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Abstract: In this paper, near-infrared spectroscopy technology was used to establish a rapid determination of the content of
phospholipids, eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), astaxanthin and acid value in Antarctic krill oil.
Partial least squares (PLS) was used as modeling method. The NIR spectra of krill oil were treated by first-order difference
(FD), FD+Savitzky-Golay (SG), FD+Norris (N), second-order difference (SD), SD+SG and SD+N. And root mean square
error of cross validation (RMSECV), root mean square error of external prediction (RMSEP), the ratio of the RMSEP to
standard deviation of reference data in the prediction (RPDEV), correlation coefficient in calibration (RC), correlation
coefficient in cross validation (RCV) and correlation coefficient in external validation (REV) of the prediction models were
compared. It was determined that the best treatment methods for phospholipid, EPA and DHA in krill oil were FD, FD and
SD+N, and the acid value model did not need to be treated. Under the optimal conditions, RC, RCV and REV of the four
components in the NIR prediction model were all above 0.95, except that RCV of acid value was slightly lower (0.917).
Meanwhile, the RPDCV and RPDEV of the four components, except for the acid value, which was 2.365, slightly less than
2.5, the rest meet the requirements of greater than 2.5. It showed that prediction model of phospholipid, EPA and DHA of
krill oil using near infrared spectroscopy had a good prediction accuracy. The difference between RMSEC and RMSECV
was not significant, indicating that the model had good stability. Due to the low content and complex composition of
astaxanthin in krill oil, the RC, RCV and REV of the NIR quantification model were all under 0.60, near infrared
spectroscopy (NIR) was not suitable for the rapid quantification of astaxanthin in krill oil. In this study, it was confirmed
that NIR could be used for the rapid quantification of phospholipids, EPA, DHA and acid value in krill oil and was able to
be used as an effective substitute and supplement for traditional chemical detection methods.
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Table 1 Component content of krill oil samples in calibration set and validation set
jEtiE S Loanie S
FEE L Mean+SDc i FE AL Mean+SDv Sl

WA (%) 36 40.41%£10.56 16.00~59.15 10 41.6x11.48 16.20~54.65
EPA(%) 40 19.88+4.45 9.82~27.20 10 20.33+6.92 15.90~26.10
DHA (%) 40 10.01+2.47 4.64~13.90 10 10.32+3.93 5.43~13.10

2t (mg(KOH)/g) 40 12.31+4.92 1.30~26.40 11.36+7.11 4.45~22.05
IR % (mg/kg) 37 117.75+63.73 27.00~237.5 101.18+52.17 54.00~195.00

TE: NOWRE A AR SD A AR RIBRIE R 225 SDV BRI BBRIE R 22 .
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Table 2 Comparison of the effects of different optimized NIR prediction models for phospholipid in Antarctic krill oil

A E/ LB F T RMSEC RC RMSEP REV RESECV RCV
Origin 1 4.05 0.9214 477 0.9190 431 0.9101
FD 4 227 0.9760 3.88 0.9510 2.72 0.9655
FD+SG 4 243 0.9723 3.87 0.9494 2.71 0.9656
FD+N 3 2.49 0.9709 3.84 0.9486 277 0.9640
SD 5 2.09 0.9796 4.64 0.9162 3.19 0.9525
SD+SG 5 234 0.9743 3.75 0.9602 2.99 0.9581
SD+N 1 4.04 0.9217 5.04 0.9305 433 0.9094
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Table 3 Comparison of the effects of different optimized NIR prediction models for EPA in Antarctic krill oil

Blnabr S RMSEC RC RMSEP REV RESECV RCV

Origin 5 0.954 0.9762 0.937 0.9945 1.14 0.9660

FD 4 0.921 0.9778 0.665 0.9966 1.10 0.9685
FD+SG 4 0.905 0.9786 0.729 0.9958 1.08 0.9694
FD+N 4 0.920 0.9779 1.56 0.9947 1.07 0.9700

SD 2 1.12 0.9669 1.88 0.9941 1.32 0.9540
SD+SG 3 0.961 0.9758 0.639 0.9968 1.06 0.9708
SD+N 3 0.980 0.9749 1.72 0.9917 1.22 0.9608

F 4 MRBELRI DHA JTLLAM GG AR 7 A ST AR RUR L
Table 4 Comparison of the effects of different optimized NIR prediction models for DHA in Antarctic krill oil

Bdnab FEWHHEF RMSEC RC RMSEP REV RESECV RCV

Origin 6 0.568 0.9725 0.940 0.9923 0.715 0.9563

FD 3 0.653 0.9634 127 0.9786 0.760 0.9502
FD+SG 3 0.669 0.9616 1.26 0.9797 0.765 0.9496
FD+N 1 0.757 0.9505 1.01 0.9704 0.748 0.9518

SD 1 0.723 0.9550 1.00 0.9711 0.763 0.9497
SD+SG 4 0.622 0.9668 0.667 0.9868 0.741 0.9527
SD+N 5 0.584 0.9709 0.416 0.9947 0.722 0.9553

K5 MBI ITLL SN ERE AN Ry 2O BRSO R

Table 5 Comparison of the effects of different optimized NIR prediction models for acid value in Antarctic krill oil

YL FWHHF RMSEC RC RMSEP REV RESECV RCV
Origin 8 1.60 0.9508 2.14 0.9722 2.08 0.9168
FD 10 1.60 0.9508 3.20 0.9503 2.83 0.8483
FD+SG 8 1.84 0.9349 2.71 0.9570 2.62 0.8685
FD+N 3 2.49 0.9709 3.84 0.9486 277 0.9640
SD 9 1.62 0.9496 6.93 0.5125 3.08 0.8244
SD+SG 5 2.55 0.8704 4.59 0.8283 3.16 0.7953
SD+N 4 2.61 0.8637 3.28 0.8800 3.01 0.8140

# 6  FNBRIT IR RITLLA DG A AL BT AT R LA

Table 6 Comparison of the effects of different optimized NIR prediction models for astaxanthin in Antarctic krill oil

BAm A ES e RMSEC RC RMSEP REV RESECV RCV

Origin 8 50.2 0.6645 45.6 0.5765 52.0 0.6344

FD 10 56.8 0.7261 54.8 0.7614 58.0 0.6686
FD+SG 8 56.7 0.7261 54.8 0.7613 58.0 0.6687
FD+N 3 56.0 0.7366 54.9 0.7199 57.2 0.6829

SD 9 52.9 0.7009 50.3 0.7270 542 0.6604
SD+SG 5 53.6 0.7101 51.5 0.7280 54.9 0.6660
SD+N 4 53.9 0.7188 52.8 0.6806 55.2 0.6733
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Fig.4 Antarctic krill oil sample phospholipid modeling set and external verification
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Table 7 Parameters of optimal NIR prediction model for phospholipid, EPA, DHA and acid value in Antarctic krill oil
% AR HE T2 FRo T JEIEE H (em™)
Wig FD 4 4636.03~4531.90, 5600.27~5341.85, 6009.10~5974.39
EPA FD 4 6946.34~5831.68, 5418.99~4578.18
DHA SD+N 4 7027.33~5827.83
R - 3 5071.87~4578.18, 6024.53~5820.11
# 8 FWMBEAFMBEAR . EPA. DHA FIRRM f LT £LAh BB AL bt ik
Table 8 Indicators description of optimal NIR prediction model for phospholipid, EPA, DHA and acid value in Antarctic krill oil
% RMSEC RC RMSEP REV RPDEV RESECV RCV RPDCV
Bl 2.270 0.976 3.880 0.951 2.959 2.720 0.966 3.882
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