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2.1.1 mAEMmGS R

I |22 2 BT 40 B B Rodriguez-Saona 25 F) ] 48 1k 48
ZARERME . 1EGEFELFEEM 1 667~2 500 nm(6 000
~4 000 em™ ") KIRHEAT F L4343 B (PCA) , fie ] NIRs 5%
BT KA B HBLOL, K # B ATCC 43888, K #F B
1224 Ve AL 2F 00 FF B L 40 S MR 00 B vl . I R SR T AF B
PRI S A A % FEIL A [, A A
NS T NIRs & 1X10° CFU « mL ™" ¥R BRI AT 1 . 4 4%
BB R BR o AR B R AT O L SRR SRR AT I . O s S AT SR T
R 11 B 3o G 0 A 8 2 T

Alexandrakis 4 % % 700 ~ 900 nm (14 286 ~ 11 111
em ™) B K T B R AT R, XTI P R AR FH. AL
FRFLER A . DSOGIR ML B . 7] 2 70 29 R SR B 1 . S LR PR i
B AT % 00 Sk IR e/ —3fe (PLS) Jr 12 B % 52 91 1 J& /K F
b5 AR AL 127 S EEAS 100 % B9 IF #4510 . Feng 25 5%
ik 1 B E AR B (CARS) A . AL+ 3 A i Kl
SEP T XM EE S 1X10° CFU « mL ™" B9 K i #F 7 R IR 3 1R 22
T A L TR R OR B R K T 1 43 2559 L Sivakesava 55 43 54l
FH A FRL A 460 4T A6 6 3% (FT-TRs) F1# L I 45 460 305 21 40 S8 1%
(FT-NIRs) X 5 A [ A By kAT 7 %00 . KB FT-NIRs 1Y
T i T A o R B R B, (R AR OB AR BT AT I R W 2
F RS E, 1 HL R RE A B R KT Xt 5 R i AR i AT 4 25
ARG T FIOK O 0 5 Fh i A My alh A7 53 255 . Krepelka %542
H T —F FT-NIRs Ml &80 & ik 1% 05 605 2 i R 4
S e TG T O, 4R T X Al T R 2 Y T A
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A8 X 4 T A B 9 48 b i 1R S R B R . Powell 2 7
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WIE &M, FT-NIRs F3E7E 1 111~2 000 nm(9 000~5 000
em DY [ P AT SR P 1X10° CFU » mL 'k i K
K FF TR R AR B IR TR I 2 5 DRI BORAE 1w T
Wy iR I J T B AR R v 1 Y, #E 700~1 100 nm(14 286
~9 091 em ") JE I X I N, NIRs g% iF B & —Fp k. G
TG I 5 0 3 AT V5 e 1 3T
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1 200~2 400 nm(8 333~4 167 cm ') ¥ 3% 1% 5 B P9 % T
FERFHIIGAR R R LA A0 A0 I AT 1 5 A T, 4
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BT 3R R AE . NIRs e AL G4 9w i 45 358 ik A —
6 H A A 3 . Quintelas Z57E 1 667 ~1 852 nm (6 000 ~
5400 em ") MG HE XA Y FT-NIRs 45 A X 24 i v i) 4
WG b AT TR DU RS &, 25 SRR WIAE 3 Pl oy i 371 (BB
MRBEWE . Ik W24 9% A 32 00 48 W) b . FT-NIRs GB 88 X T 5
2 TR T TRV U R Y S U VR AT S N X AT T R A AT
T PRI . v 1T I T . 3R B i 4 BR T A A R 43
WA 9.0, 5.1, 5.7, 7.8 Fl 5.7 CFU » mL 11 | 4 {5 2.
R B e e e ) E R R L OF HAEWRIT ) 3~4 d &
ATt 20 . Marques S8 F) FH 2644 240 31 20 M (LDA) Fl g 4% 373k
(GA) X G AR B M T 4T FT-NIRs 438, AR 405 i 24 ek
PESEEL T G R A AR T R 4 4 SR B Y 4 T Sikulu-
Lord 5 ) F NTRs A6 I F0 % & T 55 50 5 47 57 (19 A M R e 1 352
e B ise b g R R B 5 FR A B Bk (wMelPop Al wMeD) , & 81
NIRs A] LK 2 wMelPop Fl wMel (135 Je 478505 A S 44 14
WP REAR K 40, S B SR A AR Ak B T 84. 560, ik
bb, Pesala ZF) FIZL 406 3% Rl NIRs X 45 4% 43 B FF B 2647 J6
BIKEI 5 Saranwong SF i TF T — B A4 4= 5 4k 24 i 43 R R R
BB JC BT 2041 6 3 o A R
2.2 EREDMIEDRNATEZRERR

