


CONTENTS

Pig Performance on Mixed Legume or Barren Pasture and
the Influence of Pasture Forage on the Response to
Supplemental Copper, by H. S. Teague and A. P. Grifo, Jr. ... 1

Growing-Finishing Pig Response to High Levels of Copper
in a Protein Supplement Fed Free-Choice with Corn,
by H. S* Teague, A., P. Grifo, Jr., and ¥. M. Palmer 9

Effects of Pantothenic Acid on the Reproductive Performance
of Gilts, by W. M. Palmer, H. S. Teague, and
A. P. Grifo, Tr .. . ... 13

Glandular Development, Hormonal Response, and Sex Odor and
Flavor Intensity in Untreated and Diethylstilbestrol
Implanted Boara, by S. ¥. Echternkamp, H. S. Teague,
R. F. Plimpton, Jr., A* P. Grifo, Jr., and V. R. Cahill ..... 1?

Addition of Lard, Monosodiura Glutamate with Ribonucleotides,
Formic Acid, or Acetic Acid to an Early Creep Feed,
by A. P. Grifo, Jr., H. S. Teague, and W. M. Palmer ......... 21

ACKHOWLEPGMENTS

Appreciation is expressed to Glenn Todd, herdsman, and others at
the ¥. L* Robison Swine Research Center and to Jim Gilliland and co-
workers at the Western Branch, South Charleston, for the feeding and
care of experimental animals.

8-68-SH



PIG- PERFORMANCE ON MIXED LEGUME OR BARREN PASTURE AND
THE INFLUENCE OF PASTURE FORAG-E ON THE RESPONSE TO SUPPLEMENTAL COPPER1

H* S. Teague and A. P. Grifo, Jr.
Department of Animal Science

Ohio Agricultural Research and Development Center , Wooster

In determining the value of pasture for growing-finishing pigs,
it is of prime importance to measure the nutritional contribution of
the forage consumed. If a nutritionally adequate feed is self-fed,
Borage intak^ should not be expected to improve pig performance. It
is recognized, however, that the pig does have some instinct to graze
and that a variable amount of pasture will be consumed even though a
palatable mixed feed is available* To arrive at a true estimate of
the worth of pasture for pigs, value of the land used, loading rate,
labor saved, and other factors must also be considered.

By eliminating all of the plant growth on alternate lots with
herbicides, it was possible to measure the nutritional contribution of
mixed alf alf a-ladino pasture for the growing-finishing pig. Since it
had been noted that the response of growing-finishing pigs to 125 ppm
of added copper in a complete ration was lower and less reliable on
pasture than under dry lot conditions, a second objective was to
observe the influence, if any, of pasture forage on the pig!s response
to high-level copper feeding*

EXPERIMENTAL PROCEDURE

Five trials were carried out during four consecutive summer pasture
seasons (196If.-1967) • Four trials were conducted at the Ohio Agricul-
tural Research and Development Center^ using Duroc pigs from the Center Ts
herd* Trial II (1965) was conducted at the Western Branch, South
Charleston, and utilized crossbred pigs (Hampshire-Yorkshire-Duroc x
Hampshire) from the Branch herd. In each trial, 7 to 9-week-old wean-
ling pigs were assigned to eight lots and to one of the following
replicated treatments :

1. Mixed legume pasture — basal ration,

2. Mixed legume pasture -~ basal ration plus 12£> ppm copper as

3« Barren pasture — basal ration.

I).. Barren pasture -- basal ration plus 125 ppm copper as

Pasture and barren lots were approximately 1 acre in size and the
number of pigs per lot for the different trials ranged from 11 to 20*

Use of herbicides was supervised by Dr. G-. B. Triplett, Jr. of
the Department of Agronomy.



Before the trials were initiated,, non-toxic residual herbicides were
used to remove all pasture growth in the barren lots. The herbicides
prevented further pasture growth throughout the trial* Pigs were self-
fed the basal rations, as shown in Table 15 or the basal ration plus
125 ppm of added copper. Automatic waterers were provided and live
weight and feed consumption were determined at 2-week intervals through-
out the trial.

RESULTS AKD DISCUSSION

AverageDaily Feed Consumed

Daily feed consumption by periods is summarized in Table 2* L.S.D,
(least significant difference) values indicate the smallest statisti-
cally significant difference between means (P<.»05)« Comparing feed
intake on-pasture and barren lots, the overall average decrease which
resulted from forage intake was approximately 5% and was statistically
significant. The degree to which intake was affected was quite similar
in both the growing and finishing periods. Thus, where pasture was
available, forage was apparently substituted for about 1/20 of the
normal consumption of mixed feed*

TABLE 1."PercentageComposition of Basal Ration1

Ingredients

Ground shelled corn

Meat and bone scraps „ (50$)

Soybean meal, (liW)

Dehydrated alfalfa meal, (17$)

Steamed bone meal

Trace mineralised salt

Vitamin premise

Calculated crude protein, %

To 120 Ib.

79.2

7.2

8.1

5.0
-

0.5
+

100.0

Hi. 5

From 120 Ib.

83.3

b.7

5.5

5.0

1.0

0,5

+

100.0

12.5

Where added, supplemental copper was included as copper sulfate
(CuSOh»5 H^O) at the rate of 1 Ib. per ton (125 ppm) of
complete ration.

?̂To supply 2 gm. riboflavin, 3.7 gm. pantothenic acid, 9.0 gm.
niacin^ 10.0 gm. choline chloride> 10 rag. vitamin 8^2
398,600 IJJ* of vitamin D per ton of complete ration.



