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W [ B 2 4R A Ak 2 a0 A B ) 5 B IR e A b =
M2 (ATP) bt HPLC, W [ I A YRR BR
NCIR
1.2 RWgE&E
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Table 1

A B B P L AS T 5 7 400 20 152 1E AR TG IR AR I
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FHPEF AT SEE

BEAERTHEERTNUEITRITER

Statistical results from the chemical analysis of fish freshness

K4 (n=120)

IS IE4E (2 =30)

o246 b Calibration set Validation set
Chemical "
S . s i V. A A
parameters F(ERiEl -2 {H T5 % F{ERE] - {E U5 #
Range Average Variance Range Average Variance
pH 6.17~7.02 6.41 0.18 6.14~6.98 6.44 0.16
TVB-N/(mg/100 g) 3.10~18.52 10.41 3.41 6.15~16.12 9.97 3.19
TBA/(mg/kg) 0.01~0.87 0.25 0.16 0.01~0.71 0.19 0.15
K/% 12.12~48.67 33.95 7.71 15.29~46.98 31.69 7.95
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Fig.2 NIR spectra of the fish samples after different preprocessing methods
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TBA {H 1) 5 A4 Ak 28 J5 75 25 MSC, pH. TVB-N A
K {8 0 e A fi b #5454 SNV, pH.TBA f1 K &
bR R IEFEAH G R B R i it 0.82, B8 15 21
BRI TVB-N $8 b 1 5 A% 1F 5640 ¢ R 8K

AN pH.TBA 4,

3) B TREAE 5 K A 141 Sk 5 3 e S AU (%) 2 N
R T A TC R FE v AR TR P AR T R A
AT R CARS %IJB%%;QZE , %iz Hh R AR I
KA &

R UMK T 0.60, PLEAR IEEEREARTNME S BEXEZ
(O] A AH S PR 4 22 M AUAE FE A Fp ik — 20 . pHL.
TBA ¥ RMSECV # /N, i TVB-N. K {8 ) RM-

BoOU A R B PLS 3 a7 B E B # T H
fif B UM 38 b 19 PLS 8 & Ar B AL, g5 SR n 3%
3 iR,
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Table 2 Analytical results of PLS models for fish freshness indexes with different preprocessing methods
- - kT M IE4E Calibration set K 4E Validation set
Chemical Pretreatment . bk A R AL ﬁy\ﬁiﬁﬁj LR ﬁcy\ﬁlﬁﬂ‘l
Optimum number TR R 2 TRiRZE
parameters methods of latent variables R. RMSECV R, RMSECV
RS 6 0.906 0.089 0.873 0.093
1st 6 0.892 0.094 0.861 0.098
pH SNV 6 0.904 0.094 0.862 0.092
MSC 6 0.909 0.093 0.863 0.089
CWT 7 0.903 0.095 0.862 0.097
RS 4 0.597 3.347 0.522 3.530
1st 6 0.492 3.702 0.441 3.684
TVB-N SNV 6 0.571 3.322 0.534 3.775
MSC 5 0.599 3.324 0.534 3.585
CWT 5 0.402 3.859 0.413 3.963
RS 4 0.912 0.082 0.858 0.082
1st 6 0.827 0.096 0.809 0.111
TBA SNV 6 0.906 0.085 0.848 0.085
MSC 5 0.911 0.085 0.848 0.082
CWT 5 0.810 0.097 0.808 0.116
RS 12 0.910 3.204 0.914 3.063
1st 12 0.917 3.312 0.908 2.957
K SNV 9 0.869 3.226 0.912 3.611
MSC 12 0.867 3.226 0.912 3.640
CWT 1 0.916 3.289 0.909 2.969

7 Note:RS: JfLlf 6% Raw spectra; 1st: — 54X First derivatives; SNV 5 #fE IE A28 #t Standard normalized variate; MSC: 22 JGHL

B R IE Multiplicative signal correction; CWT ;i £E/N 78 #t Continuous wavelet transform. F[d] The same as below.

