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The utilization of protein as a source of energy
in fattening sheep
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Many of the diets given to ruminants contain more protein than is required to meet
the protein needs of maintenance and growth. Thus cattle fattening on very high-
quality pasture receive on occasions nearly five times as much protein as they need
as a source of amino acids. In winter, larger amounts of nitrogen are usually given
than minimal requirements dictate because the appetite for diets low but adequate in
N content is usually poor. Rations containing an excess of N are more readily eaten.

The value to be placed on protein as a source of energy for productive purposes is
thus of importance in any assessment of the nutritive value of diets. The calorimetric
experiments of Kellner & Kohler (1gos) with steers and of Heim (1956) with sheep,
showed that when protein supplements were given they were digested to the extent of
86 and 939%,, and that for every 100 kcal of protein energy given in addition to a
maintenance ration 33 and 35 kcal were retained in the body by cattle and sheep
respectively. Similar experiments with pigs by Fingerling, Kéhler & Reinhardt
(1912-13) and with rats by Kriss, Forbes & Miller (1934) showed protein supplements
to be better digested by these simple-stomached species than by ruminants and that
pigs and rats retained respectively 57 and 55 kcal energy/100 kcal protein energy given.
The net availability of the metabolizable energy of protein in the two sets of experi-
ments was 46 and 48 9, with cattle and sheep respectively and 74 and 69 9%, with pigs
and rats respectively. Ruminant animals thus produce about 609, more heat than
do non-ruminants when the metabolizable energy of protein is used to synthesize fat.

The experiments reported here, which have already been briefly summarized
(Martin & Blaxter, 1961) were undertaken to find whether the low utilization of
protein by ruminants for fat synthesis is contingent upon its fermentation in the
rumen or whether it reflects some difference in the way ruminants obtain free energy
from the dissimilation of protein when they are compared with species with simple
stomachs.

EXPERIMENTAL

Animals. Two sheep (B and P) were fitted with cannulas into the rumen and two
(E and F) with cannulas into the abomasum. The abomasal cannulas were inserted
2 c¢m distant from the pylorus in each sheep. The sheep were of mixed breeding and
weighed between 63 and 7z kg.

Food. Each sheep was given a constant ration of artificially dried grass containing
either 2:09 or 2:20%, N on a dry basis in the amounts given in Table 1 throughout
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the experiment. The ration was calculated to provide sufficient energy to allow some
gain of energy by the body, and to supply an excess of N. The N supplied by this
basal ration was estimated to be twice the animal’s minimal need.

Treatment. Each sheep was confined in a respiration chamber and was given its
standard ration. At the same time either 2 1./24 h of a dilute salt solution containing
6 g NaCl, o4 g KCl, o2 g MgCl,, 0.2 g CaCl, and o-45 g NaH,PO,.2H,0 per L
(Armstrong & Blaxter, 1957) or a solution of casein in this saline was infused into
the gut. When more than 17 g casein were given daily the volume of the infusion was
increased to 3 1./24 h. All infusions continued for at least 7 days. The periods when
infusions of saline were given are termed control periods and were repeated at intervals,
three to four determinations being made with each animal. To sheep B and P, which
were fitted with rumen cannulas, casein was given on two and four occasions respec-
tively. Sheep F and E which were fitted with abomasal cannulas were each given
casein on three occasions. Six sets of observations with casein were thus made with
each type of preparation. The amount of casein varied from 15 to 31 g N for the sheep
with rumen cannulas and from 11 to 26 g N for those given it by abomasal infusion.
In any one 7-day period the amount given each day was constant.

Casein. The casein used was a commercial preparation, Casumen (C. and G.
Prideaux Ltd, Evercreech, Somerset). It was an acid, light casein which dissolved in
saline to give an opalescent solution with a grey tinge. Its N content on a dry basis
was 14:8-149%, and on a dry, ash-free basis it was 15-156%,. Its calorific value on
a dry, ash-free basis varied from 5-985 to 5:992 kcal/g in different batches.

