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INTRODUCTION 
During the three decades since Chick (5 and 6 ), 

Hughes (12 and 13) and Wintrobe (47) demonstrated 
that nicotinic acid (niacin) , panthothenic acid, and ribo
flavin were dieta ry essentials for the growing pig, many 
experiments have been conducted in an att empt to de
scribe accurately the deficiency symptoms, relate diet to 
deficiency states, and delineate more precisely th e re
quirements of the growing pig. 

Original investigators (6 and 13 ) described locomotor 
incoordination in growing pigs f ed diets that would have 
been lacking in pantothenic aci d. They also associated 
sensory neu ron dege neration with the vitamin deficiency 
(51 ). Several investigators (9 , 15, 25, 26, 27, 29, and 50 ) 
demonstra t ed that calcium pantothe nate prot ect ed 
against locomotor incoordination caused by sensory neu
ron degeneration. Diet was also related to this deficiency 
symptom (8, 25, 26, 27, 29, and 49 ) and other deficiency 
symptoms were described (7 and 52 ) . Hughes and Ittner 
(17) originally proposed that the pig required 5 to 8 mg. 
of pan tothenic acid per kg. of di et (179 to 268 meg. per 
kg. liveweight ). Other workers (9) subsequently re
ported that 515 meg. of pantothenic acid per kg. live
weight was necessary to protect against nerve degenera
tion. 

Lue cke and coworkers (25, 26, 27, and 29 ) reported 
symptoms of pantothenic acid deficiency in growing pigs 
fed diets based on natural feedst uffs and containing 3.82 
to 4.21 mg. of pantothenic acid per pound. They were 
able to prevent the deficiency symptoms, including loss 
of appetite, poor growth, and diarrhea, by supplementing 
the basal diets with calcium pantothenate. In one experi 
ment , they reported that pigs fed a diet containing 6.15 
mg. of pantothenic acid per pound of diet did not exhibit 
deficiency symptoms and they su ggested that the require
ment of the growing pig was no greater than that level. 
These workers had previously reported on B-vitamin de
ficiencies in growing pigs on Michigan farms (30 ) . In 
another study (32) they reported that liberal additions 
of calcium pantothenate, nicotinic acid , and rib oflavin 
significantly increased daily gains of young pigs, pre
vented deficiency symp toms, and reduced feed required 
per unit of gain by 22 to 25 percent. Pigs fed 14.5 percent 
protein corn-meat scraps diets wi thout supplemental cal
cium pantothenate were reported to develop pantothenic 
acid deficiency (11 ). In another study (33) , growing pigs 
fed 16 percent protein corn-meat and bone scraps diets 
without supplemental calcium p antothenate did not de

velop deficiency symptoms ( locomotor incoordination ) 
and adding the vit amin did not effect more rapid and 
efficient gains. 

Subsequent to the discovery of vitamin B12 and of the 
role of antibiotics in diets for growing swine, corn-soy
bean meal diets cont aining as little as 3.7 mg. pantothenic 
acid per pound were reported adequate for growing pigs 
(4 ). H owever, supplemental pantothenic acid did in
crease daily gains. Th e authors suggested that vitamin 
B12 and pant othenic acid exerted a "sparing" action on 
each other in the absence of chlorte tra cycline ( aureomy
cin ) and that chlortetr acycline app eared to "spare" both 
vitamins. They suggested, "With healthy, undepleted pigs 
weighing 35 to 45 pounds, a 14 percent protein corn
soybean oil meal ration balanced in other respects and 
containing adequate amounts of vitamin B12 and aureo
mycin need not be supplemented vith pantothenic acid 
for optimum growth." 

In one instance (1), pigs fed low protein diets con
taining very low levels of pant othenic acid did not ex
hibit classical symptoms of deficiency. And, rate and effi
ciency of gain were not significantly affected by supple
mentin g the basal diet with 2 to 7 mg. pantothenic acid 
per pound of diet, with or with out supplemental chlor
tetr acycline. 

On the other hand, young pigs started on experiments 
at 16 to 20 pounds showed pantothenic acid deficiency 
symptoms when fed low protein (14.4 and 14.66 percent 
protein ) corn-soybean meal diets containing 3.08 and 3.04 
mg. of the vitamin per pound, respectively. When the 
basal diet was supplemented with 10 mg. of chlortetra
cycline per pound, deficiency symptoms did not occur (31). 

In two other studies (38 and 39), pigs fed diets based 
on natural feedstuffs and containing less than 3 mg. pan
totheni c acid per pound of diet did not show symptoms 
of deficiency, and rate and effi ciency of gain were not 
improved by adding calcium pantothenate. The basal diet 
fed in one study (38) contained 100 mg. chlortetracycline 
per pound while th at fed in the other experiment (39 ) 
contained 18 mg. of the ant ibiotic per pound . 

The National Research Council (36 ) reported that 
growing pigs req uired 4.5 mg. pantothenic acid per 
pound of diet. Since various investigators (1, 4, 31, and 
39 ) did not demonstrate improved rate and efficiency of 
gain by feeding diets that contained more than 3 to 4 mg. 
pantothenic acid per pound, it is int eresting to note that 
the National Research Council in 1964 (37 ) reported the 
growing pig to requi re 5.0 mg. pantothenic acid per 
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pound of diet. The investigators cited above had not 
demonstrated classical deficiency symptoms in pigs fed 
diets that contained as little as 3 to 4 mg. pantothenic 
acid per pound. 

Early investigators (12, 13, 47, and 51) determined 
that riboflavin was essential to the youn g pig. Ret ard ed 
growth, diarrhea, and a limb abnormality (13) could be 
prevented or at least temporarily relieved by including 
riboflavin in the diet. Lens opacity was shown to be a 
specific symptom of rib oflavin deficiency in the growing 
pig (48). 

Hughes (14) reported that the growing pig required 
between 1 and 3 mg. riboflavin per 100 pounds body
weight daily, equivalent to 0.25 to 0.75 mg. of the vitamin 
per pound of diet when pigs are eating at a rate equiva
lent to 4 percent of their bodyweight daily . In 1949 (21) 
it was reported that the growing pig required 1.4 mg. 
riboflavin per pound of diet. Subsequently, another group 
of investigators (34) reported that a diet containing 0.83 
mg. riboflavin per pound was adequate for growing swine 
being fed in drylot, but that 0.55 mg. of the vitamin per 
pound was inadequate for growth and riboflavin defi
ciency symptoms developed. The National Research 
Council (36 and 37) recommends 1.0 to 1.2 mg. riboflavin 
per pound of diet for growing pigs weighing more than 
50 pounds. 

The possible effects of environmental temperature on 
the riboflavin requirements of growing swine may be of 
interest, particularly in evaluating results of experiments 
conducted during different seasons. In 1950, Mitchell et 
al (35) reported requirements of 0.54 mg. riboflavin per 
pound of diet at an environmental temperature of 8.5 0 F. 
and 1.04 mg. per pound of diet when the temperature 
was 42 ~ F. 

Results of a recent extensive study by Seymour and 
associates (46) indicate that over a temperature range of 
__4 0 C. to 320 C., environmental temperature did not 
consistently influence the riboflavin requirement of pigs 
weaned at an early age. The pigs were weaned at 2 
weeks and fed a semi-purified basal diet containing 0.5 
mg. riboflavin per pound for 2 to 3 weeks before being 
assigned to treatment. Experimental diets were fed over 
a 5-week period. Diets supplying 0.5 to 0.6 mg. riboflavin 
per pound were inadequate to support rate and efficiency 
of gain equal to that resulting when the diet contained 
greater quantities of ribofla -in, The investigators sug
gested that the young pig required 1.4 to 1.8 mg. ribo
flavin per pound of diet. In some of their separate experi
ments, however, they were unable to demonstrate signi
ficantly increased rate and efficiency of gain once the diet 
contained at least 1.0 mg. riboflavin per pound. 

Severe diarrhea, lack of appetite, and retarded growth 
are associated with multiple B-vitamin deficiencies ( 12, 
13, and 30); but, severe diarrhea appears to be nearly 
specific for a lack of nicotinic acid in the diet (2, 3, 5, 
and 42) . 

