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Abstract: In this study, anear infrared (NIR) quantitative prediction model for the lysine in the freeze-dried chicken breast muscle
powder was developed using the partial least squares method. The model was optimized through four aspects, spectrum preprocessing,
model characteristic spectrum screening, outlier samples elimination, and sample selection for modeling and verification, in order to
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improve the prediction accuracy and robustness of the model. Taking a total of 263 freeze-dried chicken breast muscle powders as the
research object, the effects of seven different spectral preprocessing methods, four characteristic spectrum screening methods, MCCV
outlier samples elimination methods, and two samples selection methods for modeling and verification, SPXY and chicken breeds, on the
NIR quantitative prediction model for the lysine of in freeze-dried chicken breast muscle powder. The results showed that (1) the best
model was established on the basis of 156 calibration samples and 39 external verification samples after the elimination of 68 outlier
samples from the original spectra in the 1000~2502 nm; (2) The spectral region in the 1000~2502 nm used for modeling should be
pretreated by SNV+gapsegment (1#,15,7) method when there was no outlier spectrum or model characteristic spectral region for
selection; (3) Least impact on the accuracy of the model established using the original spectra, was exerted by outlier sample elimination
and samples selection for modeling in 1386~1379 nm, 1329~1323 nm, 1289~1283 nm, 1276~1258 nm, 1240~1235 nm, 1194~1184 nm,
1173~1168 nm. 1142~1137 nm, 1103~1099 nm, 1080~1076 nm, 1058~1054 nm, 1012~1009 nm, 1004~1001 nm. Research showed that
the establishment of a near-infrared quantitative prediction model for the lysine of in freeze-dried chicken breast muscle powder is
greatly affected by outlier samples, samples for modeling and external sample selection for verification. The applicability of the model is
greatly affected by characteristic spectra regions for modeling. The preprocessing of the whole spectrum without other pretreatments has
a greater impact on the accuracy of model.
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IEGIEFT SNV-+gapsegment (1#,15,7))6i%, S PLS
TFERENI R IERRL . AL RN 5 FoR .

1R 5 W, UL N Lys1558-39 1 Lys973-97B
PR ANRRAIE 1S XA B AR e il i g, BL9A Lys1558-155
FRAETE X BT 2 RZ, M1 SEcy 45 AT, {HH: RPDp
N 141, VAR (AR R R , N REAE N B AR
S B4 T RO RIT 98 A X RS Y (R S, 276 2% POk
Lys1558-39. Lys973-40. Lys973-97B. Lys973-40B.
Lys1558-39-29B FiAMtil X e o T — Pt 7L I
RS X 45
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Table 3 The modeling results for lysine of freeze-dried breast muscles powder
BRI K E LTIk A% R, SEca Ri  SEcy R SE,  RPDp
JR b g 5 058 05937 045 0.6891 0.13 0.7680 1.07

2231~2502 nm

SNV+gapsegment(1#,15,7) 8 061 05743 049 06587 021 07350 1.12

2091~2229 JR 4k K 4 035 0.7427 0.21 08252 0.13 0.7678 1.07
~ nm

SNV+gapsegment(1#,15,7) 2 0.16 0.8433 0.09 0.8819 -0.09 0.8617 0.96

1880-2089 JB 4 K 5 061 05757 046 06776 046 0.6085 1.36
~ nm

SNV+gapsegment(1#,15,7) 9 052 06405 0.30 0.7729 026 0.7101 1.16

1650-1879 JB4E K 6 069 05135 059 05922 051 05752 143
~ nm

SNV+gapsegment(1#,15,7) 4 059 05910 048 0.6658 046 0.6050 1.36

1300-1649 JBdb Kk 6 0.78 04330 0.67 05326 0.60 05201 1.59
~ nm

SNV+gapsegment(1#,15,7) 4 0.71 0.4969 0.60 05875 043 0.6241 132

1000-1299 JR b i 6 0.80 0.4165 0.66 05399 0.62 05103 1.62
~ nm

SNV+gapsegment(1#,15,7) 4 069 05152 056 06115 053 05665 1.46

1600~2502 SRk i 6 0.68 05172 056 06163 0.25 0.7138 1.16
~ nm

SNV+gapsegment(1#,15,7) 8 0.74 04729 0.60 05888 043 0.6206 1.33

1000-1599 SR b it 7 0.83 03830 0.69 05152 0.65 04864 1.70
~ nm

SNV+gapsegment(1#,15,7) 4 0.73 04783 0.62 05714 055 05539 1.49

# 4 FiPLS, BiPLS. FBiPLS fLitRYEIENIEXIH
Table 4 The optimum intervals of modeling spectra by FiPLS, BiPLS and FBiPLS
BEIRikey Mt eI R RGBT

