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A Study on Digestibility in Small Intestine of the Ruminal Undegraded Protein
Fractions According to CNCPS Model of 14 Feedstuffs
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(College of Animal Science and Veterinary Medicine . Shandong Agricultural University , Tai'an 271018, China)

Abstract: The amino acid sub-model of Cornell net carbohydrate and protein system is one of the
three published major model to predict ruminant duodenal amino acid flux at present. Previous
studies indicated that the ruminal undegraded C protein fractions defined by CNCPS model of non-
forage feedstuffs may be digestible in small intestine, which questioned the reliability of setting
the digestibility of C protein fraction in small intestine to zero by the CNCPS model. Contents,
dynamic degrading parameters in the rumen of each protein fractions, and CP digestibility of ru-
minal degrading residue at different sampling time point of 14 feedstuffs were measured in the
present study. These data were used to estimate small intestine digestibility of each ruminal un-
degraded protein fraction by least square data fitting according a deduced equation. Reliable esti-
mates were acquired when taking small intestine digestibility of ruminal undegraded C protein
fraction was 100% as the restrictive condition. Results of the present study indicated that it was
reasonable to set the small intestine digestibility of ruminal undegraded B1, B2, and B3 protein
fractions as 100%, 100% , and 80% by the CNCPS model. Small intestine digestibility of ruminal
undegraded C protein fraction of 8 feedstuffs, 4 of which were roughage, were high enough and
can not be neglected, therefore it was reasonable to further investigate the reliability of setting
the digestibility of C protein fraction to aero by the CNCPS model.
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Table 1 CP (DM basis) and protein fraction (CP basis) contents in the 14 measured feedstuffs
- cP, ‘ Tt CPE%E[—%&E%?%/‘%
Feedstuff %DM Contents of the five protein fractions in feedstuff

A Bl B2 B3 C
FEKFEF N Corn stalk silage 7.0440.09 36.7840.27 11.95+0.14 15.20+0.08 22.71+0.13 23.36%0.05
T oK FE Corn stalk 5.83£0.11 22.5740.31 10.75%£0.09 26.394+0.24 5.1940.19 35.10%£0. 16
F K Corn 8.3140.22 4.29%£0.05 9.1240.12 53.1140.27 16.92=+0.05 6.56+0.18
FE Leymus chinense 6.97+0.34 9.63+0.15 23.6740.28 25.3840.05 19.36+£0.12 12.2340.15
%k 2 Wheat bran 15.7240.05 15.56+0.12 14.9340.25 51.66+£0.69 8.64+0.14 9.22%+0.11
MR EARFI Corn silage 9.734£0.05 36.91+0.02 10.4740.15 7.77+0.08 34.36+0.20  10.48+0.07
WP ¥ Brewer's grain 19.51£0.35 8.34=+0.16 1.14+0.01 3.7340.06 68.184+0.99 18.60+0. 25
B8 Alfalfa hay 18.6140.35 10.0040.22 18.1840.19 33.2840.65 7.3840.25 6.1640.09
AR Peanut stalk 11.17£0.09 17.6040.12 32.68=%0.15 13.67£0.05 24.10%0.04 11.96+£0. 10
4 Peanut cake 52.5141.26 16.2740.45 23.1940.12 43.9240.09 14.32+£0.25 2.3040.05
H 2B Sweet potato vein 7.9140.25 4.1940.32 16.83+0.20 29.06+0.11 34.55+0.09 15.3840.07
=¥ Soybean meal 46.35+0.59 19.7640.22 26.78+0.15 41.2340.98 20.30+0.14 11.934+0.08
T 9f Soybean cake 41.894+0.32 18.1440.21 11.127£0.05 55.7940.66 10.8140.03 4,134+0.43
DDGS 24.31+0.27 11.9040.15 21.27+0.42 31.8740.29 21.09+0.11 12.8840.09
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Table 2 Ruminal degradability rate constants of three B protein fractions in the 14 feedstuffs measured according to CNCPS system

