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B A8 L 3 2T AR TS AORT 6 A7 M 1 105 40 28 50k ¥ o T 158 AN AT B8 Ak 3 19 A 285 28 4 0 A AR (% Bk AT 2 LD Bk 4T
JEREF . T8 AT R A0 G S S I 09 b2 SR EG AR AT A T AT 2T AP Ot R R (NIRS) 4 25 2 4
Wi AR BT MR R BARER . BE WURIES 6 Bl s A SO A MES 1 . I TQ Analyst 800 35 1 4w B/ —
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NG U K = N =g T Rk AR T s S L (]
SO RRE. —HRE, B AR WA W5 A B
RIEF TAEMHE » 5 0 A BT R 34T I 5 2R
Kt FEA I B A3 48 AR E AT A I 73 A T A% B 1 S T Ak 2R A
T I TETEACT B L AR | V5 Y B A BT,

JT 2140 )6 1 35 R (near-infrared spectroscopy, NIRS) &
— R U R RS L TETE Y R B E AT ROR . fE
B 0] ] — R AR T i) 22 A 2 98 bR R AT DR R A 0 T . TR R
L BN BREMY S EA) Z M. B, 7
KEE RS I 280 O 1% B AR AR K 4 5 (Crassostrea
gigas) W T BR IR S d g B ARG 0 BT {H g R
JH T 53 4 1 % 28 L5 A AL A I ARGE . A AFFERT 105 R H
4 IR BE . 6 A 77 i I R 7 S AL W R AR AT Ve R TR AL B
JHE e 5 AT VR K 43 S X S LL ARG R 4 A R R I, T
IR A SERUR TN R R e ek g = TN I S 1 7
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1.1 ##

B 2018456 AFE 20194 3 A, =AAN—K, 25
MABEEAR M A0 W, AR S, W, )T B o 6
FoH, JESRAR 105 A A AL W REAS o B 5 1A R T
(Bx M58 A 0. 28 ~2.33 g, MRAEFF 72 J5 H 05 19 KN
I3 R RAWEEA RN R REA A, R AR 30~50
go

V5T B R A4 T L T 5, OB, BT U 35 K T e L
JEPRE . FR/NTHE TR 50 mL B0, BB LB E T
vKE . SE Y T1K B0 R R 0 R BT R, SRR T TR
SIRA B R RS 60 s, 7E—80 CUKAFHfRAF 12 h
Jas WA A EHETERYLTER 48 h, JHOME FBEE 5 T e
B AR AS BT B 2R 4D , RS 60 O 19 75 23 o A A S0k B 14
STAN/N BRI T R v A R SO () v B 0 R AR 4
Pify, — B TIELLADGIE N RE, — B H T 6 s b2
TL IR I 5
1.2 4=

{8 B35 21 4 (NIR) 6% 4% ( Thermo Fisher, Antaris |l ,
USA), % 4 % {f RESULT-Integration ( Thermo Fisher,
USA) . B8 43 ¥ 4% 4 TQ Analyst(Thermo Fisher, USA),
4 H 3Pl E F AL (FOSS, Kjeltec 8400, Sweden), ] L4y
3696 FE it (Shimadzu, UVmini-1240, Japan), & #H 4 3% X
(Shimadzu, LC-16. Japan) . JO 5T Y06 3T (Vari-
an, AAZ40FS, USA), WU JF 796 (ALt K, AFS—
930, China), 2% % T #HL(CHRIST, Alpha 2-4 LDplus,
Germany) , 335 3 2 3 HL (IKA T10 basic ULTRA-TUR-
RAX, Germany),

1.3 RifER&E

I LLANEREAL T HLT B 30 min J5 . K HE 45 15 B0 BE B i

ACIEAL BB A S b, ARG EE 1 em, MR E B R

OGS . OGBS B AE 10 000~4000 em ', 4 HIKECH
64 W, ArHEEN 8 em ', RIKEIEH log(1/R)FK R, HH R
FR TR TERPEE AR Z AT, SR AT S LA BR
5T ORI S
1.4 KFEELENE

WA AW E AR R BEL AT B A I E R
i GB 5009.5—2016 ¢ & & & @ LM W & ). GB
5009. 169—20164 & Hr 4= WA B2 19 W 5 »+ GB 5009. 14—2017
CE S BRI ) GB 5009. 93— 2017 £ 5 b i % 1 5 )
GB 5009. 92—2016¢ £ i o 45 1 72 DAY J7 1%, Bl 3 i
F AR 5 & B (EnzyChromTM # 5 3 #) & . BioAssay Sys-
tems, USA),
1.5 #EET 5104F

SRHH TQ Analyst 8004, w6 RS /N —Fe ik (PLS) . DL K&
e T U AL IE (MSC) . —Bi >R 3. Norris 1 19 18 14k 21
5 PR A SRR 0 B B L AR R AR AR, B
TSR FR A8 56 A R 38 S 6 IE B ik S AR 2R T A5k SR 0 AT
TE, S UEREA BRSO A R 1/3.

