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1. The deposition of fat and protein and the utilization of energy by growing rats offered
diets ad Iib. or in controlled amounts by gastric intubation has been investigated. Diets
contained 50, 75, 100 or 200 g protein/kg, mainly as casein.

2. Gain of body-weight and protein increased with increasing dietary protein concentration
when animals received the same energy intake, although the reverse was true for fat deposi-
tion. However, the differences in live-weight gain were almost entirely due to changes in body
water. The dry-matter content of the gain in animals given low-protein diets was 770 g/kg
compared to 360 g/kg in those given the control diet.

3. Energy retention was unaffected by dietary protein level in groups given the same energy
intake by gastric intubation. In Expt 1 daily heat production increased significantly (P < o-05)
with increasing protein level (50, 75 and 200 g protein/kg diet) when energy intake was con-
stant, but in Expt 2 there was no significant effect of protein level (50, 100 and 200 g protein/
kg diet). Problems arose in the selection of a suitable basis for comparison of heat production
between groups because of the differences in body-weight and body composition.

4. The energy requirement for zero energy balance was approximately 10 9%, lower for the
low-protein groups than for those given the diet containing 200 g proteinfkg when food intake
was just above the maintenance level. When the requirement was expressed per unit metabolic
body size (W° 7 kg) dietary protein level had no significant effect. The mean values for Expts 1
and 2 were 452 and 436 k] respectively.

5. The energy cost of weight gain increased as dietary protein level decreased in pairs of
groups gaining at the same rate, The extra energy ingested by the animals given the lower
protein level was converted to body tissue with an efficiency of at least o-7o0.

6. Striking differences were observed in body composition and energy retention of the two
pairs of groups used for the comparison of tube-feeding and ad Iib. feeding. With the diet
containing 50 g protein/kg, tube-fed rats gained significantly more weight (P < o-o1) and
more fat, dry matter and energy (P < o-oo1) than their ad kb. counterparts given an iso-
energetic intake.

7. The results demonstrate that dietary protein level has little or no effect on the utilization
of energy by growing rats when the pattern of intake is controlled by gastric intubation.

It has been shown that rats given a low-protein diet grow more slowly and retain
less energy than litter-mates given a normal diet in isoenergetic amounts (Hogan &
Pilcher, 1933; Forbes, Swift, Black & Kahlenberg, 1935; Hamilton, 1939a, ). These
results have generally been accepted as support for the concept, proposed by Moll-
gaard (1923) and reiterated by many nutritionists (Mitchell & Carman, 1926; Fraps,
1931; Hamilton, 19394; Mitchell, 1964), that the utilization of food energy is
impaired by improper balance of the essential dietary factors.

However, during a study of this phenomenon using a pair-feeding’ technique
similar to that employed by the early workers, McCracken (1968, b) found that the
pattern of feeding of animals given a complete diet, at the level of intake reached by
those on a low-protein diet, altered drastically. Within a few days they adopted a
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‘meal-eating’ pattern, consuming the whole of their daily ration in less than 2 h and
in some instances as little as 15 min. In contrast, animals given low-protein diets were
adequately supplied with food at all times and maintained a normal ‘nibbling’
pattern. This observation has subsequently been corroborated (Loveless, Williams &
Heaton, 1972; Pocknee & Heaton, 1974).

It is known that ‘meal-eating’ as opposed to ‘nibbling’ results in a greater accumu-
lation of fat and retention of energy when rats are given normal diets in isoenergetic
amounts (Cohn, Joseph & Shrago, 1957; Tepperman & Tepperman, 1958, 1964;
Fabry & Braun, 1967). It therefore seemed that the results obtained by Hogan &
Piicher (1933) and by later workers could be attributed to an increased efhciency of
energy utilization on normal diets due to a change in feeding pattern, rather than to
a decreased efficiency associated with the protein-deficient diets, as had been
previously assumed.

To test this hypothesis rats were given low~ or normal-protein diets, in isoenergetic
amounts, by gastric intubation, to eliminate differences in feeding pattern, or were
offered the same diets ad lib.

