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Application of Electronic Nose in Freshness Evaluation of Tilapia Fillets as Affected by Ozone Treatment

YAN Mingyue, LU Yuqin, CHEN Dewei™

(Institute of Light Industry and Food Engineering, Guangxi University, Nanning 530004, China)

Abstract: In this study, an electronic nose (PEN3) was used to investigate the flavor of tilapia meat samples with different
ozone water treatments. Correlation analysis and loading analysis were carried out on the W1C, W35S, W1S, WIW, W28,
W2W and W3S components constituting a new sensor array. The data were analyzed by principal component analysis (PCA)
and total volatile basic nitrogen (TVB-N) and thiobarbituric acid reactive substances (TBARS) were used as indicators to
evaluate the freshness of tilapia fillets. The results showed that the detection of electronic nose was basically consistent with
the zero-grade reaction of TVB-N and TBARS analysis. The treatment with 5 mg/L ozone water for 10 min rather than with
1 mg/L ozone water for 5 min significantly delayed freshness deterioration of tilapia fillets during storage.
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Fig.1  Changes in TVB-N value of tilapia during storage
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232 fEIREREESILAL

WKL HE, PAERAF RN EEAT: A
FRIRER IR, A7 25 BN A9 [ it A 0 R4S
B HUR RN, R b R A R b 3 5E Y
FERPOHL DRI A SR AR B B AT DA Ab B TR — s



XAz QT 2015, Vol.36, No.20 267
AR, W BRI AR B 0 0 A {5 BN B R E T A hIW3C. W6S. WSCTEESs, hiwlCc. W5S. WIS,

FRER . WA RS AT O E b, SRR, 1%
JEISWICHIW3IC, W3CHIWSCTEQ.01KFEFA R E,
WICHIWSC, W6SHIWSCTEQ.05K £ R AR E.

F#2  FHERBEMEXRAY

Table2  Correlation coefficients of ten sensors

fEEE WIC WSS WiC WS WSC WIS WIW W25 W2W W3S

WiC |

Wis 084 1

WiC  0995% —0908 |

Wos  —0939% 0.727 —0903* 1

WiC 0997 —0907* 0.99%9* —0918* 1

WIS 0918% —0789 0934* —0.801 0923* 1

WIW 0543 0857 —0601 0325 —0359% —0417 |

W25 —0686 0889* —0709 0575 —0718 —0453 0927 1

WIW  —0468 0366 —0445 0384 —0448 —0221 0443 0553 1

W3S —0679 0665 —0644 0745 —0671 —0337 0475 0837 0642 |

i« BHEKTa=0.05: w8 %MK Ta=0.01.

K H Loadings 73 1 0f % /& 2% 0T ik R ik 47 0 #r, e —
& 38 e B AR 4200 T, W3R B %A% T 2% 1Y 1 00 4
T CARBBE AT 5 e — A R 0 ) (R B 2, Wi
W 1% A SRR A% () 1A ik 7R 8. Loadings PRl -1 A Bl £
R T LA S — A R AR A A 2% . 4],
WIS, WIW. W2W/ BRI PCI TTgk ek, Hrp
WISIERIETTRR R IR, WIW., W2W. W5SHPC27Tiik
R, HAPWIWHEREE TR K, W5C, W6SfEk
R B (BT T0, M IS e, e
DURRF AR A, (A ARG iR, WSC. WeSE
WERARE, FEHPESIPWSC, WeSthikas. b
FE B TS A W IW 5 W2 W AL R B8 2 B £
oL 2 rh AUk 5 PR AR M A IR g% . T [ K FHPEN3
Y S X G T — 18 C AN [ Ia) (1 27 A £ £ fy EAT
Kiilll, LoadingsZrHT #MWI1S . W2S. W58, WIW,
W2 W A i 45 X &6 R o1 ik e R . [ o 2% 4wt LA o 3] o
fIW3C. W6S. WSCHEE4E, HWIC., W5S. WIS,
WIW. W2S. W2WHIW3SELH B i B3] .

