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The effect of environmental temperature on the nitrogen
metabolism and growth of the young pig

By M. F. FULLER*
Department of Veterinary Clinical Studies, University of Cambridge

(Received 14 April 1965—Accepted 21 Fune 1965)

The most obvious nutritional consequence of keeping a pig in an environment
below its zone of thermal neutrality is that its heat production is increased, and the
extra heat is produced by the oxidation of nutrients derived originally from the diet.
This accounts for the increase in the food required per unit of weight gain by pigs
in the cold (Heitman & Hughes, 1949; Serensen, 1960). If the animal’s food intake
is not increased during exposure to cold, a reduction in growth rate can also be
expected (Comberg, 1959; Siegl, 1960; Serensen, 1960). If food is supplied ad /.,
it may be consumed in greater quantities in the cold (Heitman & Hughes, 1949;
Gill & Thomson, 1956), but the increase may be insufficient to prevent a retardation
of growth (Heitman & Hughes, 1949).

Although the increased heat production may be derived from the oxidation of
carbohydrate, fat or protein, both the overall rate of growth and the ratio of fat to
lean body mass may be considerably influenced by the relative proportions of the
different nutrients which are katabolized. In this regard, the most important issue is
the extent to which the katabolism of amino acids is accelerated during exposure to
cold. Piatkowski (1958) and Moustgaard, Nielsen & Serensen (1959) have reported
that, when pigs were given the same amount of food at all temperatures, those in the
colder environments retained appreciably less of their dietary nitrogen.

Pigs weighing up to 50 kg or so are commonly fed ad k., and this experiment was
designed to find out whether, during this period of the pig’s life, when the influence
of the physical environment is probably greatest, a low environmental temperature is
associated with a decreased retention of N. Because the relative effect of a given
environment changes as the animal grows, the effect of different temperatures was
examined in successive short periods.

It was found that, under conditions of ad kb. feeding, low environmental tempera-
tures were accompanied by an apparent increase in the faecal excretion of N but that
there was essentially no difference in the relation between urinary N and digested N.

EXPERIMENTAL

Animals. Twenty-two male Landrace piglets were taken from twenty-two different
litters in two minimal-disease herds. (The founder members of these herds were
delivered by hysterectomy and deprived of colostrum; Betts, Lamont & Littlewort,
1960.) The piglets were taken from the sows at 3 days of age and reared on a milk-
substitute diet (Amvilac no. 1, Glaxo Research Ltd). They were kept at 30° + 2° during
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this period. At 10 days of age they were castrated in the usual way. From the 11th to
the 14th day of life, their diet was gradually changed to that which they were to eat
during the experiment. The experiment began on the 15th day of life, when the pigs
weighed, on average, 3-8 kg.

Plan of experiment. Four pigs were kept for 56 days at each of the temperatures
10°% 15°% 20°% 25° and 30° (all £ < 1°), with air movement between 4 and 5 cm/sec.
In addition, two pigs were kept at 10° with a higher level of air movement (35 cm/sec);
this treatment is called ‘10°+’°. Relative humidity was always maintained at 709,
saturation. When 15 days old, each piglet was placed in a metabolism cage measuring
92 x 92 cm and 61 cm high, which was set up in one of three climatic chambers, the
design of which is to be published elsewhere. The cages were made entirely of wire
mesh to allow the animal no opportunity of modifying its local environment. The pigs
were given both food and tap-water ad lib. Every day the uneaten food was weighed
and returned to the pig with an additional weighed quantity. Each pig was weighed
daily to the nearest ;1b (113 g). N balances were determined in eight successive
7-day periods. At the end of the experiment, i.e. when they were 70 days old, all the
pigs were killed and dissected.

Diet. The diet was Amvilac no. 2 (Glaxo Research Ltd), prepared from cereals,
white-fish meal and dried skim milk, and was in the form of pellets. The composition
is given in Table 1. Two determinations were made with each of two pigs kept at
20° of the apparent digestibility of energy. The mean value was 87:6%,.

Table 1. Composition of the diet

Constituent % of diet Constituent Per ton of diet*

Moisture 11°5-124% Procaine penicillin 40¢

N x 6-25 22'1-24'0% Oxytetracycline 10g

Light petroleum extract 7-5-84t Riboflavine 8¢g

Fibre 1-0% Nicotinic acid s0g

Calcium 1-3% Calcium p-pantothenate 17¢g

Phosphorus 1-0% Vitamin By, 30 mg
Vitamin A 1ox 10%i.u.
Vitamin D, 2°5 X 10°% i.u.

* Data supplied by manufacturer. 1 By analysis of each batch.