EXPERIMENTAL

Two experiments were done. In Expt 1 animals were tube-fed three times daily for
either 7 or 14 d. In Expt 2 most of the animals were tube-fed but to compare the
effect of ‘meal-eating’ as opposed to ‘nibbling’ two groups had continuous access to
food. The experimental period was 7 d.

Animals

The rats used were of the Hooded Lister strain, from a highly inbred colony. The
young were suckled in litters of eight, weaned at 21 d, and only males were retained
for experiments. These were transferred to a room maintained at 28 + 1° and during
the pre-experimental period they were kept in groups and offered a diet containing
190 g protein/kg (Table 1, diet 1). During the experiment tube-fed animals were
caged in groups of two or three and the ad lib.-fed animals were caged individually.

Diets and measurement of food intake

The composition of the diets is outlined in Table 1. Diets 1, 3 and 4 were used in
Expt 1 and diets 1, 2 and 4 in Expt 2. For tube-feeding the diets were mixed to a slurry
with water immediately before each feed. The dry-matter (DM) content of all diets
was approximately o7 g/ml of slurry. At each feed random samples were taken for
pM determinations, using the same method of dispensing the samples as in the actual
tube-feeding operation.

The rats fed ad lib. were offered the food in powder form. Circular food-pots of
50 mm diameter and 25 mm depth were used. The food was packed firmly into the
pot. When the rats were fed in this way from weaning, food spillage was minimal.
Sufficient food was offered to ensure that they had continuous access and the food-
pots were weighed and replenished each morning.
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Table 1. Composition and analysis of diets (glkg) given to rats

Diet
g A )
1 2 3 4
Dextrin 3000 440°0 4750  §00°0
Sucrose 2840 268-0 2685 2685
Casein 2300 170°0 750 500
pL-Methionine 60 20 15 15
Dried yeast 200 200 200 200
Maize oil 1000 1000 1000 100°0
Vitamin mixture®* 20'0 200 200 20°0
Mineral mixturet 400 400 400 400
Dry matter 9437 0456 09462 0477
Fat 1009 997 998 99°4
Protein 192°8 100°2 757 517
Gross energy (M]/kg) 18-94 18-39 18-06 1819
(Mcal/kg) 453 439 432 435

* Prepared by V. W, Eves & Co. Ltd, Beta Works, Fowler Road, Hainault, Essex; containing (g/kg):
retinol o-40, cholecalciferol o-0025, a-tocopheryl acetate 10°00, ascorbic acid 40-00, choline chloride
150°00, myo-inositol 10-00, nicotinic acid 4-00, riboflavin 1-00, pyridoxine hydrochloride 1-00, thiamin
hydrochloride 1-00, calcium pantothenate 3-00, biotin o-02, folic acid o'10, cyanocobalamin o-0oz,
stabilized by dispersion on a glucose base.

1 Dunn salt mixture containing (g/kg): calcium orthophosphate 4340, potassium chloride 271-0,
disodium hydrogen phosphate 114'2, magnesium sulphate o-20, sodium fluoride o-o1.

Determination of intake of digestible and metabolizable energy (ME)

In Expt 1 the rats were housed in cages with wire-mesh floors. Each cage was
suspended over a large evaporating-dish covered with fine nylon gauze. Faeces were
held on the gauze and the urine was collected in the dish, which contained dilute
sulphuric acid. Collections were made over 5 d periods. Samples of diet and of dried
faeces and urine were ignited in an adiabatic bomb calorimeter.

In Expt 2 the rats were housed in cages with wire mesh floors and faeces and urine
were collected on blotting-paper. Faeces only were collected for energy determina-
tions and the amount of ME was calculated using factors for urine energy derived from
the results of Expt 1. In the instance of the ad /ib.-fed animals, spilt food was separated
from the faeces each day using a domestic sieve. At the end of the experiment the
paper was impregnated with dried urine and food which had dissolved in the urine
(McCracken, 19684). The weight of dissolved food was estimated from the initial and
final weight of the paper by making a correction for the weight of dried urine. The
intake of ME was again calculated by subtracting a value for urine energy (McCracken,
1968a) from the digested energy intake.

