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Abstract: To rapidly determine the freshness of crucian carp (Carassius auratus), near-infrared (NIR) diffuse reflectance spectroscopy-
based quantitative analysis coupled with chemometric methods was used to collect spectral data in the range of 1000~1799 nm for 144 cap
samples. Freshness quality indexes including pH, total volatile basic nitrogen (TVB-N) content, the thiobarbituric acid (TBA) value, and the K
value were measured for all samples. After the optimum spectral pretreatment method and suitable spectra bands were determined, quantitative
prediction models for crucian camp freshness were established using partial least squares (PLS) regression, principal component analysis (PCA)
combined with back propagation artificial neural network (BP-ANN), and PLS combined with BP-ANN. The ranges of the four indicator values
for crucian carp samp les were wide and met the assumptionss for modeling. When pH was used as the freshness indicator, the prediction model
developed using PLS combined with BP-ANN was the best, and the correlation coefficient was 0.9945. When the TVB-N content, TBA value,
and K value were used as freshness indicators, PLS prediction models were the best, and the corresponding correlation coefficients were 0.9857,
0.9985, and 0.9952, respectively. The established quantitative modelks for the four freshness indicators all had strong prediction capabilities.

Key words: near-infrared spectroscopy; crucian carp; freshness; partial least squares; principal component analysis; artificial neural
network
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Fig.1 NIR spectra of 144 crucian carp samples
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Table 1 Statistical results from the chemical analysis of crucian

carp meat freshness
B el RAM RAME RHME FE
pH 144 7.23 6.58 691 0.14

TVB-N/(mg100g) 144 2599 572 1552 351
TBA(mgMDA/kg) 144 334 024 129 051
K 18/% 144 7873 1789 59.03 20
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Table 2 Determination of the optimal spectral pretreatment method for the pH model of crucian carp
FAFAE AR REARIEAE  BEARE BERX
fh#%SEC %4 Rc REZSECV  1h#£SEP A#R

sk %

Savitzky-Golay 7. Savitzky-Golay %%, % T4

BE. Hfhd it 0.0734 0.8564 0.0856 0.0905 0.8164

Savitzky-Golay F# . Savitzky-Golay 4. #EEX
EEER. HEd it 0.0730 0.8579 0.0861 0.0908 0.8147
Savitzky-Golay %isizggfjfy Fik FRHR 0.0835 0.8092 0.0947 0.1064 0.7107
Savitzky-Golay F7 - i’f\ﬁf PAMMAE L oo 0.8723 0.0885 0.0867  0.8386
RHATHALE 0.0375 0.9669 0.0967 0.1176 0.7030
AR 0.0229 0.9876 0.0672 0.0803 0.8514
% HAHE . Savitzky-Golay “Fi% 0.0512 0.9348 0.0860 0.0799 0.8559
Savitzky-Golay & 0.0472 0.9487 0.0990 0.1174 0.7213
3 AHHRE . AL 0.0454 0.9485 0.0882 0.0962 0.7731
% LHAHIE . Savitzky-Golay 4% 0.0444 0.9491 0.1035 0.1161 0.6519
% LA 0.0318 0.9754 0.0809 0.0862 0.8323
FoHTE 5 0.0020 0.9799 0.0730 0.1192 0.6980
EREFRE 0.0020 0.9799 0.0841 0.1192 0.6980
FAPAE 0.0584 0.9214 0.1659 0.1611 0.5205
Savitzky -Golay 34t 0.1492 0.5622 0.2893 0.1847 0.2586
AEKE, EESEZR#H 0.0319 0.9752 0.0802 0.0853 0.8345
% AHHBIE . RERIE 0.0313 0.9761 0.0802 0.0859 0.8330
HKARE . Savizky-Golay F-4& 0.0764 0.8432 0.0900 0.0996 0.7662
Savitzky-Golay -F-/&. Savitzky-Golay 4k, &AL 0.1216 0.6727 0.1684 0.1606 0.5371
Savitzky-Golay 7. Savitzky-Golay 5%t 0.1250 0.6750 0.1636 0.1575 0.5479

