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18TH ANNUAL SWINE DAY
OREGON STATE UNIVERSITY

PROGRAM

8:30-9:15 a.m. Registration (Coffee & doughnuts available)

MORNING PROGRAM: J. E. Oldfield, Presiding 

9:15 a.m. Welcome - H. A. Wadsworth

9:25 a.m. Sun-Cured Alfalfa as a Major Ingredient in Market Hog Rations
D. C. England

9:50 a.m. Extruded Soybeans as a Protein Source for Swine
P. R. Cheeke

10:15 a.m. BREAK

10:45 a.m. Carcass and Meat Characteristics of Pork from Swine Fed Experimental Diets
W. H. Kennick

11:05 a.m. Selection and Breeding Systems
L. L. Christian

12:00 noon LUNCH

AFTERNOON PROGRAM: P. E. Day, Presiding 

1:00 p.m. Oregon Pork Producers Association Activities
Floren Zielinski

1:15 p.m. Association of Genetically Determined Blood Components with Reproductive
Performance in Swine

Roger Kray

1:40 p.m. Porcine Stress Syndrome Detection
L. L. Christian

2:30 p.m. BREAK

2:45 p.m. Some Management Considerations During a Declining Market
C. A. Schiemann

3:10 p.m. Influence of Added Energy Intake in Late Gestation, Fed as Tallow, on
Litter Traits of Swine

D. C. England

3:20 p.m. Audience Contributions and Discussions

3:45 p.m. ADJOURN

Lunch prepared and served by THE WITHYCOMBE CLUB - Philip Davis, President;
Eileen Johnson, Food Chairman; Dr. Peter R. Cheeke, Advisor. The roast pig
was prepared in the Clark Meat Science Laboratory under the supervision of
Ralph Turner.
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SUN-CURED ALFALFA AS A MAJOR INGREDIENT IN MARKET HOG RATIONS

D. C. England, P. R. Cheeke, W. H. Kennick, C. A. Schiemann and J. H. Kinzell
Department of Animal Science, Oregon State University

Alfalfa has long been accepted as a feedstuff suitable for use in sub-

stantial amounts in gestation rations and, in lesser amounts, in rations for

other stages of swine production. Use in grower and finisher rations has

generally not exceeded 10% of the total ration. Typical results of feeding

increased levels of alfalfa to market hogs are decreased average daily gain,

increased pounds of feed required per pound of gain, decreased fatness and its

counterpart --- increased yield of lean cuts in the carcass.

The extent to which these results occur are related to both the amount of

alfalfa and to the kind of grain in the ration. Oldfield et al. (1962) used

10, 20, or 30% alfalfa with barley, milo, and corn rations. As shown in table

1, increased levels of alfalfa resulted in slower gains, increased feed per lb

gain, and decreased backfat thickness. Loin eye area was not increased by the

retarded growth and decreased backfat thickness. With comparable levels of

alfalfa, average daily gain was lower for pigs fed barley rations than for those

fed corn or milo rations; pigs fed corn had the most backfat and the smallest

loin eye area. There was no important effect of level of alfalfa or kind of

grain on carcass length.

Cheeke, with others (Cheeke and Myer, 1975; Myer, Cheeke and Kennick, 1975)

has reported various aspects of current research interest at Oregon State Univer-

sity and views on the potential of alfalfa as a major ingredient of swine

rations. Cheeke (Cheeke, England and Kinzell, 1976) has stated the rational

as follows:

"The potential for alfalfa as a major protein source for swine is

indicated by: (1) it produces more protein per acre than any other

common crop, including soybeans, and (2) it is not directly used in
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human nutrition, whereas increasing diversion of soybean meal from

animal feeding to direct human use is likely. Thus alfalfa would

be a "noncompetitive" protein source for swine feeding. Problems

which preclude use of alfalfa as a major protein source for swine

include (a) its low palatability, (b) the presence of toxic sub-

stances (e.g., tannins, saponins), (c) the low (about 40%) digest-

ibility of alfalfa protein in the pig, and (d) its low digestible

energy content. Realization of the potential of alfalfa as a

protein source can be attained by overcoming the above problems."

These also apply to use of alfalfa as a replacement for part of the grain

in the ration. In addition to the above, another potential is to select pigs

that have superior capacity for performance on alfalfa rations, either because

they eat more of it or utilize it more effectively.

Three experiments are reported in this paper. In Trials 1 and 2, five

barrows and five gilts were fed as a group in pens 5'x16' with solid floors

and a self-flushing gutter; 20 pigs were fed each ration. In the other experi-

ment, 24 barrows and 24 gilts were individually fed in 4'x6' pens with partially

slotted floors. All were placed on the experimental rations at 110-125 lbs

weight. In designing these experiments, it was recognized that a combination

of barley and alfalfa is deficient in energy for achieving maximum growth and

feed efficiency. Traditionally, however, barley is the most widely used grain

for swine rations in the Pacific Northwest. It was decided, therefore, that

initial studies would assess barley-alfalfa combinations. Ration formulas for

Experiment 1, 2, and 3 are shown in tables 2a and 2b, respectively; the ration

for Experiment 3 was that shown for 40% alfalfa in table 2a.

Average daily gain and feed required per pound of gain for Experiment 1

are shown in table 3a. As is expected, rate of gain decreased and feed required
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per pound of gain increased as level of alfalfa in the ration increased. These

results are expected because of the low energy content of the rations; increased

feed intake did not occur. In addition, scouring was prevalent for pigs fed the

alfalfa rations, especially at the 40 and 60% levels. It is not known whether

the scouring was a physiological response to the alfalfa or was due to microbial

causes.

Experiment 2 was designed to determine the influence of several ration for-

mulations on performance of pigs fed 40% alfalfa. Bentonite and bran were included

as possible absorbers of fluid in the digestive tract; glutamic acid was included

as a possible agent for masking undesirable taste, if present; ASP-250 was included

for its antibiotic effect. Average daily gains and feed efficiency are shown in

table 4.

Scouring was noticeably less prevalent in Experiment 2 than in Experiment 1.

Even so, inclusion of an antibiotic resulted in approximately 1/4 lb more gain

per day (ration b vs ration a). As a percent of the control, this level of gain

is equal to that achieved by use of only 20% alfalfa in the ration in Experiment

1. Inclusion of either glutamic acid or bran failed to increase average daily

gain or to support them at levels equal to other treatments.

The above experiments were exploratory to obtain information on pattern of

response to increasing levels of alfalfa (Experiment 1) and to additives that

might influence performance on a ration containing high levels of alfalfa. A

potentially important means of improving performance on high alfalfa rations

is through selection. An experiment consisting of 48 pigs fed individually

assessed variation in growth rate within and among litters. Pairs of two barrows

and two gilts per litter were fed from 60-130 lbs weight on a conventional

ration; one member of each pair was then fed 40% alfalfa from 130 lbs to 200 lbs.

These data are shown in tables 5a and 5b. The data appear to support the

following conclusions: (1) in general, litters that grew most rapidly
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on the conventional ration grew most rapidly on the alfalfa ration; (2) the

alfalfa rations supported growth less well during winter than during fall com-

pared to the conventional ration; and (3) selection opportunity --- as measured

by the amount by which the top 25% exceeded the average --- is at least as

large, and possibly larger, on alfalfa rations as on conventional rations.

An important aspect of the potential for utilizing alfalfa in Pacific

Northwest swine rations is its influence on increasing lean content of carcasses.

These data are reported in table 3b. Numbers slaughtered in each ration group

are small but, in general, indicate increased leanness without consistent effects

on length and loin eye area.

If alfalfa is to constitute a major portion of market hog rations, one or

more of the following must occur: (1) identification of the causes of low

palatability and low protein digestibility of alfalfa, and development of methods

of overcoming these problems; (2) enough price differences between alfalfa and

the grains and protein supplements that it replaces so that decreased ration

cost will compensate for decreased performance levels; (3) market hog prices

that will reflect the increased lean content of carcasses resulting from feed-

ing alfalfa; and (4) improvement of performance on alfalfa rations as a result

of selection for animals adapted for effective utilization of alfalfa.