Analysis of the carcasses

Because studies of liver enzyme levels were done using some of the animals, all
tube-fed rats were fed for the last time on the morning of the 8th or 15th day, 1 h
before they were due to be killed. They were weighed before and after they were
killed. The liver and intestinal tract were removed immediately and gut contents were
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Table 2. Expt 1. Details of experimental groups of rats tube-fed diets providing high
(6 g dry matter (DM)[d) or low (4 g DM[d) energy intakes and high (200 gfkg) or low
(75 or 50 g[kg) protein contents from 31 d of age

Group Energy Solid food Length of Protein

no. intake intake (g/d) expt(d) level Diet* Comparison

1 High 6 i High 1 Same energy,

2 High 6 7 Low 4 different protein
} Same protein,

3 Low 4 7 Low 3 different energy

4 Low 4 14 High 1 Same energy,

5 Low 4 14 Low 3 different protein

6 Starting controls

* For details, see Table 1.

discarded. The stomach and intestines were returned to the carcass, which was again
weighed. Carcasses were individually analysed. They were homogenized using the
method of Hartsook & Hershberger (1963) and samples were taken for determination
of DM and protein contents. Fat content and gross energy were determined on the dry
material. Protein content was determined by the Kjeldahl method using mercury as
the catalyst, fat content was determined by extraction with light petroleum (b.p.
40-60°) in a Soxhlet apparatus and gross energy was determined using an adiabatic
bomb calorimeter. Liver protein content was determined using a micro-Kjeldahl
procedure and liver lipid content by the method of the British Standards Institution

(1951).
Experimental design

Expt 1. Thirty rats, aged 28 d and weighing approximately 45 g, were separated
into six groups (Table 2). They were all tube-fed with diet 1 in increasing amounts
over a 3 d acclimatization period, and then placed on the experimental treatments at
31 d of age. They were fed three times daily, at or.00, 09.00 and 17.00 hours. The
treatments imposed were high energy intake (6 g bm/d) or low energy intake (4 g
pM/d) and high-protein (200 g/kg) or low-protein (75 or 50 g/kg) diets. The rats in
groups 1 and 2 provided a comparison of the effect of protein on energy utilization at
an energy level close to the ad [ib. intake of normal rats weighing 50 g. Those in
groups 2 and 3 provided a measure of the effect of energy intake at a constant low level
of protein intake. Those in groups 4 and 5 were intended to provide a comparison of
the effect of protein level on energy utilization when energy intake was just above that
required to maintain body-weight.

Expt 2. Seventy-eight rats, aged 28 d and weighing approximately 45 g, were
separated into thirteen groups (Table 3). Ten groups were tube-fed with diet 1 for a
3 d period while the others were allowed continuous access to diet 1 in powder form.
After the pre-experimental period, one group of tube-fed animals and one group of
ad Iib.~fed animals were killed as controls. The other nine groups of tube-fed animals
were randomly allocated to a 3 x 3 factorial experimental design, the variables being
dietary protein level (50, 100 and 200 gfkg) and energy intake 3-5, 6-0 and 725 ¢
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Table 3. Expt 2. Details of experimental groups of rats tube-fed or fed ad lib. on diets
providing high (7-25 g dry matter (DM)[d), medium (6-0 g DM[d) or low (3:5 g DM/d) energy
intakes and high (200 g[kg), medium (100 glkg) or low (50 g[kg) protein contents from 31 d
of age

Group Solid food intake Method of
no. Energy intake (g/d) Protein level Diet* feeding
I Low 3'5 Low 4 Tube
2 Medium 2 Tube
3 High 1 Tube
4 Medium 60 Low 4 Tube
5 Medium 2 Tube
6 High I Tube
7 High 7°25 Low 4 Tube
8 Medium 2 Tube
9 High 1 Tube
10 Ad lib. Low 4 Ad lib.
II Ad lib. Medium 2 Ad lib.
12 Starting controls — — Tube
13 Starting controls — — Ad lib.