% 3 & pH BE R RE IR E
Table 3Determination of optimal spectral bands for the pH modkl of crudian carp
AR RAFAK A REARNEACE  REARER RNEAX A%

B Inm
% SEC # Rc % £ SECV % SEP Rp

1000~179 0.0229 0.9876 0.0672 0.0803 0.8514
1000~1350. 1450~1799 0.0303 0.9779 0.0688 0.0846 0.8300
1000~1300. 1700~1799 0.0721 0.8617 0.0774 0.0934 0.7906
1160~1350. 1500~1799 0.0356 0.9690 0.0761 0.0887 0.8242
1000~1200. 1300~1450 0.0779 0.8346 0.0787 0.1041 0.7332
1000~1200. 1300~1650 0.0179 0.9925 0.0732 0.0893 0.8110

1000~1450 0.0782 0.8332 0.0788 0.1043 0.7331

1000~1650 0.0180 0.9924 0.0727 0.0865 0.8256

1000~1700 0.0330 0.9740 0.0715 0.0811 0.8498

1000~1760 0.0262 0.9836 0.0714 0.0852 0.8301
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Table 40 ptimum parameters for PLS mocels of the freshness of crucian carp

W5 BGTE Inm TRL B 7 ik
pH 1000~1799 Fr AL
TVB-N 1000~1350. 1450~1799 e RUKER]
TBA 1000~1799 IEXAEFRIE
K 1000~1700 M5

% 5 W EFTEE R/ Z AR BR AERIIE LR
Table 5 Intemal validation results of PLS mockls of the freshness of crucian carp

S EATHR AR AR Ak REWEAE  BEARERE  BiEARE A
SEC Rc i% £ SECV SEP Rp
pH 0.0229 0.9876 0.0672 0.0803 0.8514
TVB-N 0.5647 0.9857 1.4005 2.9690 0.6045
TBA 0.0042 0.9985 0.2050 0.2653 0.8336
K 1.7755 0.9952 9.2040 15.2970 0.7398

3R 6 20 MOLTETRANE M TE AT ST FIA THEM 452 SIHY oH R BR St 28
Table 6 Statisti cal parameters of the pH model established by PCA-AN with 20 different spectral pretreatments
EATAORE EAREX BNEARER BIEAX A

Tk 327 %
1% £ SEC ## Rc # SEP # R
Sav'tzwgzg;Z?a\g;yfﬂiy F 0.1073 0.7943 0.1201 0.7732

Savitzky-Golay -F-#&. Savitzky-Golay 4.
o EA TR A, Mo 0.1164 0.7937 0.1302 0.7428
Savitzky-Golay Fi%. Savitzky-Golay F4k. =A% %45 E.

RSN 0.1157 0.7533 0.1288 0.6795
Savitzky-Golay Fif. Z4KF. % AR E. HHE F b 0.1115 0.7587 0.1216 0.7650
RHATIRA 22 0.1429 0.7954 0.1525 0.7465
AR AL 0.1563 0.8033 0.1626 0.7388
% AHIAZE . Savitzky-Golay F7% 0.1116 0.7505 0.1200 0.7563
Savitzky -Golay -F7# 0.1229 0.7941 0.1269 0.7602
% ABHEIE . FflL 0.1235 0.7389 0.1295 0.7664
% LHAHE . Savitzky-Golay 4% 0.1534 0.6353 0.1611 0.6921
% AL 0.1101 0.7555 0.1183 0.7605
HR 5 0.1456 0.2453 0.1485 0.5109
EXAEFRIE 0.1460 0.2062 0.1480 0.5739
FALHAIE 0.1175 0.7120 0.1285 0.6558
Savitzky -Golay 34t 0.1191 0.6684 0.1134 0.6932
AERKRE, EESEZRH 0.1137 0.7562 0.1227 0.7610
% AHHEBIE . RERE 0.1356 0.7496 0.1473 0.7741
AKARE . Savitzky-Golay F4% 0.1191 0.6684 0.1134 0.6932
Savitzky-Golay 7. Savitzky-Golay 5%k 0.1087 0.7945 0.1223 0.7726
Savitzky-Golay F#%. #fAk 0.1195 0.7123 0.1256 0.7567

