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The production of pork and pork products is an integral part of
one of the major agricultural industries in the United States. The
need to increase both volume and efficiency of livestock production
has been accentuated in recent years by the increased demand for
meat products,

One of the limiting factors in pork production is the high pig-
mortality rate during the suckling period. Such losses constitute
a problem which warranted the attention of the Livestock Advisory
Committee (16) of the United States Department of Agriculture.
The committee reported that an estimated 33 percent of the annual
pig crop dies between the farrowing and weaning dates, with an
additional 10 percent loss by the time marketing weight is at-
tained. A part of these losses, the committee stated, is atfributed to
infectious diseases or parasitism aggravated, in all probability, by
faulty nutrition.

Recognition of the magnitude of the pig-mortality problem re-
sulted in a recommendation, by the Livestock Advisory Committee
(16), for investigation relative to the causes of death in young pigs.
It was specifically proposed that such research should include nu-
trition projects directed toward the artificial production of defi-
ciency symptoms in both sow and litter in an effort to simulate the
conditions found in stricken animals.

The project reported in this paper was designed to produce
various specific vitamin deficiencies in suckling pigs by the use of
a synthetic liquid diet formulated by Lehrer, Moore, Wiese, and
Pahnish (14), at the Idaho Agricultural Experiment Station, and
to observe the similarity between these deficiencies and those
found in the field under normal management practices. It is hoped
this information will aid materially in correcting similar deficien-
cies in the field and in this way reduce the high pig mortality rate
to a minimum.

Purified synthetic diets have been previously employed by re-
search workers who have used the pig as an experimental animal
(3,4, 7 8 9,10, 11, 13, 18, 21, 25, 27, 28, 29, 30). The response
of the animals has been varied, and few workers have conducted
nutritional studies of the type reported here involving the suckling
pig.

L From a thesis presented by the senior author to the Graduate Faculty, The State
College of Washington, in partial fulfillment of the requirements for the degree of
Doctor of Philosophy in Animal Science, June 3, 1951,

¢ Arimal Husbandman and Agricultural Chemist, Idaho Agricultural Experiment Sta-
tion, respectively.
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EXPERIMENTAL PROCEDURE

The methods used in these studies were based upon the proce-
dures of Lehrer, Wiese, Moore, and Pahnish (14). The pigs were
confined in individual metal pens (Figures 1 and 2) that were 2.5
by 2.5 feet in size. These pens were equipped with wire bottoms
(3/16 by 3/16 inch mesh), and underlying screens facilitated the
collection of the solid feces, but allowed the urine to pass into
containers provided for that purpose. The animals were housed
in an experimental barn that had been thoroughly disinfected, A
room temperature of approximately 75° F. was maintained by the
use of an oil heater, and the “Jamesway” windows provided a
ventilating mechanism.

The pens were scrubbed daily with warm water and then rinsed
with a hypochlorite solution, If conditions warranted, the pens
were washed more frequently.

The basal synthetic ration (Table 1) used in these studies was a
modification of that described by Wiese, Johnson, Mitchell, and
Nevens (26) for calf studies. These modifications are presented by
Lehrer, Moore, Wiese, and Pahnish (14). The salt mixture (Table
1) was a modification of that used by Phillips and Hart (20).

The synthetic ration was prepared in the following manner:
Sodium bicarbonate, in an amount equal to 4.75 percent of the
weight of the vitamin-free casein*, was dissolved in distilled water,
and then heated to a temperature of 60° C. The casein was then
stirred into the solution at a high speed, with a “Lightnin” mixer.
This method of dissolving the casein was a modification of the
procedure of Bird, Sadler, and Iverson (2). When the casein was
completely dissolved, the corn sugar** was added and this was
followed by the salt mixture which had previously been dissolved
in boiling water. The 95 percent alcoholic solutions of vitamins A,
D, E, and K were poured into the melted lard. These components
were then mixed into a volume of the casein-corn sugar-salt solu-
tion, with a “Waring Blendor” or the “Lightnin” mixer, and were
then stirred into the total preparation. The synthetic milk thus
prepared was homogenized at a pressure of 1500 to 2000 pounds,
pasteurized, and stored in a refrigerator at 5° C. The water-soluble
vitamins were dissolved in a 25 percent solution of ethyl alcohol,
and an appropriate amount of this solution was fed in a small
quantity of synthetic milk twice daily. The synthetic diet contained
13 percent solids and had a pH of 6.5 to 6.8.

The pigs used in these trials were allowed to remain with their
dams for 48 hours following birth to assure the receipt of colo-
strum. They were then placed under experimental conditions. All
pigs in each trial were selected from the same litter.