Although the niacin requirement of the growing pig 
is indicated to be 5 mg. per pound of diet (37), the 
minimum requirement remains some vhat ill defined . 
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Hu ghes (16 ) indicated a minimum requirement of 220 
meg. nicotinic acid per kg. liveweight daily. Powick and 
coworkers (42 ) reported that between 0.6 and 1.0 mg. of 
niacin was needed per kg. liveweight daily for optimum 
growth of very young pigs. In another study (2), as little 
as 5 to 10 mg. niacin per pig daily cured or prevented 
symptoms of deficiency in pigs fed a diet known to be 
deficient in the vitamin. 

In addition to the wide variation between individual 
pigs (2 and 42 ) and possible biosynth esis of the vitamin, 
the pellagragenic effect of high com diets (40), lack of 
availability of niacin from com (22 and 24), and the 
conversion of tryptophan to niacin (28 and 41) make it 
difficult to establish a precise nicotinic acid requirement 
for the growing pig. Modem diets based on com and 
soybean meal contain tryptophan in excess of the pigs' 
needs and this may be converted to niacin to meet at 
least a portion of the pigs' requirement for this B-vitamin. 
The report by Wintrobe and associates (53) that only 
pigs fed a low protein diet needed supplemental nicotinic 
acid may in fact have been related to the capacity of high 
protein diets to provide more tryptophan than needed by 
growing pigs with resultant conversion to niacin. 

The objectives of this study were to determine the 
effects of season, year, location, source of basic ingredi
ents, and source of supplemental protein on the response 
of growing swine to supplemental calcium pantothenate 
and riboflavin. The effects of adding nicotinic acid to a 
corn-soybean meal diet were also investigated. Another 
objective of these experiments was to re-evaluate the re
quirements of the growing pig for niacin, pantothenic 
acid, and riboflavin when ba al diets were composed of 
conventional feedstuffs. 

MATERIALS AND METHODS 
In this study, 1,523 growing pigs were used in 14 

experiments to determine the effects of supplemental 
calcium pantothenate, niacin, and riboflavin on rate and 
efficiency of gain. The pigs were fed diets of several 
formulations at different locations (environments) during 
different seasons and years. Observations were also made 
of the occurrence of deficiency symptoms that might in
dicate separate diets to be inadequate in specific vitamins 
to prevent the onset of specific and obvious deficiency 
symptoms. 

All pigs used in these experiments were reared in 
concrete drylot prior to 8 or 10 weeks of age when they 
were placed on experiment. 10st of the pigs had been 
weaned when 3 to 5 weeks old, but in some of the early 
experiments they nursed their dams until they were 6 to 
8 weeks old. Pigs weaned at 3 to 5 weeks were fed nutri
tionally adequate pig starters, including supplemental 
B-vitamins, during the subsequent developmental period. 
Pigs nursing their dams to 6 or 8 weeks had access to the 
sows' feed, either a 16 percent protein corn-soybean meal 
or corn-soybean meal-tankage diet, during the nursing 
period; a nutritionally adequate pig starter was also of
fered . Both the lactating sox s' diet and the pig starter 
\ 'ere supplemented vith B-vitamins. 



The pigs were maintained in concrete drylot in all 
exper iments. Pens were bedded with wood shavings dur
ing fall and winter months at St. Paul, and straw was 
used at other locations. Pens were not bedded during the 
summer months at St. Paul. During the summer, pigs had 
access to ou tside concrete runways and diets were not 
supplemented with vitamin D because pigs wer e exposed 
to sunshine. 

All diets were self-fed and fresh water was supplied 
from self-waterers or automatic fount ains during all ex
periments. Pigs were weighed individually when placed 
on experiment and at 14- to 21-day intervals during sep
arate experiments. 

All vitamin-antibiotic premixes were prepared cen
trally using either soybean meal, solvent, 44 percent pro 
tein, or finely ground yellow corn as a diluent. Premixes 
were then given to responsible personnel at the experi
ment sites. Generally, premixes were formulated to be 
deficient in the test vitamin, or to carry graded incre
ments of the vitamin and to supply adequate amounts of 
other vitamins thought to be needed in supplemental 
amounts in typi cal diets for growing swine. The premixes 
also contained recommended levels of one of the known 
effective antibiotic preparations. 

In all experiments, an effort was made to stra tify pigs 
by sex within breeding group and then to make random 
assignment of pigs to the experimental tre atments or to 
groups of pigs that were randomly assigned to tre atm ents. 
Data were evalu ated statistically using analysis of vari
ance (45 ). When replicate pens of pigs were used within 
separate experiments, the pen was treated as the experi
mental unit and pen means were used in testin g for signi
ficance of differences between means for daily gain and 
feed conversion efficiency. The individual pig was tr eate d 
as the experimental unit in experiments involving 17 to 
24 pigs per treatment in large groups and with no repli
cation of treatments. Mean s for feed conversion effi ciency 
could not be tested for statistical significance in those 
experiments. 

Exp eriment 1 
This experiment was conducted at the West Central 

Experiment Station, Morris, during the fall and winter of 
1960-61. One hu ndred twen ty crossbred pigs from the 
Minnesota lines were used. The pigs averaged .54 pounds 
init ially, were approximate ly 10 weeks old, and were 
randomly assigned to the 10 experimen tal treatments for 
which vitamin additi ons are shown in tab le 2. The basal 
diet was estimated to contain 2.78 mg. pantothenic acid 
and 0.83 mg. riboflavin per pound, initially. It would 
hav e supplied 56 and 69 percent, respectively, of the 
amounts of pantothenic acid and riboflavin reported by 
the National Research Council (37) to be required by 
pigs of this weight and age. This study was designed to 
demonstrat e th e extent to which the basal corn-soybean 
meal diet ( table 1 ) was deficient in each of the vitamins. 
If supplemental qu antities of the two vitamins were re
quired to maximize rate and effi ciency of gain, the results 
might indica te the extent of interaction between the two 
vitamins in influencing these response criteria. 

Experiment 2 
One hundred forty-four Yorkshire pigs averaging 8~f 

weeks old and 44 pounds wer e randomly allott ed to 6 
pens of 24 pigs each. Th e basal corn-soybean meal-tank
age diet was estimated to contain 2.39 mg. pantothenic 
acid per pound, 48 percent of the growing pigs' require
ment (37) , and was supplemente d with the amounts of 
calcium pantothenate shown in table 3. The final diets 
would have contained 2.39, 2.85, 3.31, 3.77, 4.23, and 4.69 
mg. pantothenic acid per pound if th e calculated amount 
of the vitamin in th e basal diet was a reasonably accurate 
indication of the amount present. These levels of supple
mental pantothenic acid did not effectively bracket the re
ported requirement of 5 mg. of the vitamin per pound of 
diet and did not supply excesses. This experiment was 
conducted at the St. Paul Campus during the summer 
of 1961, and pigs had access to outs ide concrete runways 
during the investigation. 

Experiment 3 
Four lots of 17 pigs were formed by random assign

ment from the original group of 68 Yorkshire pigs averag
ing 47.4 pounds and approximately 9 weeks of age. The 
pigs were fed corn-soybean meal diets ( 15 percent pro 
tein to 100 pounds, and 12 percent protein after 100 
pounds ) as described in table 1. The diets fed over the 
85-day feeding period were supplemented with calcium 
pantothenate as shown in table 4 so that the final diets 
contained 2.78, 3.70, 4.62, and 6.46 mg. total pantotheni c 
acid per pound, assuming the estimated concentration of 
2.78 mg. of the vitamin per pound of basal diet closely 
approximated the quantity supplied. Th e experiment was 
conducted at th e St. Paul Campus during the summer of 
1962 and pigs had access to outside concrete runways as 
well as to sunshine. 

Exp eriment 4 
This experiment was conducted at the St. Paul Cam

pu s during th e fall and winter of 1962-63. The barn had 
supp lemental heat so that th e environmental temperature 
seldom was less th an 55-600 F . Ninety-six Yorkshire pigs 
averaging 41.2 pounds and app roximately 8 weeks of age 
were rand omly assigned to 16 groups of six pigs. The 
pens of pigs were randomly assigned to treatment and 
location within th e barn . The corn-soybean meal diets 
pro vided 15 percent protein to 100 pounds and 12 percent 
protein from the time th e pigs averaged 100 pounds until 
the termin ation of the 95-day feeding period; none of the 
diets was supplemented with riboflavin. The amounts of 
calcium pa ntothenate added to the basal diet (table 1 ) 
are shown in tabl e .5. 