* For details, see Table 1.

Table 4. Expt 1. Digestible energy (DE) and metabolizable energy (ME) contents (as
proportions of gross energy) of diets 1 (high-protein, 200 g[kg), 3 (low-protein, 75 g/kg)
and 4 (low-protein, 50 g[kg), determined using pairs or triplets of rats

(Mean values for four determinations)

Diet*
r —A— N
1 3 4 sE of mean
DE 0°9628 0'9492 0'9529 0'0034
ME 09397 09404 09433 00034
ME (k] /g DM) 18-36 17°96 17°92 —
(kcal/g p™m) 439 429 428 —

pM, dry matter.
* For details, see Table 1.

pm/d). Of the two remaining groups, one was offered diet 2 ad ib. and the other diet
4 ad lib. Because of the time involved in tube-feeding, the experiment was conducted
in two parts, three animals per group being used in each block.

RESULTS
Expt 1
The digestibility of dietary energy was higher for diet 1 than for the two low-
protein diets (diets 3 and 4) (Table 4). However, this difference was offset by the
higher excretion of energy in the urine of rats given the high-protein diet. The ME
contents of the three diets, expressed as a proportion of gross energy, were not sig-
nificantly different and averaged o-941. The ME content, on a DM basis, ranged from
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Fig. 1. Expt 1. Growth rates of rats tube-fed high- or low-protein diets for 7 or 14d.
@, High-protein (200 gfkg), high energy intake (6 g dry matter (pm)/d) (group 1); A, low-
protein (50 gfkg), high energy intake (group 2); O, low-protein (75 g/kg), low energy intake
(4 g om{d) (group 3); W, high-protein, low energy intake (group 4); 03, low-protein (75 g/kg),
low energy intake (group s).

18:36 k] /g for diet 1 to 17-92 k] /g for diet 4. Thus for all practical purposes the diets
used were isoenergetic.

The growth rates of the different groups are shown in Fig. 1. At the same energy
intake rats given the higher level of protein grew more quickly. During the 7 d
experimental period the rats in group 1 gained weight steadily at a rate similar to that
reached by rats in the colony given stock diet ad Iib., and reached a final body-weight
of 77 g compared to 64 g for the rats in group 2. In the instance of the rats on the
low-energy treatments those in group 4 reached a final average weight of 70 g at the
end of the 14 d experimental period compared to only 62 g for the rats in group 5.

Table 5 shows that the large differences in live-weight gain (267 or ¢-4 g in rats
with the high energy intake (groups 1 and 2) and 17:8 or 9-0 g with the low energy
intake (groups 4 and 5)) were largely the result of changes in body water. For the
animals fed on the low-protein diets at the high (group 2) and low (groups 3 and 3)
levels of energy intake, 77-2 and 50-09%, respectively of the live-weight gain was as
pM compared to 356 and 27-1%, for the animals on the high-protein diet (groups 1
and 4). These differences were correlated with changes in the proportion of fat and
protein in the gain. The rats in group 1 gained significantly more protein (P < 0-001)
and significantly less fat (P < o-o1) than those in group 2. Rats in group 4 deposited
significantly more protein (P < o-oo1) than those in group 5. However, they were in
negative fat balance whereas those in group 5 gained fat and the difference was sig-
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Table 5. Expt 1. Changes in body composition (g) of rats tube-fed diets providing high
(6 g dry matter (DM)[d) or low (4 g DM/d) energy intakes and high (200 glkg) or low
(75 or 50 glkg) protein contents for 77 or 14 d

(Mean values for five rats/group)

Group Energy  Protein Weight DM Protein Fat
no. intake level Diet* gain gain gain gain
1 High High 1 267 951 508 352

2 High Low 4 94 726 1:62 5'43

3 Low Low 3 55 2-8o 1°51 o 86

4 Low High 1 178 482 557 174

5 Low Low 3 90 450 264 1'19
sE of mean (23 df) 10 ©'53 020 0'49

* For details, see Table 1.