HAE S ARk o 69 AR K X R /nm
EEEHNM AT R4
ikgE g ! R HIA)

(R EHIA) FAS K 1A 84 g AA

2016-2002; 1970-1957; 1733-1723; 1710-1700; 1645-1636;

Lys1558-155 1604-1595: 1585-1576: 1556-1539; 1502-1486; 1476-1469;
155 1404-1398: 1389-1383; 1325-1319; 1286-1280; 1255-1249:
10 1237-1226; 1186-1181; 1082-1078; 1069-1065; 1022-1015
(250)
1000~2502 Lys1558-77 2000-1942; 1493-1428; 1397-1383; 1367-1340; 1286-1226:
77 1191-1181; 1159-1150; 1110-1101
(1558) 20 (960)
Lys1558-39 2106-2043; 1980-1870; 1639-1600; 1562-1527; 1492-1398;
39 1341-1315; 1289-1219: 1175-1136; 1080-1063
FiPLS 39 (585)
Lys1558-10 1926-1229
10 (775)
155
Lys973.97 1386-1379: 1329-1323; 1289-1283; 1276-1258; 1240-1235:
y o 1194-1184; 1173-1168; 1142-1137; 1103-1099; 1080-1076:
10 1058-1054; 1012-1009; 1004-1001
1000~1599 (160)
(973)
Lys973-40 1510-1470; 1411-1359; 1325-1309; 1293-1221: 1193-1181:
40 1167-1155; 1064-1054
24 (336)

BTR
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BER
Lys973-10 1599-1357; 1290-1177; 1082-1040
10 (582)
97
Lys1558-155B 2481-2457; 2409-2367; 2323-2284: 2262-1313; 1305-1186;
155 1181-1031; 1026-1019; 1014-1003
1000~2502 10 (1450)
(1558) . . . . .
Lys1558-39B 2412-2250; 2175-2108; 2041-1982: 1770-1527; 1492-1369
39 1315-1290; 1265-1219; 1175-1136; 1116-1030
39 (936)
BiPLS 1599-1571; 1561-1543; 1524-1465; 1456-1409; 1401-1350
Lys973-97B 1336-1316; 1286-1283; 1276-1235; 1189-1178; 1157-1152;
97 1147-1127; 1107-1099; 1084-1076; 1071-1067; 1058-1054:
1000-1599 10 1045-1041; 1028-1025; 1012-1009; 1004-1001
(540)
(973)
Lys973-40B 1576-1309; 1293-1235; 1206-1194; 1167-1155; 1143-1131;
40 1085-1054
24 (576)
Lys1558.39.20B 2106-2074: 1979-1951: 1920-1870; 1639-1600; 1562-1527;
Lys1558-39 y b 1492-1471; 1454-1439; 1422-1398:; 1341-1323; 1271-1247:
(585) 50 1223-1219; 1175-1149; 1138-1136; 1080-1065
404
FBIiPLS ()
Lys973-40 Lys973-40-22B 1510-1498; 1487-1470; 1411-1392; 1380-1369; 1325-1309;
22 1293-1226; 1190-1182; 1062-1056
(336) 15 (240)

24 JFEAAE AR

0.028 -
0.024

2 0020F )

& Foo SR A

= 0016}

Bl . _

= 0.012} -LWX

§ - oNXX
0.008 - QHX
0.004 | «WDX

- »XPX
0.000 ' '
14 16

FRZBE / (means, %)

