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Application progress of near infrared spectroscopy in aquatic
products detection
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ABSTRACT: Aquatic products are rich in nutrition and delicious in taste, which are loved by people. In the process
of storage and transportation, aquatic products are easy to rot and deteriorate because of their fragile organizational
structure, rich in endogenous enzymes and cold-loving bacteria. With the globalization of aquatic product trade,
aquatic product quality has become the core issue of concern. Traditional aquatic product testing methods are
subjective, intrusive and time-consuming, which can no longer meet the needs of the aquatic product market. How to
evaluate aquatic product quality quickly and objectively has become an urgent problem to be solved. As a rapid and
nondestructive detection technology, near infrared spectroscopy has been widely used in aquatic products detection.
This paper reviewed the research progress of near infrared spectroscopy in aquatic products freshness evaluation,
quality evaluation, heavy metal content detection, variety identification, etc. The shortcomings and development
prospects of near infrared spectroscopy technology in aquatic product detection were analyzed in order to provide
reference for the further development and research of aquatic product rapid detection technology.

KEY WORDS: near infrared spectroscopy; aquatic products; nondestructive detection technology; freshness

evaluation

BB K &L R AL 545 H (201901090)

Fund: Tianjin Agricultural Science and Technology Achievement Transformation and Promotion Project (201901090)

MBEEE: SRR, WL, B, FEMIR T E SN TS5, E-mail: ccxiang@tjcu.edu.cn

*Corresponding author: CHAI Chun-Xiang, Ph.D, Professor, School of Biotechnology and Food Science & Tianjin University of Commerce,
409 Guangrong Road, Beichen District, Tianjin 300134, China. E-mail: ccxiang@tjcu.edu.cn



%214 X

I, G IELLAMCTEHARTE K™ SR Hh 4 O 2 i 8591

il

0 5

AR RE SR RIEEESE FARNI & AR, — B
W2 AT Tk SR A LR . B LSRRG
0 S HLAT A S A, A MRS 0 R T e P R R 4 £
T I WA R, TR R4 B R . . M 46
TR 2 R UK R R G RGN R M A RS g
AR FE 8 S 1l R0 e s 5 [l S0 )+ B J1 % 25 1) e B
FORE T 7 E M, TG RRS I IS E T L k2
Pl BR R 2 | RSO 22, XELLSTENHE RERE B A B G
BRI, 2R AR 2 AT I AR T ok W Rt 4%
PR TR RS A 20 BT D1 R K™ 1 i SO I 2
VPR TR L,

S IRAR ) o oy o e e B o | L AFA ) o ool TR O ER 73118
T, Hok KSR 780~2526 nm!® L ST T AMGRER: A ) S B
B TF R S FU R S R i B 2 I A B A
A R T ARSI, A S e R S RS, B R A4y
TR A T IR IR, SRR RS
FEEN(C-H, O-H. N-H F1 C-O Z5)WyHiidRsh Ry, 74k
WS ER SEE, AT R B tE  fk 2 S A S s BT
[ Rs URAR i1 %50 NI N1 0 s TN 8- Nt 37751/ N
P28 R A R T RS A, dEST R L I A A
R N AR IR it 10 P 0 S 2 TR AR, S G AE
M PERE BT . SEG A NTHARME, I AN
SR B P . Toit . RO . ATHRE AR
TCTAIFE ST RIS PR O, BT T Rk 2 N TR
sl 40 A ARG I3 AR S 3 BRI 2T AN AR A K
HEERETEAY . BTRVPAL . SRALEON . AR AR
VY BT T N R AT RS, T S
ARRZAL, XFZB ALK SO & R TR, A
K i il SRS U 1 S B o B 2%

1 RSN EIER AR K= R EEE TN P A
Rz F

K= OB BEEPEMM AR B 22 L) KA 48 & b S A (total
volatile basic nitrogen, TVB-N). pH . #ift B M % &
(thiobarbituric acid, TBA), =M. WM EBIR R R
M B WA, K R A S R AR,
A B K A AR AR, X I AT 4 MR ' T R R A
MU R, CRAIELLAMGIE RS, S 2 TR
TR i BT B FETE A A AR 0 SR, AT SEER K ST
£ 85 4 PR TG FAG I O o e AU T3 g SR A LRI S
BRI, S A FItEEE Yy T F I EA R
TVB-N [ AR, B8 432 18 T FF 3 — P A Aol
T A FE i XA TRV T AR R S I, 45 SR e B SRR T Y