Environmental conditions. Each chamber was insulated by a 7+6 cm thickness of
expanded polystyrene or its equivalent, giving a thermal conductance of 0-35 kcal/m?
per h per °C. Because of this low conductance, wall temperature differed little from
air temperature. Temperatures were controlled by long-stem bimetallic helix thermo-
stats, operating through electronic relays, and were recorded continuously on a six-
channel potentiometric recorder by means of copper and constantan thermocouples with
measuring junctions near to the pigs. To measure humidity, the measuring junctions
of two thermocouples were inserted into a tube through which a fan could be made
to draw air at a speed of 310 cm/sec. The junction nearest to the fan was covered with a
cotton wick which dipped into distilled water. One of these psychrometric units was
mounted in each chamber, and readings were taken at least once daily. Air movement
was measured by silvered katathermometers, using the nomogram of Bedford (1946).
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Collection of excreta. About 25 cm below each cage floor was a shallow funnel of
o-15 mm-thick polyvinyl chloride supported by a wooden frame. Beneath the aperture
at the centre was a bottle containing 10 ml 108-H,S0, into which urine was received.
This bottle was changed at the same time each day and portions of the urine were
taken for analysis; these were pooled during each 7-day period. Faeces were collected
daily and stored at —25° during the 77-day collection period. At the end of this time,
they were thawed at 2°, weighed and homogenized with a known weight of water in
a large top-drive blender.

Slaughter. At 70 days of age, each pig was anaesthetized with o-3 mg/kg body-
weight of pentobarbitone sodium (Nembutal; Abbot Laboratories Ltd), injected
into an ear vein. An endotracheal tube was introduced and the animal was weighed.
A midline incision was made from 10 cm anterior to the umbilicus to 5 cm anterior to
the pelvic brim. The aorta was exposed by blunt dissection for a length of 3 cm about
4 cm anterior to the iliac bifurcation. The distal end of this length was ligated and the
proximal end clamped. A cannula was inserted and tied in place and the proximal
clamp was removed. The blood was led away to a tared bottle through tubing
treated with heparin. All blood shed during this and subsequent procedures was
absorbed on weighed cotton-wool.

Dissection. The midline incision was extended to the pharynx and the anus. The
spleen, liver, heart, alimentary tract, lungs and kidneys were removed in order,
blotted free of surplus blood and weighed. The hair was removed with electric clippers
and the carcass was then cooled in a polyethylene sack in a deep-freeze. The alimentary
tract was emptied and reweighed. The cooled carcass was decapitated by disarticula-
tion of the skull at the atlas vertebra and by a transverse incision in the same plane.
The tail was also removed. The spine was sawn down the midline and each side of
the carcass was weighed, the left side being retained for dissection. The peritoneal
fat was removed first, followed by the skin and subcutaneous fat together. All exposed
surfaces were covered with cold, damp towels. The muscles were freed from re-
maining subcutaneous fat and dissected from the bones, together with their tendons
and inter-muscular fat. Major blood vessels, glands and spinal cord were classed
together as ‘remainder’. After they had been weighed, the visceral organs and
‘remainder’ were minced and homogenized together and were treated for analytical
purposes as one tissue. The panniculus muscle was dissected from the subcutaneous
fat, which was then separated from the skin. The head was dissected in a similar way,
the skull being sawn open and the brain removed and weighed. The tongue was
included with the muscle; the eyes and salivary glands with the ‘remainder’.

Analytical methods. N was determined by Kjeldahl’s method, using CuSO,. sH,0O
and powdered Se as catalysts and 0-33 g K,;50,/ml 36N-H,SO,. Samples of the
homogenized faeces were transferred by wide-bore pipette to tared digestion flasks
which were then reweighed. N in urine was determined in duplicate, that in food and
faeces in triplicate. If the variation between replicates exceeded 19, of their mean,
the analysis was repeated. Each set of digestions (four to five samples) included a
standard solution of either urea or creatinine as a check of accuracy.

The fat content of the dissected tissues was determined by extraction of the dried
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material with light petroleum (boiling range 40°-60°) in a Soxhlet apparatus. The
whole mass of each tissue was frozen, minced and thoroughly mixed by hand. Asample
of about 600 g was withdrawn and stored in a sealed polyethylene bag at —25°.
Before analysis it was reweighed and then minced. About 200 g was dried at reduced
pressure over anhydrous CaCl, (fatty tissue was not dried before extraction). The
difference between the weight of the dried extracted residue and that of the dried
extract was taken to be the weight of residual water (Callow, 1947).

Energy content. 'The heats of combustion of the food and faeces samples were
determined in a ballistic bomb calorimeter (A. Gallenkamp & Co. Ltd, London)
calibrated with thermo-chemical standard grade benzoic acid.

RESULTS

Appearance and condition of the animals. The pigs at 10° were remarkable for their
long, curly hair, and it was of interest to know whether there were detectable dif-
ferences in the amount of hair grown by the animals at different temperatures. The
weight of hair clipped off at slaughter was recorded and the results are summarized
in Table 2. It may be seen that the weight of hair showed a significant tendency to
increase at the lower temperatures, and this tendency is accentuated if the weights
are expressed per m? of surface area. It was also noticed that the pigs at 30° had
conspicuously larger ears than the others, and this was also investigated. Tracings
were made of the upper surfaces of both ears after slaughter and the areas of these
tracings were determined ; these results are also shown in Table 2. They confirm that
the pigs at 30° had significantly larger ears than the other pigs.