& 3 BOANLAE T RSB R IA 1S MoV AR EHE-H EE
Fig.3 The residual mean-variance scatter of MCCV based on
the spectra of freeze-dried breast muscle powder and lysine

values
FEW 3, B2 D7 22 T 0.017 BAEAT 6 MR,
HA JEvaxsreA 4 A, BUERHEAR 14y, B2y
1A R EBMEME BT, Kok BME A E
L HEN 0.7, 0.5, BIRHFEAL 1 GkEEIE>0.7
MJ7#>0.017) A 36 MEA, FHEEALE 2 Gz

fE>0.5 F1 5 2£>0.017) A 68 MEA .
25 ZAEMMAMEEER

6 N WA MR R AR, {5 SPXY %
I PR IE B AR R AR 050 00E FEAS, BB A
Lys973-97B EMLIEIX, MM Gk e, H R..
=0.85. SEcy=0.4797. R:=0.75. RPDp=1.98. fFx5HF
HAEALE 1B, 3 MR SE R, 43 51y 1000~2502
nm (R iG e ik prd, H R:,=0.84. SEcy=0.4300.
R’=0.84.RPDp=2.52; Lys973-97B 1ii FH J5 44 61 frr i,
H R,=0.87. SEcy=0.4521. R’=0.82. RPDp=2.39;
1000~1599 nm X3 H IR 4 61 BT i, e R(.,=0.85.
SEcy=0.4626. R>=0.84. RPDp=2.50. Mk 55 FEA
£ 2 BB R KL, AR 1000~2502 nm
13 R AA Gt g, R2,=0.92. SEcy=0.3284. R’
=0.88. RPDp=2.93; H.CH Lys973-97B i [X i F iR
Mg AT, 3 R:,=0.86. SEcy=0.4066. R.=0.86.
RPDp=2.67; 1000~1599 nm [X 1 fifi i J51 45 i Fr i A
R, H R:,=0.86. SEc,=0.4114. R’ =0.87.
RPDp=2.74.

277



8/¢

%5 BV TMBIEES FiPLS. BiPLS. FBiPLS $HENIEXAUIEIELER
Table 5 The modeling results for lysine of freeze-dried breast muscle powder by FiPLS, BiPLS and FBIiPLS

KagihikF ik EARRKEE  EEREHK R IE ik EM44 Rlw SEca. R SEcv R SEp  RPDp
LVS1558.155 250 JR 4 i 10 090 0.2841 0.82 0.3980 0.50 0.5854 141
S -
Y SNV+gapsegment (1#,15,7) 5 0.72 04832 0.63 05641 050 05857 141
LVs1558.77 960 SRt i 8 0.82 0.3932 0.69 05129 0.61 0.5171 1.60
S -
Y SNV-+gapsegment (1#,15,7) 5 0.79 04245 068 05268 0.56 0.5453 151
Lys1558.39 sgs SR b A 9 0.88 0.3165 0.75 0.4602 0.61 0.5157 1.60
s -
y SNV+gapsegment (1#,15,7) 5 0.77 04371 0.65 0.5501 0.60 0.5244 157
Lys1558-10 175 JR b A 6 0.79 04218 0.72 0.4899 0.56 0.5500 1.50
Fipls S -
P Y SNV-+gapsegment (1#,15,7) 5 0.80 0.4095 0.71 0.4962 0.52 05733 144
Lys973-97 160 JRdb A 7 0.82 0.3900 0.73 0.4787 0.56 0.5465 1.51
ysI/s-
SNV+gapsegment (1#,15,7) 9 0.69 05138 0.50 0.6568 0.46 0.6079 1.36
Lys973.40 236 SRt K 8 0.84 0.3702 0.74 0.4753 0.61 0.5163 1.60
S -
Y SNV+gapsegment (1#,15,7) 6 0.74 0.4673 059 05945 0.38 0.6513 1.27
Lys973.10 - JR 4 ik 7 0.83 0.3840 0.72 0.4905 0.59 0.5271 157
ysI/s-
SNV+gapsegment (1#,15,7) 4 0.73 04741 0.63 05593 051 05801 1.42
Lys1558.1558 1450 SRt i 8 0.83 0.3814 0.73 0.4836 0.58 0.5354 154
S -
Y SNV-+gapsegment (1#,15,7) 5 0.78 0.4291 0.67 05299 051 05778 1.43
Lys1558.39B 036 JR 4 ik 7 0.84 0.3715 0.72 0.4940 0.53 0.5672 1.45
yS -
Biol SNV-+gapsegment (1#,15,7) 6 0.79 04199 068 05239 051 05779 143
ipls
P LVS973.97B 540 JR 4 i 9 0.88 0.3188 0.76 0.4530 0.58 0.5322 1.55
s -
Y SNV+gapsegment (1#,15,7) 5 0.77 0.4447 0.64 05574 056 05446 151
LVS973.408 576 SRt K 6 0.81 0.4000 0.72 0.4887 0.64 0.4930 154
S -
Y SNV+gapsegment (1#,15,7) 5 0.77 04436 0.64 0.5518 055 0.5538 1.49
Lys1558.39-298 104 SR b K 9 0.88 0.3191 0.76 0.4494 0.58 0.5374 154
S - -
EBiol y SNV+gapsegment (1#,15,7) 5 0.73 04775 061 05778 061 0.5182 1.59
ipls -
Ly/s073-40-22B 240 JR b A 7 0.83 0.3822 0.74 0.4684 0.60 0.5250 1.57
Y SNV+gapsegment (1#,15,7) 5 0.71 0.4939 059 05958 0.34 0.6696 1.23
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Table 6 The evaluate results of NIRS quantitative prediction model for the lysine of the freeze-dried breast muscle powder