Calorimetric methods. The apparatus used to determine O, consumption and CO,
and CH, production was that of Wainman & Blaxter (1958) and the general technique
was similar to that described by Armstrong & Blaxter (1957). Metabolism of C, N
and energy was measured on 5 consecutive days in each period, and computations of
the energy retained were made both from the C and N retentions and from calorimetric
determinations on food and excreta and heat production calculated from the respiratory
exchange. Urine was collected by aspiration into dilute acid. The small pump used
sucked air continuously through a urine funnel attached to the sheep. Any volatile
ammonia in this air stream was collected in pumice moistened with conc. sulphuric
acid.

Chemical methods. The methods for determination of C, N and calorific values in
food and excreta were those of Graham, Armstrong & Blaxter (1958). Analyses of
urine were made daily. Faeces were pooled for 6 days and samples of the pooled
faeces were analysed. Analyses of foods were made on samples taken when the rations
for the whole experiment were weighed. In urine, ammonia and urea were estimated
by the methods of Van Slyke & Cullen (1914), creatine and creatinine by the Jaffe
reaction (Bonsnes & Taussky, 1945), hippuric acid by the method of Hampton (1948)
and allantoin by the method of Young & Conway (1942).

In blood, ammonia was determined by Conway’s (1947) micro-diffusion method
and urea by the urease method of Van Slyke & Cullen (1914).
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RESULTS

Utilization of the basal ration. Table 1 summarizes the results of measurements of
the N and energy metabolism of the sheep when the basal ration was given. The
results are the mean for four experiments each lasting 5 days for sheep B, F and L,
but of two only for sheep P. During the final control period of the experiment with
this sheep, heat production, methane production and the amount of urinary N were
markedly increased over initial values. No explanation for this change in metabolism
was found, but an infection was suspected.

All the sheep digested the N of the basal ration equally well, and the metaboliz-
ability of the gross energy of the rations was the same in them all. Both N retention
and energy retention were positive in all the sheep, some variation being apparent from
sheep to sheep. The conditions for measuring the utilization of protein as a source of
energy were, therefore, met. The sheep were all storing energy and protein and the
high urinary N showed that amino acids were being absorbed from the diet in excess
of bodily needs for synthesis of protein.

Table 1. Nitrogen and energy metabolism of the fattening sheep when the basal
ration was given

Sheep
With rumen cannulas With abomasal cannulas
B P F E
Dry-matter intake (g/day) 817 8go 817 817
Nitrogen metabolism

N intake (g/day) 1799 18'56 1799 1799

N apparently digested (%) 607 587 581 590
Urinary N (g/day) 892 7-69 1000 955
N retained (g/day) +2-00 +3-20 +045 +1°06

Energy metabolism
Energy intake (kcal/day) 3699 4011 3699 3699
Methane production (kcal/100 keal 584 6-03 6-09 650
energy intake)
Metabolizable energy (kcal/day) 1932 2068 1907 1927
Metabolizable energy (kcal/100 keal 52°2 51-6 51'5 52°1
energy intake)
Energy retained (kcal/day):

From heat measurements +357 +89 +233 + 108
From C and N retention + 1380 +94 +199 + 4
Mean +368 +92 +216 + 56
No of 5-day observations 4 2 4 4

Apparent digestibility of the casein supplements. 'The apparent digestibility of the
casein supplements was assessed from measurements of the increases above control
periods in the amounts of N, C and energy excreted in the faeces when casein was
infused. The mean results are given in Table 2. The value obtained for the faecal N
excretion of sheep B when 23-3 g casein N were infused was clearly in error and this
value was omitted when the mean was calculated. The mean values show that N
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given by abomasal infusion did not increase the output of faecal N whereas that given
by rumen infusion did, some 69, appearing in the faeces. The odds that the apparent
digestibility in this instance was not 100%, were 12:1.

