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HOE EEXTER S B AR R v ) R, PSR A (L, a2t b)) AN A (TVB-N) | pH
A G A KR ST X 4 . F LS TEHUAS I AR SR AE 4 C A —20 CF A= BEHIER G35 2, 35 I A, R
oo /N AR R ) 2 25 [T % B R EAT T DR R I . BT TR DR AE AR AT L A S Sl T AL 2
WG SGFH . WA M. AnEIESZ A, H—m A G 4 MR PCA B4 AR i#E4T
BOHE AL EE, gk R A AR 5 AR S IS B (a0, b)) E R, AEALA WAL FE Oy U 2
Bigedh R 43512k 0. 983 #1 0. 973, RMSE 4351 0. 114 #1 0. 179, &t R 435k 0. 513 F1 0. 564; RMSE
G50k 0. 615 F1 0. 918, HLAE A2 A Ji 16 8 T 45 22 B s B LA, 48 PCA R4 5 1k $04 B A . 781 0 42 7t
ORI R/ e vA AR S FE AR A AR [RGB RS [ F 22 AN £, 7E TR 4 I TOOUORS BE fm AR, PCA B4
JE TR TR AR A AH S RACT B L TR R 25 BT, BUNDKS B RRAR. AR B R 4T 4 B i kb 35 A9 i
[Al A [ AR R S i, @A LY, 2", b*, pH A1 TVB-N #5845 R 4352k 0. 904, 0. 885, 0. 864, 0. 934 Fl
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LI A B % s s s R AT R G s B, R
L2 BARA BT W S i i 23 260 2 9 E 6 7 AR
sl JOT 8 PR R 5 T T R D AR DG AR B T B S R e, A R T
F—L MR RIRE .

W5 P A T B B 063 43 BT R B0 IR & B R, BT A
AT BT BP0 G A I 3R 45 5 B X R AE 4 °C R — 20 °C R[]
WS A5 F T B AL R R P R . AR SCEE 22 (L7, at, b)),
pH. ¥ % ¥ £ £ A (total valatile basic nitrogen, TVB-N) jf
FBARARIEATOF ST, KOG 24 AHT 1] 22 20 |5 . 08 [ 09 F i fic
/N e (partial least squares, PLS)3 i BIAH 45 &5, F A
FEFEAR I &R E . 456 SG FH -+ sk + B il o +
FRUETEZAS B 7R 4 4 Fh FAL B U5 BE R 45 & PCA FE4EH A2
R A L O L R CEARTEL DA S X A R S JRE b B Sk
B E .

1S

1.1 &#&

1T QE-Pro Jt 3% ¢ (Ocean Opticis 2 &) ). Laser-785
nm BOGES . FROGL . PLR AR . BY S BT
FEEOEPL 2RI R G, 785 nm WOt KM S E LT LR =
G 45 S 5% B R 3 T I 30K L 2 O O, R 0 AR Sk A AR
BAE SR BDGLT R AR, &6 RET CCD 51, 5
TS R AT: 5 L 2 B O 10 O A
1.2 &

1.2.1 BHA#E

R 4 BV 5 b g v XAl 0 MR LU SR B 3 97 B . AR
BER AR D EP Ry s 0k, S 235 oK b iy 0 A 1R F AR
Bl s AR TR A AR ROK R A R . WY AR T AT N

AR Tyt NLiks Lmes 3 R80E, 4
HEBE A B GO ARG ARAS . R R 65 . 43 I AE 4
CHI—20 TR, Hrh 51 M7E4 CTRIM 6 d. & RIH:
At E 25 AR A . 14 (B FE — 20 C TR 30 d, HOREN K
ok 2, 4,6,9, 11,12, 13, 14, 16, 17 Ff1 30, F/yHEL 9
ANFE SE #5 H8 R A
1.2.2 #AfEm &

{220 8 R ] CS-10 223, ORI AS ] 0 5 5 00 4 5
W34

pH U« FRICAHEIRP 2 g, in 20 mL AL # (KCD &
W BERE 30 s JE gl JH pH IFINE L2, E 3
17 85 RBOPHME .