Table 6. Expt 1. Values for energy intake, retention and expenditure of rats tube-fed
diets providing high (6 g dry matter (DM)[d) or low (4 g DM/[d) energy intakes and high
(200 glkg) or low (75 or 50 g/kg) protein contents for 7 or 14 d

(Mean values for five rats/group)

Heat production

Carcass - A -

ME energy (kJ/d
Group Energy Protein intake gain per kg

no. intake level Diet* kJ/d) (kJ/d) (kJ/d) body-wt)
bs High High 1 112°5 368 757 1163
2 High Low 4 1046 356 69-0 1185
3 Low Low 3 653 100 55°3 993
4 Low High I 66°5 46 619 971
5 Low Low 3 640 79 56°1 959
SE of mean (23 df) 23 2°3 35

ME, metabolizable energy.
* For details, see Table 1.

nificant (P < o-001). As a result there was no significant difference in pm gain
between groups 4 and 5, although group 1 showed a significant increase in pM
(P < o-o1) compared to group 2. The third comparison which can be made is between
groups 2 and 3, where intakes of protein were similar but group 2 had a higher energy
intake. There was no significant difference in gain of protein but highly significant
differences (P < o-0o1) in gain of body fat, bpM and body-weight.

The results for energy retention and calculated daily heat production are sum-
marized in Table 6. Although intakes of ME in groups 1 and 4 were slightly higher
than those of groups 2 and 5 there were no significant differences in energy gain.
However, daily heat production was significantly higher (P < o0'05) on the two high-
protein treatments in comparison with the pair-fed, low-protein treatments, the
differences being approximately 109,. The effect of energy intake on heat production
was clearly demonstrated by groups 2 and 3. In order to eliminate the effect of body-
weight on the comparison of heat production between groups the results were also
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Table 7. Expt 2. Changes in body composition (g) of rats tube-fed or fed ad lib. on diets
providing high (7-25 g dry matter (bM)/d), medium (6-0 g vM/d) or low (3'5 g pDM/d)
energy intakes and high (200 g[kg), medium (100 gkg) or low (50 gfkg) protein contents

(Mean values for six rats/group)

Treatment

Group Energy Protein Carcass DM Fat Protein
no. intake level weight gain gain gain gain
1 Low, tube-fed Low 248 226 1°24 051
2 Medium 652 196 037 127
3 High 1054 229 —0°9I 284
4 Medium, Low 1077 712 557 1°31
5 tube-fed Medium 1695 7-80 478 237
6 High 2597 938 394 434
7 High, tube-fed Low 1562 1063 837 1°43
8 Medium 2487 12°19 834 306
9 High 3067 12:87 6-96 486
10 Ad b Low 6°93 529 3°43 1°43
11 Medium 2528 11'94 649 425
SE of mean (52 df) 0'94 040 040 o1y

Analysis of variance of 3 x 3 factorial experiment on tube-fed rats

Effect of protein * ik Ll R Tty
Effect of energy *K ek " FHH
Effect of interaction K EE LT P

*¥ P < o'00I.

calculated on a body-weight basis. When expressed on this basis there was no sig-
nificant difference in the heat production of groups given the same energy intake.

Expt 2

The results are summarized in Tables 7 and 8. The values for the nine groups of
tube-fed rats were analysed as a 3 x 3 factorial design using the analysis of variance
technique. Protein level and energy intake exerted highly significant effects (P <
0-001) on gain of carcass weight, by, fat and protein (Table 7). There was a significant
interaction (P < o-oor) of protein and energy on carcass gain, the effect of protein
level being greater at the higher levels of energy intake. Gain of body protein and
DM were also significantly affected (P < o-o1) by a similar protein-energy interaction.
As in Expt 1 there was no effect of protein on bM gain at the low level of energy intake
but a significant increase in DM gain with increased protein level at the higher levels
of energy intake. Fat deposition was negatively correlated with increasing dietary
protein level and, in agreement with the results of Expt 1, a negative fat balance
occurred with the low-energy, high-protein treatment (group 3).