2 HERGHE

2.1 HEBSWELER

e JH R v AR R A s X 105 49 % 7 A 4L 05 T 8y RE A 11y
EEAL. MR, AR, B ML S I T . TR
mF 1 iR, EEBE R AL E R 30, 60% ~68.00% ,
J3.00% ~48.10% , 2 BEER 7.80% ~27.60% ., %F 0.11%
~2.21%, fl§ 1.36% ~6.91%, 45 1.09% ~11.70%, A B
FEA 6 R or & R A ). AR, W T
I 21 A S T SR AR J 43 5 40 A v ) R R AR R

Rl FHETHGHATEOR. BR. FHE.
WS RESWER
Table 1 Statistics of protein, glycogen. taurine, zinc, seleni-

um and calcium contents of Crassostrea angulata

samples
EER OWEE RBER B ] 5
R/ % 68.00 48.10 27.60 2.21 6.91 11.70
Fe/ME/ % 30.60 3.00 7.80 0.11 1.36 1.09

S/ Y% 51.62 18.52 16.25 0.74 2.69 3.19
PEEmZE/ % 9.06  11.69  4.70  0.50 1.03  2.11
BREA R 105 105 105 105 105 105

2.2 JEWBKESW

FHIE LT AN E TSR AE T 105 M REA UG 6%, WA 1 F
TN T 2R 1) HE AR — 3, (EA R R A A O 1 T 2R SO
AR, WHSHEARSERAER. HTFHFEARENTE
WIEAFRABWNEY ., LEERERK, FECRENEH
SeELE 7 500~7 000 Fl 5 500~5 000 cm ' Fff 35 1 7K 06 X 5
B MEFE T, BGRE 2 2 T KR .
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2.3 TARERESN

WA 2 B . SR ' A e vk B A IE (MSC) L — By
sR43 . Norris -1 (6T FUAL 31 07 15, T BR T i1 4% A 0K
RN IE R B 1R 1 O 15 5 5 A 2k I A I R 7 4 1) AL O
TR R RS B ST O AN . 4R T E MR L (SNR) .
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2.4 fREE A0S ER IR E

B TQ Analyst 34 B 8l 4 15 09 o6 35 I B v B Cln 3¢
2), FESLT 6 PR MR LL AN E B A TR T, I X R R AT
THMERIAE .

1 A Y A I A 56 R A (RO Ry 0,985 3, X IE
¥r AR 22 (RMSEC) y 1.62, Tl A 56 R B (Re) H
0. 985 1, Hi# )7 1% 2 (RMSEP) %y 1. 59 (AN 3.,

B A Y A IE A DG R B (Re) 2 0,965 1, KL IEH)
JriR R 25 (RMSEC) Jy 3. 19, Hiill 4 5 R B (Rp) 2l 0. 963 6,
T 3 5 # iR 25 (RMSEP) 3 3. 17l &l 4)

2 i IR A AL A IE AH DG R (RO 0. 950 4. KL IE
Py M iR 2% (RMSEC) Jy 1. 14, T AH 26 & 5 (Ro) H
0.944 1, 477 1% 2 (RMSEP) 3y 1. 05 (AN 5.,

B E RBRI AL IE A 6 RBL(Re) M 0,955 4, IEH
iR 22 (RMSEC) Jy 0. 156, il AH & 22 £ (Rp) by 0. 946 1,
T 24 07 #1522 (RMSEP) )y 0. 153,

G 2 e A5 2R (14 A2 1E A 56 R AL (Re) Ry 0.920 0, AZIE 4 Jy
%22 (RMSEC) Jy 0. 290, il #H & &2 £ (Re) iy 0. 919 0,
T 24 5 4% 2% (RMSEP) Jy 0. 289,

x2 RELEE
Table 2 Spectral range

AP B/ em !

HEAR 7 089~7 031

iy 4 747~4 620, 6 190~5 935

25T R 4 177~4 107, 4 755~4 339, 7 413~7 335
¥ 6 888~6 086, 8 832~8 388
il 4261~4 123, 7 069~6 880
At 4 786~4 493, 5 866~5 735, 6 190~6 012
694 pro

RMSEC: 1.62 Corr. Coeff.: 0.9853
RMSEP: 1.59 Corr. Coeff.: 0.9851

L) 5 factors used
]
=
=
Q
= O Calibration
Q + Validation
é gorrection X
ross-correction
26 B igore
T T
26 69
Actual
B3 EERAFELESHNENEXXRE
Fig. 3 Protein chemical value and predictive value
of correlation diagram
49 1 Gly
RMSEC: 3.19 Corr. Coeff.: 0.9651 oo ©
RMSEP: 3.17 Corr. Coeff.: 0.9636
= 6 factors used
8
=
=
o
= O Calibration
(&) + Validation
A Correction
O Cross-correction
1 B Ignore
-1 49
Actual
B4 BEUFESESHUNENHEXXRE
Fig. 4 Glycogen chemical value and predictive
value of correlation diagram
25 Tau +
RMSEC: 1.14 Corr. Coeff.: 0.9504
RMSEP: 1.05 Corr. Coeff.: 0.9441
o 10 factors used
o
&)
=
Q
< O Calibration
O + Validation
A Correction
7 O Cross-correction
B Ignore
T T
7 25

