5.2 ot
1 A

W% 5 6 W B M

Spectroscopy and Spectral Analysis

ETFIABCSVR EZEHHNERXEEENHMLUENFTEASE

Xk, B8 k. BRX. F &, ). 2 . BIO

TR RS BRI S TR WALEEROES S 4 RESLHE. Wik B2E 066004
W OE RN T R TR G R N T SRR A S A ) L[] (TABC-SVR) B33 PR3 8 2 ke
WL 2 M35 2 A SR TR . RS0 T T AR T B X I A A R I SRk B T ek 12, BRI
K UERE T [ o R0 30 Je DI e A 56 v 6 M) R0 . JOT 4R S 00 B R R T e ) R R R T T R Ak T O 3R B B AR I
Pefd . fEdEfe 5 W RE S PR 10 19 R 38 R A8 0 . H LI S I 5 AR R Y O R SR LR S WL
MRS (BAFTE RS . 15 e AR G B s . SRS s sk Tk Il . B Pt . Bt s, DLl 2E i
RAMERT S, —E RBLL B R 35 AR IREAR, HIHL 2L R P 2Ok E . JEi% REAETLEIY 300~1 300
em ', SRAZELR IE KBRIOETT . T Savitzky-Golay S8 1 1 19 X6 5 16 S 1k A7 - b B, 09 —fk Ak 2
ST . PSSR HEAT VTR . IR IR, R 2 i RE S AL M P E R F LR ME L,
B T HAEA W 225, D65 A 04 5 B il e B A8 A6 W S o PR 0 35 - 4R AF 0 £ S8 AT 2 1l 5 2 (1 B . oK
B b, DA S LU 0 AR S O SR ME B T B AR AR LA B A A A M A A A S R, TR
FY A AR FEA R 3 mL, BEHLREHR 8 415256 A% A 1F AR 4 . )4y 27 AR M BRI 25 g, DA &t
Ak 3 1 AR U SR RN R ) LR AR R e A3 ) 4R Dl A TRY A B A B i (B, B 5r TABC-SVR, ABC-
SVR Ml BP =Rl ik i s AL TR, o 03 42 1fn 75 2 (9 A e b A7 B . R 5l ad 07 22 (MSE) , MR R B ()
5 R ) 43 0 HEAT R B, 45 R R W 3 TABC-SVR # 37 % 1 2 1 35 25 1 8 2 7 15 B R R A A, BEARf
A REN 0.990 27, HJriR2EH 0.244 3, FBIEFEIY 1.9 s, WMME I 223/8F 0.001 g « mL™", T 4
Wy 99. 8% . 4L RRW, B MOEH B 61 B A 45 & TABC-SVR 8k, i e 2 & 46 I 1 2 1fn 35 &

Vol. 41,No. 2, pp540-545
February, 2021

B it FAT B R ME A R AR E

KA

RESES: TN247 XEkARIRED: A

5 5

1fiL 37 A 25 [ (total protein, TP) & IfiL i A &% Fh & B R 1)
BAF, EEMEAMEZMEAYY . BFAEA.  KE
Flv o2 BREEF . BEREE F5F, J& A MR 45 £l R 119 3 22 4 7l 7
g3 NARA FRALAE B A8 b 23 51 i 3% A 2 B SR A= T R AR 1Y
AR AL, R I3 A A RSy PR S U B2 T R L
LRGSR BRI 0 kL BN, 3 T A 5E A X L £ B A
BE R MVE RS OEHE, AFLIRE SR TR k. £
F DR AR FEHERON B R ROk, 25 AR g
WG {57 % 1 W 58 V180 R DL B T B 2R SR 0 W i Y 1 R R
M FLRAN 4 A SCER M T — ik T 2 ol 1% A ok E N T
B SRR AL 1] H (TABC-SVR) 85 32 et &2 46 I 1

B HEI: 2019-12-29, 1&iTHHA: 2020-04-27

OGSO M A s Sl N TR s SCRE R AL S S A
DOI: 10. 3964/j. issn. 1000-0593(2021)02-0540-06

ML S A T .