BIRG FFHERE  EEEAK  BiEHAK EARKK RIETRAIE 7 ik EASH Ry SEca Ro SEcv R SEp  RPDp

SRk it 7 0.78 0.4249 0.67 0.5255 0.66 0.5068 1.71
1000~2502 nm

SNV+gapsegment(1#,15,7) 8 0.82 0.3809 0.68 0.5165 0.67 05017 1.73
1000-1599 Jo b i 6 0.78 0.4296 0.67 0.5240 0.68 0.4898 1.77
~ nm
SNV+gapsegment(1#,15,7) 4 0.73 04750 0.61 05710 0.70 0.4761 1.82
£ 210 53 Lys1558-39 JR 4 ik 8 0.85 0.3532 0.72 0.4846 0.74 0.4428 1.96
s -
Y SNV+gapsegment(1#,15,7) 5 0.75 04555 0.62 05611 0.66 05072 1.71
LVS973.97B JR b A 8 0.85 0.3544 0.72 0.4797 0.75 0.4378 1.98
s -
Y SNV+gapsegment(1#,15,7 5 0.76 0.4468 0.62 0.5599 0.67 05003 1.74
gapseg
LVs1558.39-298 JR 4 ik 8 0.84 03675 0.72 0.4817 0.71 04675 1.86
s - -
y SNV+gapsegment(1#,15,7 5 0.72 04795 060 05759 0.62 05383 161
gapseg
1000~2502 JR 4 i 6 0.84 0.3580 0.77 0.4300 0.84 0.3359 252
~ nm
SNV+gapsegment(1#,15,7) 5 0.79 0.4040 0.70 0.4881 0.76 0.4151 2.04
1000~1599 JBds Kk 7 0.85 0.3386 0.73 0.4626 0.84 0.3391 250
~ nm
SNV+gapsegment(1#,15,7) 4 0.75 04382 064 05361 0.78 0.3988 2.13
) SRt i 7 0.82 0.3744 0.73 0.4600 0.82 0.3640 2.33
FEHALE L 182 45 Lys1558-39
SNV+gapsegment(1#,15,7) 4 0.77 0.4287 066 05168 0.71 0.4595 1.85
Lys973-97B JR b K 8 0.87 03214 0.74 0.4521 0.82 0.3554 2.39
s -
Y SNV+gapsegment(1#,15,7) 4 0.75 0.4395 0.64 05339 0.78 0.3987 2.13
Lvs1558.39.20B JR 4 ik 7 0.82 03759 0.74 0.4564 0.79 0.3902 2.17
s - -
y SNV+gapsegment(1#,15,7) 4 0.74 0.4544 0.64 05320 0.67 04875 1.74
1000~2502 JR 4 ik 7 092 0.2451 085 0.3284 0.88 0.3197 2.93
~ nm
SNV+gapsegment(1#,15,7) 6 0.88 0.2956 0.78 0.4019 0.85 0.3638 2.57
1000-1599 JR 4 ik 6 0.86 0.3155 0.77 0.4114 0.87 0.3408 2.74
~ nm
SNV+gapsegment(1#,15,7) 4 0.83 0.3553 0.73 0.4485 0.84 03721 251
R A 2 156 39 Lys1558-39 JR b K 5 0.84 0.3422 0.79 0.3962 0.78 0.4393 2.13
7~ S -
Y SNV+gapsegment(1#,15,7) 4 0.81 0.3727 0.69 0.4806 0.82 0.3992 2.34
LVS973.97B JR b A 6 0.86 0.3182 0.78 0.4066 0.86 0.3507 2.67
s -
Y SNV+gapsegment(1#,15,7) 4 0.82 03674 0.71 0.4642 0.84 03718 252
LVs1558.39-298 JR b A 7 0.88 0.3020 0.80 0.3814 0.78 0.4355 2.15
s - -
y SNV+gapsegment(1#,15,7) 4 0.77 0.4094 0.67 0.4977 0.79 04325 2.16
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KT AIE AL FER, I 2. 32 3. &K 6 15
BLgE el DUE . 7E3A M ER 78 FEARR, 7E
1000~2502 nm 3k X, ff A SNV+gapsegment
(A5, 7) e itk pr A AL T R g v pr i s fE
1000~1599 nm FEARIE X, A5 FH S5 4h ik B A A AL T
SNV-+gapsegment (1#,15,7) 61T . 7E3 6 4, MR
SERFEARLE LAIEE 2 J5, JRUAEIRTE 5 AN AT X |
PR ARAY 25 SR8 T SNV+gapsegment (1#,15,7)
TR AR

