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AREAS OF SWINE RESEARCH—1972

The following areas of investigation comprise the major current research effort
in the Departments of Animal Science, Agricultural Engineering, Veterinary Science,
and Agricultural Economics and Rural Sociology. Inquiry concerning research findings
should be directed to the department concerned.

Animal Science

1. The Value of a Feed In Paste Form for Growing-Finishing Pigs (in coopera-
tion with Agricultural Engineering). Application: To provide a means for mechan-
ized delivery of a paste-consistency feed which will promote improved pig perform-
ance.

2. The Effect of Heat Stress on Breeding-age Boars (in cooperation with Agri-
cultural Engineering). Application: To understand the nature and degree of infer-
tility caused by varying intensities and durations of heat exposure. The breeder
could then be advised of how much protection from heat is required for the boar and,
if exposure occurs, when to expect an influence on fertility.

3. The Effect of Constant and Variable Heat Stress on Gilts (in cooperation
with Agricultural Engineering). Application: To determine how reproductive func-
tion is influenced by the high temperatures encountered during the summer in Ohio.
Such information is needed for design of the necessary environmental control for
the breeding herd.

4« The Effectiveness of High Levels of Copper in Feed for Growing-Finishing
Pigs. Application: To determine the response to high-level copper supplementation
under different conditions of feeding and management. Copper may be a satisfactory
replacement for certain antibiotics withdrawn from use in feed,

5* Estrus Synchronization and the Artificial Insemination of Sows. Applica-
tion: To determine a method for bringing all sows into heat at a pre-determined
time. This would be used In conjunction with artificial insemination. Such a
system will save labor and reduce the farrowing interval.

6. Whole Fish Meal (Meal plus Solubles) as an Ingredient in Breeding-Gestation
Diets, Application: To determine the nutrient contribution of a whole fish meal to
reproductive performance.

7* utilization of the Boar as a Meat-producing Animal. Application: To de-
termine ways of eliminating castration and the characteristic odor and flavor of
boar meat. Such a procedure would allow the industry to utilize the greater effi-
ciency and leanness of the boar in pork production.

8. Protein Nutrition of the Reproducing Sow (Western Branch). Application:
Litter size and birth weight is satisfactory with low-protein diets. Litter wean-
ing weights, however, have been poor when sows have been fed low-protein diets.

9. Selenium and Vitamin E Needs of Swine (Western Branch). Application:
Losses are occurring in Ohio commercial herds due to a selenium and/or vitamin E
deficiency. Analyses of diet ingredients have shown that Ohio is in a selenium de-
ficient area. The roles of selenium and vitamin E in swine growth and reproduction
are being investigated.
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10. Limit-feeding of Sows During Gestation (Western Branch). Application:
During pregnancy, 4 Ib. of feed per sow per day, individually fed, results in satis-
factory gestation and subsequent lactation performance. Methods of limiting the
time spent in feeding pregnant sows by feeding at less frequent intervals or vary-
ing the quantities of feed offered are being investigated.

11. Protein Needs of the Meat-type Pig and Boar (Western Branch). Applica-
tion: The changing carcass composition of the well-muscled, low-fat growing-finish-
ing pig and boar suggests the need for a higher dietary protein level. Optimum
dietary levels for maximum muscle development in these animals are being determined
at various stages of growth.

12. Calcium and Phosphorus Requirements of the Meat-type Pig (Western Branch).
Application: In high protein diets for the meat-type pig, larger quantities of cal-
cium and phosphorus are being supplied from plant sources. The availability of
minerals is, however, lower from plant sources than from inorganic sources. Opti-
mum dietary calcium and phosphorus levels for the meat-type pig being fed high-pro-
tein diets are being investigated.

13. Evaluation of Commercial Opaque-2 (High-Lysine) Corn Varieties for Grow-
ing-Finishing Swine (Western Branch). Application: Several commercial varieties of
opaque-2 (high-lysine) seed corn are now available to farmers. A parent variety has
been crossed with various commercially available varieties to increase corn yields,
However, this has lowered the quantities of certain amino acids needed by swine. In
feeding trials, a few of the opaque-2 varieties are being compared with conventional
corns.

14. Selection for Leanness in Swine (Western Branch). Application: To clar-
ify the desirability of selection for lean growth vs. lean percent in terms of total
efficiency of pork production.

15. Interaction Between Protein Level of the Ration and Genetic Differences
in Leanness in Swine (Western Branch). Application: Will furnish information on
desirable protein levels for finishing swine that differ genetically in lean-fat
ratio.

16. Molds (Fungi) in Swine Feeds (Ohio State University). Application: Field
and storage molds (fungi) of corn which may produce toxins. Conditions under which
the molds grow and ways of alleviating the effects of the toxins on swine are being
studied,

Ag r i c u 1t u ra 1 E ng i ne e ri ng

1. The Design and Development of Equipment and Systems for the Mechanized
Feeding of Paste Feed to Growing-Finishing Pigs and Early Weaned Pigs (in coopera-
tion with Animal Science). Application: To improve pig performance and labor/man-
agement efficiency by the use of mechanized, automatic paste feeding systems.

2* Measurement of the Effect of Heat Stress on the Reproductive Performance
of Boars and Gilts (in cooperation with Animal Science). Application: To under-
stand the physiological mechanisms by which heat stress of various degrees and lon-
gevities affect the reproductive efficiency of swine and attempt to design buildings
and systems to alleviate these stresses.
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3. Study of the Energy Utilization for Body Temperature Control and Produc-
tion in Swine (in cooperation with Animal Science). Application: To understand the
physiological mechanisms by which pigs maintain their body temperatures by using
different percentages of feed intake energy for temperature control under various
environmental conditions. A better understanding of this should form the basis for
better housing specifications, better feed efficiencies, and perhaps a guide to bet-
ter genetic selection.

4. Study of the Management and Disposal of Wastes from a Swine Confinement
Operation (in cooperation with OSURF, EPA, and Botkin Feed Company; E. P. Taiganides,
Agr. Engr. Dept., OSU, Columbus, Ohio 43210 in charge). Application: To demon-
strate a complete package system for handling and treatment of swine wastes from a
total confinement management system.

Vetennary Sclence

1. Factors .Involved 112 the Incidence of Diarrhea of Baby Pigs Caused by E.
Coli. Application: To reduce baby pig death and performance losses through the
use of better immunizing and treatment methods.

2. The Response of the Developing Porcine Fetus to Viral Agents. Application:
To clarify 'the part that viruses may contribute in reproductive performance and
fetal losses and to develop new diagnostic techniques for evaluating field cases
for infectious or non-infectious factors involved in the problem of swine reproduc-
tion and abortion.

3. Swine Internal Parasite Control. Application: Evaluation of various com-
pounds used in feed and water for the control of internal parasites.

4* Developing Immunization Procedures Against Transmissible Gastroenteritis
(TGE) of Swine. Application: To determine effective procedures for vaccinating
pregnant swine so as to provide protection of suckling pigs against TGE.

5. Determine the Mechanism by Which Milk Antibodies Can Protect Suckling Pigs
Against Intestinal Infections* Application: To determine the role of different
types of antibodies (protective substances) in milk in providing protection against
intestinal infections.

6. Determine the Transmissibility, Incubation Period, and Mortality of Swine
Dysentery. Application: Certain characteristics of swine dysentery are being in-
vestigated under experimental conditions.

Agri cu 1 tural Economl cs and Rural Socio1 ogy_

1. Study of the Current Trends in the Swine Business Through the Annual Year-
End Farm Business Analysis Program. Application: To demonstrate the variation in
costs and avenues to higher returns in the swine business through economic analysis
of the swine enterprise, including annual comparison of the high 25 percent income
swine farms with the low income 25 percent.

2. Economic Planning of Your Pork Production System. Application: To demon-
strate a system of budgeting in planning swine building investments.

3. Ohio Livestock Marketing Trends* Application: To illustrate the swine
marketing trends in Ohio by counties and feeder pig marketings by counties.
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4. What to Pay for Feeder Pigs. Application: To demonstrate a method to de-
termine the top prices a farmer can pay for feeder pigs and still break even.

5. Income Tax Management for Farmers. Application: To understand the princi-
ples of income tax reporting in order to minimize the farmers1 tax liability.

6. Feeder Pig Production Opportunities in Southeastern Ohio. Application:
Development of a budget to help analyze feeder pig production programs.

Ohio Swine Research and Information Report—1972. Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972,
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R.S. 61-2

HIGH LEVELS OF COPPER IN PASTE FEED
FOR GROWING-FINISHING PIGS

H. S. league, A. P. Grifo, Jr., and W. L. Roller
Departments of Animal Science and Agricultural Engineering

Ohio Agricultural Research and Development Center

The merit of blending one part of dry feed with 1.2 to 1.5 parts by weight of
water to form a paste feed for growing-finishing pigs was further investigated.
Under this project, experimental blending, delivery, and feeding systems have been
developed, including automated feeders for self feeding. Such blends of feed and
water are not liquid but are of paste consistency and can be pumped through pipe or
hose to the feeding area. The amount of water furnished does not meet the pigfs
daily requirement. Prior progress reports related to feeder design and feeding
trials include: Ohio Report 49 (5), 1964; OARDC Research Summary 13, July 1966;
Agricultural Engineering, 48 (2) p. 82, 1967; OARDC Animal Science Mimeo 201, Dec,
1970; and Agricultural Engineering* 52 (4) p. 190, 1971.