x 3 AEHFMERICIEEETNHEEEHERN PLS BEL
Table 3 Performance of PLS models for predicting freshness features with different combinations of selected spectral wavelengths
b2 46 b ik 38 07 1 Pk i K % e 1E S AH A& XCHRAIE I IESE T £
Chemical Preprocessing No. of selected K RH YR iR 25 LiIPE Y IR 2
parameters methods wavelengths R. RMSECV R, RMSEP
pH SNV 38 0.960 0.049 0.961 0.056
TVB-N SNV 38 0.826 1.659 0.881 2.104
TBA MSC 33 0.972 0.047 0.955 0.050
K SNV 13 0.943 2.558 0.946 2.423
Hi 3 3 AT, Z5d CARS B85 Zr BBk L T A1 K {330 B8RP AR A 1 40 R 7 A9 45 5K (D ~ ()

38.38.33. 13 MEEAF RN pH. TVB-N.TBA Fi/~. # 89 CARS-PLS & £ 43 i 165 B %5 5 sk 1Y
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PLS JE fit 7 BT A BT 47 i 45 1 B A ALY pHL.
TVB-N.TBA fil K {H /9 R, 33 m 7T 11.4%.
64.9%.12.6 % .3.7% RMSEP 43 /> T 39.1% .
44.3%.39.0 % .32.9 %0 , 155 7Y [y 4% T M e 48 b A5 3] B
FH R W] CARS 1 LA R0CHh 4 HU fh (R BT & 5 1

FROEAS &, PO A i K i A8 B 5 T e 1 JC S
B BRAR T LA ARG R L AR IE D K & T A
M5 B . L, CARS 454 PLS A LI ok & ar A 3k
i 7 6 85 (19 30T 21 40 5 o 3 A R A L LR M ] 05 U7 AR
WF PR .

Y= —71.346X 1401 +107.023X 1009 T 68.427X 1150 +19.288X 155, +39.178X 1300 —
34.804 X 1550 —88.545X 156 +106.837 X 1555 —38.436 X 1415 T 85.557 X 143 —58.583X 1442 +
21.161X 144, —21.182X 1455 —23.950X 1455 — 72.840X 1455 +86.021X 1455 +24.472X 1460 —

34.200X 147 +38.827X 1479 T 77.421X 150, —32.640X 155, —104.292X 1554 +49.045X 155 —
49.448X 1533 T 148.262X 154 +85.439X 1595 —91.262X 1700 —36.729X 1715 +22.723X 1715 +
76.895X 175, —12.864X 175, —2.011X 1745 +25.951X 1744 —49.937X 175, —51.885X 1771 +
63.116X 1775 —40.459X 1750 +37.153X 1705
Yrvpn =1359.295X 1156 — 1430.448X 1559 +2808.295X 1305 —2905.638X 1305 —
1951.860X 1561 +2989.140X 1365 —2506.656 X 1355 +1970.363X 1556 —1577.874 X 1430 +
1273.413X 144, —1383.263X 1446 —1139.866 X 1451 +2694.636X 1471 +507.246X 1470 —
229.011X 1450 +3755.114X 1555 —1682.495X 1555 —3153.549X 1550 —1576.015X 156, —

770.481X 155 +5509.899X 1591 —3738.305X 150: 1651.874 X 153556 —2930.407 X 1540 +

4055.982X 1544 +207.535X 1545 +2237.962X 1557 —2032.602X 1550 —456.533X 1577 —
2289.505X1695+843.377X1696—1456.882X 1704 +2265.703X 171, —1139.259X 175, +

2658.243X 1740 —2872.379X 1754 +2013.992X 176, — 966.733X 1776

Y g =123.648X 1020 —108.220X 1033 —89.219X 1055 —99.541X 1450 +185.436 X 105, —
56.454X 117, +64.219X 1511 —48.659X 1555 +78.852X 1544 —25.958 X 1355 +88.441X 1415 —
92.061X 1455 +46.840X 1150 —67.076 X 145, +54.806 X 1470 — 72.597 X 1561 +79.500X 1565 +
38.286X 1565 —30.422X 157, +82.295X 1550 —68.764X 155, +11.877X 1505 —122.661X 1500 1
57.503X 1640 T 71.383X 1655 —87.310X 1665 +110.777 X 1591 —68.080X 170, —63.043X 1750 +