4



TABLE 1. PERFORMANCE OF SWINE FED BALANCED RATIONS WITH DIFFERENT GRAINS AND
DIFFERENT AMOUNTS OF ALFALFA

Grain
Av. daily

gain
Feed per
lb gain

Carcass	 Backfat	 Loin eye
length	 thickness	 area

Feed cost/
lb gain*

Av all 10% alfalfa 1.68 3.74 30.8 1.46 3.73 0.120

Av all 20% alfalfa 1.60 4.04 30.9 1.36 3.48 0.124

Av all 30% alfalfa 1.47 4.33 30.9 1.25 3.52 0.127

Av all barley 1.51 4.11 30.8 1.27 3.64 0.126

Av all corn 1.60 4.11 30.9 1.47 3.41 0.133

Av all milo 1.63 3.82 30.9 1.33 3.67 0.112

*The feed cost per pound gain is based on actual cost of the rations and would,
of course, very with different sources of feed supply.

TABLE 2a.	 COMPOSITION OF RATIONS CONTAINING VARIOUS LEVELS OF ALFALFA IN THE
FINISHING RATION FOR MARKET HOGS

Ingredient Pounds/Ton
(0%) (20%) (40%) (60%)

Sun-cured alfalfa 400 800 1200

Barley 1580 1200 810 410

Soybean meal 260 260 260 260

T M Salt 10 10 10 10

Bentonite 40 40 40 40

Molasses 60 60 60 60

Dicalcium Phosphate 20 20

Limestone 30 10

Monosodium Phosphate 20 20

Vitamin A 1,500,000 IU

Vitamin D 200,000 IU 200,000 IU 200,000 IU 200,000 IU

Vitamin B
12

15 gram 15 gram 15 gram 15 gram

Zinc Sulphate 3/4 lb 3/4 lb 3/4 lb 3/4 lb
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TABLE 4. AVERAGE DAILY GAIN AND FEED EFFICIENCY OF PIGS FED 40% ALFALFA WITH
VARIOUS ADDITIVES

Initial
wt.

Final
wt.

ADG
(lb)

% of
control

Daily Feed
intake

Feed/lb
gain

of
control

115 218 1.90 100 7.0 3.70 100

120 212 1.40 74 6.6 4.76 129

117 209 1.63 86 7.4 4.56 123

116 200 1.43 75 7.3 5.12 138

115 210 1.30 68 8.0 6.17 167

114 206 1.22 64 6.9 5.64 152

Ration

0% Alfalfa

40% Alfalfa

a. No additives

b. ASP-250

c. Bentonite

d. Glutamic Acid

e. Bran

TABLE 5a. AVERAGE DAILY GAIN OF PIGS INDIVIDUALLY FED 40% ALFALFA IN A BARLEY-
BASE FINISHER RATION

Trial I (Fall Trial II (Winter)

No.
Group	 pigs

ADG
(lb)

% Above
average

No.
Group	 pigs

ADG
(lb)

% Above
average

Controls Controls

Both sexes	 24 2.30 Both sexes	 24 2.14

Males	 12 2.36 Males	 12 2.23

Females	 12 2.24 Females	 12 2.05

Top 25% (both sexes) 2.67 16 Top 25% (both sexes) 2.53 18

Alfalfa Alfalfa

Both sexes	 24 1.68 Both sexes	 24 1.39

Males	 12 1.72 Males	 12 1.45

Females	 12 1.39 Females	 12 1.34

Top 25% (both sexes) 2.17 29 Top 25% (both sexes) 1.64 18

8



TABLE 5b. WITHIN AND BETWEEN LITTER COMPARISONS OF PERFORMANCE OF MARKET HOGS
FED 40% ALFALFA IN A BARLEY-BASE FINISHER RATION

Trial I (Fall) Trial II (Winter)

Group No. pigs ADG (lb) Group No. pigs ADG (lb)

Litter 1 Litter 1

Controls 4 2.31 Controls 4 1.94

Alfalfa 4 1.87 Alfalfa 4 1.14

Litter 2 Litter 2

Controls 4 2.48 Controls 4 2.49

Alfalfa 4 1.77 Alfalfa 4 1.54

Litter 3 Litter 3

Controls 2 1.95 Controls 4 2.00

Alfalfa 2 1.19 Alfalfa 4 1.51

Litter 4

Controls 2 2.28

Alfalfa 2 1.63

9
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EXTRUDED SOYBEANS AS A PROTEIN SOURCE FOR SWINE

P. R. Cheeke and D. C. England

There is interest in various agricultural and economic circles in

developing a soybean industry in the Pacific Northwest. Soybeans are grown

for their oil, with the oil-extracted meal being a by-product available

for animal feeding. Production of soybeans here would be fostered by the

presence of an oil-extraction plant. Construction of an oil-extraction

plant won't occur until there are about 200,000 acres of soybeans in

production. This is a classic example of a stand-off: oil crops

are not grown here because there is no extraction plant because there isn't

sufficient crop acreage to support it.

The interest in feeding full-fat soybeans arose as a result of this

stand-off. If the beans could be fed to livestock, and returned sufficient

profit to the grower to maintain his interest in the crop, it is possible

that sufficient soybean acreage could be developed to justify building an

extraction plant. Thus the use of full-fat beans for livestock would be

an interim step, as a means of encouraging soybean production in the

Northwest.

The objective of the study reported here was to evaluate full-fat

soybeans as a protein source for swine. They were prepared by an extrusion

process, which involves pressing the beans through a small orifice. The

pressure of forcing them through a small opening causes friction heating,

destroying the natural toxins in soybeans.

As is often the case with plants, soybeans are toxic unless cooked.

They contain several "anti-metabolites", including an inhibitor of a

P. R. Cheeke, Associate Professor of Animal Science, Oregon State Univer-
sity, and D. C. England, Professor of Animal Science, Oregon State Univer-
sity, Corvallis.
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digestive enzyme. The enzyme, trypsin, is a major enzyme concerned with

protein digestion; raw soybeans contain a "trypsin-inhibitor" which

interferes with this enzyme. The result is poor protein digestion, and

reduced growth. Thus it is well recognized that raw soybeans are unsatis-

factory for swine and poultry, and require some form of heat treatment

to make them acceptable as a protein source.

Because they contain the oil, extruded beans are higher in energy

than soybean meal. This could be advantageous in the Northwest, where low

energy grains like barley are often used. The extra energy could also be

useful in rations containing alfalfa, since this is a low-energy material.

Full-fat or extruded beans have been examined in the Midwest, using

corn-based swine diets. Relatively little work has been done using other

grains. For this reason, we compared extruded beans with soybean meal as

the protein supplement in corn-, wheat- and barley-based rations. In

addition, the comparative response with a high-alfalfa diet was determined.

Two pens of 10 pigs each were used in each of the eight treatments.

The grower phase was from 60 to 120 lbs., and the finisher phase from 120

to 220 lbs. Average daily gain and feed efficiency were calculated for

the grower and finisher periods.

The composition of the grower and finisher rations is shown in table

1. They were calculated to contain 15% and 13% crude protein for the

grower and finisher phases respectively for the corn-based diets, and 16%

and 14% crude protein for the barley- and wheat-based diets. The NRC

recommendations are for corn-based diets, with a level of 1-2% higher

recommended if other grains are used. The alfalfa diets contained 20%

alfalfa in the grower phase and 40% in the finisher phase.

Performance of the pigs is summarized in tables 2 and 3.

