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ETRAEEARNEE £ W HIE T 0T
B MR T R, TR, A, kA

14 Rk K T 5%, RiX 4300705 2. Rk RATH AR Z R AR T2 E E SR T, KX 4300705
3R ERATIKIT P TR L EL FBF, KX 430070;
4. b B R kA S R IR IR Ak A B BF T, IR 3] 518000
SR Y XK FHYAFHRER P EF R, KX 430070

WE XTI A Yk BRI R RE R 2 ) ARZO IR, LA K AT 1 | 4 0 (0 A BR 1A V0 1T ETR R 48
W FE T 18 ST B AR KA [ 200 T A 40 e B A5 e Sy R B RS RE T PPN B T A7 o SR 42 40 A1 A Wk R A2
S ek EG, HFEF 5 Fp ik AL BEE 9 E EE HE T SR 1] 3 L4328 (support vector classification machine,
SVC) Flfis f5c /N — 3/ H1] 531 43 #7 (partial least squares discriminant analysis model , PLS-DA. ) 4 72 # fI5 23 2K 48 i 45
R, R E S8 5300 (successive projections algorithm, SPA) e 4 H 1 W B INALS 7% (competitive adaptive
reweighted sampling, CARS) 73 Sl $2& BURFAE I A< I G 57 AH R 7 AR T 25 3 S« 20 17 A 0 i RS P S 1R 4 U
KA AL P SVCPEREXI T PLS-DA, Sl None-SPA-SVC , K2 IE A& AN TN A 70 2EHE R 12 08
96.67 %6 TF 4H P A W Bl B SRR RE 77 0 A TR A BT A S ) oh , SVC BB AA 4 M 2208 T PLS-DA ; Xt
TR, e UREAL Sy SPA-SVC , K IEHE MU A 73 St 5 7350 100.0096 F196.67 4 o WF5EEE R LW,
JETE AT LAXS 4 P A R IR 25 S A 008 B B e 7 AT A2 PR T o325

KA
FESES Q93-31  XEARIRE A

A ) e B R 200 R PR AT A A (B T 5 2
JUR SR W8 R Mg 2 0 5 ) AS RT3 i B 2 1 A o Ak el G
A A R THDE 1 A0 B AR, b A TR
P SRR A HAUVE R B REMR, XA Z A
RN PRV NN TSR S S O T A /[ N
M A0 B 99.9% S DL AE Wk R AR FE Y
B 6 6 0 T i 2 TR 174 240 81 38 3 A 0 e A A — o e
L B R B, R AT £ R A ™
2 O P A 5 R A VR S A
(0 2 R 15T DR aH v A v A AR I IR ) A
B TR LA EEER L,

AR RN IS H R R 22l ) 4 A o O VR A
R AR HEATIRA . Wagner 251451 1 rRNA #1155
i PCR R A I R 20 T3R5 b A= W 9k RS A A2 75 L
ab R J5 ety B VO A W P, R AT ISR BT 3% ) (matrix

Weks H. 2022-09-13

G AR s AR UBRE T 5 R/ 3RS SRR E ML
XEHS  1000-2421(2023)03-0241-09

assisted laser desorption ionisation time of flight,
MALDI-TOF ) %46 00 21 ity 2= 9y 9 B 04T b 28551
A Wy W ) ARG 45 2R AN 23 SR RE RS, (H B A
B B, IR 2% K AR R o AR I A RE
FI8 G TN S A X i Ah 3R 5 ) (extracellular poly-
meric substances, EPS) .73 143 #r . Wanger 2515
RE AN 6 b T R 3 A [R] K SF- 14 ML A1 5 A ) EPS B
I3 AR AN [ T R A A B I A E 0, Herp 2 RS
K AL S PR eDNA , 3R 55 1 , BT A7 B 9 A 4
AR S A BRK AL Y . ARG EPS B3 AU 0]
VSR L I 20 TR AR T ICRE 0, (HAZ T I FR NG
HARMEE, Pt 558 A Y B Rh PP Al AR
ROARAS , W75 I S — MBI T2 T 240 7 A 0 b
TSI 55