Table 2. Weight of the hair and area of the ears of pigs
kept for 56 days at the temperatures shown

(Each value is the mean for four pigs, except where otherwise indicated)

Significance
of differences

° SEM*  between means

10°+ 10° 15° 20° 25 30°
Weight of hair (g) 42-9t 41°9 236 334 170 16°4 +38 P < oor

Weight of hair (g/m?f) 499t 471 25°5 337 16-8 19'0 +39 P < o001

Area of both ears —§ 244 223 261 264 294 t17 NS
(cm?)

Area of both ears —§ 276 234 263 259 342 +18 P < o001
(em?/m®)

NS, not significant.

¥ Excluding 10°4.

1 Two pigs only.

1 Computed from the formula of Brody (1945): sutface area (m?) = o0-097 body-weight (kg)* .
§ No measurements made.

Pigs in the cold characteristically adopted a flexed posture with the hind legs along-
side or partially beneath the body. Both pigs at 10°+, two at 10° and one at 15°,
after a few days of the experiment, showed difficulty in extending their hind legs
normally and soon became unable to stand up. One of the pigs at 10° subsequently
recovered spontaneously after 3—4 weeks. This condition has apparently not previously
been described, and in order to investigate its nature, tissue samples were taken at
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slaughter from the right sides of two of the affected animals and from two normal
animals (kept at 20°). Sections of the spinal cord (thoracic, lumbar and sacral), of
the sciatic nerve and of the biceps femoris, semitendinosus, semimembranosus and
quadriceps femoris muscles were examined histologically. In none of the sections
examined was there apparent damage to the spinal cord. In the pigs with chronic leg
weakness there was evidence of muscular atrophy, and in one an increase of sarco-
lemmal cells. The distribution of the affected fibres did not suggest previous injury
to peripheral nerve. In the sciatic nerve of the other affected pig there were a few
swollen basophilic fibres, of unknown significance. There was therefore no clear
evidence that this condition originated from damage to nervous tissue.

700

[7,] o
3 o o
T T T

Food consumption (kg/8 weeks), weight gain (kg/8 weeks)
and food conversion efficiency (%)
8
1

i i 1 i i
10 15 20 25 30

Environmental temperature (°C)
Fig. 1. Total food consumption per pig (4, a), weight gain per pig (0, @) and overall food con-
version efficiency (9, m) of four pigs at each temperature with low air movement (open
symbols) and of two pigs at 10° with high air movement (closed symbols). The values are the
means with standard errors shown as vertical bars.

Food intake, growth and food conversion efficiency. The summarized values for the
whole experiment are presented in Fig. 1. Food intake was significantly lower at 30°
than at the other temperatures (P < o-o1). Growth rate was similar at 20° and 25°,
but was reduced at lower temperatures. At 30° it was lower than at 10°, by virtue
of the greatly reduced food intake, in spite of a systematic improvement of food con-
version efficiency with increasing temperature. The variance ratios were all significant
at P < o-o1, that for food conversion efficiency at P <o-001.

Food intake in relation to body-weight. To examine the effect of temperature on
food consumption at any given body-weight, the regressions of log food intake on log
body-weight were calculated. They are presented in Table 3, and the curves they
describe may be compared directly in Fig. 2. There were no significant differences
between the exponents of body-weight at the different temperatures, and the pooled
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value, excluding pigs at 10°+, was o-72. Food consumption has therefore been
expressed per kg®”%/week, and these values are also given in Table 3. Food intake
was increased by 12 +2 g/kg?™ week for each 1° fall of temperature, and this trend
was highly significant (P < o-0o1). The unexpectedly low food consumption of the
pigs at 10°+ was probably due to the leg weakness suffered by these animals, for it
was noted that the pigs with leg weakness at 10° or 15° also ate less than the others of
their groups (see appendix).

N metabolism. The basic values for N metabolism are provided in the appendix, but
the main results are summarized in the following paragraphs.

Excretion of N in the faeces. The percentage of the total 8-week N intake appearing
in the faeces was found to be increased significantly with a reduction of environmental
temperature. Also, the regression equations relating faecal N to N intake were

Table 3. Regressions of y (food consumption in kg/week) on x (mean body-weight in kg)

(The mean exponent of body-weight being o-72t, the quantities of food consumed
by each group of pigs per kg "% are also given)

Temperature Food consumption
O Equation SE of exponent per kg®?® per week
10+ ¥y = 1-02x%%8 o-0f8 k% —+
10 y = oggx®? 0 068 ¥k 1'10
15 Y = 0:g4x"™ P Rad 1-08
20 y = 1-05x%7 o-o5H* %% 0-99 p £ 0032
25 y = 084" 0066 % %% 097
30 y = 1-10x0'%2 o041 ¥¥* 085
Pooled for all y = o-g7x0" 0 038 **% —
temperatures
**% P < o-o0I.
1+ Pigs at 10°+ excluded from pooled exponent.
~10°
7150
15+ ity
o L25°
227200
7,
Lo 10°4
g -’ - (=]
ok Lo T
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Fig. 2. Relation between food consumption and body-weight of pigs at each of
the temperatures shown.
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calculated, and the regression coefficients were found to increase significantly at low
temperatures. These results are presented in Table 4.