12



TABLE 1. PERCENTAGE COMPOSITION OF DIETS

Grower Diets 

Diet number
Ingredient	 1	 2 3 4 5 6 7 8

Alfalfa 20 20

Corn	 79.85 75.85

Wheat	 --- 81.85 77.85

Barley 79.35 75.35 ---

Soybean meal	 17.5	 --- 15.5 18 15.5 ---

Extruded soybeans 	 ---	 21.5 19.5 22 19.5

Salt	 0.5	 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Dicalcium phosphate	 0.85	 0.85 0.85 0.85 0.85 0.85 0.85 0.85

Limestone	 1.3	 1.3
(vitamin supplement included)

1.3 1.3 1.3 1.3 1.3 1.3

Finisher Diets 

Alfalfa 40 40

Corn	 85.35 82.85 ---

Wheat 87.35 85.35 --- --- 47.35 45.35

Barley 85.35 82.35 ---

Soybean meal	 12 10 12 10

Extruded soybeans	 ---	 14.5 12 15 12

Salt	 0.5	 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Dicalcium phosphate	 0.85	 0.85 0.85 0.85 0.85 0.85 0.85 0.85

Limestone	 1.3	 1.3
(vitamin supplement included)

1.3 1.3 1.3 1.3 1.3 1.3

13
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The growth performance indicates that extruded beans can be used

successfully in place of soybean meal. In general, feed efficiency was

better in the treatments with extruded beans, as might be expected from

their high energy content. The improvement in feed efficiency was especial-

ly apparent in the barley and alfalfa groups (low energy feeds).

The growth rate of pigs fed extruded beans in the corn-based diet was

lower than for the other groups. The explanation appears to be that a

different batch of soybeans was used for this group; these beans were

heavily contaminated with weed seeds, which reduced palatability of the

feed.

These results indicate that as far as feed efficiency and growth rate

are concerned, extruded soybeans can be substituted for soybean meal in

diets for growing-finishing pigs. The decision to make this substitution

is based on economic considerations.

This study was supported by funds from the Pacific Northwest

Regional Commission.
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CARCASS AND MEAT CHARACTERISTICS OF PORK
FROM SWINE FED EXPERIMENTAL DIETS

W. H. Kennick, R. S. Turner, D. C. England and P. R. Cheeke
Department of Animal Science, Oregon State University

Soybean Meal (SBM) has been extensively used as a protein supplement in

swine rations. Since SBM is one of the most expensive major ingredients in

a swine ration and must be imported into the Northwest, it has been suggested

that soybeans could be raised in the region and used as a protein supplement.

Initially, this would require the feeding of full fat soybeans (FFSB) since

there are no soybean oil extraction facilities in the region.

The feeding of elevated levels of soybean oil which contain polyunsatur-

ated fats would be expected to produce softer fat in the pork carcass and

possibly have other effects of economic importance on the carcasses and meat.

Experimental Procedure 

Swine from the experiment reported earlier by Cheeke et al. were removed

from feed when they reached approximately 225 pounds, held off feed for 24

hours and brought to the Clark Meat Science Laboratory for slaughter and

carcass evaluation.

1.

2.

3.

4.

5.

6.

7.

8.

The following data were obtained:

Final weight off feed

24 hour shrunk weight

Percent live shrink

Carcass weight

Dressing percent

Carcass length

Average backfat thickness

Carcass firmness score; 1, firm... 5, very soft
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9. Weight of four lean cuts

10. Percent of four lean cuts

11. Loin eye area

12. Marbling score; 1, traces... 5, abundant

13. Color score; 1, PSE,..., 3 normal, ... 5 Dark and firm

14. Total unsaturated fatty acids in combined backfat layers.

Results and Discussion 

The final live weights, shrunk live weight and percent shrink are pre-

sented in Table 1. There are several significant differences noted in this

table. As might have been expected, the swine fed a 40% alfalfa finishing

ration had the highest percent shrink and, consequently, the lowest shrunk

live weight of any of the groups.

The alfalfa-fed pigs (Table 2), in spite of their greater 24 hour

shrink, had a lower dressing percent (P<.001) than all other feed groups.

This coupled with their lower shrunk live weight produced significantly

lighter carcasses. There was no significant difference in dressing percent

or carcass weight attributable to protein supplement fed.

Although the differences were slight, wheat-fed pigs produced carcasses

which were significantly shorter than all other feed groups; W=30.25 in.,

A=30.82 in., C=30.88 in., and B=30.62 in.

Average backfat is very highly correlated to the yield of lean cuts from

carcasses and to a lesser degree to dressing percent. The data presented in

Tables 2 and 3 indicate that the alfalfa fed pigs were significantly lower in

average backfat and dressing percent.

There were no significant differences in average backfat (Table 3) asso-

ciated with the feeding of FFSB in comparison to SBM. Wheat- and corn-fed

pigs had backfats of 1.50 and 1.46 inches, respectively, which were not
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TABLE 1. OFF FEED AND SHRUNK LIVE WEIGHT AND PERCENT SHRINK SEGREGATED BY
SOURCE OF ENERGY AND PROTEIN.

Off Feed Weight 

Protein Supplement

Energy Source	 Full Fat Soybeans	 Soybean Meal 

Corn	 225.72	 228.42

Barley	 222.59	 222.63

Wheat	 225.00	 224.05

Alfalfa	 224.00	 221.28

Shrunk Live Weight 

Corrid	 215.29	 217.34
b

Barley	 212.66	 211.83

Wheatd	214.88	 216.05b

Alfalfa c	210.63	 209.44a

Percent Shrink in 24 Hours off Feed 

Corn	 4.62	 4.85

Barley	 4.46	 4.85

Wheatd	 4.50	 3.57

Alfalfac	 5.97	 5.35

a,b_
means in the same column followed by different superscripts differ
significantly by at least P<.05.

c,d
Energy sources having different superscripts differ significantly
independent of protein source by at least P<.05.
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TABLE 2. DRESSING PERCENT (SHRUNK WEIGHT BASIS) AND CARCASS WEIGHT SEGRE-
GATED BY SOURCE OF ENERGY AND PROTEIN.

Dressing Percent 

Protein Supplement

Energy Source	 Full Fat Soybeans	 Soybean Meal 

Co rndb 77.81b
79.03

Barley
d

78.34
b

78.83
b

Wheat
d

	

78.79	 78.55

Alfalfac	76.45a	 76.89a

Carcass Weight 

Cornd 167.50
b

171.74
b

Barley
d

	

166.53	 166.95

Wheat
d

	

169.25	 169.68

Alfalfa c	161.00
a

161.00a

a,b
Means in the same column followed by different superscripts differ
significantly by at least P<.05.

c,d
Energy sources having different superscripts differ significantly
independent of protein source by at least P<.02.

significantly different but were significantly greater than barley (1.35 in.)

fed pigs. All grain-fed hogs had highly significantly thicker backfats than

alfalfa-fed pigs (1.21 inches).

The reduced backfat on the alfalfa-fed pigs was reflected by the highest

percent four lean cuts (Table 4) which was not significantly higher than

barley; both, however, were significantly (P<.01) higher than corn and wheat.

There was greater variation in percent four lean cuts in the FFSB fed

carcasses than in those fed SBM. This was reflected in the weight of four

lean cuts (Table 5) where there were no significant differences attributable

to source of energy in the SBM fed pigs, while in the FFSB fed pigs barley-
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TABLE 3. AVERAGE BACKFAT SEGREGATED BY SOURCE OF ENERGY AND PROTEIN.

Protein Supplement

Energy Source	 Full Fat Soybeans	 Soybean Meal 

rn	 1.41
bc 1.51

b
Co 

f

Barleye	 1.31
b 1.38

b

Wheat f

	

1.54c	 1.46
b

Alfalfad	1.20a	 1.21a

a,b,c
Means in the same column followed by different superscripts differ
significantly by at least P<.05.

d,e,f
Energy sources having different superscripts differ significantly

- independent of protein source by at least P<.05.

TABLE 4. PERCENT FOUR LEAN CUTS SEGREGATED BY SOURCE OF ENERGY AND PROTEIN.