5 . WIW
< oaf W2w
S fhsqyss )
= OIFW3iCwic
= _Qorem faywog
o O aWweSyag
¢ —u3t
—04r WIS
—_ 6‘( L1

1 1 1 1 1 1 1
0 01 02 03 04 05 0.6 07 08
PC1 (79.29%)

B4 Loadingf&/® 35 5Tk 70

Fig.4  Loading analysis for contribution rates of different sensors

233 PCA
3 I A 1 AR DG 43 M 5 Loadings 74T 2% 4 SR A B 51

WIW. W2S, W2WHIW3SH i ez, et b il
SR AL S H T A S 2% B A £t T 6 RS (X 2 e
[ENGIE

14ka /@
L3 /9hd N
~ 12k /|
SRR s | /]
SN Ve / fod
S0k g4 S / -~ _\
T 09k [
s f o3d
osf7agh Lo Z/
807~ / /
£ 0.6-"% a \
0.5¢ L%
0430735 40 45 50 55 60 65
PCl (95.00%)
1.6}B #o4
g 1.4 /_D(I
g 12h ]
2 10F g4 o«
~ 08 ww "
o fﬁ/ d 2d—%
£ I)(m-s/ﬁd )
Ha 04r-74 /\ e
0.2 1 ! I\"'-I— —‘f --'/'I
30 35 30 45 50 55 60 65
PCl (91.11%)
1.8 ¢ Ve
~16} /a/0d
S1ab  / _
w12} 994 LI
o pSad \ N\
C08 L @ 12d &
6okey 20
0.4.‘ 6d L 1 L 1 L 1 \54/'
35 3.0 3.5 40 45 50 55 60
PCl (91.35%)
20k D
_18F 4,1‘ %
s Lot a A
=5 y
5 12f 8dg /> 12d/ “
C10F &@® 3d / /
o 0.8 T d |.- /
206k /
= 04t ./
0.2 1 1 1 1 1 h -"/I 1
25 30 35 40 45 50 55 60

PCl (84.31%)

AJTIREH; B. 1 mg/L. 5min: C.2.5 mg/L.

10 min: D. 5 mg/L. 10 min. F[d.
B s RICAT R EEFIPCAR

Fig.5 PCA analysis of original sensory array

thEsar &, PB4, 1 mg/L. 5 min, 2.5 mg/L.
10 min, 5 mg/L. 10 min 5L 50K AL B i) % HF f th )7 i1
L SR HEAT A5 AR AL T S FIPCA, LfLRTPC1 5 PC2
RAF vtk 2 5 899.78% 99.70% . 99.73%. 99.71%:;
A FEPC1EPC2 R 1T HTHk 3 40 5 0897.63% . 97.72%
98.54%. 98.41%, HMARMALIE T4 vT ik R ug A T K
{H 2 A A B R TRk 3R & T95%, RW2A4 E o]
RAFFE S 3 B A5 BARE, Fb Tl FRET MM
PR RS R . X LA S AR IR AR PR S PCA B AT A
(HE5. 6) , Rk EZE X EE S, RUKILE
& DR TE



268 2015, Vol.36, No.20

kAL

XA IE

LA o) ')
050r" _—4— /) 6:},'/’ T
; 0.45 —G_ - / !f.e'g d ‘ 8d
Zodop 12d ;_,./f, /‘ J &7
v 0.35F v £ -
Y 0.30f e
0.25- -
I L L L I I é/{]d ! I
0. 02 0.3 04 05 06 0.7 08 09 1.0
PCl (90.45%)
B py
0.00F s Pod
i~ i-/ ¢ g’gd
& —0.05 o
S—o10F Sdul 84
e — 0I5
5 6d
3] 12d
T4 %
—0.25L L ! | L L J\'"""]/, L
—09-08—07—06—05—04—03—02—0.1 0.0
PCI (89.95%)
C
i 6d
0.30 [.‘\.,12 d 3d .
~025F\ | e S0
S 020 \@ i ‘{/./;d
o 0.15 F ' “_\ L d
S00r —X
0.05 //)
0.00 ‘@04
00555704 05 06 07 08 09 10 L
PCI (85.15%)
D —2
(1.30-'.\_ 6dg, &
- y
& oast\ Y29 3d /’é?/'//‘ﬁy
720k e S v
< 0154 S M8d
0.0k //'/ 9d
P’
g 0.0s5F g™
0.00 [ #0d