TABLE 2.—Average Daily Feed Consumed, Ib.

Basal Ration Basal + 125

Trial 1 (196it)
From U3 to 118 Ib.
From 118 to 212 Ib.
From it3 to 212 Ib.

Trial 2 (196?)
From 3U to 120 Ib.
From 120 to 210 Ib.
From 3it to 210 Ib.

Trial 3 (1965)
From k5 to 118 Ib.
From 118 to 21ij Ib.
From it5 to 211* Ib.

Trial ij (1966)
From 37 to 12U Ib.
From 12li to 209 Ib.
From 37 to 209 Ib.

Trial 5 (1967)
From 39 to 116 Ib.
From 116 to 210 Ib.
From 39 to 210 Ib.

Number of lots
Number of pigs

Average Daily Feed
Growing phase
Finishing phase
Entire trial

Mixed-
legume

Pasture

3. Ill
5.7it
it. 55

3.26
5.97
it. 53

3.36
5.57
it.57

3.3it
6.29
U.60

3.31
6. Oil
it.57

Summary

10
I5it

3.35
5.9lt
It. 57

Barren
Pasture

Lot

3.68
6.09
It. 86

3.73
6.53
5.00

3.73
6.11i
It. 98

3.30
6.31
it. 51

3.51
6.28
ii.79

of 5 Trials

10
153

3.59
6.27
14.8?

Mixed-
legume

Pasture

3.30
5.87
it. 53

3.52
6.13
It. 75

3.83
5.96
it. 91

3.itO
6.27
it.6l

3.68
6.06
it. 86

10
155

3.55
6.06
it. 73

ppm. Copper
Barren

Pasture
Lot

3.56
6.15
it. 79

3.91
6.38
5.06

3.68
5.70
it.7it

3.72
6.90
it. 95

3.79
6.31
5.03

10
I5it

L.S.D.1

3.73 O.U
6.30 0.23
it. 91 0.15

Least significant difference (P<.05).
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TABLE 3^-AYemge Daily Gain., lb.

Basal Ration Basal + 125

Trial 1 (19610
From h3 to 118 lb.
From 118 to 212 lb.

From 1*3 to 212 lb.

Trial 2 (1965)
From 3k to 120 lb.
From 120 to 210 lb.
From 3k to 210 lb.

Trial 3 (1965)
From 1*5 to 118 lb.
From 118 to 21i* lb.
From 1*5 to 211* lb.

Trial 1* (1966)
From 37 to 12lt lb.
From 121* to 209 lb.
From 37 to 209 lb.

Trial 5 (1967)
From 39 to 116 lb.
From 116 to 210 lb.

From 39 to 210 lb.

Number of lots
Number of pigs

Average Daily Gain
Growing phase
Finishing phase
Entire trial

Mixed-
legume
Pasture

1.21*
1.62

1.1*2

1.30
1.60
1.U5

1.32
1.58
1.1*5

1.2k
1.79
1.1*7

1.23
1.77
1.1*8

Summary

10
151*

1.26
1.68
1.1*5

Barren Mixed-
Pasture legume
Lot Pasture

1.21*
1.63

1.1*3

1.35
1.69
1.51

1.26
1.6k
1.1*5

l.ll*
1.72
1.38

1.22
1.65

1.U3

of the 5 Trials

10
153

1.21*
1.67
1.1*1*

1.23
1.62

1.1*2

l.iil
1.69
1.51*

1.1*5
1.67
1.56

1.27
1.77
1.1*8

1.37
1.72

1.51*

10
155

1.31*
1.70
1.51

ppm. Copper
Barren
Pasture
lot

1.20
1.73

1.1*5

1.1*1*
1.66
1.51*

1.30
1.51*
1.1*3

1.31*
1.95
1.57

1.37
1.71
1.5U

10
151*

L.S.D.1

1.33 0.05
1.72 0.08
1.51 0.05

Least significant difference (P<.05).
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TABLE Iu—Feed Required per 100 Ib. of Gain .> Ib.

Basal
Mixed-legume

Pasture
Trial 1 (1961*)

From It3 to 118 Ib.
From 118 to 212 Ib.
From 1*3 to 212 Ib.

Trial 2 (1965)
From 31* to 120 Ib.
From 120 to 210 Ib.
From 31* to 210 Ib.

Trial 3 (1965)
From 1*5 to 118 Ib.
From 118 to 211* Ib.
From Ii5 to 21i* Ib.

Trial k (1966)
From 37 to 121* Ib.
From 121* to 209 Ib.
From 37 to 209 Ib.

Trial * (196?)
From 39 to 116 Ib.
From 116 to 210 Ib.
From 39 to 210 Ib.

Number of lots
Number of pigs

Feed/100 Ib. gain1

Growing phase
Finishing phase
Entire trial

Feed cost/100 Ib. gain2

Entire trial

275
35ii
320

255
373
313

262
352

311*

270
352
312

269
31*2
309

Summary

10
151*

266
356
313

$9.39

Ration Basal + 125 ppm. Copper
Barren Mixed-legume Barren

Pasture Lot Pasture Pasture Lot

297
371*
31*0

276
386

332

296
371*
31*1

289
367
328

288
380
336

of the 5 Trials

10
153

289
376
335

$10.05

269
361
320

273
363
308

263
355
313

268
355
312

269
353
315

10
155

261*
357
311*

$9.1*8

296-
355
330

273
385
328

281
368
330

278
353
311*

2?6
368
327

10
151*

281
366.
326

$9.81*

The interaction between the effects of forage being present and of supplemental
copper was statistically significant (P<.Q1).

r\

At estimated feed cost of 3.00 cents/lb. for the basal ration and 3.02 cents/lb*
for the basal ration with supplemental copper.