Protein Supplement

Energy Source	 Full Fat Soybeans	 Soybean Meal 

Co rn d 54.20b 53.70
b

Barleyc	57.36a	 55.64

53.
9

3
bWheat

d
54.78

b

Alfalfa c	57.78a	 57.08a

a,b
Means in the same column followed by different superscripts differ
significantly by at least P<.05.

c,d
Energy sources having different superscripts differ significantly
independent of protein source by at least P<.02.

fed pigs produced carcasses with significantly heavier four lean cuts than

those fed wheat or corn. The FFSB-alfalfa-fed pigs produced carcasses having

a weight of four lean cuts which were not significantly different than the

other groups receiving FFSB in spite of the fact that the carcasses were

lighter. This reflects the effect of low backfat on percent cutability.
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TABLE 5. WEIGHT OF FOUR LEAN CUTS SEGREGATED BY SOURCE OF ENERGY AND PROTEIN.

Protein Supplement

Energy Source	 Full Fat Soybeans 

Corn
d

90.79a

Barley c	95.52
b

Wheat	 91.28a

Alfalfa	 93.03

Soybean Meal 

92.22

92.89

92.95

91.90

a,b
Means in the same column followed by different superscripts differ
significantly by at least P<.02.

c,d
Energy sources having different superscripts differ significantly
independent of protein source by at least P<.04.

There were no significant differences in either percent or weight of

four lean cuts attributable to the feeding of FFSB vs. SBM.

Barley-fed pigs produced the largest loin eyes (Table 6) which were

significantly larger than those from corn-fed pigs.

Alfalfa-fed pigs had the lowest marbling scores (Table 7) which were

significantly lower than those for wheat-fed pigs.

Protein source significantly affected the color scores of alfalfa-fed

pigs. Alfalfa + FFSB fed pigs produced the lightest colored loin eyes while

alfalfa + SBM fed pigs produced the darkest colored loin eyes (P<.002).

There were no significant differences among the grain fed group attributable

to source of grain and protein.

Pigs, being simple stomached animals, absorb fatty acids in the ratio in

which they are ingested and this influences the fatty acid composition of the

depot fats. Since soybeans contain approximately eighteen percent fat, which

is high in unsaturated fatty acids, it would be expected that feeding FFSB to

pigs would increase the unsaturated fats in the carcass. It can be seen from

table 7 that this is true for pigs receiving corn, barley or alfalfa as an
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TABLE 6. LOIN EYE AREA, COLOR AND MARBLING SCORES SEGREGATED BY SOURCE OF
ENERGY AND PROTEIN.

Loin Eye Area

Protein Supplement

Energy Source	 Full Fat Soybeans 

4.Corn
d	

42
b

Barleya	 4.91a

Wheat	 4.77

Alfalfa	 4.76

Soybean Meal 

4.60

4.98

4.84

4.79

Marbling Score
1

Corn	 2.72
	

2.79

Barley	 2.65
	

2.95

Wheat
d	

2.95
b	

2.79

Alfalfa
c
	2.40a

	
2.61

Loin Eye Color Score 2

Corn	 2.67	 2.84

Barley	 2.76	 3.00

2.95
b

2.79
bWheat

Alfalfa	 2.50a'e	 3.11a'f

1
Marbling score, 2=slight, 3=small.

2
Color score, 2=slightly PSE, 3 =normal greyish-pink.

a
'
b
Means in the same column having different superscripts differ significantly
by at least P<.05.

c,d
Energy sources having different superscripts differ significantly
independent of protein source by at least P<.05.

e,f
Means in the same row having different subscripts differ significantly
(P<.002).
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TABLE 7. PERCENT TOTAL UNSATURATED FATTY ACIDS IN THE COMBINED BACKFAT
LAYERS AND CARCASS FIRMNESS SCORES SEGREGATED BY SOURCE OF ENERGY
AND PROTEIN.

Percent Unsaturated Fatty Acids 

Protein Supplement

Energy Source	 Full Fat Soybeans 

Corn
d

64.78
b

Barley	 62.65

Wheat
c

53.35a

Alfalfa	 61.50

Soybean Meal 

59.61

58.68

56.00

57.78

Carcass Firmness Score 

Corn	 2.44a'e	 1.00

Barley	 2.18a'e	 1.21E

Wheat
d	

1.20
b 1.21

Alfalfac	2.70a'e	 1. 33
f

1
1=firm...5=very soft.

a,b
Means in the same column having different superscripts differ significantly
by at least P<.05.

c,d_
mBans in the same column having different superscripts differ significantly
by at least P<.02.

e,f
Means in the same row having different subscripts differ significantly
(P<.02).

energy source, although these differences were not significant. The wheat-

fed pigs, although not significantly different in percent unsaturated fatty

acids between the groups fed FFSB and SBM, present an anomaly for which I

have no explanation. This anomaly probably prevented there being an overall

significant difference between the FFSB and SBM fed groups. The difference

between corn and wheat is attributable to the fact that corn has 2 to 2.5

percent more fat than wheat and that it is highly unsaturated. The differences
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in fatty acid composition are almost totally accounted for by differences in

linoleic acid.

The firmness of a carcass is influenced both by the quantity and quality

of the fat in the carcass. Fatter carcasses tend to be more firm than lean

carcasses and carcasses high in unsaturated fats tend to be soft. A compari-

son of the backfat data in Table 3 and the fatty acid data in Table 7 explains

the carcass firmness scores in Table 7. The FFSB + wheat-fed pigs were higher

in backfat and lower in unsaturated fatty acids than any other FFSB fed group

and produced firmer carcasses (P<.02) than the other FFSB fed groups. The

FFSB + alfalfa fed group had the lowest backfat of any group, which combined

with an elevated level of unsaturated fatty acids, produced the softest

carcasses of any feed group.

Summary 

Pigs from a nutritional experiment in which they had been reared on

either FFSB or SBM protein supplement in combination with either corn, barley,

wheat or 40% alfalfa as an energy source were slaughtered and their carcass

and meat quality evaluated. There were no quantitative differences associated

with the feeding of FFSB vs. SBM. Alfalfa-fed pigs had the greatest off feed

live shrink, the lowest dressing percent and, consequently, the lightest

carcasses. Alfalfa-fed pigs had the least backfat (1.20 in.) followed by

barley-fed pigs (1.31 in.); both of these were lower than corn and wheat

(1.41 and 1.54 in. respectively). These differences were reflected by an

inverse ranking in percent four lean cuts. FFSB fed pigs produced softer

carcasses with lighter colored loin eyes in all energy source groups except

wheat.
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Selection and Breeding Systems

L. L. Christian
Iowa State University

Selection represents the only directional force available to the swine producer
for creating genetic change. To accrue progress at a rapid rate requires
careful planning and an understanding of the factors contributing to profit
and loss in each enterprise. Furthermore, one must exercise care since at-
tention to too many factors dilutes the progress made in any one character-
istic, and hence priorities must be estabilished before one jumps head first
into a mis-directed program. It is important to remember that the commercial
industry depends directly on progress made at the seedstock level since 50%
of their genes comes from the last boar used, 75% from the last two and 87%
from the last three. There is little difference between the characteristics
desirable in commercial and purebred herds. But since the role of each is
different, their varying goals should be reviewed:

1. The seedstock producer sells genotypes and the commercial producer pheno-
types. In other words, the genetic makeup or breeding value of the breeding
animals sold is the important issue in the seedstock business whereas the
commercial producer is interested in the profitable nature of the animal he
sells to the packing plant. In the seedstock herd superior genotypes will
likely be produced by intense selection and rapid generation turnover. In
contrast, the economics of commercial production generally dictate saving
sows to maximize lifetime productivity and pigs produced per sow per year with
most improvement a result of the direct influence of superior sires.

2. The commercial producer can capitalize on heterosis and hence should
combine breeds and characteristics to both maximize hybrid vigor and to
best utilize the superior characteristics of each breed through systematic
introduction. The seedstock producer of a given breed should concentrate on
those traits his breed can best contribute to the final goals of the commer-
cial industry. This will rarely be for a given breeder to build an all-round
good pig.