E Labeo, manufactured by Borden's, Inc.,, New York city. .
** Cerelose, manufactured by Corn Products Refining Co., New York city.
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Table 1
COMPOSITION OF SYNTHETIC RATIONS'

Component Percent

Vitamin-free Casein (Labco) 30.0

Corn Sugar (Cerelose) 37.4

Lard 26.6

Salt Mixture . ) 6.0

Salt Mixture* Grams" Vitamins Fed® * Mg. per kg.
NaCl 356.0 liquid milk

K.HPO, 773.0 Thiamine 0.65
CaHPO: 1014.0 Riboflavin® 0.65
MgSO0, 106.0 Nicotinic Acid 2.60
CaCO; 686.0 Inositol 26.00
FeCH 0, 58.0 Choline 260.00
CuSO0, 0.6 para-Aminobenzoic Acid 2.60

MnSO;, 3.0 Pteroylglutamic Acid 0.052
KI Tt Biotin" 0.01
ZnCl. 0.5 Pyridoxine’ 0.65
CoCl. 0.2 Calcium Pantothenate® 1.30
CaF. 1.0 Alpha-tocopherol 1.00
— 2-methyl-1, 4-naphthoquinone 0.28

3000.0 Vitamin A" 2,000 LU./kg.
Vitamin D, " 200 L.U./kg.

1 The lard was homogenized with the solution of casein, corn sugar, and salts to pro-
duce an emulsion containing 13 percent solids and a pH of 6.5 to 6.8.

» Modified salt mixture of Phillips and Hart (20) with added manganese and cobalt.

% The water-soluble vitamins were made up in 25 percent ethyl alcohol.

\ The alpha-tocopheral, 2-methyl-1, 4-naphthoquinone, vitamin A and vitamin Ds were
dissolved in 95 percent ethyl alcohol and mixed with the lard prior to homogenization.

5 Riboflavin deficient animals received no riboflavin in ration.

4 Biotin deficient animals received no biotin in ration.

7 Pyridoxine deficient animals received no pyridoxine in ration,

s Pantothenic acid deficient animals received no calcium pantothenate in ration.

v Natural ester distilled from fish liver.

w Crystalline Ds.

11 This amount will prepare 3 kilograms of mixture.

Figure 1. Type of metabolism pen used
in these studies.

Figure 2. Inside view of metabolism pen
showing screens used to separate urine
and feces.
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The suckling pig readily learns to drink from a trough, but some
waste is encountered. Because of this, infants’ nursing bottles
were used throughout the experimental period (56 days) in order
to keep accurate records of the volume of ration fed. The pigs
were fed at 3-hour intervals for the first 11 days and then every
4 hours thereafter until the termination of the experiment. The
synthetic milk was kept under refrigeration at 5° C. and was
heated to 37° C. before feeding.

As a definite feeding schedule was followed, the animals were
offered the synthetic milk at each feeding in a quantity that ap-
proached maximum consumption. Feed consumption was limited
only when justified by evidence of digestive disturbances or lack
of appetite. Although no feed consumption records were kept dur-
ing the first 24 hours of the experimental period, such records
were initiated at the end of that time when all pigs were ac-
customed to hand feeding.

General observations made during the feeding periods; veterin-
ary consultations were arranged when necessary, and weight rec-
ords kept.

Growth rates compared to the normal curve of Ittner and Hughes
(12), plus indications of good health and well-being of the animals
were the criteria used to determine the adequacy of the complete
basal diet. Any digression from these standards was used to in-
dicate the vitamin deficiency associated with the particular vitamin
under study.

Urine samples were obtained from all pigs during the first 24
hours of the experiments. This was followed by periodic collec-
tions. Collections from some deficient animals were frequently
contaminated due to scouring, and were discarded. This was es-
pecially true throughout the entire riboflavin studies. The urine
samples were filtered; the volumes were recorded, and adequate
portions (preserved with toluene) were refrigerated at a temper-
ature of approximately 5° €. pending analysis for the particular
vitamin under study.

The procedures used in the pantothenic acid, biotin, pyridoxine,
and riboflavin analyses were based upon the methods of Skeggs
and Wright (23), Schull, Hutchings, and Peterson (22), Atkins,
Schultz, Williams, and Frey (1), and Snell and Strong (24),
respectively.

The animals on the four vitamin deficiency studies reported in
this paper received the same synthetic ration as the control animals
with the exception that the vitamin under study was not included
in the diet (Table 1). The vitamin being studied was later fed as
a supplement.

Due to the great amount of work involved in these experiments,
control animals in each vitamin study were kept to a minimum.
It should be stated, however, that in every case control animals on
the complete synthetic ration grew as well or better than the normal
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growth of weanling pigs as reported by Ittner and Hughes (12),

and were comparable to those animals raised on this diet and re-

}zorted in the initial paper by Lehrer, Wiese, Moore, and Pahnish
14).

RESULTS AND DISCUSSION

The results and discussion of the four vitamin studies are pre-
sented separately. \

Pantothenic Acid Deficiency

Three Poland China (Trial I) and four Duroc (Trial IT) pigs,
48 hours old, were used as experimental animals.

(General Observations

While living on the deficient ration, the pigs in both trials
developed certain well defined symptoms attributable to a dietary
deficiency of pantothenic acid (Tables 2 and 4). A disturbance
in growth rate, anorexia, ataxia, diarrhea, dermatitis, a brownish
eye exudate, occasional coughing, alopecia, and reduced urinary
pantothenic acid excretion are the symptoms which fall within this
group. These symptoms, with the exception of the eye exudate and
dermatitis, were observed by Follis and Wintrobe (6) during their
study of pantothenic acid deficiencies in pigs that ranged from 16
to 38 days of age when placed under observation. Maynard (17)
listed eye exudate and dermatitis as characteristic symptoms of a
pantothenic acid deficiency. Figure 3 shows the appearance of
deficient pig 6, and Figure 4 compares deficient pig 5 with its
control litter mate, pig 4.