Excretion of N in the urine. The results indicated that the urinary excretion of
digested N was slightly but not significantly increased in the cold environments. The
regression equations relating log urinary N excretion to log N intake were calculated
and the regression lines may be compared directly in Fig. 3. It will be seen that during

Table 4. Summarized values for N metabolism

(The values are means for four pigs at each temperature, except at 10°+, at which there were only two)
p p P y

Faecal N
Regression of Urinary N
faecal N (g/week) SE of 1% A- N
Temperature on N intake regression _lotal faccal N Total urinary N = Total urinary N )

0 (g/week) coefficient  Total N intake o) Total digested N (%) Total N intake *°
10+ y = 36+o0152x + 00145 167 53°5 446

10 y = 12-64+0093x + 00061 139 589 507

15 ¥y = 14'1+0°079X + 00059 126 58-7 5I'3

20 ¥ = 19-9+ 0-066x + 00092 13°4 583 50'5

25 y = 173+ 0'057x + 00077 11°6 576 50°9

30 v = 153+0037% + 0’0065 109 51°8 462

+To4 +1-8 +17

Significance of differences between means

— - P < o001 NS NS
Significance of differences between regression coefficients
P < o001 — — — —
NS, not significant.
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Fig. 3. Relation between urinary nitrogen excretion and digested nitrogen shown by pigs at

various temperatures. ——-, 10°; ——-— ~— , 10°4; - -+, 15°;

o

30°,
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the early part of the experiment pigs at 10° and at 10° + excreted slightly more N than
the other pigs, but that this effect did not persist. At no value of digested N were there
significant differences between the estimates of the amounts of N excreted at dif-
ferent temperatures. Over the whole experiment, the percentage of the digested N
appearing in the urine increased by 1-3%, between 25° and 10°: these results are
summarized in Table 4. At 10°+ and particularly at 30° this percentage was lower,
which is probably explained by the much lower food intakes of these animals (see
Figs. 1 and 2), for the slope of the line relating urinary N to digested N increased at
higher values of digested N, and the pigs at 30° and 10°+, with their lower food
intakes, are represented only on the lower part of this curve, where N excretion is
proportionately less.

Table 5. Weights (kg) of the organs and tissues of pigs kept for 56 days
at the temperatures shown

(Each value is the mean for four pigs)

Tissue 10° 15° 20° 25° 30° SED* P
Ingesta-free body 31°6 356 384 38-8 29'9 +2°1 < o001
Subcutaneous fatty tissue  7:37 878 9'56 1028 6-86 +0-88 < 001
Muscle 130 14°4 157 153 125 +r11 < 00§
Peritoneal fatty tissue 038 045 052 067 036 +o0-037 < 0001
Bone 3°45 369 383 405 326 +028 < 0'05
Skin 1-58 178 178 2-02 1-52 +014 < 005
Fat-free body 24'1 262 282 27-9f 226 +1'6 < 005
Heart o153 0185 0162 o147 o0108 +oo12 < 0'001
Liver o-86 087 o092 093 o072 +0076 NS (< o1)
Spleen 0070 0062 0068 o054 0038 tooog < 005
Kidneys o022 022 022 o019 014 +0-024 < 005
Lungs + trachea + larynx 025 027 o028 o029 022 +0022 NS (< o°1)
Brain o072 o0o7r o081 0067 o054 +0009 NS (<o1)
Empty alimentary tract 1-62 1-68 1-88 212 1'50 +o17 < 0'0§
Blood 1-78 177 176 1-64 1°39 +o1s NS (<o1)
Fat-free muscle 11°9 131 144 142§ 11°% +10 < 005
Fat-free skin 1-48 162 172 1-88]| 1°42 +o'12 < 005

NS, not significant.

* Standard error of the difference between any two mean values.
t 29-0 if two estimates of missing values are omitted.

1 o'29 if one estimate of missing value is omitted.

§ 148 if two estimates of missing values are omitted.

|| 205 if two estimates of missing values are omitted.

Body composition. The mean weights of the principal tissues, both intact and fat-
free, and of the major organs are given in Table 5. Most of the differences between
temperatures were related to differences in the body-weights at different temperatures,
and covariance analyses were made to adjust for these differences. Two values of fat-
free body-weight were missing but to facilitate the covariance analysis were estimated
with a standard error of +o-4 kg from the regression of total fat on ingesta-free body
weight. Those adjusted values that showed a significant effect of environmental
temperature are presented in Table 6.

