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Bk, AW/ — 3k (partial least squares, PLS). X [Alflif /N -3k (interval partial least squares, iPLS). [7]
Jii DX 8] i e /)N 3 2: (backwards interval partial least squares, BiPLS)AIEK & X [6]fii /)N — 32 (synergy interval
partial least squares, SiPLS)# 3. TS IRIE R A & R BUNAA, G588 77 b X 4R 5 /N3 S Rp ) L
(least-squares support vector machine regression, LS-SVM)IRBIR iz i, AL IEAEIRINZR N 100%, TR
4 95.35%; SR FIA T BIPLS (Y BN SCR B, BOIEAAHIE REL R 0.9002, FHINAEASE R 4L
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Rapid determination of sea cucumber quality based on near-infrared
spectroscopy
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ABSTRACT: Objective To establish a method for determination of collagen content of sea cucumber from
different geographical origins by near-infrared spectroscopy (NIR). Methods Forty-three sea cucumber samples
were collected from Dalian, Fujian, Lianyungang and Shandong. Near-infrared spectra of the samples were
collected and pretreated by standard normal variables (SNV). Then, the geographical origin of the sea cucumber was
determined by using qualitative discriminant models based on the pretreated spectra. The collagen content of sea
cucumber was determined with UV spectrophotometry. Partial least squares (PLS), interval partial least squares
(iPLS), backwards interval partial least squares (BiPLS) and synergy interval partial least squares (SiPLS) were used
to build quantitive prediction models for the collagen content. Results The optimal qualitative discriminant model
for the geographical origins of sea cucumber was least-squares support vector machine regression (LS-SVM), and its

recognition rates of calibration set and prediction set were 100% and 95.35%, respectively. The best quantitive
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prediction model for collagen content was BiPLS, and its calibration coefficient (Rc) and prediction coefficient (Rp)

were 0.9002 and 0.8517, respectively. Conclusion Near-infrared spectroscopy can be used to rapidly determine the

geographical origins and the collagen content of sea cucumber.

KEY WORDS: sea cucumber; geographical origins identification; near-infrared spectroscopy; collagen; backwards

interval partial least squares; least-squares support vector machine regression
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SEMFRAGERD o ASCE SR A CRE T 5E g 2
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% (interval partial least squares, iPLS) . ] 5 [X. [f] f B /)]s . 7f¢
% (backwards interval partial least squares, BiPLS)FIHk & X
[a] f #5¢ /)y — 7€ 3 (synergy interval partial least squares,
SiPLS)R IEAEHY, S B AN 6] 7™ M ¥ 2 vp i SR R 1 1 19
FE AT
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2.1 X5

Antaris I1 Y48 B I 25 36 57 21 40 615 4L (32 [E Thermo
Scientific 2\ r]); FW100 %5 R EpL AL R A B BT 3%
WS D)

BATESHGE RS ESZE, YRR TES, kA
4 AR 134, A 10 4. 3R 114 IR 9 1),

PR AN ZE Wi W (pH 6.0). A T IR . mEmR
W . L-FRIERR . Fhm (e, 2 i s A

FRA .
2.2 RLIIMNIERE

F i S S R R LES B AL BRI S R . SRR T
TSR ARRE G B AR TE A7 SR S AR v 5 S80S (R i v 2
em) i B AERUT BRIV B 1 R AEFE SNBSS . RS
JH OPUS® 6.5 KA AMEIIRE, #IREE i /K ZE R RDLIE KR
WA BHBR . il — BT BR R AR (5, XTI R
SEOEIE BT T 3 A AT R

IR Antaris 8 BLI A8 21 SN ETESUE R S
LT AN . FREI BT 4000~10000 ecm™!, AL
16 W, WBAIRE N 3.856 cm ' (Fh 1557 MBS, IR
WHNBET S A, BUBRIE U ARS28s I 43 4
BSHEANGEE R, BNESHEAS R 3 6, B35 5)
1 RS F B I IS R 14 B S 2 1 5 i
23 BEREZERIEMNE

S RBE RS FE A &= AW E: RITES R RS
12 mg FEEHH, MA 2 mL(6 molV/L)EFRIEK, WK
WEKTE )G, BT 130°CT KA 4 h, 1338, BBEERLE P,
JH 2 mol/L & A ALNE pH ZHESE, EAZE 10mL, BL
KRB 1 mL FE LA AR H RV sk T, AR
560 nm ARIMESERE . LA BR AR 2R AR AR L-
BRI, A I 5 A e )