In prior trials there has been a consistent increase in the consumption of
paste feed compared to the same feed in dry form. Increased feed intake has also
been correlated with significantly faster weight gains. Efficiency of feed conver-
sion appeared unaffected by the consumption of such a feed-to-water blend and, with
feed consumed calculated on an air-dry basis, there was a slight increase in the
total water to feed ratio.

In trials being reported, the effects of protein level and high levels of cop-
per in a paste feed were measured.

Experimental Procedure

Three growing-finishing trials were conducted. Duroc pigs were allotted to
treatment groups based upon litter, sex and initial weight. Age at the start of
the trials ranged from 7 to 9 weeks. Dietary treatment, number of pigs per lot and
form of feed were as follows:

Pigs per Lot Form of Feed Dietary Treatment
Trial 1

Lots 1 and 2 25 Dry High protein basal
Lots 3 and 4 25 Paste High protein basal

Trial 2
Lot 1 22 Dry Basal
Lot 2 22 Dry Basal + 125 p.p.m. added copper
Lots 3 and 4 (Replicate of Lots 1 and 2 with feed in paste form)

Trial 3
Lot 1 15 Dry Basal
Lot
Lot

JL X<J* *-' •*• J JL*C**.J C* JL

2 15 Dry Basal + 125 p.p.m. added copper
Lot 3 15 Dry Basal + 187.5 p.p.m. added copper
Lot 4 15 Dry Basal + 250 p.p.m. added copper
Lots 5-8 (Replicate of Lots 1 through 4 with feed in paste form)

Formulation of the diets is presented in Table 1. Oats and corn were finely
ground. Copper, where added, was in the form of palletized copper sulfate
(CuS04'5H20). To form the paste feed, water was blended with feed once daily. The



TABLE 1.--Percentage Composition of Piets

Trial 1
Ground shelled corn
Soybean meal, 49%
Meat scraps, 50%
Dehydrated alfalfa meal, 17%
Dicalcium phosphate
Trace mineralized salt + zinc sulfate*
Vitamin-antibiotic-antioxidant**
Pro-Gen (arsenilic acid)t
Limestone

Calculated crude protein, %

Growing

74.19
17.92

3.84
2.50

.35

.52

.13

.05

.50
100.00

17.7

Finishing

78.75
14.00

3.00
2.50

.50

.52

.13

.60
100.00

15.9

*Provided 80 p.p.m. zinc,
**Provided per ton of feed: aureomycin, 10 gm; zinc bacitracin, 3 gm; penicil-

Tin, 1 gm; vitamin $2> 180,000 IU; vitamin B ]2* 18 mg; riboflavin, 5.4 gm; panto-
thenic acid, 10 gm; niacin, 25.4 gm; choline, 27,0 gin and BHT (an antioxidant),
114 gm.

tProvided 90.8 gm arsenilic acid per ton.

Trial 2
Ground shelled corn
Soybean meal, 49%
Meat scraps, 50%
Steamed bone meal
Limestone
Trace mineralized salt
Vitamin-zinc premix*

Calculated crude protein, %

78.81
13.29
6.40
1.00
„
.40
.10

100.00
16.0

83.38
10.26
4.30
1.00
.56
.40
.10

100.00
14.1

^Provided per ton of feed: riboflavin, 5.0 gm; pantothenic acid, 9.3 gm;
niacin, 22.7 gm; choline, 25.2 gm; vitamin B^* 20 mg; vitamin ̂  405,000 USP
units; zinc, 50 p.p.m.

Trial 3

Ground shelled corn
Soybean meal , 49%
Ground limestone
Di calcium phosphate
Iodized salt
Trace mineralized salt (CCC 35C-95)*
Vitamin mix **

Calculated crude protein, %

Growing and
finishing

82.80
14.98

.75

.85

.50

.05
,07

100.00
14.65

"^Provided p.p.m.: iron 40, zinc TOO, uanganese^2775, iodine 0.75 and
cobalt 0.5

**Provided per ton of feed: vitamin A, 2,000,000 IU; vitamin D?, 400,000 IU;
riboflavin, 4.0 gm; pantothenic acid, 10.0 gm; niacin, 20.0 gm; vitamin B 1 2» 10.0 mg,
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ratios of water added to feed (by weight} In Trials 1, 23 and 3 were 1.37:1, 1.25:1,
and 1.17:1, respectively. The paste feeders used were a modification of the design
for an automatic self-feeder described in Ohio Report 54 (5), p. 77, 1969. Delivery
to the feed troughs is electrically controlled and the feed in all troughs must be
consumed before more feed is delivered. Standard Smidley self-feeders, carefully
adjusted to prevent wastage, were used for dry feed.

Total water consumption was measured and live weights were obtained at 2-week
Intervals. Measurement of the response to graded levels of copper supplementation
in Trial 3 was part of a coordinated effort in the North Central Region. The ob-
jective of this regional effort has been to determine the effectiveness of copper
in growing-finishing feeds as normally fed in dry form. A number of research cen-
ters are conducting similar trials using the same basal diet. In this trial, the
same diet, containing 14.65% crude protein, was used throughout both the growing
and finishing periods. Terminal liver copper levels were measured.

A summary of performance in Trials 1 and 2 is shown In Table 2 and Trial 3 in
Table 3. Liver copper analysis is presented in Table 4.

Summary of Results

In all trials, pigs ate more of the feeds in paste than In dry form. The in-
crease was similar in the presence of higher dietary protein (Trial 1) and copper
supplementation (Trials 2 and 3). Pigs offered a feed In paste form also gained
faster than those fed the same feed dry, the average increase being approximately
0.2 Ib. per day.

Stimulation of gain from the addition of copper was greater when it was added
to the paste feeds and all three levels of copper supplementation In Trial 3 were
of equal benefit. Analysis for copper in the liver (Table 4) showed that the ad-
dition of 1 Ib. of CuSG "SHU^Q (125 p.p.m.) resulted in very little average increase
in copper liver level. When 187.5 p.p.m. was added, liver storage was more than
doubled and 250 p.p.m. (2 Ib. per ton) caused a 16-fold increase.

While efficiency of feed conversion was affected little by the wet or dry
forms of the feed, paste-fed pigs were somewhat more efficient in Trial 1 and less
efficient in Trial 2. In Trial 3, efficiency was improved by all levels of copper
but appeared unaffected by form of feed.

Total water consumed (that added to the feed plus what was drank) was in all
cases greater for paste-fed animals. Because of their greater intake of feed (dry
matter) some increase might be expected. However, the ratio of total water to feed
consumed was in all but one instance also Increased for paste-fed pigs, indicating
that there was a greater voluntary intake of water in relation to feed.
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R.S. 61-3
EFFECTS OF VITAMIN AND MINERAL DELETIONS IN

SWINE DIETS AND SUBSEQUENT FEEDLOT PERFORMANCE

D. C. Mahan and J. H. Cline
Department of Animal Science

Ohio Agricultural Research and Development Center

Corn is generally the cheapest and most plentiful cereal grain in the Midwest,
and hence constitutes the major feed ingredient in swine diets on Ohio farms.
There are, however, several nutrient deficiencies present in corn which dictate
that some form of nutritional supplementation be made to the ration offered the
animal.

In past years, swine diet formulations have included such feed ingredients as
alfalfa meal, meat and bone products, etc. These feed ingredients are not essen-
tial in the diet if proper fortification of protein (amino acids), vitamins, and
minerals is supplied. This has resulted in swine diets becoming more simplified
with the use of fewer feed ingredients. Today, the use of a corn-soybean meal (SBM)
diet fortified with vitamins, minerals, and antibiotics generally constitutes the
lowest feed cost for swine and results in satisfactory feedlot performance.

Because diets have become more simplified, the inclusion of each ingredient in
every batch of feed mixed is of extreme importance. For example, we must rely al-
most entirely on the vitamin mix to supply many of the essential vitamins that the
pig needs for optimum growth and development. The same is true for protein (amino
acids) and macro- (major) and micro- (trace) minerals.

Commercial supplements are available to the swine producer which contain ade-
quate levels of vitamins, minerals, and protein (amino acids) and which, when added
to corn, will result in optimum performance. The ratio of these commercial sup-
plements to corn will vary with different stages of development, but when directions
are followed, the mix will generally provide adequate quantities of nutrients and
result in satisfactory performance.

