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Abstract: In this study, near-infrared reflectance spectroscopy (NIRS) technology was used to construct a near-infrared
prediction model of tall fescue hay. A total of 101 samples of tall fescue were collected from Qingyang City, Gansu
Province. Wet chemical analysis results and NIRS were combined to establish and validate the prediction model by using
modified partial least square (MPLS). Finally the prediction models of dry matter (DM), crude protein (CP), organic matter
(OM), neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE) and crude ash (Ash) of tall fescue hay
were established. The ratio of performance to deviation for validation (RPD) values of the prediction models of CP and DM
were 3.53 and 2.55, respectively. The prediction models have good prediction effect and can be used to predict the content of
components in actual production. The RPD values of the prediction models of OM, NDF, ADF, EE and Ash were 2.17, 2.04,
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2.06, 2.06 and 2.02, respectively, and the predicted results can be used as reference for some production.

Keywords: tall fescue; ruminant; near-infrared spectroscopy; nutrient component; wet chemical analysis; prediction model

Corresponding author: ZHANG Aiwen E-mail: snhczaw(@qq.com

B I G R B R 7 ok H o
2 (Festuca arundinacea) X PR3 IARFESF, 18 F 2
(¥ 25 0 20 A AR R ), — AR SE 0 W 1) = fi
AR, BAAAEKEERE. PUE. PUm R IE R MR, Y
P T DA B A K 2 R O ) K S A A 7R TR,
i o F B A AR AR L P b A e S o AR i FE VA
A= DL AR e b R T e A U AR R T R LK
XM, M M e B B K MR
o I R L R T L AR K R K S
A DAAE A0 5T 1 22 40 A R e AT KO T, Bl —
6 A F) R AR AR B B R AT IR AR
NI A BN ERIE 2 —, BT H R 55 =R
& IE IR, o 50 BE AT 5 0 SOn] W) B PRIV E
=T EFRNE, X T RAsYE I B A A5k
BRI o AE B AT AE S, AR S0 RUE IR
53 W0 5 B () TR A TH R R B N T3 W R
AU, T UA TR T 8 R 3 R 4 PR A A

H 20 t 28 90 AR LK, 3T 40406 3% 4 # 5 R
(near-infrared reflectance spectroscopy, NIRS) 75 2| Tk
WK RE . T NIRS HA J7 8 PR, &Rk o ik
Jok A 0 2 B 4 0, R R P R P
B AL IR il 25 B8, 97 LR i 55 AR 22 43
e BTS00 5 SR S RE S e R 2 A R R SR N, T
DA H I A i B IR AT Ot 1 TR B 8 T I OE
B SR BEAT B . 3245 ik, B A Ak 2E 2 R NIRS
HAR ST B (Medicago sativa) T 517, % %
(Zea mays) T3 W:"", /N3 (Triticum aestivum) FE#F &
SRR Sk AR T B 5 B TR B R,
X8 2 R E IR R N AN B S Bk = RN B
Ft UL S B S

AW S ER A NIRS #5135 T 5 %5 78 1%
RN M E S IE AR R 45 &, SR
LFTEAR TR (dry matter, DM). L ZK 95 (crude
protein, CP). A HL4 (organic matter, OM). "' % 3t ¥
214 (neutral detergent fiber, NDF), B2 P eI £F 4 (acid
detergent fiber, ADF). #H JIg lij (ether extract, EE) F1 ¥
K53 (Ash) & &, TR SZ /& 3 55 T B 8 bR AR

R, D9 VLR BF 58 20 A AR TN i 5 S T R 7 A
B IR S EAR AT R S MR, Dt — DR
[ @R ok 5 N L A (= P N T Sl e e B LN R
SE TAREE RO E S & BEECH S B 78 0 R A% B)
WA PERESE

1 w05 %

1.1 HRHRESLE

AW FLAE 20192020 4 B 18] BE AL gk BCH R &
PREATT A E (36°17'01” N, 107°31'36" E) f¥) il 4 11
SRS, AT M EINECRE, 2Eit 101 4« FREEEH 5
[H]s286%, T 105 °C 27 15min J5, BT 65°C T4548h
ZIEE, EIREN 6 h J5 R FE G B B PR Ry
PEML (FZ 102, F1[E) # %, 1 1.00 mm 9 o 4 ¥ w5 i
i 5 AR VRS 350, T B S, TRk,
RN eV STRAW ot N E R B R X =S i
1.2 SFEFTEENERRTIENNE

