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Application of Electronic Nose and Neural Network in Beef Freshness

Detection
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Abstract: Fresh beef under 0~12 day cold storage were detected by sensory evaluation, semi-micro determination of nitrogen detection,
microbiological testing and electronic nose (e-nose) detection. For the e-nose detection, the 50" s sensor signals were extracted for analysis.
Mahalanobis Distance (MD) between fresh and stored samples enlarged with the increase of storage time, and the quality of beef significantly
changed after stored for 5 days. Principle component analysis (PCA) and Linear Discriminant Analysis (LDA) results indicated that all the beef
samples could be well distinguished except a little overlap between. the samples stored for 0~5 days. Stepwise Linear Discriminant Analysis
(Step-LDA) was applied to predict the storage time'and got an accuracy of 96.19%. Back Propagation Neural Network (BPNN) and Generalized
Regression Neural Network (GRNN) were also used to build a correlation model between the storage time and the physicochemical indicators,
which showed that GRNN was better than BPNN. The prediction error based on the GRNN model for the storage time, total volatile basic

nitrogen, microbial population and sensory scores:were1.36 days, 4.64x107 mg/g, 1.61x10° cfu/g and 1.31, respectively.
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Table 2 The results of sensory evaluation of beef freshness
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Fig.1 The detection results of sensory
evaluation, total bacterial count and total volatile basic nitrogen

3.5
S2
29F
§8 ——
o 231
6] I
1.7} 59
ST
1.1 | s3 StTo
S5
0_5 1 L 1 J
0.0 15.0 30.0 45.0 60.0
t/s

& 2 SR TR0k
Fig.2 Typical response curves of electronic nose

AT IS AR SEI 240 500 mL BEAE
25 g BEALF R 5 min THZ AR AN, SRAZ25
X B — HURE i BEAT R S A, AR T D SR
20 °Co & 2 Jy— SR ol - S B A, AR I
), AR IR 35 G R i i I A K
R Go MELAE, B G/Ge. 7R, M3 50
PoITaG, W SEHEEAB TR, T RIESL
PEAERALE, (RIS T2 SCAR I (], A SO RAE I H] 5 B
J960s, MERTEY 50s, FRHEEUH 50 s AR #AT
ENTS G SN
221 BRIEH

HIFH SAS 8.2 THE A BFEAI I 5 [REERS, W&
B3R BEAG VRTINS M HTAELC, FE S SR A it A )

281



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.4

I IREE B3GR, sl 14 d BIFE S5V 0 d FIRESD,
L IRPAES A 1738, 1458 3 d IR 5¥458 0 d [FE
Ly FREE 92 10.35. (AR AT LA Y, A8 [H] A 0,
3. 5d [MFERLZ AN S IRER B LU LD, X =25 FF
ARG HAB A i TR 55 IREE B BOR,  BEHAFEV 8L 5
Kla, FERERER — PR AR .
& 3 50 s BuRHY D IREEESAERE
Table 3 The mahalanobis distance matrix based on 50 s

response value

0 3 5 7 10 12 14

0 1035 1593 23831 478.97 845.07 1738
10.35 0 6.70 178.02 41954 76220 1657
1594 6.70 0 160.82 381.72 691.48 1530
238.31 178.02 160.82 0 11610 260.28 1033
10 478.97 41954 38172 11610 O 103.35 1014
12 845.08 762.20 691.48 260.28 103.35 0 688.14
14 1738 1657 1530 1033 1014 68814 O

0
3
5
7

222 PCA 5 LDA »#7

a .71 D-10
o oal e, o
“ R D-7 D-0
a -10F D-3
o e
: o D-5
B 23t e
2 P
~ /_ "
g 36 _{//D-M
s
{m ¢
5.0 : '

-55 49 43 -38 -32 -27 -21 -16 -1.0 -04 0O
PC1 (variance 65.43%)

b 2131 Do
- ./".._..-:.\'\.
218+ &) D il
D-3 D-14

2241

LD2 (variance 34.13%)
[ 2%
(%]
o
' o
L
W
L]