XTSRS FEARGIBRIER, WK 6 halLUE H,
MHBR T HFEARLSE 2 J57E 5 ME X L AT 2 I Ot -1
BrFEREALE 1 FTBiaY, MIBR T HFEALE 1 FI4E 2
IR T A IR e FEARLE, JCHRIE
AN IS EE A

ST A IONVERIER, ke 0 &P e
T BEHLEUREE, Kennard-Stone(KS). duplex. SPXY
VAR I SRS BRI M B2 T NIRS BEAY Y5200,
iR, SPXY EIEHUM IR FI AU T3
f=F77i%k. TEARFH, MNFER2, £3. K5, K6
IR SR R, MR R wFEANS, SPXY HUFE
ER T BN GOFEURE) o (R MR 7 R
AR, XSFIERRE PR I AR, AN B IE LS R
T SPXY VAR, {H SPXY VRS A
LY YL N N L v vk e SR E e eh Sl o
FEEFEAR BRI BRI 75 RN 7T

XFRHMEGREIVER, MR 3 fiZk 5 afLLE H,
i FiPLS 74 1% B ik i i X Bt s A A A IE
AL LA T HO G R TR PR X, (HAMETES
UE RIS RS (1) 25 SRR T 42O G R I e 1 vt
X o FEFZICHERFIE TR R BTE X AT BIPLS %7
VRS X EA T FiPLS 1. 4543 6 TULEH,
Lys973-97B 5% X FH XS T oAt i [X AR 4 SR IR
kRN, GREEIERIALERIME S E . R A
TEAPESE T, DA UL 2 R 1 R R B X
Lys973-97B. Qu 25§ f] FiPLS. BIiPLS. FBIPLS
=R TR ALK B S I e TR, I
FBIPLS Atk FiPLS 5 BIiPLS wadS R i, xf
REAE I B k. R, Mk A
F FiPLS. BIPLS. FBIiPLS =H 7Lk ms BRI T
M A NIRS LAY AR IS B, 25 SRt R
FBIPLS VEILIE H 1A B A SR A F IR I
WFoE 4 R S AR RA 8. MijudbigE % H BiPLS
ATC(E B AR I BRIZIE BURFE DR B, N A BRI
AEP BT s e fn T AR A B 2L A Y,
gh L3R BIPLS VAL S B st R ft, 540

280

FLER—FY.
3 g

HRAE LA EOFFRT DA, XS PRI S R 41 9 T
TR [R) 8 N7 52 S 5 AN SR AR A B 1) 0 435 T ¢
K, FHESEIE BRI 1 iE R R, ik
TRAC AN A 4 1 B A AS MO & A BRI SR I HH 35 11
R

(D) FEARBFH, SARBIIE TR iR NIRS
TR fd ] 156 MR IEFEAR, 39 MIMBIRIEREA, 18
1000~2502 nm {8 FH R 4R Fr g A5 Ay, R, 4 0.92,
SEcy N 0.3284. R;740.88. RPDp iy 2.93.

(2) BT R EFEARIR . FHAERBIE X %
SEALIRIN, BV TR IR 2 B NIRS ZOGE
F 1T SNV+gapsegment (1#,15,7) /7= Tikb 3 .

(3) EBLEX Ny Lys973-97B (540 ANtk #di)
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