TVB-N ¢ 2 18 GB 5009. 228—2016  H 3 #l K & 4
A0, AR RE R B 30 min JFEIBT. W BRI, H e
WA AL 2 3 A TH LB, WE 3 IREFRICT-1 .
1.2.3 HRiER%E

BT AT AR R, R R TR
B BEGI IS EC  RERE 4 500 ms, BUFRE2 K,
BB FE 320 mW, SREEIPE 3~5 mm, Y6il% R 5 3 55 0 5
o, FTREAR G T HE . UGS SR 4R O R & 28 3 R T

1.4 HIELBEMEBHE

JE WO 3538l 500~2 000 em™ ', 3R FHOG 3% 43 B #44 Us-
pectral-Pro $H b 31 J e w SR A 7, SR AR ARG E 5 A
BB HAE S, Hf SG T (savitzky-golay, SG) . # 5
118 (background deduction, BD) ., — By i 43 (second order
differential, SOD) ., #5#E IE 75 78 78 #t (standard normal vari-
able transformation, SNV) &% Ml 5 ¥ H & . i TG KL
SR L (B 1500 A6 RE R AE A &), FRITATAE X 46 06 3
BG4 A WAL #G R ] PCA £ R4, PCA AT L) e 3 48
P A, AR 2 7 A AR T R R R T AR A R T 4R Kl
53R 45 Gy R 20 By BRIV 4 BR A AH 56 R B CR) R Y O
322 (RMSE), Rk, RMSE {Ei/]N, W6 Rl .

2 AR5

2.1 AEAMEEHEGF TS ERRLFETESTH

FH SR O 58 R ) S R AR AR L B (L, a”, b)), pH FI
TVB-N 4§, TVB-N J& [ K 7™ i & B /Y 245 45, TVB-N
<25 mg/100 g N —Zff i, TVB-N<C30 mg/100 g Jy — %%
i B . B R B (R A0 34, T A BHARRE S Y TVB-N (H 2
B, Rk L. R 2 AT, WIRE 4 CTF
TVB-N i K{E A 32.889, T — MM FhrE, —20 CF
TVB-N #5 KN 20. 218 h— Gt bR, 25 LB —20 C
BIMR TVB-NEET 4 C, Si¥ e TR, 4 CT
pH M 6. 780 FET}%]8.560, ffif —20 CF pH {EHM 6.920 F T
F) 7. 480, JEP AR DY E RS0 AR B T, b
it A (R3S s — 20 C BAUF pH AR AL AN B S, BTV R 5 T
P fif , BH U Y £ 3 A8 A b S RN B B R FE AR 2 — L BH AR B

®1 IR 4 CIoELTL R h B4R AR Y
UESHGEITER
Table 1 Statistical analysis of chemical analysis of

freshness index of prawns during storage at 4 C

WRE 8k WKRME RAME CFHE ik bR
L*  43.764 31.929  40.287  5.042  2.245
a®  —2.478 —5.671 —4.487  0.453  0.673

4C b 4.540  0.803  2.886  1.057  1.028
pH 8.560  6.780  7.452  0.178  0.422

TVB-N 32.889  3.563 17.046 49.151  7.010

F2 BAERE—20 CIOELT R P B E RN
UEXHHITER
Table 2  Statistical analysis of chemical analysis of freshness

index of prawns during storage at —20 C

W ks RKE B/ME CP¥E % bR
L*  37.922 33.933 35.993  1.245  1.115
a®  —3.198 —7.975 —4.049  0.234  0.484