OGBS 5 R T 1k, % T4

AT H « e RS ARIIRY 55 9% L T (2662020GXPY003 ) 3 A8 b K2 DI 77 S R T Be it £ T H (SZYTY2021028)
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Py JCHAG IS e 40 B A I )5 T Lee 250 A
Z G GG BURHORTE & 5 B 3 ORI R
TG I 531 K #F B8 (Escherichia coli) F1 B3 A7 F€ 70
IV (Salmonella typhimurium) 2 Fh 41 B 17 A ) IO
B XI5, ST 2 b RE B R 0 A0 TR A P S Y
PR RS T RS A 5 43 BT K AR 43 A R
fii F5e /> Z A3 3 B 4 Fh DA AY , FEAR 2K F X
A ) RERITE S5 43 S TN oA R 38 i e 90 96, Horp K-
NN #E 8PE BE fe A0, 7 X v 3 it 9400, A A
VORI B T R R X B R B K AT I 2R R
TR R 4 0, ) 28 o T 4 R 7 AT DRER RN A3 2
HESL T PLS-DA A KA BRI iy (LA A , gl At
TR TN AR AE A 73 2 A T00I 2 ) E B 2 53001
KF) 10026 .96 6, M 5 4 P [ 3 0 A B %
(competitive adaptive reweighted sampling, CARS) $%
SR A A iy PSS R AT T 0 00 2 14 R Affy 3 53 31 3
#100% F198% . LiRBFIE T, EOGIGE AR — ]
TUHTE B 7 19R I 53 2 A — SE R A e
BORXS = Yy AT R S TR, R T A 0 4 I ol s
RE T 09 53 A K 22 B T A= W 2 0 vk, 6 ) v
DT B AN A= 1y 1 58 B RE 0 A I O AE ST . PRt
A BT R FH R 06 1% B AR X AR BB %) b SIS R A7 R
I01) X AN [ Ao 288 114 £ W 1 B e g 2R A T DA
5 AE R A0 T AR AR N3 S PR A 48 G D 3 45 110
Pt S A A

1 #MRlEREE

1.1 HEELSERS &

56 i Y 40 B 18 B0 P K R (E. coli
O157:H7, J5 3Cfi 5 Ry EC)  BUGFEVD 1T IR T (Sal-
monella typhimurium SH16SP46, J5 X fii 5 A ST) |
4 ¥ (08 % BRI (Staphylococcus aureus 71.0126, 5
SCE S SA) BIRAE TAE P A R 4O R E M 5E
U A5 M 4 T R e B & o R 3 R AR AE LA
(Luria-Bertani agar) #ix_I- 2%, 37 CHy 464 T I {85
Fr12~24 h, IEALJE RS 514D LB (Luria-Bertani)
Fi 3Rk, 37 °C, 200 r/min 2505 T k% 1597 8~10 h, 14
T LB ODgoe=1(AH4 T 10° CFU/mL) , % Hl.

K 3 b 41 BT TR VA R 12 10O A B, A 96 FL 4
B F AR B % L AL 100 plo f T AN [ 48 B A9 A
HRRE T3 AN (], 350 A [ B 5% 1 18] 4284 KA i
28 CHPERT % 24 .72 120,168 h; VDI TR B 30 C#

B SR 12,24 .48 .80 h; 4 v {0 8] 49 BR A 28 “CiE
FiFR6.12.24 .80 ho [J]HEXS BRA Ky o B AR ik

AN [e) 35 35 B B SE IR L S T 96 FLAR A 9w
FRIMAEAS | 35 25 P 55 R, B 2l K Wk B AL 3 T
FEBET R TR 96 FLAR B REAETC I & v, HIDRR B
ek G EOLIERBRET NG A, 4
FLITA 125 plL 126 BYSS SRR AL G € 15 min, i
KRR s g R T AR LI 3300 By STRTA
W 150 pL, ¥R 35 ¥ A 10 min, {3 FHEEAR {0 52 ODygy
FHBNREAR OD A, B B X B A1 45 1) 120 A FEAR
HAEC.ST SAREASMII N 3264241,
1.2 RABHEEGRESLE

1 56 A0 T B0 i O B AR R T h e O 1 AR AL
(VIOE-CL, 25 22) U1K 0 365 nm )£ AMTE
U8 AL ks B s R B & LA, HOG g E H
J2& 300~1 100 nm,, &3 RN 2.8 nm, HeiTa] B
1.25 nm, 2 520 M BE . SO GIE R AR T, mGTE
AR Z2 58 TR 30 min, Jf- 15 & A HLEE G 8] 2 100
ms, BIEF ST B33 A 1.6 mm/s, (REFRFN R
15 = IS ALY BE Sk B 25 R 30 em 2247 o X R4
B EIE G, 2T 435 nm K B9 R R 17 %
DX SR ERC T IR SRR X 4 U BT Bk
VERREAR GG ] T 5 S 834
1.3 HEHRELEHERALE