Many swine producers find, however, that they can prepare swine feeds with the
aid of on-farm grinders and mixers more economically than purchasing them commer-
cially. This practice, however, necessitates adhering to a few mixing rules and
maintaining an inventory of several feed ingredients. Feed formulas are available
which will result in optimum growth rates, provided that the diets are adequately
prepared.

Feed ingredients used in small amounts (e.g., vitamins, minerals, antibiotics)
should be premixed into larger batches with ground corn or SBM prior to dumping into
the mixer to insure proper mixing. The ingredient used in largest quantity should
be added to the mixer first, followed respectively with those of lesser quantities.
The feed should then be mixed for the correct length of time so that it will be
properly blended. Diets which are not mixed for adequate lengths of time will not
be correctly blended, while those mixed for longer periods than desirable will have
a tendency for the ingredients to separate. In general, a mixing time of 10 to 15
minutes is adequate for most on-farm mixers.

Appreciation is expressed to Larry Mangan (swine herdsman), Steve Locke and
Jim Foster (farm manager) for their help in conducting this research at the Western
Branch, South Charleston, Ohio.
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Since more simplified diets are used by today!s swine producer and more hogs
are continually being raised under confinement conditions, this experiment was de-
signed to demonstrate the relative importance of vitamin and mineral additions to
swine diets.

Experimental Procedure

eighty crossbred pigs were allotted to two replicates by litter, weight, and
sex to evaluate the effectiveness of vitamin and mineral fortification of swine
diets. The hogs were housed in portable shelters under confinement conditions on

TABLE 1.--Percentage Composition of Experimental Diets,

Growing period Finishing period
Ingredient (40-120 Ib.) (120-200 Ib.)

Corn, ground
Soybean meal, kh%
Dicalcrum phosphatea>b
Limestone*5 »c

Trace -mineral saltd»e

Vitamin mix 100f»g

Antibiotic11

Total

75.85
21.140
0.90
1.00
0.50
0.10
0.25

100.00

8̂ .75
12.80
1.05
0.70
0.50
0.10
0.10

100.00

Protein, %
Ca, %
P, %

16.02
o.6k
0.50

13.00
0.5^
0.50

al}smafos: Ca = 20-21$, P « 18.3$.

T̂hese ingredients were deleted in the diet of treatment U.

cCa = 37%.

xhe trace minerals were deleted in the diet of treatment 3»
Salt was provided in the diet of treatment 3 at 0.35$.

elhe TM-salt provides the following per Ib. of feed when added at
0.5Gfo of the diet: Copper, 10 ppm; iron, 100 ppm; iodine, 0*2
ppm; manganese, hO ppm; zinc, 120 ppm. The salt (KaCl) content
of the TM-salt premix is 85.45$.

fVitamin mix 100 was deleted in the diet of treatment 2.

%itamin mix 100 provides the following per Ib. of feed when
added at 0.10$ of the diet: Vitamin A, 1000 I.U.; vitamin D,
125 I.U.; vitamin E, 10 I.U.j vitamin K, k*Q mg; riboflavin,
1.2 mg; pantothenic acid, 5*0 mg; niacin, 6.0 mg; vitamin B̂ 2>
5.0 meg; choline, 100 mg; and an antioxidant (BHT), 30-0 mg«

hAureo - SP 250. This antibiotic was withdrawn 7 days prior to
sending the animals to market.
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a concrete slab. The controJ diet (Table 1) consisted o£ a vitamin and mineral
fortified corn-soybean meal diet at 16% 13% crude protein for the growing (40-
120 Ib.) finishing (120-200 Ib.) periods, respectively. The vitamin premix,
trace-minerals, and supplementary calcium phosphorus sources (dicalcium phos-
phate and limestone) were subsequently deleted from each of the ensuing dietary
treatments. These treatments listed below:

Treatment^ _™««™-ŵ

1 None (control diet)

2 No vitamin supplementation

3 No trace-mineral supplementation

4 No calcium and phosphorus supplementation

Animal weights and feed intakes were determined at biweekly intervals. When
the pen average reached 120 Ib., the diet was changed to the respective 13% crude
protein diet. At this period (120 lb.)» one pen of each treatment was changed to
the control diet with proper fortification of vitamins and minerals. All animal
and feed weights were obtained at biweekly intervals until slaughter.

Much research demonstrates that corn is deficient in several of the amino acids
essential for optimum growth. To supplement this need, a protein source is needed
which has a relatively high quantity of available amino acids which can supply these
deficiencies of corn. As mentioned previously, SBM is an excellent supplementary
source of these amino acids for swine diets.

Corn and combinations of com and SBM are also deficient in several vitamins.
These are notably the fat -soluble vitamins A and D, and B-complex vitamins ribo-
flavin, pantotheriic acid, niacin, and vitamin B^ • The B-complex vitamins are
generally involved in metabolism of energy and protein and a deficiency results in
poor feed efficiency* The fat soluble vitamins are also involved in body metabolism,
but are also greatly involved in reproductive and body tissue development and main-
tenance, The quantities of the various vitamins required in the diet for the grow-
ing-finishing pig as established by the National Research Council (NRC) are found
in Table 2* The quantities of vitamins found in a corn-SBM diet can be corrected by
the addition of a vitamin premix similar to the one reported in Table 1, Several
sources of vitamin premixes for swine diets are available and can be purchased from
several commercial firms in the state of Ohio,

Minerals are also an essential part of any diet as they are involved in bone
development and body metabolism. Corn and/or corn-SBM combinations are also defi-
cient in all of the macro-minerals and many of the micro-minerals. The NRC require-
ments for these minerals and the quantities found with or without dietary fortifi-
cation are presented in Table 2, Several supplementary sources of trace minerals,
calcium, and phosphorus are available from various mineral companies. Trace mineral
supplements are generally available in combination with salt.

The relative importance of the dietary nutrients on swine growth and feed per-
formance is shown in Tables 5 and 4.
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During the growing phase (40 to 120 lb.), the deletion o£ the vitamin premix in
the diet as compared to the control treatment resulted in a depression of feed in-
take, daily gain,, and feed efficiency* From the biweekly measurements of weight
and feed data, it was apparent that the growth depression from the dietary vitamin
deletion occurred from the onset of the experiment.

The B-complex vitamins are water soluble and most are not stored in body tis-
sue for long periods. The results of this experiment substantiated this nutritional
philosophy and emphasize the fact that the inclusion of this dietary component in
each batch of mixed feed is of extreme importance. When the vitamin premix was ad-
ditionally deleted during the finishing period^a further depression of gain, feed
intake, and efficiency resulted as compared to the control diet. However, when the
vitamin premix was added back to the diet during the finishing phase, an increased
growth and feed response resulted immediately which was apparent from the biweekly
weight and feed measurements. Animal response when the vitamins were added back to
the diet resulted in growth rate and feed efficiency which was equal to or slightly
superior to those fed the control diet (treatment 1).

When vitamin fortification was deleted throughout the feeding period, the pigs
took approximately 23 days longer to reach market weight, whereas when vitamin for-
tification was provided only in the finishing phase it took approximately 5 days
longer to reach market weight. During the interim of the experiment the only ob-
servable gross symptom in these pigs while on the feeding floor was their smaller
size. They did not have any noticeable deficiency symptoms classically reported in
the nutrition literature for the various vitamins which were deleted.

The deletion of the trace-minerals from the diet during the growing phase
(Table 3) resulted in a reduced feed intake and growth response but feed efficiency
was riot apparently affected. The same trend also occurred during the finishing
phase (Table 4), with reduced gains and feed intake resulting from the dietary trace-
mineral deletion. When the trace-minerals were added back to the diet, improved

TABLE 3.—Effects of Dietary Nutrient Deletions on Growing Performance (40
to 120 lb.).

Item

No. pigs

Initial weight, lb.

Av. daily gain, Ib.

Av. daily feed, Ib.

Feed per unit of gain

Days to 120 lb.

Control*

20

42.5

1.72

4.73

2.75

47

No
vitamin mix

20

41.2

1.51

4.45

2.95

54

Treatment
No

trace minerals

20

43.5

1.64

4.43

2.70

49

No calcium
or phosphorus

20

42.8

1.28

4.22

3.30

62

*Contained all supplementary ingredients.
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growth resulted. Feed intake was similar to the control but feed efficiency was
increased. It took approximately 3 days longer for the pigs fed the non-fortified
trace-mineral diet to reach market weight, but when these trace minerals were sup-
plemented during the finishing phase the pigs reached market weight at the same
time as those fed the control diet. Biweekly weights also showed a slight depres-
sion in gains during the first weigh period, with the same degree of depression evi-
dent throughout the feeding period.

The effect of leaving calcium and phosphorus out of the diet produced marked
results during the growing period. Animal gains were slightly reduced during the
initial biweekly measurement, but showed increasing depression of growth and feed
intake as the experiment progressed. This result was the effect of improper bone
and leg development,with pigs expressing severe irritability and pain when moved.
It took these pigs approximately 15 days longer to reach 120 Ib. than those fed the
control diet. By the time the pigs weighed 120 lb., the pain and leg abnormalities
were so severe that the pigs could not continue on their diets and all animals were
subsequently fed the control diet fortified with calcium and phosphorus.