—20°C b~ 4.991  0.416  2.398  1.668  1.291
pH 7.480  6.920  7.149  0.027  0.166

TVB-N 20.218  6.485 10.181 15.467  3.932
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(L" a", bOWEmRIR, L ARIMESE R, & [RRIF
WA LE, b AARIMAE EE, Rh a” £ 8 7UH KRR BIEF
TE a3 b A0, 78 A0 7E fi 23 0 BB P i I T G
L f1 31,929 L7t 3 43. 764, HuEf 4 C N R A& 3% Wi & W A2
B WIURRE O™ s W —20 CF LY sR/MAE R 33,933, ok
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2.2 BN EFRBNIES W
Bl 1Ca) Sy IR R UG S, B 1 (b) S AN [m] Ak 2 5 5K 1
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C—=C #h . BT 1 B IF L I B0E P AR 1 1
AL, A TR WA PE L B R (R I e R, 1006,
1153, 1 316 F1 1 493 cm™ i & FRAE W 38 BE R[] . 3 5 0F 6
JRASA 5% 5 PRI ik S8 I 0 AT T L S B O o B4 A 19
ViR

(a) (b) —— SG+SOD+BD+SNV
1200+ | —— Origin
. . —— SG+SOD
g 1 000 3 —— BD+SOD
> >
‘E’ 800 R
.2 600 g
g g
E 400 - 5
200
O - |
500 1100 1700 2300 2900 500 1100 1700 2300 2900
Raman shift/cm’ Raman shift/cm™
(c) —— 0day (d) —— 10 day
—— 1day —— 16 day
. —— 2day . —— 30 day
= =
K —— 3 day o
& I — 4day 43
§ 5 day §
E —— 6day E
< <
- I WY g
[~ \ =1
500 1100 1700 2300 2900 500 1100 1 700 2300 2900
Raman shift/cm™ Raman shift/cm™
1 f8skik
(@) : FIRHEIE: (b REBAFEEE: (o 4 THIFEE: (. —20 CHIFGLEE
Fig. 1 Raman spectra

(a) ; Original spectrum; (b): Spectra of different pretreatment;

(c¢): 4 °C shrimp spectrum; (d): —20 C shrimp spectrum

2.3 USEIFERE T

3 NIETERE &L 2 A Ak 3 U7 2 (SG+ BD+ SOD+
SNV Hl SG+ BD+ SOD+ SNV + PCA) K[ #5 7 (L" , a” ,
b, pH A1 TVB-N) 1 064 [a] )5 45 70 73 455 25 5 A1 B0 25 5L, 4%
W 28 v EOHE AT A, 2 Fhoak By 2 7E AT AR b A AR A A K
B ARHAAGBA M a* F b 154R @ BE R 4 51k
0. 983 F1 0. 986, RMSE 433 0. 144 F1 0. 179, T i & B
. MEBMAE d a” F b* #5845 R 435524 0. 513 FI 0. 564,
WA 725 RIPCA HER BRI E G, 2”1 b 45
PREEBLAE R A%, [RBBINSE R EF, o Bl A A W B,

FEE R RO A R A TR R, SRR AR
45 I oG 2 v T ) 4 T A R AR 25 1 o LA RS L Gl
MR BE3R o T J0N o . &b w0 PCA R 4t Jo At L AR BR
L™ $5hsh Hfhds b5 R WA 2 T B, RMSE 28 K, o AE 4 B b
MGG BE R B T 0, R EORBRAR 4 00 & A A8 AR J0H . B BUKG
BERRE., LA, £ SG+BD+SOD+ SVN 4b 3 J5 i) 1 78
A G BT . ZEBNAE -0 R RARK . 7E PCA
WG L de b @B AR R AL R 34 B FF, 2B PCA WL
AR v TR B
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Table 3 Comparison of results of different combined preconditioned ridge regression models
Bk SG+BD+SOD+ SNV SG+BD+SOD+SNV+PCA
Metire AR pRIES AR pRIES
R RMSE R RMSE R RMSE R RMSE
L~ 0. 859 1. 437 0.573 2.020 0.979 0.578 0. 794 1.526
a* 0.983 0.114 0.513 0.615 0. 825 0.392 0. 566 0.470
b* 0.986 0.179 0. 564 0.918 0. 843 0.628 0.663 0. 735
pH 0. 893 0.182 0. 776 0. 243 0. 889 0.136 0.768 0.231
TVB-N 0. 956 2.520 0. 887 4. 665 0. 909 2.508 0. 794 . 828