The slow rate of growth common to pantothenic acid-deficient
pigs is shown in Figure 5. The rate of gain for these animals was
much lower than that for the control animals. The loss of weight
exhibited by pig 5 was terminated when a pantothenie acid sup-
plement was fed.

A lack of appetite was apparent in all deficient animals (Tables
3 and 5). Feed consumption was increased after the administra-
tion of pantothenic acid.

An ataxic condition, which Follis and Wintrobe (6) described
as the initial indications of a neural involvement, was observed in
these pigs when they had been on the deficient diet for a period
of approximately 2 weeks. While the above workers described the
peculiar lifting of the hind legs, “goose-stepping,” as the first
apparent change, pigs in these trials first exhibited a lack of
coordination in their movements and several pigs tended to knuckle
forward in the pasterns. All pigs eventually showed a tendency to
“goose-stepping.”

Diarrhea and rectal hemorrhage appeared when the pigs had
been on the deficient diet for approximately 28 days and subsided
following the oral administration of pantothenic acid.
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The dermatitis observed in the deficient animals was of a general
nature. It first appeared on the top of the neck and shoulders, and
on the ears. Later the entire body was affected. The condition
was most severe on the hind legs.

The brownish eye exudate observed during the course of this
experiment was described by Maynard (17) as a characteristic
symptom of a pantothenic acid deficiency, but the preceding lacri-
mation noted in these animals (Tables 2 and 4) was not mentioned.
However, this lacrimation appears as a characteristic symptom
since it occurred in all animals in both trials and was not observed
in the controls.

Occasional seizures of coughing were noted in deficient animals.
The controls did not exhibit such tendencies.

Alopecia was common to all deficient animals. It was most
apparent along the median line of the back and over the rump.
This condition, however, was general in nature and was accom-
panied by a dull, lifeless condition of the hair coat.

Other abnormalities were noted in the deficient animals (Tables
2 and 4) ; but due to a lack of sufficient evidence of their associa-
tion with this vitamin deficiency, it seems inadvisable to include
them in the same category with the symptoms previously discussed.

A possible impairment of the suckling reflex was observed in
three of the pigs at various times. After short periods of bottle
nursing, the tongues of both animals seemingly ceased to function
properly. However, this condition appeared during periods of
decreased appetite; and the removal of synthetic milk, when the
impairment became evident, resulted in no indication that the
appetite was not satisfied. Therefore, this apparent condition may

Figure 3. Pig 6 after being on
pantothenic acid-deficient diet
for 30 days.

l e

have been only the result of an indifferent attitude toward the feed
offered. On the other hand, these observations may be in accord
with those of Follis and Wintrobe (6) who reported but did not
describe changes in the tongue with pantothenic acid deficiencies.

At the time of autopsy, an increased heart rate was noted in
pigs on Trial 1. Since this condition has not been described previ-
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Figure 4. Comparison of pan-
tothenic acid-deficient Pig 5
on left, and litter mate control
Pig 4 on right.

ously as a characteristic symptom of a pantothenic acid deficiency
in pigs, it would be inadvisable to consider it as such without
further observations.

A slight enlargement of the heart and kidneys was noted in
deficient pigs in both trials. As these organs apparently were
normal in other respects, size may not be indicative of a pathologi-
cal condition.

Uleerative colitis was noted in varying degrees. These findings
coincide with those of Follis and Wintrobe (6) who consistently
found ulcerative colitis associated with pantothenic acid defi-
ciencies.

The sciatic nerves in the deficient animals were of a smaller
diameter than those taken from the controls. While these observa-
tions seem to be somewhat in accord with Follis and Wintrobe (6),
who reported nerve degeneration in pigs fed a pantothenic acid-
deficient diet, the smaller nerves normally would be.expected by
virture of the difference in the size of the animals at the time of
autopsy. The lesions of the sheath of the seiatic nerves are more
in line with the findings of Follis and Wintrobe (6).

50
45 E» P
40 GONTROL /

-
2 contref / zi/ Figure 5. Growth of
/ |/ pigs on pantothenic
&2 acid-deficient diet. The
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zo 2
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feeding of calcium
/ pantothenate began.
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The absence of subcutaneous and internal fat was characteristic
of the deficient pigs, and the bones were easily fractured. Since
vitamin D; and the salt mixture were incorporated in the synthetic
milk, perhaps these abnormalities can be attributed to the low level
of food intake. '

Trial I.—The treatment of the pantothenic acid-deficient pigs
5 and 6 was initiated on the 33rd day when 1 mg. of calcium panto-
thenate was fed the deficient animals (Table 2). Since some of
the deficiency symptoms did not respond to supplementation, it
appeared evident that the quantity of pantothenic acid administered
from the 33rd day through the 50th did not constitute a curative
dose. As the weights of these pigs increased during this 18-day
period of treatment, the quantity of pantothenic acid administered
per pound of body weight varied.

When it became evident that the previously described dosage of
calcium pantothenate was an inadequate one, 10 mg. doses—
equivalent to 9.2 mg. of pure pantothenic acid—were given (Table
2) in an attempt to overcome the deficiency symptoms. This in-
crease was begun on the 51st day. The appetite of both animals
was improved somewhat following this increase, and the urinary
excretion of the vitamin increased markedly in pig 5 within a
period of 2 days (Table 6). However, the urinary pantothenic
acid excretion of pig 6 increased only to a slight degree, and this
animal developed an almost complete posterior paralysis on the
53rd day of the trial. This condition improved very little, if any,
by the time that the observations were terminated.

