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Identification and Analysis of Soybean Meal and Antibiotic Mycelial Residues
Based on Near Infrared Micro-imaging

YANG Zengling' LIN Yufei' LIANG Hao' LI Shouxue'” XIAO Zhiming® FAN Xia®

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Institute of Quality Standards & Testing Technology for Agro-products,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; AMR ( antibiotic mycelial residue ) added to animal feed easily leads to drug resistance
influencing human health and environment. However, there is a lack of effective detection methods,
especially fast and convenient detection technology, to distinguish AMR from animal feed. In order to
search effective detection methods, qualitative discriminant analysis of soybean meal and antibiotic
residue was made at first. The feasibility of near infrared micro-imaging for the identification of soybean
meal and antibiotic mycelial residues was explored. Three soybean meal samples and three kinds of
antibiotic mycelial residues were used to collect the near-infrared microscopic images of the samples by
Fourier transform near-infrared microscopy. The near-infrared microscopic images collected were
reconstructed and the spectra of all the samples were pretreated. The Duplex algorithm was employed to
screen the representative spectra from pretreatment spectra of different samples to establish spectral library
of soybean meal and antibiotic mycelial residues. Different discriminant models of soybean meal and
different kinds of antibiotic mycelial residues were built by using different pretreatment methods combined
with PLS-DA ( partial least squares discriminant analysis ) and SVM-DA ( support vector machine
discriminant analysis). The results showed that two kinds of modeling methods based on near-infrared
micro-imaging spectroscopy were effective in the identification of three kinds of antibiotic mycelial
residues and soybean meal samples, and the correctness rate was above 99.4% . The first-order
derivative + SNV preprocessing method was better than that without preprocessing, the first derivative
and the second derivative. SVM-DA model was superior to PLS-DA, and SVM-DA in feature extraction
method was better than PCA ( principal component analysis). The results presented indicated that the

near infrared microscopic imaging technique can be used to qualitatively distinguish antibiotic mycelial
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residue from soybean meal, and it also provided theoretical basis for further research.

Key words: soybean meal; antibiotic mycelial residue; discriminant analysis; near infrared micro-

imaging

5]

HOAG, 3% 16 0 28 5 1 ok i b & 4
[ ERUA R P R, KR A R (D
PRzl i) B2 7 A ik A b 3 a4y
SR W A B 3 S BR A % H A — B R 5E A AR
R 97 B, HOML R 1 o e ) A
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15 B MU AG AR W R T 15 5830 21 51638 19 i 34
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T, B A B SRR, B SRIBURE L R BRUX R AE
TS T X RE S S R AL A i A A e
PRI T L g AL I 0 T 2803, DB AR AR BT . BT
AR BB U B % I LT AR AR I B S S i,
— IR AR MR 5 8 DR X A IR ok, TR A S
TCH 5 53 A T3 1%, R S M B A A A Y A B A X v A
b XoF A it DI 3 R A

A 3 ) A L A i 21 Ah B AORR &
58, R A TN PR R B RE S AT O R R R
ZLANENG BT Duplex 33032 AR 06 385 bk 26 AR
FNECIE 73 90 B 57 PR R T LI R A SR
VI, T OG0 PR 45 5 D B /D 3 F 51 23 A ( Partial
least squares discriminant analysis, PLS-DA ) Fil 37 3 ]
H AL H] 5 43 #r ( Support vector machine discriminant
analysis, SVM-DA ) 5& 14 1 5 73 #7 J5 ¥ , 1 57 SA A
A [ 2470 A 2R T U 4 7 P 0 001) 0 A A TR, 4R 5 A
FHIE£E 50 AR UG B AR RS — 35 5 550 3 A i Al A7k

1 #REFZE

1.1 HEmRESHEmEE

BRI BT 3 R A 3R A R AR TR AN [
AP A B AT 5K, 70 ) D B R i e 2K R L R R
FRUA B R AT T 2 BT, BT AU iy 2 O T v o
TR 5 AR T, AN Gy AR AT, IR e 58— BT A1 WSO 1 38 T
AR A B AE S U E AR B KT, R R BT
105C i TR A v T4 24 h S B R 5 . R A
[Fi) 7 i 4 BORARE il 3 A, H 7 b S HL R R S 4R A
N 1 iR, 3 RO 5 K AR LU RCHLIR D7 RLEE B
FE AR A