ME S EAMEEAERE, REBENAYLIRERE.
XA IR B iR 6 45 . H RS I O 3 2 R R R R
S U R H R AR A B4y F P IR B (—CO—
NH—) 5 X4 il ) i . Ik b &9, G RERRE
JE 55 R i R R R R ARE L. MR A T R A RO BE(E . TR
s v T A A A B i AT SR A R
TR T T A2 BN IR BB, AR TS R
R REREZE AR oy SIS Y AF B . TR 2 O SR — Fh
EWIRPEM B AR » JL-F TR A S 4. AR D& Bl Rt
REFRAT MBI fE 5 FTRALM R TR I8, KIH 2
P S AR A+ PRI K P RO AT L AT I RE . XX AR
IF T HIBT AR WA A . R 61 B 335 [ rhoar LA B A
SR AR TR IR AR E . TEAEY . PR SRR MRS

EEWMAB: BHEARR¥IEETH 61675176, 61575170) , F 1L K4 L FE 4T H (B771) , #1128 TR AA RTHRIW0H ¥ 8)

TEFEE . AI%0R. 1981 4R, Ml R (F Bk 24 5 TR B R

e-mail: fuxinghu@ysu. edu. cn



5% 2 3

A 5 4 BT 541

GG FIN T X FAER R IR A R R L
WA AL BRI, R SRR BRI T
SEH 1R B AR A . AR SCR R BOLIE AR 5 TABC-SVR kM
S5 XL LT 2 A AT PR E A3 AT

1 BB R T

1.1 XfFEEHNENSE

S F 1 B ML 26 (support vector machine, SVM) F 1995
A Vapnik #2 4. 372 £ [ 5 L [\ )9 (support vector regres-
sion, SVR)JEFE SVM Ay TE b & B ok i, J& 0 AR 4k =5 [a]
A A 22 e ) A8 3 A% R 5 ST 30 v 4 = ), G A v 4 = )
PR — A R TR] R AT A i) R0 1 o A 45 3 1 fe k. i
JEA 2 BIINGAEA (s 1) s (aos 20 o
2, s Dy 2 (2, ERDES i MINGRERANTAT] &, x
=[xl afy 0 217,y € R AT th {8 . A AR R M
e 55 R B (o) AR 45K LA R A e 55 ) oo AR R AR 25 [R] A
T G5 Ak RS F /N A 1 Jar D) S S v 4 S T2 Pk ol U eR R

s (s yi)s G=1,

l
f(o) = D (e —a VK s ) + b ¢h
i=1

KO, 6 HBEME; o Mo HHEPARET; Kz 208
MR, AR SC3 A2 1) 3 o BV A% bR K

2
K(I,,I,):exp<—M> (2)

26°
!
Z‘];E%%ﬁ:jﬂ 2(0{,*(1;* ) =0, 0<a; < C, 0<q" <C,
i—1

C HIETIZH.
1.2 MEMATERER

FRuE N T W B 547 (artificial bee colony, ABC) &/ + H-
HAE 3 Karaboga T 2005 47 #2 1 B 28 1 5 A AL 28 3 R 1) —
FhEERR ARSI AT MAEZL T . B0 B Rom
LAk IR Y AT RE i e A, U AR 0 BRI
7 EE CH A 1 R0 A E B 5 T 36 R B0 A 25 158 400 1 At 1) 2
i, ABC B 75 TR b A R A BE HLIR B0 77 1, 7E ABC B33k
R 3 e A SIOH B B Ag . A BE S B4 Ry W S () e
BRI IR) A, B B R N T 8 A BAD : (improved  artificial
bee colony, TABC), 78 %J % I 5 24 3 b 51 AT 74 258 5 5
FU R E R B AL AR A B W R AR B I, K
N A E /N [ B8 T 4 K B — AN RO B . O R R
IERCRIAT e AT 2 W R R, BE R RER
AEJY Il S .