Since the major portion of the daily intake of 10 mg. of calcium
pantothenate was retained (Table 6), it appears that the tissues of
pigs 5 and 6 were highly deficient in this vitamin at the time that
this increased level was offered; but due to the short period of
observation, the ultimate effect of this increase was not determined.

One gram of liver concentrate (Wilson’s 1 to 20 Liver Powder) *
was fed, as a crude vitamin carrier, to pig 6 from the 51st through
the 54th day. The carrier was offered because of the severity
of the condition exhibited by this animal. The general course
followed by pig 6 during this period is described above; and here
again, due to the short period of observation, the ultimate value
of the liver concentrate was undetermined.

The fact that it was impossible to cure the deficiencies in Trial
I completely may be due either to the low amount of calcium panto-
thenate fed as a supplement, or to the fact that the pigs had been
so severely depleted that they were no longer able to respond to
calcium pantothenate administration,

Trial II.—This experiment was undertaken to check more closely
the deficiency symptoms observed in Trial I and to attempt to cure
these symptoms with larger supplementations of calcium panto-
thenate.

* Manufactured by Wilson and Company, Chicago.
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The supplementation of deficient pigs on this trial began on the
23rd day when 5 mg. of calcium pantothenate were fed to pig 20,
followed by feedings of 500 pg and 200 pg. Pigs 21 and 22 were
each fed 1 mg. of caleium pantothenate for one day. Since this
supplementation gave only partial relief to the deficiency symptoms
exhibited (Table 4), amounts of calcium pantothenate were in-
creased on the 30th day. At this time pig 20 received 10 mg. per
day for 12 days, and pigs 21 and 22'each 5 mg. per day for 3 days,
respectively. The supplementation of pig 22 was later increased
to 10 mg. and continued at this level for 8 days. Both pigs 20 and
22 were fed 20 mg. of calcium pantothenate on the 45th day of the
experiment; this higher level was continued until the termination
of the experiment on the 56th day at which time these animals
appeared normal in every respect. Autopsy of pig 20 revealed no
macroscopic or microscopic abnormalities except for stunted
growth,

Pig 21 received lower levels of calcium pantothenate and for
shorter periods of time. Following the 10 mg. feedings, as indicated
above, this animal was fed 10 mg. of calcium pantothenate on the
35th day, 1 mg. on the 41st through the 45th day, and 25 mg. on
the 46th day. When it became obvious that this animal was in
severe pain and following the same deficiency course as those
animals in Trial I on low, infrequent levels of calcium pantothen-
ate, it was thought advisable to sacrifice the animal to determine
whether internal macroscopic lesions existed. Post mortem studies
revealed enlarged heart and kidneys, lack of calcification in the
ribs and long bones of the legs, absence of subcutaneous fat and
internal fat, and ulcerative colitis. Histologic examination revealed
lesions of the sheath of the sciatic nerves. (Table 4).

Urinary excretion studies of pigs 20 and 22 indicate conclusively
that calcium pantothenate retention had reached a high level and at
the close of the experiment overflow was being excreted (Table 6).

Biotin Deficiency

Three Chester White (Trial I) and four Duroc (Trial II) suck-
ling pigs which were permitted to receive colostrum for 48 hours
were used as experimental animals.

General Observations

Contrary to the reports of McRoberts and Hogan (18), and
Lindley and Cunha (15) pigs on a biotin-deficient synthetic diet
developed certain deficiency symptoms which were attributed to
a lack of this vitamin (Tables 7 and 9). The symptoms associated
with this deficiency. were: dermatitis, alopecia, skin ulceration,
brown eye exudate, diarrhea, transverse cracking and bleeding of
feet, and inflammation of mucous membrane of the mouth. There
was not, however, a reduction in urine biotin excretion (Table 11),
nor a retardation of growth (Figure 6). Appetites of deficient
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animals were normal and comparable to litter mate controls (Tables
8 and 10).

Cunha, Lindley, and Ensminger (5) in their studies with dessi-
cated egg white, reported somewhat similar deficiency symptoms
with pigs 12 to 22 weeks of age. These workers, however, did not
report skin ulceration and inflamed mucous membranes as char-
acteristic symptoms. Figure 7 clearly illustrates the syndrome
associated with a biotin deficiency of the suckling pig fed a purified
diet, and Figure 8 its normal litter mate receiving 0.01 mg. of
biotin per kg. of liguid diet.

The deficiency symptoms, in the studies reported here, followed
a uniform course; dermatitis first appeared on the ear, neck, top
of shoulder, and tail, eventually spreading over the animal’s entire
body. The dermatitis was followed by general alopecia and finally
ulceration of the hams and belly.

Transverse cracking and subsequent bleeding of the soles and
top of the hoof head gradually became apparent. This abnormal
condition increased in severity as the experiments progressed until
the animals could walk only with difficulty and pain.

Inflammation of the mucous membranes of the mouth, while
very pronounced, was not associated with loss of appetite or diffi-
culty in sucking and thus apparently was not of a painful nature.

Dark brown eye exudate and diarrhea, generally associated with
most water-soluable vitamin deficiencies, occurred at an early
date. The diarrhea was easily alleviated by the feeding of sul-
fathalidine. (Table 7).

