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Evaluation of nutritional value of different cuts of Canada Pennisetum glaucum stubble
using the Cornell Net Carbohydrate and Protein System

WANG Duojia', ZHAO Luobing', ZHANG Xin', ZHANG Liping’, XUAN Zhiwen’, ZHAO Yunhui', LIU Xiaoxiao'
(1. Jilin Academy of Agricultural Sciences (Northeast Agricultural Research Center of China), Changchun 130033, Jilin, China;
2. Jilin City Academy of Agricultural Sciences (Jilin Agricultural Product Quality Supervision and Inspection Center), Changchun 132002,
Jilin, China; 3. Changchun Borui Science and Technology Co., Ltd, Changchun 130114, Jilin, China)
Abstract: Pennisetum glaucum is a new type of grass variety. The aim of this study was to determine the feed value of P.
glaucum. The potential of P. glaucum as ruminant forage is discussed in depth. The yield and quality of forage were
compared using multiple cuts of P. glaucum, and the protein and carbohydrate components were analyzed using the Cornell
Net Carbohydrate and Protein System (CNCPS). The results showed that the dry matter content of the whole plant and stem
was higher in the second crop than in the first crop (P < 0.05), and the crude protein content was highest in the leaves

(22.46%), with significantly higher content in the second crop (P < 0.05). The acid detergent lignin content in stems in the
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second crop was 5.40%, which was lower than that in the first crop (P < 0.05). The quality of P. glaucum was better in the
second crop than the first crop. In the components of the CNCPS, the content of acidic-detergent-insoluble protein was
higher in the second crop than in the first crop (P < 0.05), whereas the soluble protein and starch content were lower than in
the second crop than the first crop (P < 0.05). The rapid degradation of protein and carbohydrate components was higher in
the first crop, while medium degradation was the main type in the second crop. The application of the CNCPS accurately

evaluated the nutritional value of forage and reflected the utilization of forage by animals.

Keywords: Pennisetum glaucum; green roughage; cutting stubble; protein components; carbohydrate components; yield and

quality; comprehensive evaluation

Corresponding author: ZHANG Liping E-mail: zlp0620@yeah.net
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A R AR 50, AR X 4 T s U b VT A TR R E 5RO
1B o FE 2% R i Ik K AL & W) -85 F i /K & (Cornell Net
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TR K RTINS, %k 2R 3 TR B
B IR G AR N T AR, K O TR
D% ok = Wi 1R R e /RS s S S S

— YL 73 AR D DR P AR B o O R R R O 1R
e fige 08 7 AAS T R FH B o B2 CNCPS A 28 X 45
FUE SR ERAT VRO, A R E RS HE N E

A S e A A B B 32—, XA
DS BURIEY/E Y = d e o S BRI e S - AR O]
7B R R A R A R R R AN, R
XN Bt BT AT B R, S KB R
L AR IR BT R ILAROE . DV, (KR
PR E—F AT 2 O EI R R, W ER AR
HEAT X #I 4L 2, SR ] CNCPS 14 &6 2 2k 4 B4 A
N FIFE K, MRS bk 250 M AL > AR K AL &
Y2l 73 BEAT o3 M, JF X A B EAT SR 58 TR E VP
B 1E N R4 s 5 R R 53U 1R AR 4R it
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1 #RHS J5 i%

1.1 RIEHR

Z A MBI E R BRA 5, R T &Rk
v AE 22 B g b o PRI 22 BR AT B 23 BE ) 5, SR B PR
B, BREE 10~12 cm. #EFPEN 5~7.5kg'hm . 1
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Table 1 Different stubble cutting treatments
X FIFE IR R ] Pl ) N LtV AR
Stubble cutting Cutting time/(YYYY-MM-DD) Phenological period Height/m Number of blades per plant

