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WE: TG TR B 5 L R R AR AR AL T 66 A, DFFT IR L1 A i B A I 2 R Mo v e e K £k
AP EE TR Z (CNCPS) 41 4 Al A1 . 38 FB 16 A i Bee /s - 3fe vk ( MPLS ) #EASE, 0 3 A2 A1) D16 3% R4S 2 Ak
PRk N T RARPCR AR BT (CP) AT MR I B (SP) AR A (PA) (TR A 1 (PB, ) | Hh s i
FFE M (PB,) M8 ff EUAE A (PB, ) (45 &M 1 (PC) iR MV 47 4k (NDF) | BRPEPR IR 47 4 ( ADF) | BRE 5
ARJTE (ADL) Sk AbG9 (CHO) AES5 4 PEAR K AL 590 (CNSC) BEZE (CA) JTEM RIS (CB, ) AT A FH 41 4
(CB,) A FIFHEYE(CC) R ITLL AN E B HRAL, 250 /R, CP PC NDF ,ADF ,CHO ,CNSC ,CA 738 L5 iiE
P BEL(1-VR) 435124 0. 989 0. 870 0. 975 .0. 932 .0. 964 .0. 966 .0. 846 , 3¢ LI HIF AR X 43 M i 2% (RPDCV) 43 3
9.336.2.913 6. 353 3. 758 5. 306 ,5. 521 2. 603 , HAtWFE 45 9 1-VR ¥3/NF 0.9 ,RPDCV ¥/ F 2.5, T WL, L4050
AR T RARBE CNCPS 4435800 5E , CP .PC NDF ,ADF .CHO ,CNSC ,CA 2 Ti A i T 0 BE )1 80T PA |
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Analysis and prediction of natural pasture CNCPS ( cornell net carbohy-
drate and protein system) components by near infrared reflectance spec-
troscopy ( NIRS)

DU Xue-yan, WANG Xun, CHAI Sha-tuo, LIU Shu-jie
(1. Qinghai University/Key Laboratory of Plateau Grazing Animal Nutrition and Feed Science of Qinghai Province/Qinghai Plateau Yak Research Center,
Qinghai Province, Xining 810016, China)

Abstract:  Sixty-six samples collected from alpine grassland of Kobresia hastily in Henan county, Qinghai province
were used to investigate the feasibility of predicting the CNCPS ( cornell net carbohydrate and protein system) composition of
natural pasture by near infrared reflectance spectroscopy ( NIRS). Using modified partial least squares (MPLS) regression
method, the models of CP(crude protein) , SP(soluble protein), PA(non-protein nitrogen), PB, (rapidly degradable crude
protein) , PB,(intermediately degradable crude protein) , PB;(slowly degradable crude protein) , PC(bound crude protein) ,
and models of NDF ( neutral detergent fiber) , ADF(acid detergent fiber) , ADL(acid detergent lignin) , CHO(total carbohy-
drate ), CNSC ( non-structural carbohydrates ), CA

35 B H7.2015-02-06 (sugars) , CB,(starch and pectin) , CB, (available fiber)
EETE AR (R RHIFG I (201303062-1) ; [ % B KRR CC(not available fiber) were built. The results showed I-
A4 (M T RL RS ) T H (41461081) VR (cross validation determination coefficient) for CP, PC,
TEER N M FHE(1988-) , HRIEPE A, B+ 0F 53 A=, WF 5 5 1) A 3l NDF, ADF, CHO, CNSC, and CA were 0.989, 0.870,
PrEFEEBFEF, (E-mail) duxueyan2012@ 126. com 0.975, 0.932, 0.964, 0. 966 and 0. 846, respectively, and

BWAESE . 45705, ( E-mail ) chaishatuo@ 163. com RPDCV (ratios of standard deviation of reference analysis
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data to SECV) were 9. 336, 2.913, 6.353, 3.758, 5.306, 5. 521, and 2. 603, respectively. Models with 7-VR less than 0.9
and RPDCV less than 2. 5 were not ideal. The results indicated that CNCPS components of natural pasture could be fastly and
accurately predicted by NIRS, and the models established were applicable for the predictions of CP, PC, NDF, ADF, CHO,
CNSC and CA. Further studies should be focusing on improving the precision of the models for PA, PB,, PB,, PB;, CB,,

CB,, and CC.
Key words :
system (CNCPS) ; nutritional value
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near infrared reflectance spectroscopy (NIRS) ; natural pasture; cornell net carbohydrate and protein