Experiment 5 
Ninety-six crossbred pigs (Hampshire x Minn. No.2 ) 

averaging 50 pounds and approximately 10 weeks of age 
were ran domly assigned to 16 groups of six pigs. Four 
groups of pigs were assigned to each of the experimental 
diets which were formed by supp lementing the basal diet 
with 0, 2, 4, or 6 mg. calcium pantothenate per pound 
( table 5 ) . Thi s experiment differed from the previous 
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one in th at levels of 16 and 13 percen t protein replaced 
tho se of 15 and 12 percen t, re spectively. Part of the to tal 
goal of this seri es of experim ents was to determine the 
effects of level of dietary protein as well as source of sup
plemental prote in on the response of growing swine to 
supplemental calcium pantothe nate. This experime nt was I 

conducted at the W est Centra l Experiment Station, Mor
ris, during the fall and winter of 1962-63. The barn was 
not provided with supplemental heat and the environ
mental temperature may have sometimes declined to less 
than 40 ° F. for short periods. Pigs were fed the experi
mental diets over a 92-day feeding period. 

Experiment 6 
In this experiment, a factorial arrangement of treat

ments was used so that the basal diet would be supple
mented with 0, 1, 2, or 3 mg. calcium pantothenate, or 0, 
0.2, 0.4, or 0.6 mg. riboflavin, per pound with each source 
of vitamin supplementation being used alone and in all 
possible combination s ( table 6 ). Thus, four groups of six 
pigs were fed diets containing calculat ed levels of 2.78, 
3.70, 4.62, and .5.55 mg. calcium pantothenate per pound 
and four groups of six pigs were fed diets containing an 
estimated 0.8.3, 1.03, 1.23, or 1.43 mg. riboflavin per 
pound. The corn-soyb ean meal diets pro vid ed 15 percent 
pro tein from initiation of the experiment un til pigs aver
aged 100 pounds and 12 percent pro tein from 100 pounds 
until pigs were removed for slaughter at 200 pounds, or 
more, or were removed after II I days. 

Ninety-six crossbred pigs (48 Minn. No. 2 x Yorkshire, 
32 Hampshire x [Duroc x Poland] and 16 Minn. No.2 x 
[Minn. No. 1 x Minn. No. 3]) were used to form the 16 
lots of six test animals. The pigs averaged 40.5 po unds at 
the initiation of the study. 

In addition to obtai ning data on rate and efficiency 
of gain, car cass da ta were collected from all pigs weigh
ing 200 pounds, or more, be fore II I days. These data 
were obtained to determine whether either of th e vita
mins alone, or any combina tions, would significantly in
fluence any of the measures of carcas s leanness as shown 
in tabl e 7. 

This experiment was conducted at the Southern 
School and Experiment Station, W aseca , during the fall 
and winter of 1962-63. The barn was fully insulated, but 
in some instances there was not adequate exhaust capac
ity to remove excessive moisture from the environmnt in 
the unheated buildin g. In some instances, the tempera
ture within the building declined to less th an 45-50° F . 

Experiments 7, 8, and 9 
Th ese experi ments were conducted at four locati ons 

during the fall and winter of 1964-65. All barns were full y 
insul ated. The barn at the St. Paul Campus had supple
mental heat so th at the environm ent al tem perature sel
dom drop ped belo w 50-60° F . Oth er barns had no sup
plemental h eat; but air was exchanged by thermosta ti
cally-controlled electrically-powe red exhau st fan s which 
could not eliminate all excessive moisture when outside 
temp erature dropped to about 0° F ., or below. Gene rally, 

the inside temperature exceeded 45-50° F. except when 
the outside temperature was at 0° F ., or less. 

Diets fed at all locations contained 15 pe rcent protein 
until pigs averaged 100 pounds and 12 percent protein 
from 100 poun ds until th e separate experiments were ter
min ated. The pantothenic acid content of the basal diets 
was de termined by microbiological assay by the doub le 
enzyme meth od of Kapl an and Lipmann (19 ) as de
scribed by Kavan agh (20) . The resulting values are 
shown in tabl e 1. Diets were supplemented with either 0, 
1,2, or 4 mg. calcium pa ntothenate pe r pound as shown 
in table 8. 

Expe riment 7. This experiment was conducte d at St. 
Paul. Eighty Yorkshire pigs avera ging 40.8 pounds and 8)~ 

weeks were randomly assigned to 16 pen s of five pigs. 
Pens of pigs were randomly assigned to tre atments and 
locations in the barn. In thi s experi ment , soybean meal, 
solvent process, dehulled , 48.5 to 50 percent protein, re
placed th e meal containing 44 percent protein that was 
used in most othe r experiments. As show n in table 1, the 
pantothenic acid contents of the basal diets did not differ 
gre atly from the am ounts predicted to be present and the 
diet fed initially would have provided only 53 percent of 
the pigs' requirement ( N.R.C., 1964 ) for the vitamin. 

Experiment 8. Part of th is experiment was conducted 
at the Northeast Experiment Station, Duluth, and part at 
th e Southern School and Experiment Station, Waseca. 
Forty-eight crossbr ed pigs averaging 49.2 pounds wer e 
randomly assign ed to eight pens of six pigs, and two pens 
were assigned to each experimen tal die t at the Northeast 
Station. Twenty-four crossbred pigs aver aging 40.8 pounds 
were randomly allotted to provide six pigs per dietary 
treatment at the Southern School and Experiment Station. 
D ata from the two sta tions were treated as repr esenting 
three re plicates to faci litate sta tistical analysis. Although 
th ere was a difference in average initial weights between 
stations ( table 8 ) , significant differences were not dem on
stra ted between replicates for either rate or efficiency of 
gain. The dat a presented in table I show the pantothenic 
acid contents of the basal diets and suggest differences 
between the basal diets used at the two locations. The 
diet fed at the Southern Station conta ined 2.73 mg. of 
the vitamin per poun d (55 percent of the requirement ) 
while the diet used at the North east Station contained 
3.89 mg. pantothenic acid pe r pound (74 percent of the 
requirement ) . 

Experiment 9. Two groups of 32 crossbred pigs aver
ag ing 46.6 poun ds were randomly allotted to four lots of 
eight pigs to form two replicates ( table 8 ). Within repli
cates, pens of pigs we re randomly assigned to treatments . 
The basal diets contained 3.78 and 3.28 mg. pa ntothenic 
acid per pound ( table I ) . Thu s, the die t fed initi ally 
would have provided 73 percent of the reported require
men t for the vitamin. 

Experiment 10 
Seven ty-five 9-week old pigs (53 crossbred and 22 

Yorkshire ) averaging 49.7 pounds were randomly allotted 



to 15 pens of five pigs with the restriction that not more 
than two Yorkshire pigs could be assigned to a pen. Pens 
of five pigs were then randomly assigned to treatments 
and to locations in the barn. In this experiment , approxi
mately 40 percent of the protein from soybean meal was 
replaced by protein from tankage, a pro tein supplemen
tal feed containing very little (about 1.1 mg. per pound ) 
pantothenic acid. As shown in table 1, the 15 percent 
protein diet fed initially and until pigs within lots aver
aged 100 pounds contained 3.42 mg. pantothenic acid 
per pound (68 percent of the requirement) and experi
mental diets fed initially would therefore have contained 
3.42, 4.22, 5.23, 6.13, and 7.04 mg . pantothenic acid per 
pound. The 12 per cent protein diets fed from 100 pounds 
until termination of the 77-day experiment would have 
contained 0.22 mg. less pantothenic acid per pound. This 
experiment was conducted at St. Paul during the summer 
of 1966. 

Experiments 11, 12, and 13 
Experiments 11, 12, and 13 were conducted concur

rently at three locations during the fall and winter of 
1966-67. Basal diets were formulated to contain approxi
mately 15 percent protein from initiation of experiments 
until pigs within lots averaged 100 pounds and 12 per
cent protein diets were fed from 100 pounds until the 
separate experiments were terminated. Diets were classi
fied as corn-soybean meal, corn-soybean meal-tankage 
(2: 1 ratio), and corn-soybean meal-fish meal (2: 1 ratio). 
These different diets were fed to determine if the pigs' 
response to pantothenic acid supplementation would 
differ with source of supplemental protein. Protein con
tents of diets, predicted pantothenic acid contents, and 
composition of the several diets are shown in table 1. 

