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Abstract: To monitor the process of solid-state fermentation of Chinese herring, parameters including water content, pH, total acid
content, amino nitrogen (ANN) content, total volatile basic nitrogen (TVB-N) content, and changes in the taste fingerprint were
measured by conventional analytical methods and an-electronic tongue. The principal component analysis (PCA) and discriminant
analysis (DA) were used to identify.fermented /Chinese herring samples undergoing different durations of fermentation, while partial
least-squares regression (PLSR) prediction models for the electric tongue and related physicochemical indicators were also established
and evaluated. The results indicated that the physical indicators and taste of Chinese herring samples changed significantly during
fermentation. The accumulative, contribution rate.of three extracted principal components was 94.49%, the discrimination coincidence
rate was 100%, and the Chinese herring samples with different fermentation durations could be identified effectively by both, PAC and
DA. In five prediction models based on electronic tongue signals, both relative percent deviation (RPD) values of water content and
ANN models were 1.80, and the RPD value of TVB-N model was 2.47, which could be used for qualitative analysis. The RPD values of
pH and.total acids models were both > 5, which indicated good quantitative effect, good stability, and high prediction accuracy. Thus, it
is feasible to identify and monitor the process of solid-state fermentation of Chinese herring using the electric tongue coupled with
related chemometric methods.
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Table 1 Changes'in physicochemical parameters of Chinese herring during fermentation

A AT 1A /d RS 1% pH B B(g/kg) ANN/% TVB-N/(mg/100 g)
0 72.1140.29° 7.109.00% 3.0740.06" 0.0440.019 16.3640.42
3 70.4940.39° 6:3240.01° 4.4840.58° 0.0640.00f 25.3744.80°
6 69.24=0.35° 5.4140.03¢ 8.0040.065° 0.0940.00° 50.494.43¢
9 68.2140.14¢ 4.9240.01° 11.36740.13¢ 0.16+0.00¢ 70.84240.94°
12 67.080.09° 4.8840.019 12.3940.47° 0.1940.01° 77.9141.54°
16 66.3140.15' 4.9640.02° 13.3640.06° 0.2340.01° 79.2740.43°
20 65:8840.16' 5.5340.01° 11.8940.28™ 0.3540.01° 84,7342 52°
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Fig.1 Radar map for fermented Chinese herring based on
electronic tongue sensor response signal
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Table 2 Pearson correlation coefficient matrix.of sensor response values

SRS GPS STS UMS SPS SWS BRS
SRS 1.00 0.40* -0.61** -0.71%* -0.43** 0.13 0.04
GPS 1.00 -0.22 -0.27 0.41* 0.19 -0.02
STS 1.00 -0.02 0.29* -0.81** -0.76**
UMS 1.00 0.32* 0.44** 0.48**
SPS 1.00 0.19 0.13
SWS 1.00 0.96**
BRS 1.00

E: **EAZZ 400182485 (Pearson double-tailed )

; *EAZE A 0.05 B B FE A% (Pearson double-tailed ) .

% 3 ERAFOHIBE A FRAE

Table 3 Contribution rates of principal component and discrimination function

IR HAEE T ETREN RBRFETREN  FIARHE HEE TETREN RBRFEZTREY

1 291 41.62 41.62 1 579.93 72.90 72.90
2 2.28 32.63 74.25 2 184.28 23.20 96.10
3 1.42 20.24 94.49 3 29.29 3.70 99.80
4 0.28 3.99 98.48 4 1.72 0.20 100.00
5 0.08 1.16 99.64 5 0.06 0.00 100.00
6 0.02 0.27 99.91 6 0.03 0.00 100.00
7 0.01 0.09 100.00
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Fig.2 Results of PCA and CDA for fermented Chinese herring
based on electronic tongue sensor response signal
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Fig.3 Correlation curve between measured and predicted

values of physicochemical indicators for fermented Chinese
herring/samples based on electronic tongue sensor response
signal
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Table 4 Prediction models of physicochemical indicators for fermented Chinese herring

regression coefficient Ko pH BB ANN TVB-N
SRS 1.26x10 3.33x10° -1.66x102  -5.65x10* -0/14
GPS -2.14x10°% 1.15%10™ -2.16x102  -2.07x10* 2.61x10"
STS 2.33x107 -4.85x10* -7.18x10°  -1.81x10° -0.24
uMs -3.26x10° -1.72x10* 3.55%10° 7.21x10™ 0.13
SPS 3.95%1072 -1.58x10* -1.88x102  -249x10° -0.33
SWS 1.19%10 1.14>10™ -6.49x10°  -9.81x10* -0.14
BRS 7.56x10°° 2.40x10° 150x10%7 -5.84x10%. | -7.03x10%
BO (4t ) -64.20 -0.09 114.24 9.40 1363.55

