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The Role of Fat in the Diet of Rats

5. Influence of Supplementation with Raw Skim Milk, Linoleic Acid or both
on Food and Fluid Consumption and Urine Production

By E. AAES-JORGENSEN ano H. DAM
Department of Biochemistry and Nutrition, Polytechnic Institute, Copenhagen

(Received 27 February 1954)

This paper concerns the correlation between fluid intake, urine output, calorie intake
and growth rate in rats on diets with different fat contents with and without supple-
mentation with linoleic acid and raw skim milk,

EXPERIMENTAL

The rats and diets used in this study were those previously described (Aaes-Jorgensen
& Dam, 1954¢). The food and fluid consumption as well as the urine production were
measured throughout the experimental period. The technique used in collecting the
urine for 2-day periods has already been described (Aaes-Jorgensen & Dam, 19545).

RESULTS AND DISCUSSION

The results are presented in Table 1.

Fluid balance. 'The table shows that the difference between fluid intake and urine
output, both expressed in ml./sq.m surface/animal/day, was markedly increased on
diets with 7 and 289, hydrogenated peanut oil and water (series A and E), compared
with the corresponding lard and peanut-oil diets.

In series B, on a 79, fat level supplemented with linoleic acid and with water as
drinking fluid, the difference between fluid intake and urine production was fairly
small in all three groups. The fluid intake per sq.m surface was very low in group 48
(7% hydrogenated peanut oil, Table 1).

In series F with water as drinking fluid the 28 %, dietary fat level was supplemented
with linoleic acid, and the difference between fluid intake and urine output was also
small.

With raw skim milk at the 79, dietary fat level (series C), the difference between
fluid intake and output was extraordinarily low on the peanut-oil diet (group 41)
probably owing to the high diuresis in this group.

Supplying raw skim milk as drinking fluid with the 289, dietary fat level (series G)
increased the difference between fluid intake and output to a high degree on hydro-
genated peanut oil (group 53), owing to a big increase in the fluid intake per sq.m
surface area in this group.

On diets with a 79, fat level, supplemented with linoleic acid and raw skim milk
(series D) the difference between fluid intake and output was small; the highest value
occurred in the hydrogenated peanut-oil group (group 50).
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At the 289 dietary fat level, with linoleic acid and raw skim milk (series H) the
difference in fluid intake and output was decreased on hydrogenated peanut oil
(group 54), compared with that on 289, hydrogenated peanut oil and raw skim milk
(group 53) and hydrogenated peanut oil and water (group 51), but still showed the
highest value compared with the lard (group 38) and the peanut-oil (group 46) diets.

These findings are in agreement with the results previously obtained (Aaes-
Jorgensen & Dam, 19545).

Calorie intake and growth rate. With a fat level of 79, the calorie intake was highest
with hydrogenated peanut oil when the drinking fluid was water or skim milk (series A
and C). When linoleic acid was given, with water (series B) or skim milk (series D), the
differences in calorie intake between peanut oil and hydrogenated peanut oil were
almost nil.

With a fat level of 289, the calorie intake was very high for the hydrogenated
peanut oil, irrespective of whether water or skim milk was given or the diets with water
or skim milk were supplemented with linoleic acid (groups 51-54).

When lard or peanut oil was used, the calorie intake was nearly equal in all four
series, with a tendency to slightly higher values in the lard groups (36-38).

The growth rates of these animals have been discussed previously (Aaes-Jorgensen &
Dam, 1954¢).

From Table 1 it is evident that a calorie intake of about 1100 Cal./sq.m may result
in very varying growth rates. With fat levels of 7 as well as of 289, the growth rate
was higher with lard and peanut oil than with hydrogenated peanut oil. The higher
growth rate was not due to higher calorie intakes on the lard and peanut-oil diets, as
illystrated particularly strikingly at the 289, fat level.

The growth rate was about equal on lard and peanut oil. The linoleic-acid content
of the lard was 6-7%* and of the peanut oil 26-8*. It means that the requirements of
female rats for linoleic acid (about 20 mg/day, Greenberg, Calbert, Savage & Deuel,
1950) were covered by the 79, lard diets and greatly exceeded by the 289, lard and
the peanut-oil diets (cf. Aaes-Jorgensen & Dam, 1954¢, Table 2). The effect of
supplementing these groups with 21-4 mg linoleic acid was probably negligible.

Comparison (Table 1) of differences in fluid intake and output with total calorie
intake and growth rate showed that increased growth with increased dietary lard or
peanut oil was not caused by the extremely small differences between fluid intake and
urine output, leaving more calories for growth; neither was it caused by an increased
calorie intake.

The poorest growth rate in all the eight series was invariably found in the animals
fed on hydrogenated peanut oil.

The difference between fluid intake and output was very high with the 7 or 289,
hydrogenated peanut-oil diet with water (series A and E, Table 1). Assuming that
this amount of water was evaporated, there were still more calories available for
growth in these two groups (47 and 5r) than in the similar groups fed on lard or
peanut oil (31, 35 and 38, 43) which were growing significantly better.