When supplemental copper was added to the ration and forage was
available, a somewhat smaller reduction in feed intake occurred than
when pigs were fed the basal ration without added copper (3*7$ vs«
5«l|$, respectively) *

The addition of copper stimulated feed consumption an average of
only 1*6$ on barren pasture and the increase occurred primarily in the
growing phase* In contrast, when forage was available> copper had a
greater stimulatory effect (+3«^$)« Under these conditions.,, some of
the increase was also evident in the finishing period.

Average Daily Gain

Average daily gain was not affected by forage intake (Table 3)»
This suggests that the pig, when given the choice of eatirig a complete
mixed feed or growing legume forage, does not consume sufficient forage
to significantly reduce the intake of energy or other nutrients con-
tributing to rate of gain.

Copper, however, in both the presence and absence of forage sig-
nificantly increased rate of gain; the increase averaged 3«lj- a^d \^.^%9
respectively (Table £)• In the presence of forage, nearly all of the
increase occurred in the growing period; on barren lots some increase
also occurred in the finishing period. The effectiveness of this level

TABLE 5>»—Summarjr^of Performance ($ trials)

Effect of pasture
forage on

perf onnance (+ ox

Basal
ration

Basal
copper

Effect of copper
supplementation on
performance (* or ~)

With pasture Barren
forage lot

Av. daily feed consumed, Ib. -.26

Percent change -5.U3

.18

3.7*

+.16

+3.U*

+.08

+1.6$

Av. daily gain, Ib. +.02

Percent change +1.1

0

0

+ .05

+3.W

+.0?

Av. feed required/100 lb.gain,lb. -22

Percent change -6.6$

-12

-3.756

+1 -9

-2.1%

Feed cost/LOO Ib. gain -$0.66 -$0.36

Complete ration, based upon ration coat as indicated in Table it,
include value of pasture forage, where present.

Does not
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of copper as a growth promoter on pasture is therefore apparently not
solely related to the consumption of forage*

Feed Required per 100 lb. of Gain and Feed Cost

The amount of feed (mixed ration) consumed per unit of gain
decreased in the presence of forage (Table Ij.). Pigs fed the basal
ration ate an average of 23 and 20 lb, less feed per 100 lb. of gain
during the growing and finishing periods, respectively* Corresponding
savings for pigs when 125 ppra copper was added to the basal ration
were 17 and 9 lb* of feed in the two respective periods. Thus, in
some manner copper was interrelated with the effect of forage on feed
conversion, particularly during the finishing period*

A comparison of performance between groups of pigs with access
to forage, revealed that supplemental copper did not result in a saving
in feed per unit of gain* When pigs were on barren lots, copper
resulted in an average saving of 9 lb* per 100 lb* of gain (2.1%}.

Improved efficiency, in terms of the decreased amount of mixed
ration consumed when pigs had access to pasture forage, resulted in
an estimated saving of 66̂  and 36̂  per 100 lb* of live weight gain for
pigs fed the basal ration or this ration plus copper respectively*
The addition of copper also resulted in a saving in feed cost for pigs
on the barren lots amounting to 27̂  per 100 lb* of gain*

In these trials, the maximum amount of feed saved per pig where
pasture forage was available equaled 35*5 lb» At a feed cost of 3̂
per lb*, this would result in a saving of $1*09 per pig and can be
used as a guide for determining the feeding value of pasture for the
growing-finishing pig.

Swine Research* Research Summary 29-1* Ohio Agricultural
Research arid Development Center, ¥ooster* Ohio* August 1968,
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GROWING-FINISHING PIG RESPONSE TO HIGH LEVELS OF COPPER IN A
PROTEIN SUPPLEMENT FED FREE-CHOICE WITH CORN

E. S* Teague, A. P* Grifo, Jr*, and ¥* M. Palmer
Department of Animal Science

Ohio Agricultural Research and Development Center, Wooster

The feeding of higher than required levels of copper in complete
growing-finishing rations stimulates both rate and efficiency of gain.
Such a response has been well documented, particularly for supplemental
copper levels of 125 and 250 ppm. While it is common practice in the
United States to feed corn and a protein supplement free-choice, the
effectiveness of a high level of copper in such supplements has received
little attention* To obtain a comparable intake, the supplement must
contain higher levels of copper than those recommended for a complete
feed.

A study was undertaken to determine the response of the growing-
finishing pig to the addition of copper to a protein supplement* Copper
levels selected were those calculated to result in an intake of from
125 to 200 ppm in the total feed consumed (corn + supplement)*

EXPERIMENTAL PROCEDURE

The study consisted of three similar dry lot trials* Trial 1 was
initiated in May 1966, Trial 2 in November 1966, and Trial 3 in May
1967,

In each trial, 128 Duroc pigs from the Center!s herd were allotted
by sex and weight to 16 indoor pens* The pigs were from 7 "to 9 weeks
of age at the start and average initial weights were lj.1, lj.f>, and 52 Ib.
in Trials 1, 2, and 3, respectively* Shelled corn and protein supple-
ment were self-fed free-choice. Four lots of pigs in each trial received
the basal protein supplement or the supplement with copper sulfate
(CuSOk*£Eg; added at one of the following levels: 5, 6, or 7 Ib. per
ton, Burnishing approximately 625* 750* or 875 ppra added copper, respec-
tively* Composition of the basal protein supplement is shown in Table 1*

Liveweight, feed, and water consumption were determined at 2-week
intervals and the experimental period for each lot terminated at an
average pig weight of 208-212 Ib,

SUMMARY OF RESULTS

Average values for measurements taken in the three trials are
presented in Table 2* The growing period consisted of the first 56
experimental days and the finishing period from the 56th day to the end
of the trial.

