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Chronic alcoholism in humans is character-
ized by a low protein, high carbohydrate in-
take with alcohol frequently accounting for
40% or more of total ingested calories (1, 2).
Voluntary consumption of alcohol at this
level has not yet been duplicated in laborato-
ry animals. The most commonly used animal,
the redent, will consume ethanol to provide
only 25 to 30% of the total calories even
when ethanol is the only available fluid (3).
Incorporation of ethanol into alcohol-liquid
diets of mice has permitted 45 to 60% derived
calories as ethanol (4), but this method pre-
cludes the natural selection of alcohol vs
food, which is unlike the human conditions.
Identification of an animal with a greater
preference for alcohol is therefore desirable.

Due to similarities in anatomy, physiology
and size of man, miniature swine are
frequently used in studies related to human
health (5, 6). Recently, Hutcheson, Brown
and Middleton (7) have shown that the
amount of alcohol consumed by adult minia-
ture swine is affected by protein and caloric
content of the diet. The purposes of this
study were to investigate the quantity of al-
cohol consumed by young minature swine as
a function of dietary protein and caloric con-
tent of the diet, to determine the influence of
vehicle on intake of ethanol and to assess
the suitability of our strain of miniature
swine as a biomedical model for alcohol
studies.

Materials and Methods. Thirty-two Sin-
clair(S-1) miniature pigs, 10 wk of age,
were used in a 2 X 2 X 2 factorial arrange-
ment of treatments involving percentage pro-
tein of the diet, level of feed and access to
alcohol. Animals were housed as described
previously (8) and were limit fed 16 or 8%

protein diets (Table I), The intake levels
were calculated weekly on the basis of twice
maintenance feed levels for the upper feed
intake group and one half this amount for the
lower feed intake group. The diets were iso-
calorically formulated and contained NRC
requirements for minerals and vitamins.
Diets were fed in pellet form for the first 6
wk on trial and in meal form the remaining
9 wk. Antibiotic was added to the meal form
at the level shown in Table I.

Experimental pigs had free choice of water
or ethanol solutions (w/v) prepared from
95% laboratory alcohol. The first 3 wk on trial
(period 1), the pigs had a choice of water,
10% ethanol in water, 10% ethanol in cola
or 10% ethanol in orange juice. The second 3
wk (period 2), the pigs had a choice of water,
20% ethanol in water, 20% ethanol in cola or
20% ethanol in orange juice. The third 3 wk
(period 3), the pigs had a choice of water,
10% ethanol in water or 20% ethanol in
water. The fourth 3 wk (period 4), the pigs
had a choice of water or 30% ethanol in
orange juice. The fifth 3 wk (period 5), the
pigs had a choice of water or 40% ethanol in
orange juice. Control pigs were given water
ad libitum. During periods 4 and 5, control
pigs were allowed water and free choice or-
ange juice up to the limit of that consumed
by experimental pigs. Liquid intakes were
recorded 3 times/wk. Correction was made
for evaporation of ethanol, which was approx-
imately 10%/day in each solution. Consump-
tion results were converted to 100% ethanol
consumed on a percentage by weight basis.

Body weights were recorded weekly and
feed levels were formulated. Biweekly blood
samples were collected by jugular venipunc-
ture and plasma ethanol was determined via
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TABLE I, Composition of Diets.

Protein (%) in diet

Ingredients (kg/100 kg diet) 16 8

Corn, grain, 9% protein 72.6 36.3
Cornstarch — 46.2
Soybean meal, 44% protein 15.2 7.6
Alfalfa meal, 17% protein 2.4 1.2
Meat meal, 51% protein 5.0 2.5
Dicaleium phosphate 0.6 2.2
Ground limestone 0.5 0.3
Salt 0.5 0.5
Vitamin—antibiotic mix® 1.0 1.0
Binder 2.2 2.2

Digestible energy 3300 3310
(keal/kg)

¢ Provided the following per kg of complete
diet: vitamin A, 2640 IU; vitamin D, 704 IU;
riboflavin, 70.4 mg; pantothenic acid, 14.1 mg;
nicotinic aeid, 14.1 mg; vitamin By, 35.2 ug;
zine, 88 mg; and a 2:2:1 mixture of chlortetra-
cyeline:sulfamethiazine:penicillin, 220 mg.

the enzymatic method (Sigma Chemical
Co.). Additional blood samples were collected
from animals fed the 16% protein diet on
week 13 and from all animals on week 15,
after which the animals were necropsied (8).

The data were subjected to analysis of
variance techniques with all hypotheses
tested at p < .01.

Results. The mean (% SE) initial weight
of all animals was 5.47 == 0.28 kg. Control
pigs fed 16% protein diet at the upper level
(N = 4) weighed significantly more during
periods 2 through 5 than all other groups of
animals (Table II). Experimental pigs fed
the 16% protein diet at the upper level (¥ =
4) weighed significantly more during period
5 than did animals fed the 8% protein diet
(N = 14). Control pigs fed the 8% protein
diet at the upper level (N = 2) weighed
significantly less, during periods 2 through 5,
than any other group of animals; two ani-
mals in this group stopped eating and died of
apparent starvation. Animals fed the 16%
protein diet at the upper level (N = 4)
drank significantly more water and total fluid
in periods 1, 2, 4 and 5 than any other
group of animals (Table II). Experimental
pigs fed the 16% diet (V — 8) drank signifi-

ALCOHOL CONSUMPTION IN SWINE

cantly more water and total fluid during peri-
od 5 than any other such group of animals.
Total fluid intake increased markedly for
control animals (¥ = 14) in periods 4 and 5
when orange juice was made available. Total
calories consumed followed percentage pro-
tein and intake of the diet with animals fed
the 16% protein diet at the upper level (¥ =
4) consuming the most calories and animals
fed the 8% protein diet at the lower level (V
= 4) consuming the least calories (Table
II). There were no differences in total calo-
ries consumed between control and experi-
mental animals within similar treatments.

