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Introduction 

Silage is of ever-increasing importance in the ruminant feeding through
out the world. Silage has superseded hay as the principal type of conserved 
forage in many countries2O>. Some calorimetric determinations has been 
carried out with silage4,8,1l,16,19l but many of silages used have been preserved 
with additives and of high-fermentation quality. Information is insufficient 
about energy metabolism in ruminants fed silages in Japan, though ASAHIDA 

et al.2l and HIROSE et ai.D,G) have studied energy utilization in sheep fed 
self-supplied feeds including grass and corn silage. 

Silage is often offered with supplementation of concentrate such as 
protein source in practical feeding. There is little knowledge about the 
effect of degradability of protein supplements on energy metabolism in animals 
fed silages. 

The experiment presented herein was, therefore, conducted to study the 
energy metabolism in lambs receiving grass or corn silage with protein 
supplements of different degradability. 

Materials and Methods 

Animals and Management 

Four yearling lambs, weighing about 40-50 kg, were used. Their 
managements were the same as described in the previous study9l. 

Experimental Design 

The experiment involved three dietary treatments for grass or corn 
silage: (1) silage alone (GS, CS), (2) supplemented with soybean meal (GS-
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SBM, CS-SBM) or (3) corn gluten meal (GS-CGM, CS-CGM). Two diets 
with silage alone were offered to meet the metabolizable energy requirement 
for maintenance and protein-supplemented diets to achieve 100 g of dairy 
gain according to ARC allowance!}. 

Experiment was divided into six periods (Table 1). On the final day 
of each period, respiratory exchange was measured. Following the comple
tion of three treatments of each silage, the fasting metabclism was measured 
(Table 1). 

Sheep 
code 

A, B 

C,D 

TABLE 1. Experimental designs!) 

II ill 

GS GS-SBM GS-CGM 

GS GS-CGM GS-SBM 

Experimental period 

Fasting-1 IV V VI 

CS CS-SBM CS-CGM 

CS CS-CGM CS-SBM 

1) All abbreviated notations were shown in the text. 

Fasting-2 

Details of diets, digestion and metabolism trials have been described 
elsewhereIO} . 

Calorimetric Procedures 

Energy values for feed, feces and urme and content of urinary nitrogen 
were measured by the method as described by Lru et aZ.9l • 

Oxygen consumption and carbon dioxide and methane production were 
continuously determined for 24 hours by the procedure as described by 
SEKINE et af.!5}. Heat production was calculated from the gaseous exchange 
and urinary nitrogen loss using the factors of BROUWER3}. Energy retention 
was calculated as the difference between metabolizable energy intake and 
heat production. 

Statistical Analysis 

Results were analyzed as a two-way factorial design by the methods of 
STEEL and TORRIEJ7). 

Resul ts and Discussion 

Digestibility and metabolizability 

Table 2 shows the intakes of gross (GE), digestible (DE) and metabolizable 
energy (ME), losses of energy in urine and methane and digestibility and 
metabolizability of energy. 
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TABLE 2. The intakes of gross (GE), digestible (DE) and 
metabolizable enegy (ME), losses of energy in 
urine (Ue) and methane (CH4), and digestibility 
and metabolizability of energy III lambs fed 
experimental diets 

Silage Grass Corn Significancel ) 

of effect 

Treatment GS GS-SBM GS-CGM CS CS-SBM CS-CGM Sil. Sup. S X S 

-------- kJ/kgQ.75 --------

GE intake 

DE intake 

ME intake 

Ue 

CH4 

919 

484 

410 

31 

43 

1159 

782 

665 

52 

65 

1183 834 

788 494 

679 419 

47 

62 

22 

53 

1036 

728 

629 

33 

66 

1038 

728 

637 

31 

60 

--------- % ---------
DE/GE 

ME/GE 

ME/DE 

Ue/GE 

CI-I4/GE 

52.7 

44.6 

84.7 

3.3 

4.6 

67.5 

57.4 

85.0 

4.5 

5.6 

1) Sil.: Silage effect. 

66.6 59.2 

57.4 50.2 

86.2 84.8 

4.0 

5.2 

2.6 

6.3 

Sup.: Supplementation effect. 

70.3 

60.7 

86.4 

3.2 

6.4 

70.1 

61.3 

87.5 

3.0 

5.8 

S x S: Interactions between silage and supplementation. 
*: Significant at P<0.05. 