The results during the finishing phase (Table 4) showed a lower growth rate
and feed intake. From the biweekly measurements it was observed that the animals
did not exhibit the immediate improvement evidenced with the other nutrient deletion
treatments. The pigs on this treatment showed a gradual improvement in gain and
feed intakes. Leg abnormalities were still present, but were largely attributed to
the effects of the earlier treatment. Although leg abnormalities were present in
the pigs, there was no pain expressed by these pigs when moved during the finishing
phase.

These results demonstrate that when dietary vitamins, trace-minerals, and cal-
cium-phosphorus sources are deleted from the pigs1 diet, an immediate depression
occurs in growth and feed intake. These data suggest that a well-balanced diet
providing all the nutrients listed in current recommendation tables should be pro-
vided to the growing-finishing pig if optimum performance is to be achieved.

Ohio Swine Research and Information Report--1972. Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972.
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R.S. 61-4

THE EFFECT OF HIGH ENVIRONMENTAL TEMPERATURE ON THE BOAR

R. K. Christenson, H. S. league, A. P. Grifo, Jr., and W. L. Roller
Departments of Animal Science and Agricultural Engineering

Ohio Agricultural Research and Development Center

Boar spermatozoa pass through a number of stages during formation in the
testicle. Prior to ejaculation in semen, at least 40 days is required for the
entire process to take place. During this period, factors such as nutrition, dis-
ease or environmental stress may have an adverse effect on the maturation process
which, in turn, may influence fertility.

Mature swine are highly susceptible to heat stress and body temperature is at
least temporarily increased when the environmental temperature exceeds 86° F.
Recognizing that the breeding-age boar has an inefficient heat-regulatory mechanism,
the effects of such elevated temperatures on semen quality deserve investigation.
It also is important to know whether or not certain of the stages in sperm formation
are more susceptible to heat damage than others. If they are, there should be de-
layed effects on fertility following high-temperature exposure.

Using environmental control chambers, studies were undertaken to determine both
the immediate and long-term effects of heat stress on the mature boar. Measurement
criteria were the visible changes in semen quality and the fertility of semen when
used for the insemination of gilts.

Experimental Procedure

Duroc boars, 9 to 11 months of age, produced in the OARDC swine herd were
trained to a "dummy11 sow for semen collection. Twelve which were readily trained
and produced visibly normal ejaculates were selected for use. In Trial 1, semen
quality and fertility data were obtained from four boars 13 months of age. In
Trial 2, the four boars used in Trial 1 plus two additional boars, all approximately
18 months of age, were used and only semen quality data were obtained. In Trial 3,
six 12-month-old boars were used for measures of semen quality and the semen from
four of the six was used to measure fertility.

The three trials were initiated during the months of October, February, and
March, respectively. Each trial comprised three periods: a pre-treatment semen
collection period, a 72-hour treatment period, and a 9 to 10-week post-treatment
semen collection period. Within each trial, an equal number of boars was assigned
to two experimental temperature treatments during a 72-hour exposure period. Dur-
ing exposure, they were housed individually in environmental chambers maintained
at either 74° F. (Group I) or 92° F. (Group II) dry-bulb temperature for the 72-
hour period. The same dew-point temperature of 66° F. was maintained for both dry-
bulb treatments and each day boars were permitted 10 hours of incandescent light.
Four pounds of a 14 percent protein diet were offered daily and animals had free
access to water at all times. Prior to the 72-hour treatment period, all of the
boars were acclimatized to a 60° to 70° F, dry-bulb environment for at least a 30-
day period.

Twice-weekly semen collections were initiated 3 weeks prior to exposure and
laboratory semen evaluation, together with the use of semen for artificial insem-
ination, began approximately 2 weeks prior to exposure. This information was used
as an indication of semen quality and fertility prior to the animals being placed
in the environmental chambers. Semen was not collected during the 72-hour exposure

-19-



period. After treatment, twice-weekly collections were continued for approximately
70 days.

Starting 2 days before the 72-hour treatment period, rectal temperatures were
taken twice daily (9:00 a.m. and 3:00 p.m.). When treatment was initiated, all
boars were individually placed in the chambers at 9:00 a.m. and rectal temperatures
were taken at 2-hour intervals for the first 12 hours, at 6-hour intervals for the
next 24 hours, and at 9-hour intervals for the final 36 hours. After-treatment
temperatures were obtained at 9:00 a.m. and 3:00 p.m. for the first 96 hours.
Throughout the 72-hour period, dry-bulb temperatures of the chambers were recorded
continuously and dew point was checked twice daily at 9:00 a.m. and 3:00 p.m., using
a sling psychrometer.

The collection of semen was carried out in an isolated pen where the boars were
placed with the dummy sow. After the boar voluntarily mounted the dummy, ejaculates
were collected by the bare hand technique. After full erection and protrusion, the
semen was collected into a pre-warmed (38° C.) insulated polyethylene container.
When the boar voluntarily dismounted, each ejaculate was taken to an adjacent labora-
tory froom temperature--70° F.), strained through 44 x 36-mesh cheesecloth and evalu-
ated. Measurements obtained included: semen collection time; semen volume; weight
of gel fraction (plug weight); semen motility rating; percent motile; semen pll;
spermatozoa concentration, (1 x lO^7); spermatozoa per ejaculate, (1 x 10*̂ ); and type
and percent of abnormal spermatozoa.

Ejaculates to be used for insemination were diluted to 200 cc with an egg-yolk
diluter within 30 minutes of collection. Since the volume of most ejaculates was
approximately 100 cc, this represented about a 1:1 dilution. The entire ejaculate,
minus 3 cc used for evaluation, was diluted and used to inseminate a gilt at 12 and
again at 24 hours after the onset of estrus. The first 100 cc was inseminated fresh
while the remaining 100 cc was stored at 55° F. for 8 to 14 hours. After storage,
the diluted semen was warmed to approximately 80° F. before insemination. Groups of
80 and 99 gilts were available for insemination in Trials I and III, respectively.
This provided enough gilts to inseminate one per week to each boar in Trial I and
two per week to each of four boars in Trial III. Gilts were checked twice daily for
estrus. In Trials I and III, semen collection was scheduled so that gilts were in-
seminated with fresh diluted semen at 12 hours after the onset of estrus and with
the stored portion of each ejaculate 24 hours after the onset of estrus. The bred
gilts were slaughtered between days 27 and 30 of gestation. At slaughter, the re-
productive tracts were examined to determine pregnancy and the numbers of corpora
lutea and normal and degenerate embryos were recorded. The percent embryo survival
was calculated by dividing the number of normal embryos by ovulation rate (corpora
lutea) and multiplying by 100.

Summary ofResults

The average rectal temperature of all boars prior to the 72-hour exposure per-
iod was 100.6° F. Daily diurnal changes were associated with increased activity
created by light, handling, and feeding. The rectal temperature of eight Group I
boars when exposed to a dry-bulb temperature of 74° F, and a dew-point temperature
of 66° F. increased slightly (0.5° F.) during the first 2 hours of treatment, then
decreased gradually to approximately 100° F. by 24 hours and stabilized at this
temperature for the remaining 48 hours of the treatment period. The average rectal
temperature of the eight Group II boars (exposed to 92° F. dry-bulb and 66° F. dew-
point) increased rapidly in the first 2 hours to 102.4° F% then gradually increased
to a peak of 103.2° F. after 10 hours. After 10 hours, body temperatures cycled
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between 102° Fe and 103° F. for the next 38 hours before dropping below 102° F, for
the last 24 hours of exposure. While under the two sets of conditions, the body
temperature of Group [I boars was significantly higher than that of Group I. For
the first 48 hours after removal from the environmental chambers, rectal tempera-
tures of both groups fluctuated near 101° F, In the second 48-hour period, Group
11 boars tended to have a slightly lower (0,4° F.") temperature than Group I boars.

General observation of the boars provided further evidence of heat stress.
Llevafed temperature during exposure tended to reduce activity and lower feed con-
sumption. A short, panting type of respiration was often interpaced between deeper,,
more regular breathing.

Average semen quality measurements for the 8 boars in each of Groups I and II
are presented in Table 1.