Protein supplement consumption was decreased by the addition of
750 and 875 ppra of copper* In the growing period but not the finishing
period, as the intake of supplement declined, there was a compensatory
increase in the amount of corn consumed* Calculated crude protein
content of the total ration (corn -*• supplement) indicated that although
the free-choice intake of protein supplement decreased at the two



highest levels of copper addition, in no instance did the percent of
protein fall below recommended levels* The average intake of supple-
ment per pig during the growing and the finishing periods was nearly
equal in these trials*

During the growing period, copper consumption was within the
intended range (li]4, 1585 and 17k PP™)* yet the increase in rate of
gain was less than previously observed from the addition of 125 ppm
to a complete ration (OAES, Animal Science Mimeo 133-1* 1961|, and
OAKDC* Res. Summary 13, p. 9* 1966). Furthermore, contrasted to the
effectiveness of copper in a complete ration, there was no saving in
the amount of feed required per unit of gain*

In the finishing period* average copper intake fell to 85, 96,
and 106 ppm at the three supplemental levels (6255 750, arid 8?5 ppm).
In all instances, copper intake was associated with a uniform but small
decrease in average daily gain.

TABLE l ™ Q o

Ingredients

Soybean meal (50$) £9.00

Meat and bone scraps (5(3$) 18 ,50

Dehydrated alfalfSa meal (17$) 15.00

Di calcium phosphate 2.00

Ground limestone 2*00

Trace mineralized salt 2.#Q

Vitamin - zinc premise1-*2 ^1.00 <

100.00

Calculated crude protein, % 1*1.3

Merck B~vitamin supplement to supply 8*0 mg* of ribo-
flavin, Hi.7 wg. of d«pantothenic acid, 36.0 mg. niacin,-
and ijO.O mg, choline chloride per pound of supplement.
Fleischmann's irradiated yeast, type 9F, added to supply
700 I.U. of vitamin D2 per pound and zinc sulfete added
to supply Iti3 ppm* of zinc per pound of supplement.

2
Where included, copper sulfete was furnished in pelletized
form (Phelps Dodge, not less than 99$ CuSOj. * *> H20).



TABLE 2.--Summary of Results (average values for 3 trials)1

Copper Added to Protein Supplement, ppm.

Number of lots
Number of pigs at start

Consurapti on/pig/day, Ib.
Shelled corn

Growing period
Finishing period
Entire trial

Supplement
Growing period
Finishing period
Entire trial

Consumption of supplement as
a % of the total ration

Growing period
Finishing period
Entire trial

Calculated crude protein in total
ration (corn + supplement), %

Growing period
Finishing period
Entire trial

Added copper consumed on a total
ration basis (corn + supplement), ppm.

Growing period
Finishing period
Entire trial

Water intake /pig/day, gal.
Growing period
Finishing period
Entire trial

Average daily gain, Ib.
Growing period
Finishing period
Entire trial

Total feed/100 Ib. of gain, Ib.
Growing period
Finishing period
Entire trial

0

12
96

2.86
5.53
U.15

.8it

.82

.83

22.7
13.0
16.7

16.1
13.0
lit. 2

0
0
0

.95
1.3lt
l.U

1.37
1.76
1.56

2.68
3.61
3.19

625
12
96

2.96
5.U9
U.17

.85

.85

.85

22.6
13. h
17.1

16.1
13.1
Hi. 3

-Lhh
85

109

1.01
1.U7
1.23

l.itlt
1.73
1.58

2.66
3.65
3.18

750
12
96

3.02
5.55
it. 23

.78

.80

.79

20.7
12.6
15.8

15.5
12.8
13.9

158
96

121

1.00
1.U8
l.2h

1.1*2
1.72
1.57

2.67
3.68
3.20

875
12
96

3.10
5.51j
h. 27

.7k

.7k

.7k

19.5
11.8
lit. 9

15.1
12.6
13.6

17lt
106
133

.99
I.ii6
1.22

I.it3
1.73
1.57

2.68
3.6^
3.19

Grcwing period was the first $6 days on trial and the finishing period from
the 56th day to the end of the trial.



The addition of copper sulfate was associated with increased water
intake. Such an effect was previously noted following the inclusion
of 125 ppm of copper as copper sulfate In either a complete ration or
when an equivalent amount was added to the drinking water (OARDC, Res.
Summary 13, p* 9> 1966)*

In summary, copper as copper sulfate above a level of £ 1^*
ton of protein supplement decreased the free-choice consumption of
supplement and, on an equal intake basis, did not have as much influence
on pig performance as when included in a complete feed.

Swine Research* Research Summary 29-2* Ohio Agricultural
Research and Development Center, ¥ooster, Ohio* August 1968.