B oE 2 T3 DM AT Ash & & 1) 5E % % GB/T
6438-2007 A1 GB/T 6435-2006 5 i 18 ] 4= H 5h
JK 23 TK 43 AL (Pre-ASH 340, i £) #E47 0 € . CP &
B 2 % B GB/T 24318-2009 bRk, {# AT
i & %A (DN 2000, 5 () 347 I 22 . NDF #1 ADF
BB B 4 2 B 3 28 48 5 BT A (ANKOM a200i,
% E) AT E o EE & &2 Wl E 1% 8 GB/T 6433—
2006 [PIARAESE FH 4 H BRI (ANKOM XT15i, 3 [H)
BEAT I 5E o i & HYE L Excel 2019 HH4T 48T B,
1.3 SFEFFEIRLINGH
1.3.1 T LA B R AR

AW T A 6 E A 850~2 500 nm ] £ T A
4T 483 B A (FOSS 2500, 152 ) % i 26 56 kb i 43 i
RFEAT UL LT AN 1 B )R & o St A S T4 30 min
KA, ARG K BE SR A 5] 5 B NFE AR 13~
2/3 kb, BEASRE L AT 3 K E SRR E A, AR L
3 R ISP 3B R 9z B i e L, R
I EHEAT — B S B B R Y S A B, e A
o BG4 B 0 2 BT
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1.3.2 3T 4T AT ASE A 1) 8 T 5 58 IE

AW A% H WinISI IV 545 15 = 5 893 40 4k
WS AT s v PR 3 A 2 SE B G 1 o A AL B o FE 2 5T
SE bR LR 2 [T, W % E IR %S B AR AT
Fo 421 4 B EEGDREBE 2 B8R 4R (n = 20) FIE
brEE (n=81). 1 F MPLS X} %% F AN [5] & 77 1 7 o
e E bR .

BTS2 AP ER . T 25 B S %
DRl 25 82 Wl 17 7= A2 T4, 75 2245 G AN [F] (1) 3 Ak B G
D6V BE AT HUN AR IE, e rb 3 i HICR R IE b 27 20
BLE 11 R : Jo AL H (none); b 7 IE 58 & AR 45 &
BCHT 4b ! (SNV and Detrend); #x 1 1E 2 48 & 45 1L
(SNV only); % Hit&f &b ¥ (Detrend only); 45 1 £ 75 &
iU IE 4 ¥ (Standard MSC); JNAL £ G 88 8O IF 4k
H (Weighted MSC); [z [1] % JG & U IE AL B (Inverse
MSCQC); 5 % Bl %R 2 4b B (Scale and Offset); 5 4
i | A28 4 4b B (Scale and Linear); 5 70 Bl Al — X
Ab B (Scale and Quadratic); 5 % T 230 [ A A2 Ab
P (Derivative, Scale and Offset). 3% &b # 77 =0E &
3F:0,0,1,1.1,4,4,1.2,4,4, 1, S G K 4 N3
TR KN FEC B E . S HERE B RS — &P
TR ZRCE T SUE. TR G T AR AR ) AR
o AT PR AS OB IE A AR B I E, A8 4 R BE
(global hood, GH = 3) FI“T” ¥ i (T > 2.5) K X} 7 %
A it B 4T 5 B
1.3.3 55 28 B 20 A TN AR 2 ) VAR

KA XIAEAH I 25X (coefficient of determination
for cross-validation, 1-VR). SEFRbR#E /3 #Ti% % (standard
error of calibration, SEC). 2 H. 4 iiF b #E 4 ¥ % 2
(standard error of cross-validation, SECV) & ¥ 3K H Wb
SE AR AR R o R 1-VR B R, T A
R GF ;s SEC {H A SECV Rk /)N, U] 75T 0 455 784 2 5
iU, 2 1-VR {E B K, SECV {H 5% /)N I 0 4 75
HERR AR OB o, TR S 3 T R e b Y,

8 7 56 UE 5 HOHE EAT IR I, 23 TN E R
% (coefficient of determination for validation, RSQ), F&
o RSQ A Bk #2307 1, 00 00 452 28 2 SR ek e o R
£ 0 <RSQ < 0.25 B, F 7 il g (1) T I 458 8 AN m] H
£ 0.26 < RSQ < 0.49 I, 7= B i T A1 (A1
KA #F 0.50 < RSQ < 0.64 i, KR A1) & 1) 73l
DUASE TR AT A SRR s 1 075 36 45 i : 7E 0.66 < RSQ <
0.81 I, &7 Bt iy Fl il 452 784 w] DA R A8 S5 B A= 7