While the el feet was delayed,, semen quality was lowered in the high-temperature
stressed (Group FJ") boars, Such a decrease was noted both in comparison to pre-
treatment measurements aid to the post-treatment semen quality of the Group I boars.
The first evidence of a detrimental effect of high temperature exposure in Group II
animals was approximately 15 to 20 days post-treatment, when there was a decline in
spermatozoa motility rat ing, percent motile spermatozoa, and percent abnormal sper-
matozoa. Semen quality continued to decline and there was a visible decrease in
spermatozoa numbers which persisted to 30 days post-treatment. Based upon semen
evaluation, there was then o gradual return to normal by approximately 55 to 65 days
post-treatment. In Group I boars, semen quality remained at pre-treatment levels
throughout the post-treatment period,

The effect of high environmental temperature on semen, as measured by the re-
productive performance of artificially inseminated gilts, is presented in Table 2.
Fertility during the pre-treatment period and weekly during the post-treatment
period paralleled semen quality measurements. Pregnancy rate and embryo survival
were considered normal lot all gilts inseminated with semen collected from both
groups of boars durjng the pre-1 reatment and first 15-day post-treatment periods.
From approximately day 16 to day 58 after heat stress, however, the percentage of
gilts pregnant when inseminated with Group II semen was markedly reduced, the reduc-
tion ranging from 20 to 40 percent. Sixty days after treatment, such an adverse
effect on semen quality had largely disappeared, bmbryo survival and litter size
were also markedly reduced following the use of 16 to 58-day semen from Group II
boars. No period of decreased reproductive performance was observed in gilts in-
seminated with semen from Group 1 boars*

It is therefore apparent that short-term high temperature stress on the boar
does have a detrimental effect on visible measures of semen quality as well as on
fertility of the semen when used for artificial insemination. Such adverse effects
were not immediate but weie very evident 16 to 50 days after exposure, with a
gradual return to normal by 60 days after stress. Thus, in practice, the ill ef-
fects of hot weather on boar performance can be expected to be delayed, affecting
bred females as much as 2 to 6 weeks after exposure.

Ohio Swine Research and Information Report--1972. Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972,
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R.S. 61-5

THE FEEDING VALUE OF TRITICALE FOR SWINE

Richard F. Wilson
Department of Animal Science

Ohio Agricultural Research and Development Center

Triticale is a species of small grain developed from crossing durum wheat and
rye. It was first introduced at the University of Manitoba, Winnipeg, Canada, in
1954. It received considerable attention as a possible replacement for corn when it
appeared that the amount of blight-(helntinthosporium maydis fungusj resistant seed
would not be sufficient to plant the region expected to be subjected to this fungus
infection in 1971. H. N. Lafever and B. L. Schmidt of the OARDC Department of
Agronomy (January 1972) recommended that triticale should not be seeded in Ohio un-
less varieties were used which had more winter hardiness than those studied. They
reported that spring-seeded triticale varieties are not competitive with several
spring oat and barley varieties.

North Dakota State University compared triticale with barley for growing-finish-
ing hogs. After feeding uncleaned and cleaned triticale in proportions of half bar-
ley and half triticale, 100 percent barley, and 100 percent triticale in soybean meal-
vitamin-mineral feed mixtures, they reported that triticale depressed feed consumption
and daily gain. The degree of depression appeared to be related to whether or not
the triticale had been cleaned prior to feeding and season of production, Triticale
may contain the fungus ergot. The North Dakota workers recommended that triticale be
limited to a maximum of 25 percent of the ration for growing pigs or 50 percent of
the grain mixture for finishing pigs.

Mexican workers reported that triticale can successfully substitute for sorghum
and part of the soybean oilmeal in diets of growing pigs and that lysine is the first
limiting amino acid in triticale.

With this background information on triticale substitution for common grains
fed to hogs, the grain was substituted for corn in a trial at The Ohio State Uni-
versity. The triticale used was produced at the Ohio Agricultural Research and De-
velopment Center at Wooster during the 1971 growing season. Since only a very lim-
ited amount was available for feeding, it was substituted for one-third of the corn
in the feed mixture and compared to corn as the only grain. The triticale was
cleaned to remove weed seeds and other material before being ground and mixed in the
feed. Cleaning probably removed much of the ergot, if any was present. However,
the amount of ergot prior to or after cleaning was not determined. While the crude
protein level of triticale is generally higher than that of corn, there was no attempt
made to keep the level of crude protein in the mixed feeds constant. Composition of
the feed mixtures fed to the two groups of pigs as well as their calculated approxi-
mate composition of crude protein, calcium, phosphorus and zinc are shown in Table 1.

These feed mixtures were fed in drylot for a period of 73 days at the end of
which time all of the feed containing the triticale had been consumed. The results
of the trial are given in Table 2.

Pigs consuming feed containing the triticale did not make quite as rapid daily
gains as control pigs. However, they ate somewhat more feed per day, making their
feed required per pound of gain more than that of the pigs fed all corn. The greater
average consumption of feed containing triticale is contrary to that reported from
other feeding trials. This may be because the triticale used in this trial was
cleaned and was not known to contain ergot. Ergot can be expected to reduce feed
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intake. From this trial and information published by other workers, it appears
that triticale should not be fed as more than 25 to 30 percent of the grain mix-
ture in feeds for growing-finishing pigs.

TABLE 1.--Percentage Composition of Feeds.

Ingredient

Ground shelled yellow corn
Triticale, %
Soybean meal (44% crude protein)
Dehydrated alfalfa meal
Antibiotic (10 gm. Tylosin/lb.)
Vitamin mix 100
Arsenical (20% arsenilic acid)
Trace mineralized salt, %
Ground feeding limestone (38.5% Ca.)
Mono-calcium phosphate (21% Ca., 18% P.)
Zinc oxide, oz.

Calculated Approximate Analysis, %

Crude protein
Calcium
Phosphorus
Zinc

Grain
1/3

Corn

75.5

19.0
2.5
0.2
0.15
0.05
0.5
1.0
1.1
0.25

16.0
0.70
0.52

125 p. p.m.

in feed
triticale,

2/3 corn

50.5
25.0
19.0
2.5
0.2
0.15
0.05
0.5
1.0
1.1
0.25

16.8
0.73
0.54

125 p. p.m.

TABLE 2.--Summary of Results.

Item

No.
Av.
Av.
Av.
Av.
Feed

of pigs
initial wt
final
daily
daily

wt.,
gain
feed

required

., 1
Ib.
per

b.

pig.
consumed
per pound

Ib.
per
of

pig.
gain,

Ib.
Ib.

Corn

15
59.
166.

1.
4.
3.

Grain i n feed
1/3 triticale,

2/3 corn

0
7
47
65
15

15
57.
160.

1.
4.
3.

8
8
41
99
54
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R.S. 61-6

INFLUENCE OF SUPPLEMENTAL CHOLINE ON SOW PERFORMANCE AND EARLY
POST-FARROWING CONDITION OF PIGS

H. S. Teague, A. P. Grifo, Jr., and R. K. Christenson
Department of Animal Science

Ohio Agricultural Research and Development Center

Choline is considered an essential B-vitamiri for swine. Present in all body
cells, it is reported to have a number of functions but is primarily a methyl (CH3)
donor for the synthesis of other compounds. Despite the rather substantial amount
of^choline in soybean meal, fish meal, legumes and other common ingredients of
swine rations, the vitamin is usually supplied in supplementary form in the diet.

In the sow, impaired breeding-gestation performance and dead and weak pigs at
birth have been reported to result from a deficiency of choline. More recently,
under field conditions, a spraddled-leg condition of pigs shortly after birth has
been inconclusively related to a deficiency of the vitamin.

As a cooperative effort in the North Central Region, the effect of adding
choline to corn-soy based gestation-lactation diets is under investigation. Re-
sults of the Ohio trial are being presented.

Ex peri menta1 Pro cedure

Forty-eight Duroc gilts, 9 to 10 months of age, were allotted to one of two
dietary treatments. Beginning 30 days prior to breeding and throughout two consecu-
tive breeding-gestation-lactation periods, half were fed the basal diets shown in
Table 1 and half were fed the basal diets with 700 gnu of added choline per ton.i/
The same formulations have been used in the other cooperating states. ~~

JY Furnished as 50% dry choline chloride through the courtesy of Commercial
Solvents Corporation.

TABLE 1.--Percentage Composition of Basal Diets.

Ingredient Gestation Lactation

Ground yel low corn
Soybean meal (48.5%)
Ground beet pulp
Di calcium phosphate
Ground limestone
Salt (Iodized)
Vitamin mix*
Trace mineralized mix (CCC #35 c-95)**
Choline mix (50% chloride)t

79.92
16.50
-
2.00
.85
.50
.15
.08
-

100.00

72.42
16.50
7.50
2.00
.85
.50
.15
.08
-

100.00

*Provided per ton of feed: vitamin A, 3,000,000 IU; vitamin D, 200,000 IU;
vitamin E, 40*000 IU; riboflavin, 3.0 gm.; pantothenic acid, 12.0 gm.; niacin, 16
gm.; vitamin Bio, 10 mg.

**Provided p.p.m.: iron, 75; manganese, 41; zinc, 150; copper, 8.5; iodine, 1.1
tAdded to Lot 2 diets to provide an additional 700 gm. choline per ton.
(The basal diet contained a calculated level of 358 mg. of choline per pound,

or 716 gm. per ton.)
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TABLE 2.--Effect of Added Choline on Sow Performance and Condition of Offspring.

Lot 1
Basal Diet +700 Gm

Farrowing
No. 1 No. 2 Av. ;Jo.