Deficient animals in both trials weighed approximately the same
as controls (Figure 6) and post mortem studies revealed no mac-
roscopic abnormalities (Tables 7 and 9).

The control animals did not develop any of the above symptoms
and were normal in every respect.
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Figure 6. Growth of pigs on biotin-deficient diet.
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Trial .—Table 7 presents in order of appearance the symptoms
observed in this trial associated with a lack of a dietary intake of
biotin. Deficiency symptoms were more severe in pigs 9 and 10
in Trial I than in pigs 23, 24, and 25 in Trial 1L

The urinary biotin excretion of the control pig showed the ex-
pected increase with increased intake (Table 11). The deficient
pigs, on the other hand, failed to show the expected decrease of
biotin exeretion and continued to excrete the vitamin although at
a reduced rate, Since the symptoms of biotin deficiency were
apparent at this time (29 days), sulfathalidine was added to the
diet at the rate of 0.5 gm. per feeding (3 gm. per day) in an
attempt to decrease possible intestinal synthesis; supplementation
was continued for 20 days. It is apparent from Table 11 that the
animals continued to excrete biotin in spite of this intake of sul-
fathalidine.

From the 46th day and through the final day of the experiment
(56th day), 10 pg of biotin was fed daily to each deficient animal.
Neither pig showed any great response to this supplementation
nor was there any inerease in biotin excretion in the urine during
this period. Further investigation showed that the urine contained
an unknown ether soluble material which stimulated the growth
of the microorganism used in the microbiological assay for biotin.
Consequently, the urine samples obtained from the pigs in Trial
II were extracted with ether before being assayed for biotin. The
results obtained in Trial II for the urinary excretion of biotin give
a truer indication of biotin excretion under the conditions of this
experiment.

Trial II.—Pigs on this trial followed the same general patterns
as pigs on Trial I in developing biotin-deficient symptoms, al-
though the symptoms were not as severe. (Table 9).

Figure 7. Biotin-deficient Pig
9. Note severe cracks on feet
and uleers on hams.

Sulfathalidine feeding at the rate of 6 gm. per day (1 gm.
per feeding) was initiated on the 42nd day of the experiment
and continued until termination on the 56th day in an attempt
to inhibit apparent intestinal synthesis of biotin (Table 11).
Again this supplementation failed to cause a greater reduction
in biotin excretion or any change in deficiency symptoms. This
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Figure 8. Litter mate control Pig
8 received adequate amounts of
biotin.

may have been due to the fact that sulfathalidine did not inhibit
the organisms responsible for intestinal synthesis of biotin.

The fact that the biotin-deficient animals in both trials grew
at a rate comparable to their litter mate controls, would indicate
that the pigs were obtaining some biotin from either intestinal
or tissue synthesis. The amount of biotin the pigs obtained from
this source while sufficient for growth was not, however, enough
to prevent the physical svmptoms observed.

The supplementation of biotin in Trial T did not alleviate the
deficiency symptoms.

PYRIDOXINE DEFICIENCY

The studies of this vitamin consisted of two trials. Three
Chester White pigs were used in Trial I and four Duroc-Poland
China crossbred pigs in Trial II. In both trials the litter mate
baby pigs received colostrum and were then placed on the experi-
ments at two days of age.

General Observations
After the animals had been on a pyridoxine-deficient diet for
approximately two weeks, various symptoms associated with a
lack of this vitamin became apparent (Tables 12 and 14). By
the fourth week of the experiments, deficiency symptoms had
become most severe. Those observed in these experiments and
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attributed to a pyridoxine deficiency were: poor growth, incoordi-
nation of muscles, spastic gait, epileptiform fits, comas, rough
hair coats, brown exudate around the eyes, and impairment of
eyesight. \

Trial I.—During the first 17 days on experiment, pig 11 show-
ed only subnormal appetite (Table 13) and resultant slow growth
(Figure 9). On the 17th day the pig vomited, exhibited tremb.-
ling, showed incoordination of the legs and a tendency to run
backwards (Table 12). These symptoms gradually became more
pronounced until the 21st day when the animal had a mild epilep-
tiform seizure. The seizure was quite typical. The pig trembled,
was unable to stand, and rolled over on its side or back with legs
thrashing wildly. Although weak, the animal was able to stand
normally within three to five minutes after a fit. As the experi-
ment progressed, these seizures occurred more frequently and
became more intense. Excitement seemed often to have been
a precipitating factor in bringing on a convulsion. During this
period the animal showed poor growth and lack of appetite, de-
veloped a rough hair coat, was unthrifty in appearance, very in-
active, and had a dark brown exudate around the eyes. On the
23rd day, the epileptiform seizures became more numerous and
severe and the animal became comatose. These findings were
contrary to those of Wintrobe and co-workers (30), who reported
their animals failed to pass into a coma. Ten mg. of pyridoxine
were fed on the 28th day, followed by a daily supplementation of
5 mg. for the next 11 days. On the 28th day blood samples indi-
cated this animal had microcytic hypochromic anemia.