IR RE i Z Ry B J5 o 0.5 mm 53 By B, 1 BT A
FEGORLEEAE 0.5 mm LUR , B Ef AR, W0 AF T 4°C 24
il Y AR TR a8 IR R A el = R
(20%C)

F1 3MEMNSHEERALZIER
Tab.1 Origin and conventional chemical indexes

of three kinds of soybean meal

- sk AR M4 MKs HMERA
o 74 5% By BiESy  BiESy 4y

W%  BU/% B/% O B/%
Bl W4k 10.90  1.00  9.92  5.79  43.27
o2 WF 1053 1.12 8. 10 6.18  43.60
THI3  LE 1098 119  7.31 5.64  43.55
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1.2 EOSNBEREGIKE

K Spotlight 400 %I {i HL i3t £1 b 2 USR5 &
4t (F [ Perkins Elmer 24 F)) SR 4 FF i 1Y 3 2151 12
TR AR B X RE R o5 R 21 40 A G T 4 L B
LR AR 2 80 F 2 o6 % U 803E [ oy 7 800 ~

4000 em " RSP 32 em ! FTHREONS UK,
SIS 25 m 25 am, T35 (5030 B 5

1 em/s, RUZFARTE AL 5 000 wm x5 000 wm, K% R
LA Spectrum IMAGE

53K SRR A R R AR AR R YR 2
AR AR b A AR 2 R 1 mm, DA [ 1% 2R I 96
CHERERMAMRAE S o, B — R OGS . 4
b A RS DN = P e R AT S AR R, L b K
78 AUR AR A e B 6T R
1.3 HiEahE

UL AN RO R R G R A B 1 R O = 4E %K
i, G B RNRER SRR SO0 BB g &
AN . A I B g B AR R
200 x200 x 239, 2 & 41 e 7+ 2y 40 000 x 239 3%
yiEl

R T 6 AR BT £1 A1 0 15 AR 3k R v i 7 A e P
5 R S T R R 5 e R G P B %
A IR Ty ¥ o I T 2T A A G OR R R i Y 2T
HE R GG AE e B LIRS LA, GG AE /N Bl
R Z TS5 o AT IR RS 0] B A R0
Qb 35 v R SR AR, X TR S BORL K INAS H 5 R
BT S ol A A S5 ) 00 114 A A5 A 3 5 SR R T TR S

7% H: A% e ( Standard normal variate transformation,

SNV) .

HI T3 21 A0 S BB AR 0 A Bl IXOR 2 3
METE A7 AEAR 205 B — BUf B A3, BTl ok
it R o AR I v i AR I i O £ A1 S P R
HELSG 40 000 Z500E . s THIE R, HARIEE I
R, A BB AT Duplex 553771 i i R A1 1%
FAMER GG T TR R 57 R 57 B0 E . Duplex 57
WL AR A AR S R R 2 D RA R
RV AL TR R, Tk iy 2 M RUE RS R A
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HEAL AN IE S IH — Ak, 5K H 28 K00 i 22 8] F) I ER A
e BB B 19 2 A RS 1A REACEE IR 5 H 39
AREEAD LR ORI 2 A U 2 SRR AR
SV P RE R BOEQRMMEE o e
503 B ARAT GG AR 3R R A 16T
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TG PR IX BE AR/ 22 S (S Ao A B 14 22 S P 20 A A L B

53, Ay b, AR SO AR AR G R RO SRR 3 R
PR 22 B 0 S WA L o B ARSI A 26 BB o
VW
K(x.y) = (x-x)(y-y)
Jx-x)(x-0)"/(y-»)(y-»"
(1)