3P B E AR E AR H R/ (% - h D

Gk
Feedstuff Ruminal degrading rate constants of three B protein fractions ‘
B1(kdl) B2(kd2) B3(kd3) R*
FoKFETF I Corn stalk silage 118. 00 7.35 7.22 0.861 7
T KF% Corn stalk 113. 00 0.34 0.33 0.612 0
E >k Corn 132. 00 6. 24 5.00 0.664 4
% Leymus chinense 98. 00 3.51 1.24 0.967 9
%k ¢ Wheat bran 126. 00 9. 40 4.02 0.993 6
Lk EKFHFIN Corn silage 125. 00 5. 40 2.82 0.956 9
L A Brewer's grain 151. 40 18.22 1. 50 0.957 2
H1E Alfalfa hay 126. 50 11.93 0. 66 0.981 5
4B Peanut stalk 128. 00 7.80 0.76 0.970 2
1E4:Bf Peanut cake 121. 00 3.10 3.09 0.925 6
H ZH Sweet potato vein 135. 00 4.13 1.50 0.977 3
TH1 Soybean meal 94.58 13. 14 5. 00 0.849 2
T f Soybean cake 157. 00 9.98 5.00 0.904 4
DDGS 118. 00 7.17 1.01 0.969 7
R3 PcAORIHBEAASMIHUE[ITER
Table 3 Estimated digestibility in small intestine of the three B protein fractions when Pc is 0
- 3% B A S NaIE ARG AR 2
Feedstuff Estimated digestibility of three B protein fractions :
BI1(Pbl) B2(Pb2) B3(Pb3) C (Po) R?
FEKFEFHFN Corn stalk silage 0. 00 100. 00 100. 00 0. 00 —0.108 3
FEKFE Corn stalk 0. 00 68. 27 41.57 0. 00 0.3227
E K Corn 0. 00 88.57 36. 39 0. 00 0.269 3
£ Leymus chinense 0. 00 76. 30 32.56 0. 00 0.635 8
%k Wheat bran 0. 00 100. 00 100. 00 0. 00 —0.561 8
2k EREFN Corn silage 0.00 100. 00 100. 00 0. 00 0.204 8
NPT f# Brewer's grain 0. 00 87.95 74.22 0. 00 —0.148 2
BT Alfalfa hay 0. 00 100. 00 62.19 0. 00 0.565 7
W E B Peanut stalk 0. 00 99. 16 80.03 0. 00 0.444 7
4 PF Peanut cake 100. 00 100. 00 100. 00 0. 00 —0.401 3
HZ R Sweet potato vein 16. 22 100. 00 84.13 0.00 0.626 9
K1 Soybean meal 0.00 100. 00 14. 30 0. 00 0.815 6
Yk Soybean cake 0. 00 92.65 100. 00 0. 00 0.676 3
DDGS 34. 04 100. 00 77.22 0.00 0.457 0
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Table 4 Estimated digestibility in small intestine of the three B protein fractions when Pbl is 100% and Pc is 0

3 b B 1 4L/ i A A T2 R

Feedstuff Estimated digestibility of three B protein fractions
B1(Pbl) B2(Pb2) B3(Pb3) C (Po) R*

FRFEFIN Corn stalk silage 100. 00 100. 00 99. 25 0. 00 —0.001 2
EKFE Corn stalk 100. 00 94. 27 22.35 0. 00 —0.122 1
E >k Corn 100. 00 92.35 36. 39 0. 00 0.269 3
2 ¥ Leymus Chinese 100. 00 51.03 62. 25 0.00 0.422 7
%k 2 Wheat bran 100. 00 83.61 87.25 0. 00 —0.473 5
ARk EKTF N Corn silage 100. 00 45. 38 95. 44 0. 00 0.1137
NP5 4 Brewer's grain 100. 00 95. 34 63. 37 0. 00 —0.219 4
BT Alfalfa hay 100. 00 100. 00 62.97 0. 00 0.722 3
B Peanut stalk 100. 00 100. 00 87.97 0. 00 0.727 7
A f Peanut cake 100. 00 94. 11 90.79 0. 00 0.879 2
H#H Sweet potato vein 100. 00 100. 00 83.18 0. 00 0. 806 6
T H1 Soybean meal 100. 00 100. 00 12. 25 0. 00 0.723 5
T9t Soybean cake 100. 00 69. 36 100. 00 0.00 0.617 7
DDGS 100. 00 100. 00 73.72 0. 00 0.750 7