The pig showed an immediate response to pyridoxine therapy:
the appetite improved (Table 13) and growth increased (Figure
9); epileptiform seizures gradually became less frequent and
severe. Six days after pyridoxine supplementation was begun,
the seizures stopped and the deficiency symptoms disappeared.
The pyridoxine supplement was removed from the ration on the
39th day. The animal did not develop deficiency symptoms again
up to the time the experiment was terminated on the 56th day.
However, at the end of the trial and removal of the pig from its
experimental pen, it was noted the pig ran into objects. Upon
close examination, it was discovered that there was an impairment
of eyesight. Apparently the pig was totally blind sinece it could
not distinguish light from dark.

The other deficient animal in this trial, pig 12, had all the de-
ficiency symptoms exhibited by pig 11; however, these abnor-
malities were not as severe nor did they occur on the same days,
(Table 12). The first epileptic-like fit occurred on the 23rd day.
As deficiency symptoms developed, it was noted this animal ate
with difficulty. The inability to eat normally appeared to have
been due to a loss of the sucking reflex. This and other deficiency
symptoms were immediately corrected after the daily supplemen-
tation of 5 mg. of pyridoxine was initiated on the 34th day. This
supplementation was discontinued on the 45th day. The animal,
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similar to pig 11, did not develop any new deficiency abnormalities
up to the time the experiment was terminated. However, like
pig 11, it exhibited impaired eyesight, but was not totally blind
since it could distinguish light from dark.

Autopsy of pigs 11 and 12 revealed no macroscopic abnormali-
ties. Histologic studies revealed lesions of the sheath of the
optic nerves.

Trial II.—After the completion of Trial I, further work was
thought advisable and Trial II was undertaken. Crossbred Duroc-
Poland China pigs, used in Trial 11, showed pyridoxine deficiency
symptoms similar to those exhibited by the two Chester White
baby pigs in Trial I.

Pig 15 exhibited the characteristic slow growth (Figure 9)
and poor appetite (Table 15) during the first stage of the trial.
On the 16th day this animal started to vomit, tremble, and
seemed to be very weak. It had an unthrifty appearance and a
rough hair coat, showed excessive lacrimation and a dark brown
exudate around the eyes. These deficiency symptoms were simi-
lar to those exhibited by pigs in the first trial (Tables 12 and 14).
Starting on the 22nd day and continuing through the 28th day
(until the pyridoxine supplement was fed) this pig had an aver-
age of two observed epileptiform seizures and comas per day.
The day pyridoxine supplementation was begun (28th day), the
animal had six severe epileptiform seizures and became comatose.
Upon close examination it was established that the pig was com-
pletely blind. Immediate improvement of most deficiency symp-
toms (Table 14) were noted after feeding 5 mg. of pyridoxine.
By the 30th day the epileptiform seizures and comas ceased com-
pletely. As the experiment progressed, all deficiency symptoms
disappeared with the exception of impaired eyesight. From the
50th day until the termination of the experiment on the 56th,
daily feedings of 40 pg of pyridoxine were given (Table 16).
Throughout this period, careful eye examinations were made,
but no improvement in eyesight was observed.

Pig 16 showed loss of appetite on the 12th day and was given
5 mg. of pyridoxine on the 17th day. Although this pig ex-
hibited impaired eyesight on the 26th day and started to vomit
on the 35th day, it exhibited no epileptiform seizures until the
37th day. However, it had the other characteristic symptoms as
described for pigs 11, 12, and 15. Following this seizure, the pig
was moribund. Although an intramuscular injection of 1 mg. of
pyridoxine was administered, the pig died a few hours later. Ne-
cropsy revealed an enlarged heart and kidneys, lack of subeuta-
neous fat and internal fat, and slicht uleeration of the intestines.

Similar pyridoxine deficiency symptoms were observed in pig
17. This animal exhibited epileptiform seizures from the 22nd
through the 25th day. Close examination revealed impaired eye-
sight; like pig 16, this animal was partially blind. Pyridoxine
supplementation was started on the 26th day and continued
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periodically until the termination of the experiment (Table 14).
Complete absence of seizures, rough hair coat, poor appetite,
brown eye exudate and weakness was noted after supplementa-
tion. However, the eyesight impairment was not corrected.

Loss of appetite was observed by pig 18 on the 12th day of
the experiment. Five mg. of pyridoxine were administered on
the 15th day and then discontinued. As the experiment pro-
gressed, typical deficiency symptoms were observed. Vomiting
started on the 35th day and on the following day 200 pg of
pyridoxine were fed, epileptiform seizures were observed fre-
quently thereafter until the end of the trial (Table 14) even
though 10 pg of pyridoxine were fed daily beginning on the 50th
day. Impaired eyesight was not improved by supplementation.

Wintrobe and associates (31) reported that prolonged feeding
of a diet deficient in pyridoxine is associated with the develop-
ment of fatty infiltration of the liver. The studies reported here
did not substantiate these findings. These workers also noted
temporary blindness in pyridoxine-deficient pigs rather than the
apparent permanent partial and complete blindness found in these
studies.

Urinary excretion of pyridoxine and pyridoxine dietary supple-
mentation are presented in Table 16. In both trials the urinary
excretion of pyridoxine fell to a low level during the period of
severest deficiency symptoms. Upon adequate supplementation,
symptoms were alleviated and urinary execretion of pyridoxine
increased.

Riboflavin Deficiency

These studies were divided into two trials. Trial I consisted
of four Duroe, and Trial II of three Duroc, 48 hour old litter
mate baby pigs.