L L L
03 04 05 06 07 08 09 1.0 L1
PC1 (82.36%)

Be6 iRfe/siEEERESIPCAR

Fig.6 PCA analysis of optimized sensory array

AHILALJE B4 A M AT PCA, 6w, i
PE B AT R B R Ve SR MR, 04T B B I R W R
Sk EREE. NE6AFH, MEBADIEMm M F0~124d
AV A AR 43 AT Sk A R, T N0~8 d,
BEBN9~12d, RIHO~8d59~12 diE KAk E
S, 8 dnT T et R i R (KA 1) . Gl El6B
JiizR, 1 mg/Ly 5 min% F i fa Jy R 70 10 ~8 dif 24
i, 9d¥50~8d. 12 dfi @i, %9 d50~8d.
12 A4 R AR 2 57 0 3%, %418 dJE ST AT — AN ERAE
FE. WmpE6C, DR, MM e 0~12 d* kI
JSEAE 3 AT B8 A NI Ay, 0~9 AN 4y, 12408
WAy, RYILWAY dJE SR AH — AR R,
{H5 mg/L. 10 min#l & e fa o Jy3~9 dEHE L, W
3~9 % AEth 40 i RE AR 2 4% .

AT, PR R Y SRR, SRR
72 A R R T SR I B i, R DR O A S
B NE = A [ 45 R A SR B a2, DR e i W1 B
iy 1y E T S AR o0 A R B, B EERE R MR 21,

10 P I AR AN AN S . Bl TR (R HERS TRl O
YA, e WAL BE IR, AR A AR IE AT 9, S
WA e N7 AL 20 AT B RS IR, AR W B AR At 1R 6 B A I T
B, HTVB-N{E5TBARSIHOZ ) 1 #T7 R vl ., X
4. 1 mg/L. 5min, 2.5mg/L. 10 min, 5mg/L. 10 min
DA £ g0 Py O B K T 3 52 A R [ P AL 0 R
8.3. 8.4. 8.8. 9.3d. HPCATFHIT Efr fa by (156 i, o
[X 4> 45 £ 5 TVB-N{H 5 TBARSTHO0Z% &l /72 43 #7 45 5 5%
A—5, RYBEIRPCAANRESR Gt AR T 4k fa i Jy i

43R BRI AR R A

tHL S PCAR K11 mg/L. 5 min %0/ 2 e 0 fi
Fr AT AR FE 3 A R 0H 5 M g 2% % A fh f B R Rtk R
BT EERE R PE, S mg/L. 10 min 55K AT B SR 2 2 Ak fa
0y fE U R h B R BE, X 5TVB-N{E 5TBARS
HOEN F1 57 o W 4 AR — B

3 4 #

S B L TVB-NAE . TBARSAH 5 58 1] (19 044 2
JE R, REXEA, 1 mg/L. 5 min, 2.5 mg/L,
10 min, 5mg/L. 10 min®Z'4F 1y i 7 f5e K w5252 [ 1t
ST )35 48 73 3 083, 8.4, 8.8, 9.3d.

ST A T A AH A% 43 T 5 Loadings 43 BT 4 B F- Sk A4 1%
MBI AT, HIWIC. W5S. WIS, WIW,
W2S. W2WFIW3SEZH B 45 1% 85 B 51

SHRAL S )4 R 25 B 51T PCA, S5 REVI T4
A EGE R M T et XN RS R R R
P, SR R BRI ] 5 TVB-N{E . TBARS{HOZ
SRR 3. 1 mg/LREKAES minAfig
B R 2% B A (B R B B R, 5 mg/L
SLA/K AL BE 10 min AT B S 0 92 % A 0 Fy 76 et 72 op
Wi PR B

2% 30k

(1] k2, S, Aokly, S, i (b Ak a6 2ty W B2 ],
frin e, 2009, 30(18): 379-384.