Striking differences were observed in the body composition of the two pairs of
groups used for comparison of tube-feeding and ad %b. feeding. With the low-protein
diet the tube-fed rats gained significantly more weight (P < o-o1) and more fat and
DM (P < o-oor) than their ad lib.-fed counterparts on an isoenergetic intake. There
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Table 8. Expt 2. Values for energy intake, retention and expenditure of rats tube-fed or
Jed ad lib. on diets providing high (7-25 g dry matter (DM)[d), medium (6-0 g DM/d) or low
(3'5 & p™/d) energy intakes and high (200 glkg), medium (100 gfkg) or low (50 glkg)
protein contents for 10 d

(Mean values for six rats/group)

Treatment ' Heat production
s A — Energy P —A —
Group Energy Protein ME intake  retained (kJ/d per kg (M]/d per kg
no. intake level kJ/d kJ/d) kJ/d) body-wt) carcass DM)

1 Low, tube-fed Low 58-8 9x 497 975 301
2 Medium 585 6-8 517 962 3’10
3 High 585 33 552 979 325
4 Medium, tube-fed Low 102-8 352 676 1226 3°55
3 Medium 1036 25°3 68:3 1159 3°49
6 High 107°6 376 700 1138 3°50
7 High, tube-fed Low 1283 52°5 758 1314 365
8 Medium 131°5 581 734 1176 340
9 High 1333 563 770 1192 3'54
10 Ad bb, Low 1028 246 782 1368 435
11 Medium 140°'9 52°'0 889 1399 417
SE of mean (52 df) 2°1 20 332 o012

Analysis of variance of 3 X 3 factorial experiment on tube-fed rats

Effect of protein NS NS * NS
Effect of energy o *R o *
Effect of interaction * NS NS NS

ME, metabolizable energy; NS, not significant.
* P < o005, ™* P < oo00r1.

was no significant difference in gain of protein. On the medium-protein diet, the ad &b.
group had a higher energy intake than the tube-fed group on the high energy intake
(Table 8) and this complicated the comparison. There was no significant difference in
gain of carcass weight or pM. However, gain of body fat was significantly higher
(P < o-01) and gain of protein significantly lower (P < o-oo1) for the tube-fed
group.

Table 8 summarizes the intake, retention and expenditure of energy of the eleven
groups. The daily intake of energy on the low-intake treatments (groups 1-3) was
lower than in Expt 1. The medium-intake treatments (groups 4—6) correspond to the
high-intake treatments in Expt 1 and the high-intake treatments (groups 7-9) had
25-309% higher intakes. Analysis of variance of the results for the nine tube-fed
groups using a 3 X 3 factorial design indicated that dietary protein level had no sig-
nificant effect on energy retention though, predictably, the latter was significantly
affected by energy intake. A significant (P < o-c5) protein—energy interaction existed
for energy retention, which was lowest with the high-protein diet at the low level of
intake and with the low-protein diet at the high level of intake. The values agreed
closely with the results of Expt 1. The lack of a significant effect of protein on daily
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heat production was not entirely in agreement with the results of Expt 1, but once
again there was a trend of increasing heat production with increased protein level
which exceeded 109, on the low-energy-intake treatments.

When heat production was expressed per unit body-weight, there was a significant
(P < o-05) increase with the low level of dietary protein. Although the protein-energy
interaction failed to reach statistical significance, there were no differences between
the values obtained at the low level of energy intake and these were in close agreement
with the results of Expt 1. There was an apparent trend for the differences to increase
as the level of energy intake increased. However, when heat production was expressed
on a basis of dry weight to take account of the large differences in body water, protein
had no significant effect and there was no protein-energy interaction on heat
production.