Actual
BsS 4BBAUFAXESMUNENEXXRE
Fig. 5 Taurine chemical value and predictive value

of correlation diagram

5 7 AR R A IS IE A 58 R (ReO N 0.925 2, RIEH
22 (RMSEC) 2y 0. 929, FUAH & R (Rp) Jy 0.924 1,
T 4 7 fid ik 22 (RMSEP) 2 1. 03,

PLE 6 A BRI AS IEAH G REC(RO Y | TERET
0. 92, FMAHE RE(R) I H T 0. 91, FEARITME 51k 2% B
SE AR = AR OC BE . HLAR IE ¥ 5 MR iR 22 (RMSEC) Hil i
T4 7 A3 22 (RMSEP) #8 78 P #4232 {0 [l » 6 A5 41 50 3 it A5
RUHA & B m UM RO . B HE AR, MR, SRR, B
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S TR TR0 AR R A TR H AT D R R TS
JHF 4 T 2 2 05 R B 1 S PR AG I
2.5 RER T XIGIE

W BT R 6 DN BIALHAT T A IR, A BILUT 458

B 0 B R 1 28 SUBGIE A G R B (Rev) 2 0..981 7,
2 B HE )7 AR 2% (RMSECV) 2 1. 81,

W 5 E B Y 58 LB IE AR 56 REC(Rev ) 0.946 1, 42
XEGIE ) 7 A iR 22 (RMSECV) 2l 3. 95,

A Tl R 5 AR TR A 58 XU IE A 5 R B (Reyv) R 0..900 5,
22 SUBGIE R 5 MR 1R 25 (RMSECV) 2 1. 61,

PEE T BB Y A LR EA OC R A (Rev) N 0. 897 5, A2 X
I UE #0522 (RMSECV) 2 0. 233,

il 5 8 A TR (19 38 U IR AR 56 R AR (Rev) 2 0. 875 3, 28X
B 4IF 1 07 1% 25 (RMSECV) 2l 0. 360,

15 7 T BT 1 28 SRR A G R AL (Rev) 2l 0. 829 2, &8 X
I 77 A% 2% (RMSECV) 4 1. 39,

DI b6 ASEiR g R, 58 URE S 7 R iR 22 (RMSECV) #
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Establishment of Quantitative Model for Six Chemical Compositions in
Crassostrea Angulata by Near Infrared Spectroscopy
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Abstract Crassostrea angulata is the main variety of marine aquaculture in southern China. Due to long-term artificial breeding
with no germplasm protection measures, its germplasm resources are declining, which has a negative impact on the oyster
consumption market. Therefore, it is urgent to develop breeding of Crassostrea angulata (C. angulata). The selection for
C. angulata with good nutrition and good flesh quality requires a large number of samples in the nutrient analysis. Traditional
laboratory chemical method is time-consuming and costly, so we are looking for an efficient method for determining the chemical
content of C. angulata. The spectroscopic scan was carried out using 105 frozen-dried and grinded C. angulata samples
(removed the adductor muscle) from six regions with the Fouriernear-infrared spectrometer (Thermo Fisher, USA) in this stud-
y. By comparing the spectroscopic scan data to the chemical values, the accuracy of the content predictions of protein, glycogen,
taurine, zinc, selenium and calcium in C. angulata obtained by near-infrared spectroscopy (NIRS) was studied. Using TQ
Analyst ( Thermo Fisher, USA) software, and selecting partial least squares (PLS), spectral preprocessing method like
multiplication scattering correction (MSC), 1st derivative, and Norris derivative filter, the near-infrared models of the six com-
ponents were established. And 1/3 of the total samples were selected as validation samples. The models were validated by exter-
nal and cross validation. The correlation coefficients of calibration (R¢) of the six models of protein, glycogen, taurine, zinc, se-
lenium and calcium were 0. 985 3, 0. 965 1, 0. 950 4, 0.955 4, 0. 920 0 and 0. 925 2, respectively. The correlation coefficients of
prediction (Rp) were 0. 985 1, 0.963 6, 0.944 1, 0.946 1, 0.919 0 and 0. 924 1, respectively. The correlation coefficients of
cross validation (Rey) were 0. 981 7, 0.946 1, 0.900 5, 0.897 5, 0. 875 3 and 0. 829 2, respectively. The results showed that
the predicted values of the models had a high correlation with the chemical values, which indicated the NIRS could accurately
predict the contents of protein, glycogen. taurine, zinc, selenium and calcium in C. angulata. The samples in this study had
good representativeness. The collection time was long. The production area was wide and the quantity was large. The samples
were frozen-dried, which reduced the influence of water on the spectral quality. Thus, the accuracy and stability of the models
were improved. Spectroscopic scan and analysis based on NIRS was very efficient with no chemical reagents and low cost. The
established quantitative model for 6 chemical compositions in C. angulata by NIRS would have a great significance for large-scale

analysis of the nutritional compositions and for the selection of new strains with good flesh quality in C. angulata.
Keywords Near-infrared spectroscopy; Crassostrea angulata ; Quantitative model; Correlation coefficient
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