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Abstract: The aim of this study was to develop a rapid quality assessment method for Antarctic krill (Euphausia superba)
by integrating near-infrared spectroscopy (NIRS) with partial least squares (PLS) regression. Quantitative models were
established to predict two critical quality indicators: non-protein nitrogen (NPN) and total volatile base nitrogen (TVB-N)
contents. Following spectral acquisition, the key model parameters, including the preprocessing methods, characteristic
spectral ranges, and principal factor numbers, were systematically optimized. Model performance was evaluated using the

WisEHEA: 2024-12-17
EETH: BRESHLTRITA (2023YFD2401205) .
TEERIN: £k (1998-) , 4, A+, AFA T 6): A3, E-mail: lilin_4x@163.com,,
*EIEIEE: #uk (1982-) , 8,4, 8IS R, AH 7 ;K= Sedm L5 Jh &% 4, E-mail: sunyong@ysfri.ac.cn.
RPAE (1968—) , B, ¥, Bz, BFRF & il A M & i BoK = Safm I, E-mail: zhangzhh@ouc.edu.cn .


https://doi.org/10.13386/j.issn1002-0306.2024120219
https://doi.org/10.13386/j.issn1002-0306.2024120219
https://doi.org/10.13386/j.issn1002-0306.2024120219
mailto:lilin_4x@163.com
mailto:sunyong@ysfri.ac.cn
mailto:zhangzhh@ouc.edu.cn

CHETESCHR ] 2k, S SETIELLAMDGEOR B R AR BRI i B POEO 319 -

coefficient of determination (R*), root mean square error of calibration (RMSEC), and root mean square error of prediction

(RMSEP). For the NPN model, multiplicative scatter correction (MSC) was selected as the optimal preprocessing method,
with a characteristic spectral range of 8887.1 to 7774.2 cm'. The TVB-N model utilized a combination of MSC and
Savitzky-Golay smoothing (SG), with the full spectral band employed for modeling. Both models adopted five principal

factors. After optimization and external validation, the optimized NPN model demonstrated a robust performance, with
R?=0.9384, RMSEC=0.279, and RMSEP=0.443, whereas the TVB-N model achieved R*=0.8685, RMSEC=3.800, and
RMSEP=4.070. These results indicated that both models exhibit high predictive accuracy (R*>0.85) and stability, with the
NPN model outperforming the TVB-N model in terms of predictive capability. In conclusion, quantitative analysis models
constructed by combining NIRS and PLS can predict the NPN and TVB-N content in Antarctic krill. This approach
provides a rapid solution for Antarctic krill quality assessment, addressing the growing demand for the efficient monitoring

of Antarctic krill resource utilization.
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IT 21 40 6 1% B R 5 i B /> = 3 ¥ ( Partial least
squares, PLS) AHZ, &, 43 5l 37 IT LT 40 e 1 43 BT A
I, SCEL R IR 5 NPN & 2 F TVB-N & &g
TN 5, DT A7 i RECVY A i B B AR ot Joi i e AR =
¥, HA LB FHAE
1 #R55E%
1.1 MRS5S

AR WU K A R A E R A T 38
48.1 XA#iHs, LAFE TE = F-20 C BRI s 50
= e, SRR OR, B AR R 100 1465, 28 A
TCEA 4%, FEVLEL 10 VAR aRE S, Hgx 90 )
Y53 PR, 43 BB T 0 °C Fil 4 °C Wi R
7 120 h, EEIFE 24 h 435 APZH P REPLEL 10 154E
i, SIS T UT LT8G I SR A K FRALFE B 4 )
R R S BTal, BUERTH R b2 A B E] s Eh
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JE REEFEIRLTAN S o DS RE S50 S
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b 8 em!, TAEMRERIREE N 25 Co WA FEMERE T
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$f 22 JU ST A2 IE ( Multiplicative signal correction,
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Grit B K Fe 4] 3% ] Excel 2021 #%: F1 OriginPro
2021 k4. T LT 40 6% 19 T AL 3 i OPUS 7.0
(BRUKER, #&2F) 5¢ il
2 RS9
2.1 FatRETHE AL LI

B 1 SRy U T IS 14 T AT e A A A it 1) i
WL EEE . E AT, RS AT TS
[, {EAE S ] R G BE AP — B 255, X2 Fh i
HRZEN gt A v i A A EAR N Ab2d il oy & A AR
A Seaglel, & E R, AF 8887.1~7774.2 cm ', 5601.2~
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SRR DY O-H 8 A A 8] (1 ok & FE R 4H 451 N-
H SR PRl 25 52, A3 56 S UG X ek i BH
B EIXF T E 8 NPN fl TVB-N £ X8 %, NPN
ok NG et e = DI D U N DR AR e 7D
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Fig.l1 Raw NIR spectra of the Antarctic krill sample set