S HETHRLRIPE R SR H G FLOF 1 (Savitzky-go-
lay, SG) . %% I — 1k (vector normalization, VN) . £
JC # 4 B 1E (multiplicative scattering correction,
MSC) Ay IE 2548 5 A8 Ht (standard normalized vari-
ate, SNV )X IR R4 T 04k 3 LA /D B30 B H e
AL I JE A R 12
1.4 HEWESNEE R

FIFH SPXY B R B A B 22 F 32 1 1 L 451
Rl 3 A AE SE AN B . AR LA 5300 8 i
/NS AT PLS-DA RIS R 1] ML (sup-
port vector classification, SVC ) & 7. 41 B A5 17 94 JI5 11
SRR, L PLS-DA fEX) A28 & X AR i Y
rh B B B3 1 R B ORAIE T 3 A3 R TA) A DG H
R TE X [T B S5 2R JEAT 5 e B . SVC 2 LAY
AL 23 2 05 1%, R IR A 30 e S 38 v 4 25 1]
3 R e UL T SRR AR (42 . Hih R
154 SVC MRS R AL C A% R AL g RE% DR UE ARG
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R 2 AL RE eI L AR g A S kA Ak
SVC HIIET R CTZ KBS B g %) H W WO G
IUBERE J1 932K
1.5 B PR SHE R K ik

ABIESER T8 4 A 1 B INALSETE (CARS) |
¥ 2 & % B 15 (successive projections algorithm,
SPA) XK HEA T HE 5, O 2 7 B T OL e RRAE B A 1Y
IR i X Y B R AG 91 e RS TR U E BT VAC
TIASCR A 5 AR e 43845 18 v [ 015 32 50 4 T e R 1 %
a5, PRI 28 SCITEE ) fe /NI AR AR R BERE Y
PRI A (SPA) AT LA OGS
I rh e P TO L LA AT A B RRAE B A | () B AT DA 4
FEERIRT ] . SPA FEREBRRAE I A AU i 24 07
HR 15 22 IR AT RE /N, T LTS B AR T 250 B 2
S, ARG I «=0.25 19 F R 30 4 8 SR U7 25 12
FENS,
1.6 4 #FER MR AN

HRHE ODgs 18 X5 20 B A 09 45 FEE ol 88 i 07 8647 40
% . & L ODC (cutoff optical density) Ay BH 4 X} & 5F-
Y80 3 f5 b5 #fE 2 (standard deviation, SD){H . ik
OD<ODC W s E PR, T i fg ) s ODC<
OD<22 ODC F 8-, T HAERE T ;2 ODC<<
OD<24 ODC 2y Hr &5 AR M BB IE B bR | TR g
71;0D>4 ODC 58 A= W) 4% Y B A%, IV B A
AE ST, R T T A X T 4 B A i R R 25 R
AL EC RN 0, ST KR4 M 1, SA FHIFR%E
SRy 25 TR T A W) 0 B S I R ) S5 40 0 0, s L 80
Hh A5 SR IR RE T AR AE 0 1.2.3 40 LAARAE
EAER YAH OGS EURE N A28 5 X, 78 Y T
SE VAN BIE, — o £0.5, IR B 45 R EERA Y
EFE L Z 0, WA 2 25 3L )8 T X0 Y (AR R A FE
AR

i 1E 45 43 2% 2 (correct classification rate,
CCR) K PPAG LAY PERE S, CCR 5 LA AFEA
25 [A] H TE A A3 AR AS 1Y 43 B, CCR ey, B AL 1
REBR G o Horp, A% IE 2 2 2R A 238 (correct classifi-
cation rate of correction set, CCRC) I #i ] £ /3 2
7E 1y % (correct classification rate of prediction set,
CCRP) 43 54X 22 ¢ 1E £ 1 HL ) 4 4 A 119 53 28 HE A
o TR E R B Y AT AR R LS, B A AR SR T
(B, 38 o TR VA B, AT DAHE 0 M 2R BT A 4R A
CCR,