QUL Sk

FR1HAIE 2022-07-15 Rk 1.5~1.6 9~10

First cutting Jointing stage
26N Sk

ALV 2022-08-15 ol 1.6~1.7 8~9

Second cutting

Jointing stage

XABEFLEEE 34 1 mx 1mFETT, RET N ERD
R 20 om BEAT X, BRE, T RS R E .
WORE i O A bk 22 W26, 6 105 °C &4F F
A 15min f5, 65 C B+, [H1#f 24 h 5 @47 PR &,
BVE R R 8 . K S R S B0 D A
F Bt 0, BEAE AR
1.3 MEIHRRF A
(i85 A (EL
Ko HLE G HLRE BT MK 4 45 B e 5
FE DAL b A v I 2 )™, KL 4T 45 5% Tl ANKOM2000
[ B A 4 43 G T, fie B R A G E .
1.3.2 CNCPS & &5 #x

K H% CNCPS & 2 5t 85 [ 5 21 45 FBk K AL & 4
A5 BRI 435 43 S0 s o e R AT 4 R T R U AT
4. MR &, K ANKOM2000 - 5 3 £F
Ye o BT I 5E s HPEBE RIS B BV VR AN
B A PR 2 IR Van Soest 257 ) 77 12 11
2 FEARRA =R omEN e, whRmE
i b gy 2
1.4 CNCPS ARZEMNITE
141 EHHEBHASE

CNCPS & &4 L p oL & (it 47 T 4tk 70N
EEAR EEARMATTEMHEED . HPHEE
P10 S3EE — 25 20 A Dy TR 6 A B 1 B R O B A
HEARAMSEEEEEAR. EARSHITHE
AR 2 Fril,
142 WKW AEMASITE

CNCPS 14 2 ¥ 1 RL s iR KA & 2050 9 4 434
g 3 BN BE S (R B A R 0 ) R R IR (R
Bee A 08 73 )~ WA ) 2T 4 (2 38 B A 50 20 ) A0 AS 7T A
A% (KRB S BN 24 6). BKALEY&H
TR AR 3 Frl.

1.3.1

#2 CNCPS ZEHESHTEAR
Table 2 Cornell Net Carbohydrate and protein system pro-
tein component calculation formulae

i AR
Projects Calculation formula

PA/% NPN % 0.01 x SOLP
PB,/% SOLP — PA

PB,/% 100 — P4 — PB, — PB; — PC
PB3/% NDIP — ADIP

PC/% ADIP

SOLP. NDIP. ADIP 73l Nl EE A PIEREAEEAR. R
PEPRBE AW E H. PAL PB;. PB,. PBy. PCHBIMCEIRE AR, Pk
Bff B 0T PO PR AR LR R IR IR LR . A RT R
B, &R LR B8 4 teih 5, NPNEIUAPA, BLS AT
BHEEASEF IR, FER.

SOLP, NDIP, and ADIP refer to soluble protein, neutral-detergent-
insoluble protein, and acidic-detergent-insoluble protein, respectively. PB,
PB,, PB;, and PC represent rapidly degradable true protein, moderately
degradable true protein, slowly degradable true protein, and non-degradable
protein, respectively. Each component was calculated as the percentage of
the crude protein content, while NPN(PA) was calculated as the percentage of

the soluble protein content. This is applicable for the following table as well.

1.5 HIELIE

s ST 73 M K F SPSS 16.0 B AF 43 #r , F P
PIME + brifE 22 RN E &5 5, X ERA FAS RN #)
TR B B EAT i vk o0 A, IR AN [F] 2E IR B2 Bk
BEAEMR, 22 M HE IR CNCPS A S H
LA 5y BoKAE A o IR R T Z 0, IFRH
Duncan 7% # 20 #4347 2 H L.