FruE iR v MERRAREL L-RIMERR, A 1 mL £;
£(0.01 mol/L)iFfR, EAZE 100 mL, 4 CHKAEF. W
T L- I B /A 10 mL %) 100 mL 285+, FzE
KAEZF] 100 mL, ¥WEHN 100 pg/mLELE). IR HE
TAE# 3.0, 6.0, 9.0, 12.0, 15.0, 18.0, 21.0 mL, 45|
ZEIRKEZSH) 100 mL, BS54 3.0, 6.0, 9.0, 12.0,
15.0. 18.0. 21.0 pg/mL. DIZEIEACHZS 1, 43 IR E ik
FRUEW 1 mL, JIA 1 mL FPEERRZE A | mL &B% T 3%
WAEE W25 C)YRAL 20 min 5, IMAFEMR 1 mL iE 10
min, AN " HEEEIETEHEE 1| mL, 65 CKEEMA 20
min, RHGM Ase0 nmo
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TAL PR, TR T H R = AR B 7S | SRR AL
FEABURL R /IR TR R 75 2505 B Je A, g iRl
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JH 5 #E 1E 75 7% H& (standard normal variatetransformation,
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LR AN 1) 7R o I 1(a) AT 1, SNV AL R /b T HEAF
SR R TES AR .. 5EESEALT,
SNV FiabH ] DHRBOEEA U S, W iREgm, =&
AEUERIE . B 1(b)R 4 A7 S AT E B (R
FORIELLAMGCR AR ) . BB 1(b) AT LA &A= i
SHEEAG MR REE, e F AT XA AN [F B g
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3 HREDM
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3.1

R1 4MEHEEREEESE

Table1 Collagen content of sea cucumber from 4 geographical origins

29 HoE BvMEMmge) HBKME(mg/g) FIIMEH(mg/g)
K 13 166.76 243.26 198.06+20.533
fizyz: 10 131.28 169.79 150.33+12.328
Exs 11 145.47 196.54 170.19+11.934
7R 9 196.54 254.50 221.08+17.043
3.2 BEEHX S
32,1 ERSHH

2R SEH6 2R FH 4343 (principal component analysis,
PCA)XS I ZLAMNEAE AT 23 A, T K 4 B — 28 i B 1Y
5 BEPRIEILALEE IR I, R RIE B XS
S HATEW A 2 B T AL B, BT 3 A
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Spectrum of sea cucumber after SNV preprocessing (a) and average spectrum of sea cucumber sample (b)

B ARy AR, S5 WE 2 FoR, /3 AN FRr
B TTER R TR 71.49% ., 23.97%. 2.42%, ZBilTiik%ik
£ 97.88% . I 2 TIFH H 4 Fiy= i S48 ez 5 B
RIEATLIR A 4 28, T FAEE X, HRT i — b i
ARB, FEA P H IS R R X S

SN

E & E

S+ 0+

PC3 (2.42%)

(%61°1L) 10d

PC2 (23.97%)

K2 =4 Emors K
Fig. 2 Three-dimensional projection of PCA result

322 AFEMAR A ERT KA X

2P 54347 (linear discriminant analysis, LDA)& T
bl [ Y e e N S W s TR L N DS G BU K ARak &/ Pk &5
) AR R O BN EARZERY 1w, AR 2 S
25, SEBREA R 260 eI s s (i 3),
LDA BB EARFIRAR SR 351 2 95.35%71 88.37%
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Fig. 3 Discrimination rate of each principal component based on LDA
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K T 48 ¥ (K-nearest neighbors, KNN) 2 2 ¢ [
SRE A A A 2 0] AR R I R AR 9 4 2K 05 kY fE
KNN A58 (R0 4 2o A v, i A A = 43 06 55 28 11 3
PG5 RAT R MR, AFFEEECT 10 A a4 F0m 10
A K E R X KNN BRI Ab N E 4 AT L, 24
FRECH 4, M K{H R 2 BF, KNN BB iF 4 ] BUAS
AL, H B E R 94.19%; H5 1 4 3 B K
81.40%.,