Experiment 11. This experiment was conducted at the 
North Central Station, Grand Rapids. Two sets of 120 
crossbred pigs averaging 52.2 pounds were randomly 
assigned to experimental diets. Diets were supplemented 
with 0, 0.98, 1.97, 2.96, and 3.95 mg. calcium pantothen
ate per pound, and diets based on all sources of protein 
were fed. 

Experiment 12. Two sets of 60 crossbred pigs averag
ing 51.8 pounds and approximately 9J~ weeks of age were 
randomly assigned to 10 pens of six pigs to form two 
replicates. Within replicate, individual pens of pigs were 
randomly assigned to dietary treatments. Diets of the 
corn-soybean meal and corn-soybean meal-fish meal 
types were fed and pantothenic acid supplementation 
was as indicated in table 11. This experiment was con
ducted at the Southern School and Experiment Station, 
Waseca. 

Experiment 13. At the West Central Station, Morris, 
two sets of 60 crossbred pigs averaging 37 pounds and 8~ 

weeks were randomly assigned to 10 groups of six pigs 
to form two replicates. Within replicates , pens of six pigs 
were assigned to treatments using a table of random num
bers . Diets of the corn-soybean meal and corn-soybean 
meal -tankage types were fed and levels of pantothenic 
acid supplementation were as indicated in table 11. 

Experiment 14 
This experiment was conducted at St. Paul during the 

summer of 1960. One hundred twenty-six growing pigs 
(78 Yorkshire and 48 Hampshire ) were randomly as
signed to provide 21 pigs per tr eatment . Corn-soybean 
meal diets containing about 15 percent protein were fed 
from initiation of the experiment until pigs within lots 
averaged 100 pounds and 12 percent protein diets were 
fed from 100 pounds until termination of the 91-day ex
pe riment. As shown in table 1, the contribution of niacin 
by soybean meal was very small; the possible contribu
tion of corn was ignored because of th e likelihood that it 
was un available, or at least poorly available. As shown in 
table 10, the basal diets were supplemented with 0, 1, 2, 
4, 8, and 12 mg. niacin per pound. Since the experiment 
was conducted during the summer the pigs had access to 
outside concrete runways and the diets were not supple
mented with vitamin D. 

RESULTS 

Experiment 1. As shown in table 2, adding 0.4 or 0.8 
gm. riboflavin, or 1.0, 2.0, or 4.0 gm. calcium pantothenate 
per ton of diet, alone and in combination, did not signifi
cantly affect rate of gain. Also, means for feed conversion 
efficiency do not reflect improved efficiency of utilization 
du e to vitamin additions. The basal corn-soybean meal 
diet contained 16.6 percent protein to 100 pounds and 
1.3.0 percent protein during the growing period subse
quent to 100 pounds. Locomotor incoordination, an in
dication of pantothenic acid deficiency, was not observed. 

Experiment 2. The basal corn-soybean meal-tankage 
diet was formulated to contain 15 percent protein from 
the start of the experiment until pigs averaged 100 
pounds and 12 percent protein during the final growing 
period. Additions of calcium pantothenate to provide 
final levels of 2.39, 2.8.5, 3.31, 3.77, 4.23, and 4.69 mg. 
pantothenic acid per pound of diet did not significantly 
affect rate of gain (table 3). Pigs fed diets supplemented 
with at least 0.50 mg. calcium pantothenate (0.46 mg. 
pantothenic acid ) per poun d appeared to gain faster than 
those fed the basal diet. Means for feed conversion effi
ciency could not be tested for statistical significance, but 
they did not appear to be affected by additions of cal
cium pantothenate to the basal diet. Locomotor inco
ordination was not encountered in this experiment. 

Experiment 3. Supplementation of corn-soybean meal 
diets (15 percent protein to 100 pounds and 12 percent 
protein after 100 pounds) with calcium pantothenate to 
provide 2.78, 3.70, 4.62, and 6.46 mg. pantothenic acid per 
pound of diet did not result in significant differences in 
daily gains of pigs weighing about 48 pounds at the 
initiation of the experiment (table 4). There was no evi
dence of pantothenic acid deficiency, and feed conversion 
efficiency was not consistently improved as a result of 
additions of calcium pantothenate. 

Experiments 4 and 5. These experiments were con
ducted at different locations and the corn-soybean meal 
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diets provided 15 percent protein initially at one location 
and 16 percent protein at th e other . Rate and efficiency 
of gain were not significantly improved at either location 
by adding 1.84, 3.68, or 5.52 mg. pantothenic acid as cal
cium pantothenate to bas al diets containing approximate
ly 3.1 mg. pantothenic acid per pound ( table 5) . Th ere 
was no evidence of pantothenic acid deficiency in any of 
the pigs used in these experiments. 

Experiment 6. As shown in table 6, supp lementation 
of corn-soybean meal diets containing about 15 percent 
protein initially with 0, 0.2, 0.4, or 0.6 mg. rib oflavin or 0, 
1.0, 2.0, or 3.0 mg. calcium pantothenate per pound of diet, 
alone and in combination, did not significantly improve 
rate of gain of pigs averaging about 41 pounds at the 
initiation of the experiment. Means for feed conversion 
efficiency were variable and efficiency of feed utilization 
was not consistently improved by additions of vitamins 
alone or in combination. 

Data in table 7 show that carcass leanness was not 
consistently affected by supplemental amounts of either 
vitamin or combinations of the two vitamins. 

Experiments 7, 8, and 9. The summary in table 8 re
flects apparent differences in average daily gain and feed 
conversion efficiency between stations. However, the pat
terns for these resp onse criteria are consistent within 
stations and show the lack of significant effect of supple
mental calcium pantothenate (0, 1, 2, and 4 mg. per 
pound of diet) on pig performance. As in other experi
ments reported here, there was no evidence of locomotor 
incoordin ation in pigs assigned to the unsupplemented 
basal corn-soybean meal diet. The basal diets contained 
from as littl e as 2.7 to as much as 3.9 mg. pantothenic 
acid per pound. 

Experiment 10. As in other experiments in which corn
soybean meal basal diets initially conta ining 15 percent 
protein were supplemented with graded increments of 
calcium pantothenat e, there was no evidence from this 
experiment th at adding from nearly 2 to 8 gm. calcium 
pantothenate per ton of diet significantly improved either 
rate or effi ciency of gain ( table 9 ). The basal diet con
tain ed 3.42 mg. pantothenic acid per pound. 

Experiments 11, 12, and 13. The basal diets used in 
this experiment were formulated to cont ain 15 percent 
protein from initiation of experim ent un til pigs within 
lots averaged 100 pounds and 12 pe rcent protein durin g 
the growing period subsequent to 100 pounds. As shown 
in table 1, diets containing tankage or fish meal were 
formulated to maintain a ratio of approximately 1.5:1 
between protein from soybean meal and that from the 
animal or marine prot ein. Basal diets containing tankage 
or fish meal by calculation contained 2.5 mg., or less, of 
pantothenic acid per pound. 

As in experim ents 7, 8, and 9 ( table 8 ) the means for 
average daily gain and feed conversion efficiency reflect 
differences between stations. The summary presented in 
table 11 shows consisten t patterns for daily gain and feed 
conversion efficiency with in source of protein and station, 

and there were no significant improvements in either 
response criterion due to additions of calcium panto
thenate. 

In experiment 11, pigs fed the corn-soybean meal
tankage diet gained slightly, but significantly (P<.05) , 
less rapidly than those fed either corn-soybean meal or 
corn-soybean meal-fish meal diets indicating a slight in
fluence of source of supplement al protein but not of sup 
plemental calcium pantothenate . Pigs fed the corn-soy
bean meal-fish meal diets in experiment 12 gained signi
ficantly (P < .05 ) faster than those fed the corn-soybean 
meal diets, but the difference was small. 

Experiment 14. Only one experiment was conducted 
in which a corn-soybean meal diet containing 15 percent 
protein initially was supplemented with graded levels of 
nicotinic acid. Niacin ad ditions did not cause significant 
increases in average daily gain s. Means for a feed con
version efficiency could not be tested for a statistical 
significance because of the experimental design, but there 
was an average improvement of 4 percent in this response 
criterion due to niacin additions. 