**: Significant at P<O.Ol. 
NS: Not significant. 

NS ** 
N S ** 
N S ** 

** ** 
** ** 

NS NS 

NS 

NS 

NS 

NS 

NS 

NS 

** ** N S 
* NS NS 

Either supplementation significantly increased the intake of GE, DE and 
ME (P<O.Ol), but there was little difference between supplements (P>0.05'. 

Grass silage used in the present experiment was of poor quality in 
terms of digestibility. This may be due to a later harvest stage (blooming 
stage) of parent material. SUNDST¢L and EKERN18) observed that energy 
digestibilities were 68.2, 63.2 and 59.8% for silage from timothy sward cut 
at the stage of heading, pre-blooming and blooming, respectively. Digestibility 
of CS given alone was comparable to results reported by HOLTER et aZ.7). 

Energy digestibilities significantly increased in supplemented diets for 
both silages (P<O.Ol), compared with each silage given alone, but there was 
no significant difference between supplements (P >0.05). These results are 
in agreement with those for digestibility of dry matter10). MaR IT A 13) also 
observed no significant effect of degradability of dietary protein on energy 
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digestibility in growing calves. 
Supplementation resulted in more energy loss in urine (P < 0.01), also 

with no significant difference between supplements (P> 0.05). The increase 
of urinary energy may result from an increased urinary nitrogen with 
supplementation10) • 

There was little difference in methane production between diets for 
both silages. Methane loss of 4.6-5.6% of GE intake for GS-based diets was 
lower than those reported by SMITH et al. 16) and EKERN and SUNDSTy)L4), 
but similar to results reported by McLELLAN and MCGINNU). Methane loss 
for CS·based diets was 5.8-6.5% of GE intake and comparable with those 
values given by HOLTER et aU). 

Metabolizability of energy for GS and CS given alone were 44.7 and 
50.2 %, respectively, which are consistent with those suggested by MAFp2). 
Supplementation significantly increased energy metabolizability (P < 0.01) for 
each silage-based diet. There was little difference between diets in the 
proportion of ME to DE which approximated to 0.85-0.87 for each diets, 
indicating that improvement of metabolizability with supplementation results 
from that of digestibility. These values (ME/DE) determined in the present 
study are higher than that (0.81) indicated by MAFp2). 

Energy Balance and Net Efficiency of Utilization of ME 

Table 3 presents the energy lost as heat production and retained, heat 
increment, intake of net energy (NE) in lambs fed experimental diets and 
net efficiency of utilization of ME. 

The heat energy loss slightly exceeded ME intake for both silage given 
silage alone. Expressed as % of GE intake, heat production accounted for 
50.2 or 54.1% for grass or corn silage, respectively. In animals receiving 
supplemented diets heat energy losses of GE intake tended to be lower than 
in each silage given alone. These losses were similar to values obtained 
from silages preserved with formic acid and formic acid-formaldehyde and 
given alone or supplemented with barley8,1V. 

Each silage given alone resulted in an energy retention close to zero. 
Feed residual was found in grass silage given alone, suggesting that it is 
difficult to derive profits from animals given a grass silage alone. The 
similar results have been observed by SUNDST¢L and EKERN18). Supplementa
tion gave a positive energy balance of 108, 93, 137 and 138 kJ/kg live 
weightG.75 per day in GS-SBM, GS-CGM, CS-SBM and CS-CGM. 

The mean values for fasting metabolism in two periods were similar 
(Table 4). The values were close to the value of 280 kJ/kg live weighto.75 

indicated by the ARCD. 
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TABLE 3. The energy lost as heat production (HP) and 

retained (Er), heat increment (HI), intake of 

net energy (NE) and net efficiency of utiliza-

tion of metabolizable energy (k) In lambs fed 

experimen tal diets 

Silage Grass Corn Significancel ) 

of effect 

Treatment GS GS-SBM GS-CGM CS CS-SBM CS-CGM Sil. Sup. SxS 
.-~~-~-

kJ/kgo.75 

ME intake 410 665 679 419 629 637 NS ** NS 

NE intake 241 373 356 269 445 433 NS ** NS 

HP 461 557 586 451 492 499 01- NS NS 

Er -51 108 93 -30 137 138 * ** NS 

HI 167 285 323 156 183 203 

% 
HP/ME 112.4 83.8 86.3 107.6 78.2 78.3 * ** NS 

Er/ME -12.4 16.2 13.7 -7.6 21.8 21.8 * ** NS 

NE/ME 60.0 56.1 52.9 64.1 67.8 66.3 

HP/GE 50.2 48.1 495 54.1 47.5 48.0 NS NS NS 

NE/GE 26.4 32.1 32.0 32.2 41.4 41.2 * ** NS 

k 60.1 58.9 55.8 64.5 69.8 69.0 ** NS NS 

1) Sil. : Silage effect. 
Sup.: Supplementation effect. 
SxS: Interactions between silage and supplementation. 