101°38713. 8", 45 Ji&F 34°51'03. 4" ~34°51'18. 1", F-1
T3 570 mo ZELHL LS LS 5 ( Kobresia pygmea)
R EBARER RSP A Lt 5 5 (Kobresia capil-
lifolia)) & 755 ( Kobresia humilis) XUFESk & ( Seri-
pus triqueter ) . 5t 5 (Stipa aliena ) | 5 HL . B OK
( Poa crymophila) & FE 3 B & ( Elymus nutans) %,
PRAABGRE  RE R S RRT EEA BE A
Z& JU ( Gentiana macrophylla Pall) | %% & ( Ligularia
sibirica L. ) JFEABTR S ( Oxytropis ochrocephala) &

P N o O S VN ) R R e ) R = R
W SRAE 1.0x 1.0 m® B HE, S TN, D
WA R A OR T B B TR HORT AR K
T 31 66 fokfah . BT FEE B RE, 65 CHE48 h,
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3D AT A4
1.2 XFERBH

AIKE A H] FOSS 23 Rl AE )™ 9 DS2500 £ 4h
JCRE BT, TAESHL B 400 ~2 500 nm ; BUK
2R ARG RERIZS (400 ~1 100 nm) , B ALER T
% (1100 ~2 500 nm) ; BHEREFFE R 1 s FHH 2
U’L\',%TJEL;%@%%O 5 nm; WK AER JE <0. 05 nm;ﬁ
Bt WinlSI I ; £cdli R AR E A0 1g(1/R) . T
TR %R 25 CRaE

BERIFHLIA OIS AT, (LA T 30 min, Ak
BRI HORE AR ARE RO, RN 1Y 374, FA
FESDE S ATHE 6 UK, BRI 5 B AL
A7 R B B 261, DT T 53k H 2B B8 S 2 A B
TR AL RE AN [] B i J ) 1R 22
1.3 BEEFERONE
1.3.1 CNCPS A%ty Z L A% 4 CNCPS K& LU
F 4 gy B AR E B R Boe A i
WAL A R B AR DUA HLES & AR 1 BT
oy IR AL G WAL 53 B2 U RIRBC B SR
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ROHEEA T A B E 5, 5 5 H PA PB
PC #/R ., PA TE9 B b PG g . HAE 1 PB, &
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BT8R, PC RMIETERARE R,
NEGEAR, R SARBEER P TEHESENENR,
WA E IR A 4 853« LIRS S T A PR st e i
T4y (CA) 5 LA YE H A0SR i Sk 32 19 v % e 38
(CB,) s LARTFIFHER 2 Sy 3 1018 3 B4 A 55 43 ( CB, )
DIRCR AN i BE SR R AT R EF4E(CC) .
1.3.2 #trml ek MEAR(CP) AIEMEE
FIE (SP) 4 AOAC J5 ik e | BRIk v Ik £F
HE(ADF) TP PEVE SR LT 4E (NDF) (BRMEVEIR KRBT R
(ADL) R Vansoest 25 [ 7 B 52 | RO RE
A AE 2 ASTAT BOFE(E . Fi2BR Sniffen 51 (7
B AR S Y (CHO) RS vEak Kb &4
(CNSC) ,CNCPS % 1 JFi 4143 ( PA. PB, . PB, , PB, .
PC) .CNCPS f/K b & #4153 (CA .CB, .CB, .CC) &%
i
1.4 HEPBEIS5HRK

FEMTE3 2 1 HeBIBEHL M 7€ AR 4E ( Calibration )
FIIIIF 4L ( Validation) ', ) WinISI I %% 14, 5% H
BIE MR/ 3 s (MPLS) , &% & 5 6 3 79 b 4t
L P BCETAL I 7 vk T R AR e g vy A

F1 RAREHEEAREASEE

Table 1 The contents of protein components in natural pasture

# o S KHEEES ( Mahalanobis distance ) F148 X1 25
( Residual ) 435X Y6 i (5 Ak 24 (H HEAT AR 360, 42
R R, [ A R AT 28 SCBRIE , B L AR 5
WG, ARG bRbr R 22 (SEC) 38 UK B bk
HEIR2E (SECY) A XRIEYE R (1-VR) | HiLI A
WER 22 (SEP) ZE3E AR P-4 , 0 E e B JH G
TEAE AR St X e AR R R 47 AR R AIE | A7y H AR 93
TEE A A SURAEAR X 04 1% 22 RPDCV (SD/
SECV) R4 45 Uk AH X 43 #11% 22 RPDP ( SD/SEP)
SRR HEAT e — B3R . RPDCV F1 RPDP KT 3, Ut
AR SEARASCR R, ST AR T L T S B AG 5 /)
T 2.5, ULHHZ BRI E LU F a2 bRl 2 ; KT 2.5 H
ANT 3.0, 4R ) TIORS A Rt — Y K
4 v Je AR ] R T SE BRI A2