Since selection is available to both the seedstock and the commercial producer,
we will first direct our discussion to this subject and follow with a dis-
cussion of the results from recently conducted crossbreeding studies with
the intent of developing optimum mating schemes that will maximize heterosis.

What traits should be considered? Obviously they should be those that in-
fluence the profitability of the enterprise. The relative emphasis of each
should, in fact, be in direct proportion to the relative economic worth and
to the heritability of the trait. These traits can be divided into the
general classifications of structural, maternal, performance and carcass.
An elaboration of each will follow.

Structural Traits

For too long the philosophy has been "as long as a pig is sound enough to reach
the kill floor, he's alright." Unsound, slow growing pigs have won too many
carcass championships and have created a poor image for the pork industry.
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Animals that lack freedom of movement constitute hazards to normal marketing,
they are more likely to be bruised, and often die in transit if hauled in
large groups. They must be eliminated from show ring competition and breeding
stock must be carefully screened to eliminate these prior to their further
propagation.

Specific problems include pigs lacking freedom of movement off their front
legs. These pigs commonly have contracted tendons, tight shoulders, small
inside toes, toe out considerably and take a very short stride. Although
geneticists have neglected to study these characteristics since they are
difficult to measure in a quantitative manner and breeders by environmental
manipulation can sometimes camouflage them, experience has taught us that
a hereditary tendency is clearly evident. Ignoring this trait in selection
results in sows that leave the herd too early and boars that have to be
physically helped in mating or aided by the needle to fulfill their purpose.

Leg problems of the rear limbs are often overlooked. Posty-legged sows that
must be aided to their feet in slippery farrowing stalls and boars whose
rear legs slide under them when mating have been serious problems.

Another serious rear leg problem is the cocked ankles that give rise to
worn-off inside toes. These pigs often twist their feet as they strike the
floor and hence wear the inside toes excessively resulting in sore pads and
lameness.

Underline soundness is also of importance although probably overemphasized
in selection. Teat number is moderately heritable in swine (most estimates
suggest it to be approximately 30% inherited). Whether gilts with less than
12 prominent nipples are kept should depend on the level of production
achieved in the herd. It seems rather senseless to discard the leanest
probing, fastest growing gilt in the herd if only eight pigs are normally
raised per litter. Number of functional nipples rarely constitutes the
limiting factor in number of pigs raised.

Inverted nipple problems are inherited as a recessive trait but at least two
pairs of genes seem to be involved. Although it is a rare exception when
the number of inverts is greater than two on a gilt, invariably these are
located in the prime locations and hence animals showing this undesirable
condition should be culled. A boar with undeveloped or inverted nipples
can spread this problem through a herd rapidly and reduce the selection
pressure achieved in other economically important traits.

Maternal Traits 

Litter size, number reared per litter and litters/sow/year are lowly heritable
traits and although of immense economic importance are best maintained at
satisfactory levels within purebred populations by removing families ex-
tremely low in performance and by keeping the rate of inbreeding low.
Positive selection pressure on these traits is automatic since more selection
choices exist in larger litters and will prevent decreases to substandard
levels.

In spite of the foregoing, in breeds utilized in commercial production for
their desirable maternal characteristics, additional attention to these
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traits may be warranted. Equalizing litters when possible to approximately
10 live pigs to provide every sow with the opportunity to raise a standard
number and subsequent measurement of 21-day litter weight (a trait largely a
function of milk production) should provide an equitable method for culling
on mothering ability and also provide an opportunity for young gilts to develop
unhampered by the "competitive effects" suggested by North Carolina workers
as a possible cause of the low heritability of litter size and weight.

Performance Traits 

Both weight for age and feed efficiency are economically important to most
swine enterprises and their heritabilities are of sufficient magnitude to
respond to selection. Every seedstock producer should have a scale with
which to measure weight for age. It matters little whether growth rate is
expressed as days required to reach a given weight or weight at a fixed age.
What is important is that growth rate is measured in an accurate manner and
carefully adjusted to some constant basis. To assure offspring capable of
rapid growth to more acceptable market weights, it is becoming more apparent
that breeding animals, boars especially, be tested to weights in excess of
220 lb.

Some variance of opinion exists regarding the need for direct selection for
feed efficiency. Ohio and North Carolina research suggests that almost as
much improvement can be made in feed efficiency through indirect selection
for favorable changes in backfat thickness and growth rate as can be ac-
complished by direct selection for feed conversion. This result stems
from favorable genetic relationships between these two traits and feed
efficiency. A few other research efforts suggest the same relationships,
but because of their limited scope, further research is necessary to deter-
mine if selection for feed efficiency on an individual pig basis is warranted
when the cost of obtaining such information is considered. This question is
of paramount importance since it is doubtful if feed efficiency on a pen
basis provides sufficient information on individual members of the group to
be reliable in predicting a single pig's merit. This is especially true
if group sizes are large and if groups contain large numbers of half brothers
rather than littermates.

Carcass Traits 

Ham-loin and lean cut percentages of pork carcasses are highly related to
carcass value. Fortunately, these measures of composition can be reliably
measured by the live backfat probe. Recent reports reveal that the backfat
probe, even in meatier herds where variation in backfat cover has been
drastically reduced, accounts for approximately 50% of the differences in
ham-loin percentages. In fact, numerous reports have demonstrated the
probe to be a better predictor of carcass merit than corresponding measure-
ments taken in the carcass. In extremely meaty animals, the backfat is con-
siderably less at the probe site than over the midline whereas a similar
relationship is not true in the case of an average pig.

The measured value of backfat probe is commonly one to two tenths of an inch
less than that of the carcass. This should not be alarming for they are
measurements taken at different points. The shoulder probe is normally
taken at a point two inches off the midline at a position directly above the

27



point of the elbow or front flank. This corresponds to approximately the
5th or 6th rib and not the first rib where shoulder backfat is measured in
the carcass. A second difference stems from probe measurements being taken
1.5-2 inches off the midline, whereas the carcass measurement is taken on
the midline. This variation in procedure between the two methods in meaty
hogs can account for a difference of at least 0.2 inches at the last rib
probe site.

Improvements in ultrasonic techniques have improved the accuracy of loin
eye measurement in the live animal. Correlation coefficients of 0.75-.85
between estimated and carcass loin eye are common with these techniques when
well-trained competent technicians operate the equipment. Estimated loin
eye and scanned average backfat thickness accounted for 75% of the variation
in ham-loin percent of 86 slaughter pigs evaluated at Iowa State. Expressed
in relative terms, this simply means that this information is more informative
as to the genetic merit of an individual than cutout of two randomly selected
littermates.

In an Iowa State study, inclusion of ultrasonic measurement of loin eye area
on boars was found to improve the efficiency of selection for net merit by
3% above an index including complete carcass information on two sibs. In
addition, where testing space is limiting and slaughter animals have in
the past been tested, more potential sires could be occupying the space and
the intensity of selection cut in half.

Although correlation values of 0.75-.85 are less than perfect, the Iowa
State studies indicate live ultrasonic measurements of loin muscle area
to be as predictive of carcass measurements as is one carcass loin measure-
ment with one another when taken by different individuals utilizing the
same techniques and the same loin surface. Ths means that measurement of
loin muscle area in the carcass is subject to considerable error, particularly
when loins are trimmed before they are measured and different individuals do
the measuring. Therefore, failure of ultrasonic measurements to closely par-
allel carcass readings do not necessarily indicate the live reading to be in
error. In fact, in most of our studies, ultrasonic readings have been con-
sistently equal to or superior to carcass loin measurements in predicting
carcass ham-loin percentages.

The market hog evaluation procedure developed by the National Pork Producers
Council that determines age units to produce 85 pounds of fat corrected
muscle constitutes a workable and relatively accurate method for ranking
individuals. The acceptance by the pork industry of this or a similar pro-
cedure that encompasses both rate of growth and body composition should be
strongly encouraged.