=240 . L 1 L j
-17.4 -68.7 -60.0 -51.3 -42.6 -33.9

LDI1 (variance 58.41%)
3 50 s ¥j#/E PCA F0 LDA 534[E]: (a) PCA 53#4f[El, (b) LDA
SHE
Fig.3 The score plots of PCA and DFA based on 50s response
value: (a) The score plot of PCA, (b) The score plot of LDA
Xf Bk 210 M A#EAT PCA (& 3a) I LDA 4
Br (B 3b). PCA MM A 0. 3. 5d HIRES,
Bl SAH IS, AREXIr, UHIREREVRTRIIHT 5
RABAAK, X5 RIS L. X
BEE i 5 AR i P HORE S A BE R RO X 73, Ui

282

JEREARAE LT B R, VRN Ry 7. 10,
12 d HIFESEA B 7> B S ViU 1A) 9 14 d FOAE S AT
DL HARE S B EIX 5o LDA AT BH, B 1A
90, 3. 5 dREs, HdEAAEDES, AREIRE
Xorak, HAbAEAIAIREIREF X 4y . X5 LDA it
()1 R B AR AR B A A S5 . BEREIRORIR
FEMB X AR AR R

223 FIRISAT

R4 P50 s BIBURBITHIA S ATHILER
Table 4 The results of discriminant analysis based on 50s

response value

STDIES

V%S
0d- 3d _5d 7d 10d 12d 14d
0od 29 .0 1. 0.0 0 o0
3d » 27 5.3 0.0 0 0
wp SU 0 =2 28 0 0 0 o0
% T7d 020 0.3 0 0 O
0" 0.0 0 0 30 0 0
12d 0 © 0 0 0 30 O
“4d. 0 0 0 0 0 0 30
0d 9667 0 338 0 0 0 O
3d 666 8333 1000 0 0 0 0
5d . 0 769 9230 0 0 0 0
B7 7d 0 0 0 10 0 0 0
Flwd 0 0 0 0 100 0 o
22d 0 0O 0 0 0 100 0

14d 0 0 0 0 0 0 100
K SPSS HtEsxt Eik 210 AMEESL I 50 s Hid it
FPHAAT, ERWNE 4 R, S5, 50 s $dEIE
%N 96.19%. HFR NI, 5 0d ., A— MR
FIFIZES d; 553 dEEW, B2 AMHRAAFEIZEO0 d. 3
ANPHRAIEIZE 5 d; 55 5 d FEfL, BRI MR AR 3 d.
SRR, #ORAIEAETH 0. 3. 5d 2
], AR JLRHARHIWT IEH .

2.3 A& P 4O

ANEIIZS . AR R R i pr i th I 45
A PAS IR PR PRI 45 R AL B o A EAN 7
TR, TR VAT bR R 2 Se, HE
E XU

E: Ser ARMEIRE; ni AR Niee: SERME; Kiee:
FmME; dof: AdE.

ST AR 7 24t 210 MFPIRES, ESBTE



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.4

FESRE S BEN LA 20 M, 36 140 MEEGAE DS
8, FAREERTT I 10 MRS, 35 70 MRS E 9
R RHPFIIIZE L, BP FHZEMIZEFI S [a] =
LR HEAT 00T o 53 0 SRR E A0 o BRAE B
RAESRIUS AR AE SN, XTI (] #% 1t Eh
RS & WEE BT R E T, Se it
HERIER 5 s,
R 5 HEMETINAERFNERE (Se) T
Table 5 The standard errors of the prediction results based on

BPNN and GRNN
P e LR HERAE WAL RE
4 AR ~F B/ /(102mglg) /(10°AMg) A
PCA 4.76 34.72 1919  2.82
oAbk 5.06 5.89 4541 170
Wilks” lambda  2.20 35.14 31.99 2.05
BPNN A £ 214 20.74 P42 181
LKIER 161 21.64 4836 198
FA& 1.60 30.11 2839 173
PCA 171 40.90 1686  2.29
R LEiE 1.36 4.64 1612 131 =
Wilks’ lambda  1.84 19.2 20.75 1.43
GRNN
A F £ 171 19.19 1673 167
LKIES 172 19.18 1678 178
FA& 1.68 19.16 1619 165

231 AV PILERTARRET I 49 TRl /

IRE S v S TR AL, XTI I 5
TN, TR EEHT R . Se MITHH L Rk 5 i
=FFR.