WHIRF RS A NP DR B o GG=1, 2, -,
NP)YJy—A~ d HE 16 1, X5 R 08 0L AR S, ARk
BB G, BRBERXECH T, BAES RN

510 MR B, BEPL ARSI WA AL E . JP

X = Zain 1 10grt (Toax — Znin) (3
5522 WA IR A B R AR E R, D
v; = (xy + x5 X Cy) + @y (2 — a45) 4)

Hors G XN ; fR AT P 53 A C (O 1) A BEHLEL, &
€{i=1,2, =, NP}, j€{1, 2, =, d} H kFi. ¢; HL—1,

LI BEMLEL

830 TP B RIS R, A0 S 0 B IR E B T
BRAE B, D Y R AR SR L A AR B R SR
. R

1 .
fit; = {fﬂ fo=0 (5
1+abs(f)  fi <O

Horpr £ R REUE . EAh, BE TR A L R B B R
PRBE IR Py

p, = Ji 6
2, fit,

R LT G R G BB R, WG 2% U5

WE =1, HieFERREEE TlHRMENE, 85
W, EGR E (4D, AR A .

=
5

4+
T

2 SRy

2.1 UHFHE5HR

BN gt LRI M0 W pus/- LEL T RITEN ]
H, MEREWRAER 0.042 34 g« mL ', SEH T
TR I ¥R B 1 3R Ry 2B BIER UK, A B R K KT S 5 2 SR 5 i A
N ELAS S 00 A R A B 305 o i AR B TRE O [ VR Y L v
BEEAMEA, BEMADSREEARERN 3 mL, 3t 35 4,
BEHLE I 8 20 556 B A 4 S A AL 4, 4 27 dLAE Rt
YN, BLEHFRREARTE 4 CHEBEAE D E 24 h, B
AR EHE SRR G Z A AT, LSS
PR TR G HE, B RSN T

AR S AH Y R BWS465-785S B & AL, i
F Wik 48w A A AR RIS I B 0~3 500 em ™, RO
TR N 785 nm, R R EKIEHOETIE N 300 mW, HA
FE A 3% 2 OGS R S5 W UE . FRAT B[R] 10 000 ms, Y
TEA RTINS em T
2.2 RiGREEFHBELE

fd1 I BL 2 06 1% 3R SR FEAS B 204, i BWRam4 4
PREAT GG B2 I, W 5 O 3 AT, MBS O6 RE AT A Wik 20
min, FIHA0KIEVERE S . 5T kg, IR IR S AR
PR it 2 TG ) 25 20 RF A S A 2B BB o R R AR 2
AR ARES M, B IR A A T B AT R R A
M, REAEERE 2 min 5, BTG SRAE . g O AL B
BanE 1R,

EER U N3 IR TR SN (< ST Al (Rl e 7 e o
V=D N R e ol AR (A8 B e L
TR R TR AR D (1 U AN B A B . 7 SRR 2 I X A AR
BEATTAL B, WA A% B — A5 s 2 1% Oy AT AL B,

A 20 A T R A W HEAT I LSRR AR IR AR . SR A M s L
SOEIE A 1) TR G BOG 3% 8 [ 300~1 300 em™ '), 24
TR CCD MR | SR 4 B I 1) M 75 L I 80k oh 36 81 3l 6 5
P25 5 mE M m, RS, RATEAE. &
SCHRR o U — 10 = Fh T0AL 38 5 1 00 A5 ) 5 4 bz 2 % R AT



542 S 5 6 M Al %

BURTALBE . 1 R T Savitzky-Golay P i AT Ab B, 1% k. ZEREEFRIOHESME 1R, RELARLS
JrEEAEVE BRI B R AT R IR S L RE R AR EREE . A ERARTEMBRMIEL; R0 — b My 1E
PR L OO R R )R B 2 U N e s AR IR . AR AT A/ R R i O A R i o o L
AbEBZERANE 1) PR s 1 RANERR MR L i k. R Bl LD R . BRI 86 MmER AL )5 il . 46
FAERS B fie /D 31 S Rk, A R A5 S IRAF T AR A — AL A B 9 K