FUE SN LG [ N 56 F NIRs AR P 0 i iF 52 2 26 4%
MG, 2008 4F X1 2% 4 { F NIRs P 30 1 J50RE 2L A3 K i
BECOT H AT E 06T NIRs Sl PR i STk 3 B4 e R
[F) 4 BRT 43255 0 T 0 TR A DA AR R 7 R TR R A
=771
2.2.1 @AY E

V] B R R 2 1 0 2 A E AR T NIRs 7R 1 4t 147 43 7
AT 5 WA T K & TAE. R A 4L R 3T PCA (%5
FIR A RWMFRG TR E . BB E AR
B 54 AREA I A IE B Sk #] 100267775 Lh NIRs 45 & %
Fem R AHLSVMD SEHL T X KA B O167 + H7, 2 4E
TR 4 B O A BR AT (90 ANFEAR) 19 100 %6 43 25 45 510 5 SR
4 HE R DL i 347 40 5 T (BDA) SE B T X K B3R A R 0157 -
H7., G2 ik B R 4 20 (5 8 29 IR T 3 Fh 40 7 (80 M AEA)
100 %0 B IE B 43280, it . DELIE SR T KR & K H
O157 = H7, 4 B8 % BRI . 50308 22 0 Rr 18 3 Fh B0 1 1Y
AN T e BE R0 R) B 35 B B O 1% BodE . &R BLAE 10 CFU -
mL ! R EE R TS SR RE 05 Sz 30 40 AR s 1 AN AE X 8
975 ARG DU I, 7 X AR o A AL B AT A — . LA AR R S Y o
BRED,

P b A HRRE B R 2 i AH SR BIF 53 38 3 SR 4 1 ARBE LRI 5 Ak
DA AT A DA BR 0 30 20 4 8 R 6 S . 7E 1 852~2 500 nm
(5 400~4 000 cm ") BYGIEE B P9 2R FH PCA X 0l 135 % 40
T8 T HETF FT-NIRs (4 d b % E m, %
R PR BEAT 1 A T NIRs A 19 40 B 43 80 1% 51 TAE.
Bl G, X URAUZA U H T FT-NIRs £ AR S8 1 IR 36 B2 25 f 4T
TR R B 1 4 2 0

BEFEERFE DTN T NIRs %50 i B & 7Y bk 4 4
BRI RIT PR 40P PR SRR 4 A BR A R 9T . & BLAE 900 ~ 2 200 nm
(11 111~4 545 ecm™ ") J6i% ¥ Bl P9 4l ] NIRs 454 SVM 94>
T 7 12 ARG T DX 43 T PP 40 VG b 4 T 0 P 4 V8 bR R 4 7
WAYAE Y . Mu S 095 T FT-NIRs % A 78 A [7] 7 Ff o7 %)
BB RIAT B S7 . S5 R R, SVM R 7] 3 o Hiph
2 2% (RBF) 85 4k 28 M 43 25 O 6 1 43 28 IE W 38 35 48 96 %6 LA
b UEF PLS FU 4x A7 o 8 K2 04 A8 G BF 58 ] FT-
NIRs 5 AR % K FF B8 . 4 55 €074 25 Bk 0 A0 U0 1] EC P g A7 5
T, 5 Y S 1) A H A 28  % (BP-ANND 85 3k B A i A 751
T TR 60 A~ & 1 TR 238 ) 100 %,

I3, VL KAF Shi S HFFE T I NIRs FR1AE 45 & 1k 2%
T 2 P e T LR A R R AT AT, R B R 10 AR
FEPERC4 119, 4 428, 4 316, 4 914, 5 905, 6 193, 6 526,
6 969, 8 373 F1 8 659 cm ')A, i Bl B /N T 3 37 4% ik AL
(LS-SVMD) ] L 37 e A P I AR B, %ot 52 58 op BT A 4 A B
P11 AN BRI AR B9 IR B 3 AE 8026 ~95 %6 Z A
2.2.2 RIRMEHAEHAED

e ] VA 3 K 2 R S AF 9 AT St 2 A7 6 T D o A v A A
A Ak FIREHE 0 NIRs (L4545 & GA Al BP-ANN & 5t
Dy ST T = 30 R HG B B T RN A A
TYE0T = e e A 5 5O M RO Tk AR SR R
0.981, HrfidiR 2z K 0. 097, FiERIAY (Y FH 2C RECH 0. 960,
B J7 iR 25K 0. 0985 L H a5 5 15 & 45 AT 807 i 1 A
KRB 0,985, B ARIRIE R 0. 095, 6 UEAR 1Y B A 6 2 %k
g 0.966, PYITHLERIE N 0. 083, R R HR LA B 4585 55 T
FAER B .