D ISCUSSION 
Thirteen experiments were conducted in which grow

ing pigs 'were fed diets containing 15 to 16 percent pro
tein at initiation of the separate studies and 12 to 13 
percent protein after pigs within lots averaged 100 
pounds. Supplemental protein was provided by soybean 
meal (solvent, 44 or 50 percent protein ) alone or in com
bination with tankage or fish meal. By calculation, basal 
diets fed initi ally contained as little as 2.33 mg. pant o
thenic acid per pound in one experiment and as much as 
2.85 mg. per pound in another study. Microbiological 
assays of some diets (19 and 20 ) showed diets to conta in 
as little as 2.67 mg. pantothen ic acid per pound and as 
much as .3.89 mg. per pound in another experiment. Thus, 
the basal diets fed in these experiments provided from 
about 50 to nearly 80 percent as much pantothenic acid 
as reported by the National Resear ch Council (37) to be 
required by growing swine. 

As noted in footn otes c, d, e, f, and g, table 1, all 
basal diets used in these experim ents contained 20 gm. 
antibiotic per ton. The antibotics were chlortetracycline 
( aureomycin ), oxytetracycline ( terramycin ), and a com
binatio n of streptomycin and penicillin (3:1 ratio). Also, 
all diets were supplemented with vitamin BI 2 • Thus, the 
antibiotics may have exerted a sparing action on the 
pant othenic acid requirement of growing swine. Catron 
and coworkers (4 ) reported that 14 percent protein corn
soybean meal diets containing adequate chlortetracycline 
did not require supplemental pantothenic acid and at 
least one other group has report ed a "sparing" action of 
chlortetracycline on the pantothenic acid requirement of 
very young pigs (31) . Barnhart and coworkers (1) were 
unable to demonstrate a beneficial effect on rat e and effi
ciency of gain of young pigs fed semi-purified diets sup
plemented with calcium panto thenate with or without 
supplemental chlortetracycline. Palm (38) fed diets con



taining 31 percent of the rep orted requirem ent of very 
young pigs for pantothenic acid and was unable to dem
onstrate a benefit from supplementing the diets with 
calcium pantothenate. His diets conta ined 100 gm. chlor
tetracycline per ton . None of th ese workers reported 
classical symptoms of pantothenic acid deficiency due to 
feeding diets containing 31 to abo ut 80 pe rcent of the 
amount of pantothenic acid reported to be required by 
growing pigs (37 ) . 

In experiments 1 and 6, corn -soyb ean meal die ts con
taining approximately 0.83 mg. rib oflavin per pound were 
supplemented with graded increments of riboflavin with
out significantly improving rate or efficiency of gain. 
These diets would have contained as mu ch riboflavin as 
reported by Miller and coworkers (34) to be adequate 
for growing swine but only 65 to 75 percent as much as 
reported by other groups (21 and 37 ) to be required by 
growing swine. At least two possibilities exist. One of 
these is that the growing pig does not require more than 
0.83 mg. riboflavin per p ound of diet during th e growing 
period subsequent to 45 to 50 pounds. The second possi
bility is that antibiotics included in basal diets exert a 
"sparing" action on the ribofl avin requirement of the 
growing pigs. It ma y b e appropriate to indi cate th at 
riboflavin supplementation was inadver tently omitted 
from basal diets fed in experiments 4 and 5; th e means 
for average daily gain and fe ed conversion effi cien cy do 
not suggest serious impairment of pe rformance due to 
dietary deficien cy. 

Severa l groups of investigators have studied the role 
of antibiotics in sparing B-vitamins for the grow ing ra t 
( 10, 18, 23, 43, and 44) . Gen erally, chlortetracyclin e, 
penicillin, and strep tomycin have been reported to be 
effective in "sparing" pantothenic acid but reports are 
not consistent with respe ct to sparing of riboflavin. One 
group ( 23 ) reported that antibiotics were most effective 
wh en the basal diet contained enou gh riboflavin or pan
tothenic acid for one-ha lf maximum growth. Another 
worker (43 ) found chlortetracycline and penicillin to 
improve gains of rats fed pantothenic acid deficient die ts 
but to cause no great improvement in ga ins of rats fed 
riboflavin deficient diets. Increased ur inary excreti on of 
riboflavin and pantotheni c acid were reported to result 
from chlortetracycline or pe nicillin supplement ation of 
diets deficient in these vitamins for growing rats (10 ) . 
Chlortetracycline increased fecal excretion of pantothenic 
acid and pen icillin increased the fecal output of ribo
flavin. Such modes of action as modification of the in
testinal microflora, reduced competition of microflora 
with th e host for the vitamins and increased synthesis of 
particular B vitamins we re suggested as means of effect
ing the apparent "sparing" act ion for certa in B vitamins. 

In thi s study, th ere appeared to be differences be
tween stations in gen eral performance level of pigs when 
similar experiments wer e conducted during the same 
season. However , the lack of response to calcium panto
thenate and riboflavin supplementation of the conven
tiona l diets used was consistent between stat ions and be
twee n seasons or yea rs. Source of supplemental protein 

did not appear to influence th e lack of response of grow 
ing pigs to supplementation of diets with calcium panto
thenate although diets containing tankage or fish meal 
generally contained slightly less pantothenic acid than 
those based on corn and soybean meal. 

Only one study wa s conducted to study th e effect of 
niacin supplementation of a typical corn-soybean meal 
diet on rate and efficiency of gain of growing pigs. As
suming the niacin to be un availabl e from the corn in the 
basal diet fed initially (22 and 24 ) , the basal diet should 
have con ta ined ab out 2.2 mg. "available" nicotini c acid 
per p ound. Failure of added increments of niacin to im
pro ve rate and efficien cy of gain may reflect a lower re
quirement th an that reported by the N.R.C. (37) or it 
may mean that surplus tryptophan in corn -soybean meal 
diets can be converted to niacin by th e growing pig, or 
both. 

SUMMARY 
Four tee n experiments involving 1,523 growing pigs 

were conducted at five locations during 10 seasons over 
a 7-year period to determine the effects of nicotinic acid, 
pantothenic acid, and rib oflavin supplementa tion of con
ventional diets on rate and efficiency of gain of pigs dur
ing the growing period subsequent to 45-50 pounds. Diets 
we re based on corn and soybean meal except th at pro 
tein from tankage or fish meal replaced one-third to one
half of the soybean protein in four experiments. 

Basal diets were formul ated to cont ain 15 or 16 per
cent prote in from ini tiation of experiments until pigs 
within lots averaged 100 pounds and 12 or 13 percent 
prote in dur ing the growing period subsequent to 100 
pounds. By calculation, bas al diets contained from 2.3 to 
about 2.9 mg. pa ntothenic acid and 0.83 mg. rib oflavin 
per pound. Microbiological assay indicated some test 
diet s to contain 2.67 to 3.89 mg. pantothenic acid per 
pound, 53 to 80 percent of th e growing pigs' requir emen t. 

In the 13 expe riments in whi ch basal diets were sup
plement ed with 0.5 to 6 mg . calcium pantothenate 
( equivalent to 0.46 to 5.52 mg. pantothenic acid ) per 
pound, neither rate nor efficiency of gain was significant
ly improved or affected by the vitamin additions. The 
possibl e role of antibiotics in exerting a "sparing" action 
on the pigs' require ment for pantothenic acid in modern 
die ts was pointed out as well as the possibility that the 
pig does not require 5 mg. pantothenic acid per pound 
of diet. 

Supplementa tion of corn-soybean meal diets that by 
calculation contained 0.83 mg. rib oflavin per pound with 
graded increment s of the vitamin did not significantly 
improve either rate or efficiency of gain . The likelihood 
that the growing pig may not require more than 0.83 mg. 
riboflavin pe r pound of diet was rec ognized as well as 
th e possibl e role of antibiot ics commonly included in all 
diets in spa ring riboflavin. 