Pork Quality and Stress Death 

The frequency of pale, soft and exudative muscle in pork carcasses has
increased significantly in recent years. It has been estimated that approx-
imately 18% of our market hog production yields some degree of poor quality.
Undoubtedly the incidence is considerably higher in extremely meaty herds.
Of perhaps even greater importance to the producer is the increased incidence
of the porcine stress syndrome (PSS) which results in death loss of susceptible
pigs when stressed during the handling or marketing process. There is little
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question that these conditions are closely related and in the case of PSS
have a higher genetic basis. Death losses have been highest within extremely
meaty herds rearing pigs in intense confinement although all types of manage-
ment systems have produced losses. It has been theorized that less intense
systems allow the animal to better condition himself to withstand physical
stress; however this has little influence on factors producing PSE muscle.

Extensive studies at Iowa State suggest this condition to be genetic in
nature and the inheritance to be of the recessive type since only matings
where both parents with a familial background of stress-susceptability
produce affected progeny.

Currently available techniques for identifying the PSS animal, if carefully
applied in problem herds, should reduce the incidence of PSE and stress
death to reasonable levels. Elimination of the problem must await the per-
fection of an identification method similar to blood typing that would
permit determination of the genotype of individual animals so that carriers
of the detrimental gene can be culled.

Crossbreeding 

For the commercial producer heterosis from crossbreeding in addition to
selection is available as a genetic tool for producing improved performance.
Recent efforts here at Iowa State have been directed toward assessing whether
percent hybrid vigor among present breeds of swine is similar to that
observed among the breeds when the first crossbreeding studies were conducted
in the early 50's.

A large scale study involving nearly 600 litters and comprising all possible
combinations of crosses among Chester Whites, Durocs, Hampshires and York-
shires has been recently completed. In this first cross phase of the
study crossbred litters were of similar size at birth but an improved
survival rate resulted in approximately a 7% superiority at weaning in the
crossbred litters. Individual weights of pigs from crossbred litters were
5.5, 3.8, 8.4 and 10.5 percent superior to the purebred average at birth,
3 weeks, 8 weeks and 154 days of age, respectively. Percent heterosis for
3-week litter weight was 10.1 percent. As expected heterosis was essentially
zero for carcass traits.

It is evident from these results that heterosis is just as great among swine
breeds today as it was before selection programs designed to improve carcass
merit were initiated.

The second phase of this project evaluated the performance of two-breed
cross dams. Nearly 400 litters were evaluated in this portion of the investi-
gation. Crossbred gilts farrowed 5% more pigs than did the purebreds and
maintained this advantage through 56 days of pig age. Litter weights from
crossbred dams were 10.7 and 11.4 percent superior to those from the pure-
bred females at 21 and 56 days of age, respectively. This resulted from
the superior litter size of litters from crossbred dams and a 5-6% more
rapid growth of the individual pigs from these females to 3 and 8 weeks of
age. Maternal heterosis had no influence on carcass traits and its effect
on individual pig weight dissipated by 5 months of age.
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The four breeds compared in this study ranked differently depending on the
trait under consideration. In general, the Chesters and Yorkshire breeds
were superior in maternal traits (litter sizes farrowed and raised and weaning
weight) although Yorkshire females had the lowest farrowing rate of all breeds
considered. When combined to produce the Fl, this female combination (C x Y)
also stood out.

In the case of rate of growth traits, the Duroc crosses excelled with the
Duroc x Yorkshire cross the superior 2-breed combination. Hampshire sired
pigs were the leanest and had the largest loin muscle areas but ranked
below Duroc and Yorkshire sired pigs'in rate of growth to market weight.

These results and those recently reported from Canada and Oklahoma sub-
stantiate the superiority of a crossbreeding system for commercial production.
How such a system is designed will depend upon the scope and economic
situation in a given enterprise. It is apparent, however, that the female
should be a crossbred, preferably of two white breeds, and the sire of
a breed superior in rate and efficiency of growth and carcass merit. An
optimum system for larger units will likely be static rather than a rotational
system, whereas smaller more diversified farmer-producers will likely continue
to utilize a three or four breed rotational cross.

Successful production of commercial hogs is dependent upon selection of
superior seedstock and their combination into an optimum mating system.
To assure an adequate supply of breeding animals superior in economically
important traits and capable of rapid and efficient lean growth to the
heavier market weights likely to be desired in the future, selection for
greater skeletal size must be emphasized. These type of animals should
evolve if central and on-the-farm testing schemes are properly designed
and followed by the leading seedstock producers.
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ASSOCIATION OF GENETICALLY DETERMINED BLOOD COMPONENTS
WITH REPRODUCTIVE PERFORMANCE IN SWINE

R. L. Kray, D. C. England and R. Bogart
Department of Animal Science and Genetics Institute

Oregon State University

Maintenance for 12 years at Oregon State University of an almost-closed

herd of Berkshires, of Yorkshires, and of a population (designated Composite)

developed from a cross of these breeds resulted in a unique opportunity to

make numerous comparisons of performance of herds with varying degrees of gene-

tic likeness and differences in the same environment. The Composite group

obtained all of its genetic background from the specific animals used in the two

parent breeds; differences from either of the parental breeds can be attributed

to selection effect. One of the more pronounced differences seen was in litter

size traits.

Numerous studies have evaluated the effectiveness of improving reproductive

performance of gilts by selecting them on reproductive performance of their dams.

Generally, these have shown a slow rate of improvement (Cummings et al., 1947;

Boylan et al., 1961; Urban et al., 1966). A more favored strategy is the pro-

duction of brood sows by crossing breeds (Squires et al., 1952). This is a

fact of considerable interest to the development of theories about the inherit-

ance of reproductive ability and suggests that contrasting levels of reproduc-

tive ability are in fact inherited (that is, there is a genetic basis for the

variation in reproductive performance). However, the genetic basis for the

trait is not easily understood and is evidently quite different from the genetic

bases for traits such as growth, feed efficiency and carcass merit.

Certain types , of crossmatings have been more effective than others for

obtaining crossbred females with superior reproductive ability. Certain groups

within the Oregon State University swine herd were crossbred populations in

which the sows produced litters of superior size compared to litters by the
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parental lines. A study was undertaken to accomplish some basic descriptions

of genetic contrasts among those crossbred groups, and also of the parental

lines. These studies involved genetically controlled differences in certain

blood conponents as described below.

Early Studies of Inherited Blood Components 

The attempts to genetically describe populations extended beyond, but in-

cluded, certain characteristics which are transmitted from parents to offspring

in a relatively uncomplicated manner (summarized by Moustgaard and Hesselholt,

1965). Studies had indicated that such characteristics might be useful as tools

in improving understanding of more complex traits such as reproductive perfor-

mance.

Two rather different laboratory techniques --- electrophoresis and blood

typing --- have been useful for accomplishing fairly extensive descriptions of

genetically controlled differences among individuals. Electrophoresis makes

possible the separation of specific substances in various types of complex

mixtures. Blood typing has also been found to be of value in genetic studies.

Our studies used electrophoresis to analyze the serum portion of blood.

Serum is the practically clear liquid which is separable from the red corpus-

cular fraction and is a very complex mixture of substances. One of the compon-

ents of serum is called transferrin; transferrin is a protein substance which

accomplishes an essential role in the proper distribution of iron among the body

tissues in which iron is an essential element (Laurell, 1960). However, this

functional role of transferrin is not the aspect which was of interest in

several genetic studies concerning transferrin. Over the past 15 years, elec-

trophoretic analyses have revealed that there are at least 15 different types

of transferrin (Kristjansson, 1960b; King, 1962; Schroffel, 1966; Baker, 1968),

but in the blood of any particular individual, there is only one of those types
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present.

Several of the different types of transferrin are quite uncommon, and in

most populations studied, only three to six different types have been found in

the population. Studies of blood specimens from sows and boars and the offspring

resulting from their mating indicate that the type of transferrin present in any

individual's blood is genetically controlled (Kristjansson, 1960a,b). Thus,

transferrin types of offspring can be predicted on the basis of transferrin

types in the parents.