Fat content of the dissected tissues. The quantities of light petroleum-extracted fat
in each of the tissues showed considerable variation at any one temperature and analysis
of variance showed no significant differences due to temperature. It was of interest
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to know whether pigs in the cold deposited more of their total body fat subcutaneously
than pigs at the higher temperatures. The values in Table 7 show that they did not.

Energy retention. This experiment involved the assumption that the proportion of
the energy intake retained by the pigs would be reduced at low environmental
temperatures. To assess this effect, the values for N retention and body fat content
were used to form an estimate of energy retention. The fat content of the pigs at the
beginning of the experiment, when they weighed, on average, 3-8 kg, was taken to be
10% (Manners & McCrea, 1963). An error of 19, in this estimate makes a difference
of only 38 g in a total quantity of about 8ooo g of fat, and is unlikely to invalidate the
comparison of the effects of temperature. The factors used to convert N retention and
fat deposition into calories were based on the analyses by Franke & Weniger (1958)
of tissues from pigs of a similar weight. These authors reported that the fat- and ash-
free dry matter of pig muscles contained 16-0%, N and had a heat of combustion of
567 kcal/g. This value takes into account the glycogen contained in the muscles.
Dried, ether-extracted fat had a heat of combustion of g-46 kcal/g. From Table 8 it
may be seen that the percentage of the energy intake retained fell by 4-39, between
30° and 15° and by a further 519, between 15° and 10°.

The results given above were based on only four pigs per treatment and any
conclusions must accordingly be tentative; nevertheless, the statistical significance
of certain trends has been established and these will now be discussed.

DISCUSSION

The extent to which the katabolism of amino acids is accelerated during cold
exposure probably depends on the difference between the animal’s intake of non-
protein calories and its thermoregulatory heat production, that is, the difference
between its total heat production in the cold and that which obtains when the animal
eats the same amount of food in a thermoneutral environment. If the decrease in
energy retention between 30° and 10° can be taken as a measure of the increased heat
production over this temperature range, it is clear that amino acids contributed only
a small part of the food energy used in thermoregulatory heat production. It seems
likely therefore that when eating ad [b., the young pig consumes enough food for
protein metabolism to be unaffected by temperatures down to 10°, even when the diet
contains 229, of protein.

The apparent increase in the faecal excretion of N with decreasing temperature was
unexpected. No such effect was noted by Piatkowski (1958), working with pigs of
vo—go kg. An increase in the faecal energy excretion of sheep in the cold has been
noted by Graham, Wainman, Blaxter & Armstrong (1959) and by Graham (1964).
These authors suggest that increased decomposition of the voided faeces in a warm
environment might be responsible for this effect: the same may well apply to my
results, and experiments are now in progress to examine this possibility.

The accelerated growth of hair of pigs at 10° and 10°+ suggests an insulative
adaptation to cold, such as is common in large mammals (Hart, 1957). Berry &
Shanklin (1961) showed that the overall thermal insulation of calves increased directly

ssaud Aussanun abprquie) Ag auljuo paysiignd 800596 LN[E/6,01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19650048

Vol. 19 Effect of temperature on the growth of pigs 541

with the weight of hair per unit of surface area. On the other hand, Mount (1964)
has demonstrated that shaving the hair from pigs more than a few days old does not
significantly decrease their insulation, which finding he attributes to the preponderant
insulative role of subcutaneous fat. It therefore seems probable that the increased
hair growth did not increase the overall insulation of the pigs to an extent that was
physiologically important.

In hot environments, the pig is stressed by ambient temperatures considerably
lower than its body temperature (Robinson & Lee, 1941), which stems from its poor
ability to increase its evaporative heat loss (Mount, 1962). It is to be expected, there-
fore, that those areas of the pig’s surface with little subcutaneous fat and extensive
vascularization have a special role in heat dissipation. The increased area of the ears
at 30° may represent an adaptive response of some value to the animal. Sundstroem
(1922) found that the ears of mice in a hot environment were greater in area than those
of controls. The mechanism of this response perhaps lies in the differences in blood
flow through the ear under different environmental conditions: Héroux (1960) noted
that the mitotic rate in the epidermis of the cold-exposed rat fell with decreasing
surface temperature.

One of the most important ways in which animals adapt to chronic cold exposure is
by increasing their consumption of food. When food intake was expressed as a function
of body-weight, it was seen that, in general, the pigs in the experiment now described
behaved typically in this respect. The extra food consumed in the cold was used with
reduced efficiency for growth, which was slower at 10° than at 20° and 25°. These
results corroborate those of Heitman & Hughes (1949). The pigs at 10°+ ate less
food than all the other pigs except those at 30°, although they presumably suffered
the highest rate of heat loss; as previously mentioned this can probably be attributed
to their leg weakness.