2GR0

21 ARINEIFEXREH®RAETS
W 4 Frd, BERAEE 2
TFHE1ER, TEPERE TH 1 H5 R, HWHER
BBk BN R R A 22 5 oA B B 2 KT (P> 0.05),
WHEXR T LR EER,
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Table 3 Cornell Net Carbohydrate and Protein System
carbohydrate component calculation formulae

i H R

Projects Calculation formula

CHO/% 100 — CP — EE — Ash

NSC/% 100 - CB,-CC

CA/% [100 — STARCH] % [100 — CB, — CC]/100

CB/% STARCH x [100 — CB, — CC]/100

CB,/% 100 x [NDF — (NDIP % 0.01 x CP) —
(NDF % 0.01 x ADL x 2.4)]/CHO

CC/% 100 x (NDF x 0.01 x ADL x 2.4)/CHO

CP. EE. Ash. NDF. CHOZM A J9tHiEA . HUMEWT. M. ik
Ve er 4. BokWEY, LAY E ik . NSC. CA. CB).
CB,y. CCHARARLMMERR KA G FER. JEMAIRL . PRI H
R, AR, BLEBOKEEWE it . STARCHAE
M, LGRS MoK S A A bR . ADLAART R, B A
WHRARSEE SR, TRA.

CP, EE, Ash, NDF, and CHO represent the crude protein, crude fat,
crude ash, neutral detergent fiber, and carbohydrates, respectively,
calculated as a percentage of the dry matter. NSC, CA, CB,, CB,, and CC
represent non-structural carbohydrates, sugars, starch and pectin, usable
fibers, and unusable fibers, respectively, calculated as a percentage of the
carbohydrates. STARCH was calculated as a percentage of the non-structural
carbohydrates. ADL represents acid detergent lignin, calculated as a
percentage of the neutral detergent fiber content. This is applicable for the
following table as well.

>

22 AENEIEXRBHE
IO

MR S, BHRAEE X B ZEH %
HH oy B fFAE BB 22 R, AR &E IR B R IR A
] . Pi# X CP. EE. Ca & &R ANM > 4kk > 2%
FERERIMAZE > 20>, 52 H IR P, NDF/BT
% o 1A 22 IS B B2 KCF (P <0.05), PR
B, 18 F] 0.40%, NDF & E%ﬂi& N 54.58%. &
ER A BN [R) FE UCAH TR 40 8], 26 2 38 IR A AR D22 1)
TY.NDF §®2EHEKTHE1HIR CaFREH
INFETHER: HCP.PEELEFERTE 1 TR

é*ﬂi\ =\ I:H_l%;Jb

23 ARNBERBHKS
CNCPS A3 747
2.3.1 CNCPS 4%

Wik 6 Fr ¥, BERA BRI — 2 IR kK. 22, %
“H %y ], NDIP. ADIP. NPN. ADL & & % % Bl Ny i
HhE RN, X9 SOLP & & K. BERA T A
FEUAH R 4 43 Ta), Ak 2R ﬂ+ () ADIP. SOLP. ¥E
MEEFAAEREES, Hd, 52 X% 4H 5 ADIP
HSEEFEKTE 1R (P<0.05). SOLP. & & &
WE/NTE 1R, 5 2 HIRZE NPN. ADL & &
FZANTE IR
2.3.2 CNCPS & A 45

W 7 Fr ), BERAFLR — 7 IRtk 22 %

Uﬂm

Moy a], 2 PA &&=, PB, & E (L, 5HAMA
Iy 75 Sk B & K F (P < 0.05). M PC & & & 1K,

/NME N 1.56%, & KT 4tk fﬂfk%\rﬁﬁﬁﬁ
U R 2 43 1), 4=k 25, ' H) PAL PB,. PC & & A7
EREZEZR, HPE2HERPASER E/NTH
1 #HER (P<0.05), PB,. PCEEEZE KT HE 1 HEK
(P<0.05).
2.3.3 CNCPS /KA &4 55

Wk 8 Frdl, BERA BLIA — 28 IR kK. 22, %
#H 7y 18], 25 CHO % & i &, 18 # 75.34%, M CA
8- a= Jiiu 18.12%, W 3% fm T HAh & H 40 (P <
0.05). WE KT M. 22 7 Ik NSC &
Ew%m?éﬁi\ XK. BB EA L R FH S
f), 28 2 IR =R ZE 1) CHO Ml CB, & & & & &

FTHE1HIK, CA.CB, F & W FH/PNTH 1 1 IK;
DHWRECCEEREFRTE 1 FEX.