Niacin supplementation of a corn-soybean meal diet 
did no t result in significantly increased gains of growing 
pigs we ighing about 50 pounds at the init iation of the 
91-day feeding period. 
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Table 1. Composition of basal diets 
Period wh en fed 

Start to 100 lb . + + + + + +100 lb . to finish + + + + + +Percent prot ein, 
calculated 15.0 12.0 16.0 13.0 15.0 12.0 15.0 12.0 15.0 12.0 12.0 12.0 

Ingredient, lb." 
No.2 yellow corn 78.5-80.0 87.2-88.0 77.5 85.5 82.5 90.5 83.5-84.0 89.2-89.7 84.7 91.2 83.6 89.6 
Soybean meal, solvent , 44% 17.5-19.0 10.0-10.5 20.0 12.5 10.0 6.0 10.0 6.0 
Soybean meal, solvent , 50% 15.0 7.5 9.0 4.5 
Tankage, digester 5.0 3.0 5.0 3.0 
Fish meal 5.0 3.0 
Dicalcium phosphate 1.0 1.0 1.0 0.5 1.0 0.8 0-0.5 0-0.5 0.2 0.2 
Ground limestone 1.0 0.8 1.0 1.0 1.0 0.7 0.4-0.8 0.4-0.8 0.8 0.8 0.7 0.7 
Salt, trace mineralized" 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

c d e f gVitamin-antibiotic premix + +<de'. +e +e +' +' +<. +<. +t +' +g +g 
Experiment in which used 1, 3,4, 1, 3,4, 5 5 2,11 2,11 10 10 11 11 

6,8,9, 6,8,9, and 13 and 13 and 13 and 13 
11 and 14 11 and 14 

Percent protein, by analysis 
Experiment 1 16.63 13.00 
Experiment 4 15.37 12.56 
Experiment 5 14.62 12.18 
Experiment 8 15.14 12.75 
Experiment 9 14.91 12.42 
Experiment 10 15.28 12.49 
Experime nt 11 15.87 12.68 15.20 13.70 15.41 12.92 
Experiment 12 15.11 12.20 15.73 12.60 
Experiment 13 15.84 13.04 14.82 12.61 
Experime nt 7 14.50 11.86 

Pantothenic acid, mg./lb., by analysis 
Experiment 7 2.67 2.2,5
 
Experiment 8 3.89
 
Experiment 8 2.73
 
Experiment 9 3.78 3.28
 
Experiment 10 3.42 3.20
 

Pantothenic acid, mg./lb., calculated 
2.78 2.41 2.85 2.61 2.64 2.31 2.39 2.22 2.33 2.14 2.53 2.31 

Riboflavin, mg./lb., calculated 
0.83 0.76 0.84 0.79 0.79 0.74 0.79 0.75 0.77 0.73 0.85 0.78 

Niacin, mg./lb., calculated 
2.20 1.28 2.44 1.53 1.47 0.74 2.11 1.27 1.77 0.98 2.49 1.49 

' All por tions of ing red ients expressed as po un ds , air-dry feed . 
bProvided th e follo wing amounts of elemen ts ind icated, pp m, complete d iet : Zn, 40; MD, 26 .2; F e, 13.5; Cu, 2 .7; Co, 0.55 ; and I, 0 .50. 
<Provided the following per ton of diet, experiment 1: vi tam in A, 1,000,000 I.U.; vitamin D 2, 400,000 I. U. , niacin, 10 gm.; vitamin Bas, 10 mg .; chlortetracy

cline, 20 gm.; provided th e following per ton of diet in experim ent 2: vitamin A, 600,0 00 l. U.; ribo flavin , 0 .8 gm., n iacin , 6 gm., vitamin B1.2, 10 mg.; 
chlortetracycline , 20 gm., provid ed th e foll owing per ton of di et in expe riment 14 : vitamin A, 2,000,000 I. U.; riboflavin, 2 gm.] calcium pantothenate, 4 grn.; 
vitamin B12, 10 mg.; oxytetr acycline, 20 gm, 

dPro vided the following per ton of d iet in experiment 3 : vitamin A, 2,000,000 LU.; riboflavin, 1.2 grn.; niacin , 10 gm.; vitamin B1.2, 10 mg.; antibiotic, 20 gm, 
(3:1 mixture of strep tomycin and procain e penicillin). 

eprovided the follo win g per ton of diet in experiments 4, 5, and 6: vit amin A, 2 ,000,000 LU.; vit amin D o, 40 0,000 I. U.; niacin , 6 gm.; vitamin Bas, 10 mg .; 
and antibiotic, 20 gm. (3 :1 mixtu re of str ep tomycin and procaine penicill in ). 

tprovided the following per ton of complete diet in experim ents 7, 8, 9, and 10: vitam in A, 2 ,000,000 I. U.; vit amin Do, 40 0,000 I.U.; riboflavin, 1.6 gm.; 
niacin, 6 grn.; vi tamin B1.2, 10 mg ., antibiotic, 20 gm. (3 :1 mixture of strep tomycin and procain e peni cillin ). 

<Prov ided the following per ton of diet in experiments 11, 12, an d 13: vitami n A, 2,000,00 0 I. U. ; vitamin D 2, 200, 000 I .U.; rib oflavin, 1.7 l1JD.; niacin, 6 
grn.; vitamin BI2, 10 mg., antibiot ic, 20 gm. (3 :1 mixture of streptomycin and procain e peni cillin ). 

Table 2. Influen ce of calcium pantothenate and riboflavin supplementation of com-soybean meal diets on rate and effie 
ciency of gain of growing swine, experiment 1a, b 

Riboflavin added, 
gm./ton o o o o 0.4 0.4 0.4 0.8 0.8 0.8 

Calcium pantothenate 
added, gm./ton o 1.0 2.0 4.0 1.0 2.0 4.0 1.0 2.0 4.0 

Items 
No. pigs 

Started 12 12 12 12 12 12 12 12 12 12 
Finished 12 12 11' 11d 11< 12 12 12 12 10' 

Av. initial wt., lb. 54.2 54.1 54.3 54.4 54.2 54.0 54.5 54.7 54.7 54.0 
Av. final wt ., lb. 210.2 207.0 197.4 207.9 209.2 211.3 200.3 201.9 205.6 204.2 
Av. daily gain, lb. 1.86 1.82 1.70 1.81 1.82 1.87 1.73 1.75 1.79 1.77 
Feed/gain 3.37 3.49 3.47 3.58 3.37 3.24 3.66 3.63 3.37 3.46 

a Pigs we re fed 15% p rotein com -soybean meal diets from initiation of study c On e pig removed fro m each Jot, death following rectal prol apse, ga in data 
un til ave rag e weight of 100 lb . was attained; a 12% protein diet was fed omitted. 
from 100 lb . to completion of stu dy ; duration of study, 84 days. dGain d ata for one pi g omitted, growth failure. 

bCalcium pantothenate contains 92.01 % pantothenic acid . eGain data for two pigs omitt ed , growth failure. 
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Table 3. Effect of supplemental calcium pantothenate on Table 6. Effects of riboflavin and calcium pantothenate 
rate and efficiency of gain of growing pigs fed corn-soy supplementation of com -soybean meal diets on rate and 
bean meal-tankage diets, experiment 2a efficiency of gain of growing swine, experiment 6a 

Calcium pantothenate Calcium p antot he nate ad ded, By level of 
added , gm.Zton'' 0 1.0 2 .0 3.0 4.0 5.0 gm.z'ton" 0 2 4 6 riboflavin 

Items 
No supplemental riboflavin 

Items 
No. pigs 

'Pigs wer e fed a 15% pr otein corn-soybean mea l-tankage diet from initiation 

Start ed 24 24 24 24 24 24 No. pigs 6 6 6 6 ' 24 ' 
F inished 24 24 24 23 ' 22 d 24 Av. initial wt., lb . 40.7 40.0 41.0 40.7 40.6 