The increased weights of the heart, spleen and kidneys of animals in the cold have
been described many times in the literature, most frequently in work with small
laboratory animals. MacKay, MacKay & Addis (1928) found that the weight of the
rat’s kidneys increased directly with the amount of protein consumed by the animal.
Since the intake of food, and therefore of protein, per unit of body-weight by the pigs
in my experiment was greater, the lower the temperature, the increased weights of
the kidneys may simply reflect the pigs’ increased consumption of protein.

SUMMARY

1. Experiments were conducted to assess the effect of environmental temperature
on the food intake, growth, nitrogen metabolism and body composition of pigs from
2 to 10 weeks of age.

2. Four castrated male Landrace pigs were kept at each of the temperatures 10°,
15°, 20° 25° and 30° with air movement of 4-5 cm/sec. Two further pigs were kept at
10° with an air velocity of 35 cm/sec (10° + ). Relative humidity was always maintained
at 709, saturation. A pelleted diet was given, which contained, on a dry-matter basis,
259, of protein.

35-2
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3. Food consumption over the whole experiment was greatest at 25° but, expressed
as a function of body-weight, it was highest at 10° and fell with increasing temperature.
Pigs at 30° ate particularly little food.

4. Growth was most rapid at 20° and 25°. It was moderately reduced in the cold,
more reduced at 30° and further still at 10°+.

5. Food utilization efficiency increased significantly with environmental tem-
perature (P < o-oor).

6. There was an apparent increase in the cold in the excretion of N in the faeces
(P < o-oo1).

7. At the beginning of the experiment the urinary loss of digested N was slightly
increased at 10° and 10°+. Over the whole experiment there was an increase of
139, between 25° and 10°, but pigs at 30° and 10°+ excreted in their urine rather
less of the N they digested by virtue of their smaller food intakes.

8. Pigs at 10° and 10°+ had more hair than those in warmer environments. Those
at 30° had larger ears than those at lower temperatures.

9. Some pigs in the cold suffered from failure of the extensor muscles of the hind
legs. This was probably not due to nerve damage.

10. When the weights of the various tissues and organs were corrected for dif-
ferences in the animals’ body-weights, only the weights of peritoneal fatty tissue,
heart, spleen and kidneys were significantly affected by temperature.

11. The percentage of the energy intake estimated to have been retained rose from

33'9% at 10° 10 433, at 30°.

I express particular thanks to Dr D. W. B. Sainsbury for his help and encourage-
ment. I am indebted to the Pig Industry Development Authority for a scholarship
and to Dr W. F. J. Cuthbertson of Glaxo Research Ltd for the values given in Table 1.
I am grateful to Miss C. Jones for excellent technical assistance, to Dt A. C. Palmer
for the histological examinations, to Dr I.F.Purchase and Mr L. Cobb, who
anaesthetized the pigs and inserted the cannulas, and to Dr R. C. Campbell, Miss
S. Armitage and Mr I. McDonald for the statistical analysis.
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APPENDIX

Individual values for gain in weight and nitrogen metabolism of the pigs
(Asterisk denotes pig with leg weakness)

Mean  Food con- Weight N Faecal Urinary N
body-weight sumption  gain intake N N balance
Week (kg) (kgfweek) (kg/week) (gfweek) (gfweek) (gfweek) (gf/week)

Pigs at 10°+

Pig 10+ A*
I 575 2°94 2'15 107°6 205 36-8 503
2 801 397 227 145°3 238 492 723
3 10:09 413 125 151°2 238 677 507
4 12:37 614 397 2247 334 102°4 889
5 1627 6-46 363 2365 343 1092 930
6 1977 823 420 301°1 54'7 1514 95°0
7 2374 926 351 3390 §7°1 132°% 149-8
8 2658 7-62 2-95 278-8 42'0 1353 1015
Pig 10+ B*
1 576 328 286 1204 32'3 41°1 470
2 836 483 261 1767 324 776 667
3 11°38 6-41 329 2347 381 1332 634
4 14'45 679 318 2484 397 112°1 966
5 1793 7:82 340 286°1 484 166-0 717
6 2203 8:46 487 3098 491 101'0 1597
7 26°17 9-0b 3-86 3319 482 1258 157°9
8 30°40 1081 3:06 396-0 713 1960 1287
Pig 10A* Pigs at 10°
1 483 276 226 97-2 233 222 517
2 672 351 170 1260 209 5674 487
3 876 5:60 2:95 197°5 267 (107-0t) (63-8%)
4 1192 586 2:84 2104 284 131°0 510
5 15'44 7'99 3'97 286-9 407 1463 99°9
6 1933 905 4'53 3248 404 1800 1045
7 23'56 882 375 3165 403 1704 968
8 27°44 1112 3'85 399°1 465 2535 99'1
Pig 10B
1 481 298 227 1070 234 367 469
2 767 5'54 306 1990 32'7 68-9 97°4
3 10-89 615 3-06 2206 406 93°0 870
4 14'05 7:00 306 251°2 41°2 123-8 862
5 19'18 12°18 681 4372 619 219'4 1559
6 2508 12:66 5°55 454'4 576 1895 207°3
7 3001 11-96 4'54 4292 48-1 2669 1142
8 3536 12°60 513 4381 570 2282 1529
Pig 10C
1 428 3-06 193 1059 261 290 508
2 679 497 2'94 1717 368 585 764
3 963 565 307 1952 27'9 77°4 899
4 13'31 7'57 374 2617 371 1150 109-6
5 1735 g-o1 4'53 3114 413 1598 110°3
6 22°08 10°29 488 3557 436 1800 132°1
7 2567 974 4°20 3366 472 188-8 100-6
8 30'99 1273 516 4401 50°1 2838 1062