EFFECTS OF PANTOTHENIC ACID ON THE REPRODUCTIVE PERFORMANCE OF GILTS

W. M. Palmer, H. S. Teague, and A. P. Grifo, Jr.
Department of Animal Science

Ohio Agricultural Research and Development Center, Wooster

Pantothenic acid, one of the B-vitamins, becomes part of an enzyme
system in the body and therefore plays an essential role in many basic
biochemical and physiological reactions* A variety of symptoms can
occur if the vitamin is deficient in practical swine rations. These
are reported to include retarded growth, reproductive failure, skin
lesions, gastrointestinal upset, and lesions of the nervous system*
Growing pigs suffering from pantothenic acid deficiency have a scurfy
skin and thin hair, a brownish secretion around the eyes, gastrointes-
tinal troubles, slow growth, and incoordination of the hind legs result-
ing in what is referred to as t!goose-steppingTI.

Although pantothenic acid is widely distributed in foods of both
animal and plant origin, deficiencies can occur. It is therefore
commonly included in the vitamin supplementation of practical swine
rations. Furthermore, while the requirement of the growing-finishing
pig is believed to be quite well established, only limited research has
been done to determine the needs of the reproducing gilt or sow. The
National Research Council (Committee on Animal Nutrition 1961)-) recom-
mends that bred gilts and sows should receive 33 and 39 tug* of panto-
thenic acid per day, respectively.

Preliminary experiments were conducted to further study the effects
of pantothenic acid on the reproductive performance of gilts*

EXPERIMENTAL PROCEDURE

In two trials, gilts were individually fed al1-plant rations at
three different feeding levels (3, k> °̂  5 l"b» P^r day) with or without
supplemental pantothenic acid. The rations were formulated (using
starch additions) so that only energy intake varied among the three
levels of intake* Consumption of protein, minerals, and other nutri-
ents for all animals remained the same (Table l). By analysis, the
daily intake of pantothenic acid by gilts fed the basal ration was
8.14.2, 8.89« and 8.92 mg* per day for those on feeding levels of 3, ij.,
or 5 lb. per day, respectively. The single level of supplemental
pantothenic acid added to the feed of 31 gilts provided an additional
36 mg. of the vitamin per day.

Gilts were placed on the experimental rations 30 days prior to
initiation of breeding, were bred to two boars on the first day of
observed heat, and were slaughtered between the 108-llOth day of gesta-
tion. The reproductive tracts were recovered and returned to the
laboratory for examination. Blood samples were obtained at time of
slaughter for pantothenic acid analysis. 4t the 5 It* feeding level,
five control and five pantothenic acid supplemented gilts were allowed
to farrow and remain on the same ration treatments during lactation.

Performance measurements are summarized in Table 2.

-13-



TABLE 1.—Composition of Basal Rations

Ingredient

Ground shelled corn

Corn starch
Soybean oil meal (50$)

Dicalcium phosphate
Calcium carbonate
Trace mineralized salt (0.8^ Zn)

Vitamin premix (Merck 11J07A)1

Total

Calculated Daily Intake

Crude protein, Ib.

Calcium, gm.

Phosphorus , gm .

Metabolizable energy, Gal.

Bantothenic acid, mg.^

Feeding

3

70.26

-

21*. 31*

3.75

0.55
1.00

0.10

100.00

0.514
15.9
13.9
1*386

8.1*2

Level, (Ib.

1*

52.815

25.00
18.16

2.81

0.1*1

0.75

0.075

100.000

0.51*
15.9
13.9
5691
8.89

per day)

5

1*1.88

1*0.00
15.00

2.25
0.21

0.60

0.06

100.00

o.51i
15.9
13.9

7573

8.92

Added to give daily intake at all feeding levels of the following:
vitamin A, 9000 I.U.j vitaminJD2, 600 I.U.j riboflavin, 9*0 mg.j
niacin, U8.0 mg.

Determined by microbiological assay of feed. Where added pantothenic
acid (dextrorotatory) was supplied to furnish 36 mg. per day at all
feeding levels.





SUMMARY OF RESULTS

To the 110th day of gestation, pantothenic acid supplementation
of the all-plant breeding-gestation ration had no conclusive effect on
reproductive performance (Table 2). Furthermore, the combined average -
values for all feeding levels revealed that body weight gain of the
gilts during gestation, number of corpora lutea (a measure of ovulation
rate), and number or weight of live pigs (fetuses) at 110 days of gesta-
tion were not different due to pantothenic acid level-

Gilts which received 3 lb. of the basal ration per day, however,
possessed fewer corpora lutea (10.8 vs. lij-.O) and had fewer live fetuses
(8*0 vs. 8.8) at 110 da^s of gestation than the gilts which received
the pantothenic acid supplemented ration at the same level of intake.
Such differences related to pantothenic acid intake were not seen at
the two higher feeding levels.

Level of feed intake, irrespective of vitamin-supplementation,
resulted in some noticeable effects on performance. Average daily
gain and final body weight of gilts fed 3 lb* of feed per day were
significantly lower than at l± and 5 lb. per day. Average weights of
pigs (fetuses) from gilts at the lowest level of feed intake were also
lower than those from gilts at the two higher levels. There was a trend
toward lower ovulation rate in gilts at the lowest energy level..

The limited farrowing and early lactation information provided by
the five gilts on each ration treatment was inconclusive.. However,
there were no apparent deficiency symptoms observed in pigs farrowed
by gilts which had received the low pantothenic acid basal ration.

The level of free pantothenic acid in the blood of gilts fed the
non-supplemental basal ration decreased from 21.i^ micrograms per
100 ml. at the start to 5-5 micrograms per 100 ml. at 110 days of
gestation. During the same period, there was no significant change in
level of bound pantothenic acid in the blood. The physiological
significance of these two circulating forms of the vitamin, as they may
be related to function or symptoms of deficiency, is not known.

This preliminary study suggests that the feeding level of panto-
thenic acid now recommended for the gilt may be above that required
for the support of normal reproductive performance.