2 ZEREHH

21 EWHERENE

P12 BT R 10° CFU/mLL i 3 Rh 4 i A 4
Bl FEE 4 A 5555 i B (8 P 3458 015 &1 (R 1 355 Wb b
X533 &£k 6 EC(E. coli) 1) FAERS T 100 424
£, SA T R T 10057 ) o DA 3 F 4t 1 26
WCREARTE , EATNZOE & 3L KA, H
V& 1 A ) M A0 0 I 5 ek DA S A ) RS 45 ) R
A ] S 80K S 9 it (AT B 22 521
600+
5001
400F

3001

200+ ﬁ
EC
100 / ST
A ;

SA

Ay Z

1 1 1 1 1
400 500 600 700 800 900
Ft/mm Wavelength

Bl EC.ST.SA4%##BEREARDE AL
EC,ST, SA biofilm sample fluorescence spectra

PR E a.u.
Fluorescence intensity

or

=100

1
1 000

Fig.1

& 10T, 7E 9 KR 450,570 1600 nm Ab B4
B2 B, HLAE 450 nm &b 3 R 4 18 A W IR 2
KX A3 BE iU ] REXT I 38 i il (nicotinamide ade-
nine dinucleotide, NADH) , i J5i £ 4 i (nicotinamide
adenine dinucleotide phosphate, NADPH) %) %¢ J; il
o NADH F KA 5t frie i AT A0 NADPH £ 05 gt fre # k
PI7E 340 nm BT SO+, FF4E 460 nm BiF i A& 5 9¢
O, 3K 2 B 4 A0 PR A W R AR, 2 5
VARG BT EASEMR A AT IR A5 1, WI-1 I WI-2 I
WA WL 4230, T RE X N o D I b AT 19 ¢ i e
REPOS WI-1 0 22 A5 1A BA S i g i, T fig 2 vl
Ab T3 % 35 10 S B (0] 2 35 35 B A AS [ 4 R 2 g
K, ez A [a] B AR /N3 BFE 400~450 nm B AL 14
BETE IR A2
2.2 3TMEEVHIE S FKAEE

1) 4B PLS-DASRIZERL i) PLS-DA 45
AN R GG A B 5 1 N B T AR AR B
AN [R]85 S5 B [R) A BT 3 0 4 11 A 0 A %) 29 s
BORY . DLAH TR AR W 8 A S M 5 R H8 A, L3
B AS R G 3 T AL B R PLS-DA 43 ZS 85 7Y i 18 531 54
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R BE 3P B A MBI S 1 dre o SR
12 1AL, RS 2 AR AT P0OAL B 25 1F T L A

TE S AN 4 19 6 5 O 96.6700,100.00%6 o Tt

LI 7 S E ARG = TR IE &R , W] BB JEL A2 7E PLS-

DA ZAE 7 JERIHERL T, B d o dhs ) 5 Xk Z A AT

GRAEAE 1o i 23 0] P 5 A A B B3 A i A — R

M BT R TR 22

*1 EFAETAEPLS-DAWEWHKIES KIRFER
Table 1 Performance of PLS-DA models established
under different preprocessing methods for

classification of bacterial biofilms

TN AR R R/

Validation

Principal

WAL MOIESRMERAR/ %

Pre-processing Calibration

method set accuracy set accuracy component
J& None 96.67 100.00 8
SG 98.89 96.67 10
SNV 100.00 86.67 12
VN 100.00 90.00 12
MSC 100.00 90.00 13

PR A S R 1] d AL 0 AR AR AR T A R 4 1) 532 o
1% 15 28 100.00 %0, 283k MSC Hil b B (1) SVC 557
R 1F 48 HE R R 100.00 %% , 18 T 48 A AN
96.67 % HIL , AN BB o] T4k 3 SVC B None-
SVC Ay B A= Wy B A SRR | A0 4 At 52 R
100.00% .
K2 ETFTAREFAESVCHEMEESLKIRZER
Table 2 Performance of SVC established

under different preprocessing methods for

classification of bacterial biofilms

KIE4E RIES . "
Ak 3 J5y X X TET T PRI

WERITR sy sy oo BRE
Pre-process- e o Penalty Kernel

. Calibration Validation .
ing method actor function

set accuracy set accuracy

J& None 100.00 100.00 256.0 0.3299
SG 95.56 86.67 147.03 0.189 5
SNV 100.00 100.00 27.86 0.006 8
VN 100.00 100.00 16.00 0.108 8
MSC 100.00 96.97 5.278 0.189 5