1+ Interpolated values.
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Mean

Week (kg)

Pig 10D*

1 345
551
794

1074
14°59
18-40
2371
2874

L~ O\ kW N

Pig 15A

-

431

6-97
10°31
1460
19°02
24-07
3058
3607

526

808
11°69
1573
20°14
2515
3038
35-87

e}

o Ui bRt N <R 0N Ok W N
&
o]

o]
@

ig 15C*

425

6:90

9'54
13°30
17°62
22°45
27°43
3342

424
6-80
968
1286
1619
20°30
24'10
2812

e
o~
o O b D NR g oUm bW D
it
(9,3
w)

Pig 20A
1 571
911
14°03
17:89
23°51
2862
3500
41°08

O~ Nt b W N

Food con- Weight
body-weight sumption

M. F. FuLLER

gain

N
intake

(kg/week) (kg/week) (g/week)

1°go
398
5-08
640
7°95
912
12-18
12°00

2-85
487
6-28
811
926
12713
1427
12°63

196
529
6-40
6-82
9-02
10°52
11°42
12°22

267
401
484
6-10
7°90
10°10
11-58
13°44

331
444
574
763
10°15
11°30
11°67
1308

3-01
461
8-06
6-48
10792
9-68
13-98
1344

136
2-38
227
329
397
442
6-01
402

227
2°94
3'75
476
3'97
6-35
624
453

1'13
3-86
374
3-89
540
5'00
527
493

238
2°49
329
420
4'58
524
4'53
7°10

2'15
295
295
329
385
397
352
499

317
363
499
408
6-58
5'45
499
7°30

65°5
1378
1757
221°4
274'9
3152
421°1
4149

Pigs at 15°

1095
1875
241'5
3120
355'5
464-6
5478
4849

752
1867
2260
2407
3184
3715
403°2
4312

94°4
141°7
1709
2154
2787
3565
4087
475°0

1146
153'4
1986
2637
3510
3907
4036
4522

Pigs at 20°

1157
1770
3092
2485
385°5
3417
4934
4744

Faecal
N

(g/week)

148
24°4
264
29'8
366
453
51°8
439

31’5
387
355
394
41°0
48-8
609
565

151
307
30°2
314
383
449
476
51-8

18-8
234
233
271
335
381
49'1
543

29°1
31°1
228
32'1
390
381
39'9
47°4

247
330
423
354
4472
37'5
567
52§

Urinary
N
(g/week)

289
454
805
1153
1469
1612
1672
2547

281
66-6
I110°0
958
202'0
2702
34572
300°0

354

653
102'0
109°4
1507
1977
2402
260-8

28-6
490
590
867
115'9
1952
2402
2870

21-8
507
830
1277
162-1
219-2
219:6
3120

302

51°2
1197
127°0
2009
191°3
2890
20905

N
balance
(g/week)