Swine Research. Research Summary 29-3• Ohio Agricultural
Research and Development Center, ¥ooster, Ohio* August 1968.



GLANDULAR DEVELOPMENT, HORMONAL RESPONSE, AND SEX ODOR AND FLAVOR
INTENSITY IN UNTREATED AND DIETHYLSTILBESTROL IMPLANTED BOARS

S* W. Echternkamp, H* S. Teague, R* P. Plimpton, Jr*,
A. P. Grifo, Jr*, and V. R. Cahill

Department of Animal Science
Ohio Agricultural Research and Development Center, Wooster

Because of'an offensive aroma and flavor in meat from the boar,
their greater efficiency and superior carcass merit /have not been
utilized in pork production* In earlier research,—/ the implantation
of 96 mg* of diethylstilbestrol (DES) at a live weight of 155 lb.
suppressed odor and flavor to a live weight of 260 lb* While the mode"
of action of DES was not determined nor was the practical 'application
of this method of control suggested, results indicated that the o-lor
causing mechanism could be temporarily suppressed or its development
delayed* Furthermore, after reaching breeding age> such DES-treated
boars were successfully used to breed gilts, indicating that there was
no permanent reduction in fertility.

In the current study, the time of appearance and intensity of sex
odor and flavor.were related to the development of the adrenal, thyroid,
pituitary, testes, epidid;ymis, seminal vesicle, prostate, Cowper's
and thymus glands, and to total androgen and estrogen blood plasma levels
in normal and DES-implanted boars*

EXPERIMENTAL PROCEDURE

Two trials utilizing lOij. Duroc boars from the Center's herd were
conducted* Experimental design was as follows:

TRIAL 1:

Prom a group of Ifi). boars, four were randomly selected and
slaughtered at li|, 16, 1?, 18, 19, 20, 21, 22, 23, and
weeks of age*

1Cahill, V. R., H* S. Teague, L. E. Kunkle, A.* L* Moxon, and E* A*
Rutledge* I960* Measurement of, and ways of affecting, sex-influenced
performance of growing-finishing swine. J. Animal Sci* 19:1036*

Teague, H. S., V. R. Cahill, R* P. Plimpton, Jr*, A. P. Grifo, Jr*,
and L* E* Kunkle* 1962. Influence of diethylstilbestrol implantation
and hydro-cortisone acetate feeding on growth and carcass characteristic
of bpars* OAES, Animal Sci. Mimeo 12?, p*l.

Teague, H. S., R. P. Plimpton, Jr*, V. R. Cahill, A. P. Grifo, Jr*,
and L. E* Kunkle*. 1961).* Influence of diethylstilbestrol implantation
on growth and carcass characteristics of boars* J* Animal Sci* 23^332*

Plimpton, R. P. Jr*, V* R. Cahill, H* S. Teague, A. P. Grifo, Jr*,
and L. E* Kunkle* 196?* Periodic measurement of growth and carcass
development following diethylstilbestrol implantation of boars. J*
Animal Sci* 26(6):1319.
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TRIAL 2;

Treatment and Number of Boars

Slaughter Weight, Ib.

130

155*

180

205

230

255
280

Control

5

5

5

5

5

5

5

DBS (96 mg. )

-

-

5

5

5

5

5

"As individual boars reached this weight, 25 were
implanted with 96 rag. of DBS and 25 were designated as
controls -

In both Trials 1 and 2, the weight of the following organs was
determined at slaughter: adrenal, thyroid, pituitary, testes,
epididymides, seminal vesicles, prostate, Cowper's, and thymus glands„
An organoleptic evaluation by a six-member taste panel was used to
determine sex odor and flavor scores on chops removed at the 10th rib.
In Trial 2, blood plasma was analyzed for androgen activity by chick
comb assay and estrogen activity by mouse uterine assay*

SUMMARY OF RESULTS

In both trials, taste panel evaluation indicated that the rate of
development of both sex odor and flavor was similar and appeared to be
related to the same compound(s) present in the meat. In Trial 1, sex
odor scores were positively correlated with body weight, age, and weight
of thyroid, pituitary, testes, epididymides, seminal vesicles, prostate,
Cowper's, and adrenal glands* In the same trial, sex flavor showed a
significant relationship to only adrenal, thyroid, and prostate weight.

Trial 2 data are summarized in Table 1* A least squares statistical
analysis was used to remove differences caused by age and litter. There
was a positive correlation between plasma androgen level and both sex
odor and flavor and between sex flavor and weight of testes and Cowperrs
glands.

Implantation of 96 mg. of DES at 155 l"b* live weight suppressed
sex odor and flavor until a slaughter weight of 280 Ib*

DES treatment also resulted in a general reduction in plasma
androgen activity and, with the exception of the epididymides and
adrenal glands, gland weight. The reduction, however, was statistically
significant for only sex odor, sex flavor, and prostate weight.



TABLE 1* --Average Sex Odor
and Gland Weight

and Flavor Scores, Plasma Androgen and Estrogen Activity
(Trial 2) , Adjusted for Age and Litter Effect1

Slaughter Weight

Characteristic

Sex odor^

Sex flavor ̂

Plasma androgen^

Plasma estrogen

Adrenal glands, gra.

Thyroid, gm.

Pituitary, gm.

Testes, gm.

Epididymides , gm.

Seminal vesicles, gm.

Prostate, gm.

Cowper's glands, gm.

Thytrms , gm .