H 2 LA] A1, 280 SG FlAb B PLS-DA B ALY
e T A RS AR 9 SRR e Ry 4T, 300 R 98.89 %
96.67 % , MiZ ik SNV VN MSC 7l kb BE 14 45 1F £ 1
R B ARAR N 100.00%0  E T AT T T R 5
MeIE A 22K, IR R A X e 25 . L, SG-
PLS-DA KA PLS-DA A= ¥4 I 4 % K 432530
il Eive

2) A B SVCRERIZE IR . R 271, FEAN[A]
AL BEZSPE T, SG FUAL 3 A S 45 1] FHL o e
SG-SVC il il #E 5 K F I , CCRC Fil CCRP 4351 4y

95.56 % F1 86.67 % , 283t SNV . VN HFIA M AT fa] F5i 4k
A

(o]

=3

=}
T

700F

600

500k

400F

N

25658 BE/a.u. Fluorescence intensity

300!

1 1 Il 1
400 500 600 700 800 900 1000

JK/nm Wavelength

3) T AR Shy e 3 A7 Ak Y A= ) Bl R A3 S A
B 252K F CARS Fi SPA i e fE il <, Heo A
P2 s o P2 v e 2 O R AR I K B 4 A I L
CARS 1 SPA 7351 i & t 66 F1 10 M HFAEBAC o B
2T LA, CARS i 356 1 AR AE D B4R E o3 A 48
g ¥5)  4E 450,550,850 nm b A # LA B B i BB AR
A3 AR, SPA i B (19 FR AE % K 78 400~500., 500~800
nm I Bt 2 [8] i) 0 A 88 £, #E 400~500 nm Y437 b

22 3050, 285 CARS 0 1 5 #) PLS-DA f %Y
. B

800
700F
600
500

4001

N

1 1 1 1 1
400 500 600 700 800 900
P K/nm Wavelength

P¢J6a BE/a.u. Fluorescence intensity
i

1
300 1000

B2 CARS (A)FnSPA (B)fifif tH HIHHE K < 5 fa B
Fig.2 Characteristic wavelength distribution map selected by CARS (A),and SPA (B)
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() B IE & R T 4R AE AR R 4 0 O 82.22% ANl
86.67% . Zeat SPA T 1 v B FRAE I K # 37 1) PLS-
DA IR A5 1F 42 F 0N AR R 2R 433 R 91.11 %6 F1l
93.33% , B AL T CARS-PLS-DA . R , £53:F 2 Fi g
TIE I e £ B 7E A0 PR (9 PLS-DA faj fb A 78 1 GE 3
T 2K MERE . 20t 2 FERF I K 2E 8 5
AT SVC AT AR AR A 14 A% T B2 R 1500 A5 MR R 2
H96.67% , 5P KA PEREAH 2 . HIIL, X F 3

*3

ol 40 T 2B ) R 43 28, G B (A AL R None-SPA-
SVC.

Pl 3 Sy 3 70 240 T A ) s o e DA 78 4 2 485 R TR
VA RS IE AR 3 245 R 3 STHE /01 T SA,
FETUNAE 225 e, 1A ST 4540 AL T SA, £ 4
B (0] 25 BR TR A e SRV 1 B AL B 2 R
2 SBUN, —J7 T ST FISA G 58 B ith £ 432 3 (&
D), 75— 5T, & W RE )t 3R 5 AR .

AR ACEFETT 3R TR W AR 5 2R A L R B e

Table 3 Performance of a simplified model for biofilm classification and recognition