21-8
68-0
68-8
763
914
1087
202°1
116°3

499
82-2
960
176-8
1125
1456
1417
1284

247
907
938
999
1294
1289
115°4
118-6

470
69-3
886
101°6
1293
1232
119°4
1337

637
71-6
928
1039
149°9
1334
14471
92-8

60-8
928
1472
861
139°4
112°9
1477
1314

1965
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Mean Food con- Weight N Faecal Urinary N
body-weight sumption gain intake N N balance
Week (kg) (kg/week) (kg/week) (g/week) (g/week) (g/week) (g/week)
Pig 20B
1 663 3-56 306 1368 227 41°1 730
2 1009 546 431 209'8 288 78-0 1030
3 14°51 6:94 442 245'0 328 1009 111°3
4 19°15 8-65 499 3054 338 1564 11572
5 24°40 10°41 5'33 367's 44'1 203°5 1199
6 3021 1221 5'90 430'9 537 2545 1227
7 3591 1274 6-10 4496 507 2750 1239
8 41°11 13-19 450 4656 50°5 282-8 1323
Pig 20C
I 475 335 2-84 1204 286 25°'5 66-3
2 7-82 513 317 1841 446 546 849
3 1141 6-31 3'97 2267 348 94'3 976
4 1510 6-97 3-86 250'2 308 1238 956
5 1819 7°54 419 2708 32'0 1378 101°0
6 23°53 928 420 3331 41°5 1832 108-4
7 28-00 9'93 4'53 3563 390 2086 1087
8 3279 10°32 465 3705 427 2217 1061
Pig 20D
1 411 2-38 2°49 85°5 169 219 467
2 6-69 426 3-06 152°8 41°2 376 740
3 10°33 6-08 397 2182 53'5 585 1062
4 14°97 7'59 488 2726 409 1172 1145
5 19°05 817 408 2093'2 30-8 1400 113°4
6 24°13 1022 567 3668 468 1809 139°1
7 2967 11-87 590 4261 446 2616 1199
8 3484 11°74 396 421°§ 452 2632 113°1
Pigs at 25°
Pig 25A
1 528 2-56 2-89 938 201 19°5 542
2 8-67 485 397 177°5 25'0 4277 109-8
3 1284 655 420 2398 338 59'5 146°5
4 1712 7:66 442 2800 336 1354 111-0
5 21°39 817 420 299°1 278 162-5 108-8
6 26°11 10°15 533 371°3 476 216-8 1069
7 31°24 11°15 5°10 4082 42'3 152-0(?) 213:9(?)
8 3677 12°00 499 439°1 562 194:0(?)  188-9(?)
Pig 25B
1 482 237 249 836 143 205 489
2 7'32 3°54 295 1249 26-8 365 616
3 10°56 465 3:40 164°0 379 488 773
4 1503 919 4'19 3240 440 1752 1048
5 17°35 10°20 5'34 3620 42°4 203°8 1158
6 2477 1r-10 567 3984 347 2587 105°'0
7 30°29 1096 5-67 3936 362 2453 112°1
8 36°12 12°96 465 465°2 39'2 2891 1369
Pig 25C
1 5°49 2:84 2-83 100°0 191 234 575
2 887 473 374 166'9 27'4 529 866
3 1287 640 398 229'8 301 79°5 120°2
4 17°45 7°67 498 2752 279 123°1 124'2
5 22'24 8-25 499 296°1 288 139°3 1281
6 27-83 1029 5-67 369'4 387 201-8 1289
9 3301 10-81 522 3882 376 2290 1216
8 3795 11°43 476 4101 37'9 253'3 1189
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Mean

Food con-

body-weight sumption
(kg/week) (kg/week) (g/week)

Week
Pig 25D

I

2
3
4
5
6
7
8

Pig 30A

sy ocubhww N =R oy v L

Pig 30C

O AU LN~

Pig 30D

N O p W N -

(kg)

6-46

9'99
1423
19°24
2489
30°42
3670
42°91

530

837
11°24
1433
17-79
22°00
26-24
2981

4°53

773
1004
1447
18-48
22°48
2635
31°10

438
6-90
9'53
12:32
1554
19°10
2346
2783

4'24
6-80
968
1286
16-19
20°30
24°10
28-12

357
497
7°52
930
10°76
12:06
13752
1467

323
446
512
556
683
774
819
9'45

2:89
455
494
625
717
723
7°54
995

268
373
414
484
604
6-66
880
938

215
355
457
483
6-02
665
702
7°65

M. F. FULLER
Weight N
gain intake

328
352
4'99
5°33
544
6-01
658
447

2-83
330
2:94
271
4'55
385
3:97
420

273
374
295
397
3’19
340
431
477

272
2-60
2-61
329
295
442
408
426

2°15
295
295
329
385
397
352
499

1283
1785
2700
3338
3862
4171
467°s
507°3

Pigs at 30°

1240
1714
1965
213'5
2622
2974
3143
3629

11174
1747
189-6
2396
2754
277°5
2900
38179

927
129°1
1431
167°4
2087
2303
3043
3245

743
1227
1582
1671
208-1
2300
242°9
2647

Faecal
N
(z/week)

287
294
352
365
362
41°1
38-8
449

25-8
266
21-8
217
20°§
285
294
337

15°4
248
237
21°9
267
23°5
242
306

167
17°4
24'2
209
21-8
237
22°2
24’5

146
233
22°2
217
236
240
259
237

Printed in Great Britain

Urinary
N
(g/week)

299

56°1
1023
1830
232°4
2871
2843
3487

367
66-6
970
1039
149'5
1382
1473
229°4

306
592
79'5
984
131°2
129°4
159'6
2323

22°8
386
265
69-2
958
112°9
1523
1891

392
333
413
641
822
1024
1259
146°5

N
balance
(g/week)

697
930
13275
1143
117°6
88-9
144°3
11377

61-5
782
777
879
922
1307
1376
99-8

654
90°7
86-4
119°3
117°5
1246
1062
11g'0

532
731
92°4
773
9I1'1
937
1298
110°9

19:6
66-1
947
813
1023
1036
91°1
94°5

1965
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