2.4 PLSERIET

F 4 A8 AR 7E AN [ AL 3 07 XU PLS 55 Y 4t 450 1 15
M2, Frrh iR, SG+BD+SOD+SNV A 44T L,
a” Fl b™ =5 bR A WOMORE B Lb 8w, R J3 il 0. 942,
0.913 1 0. 922, ¥ J7MRIRZE 4> 3K 0. 936, 0.242 1 0.417;
ML R 4%k 0. 630, 0.539 Fl 0. 648, RMSE Jy 1. 938,
0.650 A1 0. 880, T K] BE AR, /A& H%; pH A

x4

TVB-N gt 46 5 U A AL BEAH 22 R K, T RO RAF . &
PCA [ 4t b 35 5 110 a2 A5E 4 14 7 AL 05 25 5 ol 42 v R TR RS 2
EFEE MR, L, a” Al b™ dEBAE M R R
0.652, 0.616 F1 0. 703, FM R RAR 2 . LB, 76 mef4b
BJ5 2 SG+BD+SOD-+SNV F iy L* , a* Fl b 445 b5 5l
A T AE 1 A A

AELEANA PLS HEMERITLL

Table 4 Comparison of results of different combined pre-processed PLSR models

- SG+BD+SOD+SNV SG-+BD+SOD+SNV+PCA
Metire i pRIES jig e S ERIIE S
R RMSE R RMSE R RMSE R RMSE
L 0. 942 0.936 0. 630 1.938 0. 652 2.210 0.632 1.670
a’ 0.913 0.242 0. 539 0. 650 0.616 0. 494 0.520 0.626
b 0.922 0.417 0.648 0. 880 0.703 0.813 0. 489 0. 867
pH 0.827 0.239 0. 743 0. 220 0.787 0.258 0. 648 0. 265
TVB-N 0.803 3. 657 0.767 4.760 0.815 3.794 0.793 4. 304
2.5 BUEZES EIFREET HACR AT A F 08 1A . PLS, SR AT 32 25 [0 A 45 &

SrHTER 5 A SRR AR AT 1] 28 A5 [ E i A AL 45 AT LU
s AL B Xy SG+BD+SOD+ SNV, 45 bR i B 42
R 0.94, WINAEAIEAR R #%5 F 0. 85, RMSE i1,

SG+BD+SOD-+ SNV 4b B 5 31| 4 5 A 79 0 {50 A1 35 5 {8 28 1k
M EE R, T ER R A, [ 2 AT g 4 bl 5 @R Al

x5 AELEFXE SMLR EHE LRI

Tabel S Comparison of SMLR model results with different combinations of pretreatment

Hiah g SG-+BD-+SOD+ SNV SG+BD+SOD+SNV+PCA
Metire AR o) 4 JELg S FiRIE S
R RMSE R RMSE R RMSE R RMSE
L 0. 904 1. 141 0. 863 1. 394 0.922 1.011 0. 838 1.584
a* 0. 885 0. 280 0. 850 0. 406 0. 898 0.271 0.617 0.171
b* 0. 864 0.535 0. 859 0. 605 0. 889 0.474 0. 668 0.932
pH 0.934 0.131 0. 900 0.194 0. 848 0.214 0. 745 0. 264
TVB-N 0. 940 2. 345 0.916 2.734 0.814 3.811 0.813 4.073
(L* o a™ o b" )% 5 38 bR o . 3 o R PR 208 3% 4 R 45
34 A2 A 7 R A [0 L /N 3 (B 0 T 1) 7 4 ]