Kristjansson (1964) analyzed transferrin types and records of reproductive

performance of 261 Yorkshire gilts and 269 Landrace gilts. Only three different

types of transferrin were found among the gilts, or among the Yorkshire and

Landrace boars to which they were mated. Those three different types are

referred to as Tf A, Tf B, and Tf AB. The results of breeding were tabulated

according to the various combinations of the transferrin types of the gilt and

the service boar used. It was found that among the gilts possessing the Tf AB

and serviced by a boar of the type Tf B, the proportion of gilts which failed

to conceive at the first heat period after the start of the breeding season

was 46%. The average rate of failure to conceive at the first heat period of

the season was only 22% in the categories consisting of other combinations of

transferrin types (for example, Tf B gilts mated to Tf B boars, etc.). Only

tentative conclusions were reached using those data. It seemed that, although

a gilt might remain barren when mated to a particular fertile boar, nevertheless,

the same gilt might conceive if mated to a fertile boar belonging to a different

transferrin type.

Although the methods of analysis used for blood typing are distinctly

different from the electrophoretic analyses, they can detect certain substances

that provide information which can be useful for the same purposes. It is

possible to demonstrate that there are numerous components present in the blood
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which are separate genetically controlled traits. This can be done by use of

some slight variations in either the blood typing procedures or techniques of

use of electrophoresis. The appropriate analytical procedure allows the blood

typing technician to describe the red corpuscles of certain individuals as

containing the component referred to as A
+
; individuals who instead are found

to lack the A
+ 

component (Saison and Ingram, 1962) are classified as being of

the A	 type	 (Smith et al., 1968). Additional analyses can determine

whether blood from any of those same individuals also contains components

denoted as H
a' 

H
c' 

or H
ac 

(Hojny, 1973). The A
+ 

component may be present on

the same single corpuscle as one of the components designated as H
a

, H
c

, or H
ac

.

However, those components may be considered as being separately positioned on

the surface of a corpuscle. That is, at one specific location on the corpuscle,

the A
+ 

component may be present or absent, and at a separate location on the

corpuscle, either the H, H 
c 

, or H 
ac 

is present. Just as with the transferrin
a 

variation mentioned above, the presence or absence of the A
+ 

is one inherited

characteristic, and the presence or absence of the H H 
c , 

or H 
ac 

is another
a 

inherited characteristic.

Smith et al. (1968) reported a study at Iowa State University involving a

number of separate blood components. Although transferrin was one of the compo-

nents involved, most were substances detectable by blood typing techniques.

Blood typing was done for more than 700 Duroc and 700 Hampshire sows in the

Iowa State University herd. Analyses were made of the results of the blood

typing studies and reproduction records on those sows (Jensen et al., 1968).

It was found that Duroc sows with A
+ 

type produced larger numbers of live-born

per litter compared to those with the A type. The difference between effects

associated with the two different types was not large, but the relatively

positive effect associated with presence of the A
+ 

in the dams was a fairly
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consistent observation. More distinct contrasts were found when comparisons

were made on the basis of the H
a

, H
c
, and H types. It was found that an

ac

effect was associated with the presence of the H component which increased
c 

sizes of litters farrowed from Durocs by 1/2 piglet, compared to the effect

associated with the H, and increased litter size by about 1 1/2 piglets
ac 

compared to the effect associated with the Ha.

Blood Components and Reproductive Performance in 
the Oregon State University Swine Herd 

The genetic structure of the O.S.U. swine populations was such that it

seemed likely that it could be of value in improving understanding of the

genetic basis for variations of reproductive capability. During the period

from 1968 until 1975, crossbred groups of brood sows were produced within the

herd by crossmatings among the Berkshire, Yorkshire, and Composite lines. The

purebred and Composite lines and also certain groups of crossbred pigs were

used as subjects of studies of blood components. It was feasible to perform

analyses involving 13 blood components, including the same components mentioned

above. Results of the blood analyses were evaluated along with the records of

reproductive performance. There were interesting contrasts among the average

reproductive performances of the separate breed groups which were subjects of

the analyses. However, it is presently more appropriate to focus on the evidence

of variations among individuals within each of the various breed categories.

It was found that variations of performance among individuals were signifi-

cantly correlated with the variations of certain blood components which were

studied. Evidence of correlations is shown in Figure 1, Table 1, and Figure 2

The symbols BxC and YxC denote the groups of brood sows produced by crossing

the Berkshire and Yorkshire lines with the Composite line.

It may be seen from Figure 1 and Table 1 that within certain breed cate-

gories there are distinct contrasts associated with different transferrin types;
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these are indicated by the values shown below the symbols. Each such value is

the effect associated solely with the specific transferrin type, as the effects

associated with the sow's age and the other blood components were held constant.

In Yorkshire sows, the Tf AB type sows produced 0.25 more piglets per litter than

the Tf B type sows and 1.55 more piglets per litter than the Tf A type sows.

Contrasts among effects associated with transferrin types were somewhat

greater for litters farrowed by Composite sows; Tf AB type sows farrowed 1.62

more piglets per litter than type Tf B sows, and 2.67 more than type Tf A sows.

Much more extreme effects were associated with transferrin types in the Berkshire

x Composite sows; Tf B type Berkshire x Composite dams farrowed 3.29 more piglets

per litter than Tf AB type, and 4.93 more piglets than the Tf A type. Also,

there were marked contrasts in Yorkshire x Composite sows. The number of York-

shire x Composite sows was somewhat smaller than in the other breed categories,

and in the group none of the Yorkshire x Composite sows possessed Tf A type.

Of the two transferrin types, the Tf B type Yorkshire x Composite sows produced

2.74 more piglets per litter than the Tf AB type.

Another blood component significantly associated with reproductive perfor-

mance in the 0.S.U. herd was that referred to as the amylose modifier. As with

transferrin, the amylose modifier is a component of the serum fraction and var-

iant types are detected by electrophoresis. The Berkshire sows possessing the

Am 2 type farrowed 1.76 more piglets per litter than the Am 2-3 type. A signi-

ficant association between amylose modifier types and reproduction was found

also in the Berkshire x Composite category; in the Berkshire x Composite sows,

litter size of the Am 2-3 type was only 0.83 pigs greater than for the Am 2 type,

but 1.72 pigs greater than for the Am 3 type.

Certain other components besides the transferrin and the amylose modifier

were found to be significantly associated with reproductive performance. However,
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each such association was found in not more than one of the seven different

purebred or crossbred groups which were studied. Rather than mention each such

component, it is more worthwhile to discuss usefulness of the evidence about

the associations described above.

Significance for Breeding Programs 

There are impressive contrasts within certain breed categories among effects

associated with different forms of some blood components. However, this study

apparently has not yet brought knowledge about associations between blood com-

ponents and performance to such a point that it is generally useful in designing

breeding programs.

Among the most significant results was the finding that the type associated

with the most favorable effect on performance was not the same blood component

in the various breed categories. In the Yorkshire and Composite sows, the Tf AB

type was associated with the more favorable effect (Figure 1, Table 1). The

type associated with the most favorable effect on both the Berkshire x Composite

and Yorkshire x Composite categories was the Tf B type, not the Tf AB type. A

similar type of observation can be made regarding the relative values of the

different amylose modifier types. Although the more favorable effect in the

Berkshire line was that with sows of the Am 2 type (Figure 2), the most favorable

effect for Berkshire x Composite sows was that associated with the Am 2-3 instead

of the Am 2.

A reasonable explanation for the inconsistencies is that certain blood

component traits were genetically linked with other genes which affect reproduc-

tive performance. This explanation is distinctly different from the concept

that the variant forms of transferrin and the amylose modifier were themselves

responsible for variation in reproductive performance.