Measurements of the apparent digestibility of the energy of the casein supplements
showed that, when they were given by infusion into the rumen, go-1 + 6-1 kcal/100 kcal
casein were apparently digested. When casein was given by abomasal infusion, the
mean value was 99-7 + 5-8 kcal/100 kcal casein. These coeflicients of apparent digesti-
bility for the energy of the casein do not differ significantly from those for the N of
the casein and again indicate that when given by infusion into the rumen casein was
absorbed less completely than when given by abomasal infusion.

Table 2. Apparent digestibility of the nitrogen of casein supplements given to fattening
sheep by infusion into the rumen or abomasum

Apparent

Casein N digestibility
Route of infusion Sheep infused of N
(g) (%)
Rumen B 154 948

232 (82:6)*

P 16-3 938
1672 93'2
267 93'9
308 92°3

Mean — 93°6 4271
Abomasum 1 136 96°1
150 998
257 992
E 126 100°2
111 1037
14°2 997

Mean — 99-8 +2-5F

* Omitted from mean (see p. 399).
+ Standard error of mean.

Methane production. The increases in methane production observed when casein
was infused are summarized in Table 3. When casein was infused into the abomasum
there were slight increases in methane production in some experiments and slight
falls in others. The mean value of 0-6 + 0-92 kcal CH,/100 kcal casein given indicates
no significant fermentation of the supplement. When casein was given by infusion
into the rumen, however, methane production increased by 7-63 + 1-16 kcal CH,/
100 kcal casein given. As can be seen by comparison with the results shown in Table 1,
this value did not differ significantly from the mean rate of methane production from
the basal ration, namely 6-12+0-17 keal CH,/100 kcal. It appears, therefore, that
casein given by infusion into the rumen resulted in an increase in the fermentative
loss of methane.

Excretion of N, C and energy in urine. The percentage of the N of the supplementary
casein that appeared in urine was calculated from the increases in the N content of
urine above those found when the basal ration was given. The results are summarized
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in Table 4, and they show that 83 %, of the casein N given was excreted in the urine
of the sheep given casein by rumenal infusion and 869, by the sheep given it by abo-
masal infusion, the difference not being significant. The number of calories excreted
in the urine when casein was infused into the rumen was, however, greater than when
casein was infused into the abomasum, as shown by the higher incremental ratios of
energy to N in the last column of Table 4. The increases in the calorific value of the

Table 3. Increases in methane production of sheep given casein supplements by
infusion into the rumen or abomasum

Increase (+) or decrease
(—) in methane production
AL

Casein N
supplied keal/100 keal
Route of infusion Sheep (g) kcal/day casein
Rumen B 154 +21 +36
232 +354 +6°3
P 163 +35 +56
162 +61 +10'0
267 + 102 + 100
308 4120 +10'3
Mean — J— +763 + 1°16%
Abomasum F 136 +8 +1-8
150 +15 +2'9
257 +19 421
E 12°6 —13 —27
II'I -5 —12
142 +4 +o7
Mean — — 406 + 0-g2*

* Standard error of mean.

Table 4. Urinary excretion of the nitrogen and energy of casein supplements given
to sheep by infusion itnto the rumen or abomasum

Increase in Heat of
urinary N combusticn
as percentage of of urine
Route of infusion Sheep casein N infused  (kcal/g N)
Rumen B 767 10°9
803 87
P 796 13°6
838 10°4
866 93
937 77
Mean 834 101 + 0°84%
Abomasum F 784 79
752 97
8570 93
E 972 69
946 56
872 75
Mean 86-3 78+ 0b2*

* Standard error of mean.

ssaid Asssnun abprique) Aq auljuo paysiignd 100296 LNIE/6£01°01/61010p//:sd13y


https://doi.org/10.1079/BJN19620041

402 K. L. BLaxTeRr AND A. K. MARTIN 1962

urine/g increase in carbon content were, however, the same for both routes of admini-
stration. Table 5 presents these findings together with those of Kellner & Kohler
(1905) with oxen and Heim (1956) with sheep.