177



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

R 7 FEPEERBRF T XM 757 A0 AT HE WEEILR oH BRI SR TS
Table 7 Statisti cal parameters of the pH mockl established by PCA-ANN with differentspectral bands

S £ inm :%:m@i‘% iﬁ#aa‘é % Bﬁi{aﬁ;{‘z% Is-’vﬁ;#a;é %

£ SEC # Rc % SEP # R

1000~1799 0.1563 0.8033 0.1626 0.7388
1000~1350. 1450~1799 0.0847 0.8196 0.0943 0.7899
1000~1300. 1700~1799 0.1086 0.8137 0.1186 0.7605
1160~1350. 1500~1799 0.1272 0.7839 0.1312 0.7593
1000~1200. 1300~1450 0.1057 0.8016 0.1151 0.7667
1000~1200. 1300~1650 0.1194 0.7907 0.1302 0.7466
1000~1450 0.1518 0.8028 0.1591 0.7386
1000~1650 0.1185 0.7908 0.1298 0.7487
1000~1700 0.1056 0.8124 0.1167 0.7661
1000~1760 0.1090 0.8014 0.1151 0.7734

= 8 & EERE AR 903 AN A T A5 ReR 18 RY ph i (RS
Table 8 Optimum parameters of PCA-ANN mocels of the

freshness of crucian carp
;00 KBGEE Inm TR 2277 i
pH  1000~1350. 1450~1799 ARpAL
TVB-N 1000~1799 % FLBATBAE AL
TBA 1000~1799 AFAEAL
K 1000~1799 FpA

R 7 A, PEBGEREA 1000~1350 nm. 1450
~1799 nm I, HERY A f s 1 E AR PR LIRS AR 2
H, HEbnbrdEn 22 B . pH B (1) fe i i B
FEl >y 1000~1350 nm. 1450~1799 nm.. K [FIRERT T
15 2 35 =ANFabr AR I FE G I A3 7 v Al 1
eI B AR WAL 8. FriR LAY A P e UE 4G
W 9. MK 8 MK 9 A, RIS HTF BP
N LARZE WG FAR N pH. TBA S &8l KA T4

b B AR B FE OGS TAR IR T 1235 R B bR AL
TVB-N 154 g A0 3 WAk # J7 v2:35 8 2 Ju e 2 IE
A HEbRHELL, pH BB S 4 B G R > 1000~1350
nm. 1450~1799 nm; F34b, —ANFEAREI (1) A B
Y 14424 1000~1799 nm.

3 9 S EFTEERE 3 AR 455 AN A T 4642 P4 AE R B A 288 T IE

#R
Table 9 Intemal validation results of PCA-ANN mockls of the

freshness of crucian carp

@ TAFAE  AAAER BRIEARE BRiEARX
1% SEC A#%Rc 1mZSEP A% Rp
pH 0.0847 0.8196 0.0943 0.7899
TVBN 27960  0.7242 2.8863 0.5982
TBA 04781 0.6487 0.4913 0.4953
K 117230  0.8155 14.1910  0.7899

223 1R Ph—Ffe BP ALAPE LR

7 10 20 FRIETRAME &M MR R/ ZTRAMA TR LEE I oH IRE ST 5
Table 10 Statistical parameters of the pH model established by PLS-ANN with 20 different spectral pretreatments