324 AT BP MZMLAR D ZRIFGENES T H
o X 45~

BP 14} %% (BP-neural network, BP-ANN)J&—Flt
L B IE IR 2210 2 )2 WLl 22 I 2, BJR A P 22 1)
LA Hh s LA AR U —Fh i e [ g U e op,
BP-ANN ZARLR AT B, X T4 81 Z G I %t 4254
W, WA R T BP-ANN #37 [X 43 4 A7 b 214
P Et NS S R R E A DY B OE e S R S)
100%, FAERHI%N 75.32%.

e /N T3 37 #5171 1 Al (least  squares support vector
machine, LS-SVM)E7EZM SVM [SERE Foltibi, BRT
REASHEATL M2 2850, SCRE ) b AL AT LG B i A 4 15,
AR ATAE LR A3 2T AR R /D T S R [
HUEESE T X5 4 A7 il S (B R fie/ N 36 S04 )
HTEN T Z A, Tl y Mo PISE 45 RRII (K
5), MEWAH 6 B, KIELEMPIIHE 100%, FLER
WUHZE 95.35%, BRI, o1 W2 HREm AL X AR
7 HE ST A AP R
325 BT R

WAL RTIR AT LLR B, A [ R T8 X 1 25 109 7 b X 43
HAFAEZE S, NE 2 ATLUEH, 78 4 Rk EL =,

LS-SVM R BILE PCs=5 i, BIEMETRTIHRE 100%, FHili4E
RS IL 95.35%, # LDA . KNN 1 BP-ANN #FHA i3,
JE R T X A 2 Ay, LSS M B R T SO0, JE
TLMEFII )09 LDA, KNN A& 4 = A 5], B
S8 BP-ANN HYALIEAR G 100%, (HILHI G5
9 75.32%, W EAKT LS-SVM. i1 T BP-ANN EfFZ 16 X
K6 Fe/IMEHE I (ERMY), 283911 2575 30 A de (A 250 T R S 3K
T2 S FEAR, T LS-SVM AR5 44 XU 5 /ME(SRM)
YA DN P 3 R SR R P TR, AR AR Z [R1 Y A S IR R K, O
LB % ] A SHe st 2 56 XU L (55, 25045 3 A A 7 5L
A RAFHZ AP # LS-SVM %t 4 Rl Hi i 2 #E47 X 4>
(EE S35

# 2 ET LS-SVM. BP-ANN. KNN F1 LDA #= iR 3IEIR A=
Table 2 Discrimination rates of LS-SVM, BP-ANN, KNN and

LDA models
P25 R

LAY
BIE4E B RIES
LS-SVM 100% 97.67%
BP-ANN 100% 75.32%
KNN 94.19% 81.40%
LDA 95.35% 88.37%

33 BEREZB R/ ZFE (partial least
squares, PLS), iPLS. BiPLS #0 SiPLS ##/j# 5
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T iR 2 RMSECV K HiN ¥ 5 iR 2% RMSECP 1E N4
TP A G . 4 P S A6 PLS BRI K5
it iPLS. BiPLS il SiPLS B4Rl BEJR #7219 PLS 5
RizE RNk 3. 4R IR, Ml BiPLS BRIGHFE I Br iy
PRSI Rty IR R (A A e BT DL 6. 12
42535 PLS A1 iPLS #1455 564 X 8] (BiPLS A1 SiPLS)
ST PLS R A5 A2, ORI b bk i B i
JE TGS 2352 PLS AT (RS 2 iPLS BT HUA — N X ]
FIOGIEE B, B @SS BN 2 1 BiPLS F1 SiPLS J&
Pk LA F X A7 ae s, ar DL RBR TR M X ), itk
BRI PLS BRI

PR

%3 ESKEZEAR/ PLS, iPLS. BiPLS 71 SiPLS A ML R
Table 3 Prediction results of collagen content of sea cucumber
by PLS, iPLS, BiPLS and SiPLS models

el Rc RMSECV Rp RMSECP
2 PLS  0.8859 1.48 0.8382 1.67
iPLS 0.8805 1.51 0.7738 1.99
BiPLS 0.9002 1.38 0.8517 1.62
SiPLS* 0.8993 1.39 0.8511 1.63
SiPLS** 0.8884 1.44 0.8513 1.70

2R3 3 XK G *+ 3R 4 K AIEG

P4 KNN ERLRUD iR 1E AR ATt 4

Fig. 4 Discrimination results of calibration set and prediction set based on KNN
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Fig. 6 Near infrared spectrum of collagen content of sea cucumber model diagram
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