B R fa AR B LA, BIE AR R AR 0.976, 1%k
BTt e n 7 | B e e 4 13- VAS a1 0 ) S B e B T B U
4818 680~2600 nm HIATLI MG, 454 ZaHUEH S IEM
T/ N " ek by i T G fa A TVB-N 5 & iy Fi i
R, P RECH 0.8841, TNLESRAER AT &, RAELIL
i B A AT 5 et T 4 5 £ 00 PR 0 R A BRHAGI; AT
T i 2R AR T R 25 1 6 R ER BEZE 950~1650 nm Y UT 4T 4h
18 A6, 454 e/ etk i MR BE TVB-N R, 15
MAEMSCRECH 0.923, FNIYARIRZE R 2.179; JEHFHF
12002 AR 7 PR S BF S 7 1000~1799 nm J-K: 31 il P 19 3
LIAMEIE, TGS A BN TR A B T Sk R i Y
pH. TBA fH. TVB-N. KA{ESF4E R it B AY, A58
HIAHSE R B B0 0.961, 0.881. 0.955 F1 0.946, Tty
TR ZE 5 0.049. 1.659., 0.047 Fl 2.558, LA FHF5%
B WY N ST 21 A0 i H A PR I s R ) i B 2 I A T 1Y,
SRy B ARG INIR K R Bk B B AL T B AR

BEAD, 7K™ o e Bt 5 4 & e oG, K™ dh &
A, T AR A R 2 R S e R, A
i S B R K SR S 5 & W . PAULINE 25121
FETFLAMCRERARSE I T —Fh &4 1 J5 151 B i 5 /N — e
VPR AR R Bk 00 = AR A e, IR /N 22
o 2% A 3 L ek P SR AR, AT S BT R G4
PEAL 5 £ P R 2 e K o

ZE b, LM B R 25 A Ak 2 R B K
(9 KA . TVB-N. pH 5535 ff B 8 b di O AT Y, Re g sk
PR AR i 0 B A A TN o R A G A K o i
R 7 ik A PR A L AR Y, I Lr A
BRSBTS IR, $E T K™ ol i
FERRAOR IR R o (ES R FZ A 1) 25 v v 725 5
2 BB SRS B A b 148 S s, i Bk — 2 T
RADRE 2 Rk, GRS BRI, g5
S JEE T A ER I, R T LT AN R R AR B . TG IR
PR K™ ST BE g R, IR & 22 W Fid F ) 0 s
B bAb, Anfar SEBE A IR I K™ bR B 1 E LA
Wt 2 AR P e s

2 EASMEERARAEK T mRET A PRI

ZKO7 b R SY R BCRIIE DG 5 S K™ SO
R UIAH G o K= il b K oy 2, 20 T R 7 ) T,
R A ST R AN 5 1 At 2 S BOVLIA) £ i T B aed
Rt T BB R ) SRR R PP IR LEAM G R AR AR T
—RPEREE FIPEAL A" b R AR AT AT DT . O T PR
PR M 0 £ 1) T IR SIS B A A R K At B i 17 00, MAGNEA
ARVl P 141 e 10 25 4 i e /N — e o B N T
P 0 (5 B R AR ) L B R B L W SR IR L R
B P22 R S IO 00 Jor ) 5 B S A TR, o ) 7 A Y e



8592 B il 2 A iR A I A 4

12

ERFSIHH 0.96, 0.89 H1 0.70, BT g BZECH
0.97. 0.89 A1 0.76, BLINIZENHPIH g B & & A AR ik
MER PPN, KHALIL 28PR L0 S5 & i de /N
ZIREIAEN T et ik . A, AR
ROE TS B A IR AL A AH N A AR R P R e
0.98., 0.99. 0.95 1 0.96, JE/R T ML LLAMEIEDPGE . HEM
AT I R £ 24 g 37 B4 A VS 1, UDDIN 252501 S 41
AN RELE 400~1100 nm P KFEFEIHN, 45& fnfw/h 9k
43 T EE ST JBE K 43 R ER 1T B SR AR IR AR, B g
FH0k 0.98 F10.97, FHHZ I ATHTABEEF /KA MEND
S B B AN . [ Bt A A 9 B 21 A T R B
i b A Y R AR AR RO, T L, AT AN
REE G E RO 12 0 HF XK &R ik s . it
BIRRIIRR . B SURIAR I G S E SR DR L HERR N
TCHAGIN, 1 S BT A i 4 TR SPA
BT K™ B BT RS AN ST, AT B AR E ) & i
XT3 . SIS PTIR FT LA EE 45 A £ R b
- REE AR vk, B T A B R L R R D
RET RSP E AL, BRI T RBERIZE A 000 IE A
BN 96.3%, FEFRIRES T MBITRIZES TN IER R R 83.3%;
AP IRE R A = S N R 25 bR, TEIEZIAME
TR BEERE b, FIRRB RS SR g sy TR
IEREARY SEEE TN = SCA R a2, Beak, BB R K
PR E R R > —, LIN 25208 7 X i i
B RN o et £ 1A T AR AR, IR T AT o e
P AT LT A TG I 5 4 f €00 55405 A RE T, 0 ) ) €2 14 482
5 DX RIS XA 7 07 UG R SR I 7 i e/ N 30 3
L 84% ARG AE AT 8 1% A A5 T 43 30 9 1E B 2
2, DL S R I AR T T BE
ZE b, ML AN GRS AR AT 8 A A = i o K
EAR . IR R &, WK =i P E 2R E LRI R
SRREARIE L, SCBU AT S B IEAS . Ak, ST A
BARALAT T K™ S 5T S 28 AR Tk S 53 1
ARSI, TTRE 2RI 4 BvEwfE, TS g A
BARCFE R A S F T2 7 2T e gAY, Jf HFR B
W e O A ARSI 5 VA B i R D 235 SR B [RIERE, 7K™
IR ERMITEXRRINEZRE, BN BEARARE
LK R LR A TR, AR RBESE T el R B T
FE [T 1R FH iR 452 AR AHES B 1 3% 7K ™ b
AT ATE AT, SEIE R ALK TR