Breeding-gestation:
Number of females
Av. initial weight, Ib.
Av. initial age, days
Number returned after breeding
Number failed to show estrus
Av. weight at breeding, Ib.
Av. age at breeding, days

Farrowi ng-1 actati on :
Number farrowed
Av. number live pigs per litter
Av. litter weight, Ib.
Av. weight of live pigs, Ib.

Vigor at birth
Strong
Medium
Weak

Total number stillborn pigs
Number litters with stillborn pigs
Av. weight of stillborn pigs, Ib.

24
274
299
4
0

302
343

20
8.8

28.0
3.2

92%
7%
1%

15
9
2.5

Total number of degenerating fetuses* 6

Leg condition at birth:
Number spraddled-1 egged
Number with stiff joints
Number litters with stiff
joints or other leg problems

Pigs__at 2 weeks:
Av. litter size
Av. weight, Ib.

Pigs at 6 weeks:
Av. litter size
Av. weight, Ib.

0
0

3

7.8
7.5

7.4
22.2

15

2
0

321

15
8.5 8.7

26.1 27.2
3.1 3.1

79% 87%
14% 30%
7% 7%

13
6
1.9 2.2
0

0
1

0

6.9 7.4
8.7 8.0

6.9 7.2
22.1 22.1

24
274
299
3
1

295
343

21
6.
22.
3.

84%
13%
3%

22
10
2.
4

1
7

4

6.
7.

6.
26.

Lot 2
. Choline

Farrowing
1 No. 2

20

5
1

344

14
6 8.4
0 25.7
2 3.1

76%
14%
9%

9
8

9 2.9
3

0
9

7

5 7.2
9 8.7

2 6.7
8 21.4

per Ton

Av.

7.3
23.9
3.2

80%
13%
6%

2.9

6.8
8.3

6.4
24.5

^Estimated time of death prior to 100th day of gestation.



The animals were housed in outdoor concrete-floored pens throughout the study,
ndividual feeding was practiced and 4.4 Ib, per day were fed during the prebreeding
aid gestation periods and 7.9 Ib. per day were fed during lactation. The females
iere bred to one boar on the first day of standing heat and to a second boar on the
'allowing day.

A summary of performance is shown in Table 2.

Summary and Conclusions

Dietary choline level had no consistent influence on breeding, gestation, or
actation performance or on the early post-farrowing condition of the pigs. A
dgher than usual number of females in both dietary treatments failed to farrow,
flien non-pregnancy was noted, the gilts or sows were slaughtered. Examination of
,he reproductive tracts revealed no grossly visible abnormal condition. In the
"irst farrow, no explanation can be given for the lower average number of live pigs
^arrowed by Lot 2 (choline-supplemented) gilts. Second farrowing performance of
.he two groups of sows was similar.

More pigs farrowed by choline-supplemented females possessed stiff joints and
the only spraddle-legged pig was farrowed by a gilt in this group. Performance to
2 or 6 weeks of age appeared unaffected by dietary treatment.

Because the condition of spraddle-legs in newborn pigs occurs infrequently
inder either field or research conditions, such limited observations on the effect
uf choline are inconclusive. A summary of results from all states cooperating
should provide a more valid interpretation.

Ohio Swine Research and Information Report--1972. Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972.
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R.S. 61-7

SYNCHRONIZATION OF ESTRUS AND OVULATION IN SOWS
FOLLOWING THREE AND SIX WEEKS OF LACTATION

R. K. Christenson, H. S. Teague, and A. P. Grifo, Jr.
Department of Animal Science

Ohio Agricultural Research and Development Center

It has been shown that artificial insemination of a group of gilts after estrus
(heat) and ovulation have been synchronized results in normal conception and litter
size. When pigs are weaned from the sows, similar procedures are needed for bring-
ing the sows into heat at one time. Such a way of saving labor and reducing the
farrowing interval would greatly increase efficiency of production.

Two hormonal materials, pregnant mare serum (PMS) and human chorionic gonado-
trophin (I1CG) were used to synchronize estrus and ovulation in sows after pigs were
weaned. After hormonal synchronization, fertility of the sows was determined by
artificial insemination at a predetermined time. The two hormonal compounds used
are available to the veterinarian.

Experimental Procedure

Fifty-eight Duroc sows which had produced either one or two litters of pigs
were used in the study. Litters were weaned at either 3 or 6 weeks of age and an
equal number of sows were randomly assigned to two experimental groups. All pigs
were separated from their dam in the afternoon and following weaning, sows were
housed in small groups on concrete. Twice daily checks for estrus were made using
a vasectomized boar. Group I sows (29) received no treatment and were artificially
inseminated 24 hours after the onset of heat. Group II (29) received a subcutaneous
injection of 1,000 IU of PMS on the morning following pig removal (day 1). These
same sows were then injected intramuscularly with 500 IU of HCG either 72 hours
(3-week weaning) or 56 hours (6-week weaning) after the injection of PMS (Table 1).
The HCG injection was timed so that most sows were in pro-estrus, a period just
prior to evidence of heat, at the time of injection. The hormonally-treated Group
II sows were artificially inseminated 24 hours after the HCG injection without re-
gard to visible signs of heat. Both groups were inseminated with 100 cc of freshly
collected semen diluted approximately 1:1 with egg-yolk diluter. Sows were slaugh-
tered after 25 to 30 days of gestation. The reproductive tracts were examined to
observe the number of normal or degenerate embryos and as a measure of ovulation
rate, the number of corpora lutea were counted on the ovaries.

Summary and Discussion

A normal pattern of return to heat was observed in the Group I untreated sows.
Except for one sow which did not show heat, the onset of estrus occurred over a
7-day period (days 3 to 9 post-weaning) (Table 1). Following PMS and HCG treatment,
a highly synchronized heat was exhibited by Group II sows. All in this group came
into estrus in a 2-day period (days 3 and 4 post-weaning).

The average interval from weaning to onset of heat was markedly reduced by PMS
and HCG treatment (3.4 vs. 5.0 days). The average length of standing heat was also
greater for the Group II sows (2.7 vs. 2.2 days) (Table 2). Compared to 6 weeks of
lactation, weaning at 3 weeks delayed the onset of estrus in both Groups I and II.

Ninety-six percent of the sows in Group I and II were pregnant at slaughter
(Table 3). The high pregnancy rates indicate, first of all, the importance of in-
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seminating sows at the optimum time in relation to the time of ovulation. Secondly,
such high fertility indicates the effectiveness of a hormonal treatment to synchron-
ize ovulation permitting the use of a single insemination without any reduction in
settling rate.

The number of corpora lutea, a measure of the number of ova shed at time of
breeding, was much greater for the treated sows in Group II than in control Group I
sows (Table 3), This was also reflected in a marked increase in litter size at 30
days of gestation (9.4 for Group I vs. 14.9 for Group II). Such a difference in
litter size is significant and further points to the possible advantage of using
PMS and HCG in sows to synchronize ovulation and artificially inseminate at a pre-
determined time. The procedure and hormonal treatment described reduced the time
required for rebreeding and eliminated the need for heat detection. In practice,
such procedure would permit more efficient use of labor and a more uniform grouping
of pigs farrowed.

Ohio Swine Research and Information Report—1972. Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972,
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R.S. 61-3

THE INFLUENCE OF PHYSIOLOGICAL LEVELS OF HISTAMINE AND CORTISOL UPON
STRESS SUSCEPTIBILITY AND MUSCLE QUALITY IN PIGS

J. H. Perry, V. R. Cahlll, and H. W. Ockerman
Department of Animal Science

Ohio Agricultural Research and Development Center

The breeding of hogs for increased muscling and less backfat, coupled with
accepted practices of confined feeding, has been associated with a condition known
as l!Porcine Stress Syndrome.1' Animals suffering from this condition, upon excite-
ment usually exhibit muscle and tail tremors, high body temperature, and patchiness
of the skin.

Carcasses from hogs which are susceptible to the Stress Syndrome often have
muscling which is pale, soft, and watery, as compared to normal pork muscle. This
condition reportedly affects up to 20 percent of the hogs marketed and results in
severe economic losses to the packer due to the undesirable characteristics of the
pork muscle. Losses are also incurred by the producer due to death loss prior to
marketing.

It has been demonstrated that the ability of an animal to respond favorably to
stress, in any form, is dependent upon a properly maintained circulatory system.
Efforts at the Ohio State University Meat Laboratory were directed to measuring the
levels of two hormones, histamine and cortisol, which have been shown to affect the
circulatory system in times of stress.

Experimental Procedure

Thirty Poland China feeder pigs and 30 Yorkshire-Hampshire crossbred feeder
pigs, representing three Ohio herds, were raised under identical confined housing
and feeding regimes common to the state.

The heaviest 15 individuals of each breed were trucked to the Meat Laboratory
for slaughter when they had reached an average weight of 200 pounds. The hogs were
held overnight with access to water prior to slaughtering. The slaughter was con-
ducted in accordance with prescribed methods with all of the usual attempts to mini-
mize stress.