7 5 AEEMIRLIEIRAYSSNE S PLSR AR BLFUAMERYEE S
Table 5 Comparison of the measured and predicted values of physicochemical parameters for fermented Chinese herring

samples
Fuml 48 Ax Sl SD
0d 3d 6d 9d 12d 16 d 20d
N 5 MAE 72.09 70.45 69.65 68.25 67.06 66.16 65.71 2.36
FomAE 72.81 69.71 67.76 66.19 66.88 67.00 66.56 2.37
oH 5% MAE 7.10 6.31 5.42 491 4.88 4.96 5.54 0.84
Frm{a 7.24 6.59 5.60 4.96 4.93 4.93 5.66 0.91
L S M 3.03 4.33 8.04 11.29 12.54 13.32 11.88 4.14
S FmAE 2.93 481 8.40 12.02 12.34 12.60 10.35 3.87
ANN 5% MAE 0.04 0.06 0:10 0.16 0.19 0.23 0.35 0.11
Frm{a 0.01 0.12 0.17 0.24 0.20 0.20 0.30 0.09
TVB.N 52 16.23 24.62 50.40 71.38 78.66 79.18 84.54 2791
FmAE 15.00 41.08 65.70 86.19 79.55 78.46 78.19 26.05
% 6 & EaH) & IR L IEHR PLSR FUNRE FORURITEMN
Table 6 Performance evaluation of PLSR models of physicochemical parameters
) £ KBS e ol &

AT T3 Rc RMSEC Rev RMSECV Rp RMSEP RPD

R 4 0.97 0.48 0.96 0.56 0.86 1.31 1.80

pH 1 0.98 0.17 0.97 0.18 1.00 0.16 5.26

BB 3 0.99 0.55 0.99 0.63 0.98 0.79 5.23

ANN 4 0.98 0.02 0.98 0.02 0.85 0.06 1.80

TVB-N 4 0.99 3.67 0.98 451 0.94 11.301 247

3 g b IR RAE XS AN R A IS T 1 ) #41 F X 7 IR ) ROR |

ML L R AR AR AR B HEAT PCA ) A
DA 73, PR AR RIS B X AN 7] T N 1] f ) £

HEAT U, {2 DA PRI TE R AEXT JR AR 15 B IR Ak

AR T PCA AN, 7ERH PLSR 7L L
o T {5 A T 3 R R A A AR 1] 4 ] A S
BRI, pH FRERE PLSR TR 7Y s FH 1) 3= Al
FHOY AN 1 3, R MZEXi{EEL 1, RMSEC,
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RMSECV. RMSEP /)y, HAEAK RPD KT 5, &
?TVB-N /K4 ANN 74 f) RPD 18, ¥iRH pH 1

SR TR A 8 AR R, FesE IR, RS
1, I )k B FE e pHORIE R I SEBR A .
AL &8 S 08 BRI H o A () R TR tR A T ) £
A AT R PR 2 AT AT B, T EL e SR AR A g ST ]
CASIEILN ) o sk F b = B RS0, R pH
FEA R ) R B A, 18 380 0o i) £ 3] 345 R T AT s 458 1)
H 1) o A0 508 9 [ 25 R BRIt AR R0 B AH SR S A
DFRAIL B 0 BR B I 9 L i BORAE [ A8 K B T
AR BT R B4 e B S B

[1] Bolumar T, Sanz Y, Flores M, et al. Sensory improment of
dry-fermented sausages by the addition of cell-free extracts
from debaryomyces hansenii and lactobacillus sakei [J].
Meat Science, 2006, 72: 457-466