* The determinations were made by F. Engel, using the alkali isomerization method as described in
the Report of the Spectroscopy Committee (Stillman, 1949).

ssa.ld Assanun sbpuquied Ag suljuo paysiiqnd #0056 LNIG/6£01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19540044

Vol. 8 Fat in the diet of rats. 5 305

Supplementing the 7 and 289, hydrogenated peanut-oil diets with 21-4 mg
linoleic acid/animal/day (groups 48 and 52) brought the difference between fluid intake
and urine output to about the same level as found on the corresponding lard and
peanut-oil diets (series B and F). Again in this instance the slower growth rate of the
animals on hydrogenated fat could not be explained by a decrease in the calories
available for growth due to an increased need of calories for evaporation of water.

These results apparently indicate a deleterious effect of hydrogenated peanut oil,
assuming that the digestibility and absorption of fat were not decreased with hydro-
genated peanut oil (m.p. 40—-42°) in the diet as previously discussed (Aaes-Jorgensen &
Dam, 19544a).

Changing the drinking fluid from water (groups 47 and 51) to raw skim milk
(groups 49 and 53) in the groups fed 7 or 28 %, hydrogenated peanut oil increased the
total calorie intake, compared with that of animals given lard or peanut oil, especially
in group 53, where the calorie intake was of the same order as in group 51, drinking
water, and in group 52, supplemented with linoleic acid. On the high fat level with
hydrogenated peanut oil plus raw skim milk the amount of water evaporated was
fairly high and the growth rate was low compared with that of the anjmals on the
other diets in the same series (G); but it was significantly higher than for group 51
for which the drinking fluid was water, suggesting that the effect of giving raw skim
milk was not related to the higher calorie intake but to the presence of a growth-
promoting factor.

The last column in Table 1 gives the calorie cost of the weight gains in terms of
calories available after subtraction of those used for evaporation of water. The
approximate calculations of the calorie intake were made as described earlier (Aaes-
Jorgensen & Dam, 19545).

It is seen that the feeding of hydrogenated peanut oil at the 79, dietary level
(group 47) was very uneconomical. However, supplementation with linoleic acid
(group 48) decreased considerably the calories required per gram weight gain. Changing
the drinking fluid from water to raw skim milk (groups 47, 49) was still more effective.
These findings stress the fact that an improvement in calorie economy may also be
obtained otherwise than by adding linoleic acid. The results with hydrogenated peanut
oil at the 289, dietary level lead even more strikingly to the same conclusion. Com-
parison of groups 49 and 53 (given raw skim milk as drinking fluid) with groups 47
and 51 (given water) and groups 48 and 52 (given water and supplemented with
linoleic acid) makes it difficult to explain the results merely on the basis of linoleic-
acid requirement. These findings are in accordance with the suggestion (Aaes-
Jorgensen & Dam, 1954c¢) that a relation between fat and protein metabolism is
perhaps involved.

From Table 1 it is seen that the calorie cost of the weight gains in terms of calories
available after subtraction of those used for evaporation of water at the 79, dietary
fat level in series A—D was much higher for the animals reared on the unsupplemented
hydrogenated peanut-oil diet (group 47) than for those on any of the other diets. At
the 289, dietary fat level the cost was increased on all the diets with hydrogenated
peanut oil (groups 51-54), especially on the unsupplemented diet 51 (where it was
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infinite because the animals in this group did not grow during the last 6 weeks in
which the measurements were made). This suggests that the efficiency for growth of
the calories consumed, even after subtraction of calories needed for evaporation, was
low on the diets containing hydrogenated peanut oil; it was improved to some extent
by supplementation with linoleic acid or by giving raw skim milk instead of water.
The effects of these measures seemed to be additive under the conditions of the
experiments. In-this connexion it may be of interest to recall that Wesson & Burr
(1931) found the B.M.R. increased in fat-deficient rats, whereas the basal r.Q. (0-91)
and the rectal temperature were normal, and discussed a possible relation to the
thyroid gland. Burr & Beber (1937) found that fat-deficient rats were not more active
than normal rats and that their metabolic rate followed the course of that of stock
rats but at a higher level. _

Sinclair (1952) concluded that water passed with abnormal readiness through the
skin in both directions in fat-deficient rats, and assumed that the excessive loss of water
through the skin was responsible for both the increased metabolic rate (and consequent
increased food consumption) and the increased consumption of water. However, in
our calculations the calories needed for evaporation have already been subtracted,
indicating that Sinclair’s cannot be the whole explanation of the observed increased
calorie intake.

The results of analysing the collected urine samples from the single animals were
in accordance with the results reported previously (Aaes-Jorgensen & Dam, 1954).

SUMMARY

1. Female rats were reared on diets with lard, peanut oil or hydrogenated peanut
oil at two different levels. These diets were supplemented with linoleic acid, raw skim
milk or both. Food and fluid intake and urine output were measured throughout the
18 weeks of the experiment.

2. The ratio of total calorie intake minus calories for water evaporation to average
weight gain per animal per day was very high with hydrogenated peanut-oil diets.
It decreased on supplementation with linoleic acid or with raw skim milk instead
of water. An increased rate of evaporation was not a sufficient explanation of the
increased calorie intake and poor growth rate.

3. The higher growth rate of animals on diets with lard or peanut oil instead of
hydrogenated peanut oil was not the result of an increased calorie intake.
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