with different wavelength selection methods

PLS-DA SvVC
BRIk R RS e n . R, p —
Wavelength  RIESMENR/ 0 BUMASIA/ Y EMAMEC  REEMEER/% BOEECR/Y BRIRT B
selection method Calibration Validation Principal Calibration Validation Penalty Kernel
set accuracy set accuracy component set accuracy set accuracy factor function
CARS 82.22 86.67 3 96.67 96.67 84.45 5.278 0
SPA 91.11 93.33 5 96.67 96.67 256.00 3.0314
BIE SRR o) SR R R
Correction set confusion matrix Prediction set confusion matrix
O 21 0 0 100% O 11 0 0 100%
=l 233% 0.0% 0.0% 0.0% 2| 36.7% 0.0% 0.0% 0.0%
i:’ =~ 0 45 0 100% g = 0 15 0 100%
s 7 00% 50.0% 0.0% 0.0% s 2 00% 50.0% 0.0% 0.0%
o o
=3 =38
=8 Xy
g B3
ie < 0 3 21 87.5% s 3 0 1 3 75.0%
0.0% 3.3% 23.3% 12.5% 0.0% 3.3% 10.0% 25.0%
100% 93.8% 100% 96.7% 100% 93.8% 100% 96.7%
0.0% 62% 0.0% 3.3% 0.0% 6.2% 0.0% 33%
EC ST SA EC ST SA
H.5L{H True value PLSCMY True value

E3 3TAEEMHEIERMEER S LLERBHIER
Fig. 3 Confusion matrix of the optimal model for classification of bacterial biofilm

23 B3MAEEMHRERIRR NP RERRKIESE
iR E R R

1) BB RE 77 PLS-DA &3 K/ 2Rl . 3k 4
AT, X T AN 28 00 3 i Ak 2 57 %) PLS-DA A5 Y
JIT A B 14 3 S T B At 3 0 000 B A 3 43 ) oy
83.33%0 Fl186.67 0, DRI Tl £ HEAA 2 K T A A 1
R, 220 R BRI T WAL AL . 40t SNV
VN . MSC Fiiih # iR RI 1E AR WA 2045 21 T —
PRI RO B =, (R TU A e R 350 73.33 %0, AR IR AR
PR R A BRI 2500 . 4 SG il Ak #H A SG-

PLS-DA 1 1F £ 1 FU 4 i 6 38 53 591 by 84.44.%
83.33% , A B R M B R ks e vk, IR, %
T PLS-DA 43 JE 8 4 fe {1 7 4b B 5 15 2 SG il
AL

2) IERE )] SVC A K A iRl . X 44557
B B 1) 3 o 4 7 A 40 9 BB 3 1447 A [i) Ak B
SSVC R AI(R5), RS AT, &4t VN,
MSC FiAb H #1581 VN-SVC . MSC-SVC Ay #% 1F 5
THER 3 RN TR0 46 HE A 527331 2 100.00 %6 . 100.00 %6 A1
93.33%6.93.33 %6 , 35 MR A 25 5K, AR E 1R
KA RG] Bk B 2L K 285 SG Wikb BEAY
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Table 4 Classification and recognition results
of biofilm film forming ability based on
different pretreated PLS-DA

®5 BETFTRTAIESVC K LR AR
BEN T RIRRIER
Table 5 Classification and recognition
results of biofilm film forming ability
based on different pretreated SVC

BB MOEMERIR/ o TR/ 2 Ea %5
Pre-processing  Calibration set ~ Validation set Principal
method accuracy accuracy component
Jt None 83.33 86.67 7
SG 84.44 83.33 7
SNV 87.78 73.33 9
VN 97.78 73.33 12
MSC 97.78 73.33 12

TR £ 7 AR None-SVC . SG-SVC I IEHE I
AU A o B 2R 0 50 R 92.22%.92.22% F193.33% .
96.33%0 , 1M Zeask SNV $9 A 1 Ay ' 3k £l 4 7 <7 (19 A5 784
SNV-SVC A 1E A FTIN A A 553 591 Ry 96.67 2%
F193.33% , —# A2 AN K HAR I SEAE A % 5 T HAt
TR Ry o AR MERE . BRI, X T SVC 7324
P ARARTY SNV T Ab B2 5 ffe AL BE 7 7

3) BURRE 1y AR . 32 I CARS FlI SPA
3 907 1 HE 45 110 ASHRAE P, HL o0 A1 15 0 AN 18] 4
. M AT LLE 1, CARS Fl SPA § ¥ H B E-E
P BUAE 4 b B 3 [l A 70 A #8 e A2 &), 48 450,550
575 nm BT - A AT EE R . H1 R 6 F] 1, B CARS