3 IRLIIMNHEIE R AR TEIK R 5 SR EA TN Y
Rz F

B WAL A R R B K it i B R 5 O™ i R
B 1) SR R PO R AR AE R I E P  A

R, PIRRJGIE BN, (H R LARRE S AR IR 61 2 &
AARAEBY S R, SR BT LT A AR LA A SR
(149 7 X 0 R S B ARG ok A= P B WL, A o PR P4 K
Wb BRI 1) ST B (total viable count, TVC), B K7K7™ i
I T ABEFAR LR KR AE, TITO DR A ELL
MGG F R o TR, K B e £ R S AE
4 °CRHEAF 9 d Mtk fh i X 4y, FFEESy T fEfa i BT 4
A B e /N T IR TR Y, s RN 0.64, BEAY
TR A 2%, PRI TG Bk — 25 o 3, DT S B X ek
i AR TN, BERAEDOR TR LGS &
WAL TEIL TN BP M8 2% R 58 5 I B X = SCHB I TRV B
ST TN AR Y, 2200 UEZ AR R AR S R R 96%.
DL RIE R, LTINS AR LS A b2 R A K
sl P A SR DR JC ARSI v S M R . ELR, O
LT ANETE R ARAE K™ i 02 2R B 00y 1T (0T 9 38 HL K2,
I FLAE 5T SR S50 AR 7R (1 b 2y TR N e, AT 2 i —
HARGE -

fr

4 ELNEERAREESRSERNPHNHE

KA Bl B G R 1 Y 2t A R AR Y B T
A, WOLMESBAR., ML B K% YESRES
HETEK AR I Rk B — BB E, AU K i
BB, ol et s S8, Xt A
A Bt ALY R B3 T 3T 2 A Y AR A R A K
a4 SR TS Y T A MG R . RAFAEL 2500
FHIT 2T 6% 1 0 1 B U RE S IR AT 48, IR45 A
5/ IN 3 AN TR) 1 s e A 45 A N7 T AL 1 5 1) U
B BRI e RN 0.93, F WK F T 20 /M6 RE i 1k
£I/N e AR JCHLAN & B AT AT Y CHEN Z5P7E 27 4p
SRR 2t RS, R R /N3 H B A L b
T Fp i EEHLRBEHLARAR 3 RS IE ok #Sr T J B R,
LB —FMESRRELBIRAYIS AR, B
ST 100%E) SR IERGR . [FB 987 A W 8 48 H d b
Sm A, B R AR 90% LA b, FREAUT 4 AN IE
AT pE S h B4 (Zn. Cu. Cd)7 09 Hesk IC it
Y R4 T SR USRI 4T AT I SR B 25 G dh R
SCRE ) HEALA LR ARSI S T A R T A R, SE
TXTE4JR(CA. Cu. Pb. Zn)¥5 YUt xd BE U8 i i 45
FEAGI, SE I E R RN 95%., L7 F, ITAAMERER AR
TP K™ S b 5a . . B BRSNS
SR, AT 20 FP 3 5 AR ARG I 58 B8 (I, 73R40 JR Bt
A W 5 A A A A R BRI FLZE B AR SRR AR
JE AR i P R (Y T 4 R O AT A BRI, S
K il v 22 0 T 4 T V5 Y 14 [) B ARG ) B 4 S T Y K
i P 58 S S AT T B i — 2B 5T