EATATAE EATARK EARE IiEARRK
a2 ik . J , j
1 % SEC %% Rc 1 % SEP AHRs
Savitzky-Golay -F-i&. Savitzky-Golay §#%.
1 X .0487 9582 .0964 77
% AUHSAIE . 3T Sk 0.048 0.958 0.096 0.7708
Savitzky -Golay 77 . Savitzky-Golay F 4.
kyGolay o ky-Golay 4 0.0486 0.9578 0.0954 0.7771
AFEESTETH. HET O
Savitzky-Golay -F-7&. Savitzky-Golay §4%.
. 0.0638 0.9820 0.1148 0.6661
M PEIE. AP
Savitzky-Golay -F . Z4KF. % ABARE. AP 0.0468 0.9796 0.0934 0.7874
RFATIRA IR 0.0781 0.8589 0.0881 0.8272
AT 0.0245 0.9945 0.0795 0.8669
% UHSHEIE . Savitzky-Golay % 0.0253 0.9887 0.0768 0.8622
TR
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#EER
Savitzky -Golay -F#
% AHHRE . Savizky-Golay $4&
% AHAHE
b UNERT
ERfEFARE
EMHRE
Savitzky-Golay F#&
EERE, FFEEAEERH
% AR . A ZARE
HLERIE, Savitzky-Golay F3«
Savitzky -Golay P&, Savitzky-Golay 5%k
Savitzky-Golay 4k, AREAL
% AHHEIE . Savitzky-Golay F3k. #7/E4L

0.0782 0.8584 0.0835 0.8469
0.1116 0.9020 0.1267 0.6378
0.0247 0.9953 0.0866 0.8354
0.1452 0.3078 0.1457 0.3218
0.1432 0.3377 0.1376 0.5239
0.0812 0.8453 0.1002 0.7557
0.0949 0.8265 0.1153 0.6637
0.0255 0.9941 0.0857 0.8410
0.0243 0.9961 0.0875 0.839%4
0.0811 0.8543 0.0939 0.7852
0.0466 0.9882 0.1120 0.6903
0.3676 0.9453 0.3430 0.7491
0.0628 0.9884 0.1176 0.6573

KR /N3 BP N T AHZE RR4% R v i)
FOPTRE AL, MR L ISR BN pH AL
E ABCN 16, TVB-N. TBA Fl K AEE A 4 N2 1
SN 10, DURMEFRECEBRRS &R S HU N 10.
20 AR AL FE 57k N pH AR Siit S8 10,

& 10 51, JRAEIERHRE bR LA B S 1)
R, s AREE RIISAIEAR AR RE R mr, PRI, i
NIRRT BP N LA 20 I 4% 4 3T ) pH AR R Bl
T FRARER T3 NERUELL oAE SR R GG TAL T

AR PR G TFSHOR 11, HR 10 w5, 9K
BLIE Y 1000~1799 nm i, 5 FREAIGIFEM K R
B¥iemn, B hshniE s A uEbs R 25 i
U, i /N RN N A2 jR2% 2T ) pH R TR ) B
FEYGiE BTG N 1000~1799 nm, K RIRER) J7ik15
B AN = AR AME R SR G AL BT VR B e
I B SRR 120 7 i AL P AT 25 R L
#13,

F W FEPLIER S T R/ Z5RAn A T2 ML 0 pH 2B ST 3
Table 11 Statistical parameters of the pH mockl established by PLS -ANN with differentspectral bands

TEATATAE FAFAR  BEARE BEAER
S EInm ) ]

1% SEC ¥ Rc MESEP  AHR

1000~1799 0.0245 0.9945 0.0795 0.8669
1000~1350. 1450~1799  0.0251 0.9945 0.0831 0.8490
1000~1300. 1700~1799  0.0254 0.9942 0.0908 0.8108
1160~1350. 1500~1799  0.0249 0.9947 0.0928 0.7981
1000~1200. 1300~1450  0.0577 0.9836 0.1174 0.6406
1000~1200. 1300~1650  0.0251 0.9944 0.0905 0.8190
1000~1450 0.0251 0.9943 0.0813 0.8609
1000~1650 0.0255 0.9948 0.0870 0.8413
1000~1700 0.0248 0.9940 0.0879 0.8324
1000~1760 0.0248 0.9941 0.1151 0.6491