A K(x,y) — BRI SE R 8K
x y—FRRAEA G 3G
x y—x.y [P {H

KAG BT 1,2 20635 A AR B, BT O
I 22 S P A o

BT RE O % OGS, 20 i R A PLS-DA Al
SVM-DA Jy #k #3718 1 73 B 450 B X SOR1 FLA [+]) b 26
PUAE R B ST S50 03 #r o

i $5: /N — 3% 7 ( Partial least squares, PLS) ™" &
SET XA X MY JEAT 20 i 10 BRI R 5 5 T 4R
2T - D7 . ZEXT X FY 3 fifk 1) 6] ), 4
Y B905 BT AR X A Mo i B b A X B9 FE
SrEES Y R, TEH I N O 223 AT RE K Y [F)
IR E R 5 Y B R AR B ARG, H B2 AT
REFI DG 28 & 5 Wk B2 2 ) Y 2k ¢ &R . PLS-DA
A ORI T PLS BRI B0 HT, LAY A58 — it
A (O i) WU B AR i RO X 5
FONFERE Y FAAHCCR U X 5 Y i KRy 2
Cov(X,Y),

3¢ FF 1A f HL( Support
SVM) ™2 T Ak 343 2 1] RGL, 482 4 B IX 43 25 ) e
AR A 8 - T, LA PR 23 2R 55 R R g /o SVM
I3 RVE M AZ O AR 3l 4 P BAR 2 i A (%
BRI R i A 25 () AR 8] g 4 A s ], s AR R
P [ AT ok A R B e S B v 4 S ) B A Sy 2 )
RO, R I A e R i 25 ) P R 3 e G (k) 23 2K F
ARG AT 338 . WM RO &tk g 2
15 =X PR 2 42 1) 3k pR %R ( Radial basis function, RBF) |
JREIR R S RBF RN A R AT
B2 3 BE 1o ARBFSE R F nu-SVC & 3 e AR 4
P Gaussian-RBF #% pR %0 3 47 SVM-DA #i B 44 2t
0K 7 0 5000 e ST 38 o 4 R IR 2 TR, B OAR B 5
LAMERE BRI T S TUR G R, T TR R AR
R B A L AL b R /N BOHE A
12 B R A A 6] Y 2 VE B AT R A 4R
o B Ry AL $2 007 A7 PLS R 3 AR 43 o3 A
( Principal component analysis, PCA ) , £ 45 B 56 §1F fifi
F PLS RRAE 42 IOIT dE A A L PCA ROR A, I AR A
FERT R 4R AT PLS HRAE 521

I K-stone 5 6t AL AN AT 1% 43 4, 75%

vector machine,
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M H R UE Y 5 25 (Ryspey ) MR UE ) 5 25 ( Ry )
KA 5 PLS-DA i M 0 B UOKG BB o R FH R B
FF 5 B Ok R AE SVM-DA 5 ) 5 455 84 174 390 0 43 2
RO, ) 28 56 E 3 05 MR 38 05 22 (R yspey ) O M i
SVM-DA 5 4 ) il 45 U 1 5 2

A SO i A s Ak P15 43 B AR Matlab R2013a
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YNEIDE S
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B EREEIEL SR
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Fig. 1

Near infrared microscopic images of soybean

meal and three antibioticmycelial residues
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Fig.2 Spectra and average spectra of three kinds

of soybean meal
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Fig. 3

Near-infrared average spectra of soybean meal and three antibiotic mycelial residues and their second derivative spectra
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(5790 ~5 690 cm "' F14 340 ~4 260 em ') &5 £ A A
() 3T 21 A G R AE , 8 5 6 BRI 3 Rp LA R R
()3 £1 A0 — B S BOG S 2 A vl 0, P AP R 22 R A
125 5, PG AT DA 6 3 0 ) S0 A 0 %k — 3% i AT

SR A
22 ETARBAEAEZMERAFEELHENA
Al R

BT GOMURI BT AE 3R D T LI, 3
HEH L (CEA SRR R W) I 2 (S
TERGE) A 3 CEOM S B RR K AT R ) |
B 4RI 3 FPPLA R A ) 4 LT AR YR
(9 PRI AT oy 2 2 3R 3 AN R 7 ik