2 BRI

2.1 HEEFRSUNELER

MR 2 IR i R I 25 5, B S FE b . B
Bk 43 M 5 5 il CNCPS 1R R 8 A R4 A5
ARG RRBELE AT &, 458 (R
1) W73 o 28 s S R I0 IR A2 B 1 0T 45 4 40 B L
S REL R I 2588 L AC T, B0 TE A T AR R
B PO CNCPS 1A R 35 11 BT 20 43 7 ot H e 2R
Y N PB,. PA, PB, PC. PB,, PB, & # fi &
(36.68% ) ,PB, &/ (10.07% ) ,

SEPRGE B
EIRIY

i B FTEHI(% ) SFEIE (% ) T fi B P (%) SFEIE (%)
Ccp 50 3.76 ~20.62 10.19+4.10 15 3.88~20.19 9.73+4.73
SP 47 15.98 ~50. 16 31.78+7.15 16 16.59 ~48.46 33.36+8.90
PA 49 4.21 ~43.13 22.82+8.00 15 7.25~43.12 23.20+8.82
PB, 47 1.24 ~19.80 10.07+4.95 12 1.25~19.15 10.35+5.10
PB, 49 11.29 ~52.25 36.68+6.71 15 13.16 ~49.50 35.95+6.32
PB;, 48 4.55 ~46.43 18.18+9.51 16 4.85~45.94 17.31+9.39
PC 48 7.42 ~36.48 15.57+6.57 13 7.52 ~35.98 17.46+6.94

CP AL B, SP LA PR I PA ARSI 5050 PB, < PRIEFAAR B4R 1 0 PB, - PR PR B8 1 0, PB, - IR PR AR B B, PC S5 A LR
Bt, CPoRyi THIBTHIE 203 it IRA AL 2 5 CP E A i,

R H R 27 73 7 7 6 CNCPS 1A &R Bk /K AL
FYA LA X T R IR & oK L& )

o,

gEHL (R 2) Bon B CNCPS 14 &k

AKAL A AL 4y & el BRIl CB, LCC L CA |
CB,, CB, &, k%) 36.37% ,CB, Sk, H
1.81%,
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Table 2 The contents of carbohydrates components in natural pasture

EARSE LTS
BRI

A FHAER (%) FEE (% ) REdh A FHILE (%) FIME (%)

NDF 46 48.36 ~69.02 56.98+5.36 14 48.97 ~68.37 56.12x6.16
ADF 48 29.39 ~52.61 37.04+5.37 14 31.70 ~48.89 37.12+4.26
ADL 48 5.82~42.58 21.27£10.38 13 5.93~42.11 21.05=11.06
CHO 46 69.27 ~88.23 78.61+4.08 15 72.81 ~83.03 77.45£3.23
CNSC 46 18.85 ~42.41 32.27+5.06 16 18.94 ~39.84 32.57+6.18
CA 46 17.53 ~39.76 30.63£4.55 15 17.64 ~37.84 30.94£5.78
CB, 48 0.51 ~2.81 1.81+0.55 16 0.54 ~2.57 1.760. 64
CB, 44 8.95 ~64.51 36.37x14.61 10 9.48 ~64.51 36.60£15.97
cc 47 11.13 ~72.59 35.10=15.41 12 11. 31~72.10 35.9016. 84

NDF ; P 27 4k ; ADF  FRPEVE VR AT 4k ; ADL . AR UE IR AR BT ; CHO : BUBR/K AL 15 CNSC AR M VB K AL 5 15 CA 42 CB, - JE M FILR

J; CB, : AT JHEF 2 ; CC . AT FHEF4E, CNSC,CA CB, .CB, .CC /&5 CHO BT & ; NDF  ADF . CHO & 5 T ¥ Bt 097 4> & H; ADL & /5

NDF [ 703

2.2 HWEHEMALENELER

B 1 SR BRSO e i i 28 S AR L
W2 Ak, ARBHRE DS A KEmaER,
-4 22 SR, 76 LL 450 nm g HC B B (a)
F1670 nm Sy LTI B (b)) H 30 52 AT 06 5 i o 2
AREEWIE, RS REEL, e R A 20
By Wb | ORI s ORI AR T D
W R ORI I 21 R AR AT I ol i 1 ke 3 A
Fil, 760 ~900 nm & 3T 21 4P B, W 10 v I
X, HOGIERHE 32 Bz Pos 4R B 5 A g . A )44
TR O R RS S oK E (H BK) BT,
PR M AE ] — R AL, S o7 23 A — 2 28 Ak L
S KRR SO E 2 WK N A 24>
W SO0 | Sk LS SR A0 1 e e BT B A T T A
2.3 RHRHE CNCPS AL L5 iE o i 8
BB 3L 51T

i3 WinISLILE bR 84, HIE T i e /s — s
(MPLS) AN [R5 3 85 2 ik B 7 3% ) b 7 A R A
Al R AR VR B AR AN BRSBTS B
1958 LA IRFRIEIR 22 (SECY) e/ 38 IR iE B
B(1-VR) F Kk,