£5 TAREUTI3MBEAASTCEAAS MIBLEHITER

Table 5 Estimated digestibility in small intestine of the three B and C protein fractions when no restrictive conditions were imposed

3P BN C A 4L/ iR 458/ %

iy . . ) )
Feedstutf Estimated digestibility of three B and C protein fractions
B1(Pbl) B2(Pb2) B3(Pb3) C (Po) R*

T kA #H I Corn stalk silage 0. 00 100. 00 100. 00 45. 00 0.531 4
FK# Corn stalk 0. 00 68. 00 83.00 25.00 0.401 7
E >k Corn 0. 00 68. 00 100. 00 3.00 0.861 0
¥ Leymus Chinese 0. 00 48. 00 100. 00 2.00 0.705 0
%k J2 Wheat bran 0. 00 100. 00 100. 00 59. 00 0.907 8
Lk EKFHFN Corn silage 0. 00 100. 00 100. 00 28.00 0.685 6
NP 4 Brewer's grain 0. 00 91. 00 74.00 0. 00 0.619 9
BT Alfalfa hay 0. 00 100. 00 62.00 0. 00 0.565 7
At Peanut stalk 0. 00 80. 00 88. 00 0. 00 0.629 0
A JF Peanut cake 100. 00 95. 00 92.00 0. 00 0.604 3
H 2t Sweet potato vein 66. 00 100. 00 84. 00 0. 00 0.626 8
T Soybean meal 43.00 100. 00 100. 00 66. 00 0.834 4
T Soybean cake 0.00 86. 00 100. 00 14. 00 0.877 9
DDGS 23.00 100. 00 74.00 0. 00 0.774 3

2.3.4 Pbl Ry 100000 .BEHMSM CEAL Y KM 053 f/h ZREE BURAG I B2.B3
N IH AR AL T4 LA Pbl Jy 1006 95 #1 C B A /N B AL 3 A THE R L3 6.
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Table 6 Estimated digestibility in small intestine of B and C protein fractions when Pbl is 100 %

B Al C & A5 /M s A A a5 31/ %

Feedstuff Estimated digestibility of B and C protein fractions
B1(Pbl) B2(Pb2) B3(Pb3) C (Po) R*

FoKFEH I Corn stalk silage 100. 00 100. 00 100. 00 45,43 0.531 4
FKF Corn stalk 100. 00 100. 00 83.11 22.26 0.7227
E % Corn 100. 00 100. 00 72.24 4. 60 0.965 3
¥ Leymus Chinese 100. 00 78.28 63.74 11.93 0.712 7
%k 2 Wheat bran 100. 00 100. 00 100. 00 59. 02 0.907 8
2 EKREF N Corn silage 100. 00 100. 00 100. 00 28. 88 0.730 2
NP5 4 Brewer's grain 100. 00 100. 00 74.22 32.28 0.662 7
B 15 Alfalfa hay 100. 00 100. 00 62.97 0. 00 0.722 3
t AR Peanut stalk 100. 00 100. 00 87.97 0. 00 0.7277
A4 F Peanut cake 100. 00 100. 00 90. 79 0. 00 0.879 2
HZHf Sweet potato vein 100. 00 100. 00 83.18 0. 00 0. 806 6
T Soybean meal 100. 00 100. 00 100. 00 15.77 0.815 6
U 9f Soybean cake 100. 00 100. 00 92.54 12. 25 0.879 1
DDGS 100. 00 100. 00 73.72 0. 00 0.750 7

