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Comparing the calculation of corn silage’s effective energy value for beef cattle using

direct and regression methods
WEI Ming, CUI Zhi-Hao, CHEN Zhi-Qiang, ZHENG Yue, YAN Pei-Shi*
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Abstract: A study was conducted to determine the digestible energy (DE), metabolizable energy (ME) and net
energy (NE) values of corn silage for beef cattle by direct and regression methods. The study sought to deter-
mine the feasibility of estimating the effective energy value of a single roughage using regression techniques.

Twelve bulls with similar body weight [ (259+14. 08) kg ] were randomly divided into three groups of four. In
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experiment 1, bulls were fed a full corn silage diet at 3 levels of feed intake: 95% , 80% and 60% of ad libitum
intake (AL). In experiment 2, bulls were fed corn silage diets with concentrate added at 3 different ratios
(15%, 25% and 50% respectively). Each experiment lasted for 14 days. including a 10-d pretest period and a
4-d test period. Digestibility and respirometry tests were conducted to determine the energy metabolism of corn
silage for beef cattle. The results were as follows: 1) With increasing feed intake, the nutrient digestibility,
energy digestibility and metabolizability of the full corn silage diet decreased, whereas energy intake improved
significantly (P<C0.05). 2) The DE, ME and NE values of corn silage tended to decrease with increasing levels
of feed intake, with the decreases ranging from 10. 58 —11. 48 M]J/kg, 8. 33 —9. 44 MJ/kg and 5. 20— 6. 21
M]J/kg respectively. 3) Adding concentrate to corn silage significantly improved the diet’s dry matter (DM)
and crude protein (CP) digestibility, whereas it did not affect the digestibility of neutral detergent fiber (NDF)
and acid detergent fiber (ADF) (P>>0. 05). With increasing concentrate additions, the diet’s energy intake and
energy digestibility increased, whereas there were no significant differences in DE metabolizability between the
three groups (P>>0.05). 4) According to the linear regression equations for dietary available energy value and
concentrate addition, the DE, ME and NE values for corn silage were 10. 53 MJ/kg, 8. 29 MJ/kg and 5. 35
M]J/kg, which were not different (P>>0.05) from those obtained using the direct method (10.58 MJ/kg, 8. 33
M]J/kg and 5. 20 M]/kg respectively) for the high level intake treatment (95% AL). In conclusion, regression
and direct methods do not give different values for the effective energy value of corn silage for beef cattle, indi-
cating that regression can be used to estimate the value of single roughage for beef cattle.
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Table 1 Ingredients and nutrient levels of

experimental diet (DM basis)

o 5 4 KRS I L 1)
EgE|
H ke Concentrate adding
Items
Full corn proportion

silage diet 15% 25% 50%

H ¥ 20 5% Ingredients (%)

Tk #H I Corn silage 98. 00 84.96 78.00 64.67
2k Corn grain 0. 00 8.48 13.00 21.66
M1 Soybean meal 0.00 4.56 7.00 11.67
5 2 A 4% Calcium hydro- 0.50 0.50  0.50  0.50

gen phosphate

iR &l Premix? 1. 00 1.00  1.00 1.00
£k Salt 0.50 0.50 0.50  0.50
AL Total 100. 00 100. 00 100. 00 100. 00

H F5 K Nutrient levels?

T & Dry matter (%) 21.70 28.87 33.60 42.66
HBE Gross energy (M]/kg) 17. 42 17.31 17.25 17.14
H 4 5 Crude protein (%) 8.27 9.29 10.51 12.85
Tk Uk U A 4 Neutral de- 53.58 48.05 45.10 39.44

tergent fiber (%)
iR P vk V& £F 4 Acid deter- 32.78 29.39 27.58 24.11
gent fiber (%)

LKA Ash (%) 5.87 6.40 6.68 7.22
FE Ca (%) 0.83 0.95 0.96 0.98
WP (%) 0.56 0.61 0.59 0.54

TE D BUR B B kg HARERL 4E4 3 A 500000 TU, 4E4: % D 15000
1U, 44 25 E 3000 TU L4 3 g, 4% 12 g, 8k 30 g. %% 10 g, 7§ 60 mg. it 200
mg, & 100 mg.? #& F K1 2 LA .

Note: » The premix provided the following per kg of diets: Vitamin
A 500000 IU, Vitamin D 15000 IU, Vitamin E 3000 IU, Cu3 g, Zn 12
g, Fe 30 g, Mn 10 g, Se 60 mg, I 200 mg, Co 100 mg. ¥ Nutrient lev-

els were measured values.