I SR A A S 18 R k2 Kb 38 3 A ST SR LA
A, 3R 3 ATLAIE LB 8 (CP) A58 LB TIEAR
WEIRZE (SECV) H0.439 3, 38 I IE ok 7 R KL (1-

1.063
0.809h &

0.556

WOl

0.303

L 0 I J
400 925 1450 1975 2 500
WK (nm)
a:LL 450 nm AHUO BB E b L 670 nm LAY EL
El1 HEFERIELIN LR
Fig.1 NIRS spectra of natural pasture

VR) 4 0. 989, & L5 iE AH X 43 1% 22 ( RPDCV) 4
9.336; NEE L (PC) [ SECV 4 2.255,1-VR H
0.870,RPDCV 4 2.913 , HAZE M BT 2H 43 (9 1-VR
YN 0.8,

M3 4 T LLE oK 4k & 4155 NDF (ADF
CHO .CNSC HJ 1-VR 43 %M 0.975.0.932 0. 964
0.966 ,RPDCV 43 %]/ 6.353 .3.758 .5.306.5.521;
CA [ 1-VR >4 0. 846 ,RPDCV “} 2. 603 ;CB, .CB, .CC
B 1-VR 435 4 0. 684 .0.716 .0.619, ¥J/NF 0.9,
RPDCV 435747 1. 870 1. 940 1. 786 , ¥)/NF 2.5,
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£3 EEBARAS &R NIRS HESH

Table 3 The parameters of protein components of NIRS models

RIS H
HATAL5 SSIES P 2
SEC SECV 1-VR RPDCV
Ccp None,1,4,4,1 0.370 0.439 0.989 9.336
SP SNV and detend 1,4,4,1 2.226 3.311 0.717 2.159
PA SNV and detend 2,4 ,4,1 2.863 4.730 0.602 1.691
PB,; SNV and detend 1,4,4,1 1.326 2.184 0.660 1.809
PB, SNV and detend 2,4 ,4,1 2.448 4.357 0.766 1.999
PB; SNV and detend 2,4 ,4,1 5.204 6.356 0.510 1.496
PC None,1,4,4,1 1.699 2.255 0.870 2.913

BEHRAS W | 1, SNV+Detrend : bt IE W AL+ UL T, 1,4,4,1. —FBr SEGCIR BRI AR 4, -0 A 30 A Bs 4500 4, —0OF i
PRI AN 15 2,44, 1 5 SRUCTE, B 81 2500 4, A BRI 50 4, —UCOF AL BRIRIRE A5 R 15 None: JGHUSTALER . SEC . 5E bibr e
25 SECV 38 SURHIEARMETR 25 5 1-VR 38 U E R 5L RPDCV - 38 LB EAR X A3 112 25 (RPDCV=SD/ SECV)

F4 Bk EWAS FIEHR NIRS RESH
Table 4 The parameters of carbohydrates components of NIRS models

oKL G HE Iy SSEEBLIES

SEC SECV 1-VR RPDCV

NDF SNV and detend 2,4 ,4,1 0.541 0.844 0.975 6.353
ADF None,2,4,4,1 1.021 1.429 0.932 3.758
ADL None,1,4,4,1 4.471 5.304 0.710 1.957
CHO SNV and detend 2,4 ,4,1 0.473 0.769 0.964 5.306
CNSC SNV and detend 1,4,4,1 0.646 0.917 0.966 5.521
CA SNV and detend 1,4 ,4,1 1.194 1.748 0.846 2.603
CB, SNV and detend 2,4 ,4,1 0.168 0.294 0.684 1.870
CB, None,2,4,4,1 5.263 7.532 0.716 1.940
cC SNV and detend 1,4 ,4,1 8.337 8.627 0.619 1.786