H21 X FE, A LA BORALE KT bk H i) R i 8593

5 IELSMEIERARAEK~Z@RBASTITHRIEA

AR, AILRETWCN TR EF], SBOK™ I
S APHELIE " IR e i B G H i i T Bk LK
VEAT R R AR K™ S AL R B AN (R, bl an FARG B A s
PR B SR A0 D, VA R e i A Rt i 21400
XFHAEIT AN ST EE R FH R G, SRR EmE
S, T2 A TG R B BT A e i AT e T,
AR TR K™ S B 0 4 A, BERSPRER . 5 MR K
FE AT R IR VEAT . GRASSI &R F T4 r
HhiE (near-infrared spectrometry, NIR)BEARTSEEL T X kP
I R R AR S £ ) R RN R D LSS R4 FINLEY
V21 3 AT O3 21 AP T 4G A B/ R A S B T
FPUVE HE I 4B AR TR E 43 Lo i 8 e Dk B A A, 1%
Z2INTF+6%; B S PUR L L1 AM6 T B AR S A e/ —
T FN TN 43 ik S T 45 D SR 11 2 A0, BT A
FIHER A 100%; A5 5 SR LT L0 GR AR 25 &
K- 5 0 40 0 Al e /N 3 SR ) LA R U EDh = S
RORRTR, HARTRIRR N 97.50%, RIS BELOh = SCfa g
PRI o K7 T AE VR ARG PR RN K b v st A v i 21
HVMILELER 11 R A AL S BT DTS XA [ 3™ A R
G378 AR W AT 2R A T 40 3 AR X /%5 ik 14
KRR TIX 4y . SIVERTSEN MOl i T3 58 1 AREN 1
BAG GO He e fa F I 21 AN E R AS AL, B Uk
/MFRVREE £ R 5 Bt £ R 58 443 JF, KIMIVA S5 ] R
B 7 T X ¥ R A R A £ R BT BB 0 E AT T X A8
REIS %5113 5o 0 L30T 21 /0 3% 451 1 7 6 A4 v et 16,
E A /N 3k, SR FHEE B W8 S UE /) 5 i 64T 40 531
S3HT, T EERE S R E A3 92%, TN A R/ MR VR AE b
MY IERR% R 82%.

g LR, T IELAMEIE R AR ST K™ B
AT IRFTATIY o JUIHAE X 531 VR /AB URAE b R 86 5 T
T E 2R THRAFHCR, (21500 5 B4k 2 i i fh B B
PeF BRI R, TAT £l A eI AR I 2 S
fI%, 4y St R—MTE 0.1%, TRk BB
R BE 735, e i B — R ) R FR A

6 IELSMIER ALK mmIPER h eI N

AT b LK™ B R B 2, AN TR RS A K
TEAE R SITE . BRI RS EAFEAR K 2E 57 . AL GERK)™ iy
2 S50 75 05 il 1 W)™ i B SN AR AR AT 0028, 7E#
ARG KRR RRHE T, MR TR
FRI7K T i, KT 7KG i i Bl ) AN VA AR ) RE 2 7 B B AR
S ARG, HAFIF g E™. Bk, RARFT
B N7 — K™ ity bt PR 7324 S ) 5 ek A AR
EHE X

WSROI TR LTS B AR M3l 454 BP A
A2 P 28 F AR R T IR K T D S BB, B R
HIFE A B S 3850 95.5%, AT SEIIR K £ 5 A ) PRk 46 31) 5
SIS ORAE T 3 R fa AT LT AR B, 45 A2
[ I 4% (classification and regression tree, CART)SA 7L HE 7. T
iyt Sy AR, LB UE AT AR R R %R 90.00%, 4R
HETRZE R 90.32% . FHHIZ 7 Ik RIS AR g 1l o) i £ B 204 7
K43, T S i fa B A7 Dk 43 J i T ok e PR
FIELTAMGREE S A RS HT A 5o 40 B SEBL T X T 95
BRI FFURY 2L BRI £ P i R Y % 51, ALAMPRESE
25 03 3 S 2T A H AR G5 A Lk A M S B TR
VG 5 R 2T 6 B 1 S R S ), B S RINE B B AR B T
100%, Ay 1 iy Foft ) bR S BRI 14 Al

Eo S S R TR AR b 7 5 e R e A RPN A 2 M)
XA SRR K T, I LN AT TS oK
o, B SEAGT AR . TR ENER A, FXTANIERY
K7 R G IS OGS R AR Tk OIS b R Akt
TR SR A ST T T A SR R I B DA O

7 ELIIMNETERAREKFRE S E PN

T LT AT AR W] LUAR 36 A 4 5 i b 285 4 T
F2RAE IS . PASSEROTTI PRI HE T 41 1 i 4)) £ A7 I A1 -
AR TN, SRS RECY 0.91, BEBFRHE IR
BRI T B T 2T A B AR A TR 4101 8 4 £ g 4F
WA AEE T ENN A MBS AR RS . &3
FTEAE I A g B AR A ), SOk RS/, Rl Fn &
AEACRE A 2> e Bk . PIARULLI %R 48 1 A DL A
Fn R LT AR S A V0 — b AL B ER S Br, 25 SRR BIE
LA G AR Ty VR RE S B AR YR AR XK AR R AP IR
2 80 mm BRI T A2 U R R AE