Treatment

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 rag. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

Control
96 mg. DES

180 Ib.

Iu71
3.76

U.75
U.27

1.533
0.715

0.059
0.038

U.170
I*. 830

it. 865

0.21*1*
0.231*

269.3
229.3

1*7.90
53.72

1*3*78
29.66

11.31
11.61

70.75
58.15

2:S

205 Ib.

U.Ol
3.29

Iu23
3.62

1.170
1.1*19

0.032
0.01*2

U." 687

5.81*0
6.122

0.269
0.270

311.8
30i*.0

67.97
81.67

86.28
59.83

10.1*9
11.06

101*. 38
97.73

71.27

230 Ib.

it. 62
3.63

it. 71*
3,69

1.013
0.812

0.030

0.035

it. 81*1
5.l5b

6.288
6.688

0.233
0.266

361.9

96.67
99.83

77.21
71.71

15.11
10.85

ill*. 75
117.79

83.69
76.62

Group^

tt< Ib.

it, 90

5.53
1*.88

1.062
1.020

0.01*1*
0.033

5.218
5.088

8.021
7.102

0.277
0.285

601*. 1
57lt.l

100.69
113.00

91. =7
108.39

18.28
16.37

161*. 95
157.05

76.25
63.15

280 Ib.

5.06
3.90

6.1*0

1.871*
2.101*

0.052
0.01*9

it. 951
5.596

8.1*79
7.235

0.319
0.37?

689.0
661.9

11*1. 61*
121*. 90

ma. 98
121.97

17.1*6
15.60

229.13
178.51

76.07
61.83

Treatment
means

3.^3

h! 21*

1.330
1.176

0.01*3
0.039

14.731*
5.071

6.699
6j*71

0.268
0.286

££2
90.97

88.77
78.31

1U.53
13.01

136.79
121.85

75.96
73. ho

Double underscored means different at P <«01 and single underscored means at P<.0C? level of
significance.

?
Five animals were slaughtered within t 5 Ib. of the designated slaughter weight.

Score range, 1 *• none; 10 • very strong (condemnation level considered to be ̂ .̂  and above).

Testosterone equivalent (meg.) per 100 ml. of plasma.

^ Estrone equivalent (meg.) per 100 ml. of plasma,
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These results indicate that the development of sex odor and flavor
is influenced by the sexual development or maturity of the boar. If
DES suppressed odor and flavor by retarding development of the male
reproductive system, the degree of suppression was small, with the only
exception being the significantly lower prostate gland weight following.
DES treatment.

Swine Research. Research Summary 29-I|-* Ohio Agricultural
Research and Development Center, Wooster, Ohio. August 1968*
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ADDITION OP LARD, MON OS ODIUM GLUTAMATE WITH RIBOMJCLEOTIDES ,
FORMIC ACID, OR ACETIC ACID TO AN EARLY CREEP FEED!/

A, P, Grifo, Jr., H. S. Teague, and W. M* Palmer
Department of Animal Science

Ohio Agricultural Research and Development Center, Wooster

Suckling pigs should be offered a palatable early creep feed
within 1 to 2 weeks after birth. The amount eaten is small and, at
this early age, palatability of such supplemental feed is of prime
importance* Using 2 to 5 weeks of age as the test period, a number
of ingredients and additives have been studied for their effect on
consumption. (OAES, Animal Science Mimeo No. 112, 195>8; 120, I960;
127* 1962; and 133* 19614.*) A low percentage of lard proved to be one
of the more effective ingredients and has therefore been investigated
further.

Both odor and flavor may play a role in determining the accept-
ability of an early creep feed. By human standards, monosodium
glutamate (MSG-) and certain ribonucleotides have been successfully
used to enhance the flavor of food. In view of this, their combined
addition at low. levels to an early creep feed was observed. Two of
the primary classes of odor, "pungent" and "cultured product", can be
simulated by formic and acetic acid, respectively. The influence of
these two acids on palatability was therefore also studied.

EXPERIMENTAL PROCEDURE

Duroc sows and litters were confined to outdoor concrete-floored
lots with groups of two to five litters of similar age per lot. Each
group of pigs was offered creep feed in mep,l form for a 3-week period
from an average age of ll| to 35 days* Modified self-feeders were used
as creep feeders with wooden platforms placed beside each feeder*
Fresh water was available continuously. Sows were hand-fed twice daily
in troughs raised to discourage pigs from consuming sow feed.

Composition of the basal creep feeds is shown in Table 1.

Pigs were weighed at the beginning and end of the 3-woek period
and feed consumption was determined for the entire period.

Experiment I. Addition of 10$ Lard,

Eighty-one litters farrowed in three seasons (1961]- fall, 1965
spring, and 1965 fall) were randomly assigned to 'treatment groups and
the pigs were offered either the basal creep feed or feed including
10$ edible grade lard. A summary of results is shown in Table 2.

Appreciation is expressed to Dr. W. J* Harper, Dept. of Dairy
Technology, for aid in selecting odor-simulating chemicals and to
International Minerals and Chemical Corporation for furnishing mono-
sodium glutamate and ribonucleotides.
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TABLE l.~Composition of Basal Early Creep Feed (Percent)1

Experiments
^ lj 2 and li Experiment 3

Steamed rolled cats 63.60 66.3

Cracked corn 31.7r> 13*3

Dried fish solubles (Dynasol) ii .OO

Traoe mineraliaod salt O.hO O.li

Aureomycin-sulfamethazirie-penicillin (ASP-2?0) 0.2S

100,00

1When 10% lard was added it replaced 6.1% rolled oats and 3.3%
corn* An antioxidant, butylated hydroxy toluene (BHT), was added
at the rate of 1/1+ lb* per ton of feed*

Experiment II*
Addition of Monosodium G-lutamate (MSG) and Ribonucleotides.