General Observation

Signs of nutritional deficiency became apparent within the
first one to two weeks of these experiments. The animals failed
to gain in weight (Figure 10), lost their appetite (Tables 18
and 20), and normal appearance (Tables 17 and 19). Their
hair coats and skin which were at first clean, smooth, and
sleek, became thin, coarse, and unthrifty in appearance. The
skin became dry and scaly and hair fell out readily. As the
trials progressed, diarrhea and scours, prevalent in all deficient
animals became very severe and in some cases ultimately re-
sulted in rectal hemorrhaging and inflammation of the anus.
Animals also exhibited an apparent eye sensitivity to light. All
the above symptoms, with the exception of rectal hemorrhag-
ing and inflammation of anal mucosa, were reported by Win-
trobe, Buschke, Follis, and Humphreys (32). These workers re-
ported lens opacities after pigs had been on a riboflavin-deficient
diet for 96 days. This eye abnormality may have been similar
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to the condition noted in animals reported in these trials.

An abnormal gait was noted after animals had been on the
experimental diet for four weeks. The gaits of the pigs ap-
peared stiff, mincing and hesitant; at times they walked on
the tips of the hoofs. These findings coincide with the reports
of Wintrobe, Buschke, Follis, and Humphreys (32), who started
pigs on a riboflavin-deficient diet at 21 days of age.

The slow rate of growth (Figure 10), and low dietary intake
(Tables 18 and 20) are consistent with the findings of Mitchell,
Johnson, Hamilton, and Haines (19).

Urinary excretion studies with riboflavin-deficient animals was
impossible because of continual scouring and subsequent contam-
ination of samples.

Figure 11 shows poor growth, unthrifty appearance and rough
thin hair of pig 37 after being on the riboflavin-deficient diet
for 35 days. A comparison of pig 38 and its normal control litter
mate receiving adequate amounts of riboflavin (0.65 mg. per kg.
liquid diet) is presented in Figure 12.

CONTROL

35 r 36 Figure 10. Growth of
/ a7 pigs on riboflavin-de-
ficient diet. The arrows
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Trial I.—The treatment of riboflavin-deficient pig 35 began
on the 27th day. At the time of supplemental feeding, this pig was
extremely weak and refused to eat, thus force feeding had to be
practiced. This pig was fed 500 pg of riboflavin daily up to the time
it died on the 30th day.

The remaining two deficient pigs, 34 and 36, were fed 500
pg of riboflavin beginning on the 31st and 33rd days, respec-
tively. This supplementation was continued for 6 days. Fol-
lowing supplementation, appetites of both animals improved;
scouring ceased and hair coats became more lustrous. A few
days after discontinuing supplementations (46th day), how-
ever, both pigs exhibited recurrence of deficiency symptoms
(Table 17). On the 50th day, 500 pg of riboflavin were fed;
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this amount was added daily to their dietary intake of liquid
diet until termination of the trial on the 56th day.

Macroscopic examination of these animals at the end of the
trial revealed small size, scaly skins, and rough sparse hair
coats. Necropsy showed necrosis and sloughing of the corium
with hemorrhage in the proliferative germinal layers of the skin.
The liver and kidneys showed blotchy hemorrhagic areas on the
surface which microscopically showed subcapsular inflammation.
The liver showed leucocytic infiltration and many polymorpho-
nuclear leucocytes in the liver blood. The kidneys exhibited a
subacute glomerulonephritis and cloudy swelling with destruc-
tion of the tubular epithelium. The lungs showed pneumonia
and microscopically there was leucocytic and erythroeytic infil-
tration, with many polymorphonuclear leucocytes present.

Trial II.—When it became evident that the dosage of ribo-
flavin deseribed above was inadequate, this trial was under-
taken to recheck the riboflavin-deficiency symptoms observed
in Trial I, and to attempt to more completely alleviate the symp-
toms with larger supplementations of riboflavin.

Figure 11. Pig 37 after be-
ing on riboflavin-deficient diet
for 35 days.

Deficiency symptoms occurred in the same sequence and sever-
ity as did those in Trial I (Table 19). The supplemental feeding
of riboflavin began on the 31st day when 1 mg. of riboflavin was
fed to all deficient animals: supplementation at this amount was
continued for the following 8 days. This amount of riboflavin gave
immediate relief to all deficiency symptoms. However, imme-
diately upon removal of riboflavin from the diet all animals again

Figure 12. Comparison of con-
trol pig 33 on left, and litter
mate ribeflavin-deficient pig 38
on right.
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began scouring and vomiting. On the 48th day to alleviate these
symptoms, and throughout the duration of this trial, pigs 37
and 39 were fed 1.5 mg. and pig 38 was fed 1 mg. per day of
riboflavin, respectively.

At the termination of this trial, all pigs appeared to be normal
in every respect except for their small size. Table 20 shows
animals had improved appetites and Table 19 indicates all ob-
served deficiency symptoms were no longer visible. Post mortem
examination, however, revealed many abnormalities. The liver
and kidneys showed blotchy and subecapsular macroscopic hemorr-
hages. Microscopically, the liver showed a granulocytic infiltra-
tion of the interlobular spaces with intercolumnar congestion in
the subecapsular region. There were many polymorphonuclear leu-
cocytes in the blood. The kidneys showed an interstitial conges-
tion with many polymorphs in the blood. The lungs had a finger-
sized solidified area of pneumonia in the lower portion. Micro-
scopically, they showed granulocytic and erythrocytic infiltra-
tion with many polymorphs present.