8 HiLSRE

PTARSE, LA EOR SRR | fesit s
RAFHARBIGE G R 152 2B A 315 Jr i ), [+
I TERECE R GERC A | YIS S IR AL By THI e A e 3,
AR Ay e 80 PR A D e BB AR L T2 B 7K™ i i 2
PEOY . BUREPEAG . STARMITIN . SRR SRR UL,
KT b SO RE PERVE R T A RO Z — AR
ATAE LU LA DT IR ATSE, BT AMETEEA B4
JO7FH A by i JEAGE

(1)K ddy R I3 S e, K AE ST 20 A6 35 X
AR R, 5 1 A B 5, S BORE A T 2 2R
B 2E, DX AR DR A S FREE R Al A B R I 2050
TETAACINAG 57 B2 B R W) R OC L #E

Q)M T S 25X AT BT 03 A1, 3 BRI 45 SRS



8594

B 24 iR AR I 2 4l

12

BREAR, DRIy 2R A (R A R AR ke
ELANCTERERY, AN 58 5 SRS I 7 v, B v R D0 225 2R vl
B FEAR IR RIS A T A

(3)IELLAMGIE BRI R BUZEAR, 405 JA
FR—JBEAE 0.1%, AFITIREES I3 HOERESRAGIN, £EAA™ fh
Rl ebr, o TR L AT T 0 i e 4B A e A 0 FE 7
55, DO AG™ shB RIS R 2RI T 2B B,
FAE, AT S R BB R0 AN R R R AN
SE B, R SLBRIE P i — RS

(BZEGIEE . N TR BESEPOEOR, TERIFA S 7
Mritk RE R A L /NUAE | B REAL DT Il A g, INEE 5Lt
AR S T Ak A7 BE LR LD SO ERERIE E, AF
FETT R AL TP A 2 S BOR BT LL MG A7 S s
AUk

R B

(1] BRZHG, 8. SEGE K™ S SRR IR 3T BB SN []. ey,
2020, 32(1): 76-78.
CHEN HJ, LI X. Amino acid analysis and nutritional evaluation of fresh
aquatic products [J]. Strait Pharmaceutical J, 2020, 32(1): 76-78.

[2] kRS, MRIE. ZK™ S e A A B PR LRI RIS e R (7). A= T
AR, 2020, 18(2): 150-157.
QIAN YF, LIN T. Advances in microbial community interactions in
aquatic products [J]. Chin J Bioprocess Eng, 2020, 18(2): 150-157.

[3] Ak, FhiUE. FREK = S DAL Y 32 2T 2 A I X 3R ).
BnBHERAR M, 2013, 312): 7-10.
LIN H, DU SY. Problems and countermeasures of quality safety of aquatic
products export in China [J]. J Food Sci Technol, 2013, 31(2): 7-10.

[4] R, W, A5, F OGEHORAEA i i BRI T R TS
PERE[I]. Jeil2E 565500, 2021, 41(5): 1343-1349.
LI XX, GUO W, BAI XB, et al. Review on the application of spectroscopy
technology in aquatic product quality detection [J]. Spectrosc Spect Anal,
2021, 41(5): 1343—1349.

[5] BESE, 498, EUF. LM GHEORTE & R I T iR T[] Bl
SR RTIAEHR, 2019, 10(22): 7773-7778.
XIE YR, LI Q, WANG J. Application of infrared reflectance spectroscopy
on food detection [J]. J Food Saf Qual, 2019, 10(22): 7773-7778.

(6] Bk, Mgy, 40, 45 LLAMGIEHARTE B 2 Al o i e 5 BT
[7]. RSk, 2019, 40(14): 219-224.
CHEN C, LIU Q, LI F, et al. Research and application of infrared
spectroscopy technology in food safety testing [J]. Food Res Dev, 2019,
40(14): 219-224.

[77 HE HJ, WU DS, DA W. Nondestructive spectroscopic and imaging
techniques for quality evaluation and assessment of fish and fish products
[J]. Crit Rev Food Sci, 2015, 55(6): 864—886.

(8] skiff, Wi=<, A, 55, WTLLAMERS BT Ak B 2 TSR
HEIE[I]. AtrilliaaEi, 2020, 39(10): 1196-1203.
ZHANG J, HU Y, ZHOU LX, et al. Progress of chemometric algorithms
in near-infrared spectroscopic analysis [J]. J Instrum Anal, 2020, 39(10):
1196-1203.