x2

AN T 9 470 26 2R AT I R R 1 ) 0 AR R BT R, 4 b 22
— B 580 + SNV i kb B9 PLS-DA ) R, {35 7
0.930 ) I, Ryepey l Rygp I 7E 0. 100 75 4554 Fh
SVM-DA ) 555 70 1) R 508 F ke 55 8 2 3% %) 0. 980
Ph b, Ryseey ¥/ T 0,100, BERIZOR B oy, 2 2
HI 1R 4 BRI RE, B35 5] 0. 948 F10. 933, 1 H]
512 IS 3 Y RGBT A 0.982 10970, 3 3 Hi
51l 2 FHHAGH] 3 ALY Ry o O, TP T K51 4 1
Ryspoy BRFIHN 1 A i — [ 20 + SNV (AL 7350 0
S, HABI KT 0. i LA BT a0, SRS H 8 R i
PR AT DA 28 TR 1) P o SRR T K 5 i PR B 2
R 25 55 A T s R — 3

EFARBAEAZNEMENEREE PLS-DA ¥ JIEBLER

Tab.2 Qualitative discriminant results of soybean meal and antibiotic mycelial residue in PLS-DA model with

different pretreatment methods

RN BemEE e L2 . MR

R Ry Rysecv Ry, Rysep PR REAPEA B 25 IE 6 R/ %

¥ 4 0. 867 0. 158 0. 890 0. 151 1 0 99. 8

H 51 B S8 9 0. 897 0. 139 0. 900 0.137 1 0 99.8

ZHr e 9 0. 859 0.163 0. 865 0.159 2 0 99. 6

— 5%k + SNV 9 0.948 0. 099 0. 946 0. 101 0 0 100

¥ 4 0.931 0.114 0. 935 0. 111 0 0 100

HI 5 2 — T H 9 0.964 0.082 0.964 0.082 0 0 100

TR 9 0.949 0.098 0.948 0. 099 0 0 100

— 5% + SNV 9 0.982 0. 059 0. 983 0.057 0 0 100

X 5 0. 826 0. 180 0.813 0. 187 0 0 100

F5 3 — S8 9 0. 920 0.123 0.913 0.187 0 0 100

TSR 9 0. 902 0.135 0. 897 0. 139 0 0 100

— B9 + SNV 9 0. 970 0. 075 0. 968 0.078 0 0 100

¥ 5 0. 833 0.204 0. 925 0. 193 0 0 100

H 5] 4 — S8 9 0. 897 0.161 0. 952 0.119 0 0 100

R 9 0.852 0.192 0.933 0.147 0 0 100

— B S8 + SNV 9 0.933 0. 129 0. 968 0. 096 0 0 100

g A A [R] A T 2 %o S ) ) A R )
mFE2 MFE3 Pra~, %A T PLS-DA Fil SVM-DA #t
SEATR EVERI BRI i 2 AT, g — B PR+
SNV Fii 4k B f¥) PLS-DA 4 %I fiy gk 5 2 %k RY, 39 16
0.930 DA b, AU Rygpey WIFE 0. 100 2245, Horpr ]
B3 AN G4 B RL K F] 0.970 L b, Rygey WU AE
0. 100 LR, LA 145 545 B PLS-DA 455 5 %f &4 F1st
W S 1 3l S P R AR . i 3 AT
1, SVM-DA #5571 1% R 45 FE FlRs 5 B2 2 7E 0.980 DU
E LTI Ryseey 29/ F 0. 100, Hor 22— 40 +
SNV i 4k 2 (9 34 5] 2 000 51 3 114 52 6018 e S5
1, Ryseey 79 00 B E 25 R 36 W] SVM-DA #  Xf i 4
R W K2 () 3l B0 A 2 1 8 1) S8 2 0 310 T
i, HAGEF PLS-DA B,