FWAKACE WA I 2 TE, RAEALBS R S W3R 3 T,

2.4 RAME CNCPS AH#EE MR R 547

T AR IR 22 (SEP) | WINAE 5 1k A Y
R ZE(RSQ) AN BUE A X 43T 2% (RPDP)
FHESIE R A OGS AR 47 AR 36 E , EAf S5 s Tt il
ROR e — DA B AR 45 o W3R R A A i 174 T (L
FL A (AT RO B SUR ¢ K360, FH 5000 2 A0
AR AR LU A DG

x5 EEBRAHEREEITEMN

Table 5 The evaluation of calibration model for protein components

AR SR bR AL T SO UL 5, MR
5 (CP) i) RPDP 3 10.95, KT 3; Hifl 48 br iy
RPDP $J/NF 2.5, #4850 fb22 0 HT{H 5 NIRS Tl
{EAH SR IS 1K WL I8l 2, PA PB, \PB, \PB, .PC 1k
SOy M E S NIRS 19000 (B AH 5C & 8043 51 R 0,82,
0.67.0.80.0. 64 .0. 86,

HEFH SEP RSQ RPDP b2 FHE NIRS f AHK R B t 1l 1o.05
CP 0.431 0.991 10.95 9.88 9.95 0.95 -1.079 2.145
Sp 7.085 0.481 1.009 33.36 30.00 0.69 2.084 2.131
PA 4.157 0.674 1.925 21.87 21.00 0.82 0.800 2.145
PB, 2.754 0.454 1.434 8.24 8.62 0.67 -0.462 2.201
PB, 2.826 0.629 2.236 35.95 36.99 0. 80 -1.488 2.145
PB, 7.190 0.403 1.323 16.31 17.03 0.64 -0.387 2.131
PC 2.457 0.744 2.049 15.68 14.22 0.86 1.765 2.179

HEAA D WAE 1, SEP, BUMNARAETR 2 ; RSQ : NIRS TIAE 5 SSME /Y48 5 R0 RPDP SNBSS UE AR XS 73 #1152 2% (RPDP =SD/ SEP)
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Fig.2 Correlation between measured and NIRS predicted values of protein components

oK ALE YA 3 S BRI AUR Wk 6, 2.5;CA CB, ,CB, ,CC BYfL2= 53 Hr{E 5 NIRS i il
NDF . ADF, CHO, CNSC f§ RPDP 4y %] & 5.286 ., B AH IC R 505 31 R 0. 89 0. 93.0. 85.0. 68, b=
3.787 4.589 4.928 ,¥JKF 3;CA CB, .CB, .CC HJ  JMr{E 5 NIRS Tl {EAH L WLIE 3,

RPDP 4y %A 2.138 2. 037 . 1.940 . 1. 464, ¥ /N T
F6 BKLESWES TIERTH

Table 6 The evaluation of calibration model for carbohydrates components

WKL e sy SEP RSQ RPDP flac=ic] NIRS {8 LEPSES 1 e to.05

NDF 1.014 0.965 5.286 55.61 55.61 0.98 -0.021 2.160
ADF 1.418 0.908 3.787 37.20 36.97 0.95 0.593 2.160
ADL 6.660 0.672 1.559 18.42 22.90 0.82 -3.147 2.179
CHO 0.889 0.923 4.589 77.18 77.26 0.96 -0.334 2.145
CNSC 1.254 0.923 4.928 32.09 32.63 0.96 -0.878 2.131
CA 2.128 0.793 2.138 31.82 31.35 0.89 0.855 2.145
CB, 0.270 0.865 2.037 1.75 1.73 0.93 0.357 2.131
CB, 7.533 0.715 1.940 34.96 35.34 0.85 -0.155 2.262

(0(0 10.525 0.468 1.464 29.52 35.39 0.68 -2.228 2.201

SR E WA WA 2 1, SEP . AR HER2E ; RSQ - NIRS TIN{E 5 SEIE 09 4HE R 5L RPDP AN BIEAR XS 43 8TiR 22 (RPDP =SD/ SEP)
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] P A0 2 ko A B R A IR s ) o 5 B A ot
TT7 REWGT, & T NIRS WAL A Arminda
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CP NDF . ADF .CFCHLZF4E) ASH MRSy ) & = i
AR S bR P i R B AE 0.9 DL F, Dale %1
FIIH NIRS #3756 H 5 ) CF _NDF (ADF ADL &
TN AR | TN A o 1% 22 (SEP) 439 h 1. 058
0.964 .1.041.1.209, 1 PH& Ekadsr Tl A

/T H CP NDF , ADF [¥) NIRS 4 il A% %Y | 5 il
B 5 1k 5 43 i (E /9 AH ¢ R 2045 3 oM 0.963 7,
0.959 4 .0.947 9,
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