SRR, BPNN [ T REER A~ 1 GRNN F Tl
ROREF . U F BR324 TH 5, BPNING Bl 25 51
i) Se A 5.06. Jfi{ H GRNQ, JUR 1210 ) 2
MZEARZ, LA Wilks’lambda 2 RfkdiE, 2035
PR A BRI R i, Se ik Rt 1.84. iX—
S5 UL, GRNN {EATIIN %, MERBNERE .

AR, 2 BPNN (EREEGRAITER, DL FER
W, FIZBHINIRE AR, SRR, Se
1.6. 24 GRNN {E IR A 7k, AR G E a1 A
NI, FORCR LT, Se A 1.36. LAY R (1)
SEBREAVE N X B, DL Rk A TG A E 9 Y il
YEFEIE 4 fos. tHIERT I, FH BPNN #EAT TR0, %5
P B AT y=x BIPI, BB0 BHEG 17 GRNIN T,
Kl sSARX OISR, TR AR T BPNN. A L,
fi1H GRNN, LUEIREHRIE N BT I, W
TG T DA i FI00 A PRI ot 74 ek ]

a 25r

BPNN
20f  Se=1.60 -
-
£ 154
E 10}
0

2 0 2 4 6 &8 10 12 14 16
Ve 5, ] (8] 52 AL /

(=
o

W s [R) P / d

0—2 (I] IZ :l tl’: IIR llﬁ II2 II4 ll(s
Wb [a) sk i / d
& 4 FJ BPNN F1 GRNN X174 JiAia] A FumILE R
Fig.4The prediction results of the storage time based on BPNN
and GRNN: (a) BPNN, (b) GRNN

2,32 AP 3T AR R b K R A TR

FACNKT, SRAAHF R A B, RS R R M
SRR EENE, NEEATNGE LG E. Bk
(P H s 25 A S Se FTTHBRLEE sk 5 heg
VY s o

SKH BPNN AT, DU IR AR 2L
RIAF, Se Jy5.89, iRk 5a ffim. KA GRNN
BT TR, [FIRE R DU AE S/ R ) SRR
4, Se N 4.64, S5FUNE 5b FvR. KHHABRIR:
TEEFE SRR URART, FERIIAE AR, R &
6 &, [FIFELUEGEEIREIE AR E, GRNN X
i PR MR A S B TR B, HERAR
T BPNN.
2.33 AV P Y S A TN

FAMT, RAHFEIR RIS, R A
SEAE R, XS FAT ISR R B BRIt
B2t R LA I o Se ITHRZE anzk 5 s 1A fr
TNo

KH BPNN HEATTH5L, DL PCA 1E AR U
P ROR B, Se 41919, 45 FAnE 6a . RH
GRNN HEAT 73 #riS, [FIfEE DAR GG EAR A E A A &
IR T, Se Ay 16.12, Z5 R4 6b fim. KA
A RFIEE B SRS U ENERT, BPNN [R5 A

283



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.4

g PAE, 1T GRNN IRCRARZEAZ , $HEHF. X
LW, GRNN BAT RAFHIFEENE.

a sor
s BPNN
5 Se=5.89
E 40r
=
= .
Z 30
= ' o
&z 20[ T
= - =
10 10 20 30 40 50
SR BUE LSRR / (10°mg/g)
b 01
% GRNN
“aEh Se=4.64
40+
=
g ¥
2 2 -
= -
= 1
& 20t -
- e
£ i ) i L |
10 20 30 40

HR IR BESERRE / (10°mg/g)

5 HmIFLMEREAR S SMETNLERE
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