Av. initi al wt ., lb . 
Av. final wt., lb .' 
Av. da ily gain, lb.' 
Feed/gain 

43.6 
175.5 

1.48 
3.44 

43 .4 
180.9 

1.54 
3.43 

43.6 
188.3 

1.63 
3.43 

43. 8 43.8 
186.5 184.4 

1..59 1.58 
3.51 3.44 

43.5 
183.0 

1.57 
3 .47 

Av. final wt ., lb . 
Av. daily gain, lb . 
Feed/ gain 

0.4 gm. riboilaoin 
added/ton 

207.3 
1.63 
3.34 

206 .0 
1.70 
3.30 

203.2 
1.68 
3.54 

202.8 
1.53 
3.28 

204.9 
1.64 
3.36 

No. pig s 6 6 6 6 24 of experiment un til average weight of 100 lb. ; a 12% pro tein diet was fed 
from 100 lb . to completion of experim ent; duration of experiment , 89 da ys. Av. initial wt. , lb. 40.7 40. 0 41.3 39.7 40.4 

bCa lcium pantothenate cont ains 92.01% pa n tothenic acid . Av. final wt ., lb . 212.0 212.0 210. 0 200.7 207 .2 
' Gain d ata for on e pig omitted ; growt h failure . Av. daily ga in, lb. 1.77 1.71 1.75 1.63 1.72dOn e pig di ed aft er 13 days on exp erimen t ; on e pig d ied aft er 41 days ; 

deaths not du e t o t reatment; gain data omi tt ed . Feed / gain 3.51 3.21 3.04 3.40 3.32 
' F or pi gs completing experiment . 0.8 gm . riboflavin 

added / ton 
No. pigs 6 6 6 6 24 
Av. init ial wt., lb. 40.3 41.3 30.4 41.3 40.8 

Table 4. Effect of additions of calcium pantothenate to Av, final wt., lb. 200.8 198.3 210.0 212.0 205.3 
com-soybean meal diets on rate and efficiency of gain of Av. daily gain, lb . 1.67 1.58 1.72 1.81 1.70 
growing swine, experiment 3a Feed/gai n 3.65 3 .26 3.11 3.02 3 .26 

1.2 grn. riboflavin 
Cal cium pantothenate added/ ton 

added, gm .z'ton" 0 2 4 8 No. pigs 6 6 6 6 24 
Av. initia l wt., lb. 41.0 40.7 41.3 40.3 40.8 Items Av. final wt ., lb. 211.7 206.0 212.3 203.3 209.1 No. pigs 17 17 17 17 
Av. daily gain, lb . 1.77 1.67 1.72 1.60 1.69 Av. initi al wt ., lb. 47.5 47.1 47.5 47.3 
Feed / gain 3.21 3.22 3.13 3.13 3.17 Av. final wt. , lb . 176 .5 167.4 172.4 176.8 

By level of Av. da ily gain, lb . 1.51 1.41 1.47 1.52 
calcium pantoth enate Feed /gain 3.33 3.02 3.35 3.24 

No. pigs 24 24 24 24 ' 
' Pigs were self-fed corn -soybean meal diets conta ining 15% pr ote in fro m Av. initial wt ., lb. 40.7 40..5 41.0 40.S 

sta rt of experiment un til they atta ined within lot avera ge wei ghts of 100 Av. final wt., lb. 208 .0 204.1 209.1 205.4 Ib .; 12 % pr ot ein diets fed from 100 lb . to termination of experiment; du ra
tion of experiment, 85 days. Av. da ily gain , lb. 1.71 1.66 1.72 1.64 

"Calciu m panto the nate contains 92.01% pantothen ic acid . Feed /gain 3.42 3 .25 3.20 3.20 
aPigs were fed 15 % prot ein corn-soybean me al diets from start of experiment 

until th ey av eraged 100 lb., 12% protein diets were fed from 100 lb . to 
completion of experiment. 

Table 5. Influence of calcium pantothenate supplementa bCalcium pantoth en ate contains 92 .01% pantothenic acid. 
' One p ig died aft er 91 days on experiment ; d eath no t due to tr eatment;tion of com-soybean meal diets on rate and efficiency of gain data omitted.

gain of growing swine, experiments 4 and 5 

Calcium pa ntothenate 
added, gm.z'ton " o 4 8 12 

Items 
Experime nt 4, St. Paul" 

No. lots of pigs 4 4 4 4 
No. pig s per lot 6 6 6 6 
Av. init ial wt., lb . 41.0 41.2 41.3 4 1.6 
Av. final wt., lb . 206.9 207 .3 205.6 197.2 
Av. da ily gain, lb. 1.78 1.79 1.77 1.67 
Feed / gain 3.42 3.34 3.39 3.41 

Experiment 5, 
W . Cent ral Station' 

No. lots of pigs 4 4 4 4 
No. pigs per lot 6 6 6 6d 

Av. initi al wt., lb. 49 .8 50.2 49.3 49.7 
Av. final wt ., lb. 205 .8 214.4 21 1.8 213.9 
Av. daily gain, lb . 1.73 1.82 1.80 1.84 
Feed / gain 3.41 3.37 3.44 3.42 

• Calcium pantoth ena te contains 92 .01% pantothenic acid . 
bPigs were feel 15% protein di ets from sta rt un til th ey av era ged 100 lb ., 

12% pro tein di ets wer e fed from 100 lb . to com pl etion of experim ent. 
' Pigs we re fed 16% protein d iets from start until the y averaged 100 Ib .; 

13% prot ein di ets wer e fed from 100 lb . to completion of experiment. 
dOne pig died afte r 78 days on experimen t, d eath no t du e to tr eatment; gain 
data omitted . 
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Table 7. Influence of riboflavin and calcium pantothenate supplementation of com-soybean meal diets fOT gTowing 
swine on carcass characteristics, experiment 6° 

Calcium p antoth enate added, gm.Zton" 
0 2 4 6 

By level of 
rib oflavin 

Items 
No supplemental riboflavin 

No. pigs slaugh tered 
Av. slau ght er wt. , lb. 
Av. carcass length, in. 
Av. b ackfa t thi ckness, in. " 

6 
207.3 

30.6 
1.49 

5' 
211. 2 

30 .7 
1.61 

4 ' 
207.0 

30.2 
1.63 

6 
202.8 

30.0 
1.45 

21' 
206 .9 

30.4 
1.54 

Av. loin eye area, sq. in." 
Percent trimmed ham and loin " 

3.85 
25.9 

3.65 
25 .0 

3.74 
25.4 

3.91 
25.7 

3.80 
25.5 

0.4 gm. riboflavin added/ ton 
No. pigs slaughte red 
Av. slaughter wt. , lb. 
Av. carcass length, in. 
Av. backfat thi ckness, in. " 

6 
212.0 

30.2 
1.63 

6 
206.0 

30.1 
1.47 

6 
21 0.0 

30.7 
1.51 

5' 
206.8 

29.6 
1.62 

23 ' 
208.7 

30.2 
1.56 

Av.loin eye area, sq . in ." 4.24 3.91 3.90 3.90 3.99 
Percent tri mmed ham and loin" 26.0 26.4 26.6 25.1 26.1 

0.8 gm. riboflavin added/ ton 
No. pigs slaughter ed 
Av. slaughter w t. , lb . 

4 ' 
211.2 

5 ' 
206.8 

6 
210.0 

6 
212.0 

21' 
209.4 

Av. carcass length, in. 30.2 30.1 30.5 30.8 30.4 
Av. backfat thickness, in." 1.73 1.50 1.52 1.48 1.54 
Av. loin eye area, sq. in." 3.58 4.08 3.62 3.71 3.75 
Percent trimmed ham and loin " 24.9 26.2 27.0 25.6 26.0 

1.2 gm. riboflavin added/ ton 
No. pigs slaughtered 
Av. slaughter wt., lb . 

5 ' 
212.4 

6 
206.0 

6 
212.3 

5 ' 
209.6 

22 ' 
210.0 

Av. carcass length, in. 30.7 29.9 30.7 30.6 30.4 
Av. ba ckfat thickness, in." 1.56 1.54 1.51 1.52 1.53 
Av. loin eye area, sq. in.d 3.79 3.78 4.04 3.92 3.89 
Percent trimmed ham and loin " 25.4 26.0 26.2 26.1 25.9 

By level of calcium pantothenate 
No. pigs slaughtered 21' 22 ' 22 ' 22 ' 
Av. slaughter w t., lb. 210.6 206.7 210.1 207 .8 
Av. carcass length , in. 30.7 30.2 30.6 30.3 
Av. ba ckfat thickness, in." 1.59 1.53 1.54 1.52 
Av. loin eye area, sq . in. d 3.90 3.86 3.83 3.85 
Percent trimmed ham and loin " 25.6 25.9 26.4 25.6 

'Pigs were fed 15 % protein corn -soybean meal diets from start of experiment until th ey averaged 100 Ib .; 12 % protein diets wer e fed from 100 lb. to completion 
of the experiment. 

bCalcium pan tothena te con ta ins 92. 01% panto then ic acid . 
"Th e average of three measur ements tak en at the lev els of the first th oracic an d last lumbar vertebra and the last rib . 
dDetermined by measur ement with a plan imete r of a tra cing of th e cross-sectional area of the longi ssimu s d orsi at th e level of th e 10th rib. 
• Percent combined weight of trimm ed hams and loins of off- test weight of pigs. 
' When less th an 6 pigs slaughte red per indiv idua l treatment , carcass da ta were not obta ine d on missing pigs becau se they di d not weigh 20 0 lb . at III days 
of the experiment . 