The differences in energy retention and expenditure between tube-fed rats and
their ad Iib.-fed counterparts are of major importance. With the low-protein diet, where
average intakes of ME were identical, the energy retention of the ad lib.-fed group was
30% lower, the difference being highly significant (P < o-oor). With the medium-
protein diet the energy retention of the ad lib.-fed group was significantly (P < o-05)
lower than that of their tube-fed counterparts, although energy intake was higher.
Daily heat production of both ad b.-fed groups was significantly (P < o-oo1) higher
than that of the tube-fed groups irrespective of the basis of comparison used.

DISCUSSION

The results for the ‘meal-fed’ and ad &b. groups in Expt 2 agree entirely with
previous observations using normal diets (Cohn et al. 1957; Fabry & Braun, 1967),
and support the hypothesis on which the experiments were based. The large increases
in body fat with the ‘meal-fed’ regimens also provide support in vivo for the results
of Beaton, Feleki, Szlavko & Stevenson (1964) who found that the ability of isolated
adipose tissue slices to incorporate [“Clacetate into fatty acids was increased to a
similar degree by meal-feeding diets containing casein at levels of 50 or 200 g/kg. The
results for ‘meal-fed’ animals at each level of feeding indicate an absolute increase
in fat deposition with decreasing protein level. This agrees with the observation of
Leveille (1967), that incorporation of [U-1*C]glucose and [**C]leucine into fatty acid
and triglyceride was enhanced with low-protein diets.

The results for energy retention and heat production in both experiments are
clearly contrary to those of all previous ‘pair-feeding’ experiments where intake was
not controlled, including those of the author (McCracken, 19684). It would therefore
appear that the factor mainly responsible for the previously reported differences is the
pattern of intake. Indeed the results of Expt 1 would suggest that this was the sole
factor. However the results of Expt 2 are not as clear, depending on the basis of
comparison used. Although the same conclusion may be drawn as in Expt 1 when total
heat production is considered, it could be argued that a comparison on the basis of
‘equalized’ body-weight would be more valid, since the maintenance component is
generally regarded as being related to some function of live weight. Using this
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Table 9. Comparison of energy utilization of ‘paired-gain’ rats tube-fed high- and low-
protein diets

Protein level (g/kg diet) 200 50 100 50

Mean body-wt during expt (g) 563 55°3 53-8 5777
Final carcass oM (g) 1813 22°59 2376 26'10
ME intake (k]/d) 585 102°8 103°4 1283

Heat production (k]/d) 552 676 68-2 758

u —— J w S J

‘Extra’ energy intake (kJ) 443 249

‘Extra’ energy stored (kJ) 319 17°3

Efficiency ratio 072 o170

DM, dry matter; ME, metabolizable energy.

approach, a conflict arises between the results of the two experiments at higher levels
of energy intake.

There is, however, a third possible basis for comparison. It is clear from the results
presented that most of the difference in live weight between animals on the same level
of energy intake was accounted for by changes in body water. Under these circum-
stances it is doubtful whether a single function of live weight would be applicable to
all protein treatments and therefore the results were also compared on the basis of
carcass DM. It is clearly impossible to say which method of comparison is the most
valid. Nevertheless it should be noted that at the low level of energy intake, when
differences in body-weight and carcass composition were less pronounced, the heat
production of the rats on the low-protein treatment was at least as low as that of
those on the normal diet.

The results at the higher levels of intake may either be interpreted as proof that
protein level has no effect when pattern of intake is controlled by gastric intubation
or, in Expt 2, as an indication that some difference remains to be accounted for. It is
worth noting that in Expt 2, the intake of the rats in group 7 was 259, higher than
that of the corresponding ad kb.-fed group.

It is also possible to make comparisons in the instance of two pairs of groups in
Expt 2 which correspond to a ‘paired-gain’ situation. Table g shows that in both
instances the animals on the low-protein diet required more energy to maintain the
same rate of body-weight gain. However, this was due to large differences in the com-
position and energy value of the gain, as shown by the higher carcass pm, and not to
any difference in utilization of energy. In both instances the extra energy ingested by
the low-protein, ‘paired-gain’ group was converted to body gain with an efficiency
of approximately o-70. This contrasts with the results of Miller & Payne (1962) and
McCracken (19684), who found that less than 409, of the extra energy ingested by
the low-protein, ‘paired-gain’ group was converted to body tissue when the pattern
of intake was not controlled.