I\ At L BR A HG G 270 4 g JRIBCER MO E R . B3R 24 b i SRAE A R MERRIC k. ] 6~8 )
DOA T IR IR Sk A R R BURFERY 1020, 8 T T SEDR A 10 26 M BRLER (5 100 mL FRIMA 10 mL

IR A 3 6 A0 A A B [ I 472 12 Skl 2 70 A WAL - 5 6 Sk AR 84 48 hillsE o T e i ) #4
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00 AR B BIE ) 2 PR SRR (26 1, B AR G A 438 P W I RS A AU AR e U i B i R A0 VURSR AR R I &
GE o AURE SRR L AR AR I 540020 BT A (8000ML, Signal Instrument, UK)E - H B i B 728 6 i INNOVA
1412 Y 1% 2 S A AR KM A (LumaSense Technologies, Ballerup, Denmark) il %8 . B4 2 56 24 16 Wi ) ) (6] £
YR AT W2 Sk A AR 3038 0 1 H /Y
1.3 M IARB T ik

H o F 2 P 19 BLHE (gross energy, GE) . T ¥ i (dry matter, DM)  #85 [ it (crude protein, CP) K 4>
(Ash) PRI 4T 4E (neutral detergent fiber, NDF) FlIFR P Lk 15 £F 4 (acid detergent fiber, ADF) & & £ IR (1d
o3 T B e e G I AR DT O TR HEAT I E . B SR A TKA-C200 4 3 204 o 00 7 A0 2 5 R Hl FOSS-
8400 4 [ Bl LG AE ZU A 52 5 v R P e TR 2T 2R 1T ANKOMAZ00i 21 2 73 7 A 7E

PRRE Curinary energy, UE) & - B 2 5K 5 1 I8 408 76 — & W & FRB A . A8 3 A P47 1153 i B 4R 9 7 X g
fH. #% 10 mL JRIE /3 ZRTETE 2 sRESUEAC .65 CHET )G T TKA-C200 4 2 A i D0 5 A3 rb I 5 15 3] 8 4K
PRV %) S R AL, 990 25 B AR REAEL BRI Oy IR RE
L4 B8 A

BRIt E AL T
ML HE (digestible energy, DE) = Bl HE — F&fiE
L E (metabolizable energy, ME) =l {b.fiE — R iE — H L fig

EC ;
BVRETE AL R (gross energy digestibility) =1L §
S HE
rfiE (net energy, NE) =254t + 4 K14 hE
H: K% HE (net energy requirement for growth, NEg) ={Cl e — F= &
F e fiE (methane energy) = fe = & (L) X 39. 55
7R (heat production, HP) B3R5 Mclean 25 i 5 1 24 30
HP=20. 47X AO, X FX STP X 60 minX 24 h/BW" "

S 220, 47 5B B P R AL KT/ s A O, R A HE AU U B 22 (0 s F 4 P 0 S A 3 i T
PSR (L/min) s STP O ARiEIR B0 s BW™ 7 S AR A T

HrRE 45 75 35 (net energy requirement for maintenance, NEm) [T 2 i 4 Lofgreen &M% it ¥ BE A I .
LogHP=a+bMEL X 1 :a.b 5 ¥ MEL AR AR £ 6, 24 MET Jy 0 I 9 HP B 2 NEm,
1.5 it #7

A A FLRH 4 AR (L CDE. ME i NED 505 R RN SR It 2 09 B Y =X 54
Y R HOAR B A R (E . X 2 B0 HOR ORS RN SERHAS I s a0 0 R R U R T ORS A
SRR IRy O 6, 1] BIAR 4R 1 05 J7 A8 0 K 75 - 0 45 2 e

X A Excel 2010 #7508 01 46 b B . I IBM SPSS 20. 0 8P AT G040 7 AR B 245 R LA B £ 4
W22V R T BRI R F B K & 07 2237 (one-way ANOVA) , 2% 5 i 2 W) % ] Duncan [KiE 47 £ T 1L
2,P<<0.05 NZESEBE. BIESH R L% B H 2 #7175 (Linear regression)

2 HZREHMH

2.1 H#B*
2.1, 1 FA] WK X B KT I8 I W 0 A RN B A A Y 5 HH3 2 v, B A 1A ROK S 3R . &
KEW R T Y0 HLE A s AR 4 R PR R AR AR AL R R T RS Hohd (95% AL) K (60%
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AL ) MK 21 2 8] H P PR IR AT AE FTER PR VR IR AP el AL R 2 R B 35 (P<0. 05) , TY R MM E AN RS HZ
(6] JC i & 22 5% (P>>0. 05) ,