(I 5 76 0.83 < RSQ < 0.90 I, 7w il & 1) 1Ll
FRR T DL E — 6 A 7 sz B v PR s T 2

) FH A8 B8 0E AH X 23 M1 1% Z2 (ratio of performance
to deviation for validation, RPD = SD/SEP) 56 iiE: 75 il #5
Y P HERR PRI, 7E RPD < 2.0 B, 27~ A1) 28 1) T ]
BP0 A R A 2, ANEe TSR AR e st e s A
2.0 < RPD < 2.5 It} o @1 i 000 455 2 000 /g 77 41
XTELSS, AR IR 2 2 b S E, (R ] LA T
FEL W b T 5 &5 7E RPD = 2.5 i, R/~ 61 2 1 1
AR T L T 92 bR A 4 24 vh 2,

2 5%

21 BFEFTEENERRSTESE

o or TR T OROE IR o 1 2 R AT AR
K, B R, £F6 R 20 6 B oR
ok B ST L FR A TRONN AR A (1) 25K (R 1). DM
A5 AR T B /N, Ash 8 R FR B A Ko 08 A 4R FH G HIE
LR E TR TR (R 2) Bor, HAPTEERs
#rh, DM S E1E 93.71%~96.72%, CP & &7E 11.28%~
29.71%, OM & & {E 77.43%~ 98.93%, NDF & & {F
30.27%~58.32%, ADF % &7 14.12%~34.01%, EE %
HAE 1.76%~5.79%, Ash FE87E 1.07%~22.57%. %Ki
B BE IR S AR SRR T Y, Ho
DM & & 7F 94.29%~ 96.30%, CP & & 7F 11.40%~
25.06%, OM & & £ 79.37%~ 94.78%, NDF & & 7
31.07%~52.74%, ADF & &7E 15.90%~29.03%, EE
EAE 1.82%~4.89%, Ash & = 1E 3.06%~18.49%.
22 SFEFTEIRAIMHENILEE

28 1 XA S 3 O B SRR S SR 315
B ARFH IR E (B D), mEF RS E RS
PR & ERAE DR & S E AR, 153
() P R AR AE AR 2 WU g . T 2 AR 3 23 il
For TR AN OGS B R 1T Bk 2505 2 R
BRE RN, — SR E M RS
BRI E .
23 EFFTEIRAIMERERFENS

FIFH WinISI IVEAE 4 5 3 58 507 Mg 538 ik
O3 W 20 A 6 e B S5k 2= M B AR 45 &, P45
A 11 M2 HUR AL BEAD 3 B R B B S, 43 ik 7 b
B IR AT B0 B AR . DA K 1-VR E A i /)
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Table 1 Results of wet chemical analysis of seven nutrients in tall fescue hay (DM basis)

e %ix FEAR & R/ME IE PN P FrifE 22 B R

Nutrient Sample number Minimum/% Maximum/% Mean/% SD CV/%
FH)5t DM 101 93.71 96.72 95.29 0.55 0.57
HHEH CP 101 11.28 29.71 17.53 3.83 21.86
AHA OM 101 77.43 98.93 88.95 3.68 4.14
rp PR AT 4E NDF 101 30.27 58.32 46.26 5.00 10.81
BRI P k47 4E ADF 101 14.12 34.01 24.86 3.15 12.69
FHARRT EE 101 1.76 5.79 3.56 0.71 19.84
HHIK 5 Ash 101 1.07 22.57 11.05 3.68 33.33

DM: dry matter; CP: crude protein; OM: organic matter; NDF: neutral detergent fiber; ADF: acid detergent fiber; EE: ether extract; Ash: crude ash; this is

applicable for the following tables as well.

R SFFTEERENMRIEREERKD S E (TUREM)

Table 2 Nutrient content in the calibration set and validation set of tall fescue hay (DM basis)

P 2851 =% FEAH R ¢ /ME PN E SEEME WHEE S BRRE

Sample sort Nutrient Sample number ~ Minimum/% Maximum/% Mean/% SD CV/%
T¥)% DM 81 93.71 96.72 95.30 0.55 0.58

HEA Cp 81 11.28 29.71 17.61 3.89 22.09

. BRI OM 81 77.43 98.93 89.03 3.69 4.15
é lﬁj:tion set PR BEVR AT 4E NDF 81 30.27 58.32 46.38 5.00 10.77
PRV BE I 4T 4 ADF 81 14.12 34.01 24.94 3.18 12.76