2.2 BBIERRIILFE SR

FEEAEFNSUEAE ) NPN 521 TVB-N &1
ACAAEIE E | P AR 22 55 W3R 1, Hory,
NPN & & i — 2 5 il -5 A4 7 2H AR Ee A== 1 D
15, BN Sy S AR, DRI SR 2R B . S PR T
MR A UERFA P E FIER E PE, 200 TP AR I IR 1k
{EVE I EAL IEAR AL AT RN 28 b, A TR
AN UELE Y TVB-N S R E (H i 30 mg/
100 g(EFRBLESE) , BT 8 SEATRLR 00 %8s

F 1 NPN &l TVB-N & il e s
Table 1 Measurement results of NPN content
and TVB-N content

gt REARSE HEAMC BOKME wm/ME PIE ez
KIESE 74 896 574  7.16 0.046
NPN(mg/g) .
UL 25 846  6.09 7.0l 0.039
TVB.N  IEFE 75 43568 7218 18747 1916

(mg/100g)  BiiFfE 25 35889 7.877 17333  2.254
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JEFBELEAE I, W5 T R A AR EER, HAL A
PRSI AT EA 50, ARSIE T AR (A3 A A P AR
2.3 RERIETAIE S ANIERE
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MPPERERR L2, S A [F T ER )y A ER S, K2Rk
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AR S — R LA TGRS, R TR
g p01

30 aF b AR A [A) 30 Ak B O = P S 80k B
NPN 5E 43 Hrsi 8l f MSC. D2 il SG “F-# IS5 4
B AN, AR R* F K, S 0.9958; {HH: RMSEC
(0.0737) 5 RMSEP(0.6470) #H 22 %% K, 156 B 245 2
MIRREME2E . IWAh, T FRUE S EPeE TR
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MSC F1 SNV FAPHJS ) NPN & HimAs R, H R?
AEwEE, HFERFEII N 6. SR, MSC HikbH 5
i RMSEP(0.3670) BT SNV HiALELS 1) RMSEP
(0.3690), KB MSC AbFR S5 SR TEIL . bAh, 5 &
FI| MSC 7E 32 Br v FH b id aoe PR o, ) e R
MSC fE> NPN A8 () e AR AN 7=, [FIEE, &5
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YEREAE AT, TVB-N & B A A A e B a4z
24 FHEREHENEE
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22 AFEDGEHALET ) PLS AHRAE R
Table 2 PLS modelling results for different spectral pre-
processing methods

Fis P F 5 =, R RMSEC RMSEP  FFETFH
Raw 07590  0.5260  0.4460 4
MSC 09078 03090 03670 6
SNV 09079 03090  0.3690 6
D1 09138 0.3280 0.3960 2
NPN D2 0.8425 04350  0.6970 2
SG 07585 05260  0.4460 4
MSC+SG  0.8822 04470  0.4740 6
MSC+DI+SG  0.8882 03710  0.4370 2
MSC+D2+SG 09958  0.0737  0.6470 7
Raw 0.8385  4.150 4210 6
MSC 0.8594  3.650 4,550 5
SNV 0.8595  3.640 4,540 5
DI 0.8903  3.490 5.180 2
TVB-N D2 0.6693  5.690 6.300 1
SG 09143 3.100 5310 8
MSC+SG  0.8567  3.920 4.280 5
MSC+D1+SG  0.8789 3.650 5.770 2
MSC+D2+SG ~ 0.8782  3.660 6.780 2

UE: Raw, JFUA G MSC, Z 0T E; SNV, Fiifk iF A7 i i D1,
—BrHG D2, B HG SG, BBURH; R, M 4G RMSEC, K EbRifE
i 2%; RMSEP, Sl ifE 2

7, ARG P RSO E 1556 a5 A, MG
5 B i ge Gl Y R B L, SR ORI T S
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155, 3 = AR A Wit g aY S>3, /iy 2.1 1]
B, G E R AR E A I R S D GRS
TQ analyst FAFHFEM AR BIAHSS A, B AT
M-S H50 e S A BT AR A P B, 45 R ILER 3. Y
FGIE I BT Rl % E S 8887.1~7774.2 cm ! B, NPN
ERBIRAY R? Be K, Sl 0.9255; RMSEC f% /)N, M
0.3060. 45 iZ G [ ) RMSEP & & T 4 1% 7u [
(RMSEP=0.4180), {H HABAEA GG [l h 4 T8
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Fig.2 NIR spectra after treatment with different preprocessing methods
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Table 3 PLS modelling results for different spectral ranges WEGARTY HH LS N R B LS B0, A5 4354
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175 34160 1 em 09377 2.650 5.300 (@ 10.0-
95{ © ML
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I 1 3 °
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™ 30 -
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0.357 5 10 15 20 25 30 35 40 45
030 T I I I T I I T I 9:%]@
1 2 3 4 5 6 7 8 9 10 d
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. . ERTH Fig.4 Quantitative NIR analysis model in PLS
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Pros . NPN & HEFBIRAY R 2 0.9384, RMSEC i
0.279, RMSEP A 0.443; TVB-N & By R? Ky
0.8685, RMSEC “} 3.800, RMSEP }y 4.070., K| 4(a)
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Fig.5 Model validation results
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