* : Significant at P<0.05. 

** : Significant at P<O.Ol. 
NS: Not significant. 

The net efficiencies of utilization of ME (k) were 60.1 and 64.5 % for 
GS and CS given alone, respectively (Table 3). Because each 8ilage was 
offered at maintenance level, the value of k for silage given alone was con
sidered to be the efficiency of utilization of ME for maintenance (km). The 
km value for grass silage agrees with that indicated by SUNDST(2)L et al. l9J

, 

but is lower than those reported elsewhere4,~,11l. The k value slightly de
creased in supplemented GS diets, compared with GS given alone, while the 
k value was 4-5% unit higher in both supplemented CS diets than that in 
CS given alone. These were resultant from the difference in heat increment 
between GS-based and CS-based diets (Table 3). Expressed as % of ME 
intake, heat increment were 40, 43.9, 47.1, 36.9, 32.2 and 33.7 for GS, GS
SBM, GS-CGM, CS, CS-SBM and CS-CGM diets, respectively. With sup-
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A 

B 

C 

D 

Mean 
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TABLE 4. The fasting metabolism of four lambs following 

the completion of three treatment of grass 

silage-based (Fasting-i) and corn silage-based 

(Fasting-2) diets 

Fasting-1 

Urinary Fasting 
energy metabolism 

21 261 

19 269 

21 260 

16 296 

19 272 

kJ/kgo.75 

Fasting-2 

Urinary Fasting 
metabolism energy 

20 

21 

18 

20 

20 

300 

298 

290 

282 

295 

305 

pIe mentation, heat increment increased in GS- based diets but decreased in 
CS-based diets. These values are higher than those reported by ASAHIDA 
et al.2) and HIROSE et al.5,G). 

The proportion of NE to GE (NE/GE) were 26.4 and 32.2% for grass 
and corn silage, respectively. Supplementation increased the value of NE/GE 
by 6% unit for GS-based diets and by 9% unit for CS-based diets. 

The Energy Value 

The contents of DE, MEn (N-corrected ME) and NE were 9.5, 7.9 and 
4.8 MJ/kgDM for grass silage, 11.2, 9.4 and 6.1 MJ/kgDM for corn silage 
(Table 5), respectively. Because each silage was offered at maintenance level, 
the value of the NE content for each silage given alone was considered to 
be NE for maintenance. These values are slightly lower than those indicated 
by MAFF12) and NRCw. 

TABLE 5. Energy contents of the experimental diets 

Silage Grass Corn 

Treatment GS GS-SBM GS-CGM CS CS-SBM CS-CGM 
---- ---

MJ/kgDM-

GE 18.3 18.4 18.7 18.8 19.1 19.4 

DE 9.5 12.5 12.5 11.2 13.'1 13.6 

MEnl) 7.9 10.4 10.6 9.4 11.4 11.6 

NE 4.8 5.9 5,7 6,1 7,9 8.0 

1) MEn: Nitrogen-corrected metablizable energy. 
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The contents of MEn and NE significantly increased in the supplemented 
diets (P<O.01), compared with each silage given alone, resulting from the 
increased energy digestibility with supplementation. There was, however, 
little difference in energy value between supplements. 

Summary 

Calorimetric experiments were conducted to study energy metabolism in 
four lambs fed grass or corn silage with protein supplements of different 
ruminal degradability. Soybean meal and corn gluten meal were used as 
protein supplements highly and lowly degraded in the rumen, respectively. 
Compared with silage given alone, either supplementation significantly in
creased digestibility and metabolizability of energy (P < 0.01), but there was 
little difference between supplements (P >0.05). Efficiency of utilization of 
ME for maintenance was 60.1 and 64.5% for GS and CS, respectively. 
With supplementation, efficiency of utilization of ME slightly decreased for 
GS-based diets but increased for CS-based diets. The results suggested that 
protein supplementation improved the utilization of energy of silage, mainly 
through the increase of digestibility, while there was little effect of de
gradability of protein supplements on energy metabolism of lambs fed grass 
or corn silage. 
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