BE X 2T ARG R S i A AR 3% () M
T, 43 I IO 17 9 TG FAL B, — B S 5. I S5

FI—Br %L + SNV 4 Fhge 52 5 40 B 07 3, IF LA )
AETEN b S [ TR By s X AR TR R B S, 2 2
23 [ M1, 7E PLS — DA, — 5 4 + SNV b 3 )7
VR BAT WA S BIANTESR 2 BRI B 1 SR —
W S8 + SNV i 4 Bl B RE, N 0.948 , Rypey
0.099, i HAth 3 b7 40 # J5 AY RE, 24/ T 0900, i
Ryssey IR T 0. 100, 5% J2: 1 T PLS-DA B84 FE i
T A7 A R WP 5 LR R, T ARG 41 40 i
UG R, F7 7R HE LR IR RS 3 T HIUR A i OB /)N
AR s B R P A T+ SNV R T B sk 55 B
Bk e | DRI 90 4k BB A0 T A 3 6 5 b
Wio 1E SVM-DA RS 4 FhFiAk B3 7 5 A s o 2%
BRI, 3 HE T SVM-DA SR i D63 1 4b B 97 24 AR
[ F PLS-DA 5 J5 fi 5 31 e 5 51 125 24k 25 1) Jg , 2 bt
TR I 3% 1 M 7 1 S AN R PR G A ) T 4k B i
X SVM-DA 571 i 52 15 A B
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Tab.3 Qualitative discriminant results of soybean meal and antibiotic mycelial residue in SVM-DA model PLS

with different pretreatment methods

HERERE fh memy BIETE gl A

g REE 5 Ryspcy 18 BRI A B BB R E A% %

X 4 1 0. 984 0. 009 0 0 100

P51 — M S5 9 0.999 0. 995 0.045 0 0 100

By 1 9 1 0.987 0.045 2 1 99. 4

— W S8 + SNV 9 1 0. 995 0 0 0 100

Jc 4 1 1 0 0 0 100

S5 2 — S5 9 1 1 0 0 0 100

AR 9 0. 998 1 0 0 0 100

— S8 + SNV 9 1 1 0 0 0 100

¥ 5 1 1 0 0 0 100

Fi53 3 — M S5 9 0. 999 1 0 0 0 100

R 9 1 0.997 0 0 0 100

— B S8 + SNV 9 1 1 0 0 0 100

T 5 0. 999 1 0. 026 0 0 100

F 5 4 — B S5 9 1 0. 998 0.023 0 0 100

ZH TR 9 0.999 0.995 0.043 0 0 100

B S5 + SNV 9 1 0. 999 0. 025 0 0 100

2.3 ELSMNERABGE MR AIRE SN ERIR S I8 IE

S 56 E T S S 08 A S S AE TR £ R P, AS T
2R T AN 57 58 TR oF BT 3 S TR g o s 1 A L
Ik, B R A R AN 2 T3 3 s . PLS-DA 7Y
A TE B 3R AE 99. 4% LA b, e A 5 2.3 4 fY A
BIEHARIKF] 100% . SVM-DA LR 14 1E ) L -F-
J 100% AU H5 1 rp g — B Roak PR R A A
FUBEE R o B IE 4R A9 25 3 20 A, o ] B 9IE SVM-
DA LR 1 7 P 500 25 SR A T PLS-DA KRS 4551 2
AL 3 B AL ORI T 400 1 A ) 4

3 &XRiE

Bt X I SR =2 X8 A v AR R R A T
B iy [ 8, 75 SR 5 B0 2R 2R v 2 AT R RS 2
ARTER T, A SCHE I 1 R A 2040 2 BRI BRI

FE R 3 AT 4 A 4RRERE A, B AR DL GOR
3R A (MRS R WG LERREE M
B R AT B 2R TR ) A 918 I 35 T 30T 41 A S AR
AT 0 A R AR R A W e AT M. SR A
PLS-DA FlI SVM-DA 1 7 1 ] 7 452 7Y, X 52 K1 Fl 41
A ZE R 2 AT S 0 . DRI R B, SR
3 BB Az 2 T Y S R AR AR AR, R R O
ZT A1 8 AR B R 55 ) S A TR 1) o 24 s ) Ak
A FAR . PLS-DA I SVM-DA #5143 b K H oh
g ST W E FEBA T 3T 21 Ah B ORAR O 1% B AT
DA RO R R A R B I 0 AT 45 500 43 BT, SVM-
DA FR ) F PLS-DA A5 AU, 2 M ) 1] 1F 1 2 35 )
99.4% LA & 3@ 3k 5 AT A O 204N O A O
T RE A S R X ORI R AE I, Ak bR
ORI T K A RN

Z £ x #
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