[21  #jcum. %R R BLGTRE  fk b 2 e el i 7 A B L T
W5 2 A PR R D). 7 B o R, 2013,

3] LIMBO S, SINELLI N, TORRI L, et al. Freshness decay and shelf
life predictive modelling of European sea bass (Dicentrarchus labrax)
applying chemical methods and electronic nose[J]. LWT- Food
Science and Technology, 2009, 42(5): 977-984.

4] PERIS M, ESCUDER-GILABERT L. A 21" century technique for
food control: electronic noses[J]. Analytica Chimica Acta, 2009,
638(1): 1-15.

5] GOMEZ A H, WANG J, HU G, et al. Electronic nose technique
potential monitoring mandarin maturity[J]. Sensors and Actuators B:
Chemical, 2006, 113(1): 347-353.



N N v [
XAz QT 2015, Vol.36, No.20 269
[6] KOREL F, LUZURIAGA D A, BALABAN M. Objective quality integrating near infrared spectroscopy, computer vision and electronic

7]

[8]

191

[10]

(1]

[12]

[13]

[14]

[15]

assessment of raw tilapia (Oreochromis niloticus) fillets using
electronic nose and machine vision[J]. Journal of Food Science, 2001,
66(7): 1018-1024.

BALASUBRAMANIAN S, PANIGRAHI S, LOGUE C M, et al.
Neuwral networks-integrated metal oxide-based artificial olfactory
system for meat spoilage identification[J]. Journal of Food
Engineering, 2009, 91(1): 91-98.

DU W X, LIN C M, HUANG T, et al. Potential application of the
electronic nose for quality assessment of salmon fillets under various
storage conditions[J]. Journal of Food Science, 2002, 67(1): 307-313.
W, AR, FOTE, SF MR R TITIR R f f AE R]].
TEIEHEACE A, 2013, 26(10): 1317-1322.

HETE, BIUH, e, S AT SRR R 1 - P 1Y
K], IAC SR, 2014, 30(4): 279-285.

HAFAE, PhEERE, P2, A BT R E v B Ak
L ASHERD). frabFESE, 2012, 33(20): 189-195.

Ak, GBIT 27636—2011 ¥ 2L i v I CHORBLELS]. JEst: b
[# s dE R, 2011,

A0l SCIT 3032—2007 /K7 fh i P 2h 25 U sE (8], bt
o [ btk tH L, 2007,

FAUSTMAN C, SPECHT S M, MALKUS L A, et al. Pigment
oxidation in ground veal: influence of lipid oxidation, iron and zinc[J].
Meat Science, 1992, 31(3): 351-362.

HUANG Lin, ZHAO Jiewen, CHEN Quansheng, et al. Nondestructive

measurement of total volatile basic nitrogen (TVB-N) in pork meat by

[16]

[17]

[18]

[19]

[20]

[21]

122]

123]

[24]

125]

nose techniques|J]. Food Chemistry, 2014, 145: 228-236.

HAI Z, WANG J. Electronic nose and data analysis for detection
of maize oil adulteration in sesame oil[J]. Sensors and Actuators B:
Chemical, 2006, 119(2): 449-455.

LA GB 2733—2005 &, RaEIMIEAR™ & DA RRES). b
oh [ btk AL, 2005,

W2, MR, R, SF. R AR AR AL S S R R
R 1 B 40 D). BRACF R RHE, 2013, 20(1): 29-33.

U S AAE ¥ RS P OREE oh (0 BERT (D] D ek R
%%, 2006.

L T RSP I R P LA TR FEID]. K e R
%, 2007.

AR, SRR, TEIAL, A T I AR A & AR ).
franFHE, 2009, 30(20): 367-370.

BARBRI N E, AMARI A, VINAIAIXA M, et al. Building of a metal
oxide gas sensor-based electronic nose to assess the freshness of
sardines under cold storage[J]. Sensors and Actuators B: Chemical,
2007, 128(1): 235-244.

TRETHE, EAf. LT 0 S R A0 A B A s 2 il A RS )
(9 ). Aol TR AR, 2006, 22(12): 164-167.

PRAERE, XUAEAE, F), TR RGN Al e R AR I 1
KR TRE B 0] 1 Al B, 2013, 40(11): 196-200.

I B R A A T A b T B B T A R (D). 3 e b
[l e, 2012,