[91 YU WQ. Applications of near infrared spectroscopy for fish and fish

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

products quality: A review [J]. Environ Earth Sci, 2021, 657(1): 1-8.
HASSOUN A, PRIETO MA, GARCIA O, et al. Application of novel
techniques for monitoring quality hcanges in meat and fish products
during traditional processing processes: Reconciling novelty and tradition
[J]. Processes, 2020, 8(8): 988—1008.

PRAMOD K, PRABHAKAR S, VATSA P, et al. A comprehensive review
on freshness of fish and assessment: Analytical methods and recent
innovations [J]. Food Res Int, 2020, 133: 1-17.

WU LL, PU HB, SUN DW. Novel techniques for evaluating freshness
quality attributes of fish: A review of recent developments [J]. Trends
Food Sci Technol, 2019, 83: 259-273.

WO, FEEAR, SR, 55 IEZLAMEIEHARAE 2 S BT A R
[0]. 52 ARG IZAAR, 2019, 10(21): 7260-7264.

SHEN X, TANG XJ, FAN YF, et al. Application of near infrared
spectroscopy in meat quality evaluation [J]. ] Food Saf Qual, 2019, 10(21):
7260-7264.

FWzx, EHE, Eb, & AR HE R N R &
W5 R, 2015, 41(10): 240-246.

WANG YH, WANG XC, WANG S, et al. Advances in freshness and
corruption of aquatic product [J]. Food Ferment Ind, 2015, 41(10):
240-246.

JUN HC, QIONG D, DA W, et al. Applications of non-destructive
spectroscopic techniques for fish quality and safety evaluation and
inspection [J]. Trends Food Sci Technol, 2013, 34(1): 18-31.

FEBGIE, SEFE, BB, JLLLAMEREEIAR A K ™ A o 14 7 P 2
B[] 5 TR, 2013, 34(2): 361-369.

REN RJ, CHAI CX, LU XX. Prospects of applying near infrared
spectroscopy in aquatic products [J]. Sci Technol Food Ind, 2013, 34(2):
361-369.

BRERfR, VFIRAE, SRR, S IELLAMEREROAR PG RN P AR R
HrERE[T]. B SRR, 2014, 35(24): 164-168.

CHEN WH, XU CH, FAN YX, et al. Non-destructive freshness evaluation
of tilapia (Oreochromis) Fillets using near infrared spectroscopy [J]. Food
Sci, 2014, 35(24): 164-168.

JIBE, WERHE, SR, & ETIELAMGIE 4R
AR AR, 2021, 37(1): 213-218.
FANG Y, XIE TH, GUO W, et al. Rapid detection technology of pomfret

7 PR AN

freshness based on near infrared spectroscopy [J]. Jiangsu J Agric Sci,
2021,37(1): 213-218.

FEERIE, S8R, GO, 55 ITLLAMGIH AR R 98 xR dee 22 ) 51)
SRR, B S R, 2014, 40(3): 120-124.

REN RJ, CHAI CX, LU XX, et al. Discrimination freshness of Penaeus
vannamei boone by near infrared spectroscopy [J]. Food Ferment Ind,
2014, 40(3): 120-124.

A, R, BRIE, S ITLLAMEREEOR P T A Sk 5 6
[7]. #ehfol K224, 2019, 38(4): 120-126.

ZHOU JJ, WU XY, CHEN Z, et al. Using near-infrared reflectance
spectroscopy to quickly predict the freshness of Megalobrama
amblycephala [J]. J Huazhong Agric Univ, 2019, 38(4): 120-126.
PAULINE O, CHANG HT, TSAI L, et al. Intelligent assessment of the
histamine level in mackerel (Scomber australasicus) using near-infrared
spectroscopy coupled with a hybrid variable selection strategy [J]. LWT,
2021, 145: 1236-1251.



%214 X

K, A ILLAMDEREEORAE K A

. FH 3 8595

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

FRIE, EJ/F, Mol S 7K SN 0L 2 IR B A B HxT
%HI’]I‘!‘JU[%&%[J] VLR AE AR (A AR, 2021, 30(2):

42-49.

WANG LZ, WANG SY, JIAN C, et al. Research progress on lipid

oxidation and its influence on quality during processing and storage of

aquatic products [J]. J Jiangsu Ocean Univ (Nat Sci Ed), 2021, 30(2):

42-49.

MAGNEA K, ARASON S, HORDUR G, et al. The application of near

infrared spectroscopy to study lipid characteristics and deterioration of

frozen lean fish muscles [J]. Food Chem, 2014, 159: 420-427.

KHALIL K, SOPHIA M, OMELETTE S, et al. Chemical and

near-infrared determination of moisture, fat and protein in tuna fishes [J].

Food Chem, 2006, 102(3): 669-675.

UDDIN M, OKAZAKI E, TURZA S, et al. Nondestructive determination

of water and protein in surimi by near-infrared spectroscopy [J]. Food

Chem, 2005, 96(3): 491-495.