[2] Gardner N J, Obermeier P, Champagne C P. Selection and
characterization of mixed starter cultures for lactic acid
fermentation of carrot, cabbage, beet and onion vegetable
mixtures [J]. International Journal of Food Microbiology,
2001, 64(3): 261-275

[3] Akolkar AV, Durai D, Desai A J. Halobacterium sp. SP1(1)
as a starter culture for accelerating fish sauce fermentation
[J]. Journal of Applied Microbiology, 2010, 109(1): 44-53

[4] Kamalika Tiwari, Bipan Tudu, Rajib Bandyopadhyay, et al.
Identification of monofloral__honey using voltammetric
electronic tongue [J]. Journal of Feod Engineering, 2013,
117: 205-210

[5] 79,2 BN S T T A AT 5 e
P, BT[] BN E R, 2014,30(7):247-251
HAN Fang-kai;, HUANG Xing-yi, MU Li-jun, et al.
Quantitative and qualitative analysis of fish freshness based
on electronic tongue technigue [J]. Modern Food Science
and Technology; 2014, 30(7): 247-251

[6] Inmaculada Campaos, Miguel Alcafiz, Daniel Aguadod, et
al. A voltammetric electronic tongue as tool for water
quality monitoring in wastewater treatment plants [J].
Water Research, 2012, 46(8): 2605-2614

[7]1 Miguel Peris, Laura Escuder-Gilabert. On-line monitoring
of food fermentation processes using electronic noses and
electronic tongues: a review [J]. Analytica Chimica Acta,
2013, 804: 29-36

[8] GB/T 9695.15-2008, -5 Al fh 7K 432 E: %2 [S]
GB/T 9695.15-2008, Meat and meat products-

226

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Determination of moisture content [S]

GB/T 9695.5-2008, 4] 5 AJ il & pH Ml £ [S]

GB/T 9695.5-2008, Meat and meat products-Measurement
of pH [S]

7R 1) FHL B AT S AR SR [M]. A6 5T A E & H AR AL, 2006
GAO Xiang-yang. Food analysis and inspection [M].
Beijing: China Metrology Publishing House, 2006
SC/T2032-2007, 7K™ fi 5 A M ERFE AP 2 [S]
SC/T2032-2007, Determination of volatile'base nitrogen in
aquatic products [S]

ERTHT B SOK PRI, S5 4 2 R B K it o S 22
A PRI IEBE R[], £ it 22 A i e ) 24k, 20145 75(4):
1093-1099

WANG Wei-xin, XIA Wen-shui,
Research jprogress on properties and safety of traditional

XU. Yan-shun, et al.

solid-fermented fish [J]. Journal of Food Safety and Quality,
2014, 5(4):.4093-1099

HEARE, 257k AR, D88 0, A Mg 7y B IR R B e - A B R
R ) o B A R AR [9]. IRAR R R, 2010, 26(11):
1185-1191.

MEI Can-hui, LI Bian-sheng, LV Meng-sha, et al. Quality
change of fermented yellow croaker in light salting process
[J].-Modern Food Science and Technology, 2010, 26 (11):
1185-1191

SCEE Y ORI A URHIE B R B U S B AL
il 7E[D]. B P M PH AL R A R 22,2013

WEN Yan. Study on the impact odorants of wine and the
formation of wine aroma characteristics [D]. Yangling
Shaanxi: Northwest A&F University, 2013

TR ZE R R RO, S T R R R BUE BPEOY
7L [I]. AR £ i BH3,2014,30(5):172-177
HUANG Xing-yi, DAI XU Fu-bin,
Quantitative evaluation of orange juice sensory quality

Huang, et al.
using electronic tongue [J]. Modern Food Science and
Technology, 2014, 30(5): 172-177
VR AN RIS B R R KUK 73 S R
g B B 2 B, 2011

XU Chun-hua. Different rice wine age taste components

T AT 7T [D].

analysis and fast prediction [D]. Shanghai: Shanghai
Institute of Technology, 2011

Herrmann S, Mayer J, Michel K., et al. Predictive capacity
of visible-near infrared spectroscopy for quality parameter
assessment of compost [J]. Journal of Near Infrared

Spectroscopy, 2009, 17: 289-301



MR EmBE Modern Food Science and Technology 2015, Vol.31, No.11

227