Y 1L S 2 5R B 1105 P I
3 i B, xR kA A A N IE AL R AT T

B 2H 70190 B o i) e Ak 3 B2 AR B, i I 5 1) 14
FERDREBR 2 55 R0 SOH1 8T 10026 « h ' Ak, Hofth 4] )
B1 21 5398 ' B fif o B 20 (kd D ¥ 7€ 100% « h 'L
o 14 FpAEDEL B2 21 5390 1 R A R R R (kd2) 25 R
A, A3 AR VI R (0. 34 ~18.22)% « h™', B3 414y
(kd3) 4 43 A5 0 1 24 (0. 33~7.22)% « h' ', CNCPS
(Fox,2003) ¥4 2 rfr 25 A I kL kd1,kd2 kd3 119 43 Aii
T Bl 23 A AE 100~500 \1~20 F1(0.3~10)% « h™ 'z
B8] AS B S 2 14 Fpfalk kd2 5 kd3 190 A 5 Fl 5
CNCPS %l & 19 43 11 35 BT & R4 kd1 /9 5 A
JLH B AR 7E CNCPS %48 %38 Bl 2 W, (B 33 1
200% « h VAR L0 E 25 B AT RE DR AIG . A BF 5T A2
SEEHT R E RS — DRFEAN 2 ho
i KB 43 1) ok % ik 4% 0 R BR Bl A4y AR A, X
& kdl MEEARARA RN, BT kdl B HALE A
Horny kd fHfm 1~2 A8 9. 7 B (3 BLX
e "X P TR EEAR /N ARAN kd1 X% 8 4
NGIE AR B AG T A R A K,

H T AR X A 4R ) 2 0 B 1 ORI R R AR EL
B2.B3 44352 F5 b & AN RE I3 B 09 L3 0 8 A [m]
VUSSR A S E i DAY 7R R | R |
Mo A ST R BCHE S0 R0 7 v o ol 0 A5 21 A AN ()
Ao 221 o e R I A R v CP /A T R 3 L DR

it

Pb1 2y 10076 B} 45 2 T 0] {5 A Al 11 45 5, 14 Fp
TR 7 AR (D B R A R® 78 0. 53~0. 97 (3
Bl R POyt B S SO Z A6 R AF. Al
T B2 41 43 /N 4 1k 2 (Ph2) (R 3E Bk 78. 28 %
A, i 13 FAEEHSY 100 % 5 k9 14 Fh ik B3
Iy /N # (Pb3) Oy 63. 74 % ~100% , Hrp g
4 FpAE LN 10026 .2 FiEEHE 7026 LAF . 5 CNCPS
BLALKE B2 B3 415 /M T A6 22 S 505 sy 100 %6
B0V AW . HAE AL LB H
DDGSS5 Fiulkt C & 4L 50 /Mg i Ak 245 HE R 0,
£k CEAL/MATHARAMTHE R 4. 60% , 3
T 0, HoAl 8 FhARDEE C 2H 73/ o T A6 A T B 24 7
1126 DA b Horp R AS 75 00 L %k 2 (9 A (B 7E 45 %
P F. ik EE, UL Pb1=100% KL &85 T
AIAE Al TE 25 R Al T 25 - B . CNCPS R
B1.B2 A5y /MaTHAL R BN 100 %, B3 4140 1%
80 Y0 A R NG C Aoy /MR AL R R 0 {8
A5 T o AN SR 43 A ) e i A0 55 35 4 ML ARDRL S C 4
SR/ AT e A B m I AR

K 4 BRI 29 ) S5 AR AT T S8l 1 A
Pbl=100% M2y 5518 T 15 8] T 847 Al 1145 2
MAL 45 3 . CNCPS B ALK 1198 1§ B1.B2.B3 &



111

SRYLA T CNCPS SR 14 Bl dh 8 1 3R K ik 25 1 24120/ 8 16 R WF 5

1427

140 20 /NI T A 36 43 3152 R 100 %6 100 26 1 80 %6 f2&
FIAT I ARG C A2 1/ T AL 3R 15 0 W] BB 5% i
AN AT AL EAA P 00 A AR . A B g B
TR B MR SO SR E C A
AW /NG TS AL 4 R 59. 02% .32, 28% .15, 77 %
A 12.25% , 55 Hofih — SE B 55 45 51 9 A 4 50 28 4 R
IR C Al AE /N b AT LATE AR i g5 R — B0
(B A5 3 1 S AR B S A0 3 0 R RS L KRG
FE MR EKRF R E C A /N T bR
A, Hodp TR RS T I 5 A 45. 53 %0, Ui B — SB35
FLARDRH 90 B C 414 7/ i vh b vl g B A 850
ORTER ez