COZZOLINO D, MURRAY I, CHREE A, et al. Multivariate

determination of free fatty acids and moisture in fish oils by partial

least-squares regression and near-infrared spectroscopy [J]. LWT-Food Sci

Technol, 2004, 38(8): 821-828.

S, B, FBE, S ELAMNEEHORTE AT RN

WFFE[D). S 568, 2015, 35(5): 1239-1242.

WU H, CHEN WH, WANG XC, et al. Applied research in grade

estimation of surimi by near infrared spectroscopy [J]. Spectrosc Spect

Anal, 2015, 35(5): 1239-1242.

T, BRI, RO, TELTAMEREH A =3 Y T

1. HEHLS UL, 2015, (9): 109-112.

WANG L, YIN JJ, YU XJ. Meat classification of salmon based on near

4 25T

infrared spectroscopy and sparse representation [J]. Comput Mod, 2015,

(9): 109-112.

LIN MS, CAVINATO AG, MAYES D, et al. Bruise detection in Pacific

pink salmon (Oncorhynchus gorbuscha) by visible and short-wavelength

near-infrared spectroscopy [J]. J Agric Food Chem Technol, 2003, 51(22):

6404-6408.

J§]?7J<4’:$ LI, o, 5. ELLAMEIEBORAE & S P o (5

1. BRG], 2019, 10(16): 5393-5398.

ZHOU BG, HUA ZX, YANG R, et al. Application of near-infrared

spectroscopy in food microorganism detection [J]. J Food Saf Qual, 2019,

10(16): 5393-5398.

FLLm, EHE, MSCE, 5. K" Mz f v Se i e ik
[7]. EfRlEE, 2021, 6(4): 1-13.

WANG HL, WANG XC, SHI WZ, et al. Progress on shelf life prediction

for aquatic products during storage and transportation [J]. Food Sci, 2021,

6(4): 1-13.

JUN HC, DA WS. Rapid and non-invasive detection of fish microbial

spoilage by visible and near infrared hyperspectral imaging and

multivariate analysis [J]. LWT-Food Sci Technol, 2015, 62(2): 1060—1068.

TITO NB, RODEMANN T, POWELL S. Use of near infrared

spectroscopy to predict microbial numbers on Atlantic salmon [J]. Food

Microbiol, 2012, 32(2): 431-436.

B, BB, XUKGE, 5. SET TR LL A = SC A i

BORIIFART]. £ 524 Al 244z, 2014, 5(3): 889-893 .

DUAN C, CHEN CG, LIU YZ, et al. Detection of total number of salmon

7% 5

[35]

[36]

[38]

[39]

[40]

[41]

(42]

[43]

[44]

[45]

colonies by handheld near infrared spectrometer [J]. J Food Saf Qual,
2014, 5(3): 889-893.

WS, BhEE, AINAR, S G P AR
[7]. kAR 24, 2020, (10): 55-56.
YANG YR, ZHONG Y, LI SD, et al. Research progress on the harm of

JOPNCSIbPok 41 Eheiiai

heavy metals to human body in aquatic products [J]. Agric Technol Equip,
2020, (10): 55-56.

RAFAEL F, CELESTINO DR, DINORAZ VM, et al. Visible and
near-infrared spectroscopy as a technique for screening the inorganic
arsenic content in the red crayfish (Procambarus clarkii Girard) [J]. Anal
Chem, 2004, 76(14): 3893-3898.

CHEN XJ, WU D, GUAN XC, et al. Feasibility of infrared and raman
spectroscopies for identification of juvenile black seabream (Sparus
macrocephalus) intoxicated by heavy metals [J]. J Agric Food Chem, 2013,
61(50): 12429-12435.

MATE, XIRE, BREEEL JETFILLLA IS 00 T 4 15 e YR it i DA
M. P E AR, 2015, 15(4): 189-195.

LIN DX, LIU K, CHEN XJ. Rapid detection of heavy metal-contaminated
tegillarca granosa using near infrared spectroscopy [J]. J Chin Inst Food
Sci Technol, 2015, 15(4): 189-195.

EZ A, 0, R, S ) B RIERI R ). B
BE2#, 2019, 40(11): 277-288.

WANG ZY, LI TT, ZHANG GL, et al. Recent advances in identification
techniques for fish adulteration [J]. Food Sci, 2019, 40(11): 277-288.
X, TR, M, S KGR LD S S I BORBIF S ik R 1],
o AR G417, 2015, 17(6): 111-117.

ZHAO F, ZHOU DQ, CONG N, et al. Research progress on technology
for authenticity identification and evaluation of aquatic products [J]. J
Agric Sci Technol, 2015, 17(6): 111-117.