35000
30 000
2 2
5 250001 g
-4 k=
= 2
5 20 000 £
E E
15 000
10 000 T T T T l 10 000 T T T T 1
400 600 800 1 000 1200 400 600 800 1 000 1200
Raman shift/cm™ Raman shift/cm
34000 (¢ 7007 (@
320004 600
300004
z 2500
§ 28 000 %
k= 26 000 k= 400
o 24000 o
> > 4
£ 220001 £ 300
& 20000+ & 200
18 000 4 Lo
16 000 1
14 000 T T T T | 0 T T T T |
400 600 800 1 000 1200 400 600 800 1000 1200
Raman shift/cm™ Raman shift/cm™

Bl fuSkiEfEEe
() JFIARLEOEE s (b): FHAATE; (o HWHRELIMG: (D H—fuhbH
Fig. 1 Raman processing

(a): 26 groups of original Raman spectra; (b): Smoothing processing; (c): Background baseline deduction; (d): Normalization
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Table 2 Evaluation results of three modeling methods

MSE r Time/s
BP 0.681 2 0.971 46 23.5
ABC-SVR 0.3212 0.979 47 2.5
TABC-SVR 0.244 3 0. 990 27 1.9
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Quantitative Analysis of Goat Serum Protein Content by Raman
Spectroscopy Based on IABC-SVR

FU Xing-hu, ZHAO Fei, WANG Zhen-xing, LU Xin, FU Guang-wei, JIN Wa, BI Wei-hong
School of Information Science and Engineering., The Key Laboratory for Special Fiber and Fiber Sensor of Hebei Province,

Yanshan University, Qinhuangdao 066004, China

Abstract A method based on Raman spectroscopy and improved artificial bee colony algorithm to optimize the support vector
machine regression (IABC-SVR) algorithm for rapid quantitative detection of goat serum protein content was proposed. The
traditional artificial bee colony algorithm gradually slows down the convergence rate when the data area is large in size, which
causes problems such as low efficiency. decreased accuracy, and high optimal local solution probability. The proposed algorithm
solves these problems so that the algorithm avoids falling into the local optimal solution in the early stage of evolution, and can
maintain the global search ability of the solution in the middle and late stages of evolution. Conventional methods for measuring
total serum protein usually use Kjeldahl method, biuret method, etc. , which has the disadvantages of slow aging and contamina-
ted samples. This paper uses Raman spectroscopy for detection, which has the advantages of fast and non-destructive. Using
goat serum as the analysis object, configure 35 groups of samples to be measured according to a certain volume ratio. Raman

spectra were collected using a Raman spectrometer with a spectral collection range of 300~1 300 cm ',

Baseline correction was
used to remove the fluorescent background, and Savitzky-Golay spectra were used to smooth this method smoothes the original
spectrum, normalizes the spectral data, and assigns the characteristic peaks of the Raman spectrum. The experimental results
show that Raman spectroscopy can characterize the information of the main chemical groups in the serum, and due to the
difference in functional group concentration, the spectral characteristic peak intensity changes significantly with the concentra-
tion, so the total serum protein can be determined based on the characteristic peak information. In the experiment, based on the
purchased goat serum protein content, the protein content of each group of serum samples was obtained by configuring the
volume ratio of the samples. The volume of a single liquid sample was 3 mL. Eight groups of experimental samples were
randomly selected as the model test set. The remaining 27 groups are used as model training sets. The processed spectral
characteristic peak intensity and the corresponding serum protein content were used as the input and output values of the model
to establish a quantitative model of IABC-SVR, ABC-SVR, and BP algorithms to predict the total serum protein in the test set.
Finally, the mean square error (MSE), correlation coefficient () was compared with the modeling time, and the results showed
that the goat serum protein quantitative correction model established by TABC-SVR had the best effect. The correlation
coefficient of the model was 0. 990 27, and the mean square error was 0. 244 3, the modeling time is 1. 9 s, the variance of the
predicted values are less than 0. 001 g «+ mL~!, and the prediction accuracy is 99. 8%. The experimental results show that the
laser Raman spectroscopy technology combined with the JABC-SVR algorithm has high accuracy and stability for the rapid

quantitative detection of goat serum protein content,

Keywords lLaser Raman spectroscopy; Serum protein; Improved artificial bee colony optimization; Support vector machine

regression; Quantitative analysis
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