Immediately upon bleeding, muscle and blood samples were collected and frozen,
pending analysis for histamine and cortisol content. The histamine and cortisol
levels were then compared statistically with muscle quality scores obtained from a
visual and an objective appraisal of the seven rib roast Longissimus dorsi muscle.
Those factors under consideration were muscle color, firmness, marbling, and ap-
parent surface moisture or weep. In addition to the quality indices, the pH of the
pork muscle was monitored at intervals from death until 24 hours postmortem. This
was deemed important because a rapid decline in muscle pH after death remains as
the most direct cause for the pale, watery muscle condition.

The procedures were repeated with the remaining hogs when they had reached a
comparable market weight.

Summary of Results

It was apparent that the histamine content of the muscle at the time of death
can exert an influence on postmortem pH and muscle quality. It was shown that higher
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histamine levels at death resulted in a more rapid decline in pH and could also be
correlated to poorer eventual muscle quality.

Little if any meaning could be drawn from the cortisol studies alone. Corre-
lations for cortisol versus pH and muscle quality scores were, for the most part,
low and not statistically significant.

An index value, calculated by dividing the histamine level by the observed
cortisol level, was found to be highly related to the decline in pH over the first
hour postmortem, which is recognized as the time most critical in relation to onset
of the pale, soft, watery condition. This relation suggests that histamine exerts
an influence upon pH and muscle quality through an ability to elicit a cortisol
secretion. This interpretation is compatible with findings which indicate that
these two hormones act to balance the effects of one another during times of stress
and thereby maintain adequate blood flow to all tissues. Thus, an abnormal level
of either histamine or cortisol may contribute to the stress susceptibility of some
hogs.

General Comments: It is reasonable to assume that as emphasis continues on
selection for factors such as muscling and feed efficiency, other mechanisms
responsible for maintenance of less measurable traits such as ability to respond
adequately to stress may be unknowingly altered. It may well be advantageous to
increase consideration of such factors in the selection of breeding stock.
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R.S. 61-9
BREED TRENDS AT THE OHIO SWINE EVALUATION STATION DURING THE PAST 12 YEARS

Gene A. Isler
Department of Animal Science

Ohio Agricultural Research and Development Center

The Ohio Swine Evaluation Station was established in 1954 to aid in selection
and recognition o£ breeding stock of superior performance and carcass cut out.
Since this time, test records have been kept under conditions of near-standard en-
vironment. Results show a great level of improvement for carcass traits and lesser
levels of improvement for the performance traits. The rate of improvement of each
respective breed during the past 12 years is of particular interest in this study.

Data for the period of 1959-1965 included 2,508 pigs and for the period of
1966-1971 included 2,390 pigs. Breed averages and rank during this period are given
for six carcass and performance traits for breeds tested in greatest numbers. This
analysis removes biases due to conformity of breed, sex, season, year, on-test
weight, and slaughter weight.

Percent Lean Cuts

1959-1965 (Rank) 1966-1971 (Rank) 1971 (Rank)

Yorkshire

Duroc

Poland

Hampshire

Spotted

Landrace

All Breeds

53.14 -

52.95 -

54.90 -

55.14 -

53.24 -

53.22 -

53.77

(5)

(6)

(2)

(1)

(3)

(4)

57.78 -

57.99 -

58.84 -

60.27 -

57.64 -

56.61 -

58.67

(4)

(3)

(2)

(1)

(5)

(6)

60.31 -

61.10 -

59.87 -

62.43 -

59.94 -

58.09 -

60.00

(3)

(2)

(5)

(1)

(4)

(6)

-37-





Av, Daily Gain, Ib.

1959-1965 (Rank) 1966-1971 (Rank) 1971 (Rank)

Yorkshire

Duroc

Poland

Hampshire

Spotted

Landrace

All Breeds

1.84 -

1.92 -

1.75 -

1.75 -

1.82 -

1.88 -

1.83

(3)

(1)

(5)

(5)

(4)

(2)

1.83 -

1.88 -

1.70 -

1.75 -

1.79 -

1.87 -

1.80

(3)

(1)

(6)

(5)

(4)

(2)

1.74 -

1.79 -

1.67 -

1.72 -

1.70 -

1.79 -

1.74

(3)

(D

(6)

(4)

(5)

(1)

FeedEfficiency, Ib./lOO Ib. gain

Yorkshire

Duroc

Poland

Hampshire

Spotted

Landrace

All Breeds

1959-1965

296

291

305

304

305

299

300

(Rank)

(2)

(1)

(5)

(4)

(5)

(3)

1966-1971

293

292

305

297

305

303

298

(Rank)

(2)

(1)

(5)

(3)

(5)

(4)

1971

290

288

314

298

307

305

303

(Rank)

- (2)

- (1)

- (6)

- (3)

- (5)

- (4)
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R.S. 61-10

BREEDING SWINE FOR THE FUTURE

L. A. Swiger
Department of Animal Science

Ohio Agricultural Research and Development Center

Decisions about directions to take in breeding are always made in the context
of the best guesses about the years ahead. This is because it takes several years
to accomplish genetic change with pigs.

What kind of a pig is wanted? Future changes in the industry could modify this.
The following traits are of importance in commercial swine production.

1. Litter size

2. Sow maternal ability

3. Postweaning growth rate

4. Feed utilization

5. General soundness

6. Carcass leanness

7. Carcass quality

8. Freedom from stress susceptibility

It is, of course, much easier to make this list than to work out the details of
exactly how to measure each trait, on which animals to measure the traits, and how
much emphasis should be placed on each trait in selecting replacements.

The first two traits, litter size and maternal ability, are very important in
swine production and may be usefully combined as litter weaning weight. Because of
their low heritability, emphasis for selection has been shifted from these traits
to meatiness in recent years. The industry seems to have lost sow productivity to
a certain extent. Whether this is because of a negative relationship with meatiness
or a poorer job of sow management under today's conditions can only be speculation.
While crossbreeding boosts sow productivity, genetic losses in purebreds will carry
through to the crosses. The authorfs personal opinion is that breeders should give
attention to these traits such as setting minimum levels on litter performance in
selection of replacements.

Most central testing schemes have concentrated on a complex of traits: growth
rate, feed utilization, and leanness. Growth is measured as post-weaning average
daily gain or days to market weight. Feed utilization requires individual or small
pen feeding to measure feed requirements per unit of gain on single pigs or a few
litter mates. Leanness (usually percent lean cuts) can be measured on carcasses of
related individuals or by probe, ultrasonics or subjective evaluation on candidates
for selection themselves. All three traits are moderately heritable (0.30 to 0.40).
Favorable genetic correlations exist for feed utilization with growth and leanness.
Unfortunately a small, negative correlation (-.10) between growth to a fixed weight
and leanness hampers selection for some for these traits. Concentrated selection
for leanness in recent years has improved this trait considerably, while growth and
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feed use have changed little. Thus, growth of lean and feed requirements per unit of
edible pork have automatically benefited.

Feed requirements per unit gain go down automatically as growth rate is in-
creased. This is because of the decreased day-pounds of maintenance. Thus, selec-
tion for growth and leanness (or lean growth rate) is almost as good for improving
the economic production of pork as having feed data in addition. Measuring indi-
vidual feed consumption is usually not recommended because of the expense involved.
Examples of useful indexes for combining these traits are: 1) 3 (estimated percent
lean cuts) + 50 (average daily gain) — 40 (feed per pound of gain); and 2) 3 (esti-
mated percent lean cuts) + 70 (average daily gain).

In general, reasonably accurate measures of leanness on live pigs, such as
those obtained by probe or ultrasonics, lead to faster genetic change than using
carcass data on full-sibs or half-sibs.

There is at least circumstantial evidence that the stress syndrome (PSS) and
the pale, soft, watery pork quality problem (PSE) are related or perhaps manifesta-
tions of the same physiological condition. Just what causes this condition is not
known, although several theories are being examined. At any rate, there seems to
be a small, negative (—.20) genetic association of pork quality measures (color,
firmness, marbling) with leanness. Thus, breeders need to constantly monitor their
stock with slaughter data on pork quality. Direct selection for these quality
traits is, of course, not possible.

General soundness can be maintained by avoiding use of breeding stock which
has structural unsoundnesses. So little is known about the inheritance of such
faults that it seems wise to avoid pigs which may not perform in the breeding herd,
even if they are quite good in other respects,

In summary, attention to sow productivity, soundness, and growth should re-
ceive re-emphasis among swine breeders. Leanness should be viewed in combination
with growth so that selection is for lean growth rather than absolute lean percent-
age at market weight. Testing stations and some top breeders will individually
feed top boar prospects, but most breeders should not go to the expense of measuring
this trait on their pigs. Selection for leanness should still be made, but other
economic traits should not be ignored.