12 HEIHEEE /D= R AT A PR AR =R
Table 12 Optimum parameters of PLS-ANN mockls of the freshness of crucian carp

Wa RBSEE/Mm

T 7y ik

pH 1000~1799

TVB-N  1000~1799
TBA 1000~1799
K 1000~1799

B

% AHSHZE ;Savitzky Golay 5% A7 /AL
% AL Savitzky -Golay 53 A7 Ak
% AHAE  REAE
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Table 13 Intemal validation results of PLS-ANN mockls of the freshness of crucian carp

85 FAAEMRE SEC AARAER A4 R riEARAE R £ SEP IEAEX 24K Rp
pH 0.0245 0.9945 0.0795 0.8669
TVBN 0.7843 0.9958 2.9223 0.5391
TBA 0.1581 0.9926 0.3400 0.6778
K 20.4710 0.9474 26.4870 0.8301

F# 12 F13% 13 WA, K& 3 BP A
AP 28 AR ST, DU el 6 PR bR AR 1)
IR BEE 4 1000~1799 nm,  pH R (e
T FRACEE i bR dELL: TVB-N S R ) f s i
TRAL BT 18 Z 70 HUR £21E \Savitzky-Golay 3 20R1FR
HEL s TBA & i AY I SR it FUAL B 7 V208 22 T iR
SHEIE. Savitzky-Golay ‘S UFIARHEAL, KB AR
HEIETRALER 7575 % TORUR AR IR R AR I
224 RAES S ITEE FAR A GG HH T

HRHE 3 Fh ik T IR AILE S, R e /3
5 K Atse /N 3R FN BP N\ T A 2% FE ST 14T 95 i 21

Wi RO B E ] oy e A0 BP N A
W 28 ST ARG . pH A RLNT TBA R R ] e /I
T3 BP N AP SRR NI, SE BRSNS IESR AR
K Z KR . TVB-N AR fhifee /N —3fe Al BP A\ T
M2 NI, TERRSEAN R AR R =, (ERHIESEAN
RABOINR, BRI 5/ SRR S AR e -
K ABASE B SR e /N Rk AT I S AR DG R
i, T EBEE AR BBy, KA AL 38
/N ARERR LR DURR AR 1R AT VE R
FRIR RS R LK 14.

14 MBI SIERIE A KRR ARG IS R
Table 14 Intemal validation results of optimum mockls of the freshness of crucian carp

4o RAEEBTTE RARARERE SEC  EAFMEAAH Re IMEFRRMGRE SEP  $iEARX A% Rp
TR =RA= BP
pH T 0.0245 0.9945 0.0795 0.8669
TVB-N Tk = ik 0.5647 0.9857 0.0803 0.8514
TBA o =Rk 0.0042 0.9985 2.9690 0.6045
K fofk =k 1.7755 0.9952 0.2653 0.8336
v ST 1) DU HT 6 B2 FE AR 2 1) 8 b AH R R 2R b
FRLL ey, 1 BB R AR S A TR A ) Tl B 20f
s R - AT FE R A I S AR B iR A
A XN, S A R T FE R AR, AT g 15
TMHES SEMER R WE 2 Fos. BTESCi) pH. =
TVB-N . TBA & 5 A1 K EAS R T 5 1S i 1or
KR M LAETTRE 7 B 11=0.86686x,+0.919653 , Al
y,=0.99837%,+0.0064638, y3=0.9999%x,;+0.000067178, 5
y2=1.0005x,-0.077811.
a Cc
72F
20+
7.1+
g 7.0F 1.5+
681 B 1ob
6.7
05+
6l6 i Cej| 1 1 1 1 1 1 = 1
6.6 6.7 6.8 6.9 7.0 7.1 72 0.5 1.0 1.5 2.0
SR HE
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Fig.2 Freshness prediction mocels of crucian carp based on