AW 5T 25 e R WY A X CNCPS #5747 )
TR E C Ao/ T 2 S 50 R RE Ml — 25
(MBI 5T s 10— 25 1 T AR AL 46 Xt 2 Fp il kLG C 4 43 itk
F153 85« L H e o/ s A 2R, 958 23 43 B A [7) )
K C 415 1 F4 BRI 5 52 R TR AR RE C 4l 43 /N B 31
LI R .

B A BF SRR 1 41500 R A 00 RS [ i
) w3 R A T A A A v I ARl R ] K B ) SR A
SRy o Y B e | L B € b R (D X
TR

S 23k

[1] FOXDG, TYLUTKIT P, TEDESCHI L O, et al.
The net carbohydrate and protein system for evalua-
ting herd nutrition and nutrient excretion [ M]. New
York: CNCPS version 5. 0, Animal Science Mimeo
213, 2003 14801-14853.

[ 2] PICHARD D G, VAN SOEST P J. Protein solubility
of ruminant feeds [ C7]. TIthaca, NY : Proc Cornell
Nutr Conf, 1977:91.

[ 3] KRISHNAMOORTHY U C, MUSCATO T V,

SNIFFEN C J, et al. Nitrogen fractions in selected
feedstuffs [J]. J Dairy Sci, 1982, 65:217-223.

[ 4] KRISHNAMOORTHY U C, SNIFFEN C J, STEM

L6]

L7]

(10]

[11]

[12]

M D, et al. Evaluation of a mathematical model of di-
gesta and in-vitro simulation of rumen proteolysis to
estimate the rumen undegraded nitrogen content of
feedstuffs [J]. Br J Nutr, 1983, 50:555-559.
VAN SOEST P J. Use of detergents in analysis of fi-
brous feeds, IIl. Study of effects of heating and dr-
ying on yield of fiber and lignin in forages [J]. J
AOAC,1965, 48:.785-790.
GOERING H K, GORDON C H, HEMKEN R W,
et al. 1972. Analytical estimates of nitrogen digesti-
bility in heat damaged forages [J]. J Dairy Sci,
1972,55:1275-1280.
YU Y. Relationship between measurements of heat-
ing and acid-detergent insoluble nitrogen in heat dam-
aged fresh alfalfa, haylage and hay [J]. J Dairy Sci,
1976, 59:1845-1851.
NAKAMURA T, KLOPFENSTEIN T J, BRITTON
R A. Evaluation of acid detergent insoluble nitrogen
as an indicator of protein quality in nonforage proteins
[J7. J Anim Sci, 1994, 72.1043-1048.
BRITTON R A, KLOPFENSTEIN T J, CLEALE R
M, et al. Methods of estimating heat damage in pro-
tein sources [ C]. Proc Distillers Feed Conf , 1986,
41.67-73.
ROGERS J A, CONRAD H R, DEHORITY B A, et
al. Microbial numbers, rumen fermentation, and ni-
trogen utilization of steers fed wet or dried brewer’s
grains [ J]. J Dairy Sci, 1986, 69:745-752.
CLEALE R M. KLOPFENSTEIN T J, BRITTON R
A, et al. Induced non-enzymatic browning of soybean
meal. [l[. Digestibility and efficiency of protein utili-
zation by ruminants of soybean meal treated with xy-
lose or glucose [ J]. J Anim Sci, 1987, 65:1327-
1333.
WEISS W P, ERICKSON D O, ERICKSON G M, et
al. Barley distillers grains as a protein supplement for
dairy cows [J]. J Dairy Sci, 1989, 72:980-986.
€1 S