Hughes (9), using 80 pound pigs, indicated the minimum ribo-
flavin requirement for the growing pig was 1.0 to 3.0 mg. per 100
pounds body weight. From the studies reported above, the suck-
ling pig apparently has a requirement nearer the maximum amount
reported by Hughes (9) than the minimum.

SUMMARY

Pigs which were allowed to nurse their mothers for 48 hours
have been successfully raised on a synthetic milk diet through
the suckling period. The growth of these pigs, used as controls
in vitamin-deficiency studies, over an 8-week experimental period
was normal and no deficiency symptoms were observed. In view
of the above findings it is assumed that the basal diet presented
is adequate for growing baby pigs.

Vitamin-deficient diets for the studies reported herein were
obtained by leaving the vitamin being studied out of the syn-
thetic milk ration. The vitamin under study was later fed as a
supplement.

Pantothenic acid deficiency in the young pig is characterized
by poor growth, anorexia, diarrhea, lacrimation, dermatitis, cough-
ing, loss of the sucking reflex, a dark brown exudate around the
eyes, spastic gait, “goose-stepping”, alopecia, low urinary excre-
tion of pantothenic acid, ulcerative colitis, and damage to the
sheath of the sciatic nerves. All these symptoms of pantothenic
acid deficiency have been previously reported by other workers
with the exception of excessive lacrimation, loss of sucking reflex,
coughing, and low urinary pantothenic acid excretion.

The daily feeding of 1 mg. of calcium pantothenate resulted
in an improvement of appetite and growth and cessation of diarr-
hea. There was no great improvement of the other symptoms.
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However, daily supplementation of 10 to 20 mg. of calcium panto-
thenate resulted in complete recovery from symptoms and great
improvement of appetite and growth.

In the suckling pig biotin deficiency is apparently associated
with ulceration of the skin, transverse cracking of the soles and
top of the hoof, inflammation of the mucous membranes of the
mouth, dematitis, and alopecia. Other workers have reported these
deficiency symptoms with the exception of skin ulceration and
inflammation of mouth mucosa. The urinary excretion of biotin
failed to show the expected decrease and was not materially
affected by the feeding of sulfathalidine. This may indicate that
sulfathalidine does not inhibit the organisms responsible for in-
testinal synthesis of biotin in the suckling pig.

This study indicates the suckling pig apparently obtains biotin
from intestinal or tissue synthesis, but not enough to meet its
over-all requirements.

In these studies pyridoxine deficiency in baby pigs was charac-
terized by poor appetites, incoordination of the muscles, spastic
gait, poor growth, epileptiform fits, comas, anemia, rough hair
coats, brown exudate around the eyes, impairment of eyesight,
low urinary excretion of pyridoxine, and internal abnormalities.
With the exception of impairment of eyesight, comas, and low
urinary pyridoxine excretion, these symptoms have been pre-
viously reported.

The adequate supplementation of pyridoxine cured all symp-
toms with the exception of the impairment of eyesight and dam-
age to the optic nerves.

Riboflavin deficiency of baby pigs is associated with alopecia,
anorexia, poor growth, rough hair coat, dermatitis, scours, ulcer-
ative colitis, inflammation of anal mucosa, vomiting, light sen-
sitivity, unsteady gait, and many abnormal internal complications.
These studies coincide with other workers with the exception that

rectal hemorrhaging and inflammed rectal mucosa have not been
reported before.

The continual supplementation with riboflavin at a 1 to 1.5
mg. daily intake cured all macroscopic external abnormalities
associated with a deficiency of this vitamin, but at these levels
failed to alleviate internal disorders.

These studies further indicate the need of calcium pantothen-
ate, biotin, pyridoxine, and ribloflavin in the daily ration of the
growing suckling pig.
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TABLE 12

RESULTS OF PYRIDOXINE DEFICIENCY,
SYMPTOMS, TREATMENTS, AND RESPONSE

Trial I

Pigs 11 and 12

Symptoms Observed

Treatments

Treatment Response

Both animals exhibited mild dermatitis, alopecia,
and anorexia.

Pig 11 had an attack of trembling, ran back-
wards, showed lack of muscle coordination,
Both pigs had subnormal appetites and exhibited
poor growth.

Pig 11 trembled, exhibited incoordination of
legs, vomited, and appeared very nervous. Pigs
11 and 12 had slight dermatitis and rough hair
coats.

Pig 11 had a mild epileptiform seizure. Pigs
11 and 12 had poor appetites.

Pig 11 had two epileptiform seizures. Animal
laid on side and thrashed wildly for about two
minutes. Upon recovery showed extreme weak-
ness. Had dark brown exudate around eyes.

Pig 11 had three severe epileptiform seizures
and subsequently became comatose. These seiz-
ures continued for the next 5 days. Pig 12 had
a mild seizure. Both pigs exhibited microcytic
hypochromic anemia.

Pig 11 refused to eat, appeared weak, listless
and nervous, had rough hair coat.

Pig 12 lost sucking reflex.

Pig 11 fed 10 mg. pyridoxine.

Pig 11 fed 5 mg. pyridoxine for
next 10 days.

(Continued on next page)
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