£2 ARKFIAGFERSEEFWRBELERHZM

Table 2 Effects of feed intake level on nutrients digestibility of corn silage of beef cattle

i § E K FH A M 7K - Levels of feed intake of corn silage P

Items 60% AL 80% AL 95% AL P-value
T ¥ % £ 5 Dry matter intake (g/kg® ) 46,2242, 25¢ 61. 663, 34b 75.4442.13a <0.001
T Y B 163 Dry matter digestibility (%) 63.75+2.84 60.28+4.17 59.7442.98 0.107
M 1L % Crude protein digestibility (%) 38.72+4.98 34.48+5.43 35.49+4.99 0. 369
P PR I 4T 4E T 4k # Neutral detergent fiber digestibility (%) 61.3344.09a 60. 63+3. 37ab 58.194+3. 34b 0. 046
T2 1 VB 6 47 4E 1 1 % Acid detergent fiber digestibility (%) 68.35£5.77a 65.5144.96b 64.8042.99b 0.023

T« AT EOE 5 B AR SRR 22 53 B35 (P<<0.05) . AL: HHIRE. T,

Note: Different letters in the same row mean significant difference between the treatments (P<Z0.05). AL means ad libitum. The same below.

i 3 nIA, A A B AR R R A BE B R B CRVRE L TH AL BE VIR AE L RED DL R SR AE L H bR HE S B FE H
L DR ISP 4 2 v 1 S S I (P <20, 05) o B RE T Ak Z R AR 15 23 U Bt 2 ] ML K SF A 2 i R [ L 60 90 AL ] R
KV B EE T 95% AL B K -4 (P<<0.05) , MM AL REAC IR 3 2 W LB & 2= H (P>>0.05),

R3 ARKAFIAFERSHEERFAEHZMW

Table 3 Effects of feed intake level on energy metabolism of corn silage of beef cattle

15 H AT IR M K Levels of feed intake of corn silage P{H

Items 60% AL 802 AL 95% AL P-value
HLfE Gross energy [k]/(kg®™ « d)] 805. 03+39. 26¢ 1074.17£58.17b 1314.05+37.01a <20.001
F4fE Fecal energy [k]/(kg™™ « d)] 274.68+28. 21c 395.38+30. 82b 516.194+22.91a <0.001
JRfiE Urinary energy [ kJ/(kg® ™ « d)] 28.87413.10 25.22410. 34 37.36413. 30 0. 534
H b it Methane energy [kJ/(kg® ™ « d)] 65.3946.59¢ 96.32+10.73b 111.544+9.59%a 0.002
WAL HE Digestible energy [kJ/(kg® ™ « d) ] 530.35+29. 61c 678.79+27.94b 797.87421. 24a <20. 001
1L BE Metabolizable energy [ kJ/(kg® ™ « d)] 436.10+18. 68¢ 557.25+49.10b 648. 96452, 05a <0. 001
P Heat production [k]/(kg® ™ « d)] 429.69+24.97c¢ 489.49+35.00b 531.74436. 88a 0.005
#rHE Net energy [kJ/(kg® ™ « d)] 286.41+8.01b 347.77+17.54a 392.22438.31a 0.016
BBETN 1L % Gross energy digestibility (%) 65.88+1.39a 63.23+1.25b 60.72+1.62¢c 0.002
BB 2 Gross energy metabolized (%) 54.18=+1. 26a 51.82+2. 43ab 49.3942.94b 0.027
AL BE A 2R Digestible energy metabolized (%) 82.2842.01 82.00+4. 38 81.3344.72 0.934

2.1.2 FAlR KO R OK T I SRR (R 5 M1 2% 4 AT, ORI T AL AR A 18T RE AN RE BB 1Y A8 fk v
Bl 43 5 2h 10. 58 ~11. 48 MJ/kg,8. 33~9. 44 MJ/kg Fl 5. 20~6. 21 MJ/kg., FfiZ MK a4, ERHF W
THALRE AR R NG RE R (X 20 R B3 . T fh BB 45 1 K P 22 ) 22 5 8 3% (P<C0. 05) .60 % AL Al i /K-
A ER T IACH BE RN BB .2 = T 9520 AL fAME K41 (P<C0. 05), 1 5 80% AL faIME /K -4 22 5 A8 8 3%
(P>0.05),

2.2 wmak

2.2.1 AERHAS INKOEXF H O E I3 90 3 £k 256 R RE 1 A0 AR ) 52 M) HI 3% 5 WAL SR IS I o 5 3 T IR
AT R i (P<T0. 05) o B 2 RS RHAS I LL 491 0 B 55 720 1 o KSR A9 B8 0 2R s T IR A 6L R e T Ak
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RUBEEHT2IEKENHRP<0.05) 3 H &R R S I #l i 32 5 B3 L (P<T0.05) . APk vk 34 2F 2 A
TR M 5 4 2T 48 T Ak R R A2 A5 R LR I B 451 A 52 T 2 1) 25 R 1 3% (P=>>0.05)