Taste preference for ethanol in water, cola
or orange juice was determined during the
first two periods. Animals fed the 16% protein
diet (¥ = 8) drank ethanol in orange juice
in a significantly greater amount than in cola
or water during period 1; animals fed 16%
(N = 8) or 8% (N = 8) protein diets drank
ethanol in orange juice in significantly
greater amounts than in cola or water during
period 2. Orange juice was, therefore, selected
as the preferred carrier for ethanol for peri-
ods 4 and 5.

Alcohol consumption increased during peri-
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ETHANOL CONSUMED /PIG / DAY (ml)

WEEKS ON TRIAL
Fic. 1. Amount of 100% ethanol consumed/
pig/day by animals fed: (M--) 16% protein diet at
the upper feed level; (@-.) 16% protein diet at the
lower feed level; (A...) 8% protein diet at the
upper feed level; (A—) 8% protein diet at the
lower feed level. Each value represents the mean of
4 pigs.
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F1c. 2. Plasma ethanol in animals fed: (striped
bars) 16% protein diet at the upper feed level;
(white bars) 16% protein diet at the lower feed
level; (black bars) 8% protein diet at the upper feed
level; (diagonal lined bars) 8% protein diet at
the lower feed level. Each value represents the mean
-+ SE of 4 pigs.

ods 1 and 2, decreased during period 3 when
water was the sole carrier, but increased
markedly in periods 4 and 5 when orange
juice was the ethanol carrier (Fig. 1). Plasma
ethanol (Fig. 2) and percentage of calories
(Fig. 3) derived from ethanol data follow the
consumption pattern. Plasma ethanol con-
centrations from control animals were always
less than 3 mg/dl and initial plasma ethanol
concentrations were less than 1 mg/dl in all
animals.

Physical signs of intoxication were noted in
period 1 in animals consuming alcohol;
however, during the remainder of the study,
even in periods 4 and 5 when high ethanol
intake occurred, the animals showed no
physical manifestations of intoxication.

Discussion. Weight changes of animals fed
16 or 8% protein diets were similar to those
reported by Tumbleson et al. (9) for young
miniature swine. Ethanol consumption was
greater consistently for animals fed the 16%
protein diet than for those fed the 8% protein
diet. The animals fed the 16% protein diet
may have required additional calories to me-
tabolize the greater amount of protein. The
percentage of calories derived from ethanol
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was greater for animals fed the 16% protein
diet than those fed 8% protein diet. Animals
fed at the lower feed level derived a signifi-
cantly greater percentage of their calories
from ethanol than animals fed at the upper
feed level; however, this result was undoubt-
edly affected by the restricted caloric intake.

Tolerance to ethanol is a well-documented
characteristic of human alcoholics (10, 11)
and in rodents (12, 13). As indicated by
plasma ethanol values, pigs fed the 16% pro-
tein diet could not metabolize all ingested
alcohol during periods 4 and 5. Absence of
physical signs of intoxication might indicate
that these pigs had developed a tolerance for
alcohol at the levels consumed.

The damaging effects of alcohol in humans
results when food intake is reduced and pro-
teins and vitamins intake are below required
levels. In this study, pigs did not decrease
their food intake; however, 40% of the total
ingested calories were in the form of ethanol
in animals fed the 16% protein diet at the
lower feed level. When rodents are fed in
excess of 30% of total calories as ethanol,
conventionally adequate diets cannot prevent
serious imbalances from resulting in the to-
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Fic. 3. Percentage of calories derived from

ethanol in animals fed: (M--) 16% protein diet at
the upper feed level; (@-.) 16% protein diet at the
lower feed level; (A..) 8% protein diet at the
upper feed level; (A—) 8% protein dict at the
lower feed level. Each value represents the mean of
4 pigs.
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tal dietary regimen (3). Whether or not such
a condition was reached in this study is not
known. However, the important criteria of
developing a laboratory animal with prefer-
ence for alcohol and one that will consume a
high percentage of calories in the form of
ethanol has been demonstrated with young
miniature swine.

Summary. The quantity of alcohol con-
sumed by young miniature swine was deter-
mined as a function of dietary protein and
caloric intake. Pigs were fed 16% or 8% pro-
tein diets at two levels, the upper level being
twice the lower level. Animals eating the 16%
protein diet consumed more alcohol than
those animals fed the 8% protein diet. Ani-
mals fed the lower food levels obtained a
greater percentage of calories from alcohol
than animals fed the upper food levels. Pigs
fed the 16% protein diet at the lower level
obtained 40% of total calories as ethanol, Or-
ange juice was preferred by pigs as a carrier
of ethanol over cola or water.
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