The foregoing discussion assumes that the selection goals will be similar for
all breeds and all breeders. If the structure of the industry should change toward
the commercial utilization of a specific cross (for example; boars of breed A x
crossbred females of breeds B and C), then specific breeds could try to optimize
their contribution to this cross. Such schemes have theoretical advantages over
traditional rotational crossing, but it is not known if the advantages are suffi-
cient to justify the effort. Large hog breeding firms will be shooting in this
direction. It seems unlikely that farmer-breeders could be structured to accomplish
this.

The development of breeding stock by large companies has been going on for some
time-and a sudden expansion has been underway for the last few years. Some past
attempts have been successful and others have failed. Certainly the successes in
field crops and poultry indicate that these companies can do the job. Their genetic
expertise will force farmer-breeders toward more scientific approaches. Many farmer»
breeders will take advantage of the known scientific knowledge in swine breeding and
successfully compete with the large breeding firms.
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Finally, changes in management systems can affect the characteristics wanted
in hogs in the future. The necessity to stay sound and to have good reproduction
in confinement situations has brought a new set of problems to the hog breeder.
Usually the purebred breeder's management and facilities have not been as modern
as those of the large commercial producer. Thus, the producer finds problems with
hogs that the breeder did not have. Producing many pigs per sow through removing
pigs from sows at or near birth and hormone treatment for superovulation has some
potential as a management system. This would change somewhat the selection goals
for breeding stock by de-emphasizing mothering ability.

Ohio Swine Research and Information Report-~1972. Research Summary 61,
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R.S. 61-11

TRANSMISSIBLE GASTROENTERITIS OF SWINE

E. H. Bohl
Department of Veterinary Science

Ohio Agricultural Research and Development Center

Transmissible gastroenteritis (TGE) of swine is a viral infection of the in-
testines of swine causing a severe diarrhea in young pigs, with a death rate of
almost 100 percent in those under 7 days of age. One OARDC research effort on this
disease involves a study of methods by which pregnant swine can be vaccinated to
provide protection to their suckling pigs. Ohio studies have shown that there are
two types of antibodies (protective substances) which can be found in the colostrum
and milk of infected or vaccinated animals. However, one type of antibody--known
as the IgA type—is much more effective and is the type which occurs in milk after
an infection of the intestinal tract. This information is helpful in developing
suitable vaccination procedures and evaluating the effectiveness of vaccines,

bwine which have recovered from a natural or experimental infection with the
virulent virus will be able to provide protection to their suckling pigs. However,
the purposeful infection of pregnant swine is not recommended as a routine method
of vaccinating swine because of the fear of spreading the disease.

A commercial vaccine against TGE is available but it is of limited effective-
ness. Thus, there is considerable need for developing a vaccination procedure
which is both safe and effective.

Infection with TGE virus is widespread in swine in Ohio. However, most herd
infections go undiagnosed unless they occur in animals under 3 to 4 weeks of age,
where the disease is of sufficient importance to warrant investigation. During the
past 3 years, 91 breeding herds of swine in Ohio have been blood tested for TGE and
positive animals have been detected in 41 (45 percent) of the herds.

Ohio Swine Research and Information Report--1972, Research Summary 61,
Ohio Agricultural Research and Development Center, Wooster. September 1972,
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R.S. 61 12

INTERNAL PARASITES OF SWINE

James E. Jones
Department of Veterinary Science

Ohio Agricultural Research and Development Center

Parasites are organisms which live at the expense ot another species Those
of greatest concern to Ohio swine producers are the internal parasites commonly
referred to as worms. These parasites cause varying degrees of damage v> the in
testinal tract and other vital organs. Cwine xe^pouJ t/ lowwi-^d j^wJa^^^t/^
Thus, the worms permitted to infest the herd are an expense to the producer

Today's modern swine facilities do not eliminate internal parasitism as an
economic factor in pork production, A review of the McLean County Systen «
which was based on the principle of minimizing the exposure of swine to large nit
bers of parasite eggs, still provides many pointers worth following. Concrete,
steel, and other building materials alone do not control parasite4* and closer con-
finement practices nullify much of the improved parasite control which appears to
be afforded by new installations. Because animals arc closer together, eggs voided
on areas accessible to other swine are readily transmitted. In addition, it is
nearly impossible to remove all parasite eggs from pens when cleaning and disinfect-
ing between groups. The tiny eggs, trapped In minute cracks md cenms of floors*
work up to infest other swine at a later date.

Although it is theoretically possible to eliminate all parasites, in prnctu r»
a parasite-free operation would almost never occur, keeping the numbers below a
level which reduces performance is the prime objective of management. Specifically,
this relates to sanitation and a sound worming program. Availability of specific,
effective anthelmintics encourages the neglect of other control methods and result >
in worming of swine only when the problem has become severe.

Animals entering a new or older thoroughly cleaned and disinfected close tua-
finement system should be wormed with an effective anthe 1 mintic at least 1 week
prior to movement. If pasture is utilized,, animals should be wormed prior to turn
out — thus preventing contamination of these areas. The choice of anthelmintic de-
pends upon the parasite(s) present, which ones can be diagnosed by fecul egg evalua-
tion, and symptoms exhibited by the animal or necropsy results. Use of professional
veterinary service to arrive at the diagnosis is recommended. Coots imarred will
be recovered by the proper use of specifically effective anthelr-.intJ«' ».

The brood sow herd, although often neglected in a he id pardMte ptogtim, demands
careful attention. These animals serve as a reservoir of parasites for their off-
spring. Sows and boars should be wormed 1 to 2 weeks prior to the breeding season,
Ten days to 2 weeks prior to farrowing, the sows should be wormed again to remove the
worms missed prior to breeding. Some would not be voided at the earlier worming be-
cause of being in the migration phase, a tune when anthelmintics are not too effec-
tive. Good sanitation practices throughout gestation should, however, hold infesta-
tion at this time to a minimum.

Pigs will be protected from the onslaught of large numbers of parasites by the
practices mentioned above. The time of first worming of pigs should be determined
by their clinical condition and could be as early as 4 weeks of age* It is not ad-
visable to worm pigs until they have adjus:ed to th^ stress of weaning. If worming
is not indicated prior to weaning, it should be one of the first procedures follow-
ing weaning and at least be carried out by 6 to 8 weeks of age. Additional worming
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At this time at least one product (Atgard) is claimed by the manufacturer to
be efficient in removing this parasite. Eggs are highly resistant to cold, can
withstand freezing and may remain infective under certain natural conditions for as
long as 6 years.

The increased number of cases of mucohemorrhagic enteritis (swine dysentery)
reported not responsive to antibiotics and arsenicals should stimulate veterinarians
and herdsmen to check on the whipworm load of the involved herds. Much damage and
possible death could occur prior to finding eggs in feces. Five thousand eggs per
day per female does not compare with the more prolific ascarid at 200,000 per day
which may complicate diagnosis. Necropsy may be necessary to make diagnosis.
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R.S. 61-13

SWINE WASTE SYSTEMS

R. K. White
Department of Agricultural Engineering

Ohio Agricultural Research and Development Center

In todayfs large, confined swine facilities, the waste handling system is often
the factor controlling the success of the operation. Certain criteria must be con-
sidered in order to evaluate any waste system—ecology, economics, aesthetics, and
technology.

The ecological concern is to see that there is no pollution and, in this case,
principally no pollution of surface and ground water. From the viewpoint of the
producer, the waste system must be economical. This includes factors such as capi-
tal, labor, maintenance costs, and the health of the animals. Odor is the principal
aesthetic concern of the swine producer and the waste system must minimize the pro-
duction of odors. The above three criteria for a waste system depend upon the tech-
nology available to prevent pollution and nuisance, while giving the producer a fair
return for his investment and time.

One of the recent types of waste systems being developed removes the waste from
the building as it is being produced. Thus, the animals will not be affected by
gases and odors produced in storage pits under slats. Odors from the buildings and
the waste handling systems also can be minimized. The system can be designed so
that it will operate automatically and have relatively low capital and operating
costs.

Two types of systems can be used to move the waste from confinement buildings:
liquid transport by flushing and solid transport by mechanical scraping.

Liquid Transport

This system uses water to flush the waste from the building. In many cases the
water is recycled from a waste treatment facility to minimize the amount of water
which must be finally discharged. It should be remembered that the Ohio Department
of Health regulates the discharge of effluents into waters of the state and requires
discharge permits for new livestock facilities which have a potential of polluting
water.

Three types of flushing systems have been used: flushing a shallow dunging
channel to which the pigs have access, flushing the pit beneath slatted floors, and
flushing between slats laid directly on concrete (the most recent type developed).
'These three types of systems are illustrated in Figure 1.

The shallow dunging channel is the least expensive of the three to construct,
because the waste is flushed through several pens and the pigs have access to the
water, pure water for flushing is preferable. If recycled water (e.g., from a
lagoon) is used, the capability for chlorinating the water should be installed.

The system to flush between slats laid on concrete is slightly more expensive
to construct than the dunging channel. An advantage of this method over the dung-
ing channel is that the pigs do not have access to the flushing water and recycled
water may be used without chlorination.
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