R4 HARKFIAFERETCAREEHZIE

Table 4 Effect of feed intake level on effective energy value of corn silage of beef cattle

i H T KT 4 M K SE Levels of feed intake of corn silage P

Items 60% AL 80% AL 95% AL P-value
M 1L fiE Digestible energy (MJ/kg DM) 11.48+0. 24a 11.02+0. 22b 10. 58 +0. 28c 0. 002
{4 iE Metabolizable energy (M]/kg DM) 9.44+0.17a 9.03%40. 35a 8.33740.51b 0.027
% fig Net energy (MJ/kg DM) 6.2140.43a 5.63£0. 68ab 5.2040.52b 0.120

xRS BHREMEGANAFEREFRVRELENZN
Table 5 Effects of concentrate adding proportion on nutrients digestibility of diet of beef cattle

i H A5 BN H 4] Concentrate adding proportion P {4

Ttems 15% 25% 50 % P-value
T4 i K& f Dry matter intake (g/kg® ") 66.82+3. 28¢c 73.33+4.05b 86.81+2.52a <20. 001
T Y B4k % Dry matter digestibility (%) 60.57+2.78b 63.88+1.69a 65.13+1.41a 0.003
M 1L % Crude protein digestibility (%) 41.87=+2. 64c 46.6542. 34b 53.10=£1.09a <20.001
P PR 4 4T 4 T 4k % Neutral detergent fiber digestibility (%) 59.01+3.67 58.03+2.98 57.32+3.64 0.892
PRV VR B 2T 4 7 1L 3R Acid detergent fiber digestibility (%) 63.09+3.47 61.32+4.33 62.68+5. 26 0. 854

12 6 A1, B B R R A IR N, P A AR A EEVRE T A RE AR I RE R RE R 2 B W T AL iE] 25
B(P<C0.05), WARIZERE IR AE A H BE A8 BE 2 RS RS I EG 1 0 42 = 2 IR R i T o, R BE RUR RE & 4L 2 11 25 S R
i3 (P>0.05) , HUGEfiE 50 Yo R RH AN N4l e 2 5 F 15 Y iR 40 (P<<0. 05) . KR iR ek 3% 7 H AR A e =T
PR AN 25, B RE T 1k 256 A0 AR 15 25 B RS R A8 i b 3] 1 38 m i i 8 B TR S50 il B T H AW AL (P<
0. 05) , AL REAC I R BERT R B IR A b 22 R A B3 (P>0.05).,

F6 HHRFMEEONAL&BREERFAENZ T

Table 6 Effects of concentrate adding proportion on energy metabolism of diet of beef cattle

i H i B B0 k48] Concentrate adding proportion P

Items 15% 25% 50% P-value
M BE Gross energy [k]/(kg®™ « d)] 1156. 62456, 84c  1264.96469.91b  1487. 99443, 20a <<0. 001
Z5HE Fecal energy [k]/(kg®™ « d)] 420.12414. 88 445.17+51. 66 476. 44413, 23 0. 210
JRBE Urinary energy [kJ/(kg®7 « d)] 41.20423.78 45.49425. 95 44.61427.21 0.968
H ¢ fE Methane energy [kJ/ (kg™ « d) ] 90.0149. 85b 93.22+10.65ab  113.79427.09a 0.176
111k B Digestible energy [k]/ (kg7 « d)] 735.79435.17¢  817.30239.01b  1016. 542421, 20a <0.001
{4 iE Metabolizable energy [kJ/(kg®™ « d)] 604. 58+ 14. 03¢ 678.60+25.81b 858.14+32. 80a <0. 001
PR Heat production [kJ/ (kg™ « d) ] 480.94+19. 12¢ 510.98+13. 65b 559.78423.12a 0.001
e Net energy [k]/ (kg™ « d)] 373.65419.88c  430.62%17.78b 528. 37425, 48a <<0. 001
HAET LA Gross energy digestibility (%) 63.5941.58b 64.57+1.40b 68.3742.80a 0.013
MBI A Gross energy metabolized (%) 52.2741. 34b 53.6540.91b 57.6741.93a 0. 002
11k BEX i % Digestible energy metabolized (%) 82.17+3. 26 83.0343.06 84,4245, 75 0.759
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2.2.2  HARTHALEE I RE A AR 50K RHAS K71 * JH{L #E Digestible energy
m i f Metabolizable energy
LPELR MM RWE LR, BB 1200 T 4 188 Net energy
fLfie A RE RN AR 55 R RIS I K- Z ) £7 A5 2 B 3 2:)1000 [ ;ﬁy
(9 2k 101 0 36 28, 18109 5 74 43 51 8 - DE (kJ kg™ ) = 2 %0 Msz.w
611.90+14.03X(R*=0. 925, RMSE=37.22,n=12, ﬂflﬁ SO0 R=0.944 4
P<C0.001); ME(kJ/kg"™)=482. 59+ 11. 25X (R* = C, 400 ¢ %.56
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