In both the above-mentioned experiments the rats given restricted amounts of the
normal diet were slightly in negative energy balance. It is possible therefore to com-
pute the requirement for maintenance of energy equilibrium. Miller & Payne (1963)
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published a value of 107 kcal/kg body-weight (W)?7 corresponding to 449 kJ/W7,
The results of McCracken (1968a) produced a value of 453. In the present experi-
ments the animals on the low-energy treatments were all in positive energy balance.
Assuming an efficiency of 070 to correct for the small amounts of energy gained, the
maintenance requirement for groups 3, 4 and 5 in Expt 1 was calculated as 449, 461
and 445 kJ /W% respectively and for groups 1, 2 and 3 in Expt 2 the corresponding
values were 433, 441 and 433 kJ/W075,

It would seem, therefore, that the requirement for maintenance of energy equi-
librium in the young rat is unaffected by dietary protein level when the pattern of
intake is controlled by gastric intubation and that the results obtained by this method
are in close agreement with those obtained when rats consume their daily ration in a
restricted time.

Only two reports are known to the author of experiments where the energy reten-
tion of rats given diets of different protein level was measured under conditions of
controlled pattern of intake. The first (Stock, 1972) relates to a ‘paired-gain’ situation
with either no feeding pattern imposed or one 2 h meal/d. The results obtained in the
former instance agree with those of Miller & Payne (1962) and McCracken (1968 a).
However, contrary to the results presented above, he found that when the feeding
pattern was controlled, differences still existed between the low-protein and high-
protein groups. This conflict cannot be clearly resolved. However, it is worth noting
that the values obtained on the normal-protein diet with no feeding pattern imposed
and on the low-protein diet with rats given one 2 h meal/d are similar to those of the
author. Only the value for the rats given the normal diet in one 2 h meal/d appears
anomalous in that the requirement for weight maintenance, corresponding to
336 kJ/W©75, is unusually low. Since the experiment was not replicated the validity
of this single result is an open question. The other report relates to a ‘pair-feeding’
situation and is of particular interest because the control was accidental. Johnson,
Hogan & Ashworth (1936) did a very careful series of experiments using diets con-
taining 8o and 250 g protein/kg. They found that more fat and less protein were
deposited by the animals consuming the low-protein diet but that there was no
difference in the energy retention or heat production of the groups compared.
Although their results have been ignored and even misquoted by later workers they
assume a new significance in the light of the present findings. Johnson et al. (1936)
did not feed the protein-restricted animals ad £b. because they found that excessive
spillage could be avoided by providing access to the food for only a few hours/d. Thus
they unwittingly minimized differences in pattern of intake and obtained results
which differed from those of Forbes et al. (1935) and later workers but which agree
completely with those presented in this paper.

Most studies on the effect of dietary deficiencies on the energy metabolism of the
rat have used the ‘pair-feeding’ technique (Kleiber, 1945). The present results are of
fundamental importance to the interpretation of much of the published information
since in general the pattern of intake was not controlled. There is clearly a need for
a reappraisal of the effect of dietary deficiencies on energy metabolism under con-
ditions of controlled intake. Gastric intubation appears to be a satisfactory means of
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achieving this end and has an advantage over other methods in that both the amount
of food eaten and the pattern of intake can be controlled.

Part of the work reported was done under the supervision of Dr E. M. Widdowson
at the Infant Nutrition Research Division, Cambridge, and was made possible by a
Medical Research Council Scholarship for Training in Research Methods. Thanks
are due to Dr Widdowson for her continuous interest and helpful advice and to
S. T. C. Weatherup of the Agricultural Biometrics Division, Department of Agri-
culture, Northern Ireland, for help with statistical analysis.
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