GRASSI S, CASIRAGHI E, ALAMPRESE C. Handheld NIR device: A
non-targeted approach to assess authenticity of fish fillets and patties [J].
Food Chem, 2018, 243: 382-388.
FINLEY J, LIU Y, BETZ JM, et al. FT-NIR characterization with
chemometric analyses to differentiate goldenseal from common adulterants
[J]. Fitoterapia, 2018, 127: 81-88.

W, BRiEs, A, %5 LTI RBL B % 5 K 4l
FEREINI]. SRR, 2019, 40(10): 331-336.

YANG H, CHEN DJ, XIA DH, et al. Adulteration and purity detection of
Chinese giant salamander meat powder based on near infrared
spectroscopy [J]. Food Sci, 2019, 40(10): 331-336.

AW E, 305, AN, AF. B TIRLLAM GRS RHIE M = SC A 2R
PRPGHEAT]. SeiEF 5 H6RE50HT, 2019, 39(7): 2244-2249.

SHI JY, LI WT, ZHOU XB, et al. Multi-index rapid detection of salmon
quality based on near-infrared spectroscopy [J]. Spectrosc Spect Anal,
2019, 39(7): 2244-2249.

WRTRTE, F2PH. RS AR R I AR X K™ i B S M [ ], R 2 A
HEARGI 24K, 2019, 10(2): 306-311.

CHEN YX, JIAO Y. Effects of frozen preservation and thawing on the
quality changes of aquatic products [J]. J Food Saf Qual, 2019, 10(2):
306-311.

SIVERTSEN AH, KIMIYA T, HEIA K. Automatic freshness assessment of
cod (Gadus morhua) fillets by vis/nir spectroscopy [J]. J Food Eng, 2010,
103(3): 317-323.



8596 B A T R T 2E %124
[47] KIMIVA T, SIVERTSEN AH, HEIA K. VIS/NIR spectroscopy for [53] ALAMPRESE C, CASIRAGHI E. Application of FT-NIR and FT-IR

(48]

[49]

[50]

[51]

[52]

non-destructive freshness assessment of Atlantic salmon (Salmo salar L.)
fillets [J]. J Food Eng, 2013, 116(3): 758-764.
REIS M, SAITUA E, OLABARRIETA 1, et al. Non-invasive
differentiation between fresh and frozen/thawed tuna fillets using near
infrared spectroscopy [J]. LWT-Food Sci Technol, 2017, 78: 129-137.
PIAREE, IR, i, AF. TZLAMEIG L a5 R BT SET].
Feih 54T, 2016, 36(S1): 201-202.

MIN ZY, GAO JX, HUANG YM, et al. Classification of abalone using
near infrared spectroscopy [J]. Spectrosc Spect Anal, 2016, 36(S1):
201-202.

WA, X, dewRs, S JETIRLLAMERER AR MR K S R P s
SN Alk TR, 2014, 30(1): 253-261.

XU WIJ, LIU R, HONG XS, et al. Discrimination of freshwater fish
varieties based on near-infrared [J]. Trans Chin Soc Agric Eng, 2014,
30(1): 253-261.

AN, EAY, AR, SF. HLESE T LL AR S e i
WEFEF R[], A ELO K AE2E4R, 2018, 23(9): 166-170.

GAO JX, HUANG YM, LEI CL, et al. Discrimination of abalone (sub)
species basing on near-infrared specyroscopy and machine learning [J]. J
China Agric Univ, 2018, 23(9): 166-170.

T, b, dun, S SETIRLAMDGIEH R B IRRIS Rl R 4
FIBFSELT]. £ Tolk, 2012, 33(6): 132-134.

WANG XX, XU K, SHI Y, et al. Study on rapid discrimination of various
salmon based on near-infrared spectroscopy [J]. Food Ind, 2012, 33(6):
132-134.

[54]

[55]

spectroscopy to fish fillet authentication [J]. LWT-Food Sci Technol, 2015,
63(1): 720-725.

PASSEROTTI MS, JONES CM, MSWANSON CE, et al. Fourier-transform
near infrared spectroscopy (FT-NIRS) rapidly and non-destructively predicts
daily age and growth in otoliths of juvenile red snapper Lutjanus
campechanus (Poey, 1860) [J]. Fish Res, 2020, 223: 10-18.

PIARULLI S, SCIUTTO G, OLIVERI P, et al. Rapid and direct detection
of small microplastics in aquatic samples by a new near infrared
hyperspectral imaging (NIR-HSI) method [J]. Chemosphere, 2020, 260:
123-128.

(e F m KER)

& &N

X%, METHRE, TEMRSGME
ARBMIEIE.
E-mail: liushuang 514@163.com

R, HL, iR, TEHRRFEH
AERMIEME.

E-mail: ccxiang@tjcu.edu.cn