Table 8. Effects of calcium pantothenate supplementa
tion of corn-soybean meal diets on rate and efficiency of 
gain of growing swine, experiments 7,8, and 9a 

Calcium pantothenate 
added , gm.z'ron" o 2 4 8 

Items 
Av . initial uit., lb. 

E xperiment 7 ' 
Experiment 8 d 

Expe riment 9" 

40.8 
46.9" 
46.8 

41.1 t 
46.9 
46.6 

40.6 
45.9 
46.5 

41.0 
46.4h 

46.5 
Av. fmal wt ., lb. 

Exp eriment 7' 
Experiment 8d 

Experiment 9" 

192.7 
201.1 
203 .0 

188.2 
202.8 
200.6 

190.0 
200.3 
201.0 

193.4 
202.3 
200.3 

Av. daily gain, lb. 
Experiment 7 ' 
Experiment 8 d 

Experiment 9· 

1.60 
1.89 
1.82 

1.54 
1.88 
1.76 

1.58 
1.85 
1.79 

1.60 
1.93 
1.73 

Feed/gain 
Experiment 7 3.33 .3.36 3.29 3.36 
Experiment 8 3.14 3.37 3.21 3.06 
Experiment 9 3.34 3.40 3.35 3.37 

-.P-i-gs-w-ere self -fed 15% pr ote in com-soybean meal d iets from start of experi
ments to 100 lb.: 12% protein diets fed from 100 lb. to completion of 
experiments. 

"Calcium pantother ate contains 92.01 % pantothenic aci d . 
'Experiment conducted at St. Paul; four lots of 5 pigs pe r treatment; dura

tion of experiment. 97 d ays for replicates I , 2, an d 3, 90 days for replicate 
·1. 

dData from two lots of p igs per treatment, Northeast Station , co mb in ed with 
data from one lot of pigs p er treatment, Southern Experime n t Station, mak
ing three lots of six pigs per treatment; av. initial wt. of p igs from Southern 
Experiment Sta tion, 40.8 lb., avo initial wt. of pigs fr om Northe as t Station, 
49.2 Ib.; avo daily gain of all p igs , Soutbern Sta tion, 1. 84 ; average da ily 
gain of all pigs. Nort heast Station, 1.92. 

• Experiment conducted at No rth Central Station; two lots of 8 p igs per 
treatment; duration of experiment, 84 to 89 days, avo 87.1 days . 

tOne pig removed from replicate I after 84 days, injury, gain d at a omi tted. 
.One pill d ied after 46 days on experiment, Southern Sta tion ; had gained 

1.34 lb. daily prior to death; death not considered due to treatment . 
hOne	 pig died after 46 days on test, Southern Station; had gained 1.61 lb. 

daily prior to death; death not considered due to treatment. 

Table 9. Influ ence of supplemental calcium pantothenate 
on rate and efficiency of gain of growing swine, experi
ment to-
Calcium pantothenate 
added, gm./ton b 0 1.91 3.95 5.92 1.89 

Items 
No. lots of pigs 3 3 3 3 3 
No. pigs per lot 5 5 5 5 5 
Av. initial wt ., lb . 49.5 49.1 49.1 49.1 49.1 
Av. final wt. , lb . 174 .1 114.4 115.8 169.1 161.5 
Av. daily gain, lb. 1.62 1.58 1.63 1.55 1.52 
Feed / gain 3.33 3.38 3.38 3.39 3,46 

'Pigs wer e fed 15% protein corn-soybean meal-tankage die ts to 10 0 lb., 
12 % pro te in diets were fed after 100 Ib .; duration of exp eriment 77 days. 

bCalcium pantothenate con tain s 92 .01 % pantothenic acid. 

Table 10. Influence of supplemental niacin on rate and 
efficiency of gain of pigs fed corn-soybean meal diets, 
experiment 14a 

Niacin added, 
gm./ton 0 2 4 8 16 24 

Items 
No. pigs 21 21 21 21 21 21 
Av. initial 
wt., lb. 51.4 49.6 50.6 50.2 50.5 49.9 
Av. final 
wt ., lb. 185.8 182.3 182.2 182.7 181.9 183.1 
Av. daily 
gain. Ib. 1,48 1.46 1.45 1.46 1.44 1.46 
Feed/gain 3..58 3.41 3.43 3.42 3.42 3.46 

-Pigs were fed 15% protein com -soyb ean meal diets unti l they ave ra/lea 10 0 
lb.; 12% protein diets were fed fro m 100 lb. until comple tion of experiment; 
duration of experiment, 91 days. 
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Table 11. Effe cts of calcium pantoth enate supplementation of diets for growing pigs on rate and efficiency of gain, 
experiments 11, 12, and 13 

Calcium pantothenate added , gm./ton" 0 1.97 3.95 5.92 7.89 

Items 
Av . initial wt. , lb. 

Experiment 11 b 

Corn-so ybean meal (CS) diets 52.5" 51.7 52.4 52.3 52.5 " 
Com-soy bea n meal-tankage (CST) diets 52.1 51.6 53.1" 52.1" 52.4 
Corn-soybean meal-fish meal (CSF) diets 51.8 51.5 52.0 52.0 52.4 

Experiment 12" 
CS diets 52.6" " 52.0 51.4 52.2 51.6 
CSF diets 51.8 52.0 52.2 51.2 50.2 

Experiment 13d 

CS die ts 36 .6 37.1 36.6 36.7 37.2 
CST diets 37.1" 37.0 36.8 36.9 37.2 " 

Av . final wt., lb. 
Experim ent 11 

CS diets 204.2 202.0 204.0 204.2 203.2 
CST diets 205.8 204.0 203.3 203.4 206.2 
CSF diets 204.4 204.5 204.2 206.0 202.7 

Experiment 12 
CS diets 201.0 206.5 202.8 204.8 202.0 
CSF diets 201.8 205.2 205.8 206.8 208.1 

Experiment 13 
CS diets 205.6 205.6 208.2 208.0 207.4 
CST diets 204.1 205.2 205.6 204.8 207.1 

Av. daily gain, lb . 
Experiment 11 

CS diets 1.90 1.92 1.88 1.91 1.86 
CST die ts" 1.83 1.82 1.82 1.80 1.85 
CSF diets 1.86 1.90 1.93 1.94 1.88 

Experiment 12 
CS diets 1.83 1.86 1.88 1.90 1.79 
CSF diets' 1.90 1.96 1.84 1.89 1.90 

Experiment 13 
CS diets 1.70 1.61 1.68 1.75 1.62 
CST diets 1.61 1.68 1.65 1.57 1.63 

Feed/gain 
Experiment 11 

CS diets 3.25 3.21 3.24 3.22 3.31 
CST diets 3.26 3.23 3.48 3.34 3.32 
CSF diets 3.26 3.17 3.24 3.22 3.16 

Experiment 12 
CS diets 3.36 3.07 3.10 3.18 3.14 
CSF diets 3.04 3.02 3.11 3.08 3.12 

Experiment 13 
CS diets 3.35 3.30 3.32 3.27 3.46 
CST diets 3.30 3.33 3.34 3.45 3.54 

- Calcium pantothenate con tains 92 .01% pant othenic acid. 
bExperime nt conducted at Nort h Cen tral Sta tion : two lots of eight pigs fed eac h experimental diet: diets contained approximately 15 % protein until pigs aver
aged 10 0 lb . and 12% protein from 100 lb. un til comple tion of experimen t. 

<Experim ent conducted at Southern Experim ent Sta tion: two lots of six p igs fe d eac h experimental diet. 
dExperiment conducted at West Centr al Exper iment Station; two lots of six pigs fed each experimenta l di et. 
e Average daily gain of pigs fed CST di ets sign ifican tly (P<.05) less th an gains of p igs fed CS an d CSF diets . 
'Average daily gain of pigs fed CSF d iets sign ificantly (P<.05) greater than that of pigs fed CS diets. 
- Gain data omitted for one pig from each tr eatment group indicated; pigs eliminated from experiment due to growth failur e, not considered to be due to 

experim ental treatments. 
bOne pig died after 15 day s on experimen t; gain data omitted. 
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