A WFFEFIH FT-NIRs £ AP . iR . JCH i 5] T35
PR A3 B I 4 Tl S0 (1 B0 M T B T R R LIRS T RN TR,
TS BT A8 A R (R B I T A9 NIRs B 3R 0% . @i TRk
22 WO 45 ) A FT-NIRs 45 4 PLS. o B B 85 45 20 0y 7 3k
SEBRT % 5 SN T I A R () 8 A DA R o o P A A
RS R R BRI, PR T £ o R v R A
[l 40~1X10° CFU « g ', B4 AW 2 7T brifE NY/T
1512—2007¢ S (o i AR T . R ) o BV BB (K3 X
10° CFU » g ") iy ZRk0Y ,
2.2.3 BAEFTEELAAEN

ZRdb gl K2z 1) sk sk %5 3 F SVM #4717 F 4% ot ih 5 7
% Bl /Y NIRs JoHi A WF o2, Br g A I i A% IF 48 U e R B0A
#) 0.913, F B NIRs A e i K 0 F8 & o (Y 8% i % 5 K
B1% | BT 2 on 4k v WA (MLR) #1 % [ 5 85 8 (SRA) ,
AT A T 2+ NIRs (55 45 55 o A 85 25 40 T 402 4
STELT R AT 2 T B A B R RO B T L Rl R
2R AR A FT-NIRs % & 48 £ ORHEAT TR, SVM 43
AR ot Y1) 5 S 0 3k 4 1 0 A T S 40 00 5k ) 93. 320
91. 7%, MISEWFFE A A PCA, LDA Ml PLSR J L T
T2 55 TR 95 e 0 DR 20 W R R, 2R R A AT DA T I e N
IF) 5 BT R 2 R 0 P DR S 1) 3 T A A X AN T A R Y
EE

FIR NIRs 4 AR 38 o] LUK A6 AR 0 ST R 5 . A DFRE T
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KT —FIET NIRs $EAR 146 2E 7= 15 55 15 Y B B 00 o o
M, AP AE 0. 3, 6 A9 d 4B MR B —F T A
ol 25 A1 (0 A ) 390 1 3R 4 135 B 10096 A 99. 170 . YLU
KM RZEFE T —F 3T FT-NIRs AR M K 553 46
CKNND B2 3R 530 T 3k 0 35 728 R o 2 46 A 000 O o IRk
5 WU A IR B 3 98. 84 %611,

3 ZHEMEH

NIRs 7 ARAE g — Flogh B S0 M 8RR . AT E 207 LSS
B 10 CFU « mL™" Y 1 Ik e B2 /K SF T 2 U8 1 B0 16 /1 6
T 0Tl R Ay B A S SUAT O AR B 100
CFU » mL ' (CFU « g DA YR E BRI &K . 752 5%
AU A T BT G . NIRs £ AR 45 A 462 1 8 2 5
PR RT LSBT A 7 AN T b A ) TR LA T L A6 A
W i), 32 A PR . NTRs FI T304 W 2 I f oy 26, 7 4%
Ol PRASIN P . W] LA R N T W Ay, 3R
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Advances in Detection of Microorganisms Using Near-Infrared
Spectroscopy

TIAN Yan-long" **, WANG Yi’, WANG Xiao*, GAO Xue-jun®, ZHOU Jia-cai*, LU Dao-li'* , CHEN Bin'*

1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China

2. Beijing Instrument Industry Group Co. . Ltd. . Beijing 100022, China

3. Beijing Beifen-Ruili Analytical Instrument (Group) Co. , Ltd. . Beijing Engineering Research Center of Material Composition

Analytical Instrument, Beijing Enterprise Technology Center, Beijing 100095, China

Abstract Near-infrared spectroscopy (NIRs) has been widely applied to rapid multi-component quality monitoring in the field of
agriculture, pharmaceutical and food as a nondestructive testing method. Rapid and accurate detection of microbes is a
challenging issue in clinical diagnosis. pharmaceutical and food processing technology. Biomacromolecules and water existing in
cell walls, membranes and cells of microorganisms possess highly specific NIR spectra that can distinguish, identify and classify
different microbes. In this paper, the research progress of NIRs in microorganism detection was reviewed by summarizing,
sorting, analyzing and refining published literature. We first briefly introduced basic knowledge of microbiology and the
fundamental NIRs for microbial detection. Then research progress at home and abroad of NIRs on microbe classification,
foodborne microbial detection and microbial imaging detection was reviewed respectively. Finally, the existing problems and
future application prospects of NIRs were also discussed to provide a reference for better use of NIRs in the field of microbial

detection in the future.
Keywords Microbes; Near infrared spectroscopy; Detection; Research progress
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