78.874X 1755 —71.110X 1757 +16.697X 1776 +45.614X 1777
Yx=—1179.549X 1501 —802.976 X 1020 1039.914X 159y +1295.622X 100, +
556.028X 117, +749.333X 1175 +1406.046 X 117 —632.540X 1351 +2692.917X 1400 —
1800.541X 1450 +1288.635X 155 +-893.886 X 155. +955.407 X 145

(@)

(2)

(3

4)

o, X, J A RR AR D X B 1) 48 2ot TA BE S Y
WECAE Y pi Y rvin Yo B Y o 2 T (14 35 i 32 1) £k
SEAH @ S B AR AE IS 1H R B

4l CARS-PLS € & 73 B 45 R . B B A 15 3|
%) 11 PR BT B R b TUIN A L S — — X 0, O R
T 25 SRR VTN A5 ) TN BE ) L A5 2 1Y) 4% T4
PRIFH 2 S an i 3 Fron. il 3 AT, pH {H . TBA
B KA AR AR A A3 A S 1 5 3 B (.
HESEZ A B . W TVB-N &
T o3 A AN 5], Al g R B TR 4G TVB-N & &t
70 S 30 BB /0N 5 EL R S R U s G ZL A1 X i R A AR 1Y
U AT A R R

3 it it

AR5 R T A AN GG AR L Gt mE s
L7161 000~1 799 nm 0 [l P9 X 28 8 1) AT Sk 5 R

i 58 OGS RS I E pH (. TVB-N & & . TBA
{ECF K 4550 6 B2 46 b >R FH O e/ — 3 vk e N 4%
ANFEAR Y TN ASE R, Sy T R v A R AR M S ME
JE L TE SN IR LT A0 5 o 3 T BB 2 A A R R AR
FRRE ity B Y TG R AT AL B, 2 SR SR, AT Sk 5 1Y)
TBA {8 1) 55 A 1 4k 2 75 3 MSC, pH. TVB-N Fl
K {8 1 f5 FE LAk B 7 4 SNV,

I B /N — T 1 (partial least squares, PLS) J& i
AN R T VA R AN EATveS § e CI S i
LK 1 A5 I8 [ (X0 FMb 27 38 Bk A% 00 28 250 30 i P4
(YOG BB ba 3 B v i A5 45 8, 5 2 v A A
BORE BE . BFSE R B0 pH L TBA 4857 1 452 4% o Bt 4
HR 4 Br 800 A K A8 B A I, TVB-N,K
L 0000 A5 TR ) G B R A Rk — 2B . AR BIESEOR
CARS B I K AR 2 DL /A8 i AN 80 AR B A 6
A5 B . pHE . TVB-N % & | TBA {H Al K &
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Using near-infrared reflectance spectroscopy to quickly predict
the freshness of Megalobrama amblycephala

ZHOU Jiaojiao' WU Xiaoyang' CHEN Zhou' XIONG Shanbai'*

1.College of Food Science and Technology/National R&D Branch Center for Conventional
Freshwater Fish Processing (Wuhan) , Huazhong Agricultural University sWuhan 430070,China ;
2.Environmental Food Science Key Laboratory sMinistry of Education ,Wuhan 430070,China
Abstract To investigate the potential of near infrared reflectance spectroscopy (NIRS) and chemo-
metrics methods to quickly predict the freshness of Megalobrama amblycephala , NIR spectra of 150
samples from different seasons, different origins, different specifications and different storage durations
were recorded in the range of 1 000-1 799 nm. The spectra were preprocessed and then calculated using
CARS for wavelength variable selection for establishing quantitative models to predict pH, TVB-N, TBA
and K values with partial least squares regression (PLSR) method. The results showed that correlation
coefficients of the models were 0.961,0.881,0.955 and 0.946,and root mean square errors of cross valida-
tion (RMSECV) were 0.049,1.659,0.047 and 2.558,respectively. The models have good prediction abili-
ty s which will provide an effective method for predicting the freshness of freshwater fish quickly and non-
destructively.
Keywords near infrared spectroscopy; Megalobrama amblycephala; f{reshness; partial least

squares regression; nondestructive testing
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