4 80 T ik

PCA Fl HCA #B & 78 40 B 43 2 R AR 16 R
X OGCTE G HE AT AR 00 T 1, o PCA 7E AR
Jei 22 AR T, i AR B AR, Ak o S BUL
ARG AR IS JE KO AT A, A DR RS I
Zemm s B . HCA J2& FHOG IS ] ) R 85 4 R 1) e
WG, AR R A B T ELAT 0 P B e A
A7 A 2 F0 PR TE S5 48 43 BT AR SCR B 2 1 R AR
R A OC R EOH R HE B9, 38 ] Ward's 5395, 15 %1
TR [ HE
1.4 INERIGIE
141 BEaCHE A HURE VR S 00 ¥ O R ik £
500 g, BY fE 34 0 e, ) b S HRY R 45 2E VDT
[KI CMCC 50001 % (5%10* CFU/mL) 10 mL, i
FRIRE) B0 E&
142 HHBEIGEFE OBV VR G B fo AR RE A R
Jei , FREURE i 25 g, 742 HR VD 11 R B ARG 00 s v 208 £ 7 1%
R

Bl TR R R 75 R £k 2 P ok R R B 7R 3 BS
1 XLD, 43 % & F (36+1) CH; 3% 24~48 h J5 (BS
B 9% 48 h), G $2 R0 SR Pk BURT B8 B 95 — 35, 45
FiF A 15 mL & 32 W71 KRS T, (36+1) C
e IR 18~24 h, R E#EH] 0Dy, HTE 0.45 /2
o
1.4.3  WALEE (ZnSe) B Fr I HI/E  He R 1.3.1 77
()7 20 S IR 45 B Y ZnSe B R FE &
144 JEiERE  HM 132 070 5k 4E
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1.4.5 HAR B R By RTBERAN 3 A EA L4
RBCEHME , i miab BRI 1.3.3 WA ik,
W] B RO B 5 1.3 T L OIS
BBE VAT A 9, 5 Metlab 6.5 F11 Statisti-
ca 6.0 X} 1805.3~977.9 cm™ Yl [l PN 9 Y635 £ 45 43
MHEFT PCA F1 HCA 4087 A8 8 R4 45 1,
TR A FE U0 1 0 1 IO, 2R 28 BI040 e o el o (v FH 75
R IRV T TR RS,

2 HR55H
21 HERE

(36+1)°CHR% 45 5% 18~24 h Ji , W W (19 W6
L R LT 0 F B R B L2 1
22 HiEHIEEMEL

ZLAMETE F ) 4 000~400 em™ % B [ AE 1%
XA TR 25, Ho 1.800~900 em™ &
TR Y R AIE i S0 B o MR R A0 25 2R AR SO
4 000~600 cm™ ) 3 R 42 Ik £ [, 1 805.3~
977.9 em™ SR EHE S AT I B L XA B Y SR
BRI AT AL H—1k, — S8 A
S B S HOE O S HOE ST ) — e, 8
ST 3 FEIGFEVD TR Y FT-TR 5 500 £ s
J# o

XoF 45 B AR 11 i 42 00 i R BP9, WL 1
T£ 1 805.3~977.9 cm™ P Bl N, 45 &1 bk 1 0615
FLELAT AR, 3k DL BB, £ RV RN FE U0 1T 1R
P TE 992.8 cm™ Ab I IE 5 B 2 Bk & A B
AN T PR R D X 43, s o3 S s B ik — 2B A Bl
THREAUR AT 2 58 5k 43 A7,
23 BRE/WER
2.3.1 PCA sr#r45 5% PCA Jr ikl i &) 1k 48 &
SCERZRPERELE , B EUT 28 DTk R R K RTLAS &
B AR S TR A3 A T, ] XA ] ol g 0 6 R Iz
AT W] LS R A R E R LR [ A= )
FEAESE R A ARRIPE . DL 1(PCL) FTE 43 2
(PC2) /N R BARIEZEAT PCA 0¥ A58 H R 2
A NRIEI G FE VS TTEG IR 1) PCA A, W,
B2, AT, 3 ol b A 15 P10k 43 A 78 AN [ 1Y)
ZIRM, UL FT-1R 454 PCA /T figsds 3 Fhis
PEATRAF B 73 NS . FE s PCL PC2 HYALER

F1 EFBEERBRAME (ODsom) B EHRHRE
Table 1  ODgy of bacteria and its

corresponding concentration

ok B A D, EEA

CFU-mL™"!

WA a5 W ITRE 0.44 2.2x108

LHSEEYIRE 069 3.5%10°

AEAGESIRE 058 2.9%10°
1805. 3 977.9
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Fig.1 FTIR spectra of three subspecies of S. paratyphi
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Fig.2 PCA cluster results of three species of S. paratyphi
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Fig.3 Loading plots of PCl1 and PC2 obtained from
PCA analysis of three species of S. paratyphi
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Ward's method
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Rapid Differentiation and Identification of Three Subspecies of Salmonella paratyphi
by FT-IR Spectroscopy
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Abstract Efficient method for differentiation and identification of pathogenic bacteria was important to ensure food safety
and human health. Infrared spectral technology has the advantages of comprehensive information, high resolution, and fast
identification. In this study, FT-IR fingerprint absorption spectra of three subspecies of Salmonella paratyphi were collect-
ed, and a standard spectral derivatives library was created. Combined with chemometrics methods, two cluster models of
PCA and HCA were established. It was found that three subspecies of Salmonella paratyphi could be well differentiated
and identified. Spiked assays proved that the standard spectral derivatives library and the cluster models could be used to
differentiate and identify the three subspecies of Salmonella paratyphi. As a rapid, easy—to—use, accurate, and low cost
technique, FT-IR spectroscopy is an effective tool to differentiate and identify three subspecies of Salmonella paratyphi.
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