40

near-infrared spectral parameters
7Z: a pHAERL, b: TVBN &2 44!, ¢ TBA &,

d: KAEARA,
23 e AR WK

JRar 56 S PR B £ R B PR i A e AR A 1 v
P, BENLIEHL — e 2 A1 R ok BT A i34 T Ak
L. SREESIEEPFEARIL LA G0, R
7[R S e £ R PR AR R 43 SR A R FR AR AT
THEASRITONME, JF5 & ARE S FEbs r S IifE 3k
TR, AERILER 22, FFxFHAT tAREG, I f Y
FESERRT T B2 55-6.83991. 1.93120, -0.94173 Al
-0.41027, /T 1(0.05, 28)=2.04841, FHIITLIHME
TG 5 S ME 2 RIS & 22 57

15 R RAFUNLER

Table 15 Prediction results forunknown crudan carp samples

pH TVBN TBA K {&
A TaME  mE AfE FalE mE AE TaME  mE Al oA mE
RAMEM 699  7.01 011 2479 19.93 10.76 216 207 039 7743 853 7.87
&oMERS 625 671 -0.63 942 1052 -4.82 0.3 0.68 = -0.64 1842 2514  6.72
F34MEP 661 686  -0.26 1536 1435 1.02 1.19 124  -0.05 54,74 5583  -1.09
A 003 001 004 11.98 63  7.78 0.21 01  0.07 004 004 0.05
3 i TANETEX SN &H K2 S TVB-N & &, pH. TBA

AL RFE RS & T 207 AR XT
IR TTRE A 52,  DAORIFSE A& . &
ST pH BRI, S R Bt/ — VR BP N THPZE I 45
FR B PR AL, (HESLTVB-N &, TBA &
A KAEBIRY N, R H i fe ik R i, Ml RE
i/ LRI RIA 7%, 1 BP N A&
2% S —Fh AR PEIR) T 5 vED), T e R T R
T T MERNE R R

ARy AR i d /N 36k = s 4 Bl BP
N TR MR sy iz BP N THHE
SRR ST R T 4T A e AR T, B NIRS 4%
A HAEET AR TR, EEGEE. £
L. Mesh, (ERLRYE SIS REF, MRS e
AP FREAFAR AN HhAE R 2R, I SEMR 200 BT a7
IR R A 5o 1 7 3t — 2D 9

TVB-N {8 &2 E Frfi B3 BV e bre —, /&
Y S TR AR P ER, RS Mo FE,
i 8 FR M P AR — R S B W . A EE R
TR E AR AT Rk M TVB-N &
AT T PRENE, A SR e RR AR A OC B2y
KT 0.98. ASCHrEE L flfa A TVB-N & B
A, HOEhr R C 2 E T 0.98, WiAATE

yIRA
SEM KESEMHEHKE R, 1000~1799 nm KK
Y15 ] 3 FH) - A 5 ) R TN 0T

#he

KAE T 144 ANE RS IR LLAME RSB,
MRt Fidch By V25 et B BRI e B AR A5 ¥
Ko e e LT AN B AT By SR FE O B
INT IR ERGN TR BP N TR A,
B/ AR BP N ARG ML B 3 Fh ik diar,
K FH i /> — 3R BP N T 122 i 2% A5 2 37 1) pH A5
U, AR A/ —3ikgd S r it TVB-N &
. TBA & M KA g o T AL pH TVB-N.
TBAFI KAE S LAY (1 5E FrAH 55 F 5053 71 2 09945,
0.9857. 0.9985. 0.9952, I&ilE+H< &% 54 0.8669.
0.8514. 0.6045. 0.8336. 733 J A i m #Erfy MEFI Tl
DUHE i ) b i fi i v SR TR Y

RSN
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