Eighty-five litters farrowed in two seasons (1966 spring and 1966
fall) were used to observe the effect of a food enhancer MSG- + ribo-
nucleotides at the 0*15$ level on feed consumption'. The blended
material contained 98̂  MSG and 2% riboriucleotides and replaced corn
in the ration* The enhancer was premixed with corn before incorpora-
tion into the total feed* Results are presented in Table 3*

Experiment III* Additionof Formic and Acetic Acid*

Fourteen 19&7 spring litters were used in a preference trial to
measure the influence of different levels of formic and acetic acid
on feed consumption. Pour feeders containing the different formula-
tions were placed in each lot and their positions were rotated weekly*
To further simplify the basal ration, fish solubles and ASP-250 were
omitted* Levels of two acids were as follows:

Lot 1 - Basal and 0.1. 0*3, and 0*5% formic acid

Lot 2 - Basal and 0*3* 0*6, and 0*9% formic acid

Lot 3 - Basal and 0*7> 1.1, and 1*5% acetic acid

The acids were premixed in corn and, to prevent the escape of the
odor, the complete mixed feeds were stored in plastic bags* Results
are summarized in Table If.*
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Experiment IV. Addition of Formic Acid.

The effectiveness of formic acid in an early creep was further
evaluated using l£, 196? fall farrowed litters- The basal creep feed
and feed containing 0*35 0*6, or 0+9fo formic acid were made available
in each lot. The four feeders we're rotated weekly. A summary of
results is shown in Table £.

SUMMARY OP RESULTS

Early creep feed containing 10$ lard was consumed in greater
quantity than the basal in each of three seasons (Table 2). Combining
data for all comparisons showed that an average of 1.08 Ib* more of
the feed containing lard was consumed in the 21-day period.

TABLE 2»— Addition of 10% Lard ̂ Experiment I)

Number

Creep Feed

Basal

Basal + lard

Basal

Basal + lard

Basal

Basal + lard

Litters

Hi

11

12

15

ill

15

Weighted average - all

Basal

Basal + lard

ho

1*1

Pigs

120

120

lit?

138

108

120

seasons

375

378

Av. 21-day Creep Feed Av. 21-day Pig
Consumption/pig, Ib. Gain, Ib.

1961j fall

6. Oli 13.0

8.07 Uu7

1965 spring

5.61 13.2

6.65 12.7

1965 fall

5.ii3 13.0

5.63 13.it

5.70 13.1

6.78 13.5
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While lard again proved to be a palatable ingredient, factors
to be considered when adding this level are the cost of lard, the
addition of an antioxidant to prevent rancidity and, at low tempera-
tures, caking of the feed which will prevent its free flow in a self
feeder.

The combination of monosodium glutamate (MSG) and ribonucleotides
at the level used did not increase creep feed consumption (Table 3 ) «

Results of Experiment III provided no conclusive evidence of the
merit of formic or acetic acid addition*

In Experiment IV, when formic acid was added to the more complete
basal feed (including dried fish solubles and ASP-2£0), there was some
evidence that pigs preferred all feeds containing formic acid to the
basal feed.

TABLE; 3.•Addition of MSG * Ribonucleotides (Experiment II)

Ntunber
Av. 21-day Creep Feed Av» 21-day Pig

Creep Feed Litters Pigs Consumpti on/pig, Ib. Gain, lb.

Basal

Basal + MSG and
ribormcleotides 16 137

1966 spring

3.85

3.12

10.8

10.3

1966 fall

Basal

Basal + MSG and
ribonucleotides

23 201

22 201

5.05

k.ho

11.9

10.8

Weighted average - both seasons

Basal kl 395

Basal -i- MSG and
ribonucleotides 38 338 3.93

il.U

10.6

-2k-



21-Day Free-Choice
Consumption of Creep

Feeds, lb»

LOT 1

Basal
0.1% formic acid
0.3$ formic acid
0.5$ formic acid

75.5
8.5
17.0
76.0

Total consumption, all feeds, Ib. 177*0

Number of litters 5>
Number of pigs ii8
Average consumption of all feeds/pig,lb. 3.69
Average 21-day gain, Ib. 10.h

LOT 2
Basal
0.3$ formic acid
0.6% formic acid
0.9$ formic acid

Total consumption, all feeds, Ib.

Number of litters %
Number of pigs Ii6
Average consumption of all feeds/pig5lb. 2,60
Average 21-day gain, Ib. 9*1

LOT 3
. Basal

0.7$ acetic acid
1.1$ acetic acid
1.5$ acetic acid

Total consumption, all feeds, Ib. 98.5

Number of litters h
Number of pigs 1*2
Average consumption of all feeds/pig, Ib. 2.3k
Average 21-day gain, Ib. 8.it



of Formic Acid (Experiment IV)

21-day Free-Choice
Consumption of Creep

Feeds. .b,

Basal 59,9

0.3$ formic acid 80*5

0.6$ formic acid 117.3

0.9% formic acid 102.3

Total consumption, all feeds, Ib. 360.0

Number of litters 15

Number of pigs 133

Average consumption of all feeds/pig, Ib. 2.71

Average 21-day gain.. Ib. 9.h

Swine Research* Research Summary 29~5* Ohio Agricultural
Research and Development Center, Wooster, Ohio* August 1968,
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