HHIEM EE 81 1.76 5.79 3.57 0.71 20.00

FK 5 Ash 81 1.07 22.57 11.14 3.75 33.64

T¥)% DM 20 94.29 96.30 95.25 0.51 0.54

HEA Cp 20 11.40 25.06 17.21 3.58 20.77

i HHLA OM 20 79.37 94.78 88.38 3.90 4.41
ﬁﬁ?ﬁion cet PR BE A 4E NDF 20 31.07 52.74 4578 4.99 10.89
PRV BRI 4T 4 ADF 20 15.90 29.03 24.58 3.02 12.30

¥R EE 20 1.82 4.89 3.49 0.66 19.03

FK 5 Ash 20 3.06 18.49 10.70 3.39 31.72

SECV {H N K H , 77 i th 5 Tl 5 77 1R 53 B¢ £ 7 br A5
R EE T a3k 3 f gl o AN [EVE 7R A I d Ak
T A 5 2UR0 5 Bk B O S0 BT AN R, o DM
e AN S B AL B e 4 A /& none A1 1, 4, 4, 1; CP
) T A S Ak B 1 B £ 2H & /& Derivative, Scale and
Offset F1 2, 4, 4, 1; OM [ 6 15 A1 3 % b 8 1) A A 40
4 J& none M1 2, 4, 4, 1; NDF ] % it A1 5 g 4b 3 1) 5%
f# 21 & 72 Derivative, Scale and Offset £l 1, 4, 4, 1;
ADF [ 3% A1 S %0 4b 5 1) f £ 4 & 2 Scale and
Quadratic 10, 0, 1, 1; EE )6 1% F1 5 B ab B2 1) &% ££
204 /& Detrend only F1 1, 4, 4, 1; Ash %% Ff1 5 %
b H ) Bt 4L A &£ SNV and Detrend F1 2, 4, 4, 1,
7 BhOE FE B 1 B fE E BR AR Y A ) SECL SECV
1-VR 14 4> %) A : DM N 0.17. 0.22 Al 0.85, CP A

0.33. 0.67 F1 0.97, OM Jy 1.22. 1.42 1 0.81, NDF N
1.40. 1.63 fi1 0.86, ADF ¥ 0.99. 1.09 #1 0.80, EE Ay
0.21. 0.28 1 0.84, Ash 4 0.99. 1.52 £/1 0.80.
24 SFFTERERLDIIEFRER AL
TEm 22 TR T A4 e bR R @ ST s, A 20
AN E SRR A HEAT IR, 03K 4 BT A1 56 IE 55 DM
) RSQ~ SEP. RPD 1B 437114 0.85.0.21 #12.55, CP 1%
528 0.94. 0.83 13.53, OM A4 0.78. 1.58 A1 2.17, NDF
()43 71 5 0.78+ 2.38 #1 2.04, ADF 143514 0.84. 1.21
F12.06, EE 153514 0.79. 0.28 #12.06, Ash 143 5] 4
0.77. 1.47 £1 2.02. ik, VW& FEF T ETHE
I 43 B3 T A0 T AR 2 (R 4), H s OM. NDF,
ADF. EE. Ash (] fE£E€ Fr i B 2.0 < RPD < 2.5,
< B AT DA AE S B AR 7 A — SR B 1Y T00 s DML
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Figure 1 Near-infrared spectrogram of tall fescue hay Figure 3 Second derivative spectrogram of tall fescue hay
0.003
LR 3 it
£ 0000 | [24] 6]
> (Y R \ o, e gt e
£ M2 O o T T kTR, el
D N —.
% —0.004 | Wi 3E (Brassica campestris) ¥ ¥ 20, /N E#E . &
5 Gt (Sorghum bicolor) ™ % — L& 1] FI AR B 10 8 55 B 40
& -0.007 | Sl ks = o A [20 - A
1 TR A, 154 8 25 Y 2 T NIRS $ R, X R4
o | b | FO 125 B i SR FE BE 0 BUE TR Ay, 4 B
82 1260 1ers 208 2498 EARBLL, B4 PO BOIGAE 45 T AN M I 45 B

K Wavelength/nm

2 BFEFTE-—MSHRLENEE
Figure 2 First derivative spectrogram of tall fescue hay
CP [ f t E br B AL o RPD = 2.5, R WA LLA - —
s T 2 92 R RT3 U FEE AR 527«
73 TR 2 R B 5 i A 2
ST B M St ok R A B 4 o, Hoh CPII R My
0.937 4, 3% B T AE 5 98 AL 22 70 B (B 1 AH S 1 56 &
BT, DM I R 24 0.738 6, 22 W Tl A8 5 3 4k 2% 4
BT B AH SRk 5% R .