3 g

31 ARNZEIEXRBH®RSECFEREMFT TR

AT FT P ON ] ) %E#%i%ﬁ%‘fﬁt%
S, {E B BRAS B HE OCIR 1 7E 47 995 kgehm LA

R4 TENBERBHRAES~E
Table 4 The yield of Pennisetum glaucum with different stubble cuttings

XIFIE BERR TR FHELL

Stubble cutting Fresh yield/(kg-hm ) Hay yield/(kg-hm °) Dry to fresh ratio
517N % First cutting 50 555.56 = 3 347.86a 5743.11 +485.71a 0.11+0.02a
2R % Second cutting 4799537 +2729.27a 6 848.94 +316.73a 0.14 +0.03a
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Table 5 Conventional nutritional components of Pennisetum glaucum with different stubble cuttings
BiH 1R E First cutting FE2UXN|E| Second cutting
eA
Projects ESN E i KU/ S s
Whole plant Stem Leaf Whole plant Stem Leaf
71 (DM
;:rj%ril)a\lt(ter/“/i 91.50+0.57bc  90.24£0.06c  91.43 + 1.65bc 94.12+1.17a  93.85+0.31ab 92.58 + 1.15abc
Criﬂd%p?o(tgifr)l)/% 19.61 £ 1.65b 13.88+0.16c  20.27 + 0.46b 2049+ 1.22ab  13.99+0.62¢c 22.46 +£0.06a
F A4 (CF
jrﬂu(i gﬁgﬁgﬁ 29.37+2.03abc  31.00+0.53ab  27.11+1.47c 2829+ 1.70abc 30.92+2.65a  25.71+1.74c
" FG
i%ﬁziii%? 2.35+0.37ab 1.28 £0.32¢ 2.63 +0.34a 1.78 £0.07bc 1.55+0.22¢ 2.49+0.18a
PEPEIR T YE(NDF
N:jltrr%lﬁggerze/ﬁt(gbeJ% 5545+2.45¢c  59.23+£2.88bc  52.61 +3.24c 62.88£2.31b 68.91 + 1.68a 54.58 +1.03¢
£ Y= VA ST O
Eﬁfﬁgg};ﬁﬁ%ﬁiﬁ 35.28 +1.74a 36.66+1.63a  32.88+4.92a 36.43 +£2.73a 39.61 +4.55a 34.63 +2.64a
£5(Ca)
Calcium/(gkg*l) 6.52+0.71a 4.63 +0.14b 6.94+0.21a 3.41 £ 0.64b 2.10+0.21c 6.61 +0.64a
BEP) 0.3
Phosphorus/% .35+ 0.01b 0.32+0.02bc  0.32+0.01bc 0.35+0.01b 0.29+0.01c 0.40 +0.02a
B2 (GE
E;igl}/k} 16.79 £ 1.51a 16.14+3.08a  16.69 = 1.56a 16.97 + 1.52a 16.61 £3.01a 17.18 + 1.54a

AT AN FREREREEP<0.05). £7. KSH,

Different lowercase letters within the same row indicate significant differences between different stubble cuttings at the 0.05 level. This is applicable for

Table 7 and Table 8 as well.

&6 TEXIEIER

IR S E CNCPS 4%

Table 6 Cornell Net Carbohydrate and Protein System components of Pennisetum glaucum in different stubble cuttings

XN IR HRAL
Stubble cutting Part NDIP/% ADIP/% SOLP/% NPN/% ADL/% STARCH/%
bk 9.80+0.43ab 231+0.08  31.58+1.02b 86.81+133a 7.63+1.10ab 2.28+0.36a
. Whole plant ) ) ) ) : . . ) . ) ) )
1IN E|
First cutting 2 Stem 9.41+1.18ab 2.19+0.14bc  39.40+0.95a 8597+234a 885+1.14a  2.31+0.27a
i Leaf 798+099b 1.56+022c  33.77+143b 76.14+229b 4.93+1.20c 1.74 + 0.35a
R 1120+0.88a 3.27+0.16a  2029+1.64c 73.67+3.42b 5.13+0.71bc  0.81+0.11b
" Whole plant ) ) ) ) . . ) ) ) ) ) )
S22 E
Second cutting =X Stem 1095+0.83a 3.44+0.55a  31.61+198 7829+7.24b 540+1.15bc  0.86+0.03b
i Leaf 8.18+0.42b 232+0.05b  1991+£2.02¢c 73.39+4.99b  4.06+0.70c 1.10 + 0.26b

AR F/NG FRERRZEFBEP <0.05). RTIFIESFH .