A

800

600+

500

v

1
400 500 600 700 800 900
HK/mm Wavelength

N

P J¢58 & /a.u. Fluorescence intensity
o~
S
T
>

300

1
1 000

M IE 1 Tovm v

oAk B 7 " % bR %
Ab PR i Y "y TIRT s
Pre-process- . A Penalty Kernel
. Calibration Validation .
ing method factor function
setaccuracy  set accuracy
JE None 92.22 93.33 5.278 1.00
SG 92.22 93.33 5.278 1.00
SNV 96.67 93.33 3.031 0.0359
VN 100.00 93.33 84.45 0.020 6
MSC 100.00 93.33 48.04 0.0359

SR O e M G R AIE D% K ST PLS-DA/SVC 4826
B R A5 ) 1y 8L A R OE S RN T AR A B R 2
93.33% 1M HY SPA I 3 £ 557k G 32 A9 R AR I
KA Y PLS-DA J3 A5 U A 1 £ RN TR0 45 1A %
a3 R 75.56 % .93.33% , BT ™ E A A B
%o X SPA-SVC 43 ZEBE AU | K 1E 48 o 1 25 F1 i)
AEVERG 2 M 100.00% . 96.67 % , 5 R fEAL T PLS-
DA, SPA-SVC A #1531 (1) £ 1 5 F1 700 42 o 1
HRBIRT CARS-SVC MBARIZE R BRI IE R 5Tl
T AE 2508 5 K, {H SPA-SVC i 5 A 70 4 152 14>
FEA, 25 8 5 R A B0 & n) 80, o5 pE 85 U Ol SPA-
SVC.,

800

700

600

500 !\J
mr N

300

U

¢ 638 ¥ /a.u. Fluorescence intensity

1 1 1 1 1 1
40 500 600 700 800 900 1000

F/mm Wavelength

B4 CARS(A)FISPA(B)fifisk tH AI4HE R
Fig.4 Characteristic wavelength distribution map selected by CARS(A),and SPA(B)

3 it it

AHIFFE R 3 AN [ 41 1 A ) B IR 1) 2 D' v ol
T B, A5 AN TR G 3 T Ak B 5 3% RIS AIE 304 4 B 4%

I ¥k S TR T SVC M PLS-DA YA [ 4 7 A= 4
B R AR TR 0 A 0y B R R T A AR R
7R - (1)%F T 3 4t T A o B 1 4 G 0 S At
A1, SG VN MSC SNV F57 [m] 7 b 35 5 32 X A AU
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Table 6 Performance of a simplified model for classification of biofilm film-forming

capacity under different wavelength selection methods

PR T PLS-DA sve
Wavelongh g getemions/ % mUNSRMERIR/ % RS REEECR/% BIEER/Y EEET RN
selection Calibration Validation Principal Calibration Validation Penalty Kernel
method set accuracy set accuracy component set accuracy set accuracy factor function
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Abstract Bacterial biofilms widely exist on the surfaces of food processing machinery , medical equip-
ment and the environment, and bring a huge threat to human health due to strong drug resistance. Esche-
richia coli, Staphylococcus aureus, and Salmonella typhimurium were used to study the feasibility of spe-
cies identification and evaluate film-forming ability of different bacterial biofilms by hyperspectral fluores-
cence imaging technology to solve the problems of time-consuming, laborious and inefficient detection of
existing biofilms. The hyperspectral fluorescence images of bacterial biofilm samples were collected, and
support vector classification machine (SVC) and partial least squares discriminant analysis (PLS-DA)
models based on the spectral data preprocessed by five methods were established to classify bacterial bio-
films. Characteristic wavelengths were extracted by employing successive projections algorithm (SPA) and
competitive adaptive reweighted sampling (CARS) respectively, and the corresponding simplified models
were established. The results showed that SVC outperformed the full-wavelength and characteristic-wave-
length models of identifying bacterial biofilm species than the PLS-DA, with the optimal model being
None-SPA-SVC, where the classification accuracy of calibration set (CCRC) and prediction set (CCRP)
were both 96.67%. In the classification and discrimination of film-forming ability of bacterial biofilm, the
full-wavelength SVC models generally outperformed PLS-DA with higher classification accuracy. For the
simplified models, the optimal model was SPA-SVC, with CCRC and CCRP of 100.00% and 96.67 %,
respectively. It is indicated that hyperspectral fluorescence imaging technology can effectively, quickly and
accurately classify the types of bacterial biofilms and the film-forming ability of biofilms.

Keywords hyperspectral imaging ; biofilm ; biofilm-forming ability ; partial least squares classification ;

support vector machine
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