Composition of the urine. The increases in the excretion of N-containing compounds
in urine when casein was given are shown in Table 6. Most of the additional N was
excreted as urea and ammonia in all experiments, but a greater proportion was

Table 5. Additional energy excreted in the urine of sheep and cattle given
protein supplements

Urinary energy
Animal Method of administration  kcal/g carbon kecal/g N
Sheep (Heim, 1956) Oral 11-8 98
Sheep (this paper) Infusion into rumen 11°1 10°1
Sheep (this paper) Infusion into abomasum 11-8 7-8
Oxen (Kellner & Kéhler, 1905) Oral 118 6-8

Table 6. Incremenis in excretion of nitrogen as urea, aminonia, creatine, creatinine,
allantoin and hippuric acid by sheep given casein by rumenal or by abomasal infusion

Casein N

Percentage of total urinary N excreted as
A

[ Al
Route of infused Urea+ Hippuric

infusion Sheep (g) Urea  Ammonia ammonia Creatine Creatinine Allantoin acid
Rumen B 15°4 743 117 860 002 002 068 —_—
232 741 04 74°5 —0'16 046 211 —

Mean 742 6-0 802 —0'07 024 1°39 —

P 16°3 825 46 871 065 —o26 085 460

16°2 824 11°4 938 o058 —0-07 274 424

267 808 96 904 031 o012 2'50 442

308 736 112 848 036 —o'11 1°44 277

Mean 798 92 890 047 —0'08 1-88 4°01

Abomasum F 136 925 —o-8 917 o014 033 o006 —
150 go-8 —2'3 885 0-36 074 1-23 —

257 901 o3 Qo4 o'o1 068 054 —

Mean 91°'I —09 902 o017 o058 o061 —

E 126 91-8 o2 920 —0°20 086 093 1:16

111 886 41 927 —0°24 1-33 1°13 065

142 612 10°3 71°5 —o007 063 2'02 415

Mean 805 49 854 —0'17 0'94 1-36 199

Rumen Mean 780 81 86°1 029 003 172 4-01

Abomasum Mean 859 1'9 87-8 000 076 098 1-99

The values are the increments in the excretion of the compounds which occurred when casein was infused.
They are expressed as percentages of the corresponding increments in total N excreted.

excreted as ammonia by the sheep given casein by rumen infusion. This finding
suggests a difference in metabolism associated with bacterial fermentation in the
rumen, but the possibility of formation of ammonia from urea after the urine had
been excreted cannot, however, be excluded. There was an indication that more
allantoin N and more hippuric acid N was excreted when the casein was infused into
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the rumen. This would be consistent with bacterial fermentation of the casein and
would account for the higher calorific value/g N of urine from sheep given casein by
rumen infusion. The amounts of N involved were, however, small. The recovery of
the N infused in terms of known compounds containing N was 92-1%, for sheep given
casein by rumen infusion and g1-5%, for sheep given it by abomasal infusion.

Metabolizable energy. The lower digestibility of casein given by rumen infusion,
the larger amounts of methane produced and the higher calorific value of the urine/g N
excreted all point to a lower metabolizable energy value of casein when given by infusion
into the rumen compared with infusion into the abomasum. The individual results
are given in Table 7. The metabolizable energy as a percentage of the energy of the
casein was 62'5 when casein was given by rumen infusion and 87-3 when given by
abomasal infusion.