LA e R S A SR 0 4 o R R A S % O AT LA ) A
WAL, B R A U0 O o R MR AR AL pHL B

ok S
afaj

He 2k

@ ST IR S RIS RS i (L, a*, b' ). pH. &M
LA (TVB-N) 4 58 1 40 B A8 . Sl 33 9 Ak P 3 75l 435 795 35
4%+ — /& SG+ BD+ BOD + SNV, — /& SG + BD + BOD +
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Fig. 2 Effect diagram of quality indicator quantitative model based on Forward stepwise regression

(a): L* indicator; (b): a* indicator; (¢): b* indicator; (d): pH indicator; (e): TVB-N indicator

SNV+PCA. S5 REW . W [ I A B/ — 3 354 1 L5 /Y (1 5004~ FFfIE 7 ) R R G J7e 3 i ik, S S5 T
MR KL, WS IWAENALIEE EERBIMAA S ES. £ 4, AreMEeh b B EE . 70 8dE 21 SG+BD+
DK 2 b BONORS BE B 25, TR R B OAOL IS MR ME S BOD+SNV LERTGRAE BB G . 2L I PCA X s $odls =5
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Research on the Shrimp Quality of Different Storage Conditions Based on
Raman Spectroscopy and Prediction Model

SUI Ya-nan'?, ZHANG Lei-lei"?, LU Shi-yang''?, YANG De-hong''?, ZHU Cheng'**
310018, China
2. Key Laboratory of Marine Food Quality and Hazard Controlling Technology of Zhejiang Province, Hangzhou

1. College of Life Sciences, China Jiliang University, Hangzhou
310018, China
Abstract About the prawn’s freshness characteristics of quality deterioration, the research takes color (L* , a*, b* ), volatile
base nitrogen(TVB-N), ph, and other quality indexes as the object of the study, and uses Raman nondestructive testing technol-
ogy to select the spectral information of fresh prawn on the temperature of 4 ‘C and under —20 “C, also makes the quick quanti-
tative test by combining with ridge regression. partial least squares method and forward stepwise regression, establishes the
quantitative mode of the quality index. And the spectral data preprocessing includes SG smoothing, background deduction, sec-
ond order differential and standard normal variable transform, combines 4 types of preprocessing in a certain way and deals with
the data by PCA dimension reduction technology, in order to select the best mode. The result shows that, when using ridge re-
gression to establish the quantitative mode of color (a*, b* ), under the combined pretreatment mode, the modeling centraliza-
tion R are 0. 983 and 0. 973 respectively, RMSE are 0. 114 and 0. 179 respectively; the forecast concentration R are 0. 513 and
0. 564 respectively, RMSE are 0. 615 and 0. 918 respectively. the accuracy of the modeling set is much higher than that of the
prediction set, which indicates that there exists over-fitting, and the over-fitting decreases after dimension reduction by PCA,
but the prediction effect of prediction sets is not satisfactory; partial least squares method and the ridge regression are about the
same on the accuracy of indicator modeling sets, the accuracy of partial least squares method is lower on the prediction sets. Af-
ter PCA dimension reduction, the related coefficient of partial index modeling sets decrease, the root mean square error increa-
ses, and the prediction accuracy decreases. The final result shows that, after 4 types of preprocessing, the mode of forward
stepwise regression is the best, the modeling centralization L*, a*, b*, pH, TVB-N index R are 0.904, 0.885, 0.864,
0. 934, 0.940 respectively, RMSE are 1.141, 0.280, 0.535, 0.131, 2.345 respectively; the forecast concentration R are
0.863, 0.850, 0.859, 0.900, 0.916 respectively, RMSE are 1. 394, 0.406, 0. 605, 0.194. 2. 734 respectively, the modeling

effect is good. Therefore, it is practicable to use the Raman spectroscopy technology. combining with forwarding stepwise re-
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gression to quick test the prawn’s L*, a” , b*, pH and volatile base nitrogen content, which provide meaningful guidance for

the application of Raman technology in prawn quality detection.

Keywords Raman spectroscopy technology; Prawn; Storage condition; Quality index; Prediction model
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