AT RE 5 PARHRE i B 5 S B = I E A R 2 DL K
JIT 345 HLFC) A1 08 36 AE o AR HOA 5%, S A AT DML CP.
NDF. ADF. EE #1 Ash [#] 1-VR ¥ £ 0.90 /& 4, i

T [ NIRS #2782 AT (0, o 1k bk i ANV B A1 R
(neutral detergent insoluble protein, NDIP). F& 4 ¥t ¥

ANV R T (acid detergent insoluble protein, ADIP). &
P P % K i & (acid detergent lignin, ADL) flf #4) %

NIRS B2 A K FEAR, 38 5 — Btk i 25 21
H I 265 43 B 4& T 5B 2 A 54k J5 i 2 37 DM,
CP. NDF. ADF f1 Ash ] #7577 i 70 € pR i 2,

RI BFFTEREFASREERER

Table 3 Optimal calibration models of nutrients in tall fescue hay

eI FEAH DUy Y GEE ZH EMARHESNT S XIGIEARHE A8 SR EAE G
Nutrition component  Sample number Spectrum treatment Parameter "7 SEC w7 SECV FH1-VR
F¥)5 DM 81 none 1,4,4,1 0.17 0.22 0.85
HEE CP 81 Derivative, Scale and Offset 2,4, 4, 1 0.33 0.67 0.97
HHH oM 81 none 2,4,4,1 1.22 1.42 0.81
HR SR A4 NDF 81 Derivative, Scale and Offset 1,4, 4, 1 1.40 1.63 0.86
TR eV -4 ADF 81 Scale and Quadratic 0,0,1,1 0.99 1.09 0.80
Y AS R EE 81 Detrend only 1,4,4,1 0.21 0.28 0.84
HHK 5 Ash 81 SNV and Detrend 2,4,4,1 0.99 1.52 0.80
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Table 4 Validation results of the optimal calibration model of tall fescue hay

BRI 12 E H TR Tk E TR 1 AN IR AR X

Nutrition index Chemical measured value Predictive value ZHRSQ %% SEP DHTRZE RPD
T4 DM 95.29 95.33 0.85 0.21 2.55
FEE CP 16.80 16.94 0.94 0.83 3.53
AHA) OM 88.80 89.00 0.78 1.58 2.17
rp PR AT 4E NDF 45.78 46.06 0.78 238 2.04
BRI P k47 4E ADF 24.86 25.29 0.84 1.21 2.06
FHARRT EE 3.42 3.43 0.79 0.28 2.06
HHIK 5 Ash 11.10 11.15 0.77 1.47 2.02

RSQ: coefficient of determination for validation; SEP: standard error of prediction; RPD: ratio of performance to deviation for validation.

# DM. CP. NDF 1 ADF ] RSQ 18 %5 K T 0.80, #h
#E I8 IE ) RPD {H #0 K T 2.50, $97] ] F Sz b2k 7 b
[P, {22 Ash [ RSQ {E A1 RPD {H # #A%, K AE
FH T FEL I 14 TR0, 3 AT BE 2 T 0 AR B IR AL 2 A
a5 00 5 53 P o B 55 R 1 BE ¥ 2, R DA NIRS
e MR A LA A ) S S I 20 AR 6 U,
JiL &5 W) R 7 B R 2 By T BB B 0 W O i, T L
NIRS 3 it [] 52 43 B 452 AR 1R 285 2R 5 8 B0 5 1) 4 1
Pk MRS 5 B FH 5% 5 B 2 R 120 49 £ 25 (Leymus
chinensis) ¥, A= 7. 7 DM, CP. NDF. ADF. ADL.
EE %% 9 T °f %5 f Jii NIRS £ %, B EE 4F, % T4 Ax
0] F T S bR AR P R 58, T RE A BT AR R A )
EE & 25K, 10220 &% 25 M oK.

AHIE FE H A P R O AL EE S, O 1 R R R AR
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DM: dry matter;

CP: crude protein;

OM: organic matter;

NDF: neutral detergent fiber;
ADF: acid detergent fiber;
EE: ether extract;

Ash: crude ash.
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Figure 4 Correlation between predicted value and chemical measured value of nutrition component
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