Table 7. Energy retention of sheep given casein supplements by infusion into
the rumen or abomasum

Net
Energy retention (kcal/day) availability
Energy = Metabolizable A N of
content of energy of Cand N metabolizable

Route of casein given casein RQ retention energy
infusion Sheep (kcal/day) (kcal/day) method method Mean (%)
Rumen B 5727 287-8 150'4 111°6 131°0 45°5
8601 539'1 3252 2967 310°9 577

4 6175 3840 2077 2535 2306 6o'0

6095 3732 2032 2260 2146 575

1010°6 7382 4367 230'1 3334 452

1162-8 7277 3352 181-8 2585 355

Abomasum F 506-1 395°3 225°5 2427 234°1 592
5582 5202 3448 3912 368-0 707

9542 7843 4188 4634 4411 562

E 4813 3973 2505 283°1 266-8 672

422°8 4361 3587 2148 286-8 658

5402 4586 262°5 3713 3169 691

Energy retention. Energy retention was estimated in two ways, first from the heat
of combustion of the excreta and methane and the heat production determined from
oxygen consumption and the non-protein respiratory quotient, and secondly from
simultaneous determinations of the retention of C and N in the body, the factors of
Blaxter & Rook (1953) being used. The increases in energy retention which occurred
when casein was infused, determined in both ways, are given in Table 7. The mean
values are plotted in Fig. 1 against the calorific value of the casein infused, and it is
clear that the energy of casein given by abomasal infusion was used more efficiently
than that of casein given by infusion into the rumen.

Part of this difference was due to the lower proportion of the energy of the casein
that was metabolizable, and in Fig. 2 the energy retained from casein is plotted
against the metabolizable energy of the supplements. The results indicate that the
metabolizable energy of casein given by abomasal infusion was more efficiently used
to promote synthesis of energy-containing materials in the body than was the meta-
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bolizable energy of casein given by infusion into the rumen. The difference was not
so marked as when the comparison was made in terms of the heat of combustion of
the casein infused.

Analysis of variance of the net availabilities of the metabolizable energy of the casein
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Fig. 1. Retention by fattening sheep of the gross energy of casein infused into the abomasum,
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Fig. 2. Retention by fattening sheep of the metabolizable energy of casein infused into
the abomasum, e, or into the rumen, a.
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showed that, whether the test of significance was based on between-animal variation
or within-animal variation, the difference in utilization of the casein by the two routes
was significant (005 > P > o-o1). The mean values were 50-2+32 and 647+
3-2 kcal net energy/100 kcal metabolizable energy, the errors representing the pooled
within- and between-animal variations.

Increases in the retention of the N by the sheep occurred when casein was given
by either route, and the mean daily amount retained was 1019, of the N of the
casein given for the sheep receiving casein by rumen infusion and 16-29%, for those
given it by infusion into the abomasum. On the assumption that the whole of the N
was retained as protein, it accounted for between 20 and 299, of the total energy
retained when infused into the rumen and abomasum respectively. The retention of
20309, of the energy of supplementary food as protein and conversely 70-809, as
fat by adult sheep is similar to the results obtained when volatile fatty acids were
given as a supplementary source of energy to sheep (Armstrong, Blaxter, Graham &
Wainman, 1958).

DISCUSSION

It was shown by Chalmers, Cuthbertson & Synge (1954) that when sheep subsisting
on low-protein diets were given casein by duodenal infusion they retained more N
and excreted less N in the urine than when they were given casein by rumen infusion.
In their experiments, the value of casein as a source of amino acids was measured.
In the experiments reported here the value of casein as an energy source for synthesis
of body fat was considered by ensuring that an excess of N was supplied by the basal
ration. The results in Table 1 show that this condition was met.