Different lowercase letters within the same column indicate significant differences between different stubble cuttings at the 0.05 level. This is applicable

for the 7 and 8 as well.

PR A 98 551 kgrhm o R AR R} B A i 2
77 B — ETE 35 000~ 75 000 kg-hm ~ "%, Wy L, B2k
A5 BT OA E 2 — v O S R, 5 R A
b, Fh i B2 Bk 43 B A5 7 4] 5 0] 6 0 500~ 600 Tt (£
A 7 500~ 9000 7T) YL 2 .

W5 i B AR A HL R R E R R b, T
WIS RS R R IEAE R R R A
BB E R EARR . — RS RN KA
PR R B R S M R AR, Bk
BREF2HR TR EEMHPHEASEA T
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Table 7 Cornell Net Carbohydrate and Protein System protein components of Pennisetum glaucum
with different stubble cuttings
RIFIFEIR fifvA 0 0 0
Stubble cutting Part PA/% PB,% PB,% PB;% PC%
A 27.41 £0.69b 4.17£0.34c 58.62 + 1.48b 7.50 £ 0.36a 2.31+0.08b
‘ Whole plant . . . . . . . . . .
IO E] N
First cutting = Stem 33.88 £ 0.95a 5.53+0.91bc 51.19+2.15¢ 7.22+1.32a 2.19+0.14bc
i Leaf 25.71+0.01b 8.06 £ 0.44a 58.25+1.24b 642+ 1.2a 1.56 £0.22¢
A 14.95 +£0.78¢c 5.34 £ 0.84bc 68.51 + 1.66a 7.93 £1.03a 3.27+0.16a
. Whole plant . . . . . . . . . .
S2UONE N
Second cutting = Stem 24.75 £+ 1.49b 6.86 + 1.51ab 57.44 £1.59b 7.51+1.39a 3.44 £0.55a
" Leaf 14.61 £0.13¢ 5.30 £ 0.35bc 7191 + 1.45a 5.87+0.47a 2.32+0.05b
®8 TEXIBZERBIKEE CNCPS Ik L&A S
Table 8 Cornell Net Carbohydrate and Protein System carbohydrate components of
Pennisetum glaucum with different stubble cuttings
eI Wb . .
Stubble cutting Part CHO/% CA/% CB,/% CB,/% CC/% NSC/%
=tk 63.86+1.29¢c 15.80+291b 0.39+0.06a 67.92+4.45bc 1590+ 1.90ab 16.18 £2.55ab
. Whole plant . . . . . . . . . . . .
mIgONE
First cutting = Stem 68.85+0.16b 1553+4.44b 0.34+0.07a 65.86+0.88c 18.27+3.27a 15.87 + 4.16ab
- Leaf 62.30+2.70c 17.83+227a 0.32+£0.05a 71.86+0.69abc  9.99+2.61lbc 18.14+1091a
B3
e Whole plant 67.56+1.29 1024+2.33¢c 0.08+0.01b 78.22+0.37a 11.46 £ 1.85bc  10.32+2.23b
g
Second cutting = Stem 7534+0.41a 1034+£197c 0.09+£0.02b 77.72+4.28a 11.85+£2.29b 10.43 £ 1.99b
- Leaf 64.57+0.25c 18.12+1.39a 0.20+0.08a 73.45+0.41ab 8.24 + 1.54c 18.32+1.13a
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41 %

F (NDIP) F1 & 4 ¥ % A~ ¥ 55 A (ADIP) &% & % &,
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AR T 82 IR VAP & A (SOLP) &
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32 LI NPN A3, 5 CNCPS & R ¥ & x4 5h W)
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