The results obtained when casein was infused into the rumen may be compared
with those found in the two sets of experiments in which ruminants have been given
protein supplements by mouth. Our results show that the apparent digestibility of
casein given by slow infusion into the rumen was 9o9%,. This value is in agreement
with that of 869, found by Keller & Kohler (19o5) with steers given wheat gluten,
and that of 93-59%, found by Heim (1956) with sheep given a mixture of casein, egg
albumen and wheat gluten. The loss of energy as methane on infusion of casein,
amounting to 7-6 kcal/1o0 kecal casein, was higher than the values of 1-5-5-3 keal/
100 keal protein found in Heim’s experiments. Kellner & Kohler stated that their
protein supplement had no effect on methane production. The loss of energy in urine
as shown in Table 5 was very much the same in our experiments as in Heim’s. The
values observed with cattle by Kellner & Kohler seem to be rather low. The net
availability of metabolizable energy was 50-2 + 3-2 in our experiments, 47-6 in Kellner
& Kohler’s and 45-9 in Heim’s. This last value is that given by Crasemann (1954)
who recomputed the data Heim had obtained in the Ziirich laboratory. The results
from all three sets of experiments are thus in good agreement with respect to the
estimate they provide of the net availability of the energy of protein. Similarly, the
estimates of the total energy retained/1oo kcal of supplementary protein given were
311 + 36 in our experiments, 334 in Kellner & Kaohler’s and 34:5 in Heim’s.

The results obtained when casein was infused into the abomasum differ very
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markedly from these. The protein was completely digested, no methane was produced
and the loss of energy in urine was smaller than it was when casein was infused into
the rumen. The net availability of metabolizable energy was 647 + 3-2, and the energy
retained/100 keal protein given was 56-7 + 3-6 kcal. The latter is 809, greater than
when the same protein was given by infusion into the rumen. These results with
abomasal infusions are similar to those obtained in simple-stomached animals. Thus
in pigs the energy retained when wheat gluten was given was found by Fingerling
et al. (1912-13) to be 57-2 kcal/1oo kcal protein, and with rats Kriss et al. (1934)
found 54-9 kcal retained/100 kcal casein given.

The results of our experiments suggest very strongly that the lower nutritive value
of protein as an energy source for lipogenesis in ruminants compared with non-
ruminants is the result of fermentative changes involving protein which occur in the
rumen. They are not due to a difference between these two classes of animal in their
ability to obtain free energy by dissimilation of the amino acids which they absorb.
The lower apparent digestibility of the casein given by infusion into the rumen com-
pared with that given by abomasal infusion, can be explained by an increase in bacterial
growth in the rumen after infusion of soluble protein supplements and by an incomplete
hydrolysis of the N-containing compounds of bacteria in parts of the gut distal to the
rumen. From the increase in allantoin and hippurate excretion when casein was
given by rumen infusion, it can be inferred that some bacterial hydrolysis occurred.
Such inferences are in accord with many observations that soluble proteins such as
casein when given to ruminants are largely hydrolysed in the rumen and from a
proportion of the products of hydrolysis bacterial protein is synthesized, to be digested
lower in the tract. This aspect has been reviewed by Annison & Lewis (1959) and by
Chalmers (1961).

SUMMARY

1. The utilization of the energy of casein when given to sheep by infusion into the
rumen has been compared with its utilization when given by infusion into the
abomasum.

2. Four sheep, two fitted with abomasal cannulas and two with rumenal cannulas,
were given a constant ration of dried grass sufficient to maintain them in positive
energy and nitrogen balance. Energy metabolism was measured during periods when
saline was infused into the rumen or abomasum and during periods when a casein
solution was infused.

3. The net energy of casein for fat production (kcal/100 kcal given) was 31°1 + 36
after infusion into the rumen and 56-7 + 3-6 after abomasal infusion.

4. When infused into the rumen casein had a lower digestibility and caused a
greater loss of energy as CH, and in urine than when it was infused into the abomasum.

5. The net availability of the metabolizable energy of casein was 50-2 + 3-2 when
given by rumenal infusion and 647 + 3-2 when given by abomasal infusion.

6. Slightly more of the casein N was excreted in the urine as allantoin and hippuric
acid after infusion into the rumen than after abomasal infusion. The difference was
not statistically significant.
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». The results obtained are compared with those observed in simple-stomached
animals and ruminants given protein by mouth, and the effect of fermentation of protein
in the rumen on the utilization of casein energy is discussed. It is concluded that the
low utilization of the energy of protein by ruminants can be explained by the fermenta-
tion processes in the rumen.
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