Obviously, if there had been successful identification of some blood
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component which had some essential involvement in affecting litter size, then

the knowledge of that effect could be applied quite directly in the selection

of superior breeding stock. Based on findings in the present study, however,

it is unlikely that it would be generally useful to simply select gilts for

breeding stock on the basis of the transferrin or amylose madifier type. That

is, the best choice of transferrin type in the Berkshire x Composite and York-

shire x Composite categories would not be the most desirable type in the

Yorkshire or Composite lines. However, with an understanding of genetic link-

age, it is likely that evidence from these studies can be a useful component of

a battery of knowledge about the genetic basis of reproductive performance.

It is known that, in general, the gene which determines the type of some

particular blood component is not inherited separately, but instead is linked

with genes which control various other traits. That is, genes which control

different traits are located together in one of several linked groups, in the

same way as separate beads are located together on a string. The number of

such linked groups which exist is the same for each individual in a population

and does not change; pigs have 19 such groups (chromosomes (McConnel et al.,

1963). Apparently, one of the linked groups contains genes which determine

to some extent the sizes of litters which the sow is capable of producing, and

also contains the gene which determines the transferrin type. Likewise, some

other linked group apparently contains additional genes which affect the indi-

vidual female's reproductive capability and also contains the gene which deter-

mines the amylose modifier type.

Evidently, certain genes which allowed individual Berkshire x Composite

and Yorkshire x Composite sows to produce relatively large litters were linked

to the Tf B gene, and genes which conferred a lower level of reproductive

capability were linked with the Tf A gene. Family studies have shown that the
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individuals which possess the Tf AB type are those which inherited a Tf A gene

from one parent, and a Tf B gene from the other parent. Thus, the Berkshire x

Composite sows possessing the Tf AB were those in which there was an intermediate

effect on reproductive capability (Figure 1, Table 1). A somewhat different

combination of elements apparently was present in most of the Yorkshire and

Composite sows. In either of the latter two lines, a more favorable effect

toward litter size was associated with Tf AB, and somewhat less favorable effects

were associated with the other transferrin types. These observations about the

Yorkshires and Composites are not adequately accounted for with the idea that

genetic factors of high value were linked with the Tf B and factors of low

value were linked with the Tf A. It seems that prolificacy genes which were

linked with transferrin genes in the Yorkshire and Composite lines were of a

sort which formed combinations which yielded a different effect than the genetic

factors in the Berkshire x Composite and Yorkshire x Composite breed categories.

The fact that the effect associated with the Tf AB was superior in the Yorkshire

and Composite lines is suggestive that the genetic basis for reproductive

capability involves processes which are not to be understood as simply as the

processes of addition and subtraction. Instead, there are processes involved

which may be of complexity such as multiplication.

It has been necessary here to refer, in a quite non-specific manner, to

"genetic factors" affecting reproduction. There have been no identifications

of the factors which apparently are linked with the transferrin and amylose

modifier genes. But even prior to actual identification of the genes within the

same linked group with the transferrin gene, some information about those genes

may be quite useful. The findings indicate that in at least some populations,

a very significant proportion of the variation among individuals might be attri-

butable to genetic factors in only one linked group of genes. Previously,
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there was a report of an effect which was more extreme than that associated

with transferrin types in this population. As noted above, Kristjansson (1964)

found that with mating pairs consisting of certain transferrin types, gilts

would remain barren following mating more frequently than was the case with

other combinations of transferrin types. Results from the present study seem

to be evidence of another type of effect associated with the transferrin gene,

which was rather sizeable but was not an all-or-none type of effect.

The findings described here are not information that is of general, imme-

diate usefulness in breeding programs. However, the findings are significant

steps in the progress toward understanding the factors which are the genetic

bases for variation in reproductive performance.

40



Meant	
-;8.57

/

8.58	

I

_ 	 •	 Yorkshire

I

1	 -,95
1
I
I

I
I
I
I
I
I
1

Mean-
value$ 9 - 55—

1
1
1

Tf A:

I

Transferrin-

,.60

*

I	 Trans
Tf AB: Tf B:	 Tf

1
associated

t
I

.35	 -1.24:,1.43

I

,	 Composite

A ITf
t
1

I
1

//./7

ferriii
AB:

effect

* ,_
-- 

1

tyfe-
Tf B	 Tf

1

i	 I
1

:1;19:	 72J9:-.55
1
I
I

I
I
I

1
1

/771,8.57

(piglets

BxC*
Of- -saw

A:TfAB;Tf
,	 1

.	 :

A

:2 . .74t

- -

13:

per

1
, - —

litter)
1
1

I
I
I
1
I

I
I
1

t
11.95-----

1
t
t
I

-1.37

YxC

Tf AB

/

:Tf B

I

1
:1.37

,

1

I 
;
1.
1
I
I
t
I

I
I
t
I
$

i
$

-8.877
I 1

1

'None of the YxC
sows possessed the

- Tf A type. 
Figure 1. Correlation of transferrin types with variation in litter size.

(total piglets per. litter, dead or alive).

	

Berkshire * :	 BxC*
Amylose modifier type of sow

	

Am ,Am :	 i	 'Am 'Am$

1	 t

	

2 '2-3'	 1	 -2 1 2-3 1 3

	

1`
 :	 I-

I	 •	 r
I	 I	 I	 I	 I

liAmylose modifier-associated effect (piglets per litter)

	

1	 1	 I
1	 ;	 I	 1	 t	 I$	 .88 -.88	 .02 .85 -.87

t-The Am -3 type vas
not present among
Berkshire sows.

Figure 2. Correlation of amylose modifier types with variation in
litter size.

*Analyses of variance yielded the estimate that within these breed
categories, there is less than a 5% probability that the contrasts
among values occurred simply by chance. 	 41



TABLE 1. SIGNIFICANT ASSOCIATION OF TRANSFERRIN AND AMYLOSE MODIFIER TYPES
WITH AVERAGE LITTER SIZE IN DIFFERENT BREED GROUPS OF SOWS IN THE
SAME HERD

Breed
group

Transferrin Type Amylose Modifier Types
Tf A Tf AB Tf B Am 2	 Am 2-3	 Am 3

Yorkshire -	 .95 .60 .35 - - -

Composite* -1.24 1.43 -	 .19 - - -

Berkshire - - - .88 -.88 t

Berkshire x
Composite -2.19 -	 .55 2.74 .02 .85 -	 .87

Yorkshire x
Composite -1.37 1.37 -

*Derived from inter se mating and selection from Berkshire x Yorkshire.

tNo sows of these types occurred in the sows that were used in this study.
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PORCINE STRESS SYNDROME DETECTION

L. L. Christian
Iowa State University

A survey conducted in 1971 by Livestock Conservation, Inc. revealed slightly
over one third of U.S. swine herds have experienced "unexpected death loss
of heavily muscled pigs." The herd frequency was revealed to be higher among
herds classified as being of a total confinement type than among those follow-
ing a partial confinement or open lot system. However, death losses of this
nature occurred in all systems.

More current information on the frequency of this problem in the swine industry
are not available but field reports and contacts with purebred and commercial
producers suggest that at the seedstock level the incidence may be reducing but
at the commercial level the frequency is as high as ever and is expressing
itself within herds heretofore free of the problem.

To briefly review, the condition of PSS is characterized by sudden death in
heavy-muscled pigs after a stressful episode such as physical exertion.
Losses are most frequent at the time of marketing, but have also been observed
at weaning and at other occasions when pigs are mixed or sorted. Death is
preceeded by muscle rigidity, blotchy cyanosis of the skin, open-mouthed
respiration, elevated heart rate, anxiety and an extreme elevation in body
temperature. Rigor mortis occurs promptly following death. Cross-sections
of the ham 1-2 hours post mortem often reveals two-toned musculature with
normal external muscles. The loin muscle is very pale, is devoid of marbling
and often only loosely adhered into position.

More recent studies at Iowa State University and at other institutions reveal
post mortem muscle color scores to be of little value in detecting problem
animals and even herds since scores ranging from PSE (pale, soft, exudative)
to DFD (dark, firm, dry) are produced by animals known to be stress susceptible.
This observation is considered to result from variation in the severity and
duration of physical stress imposed on animals prior to slaughter and to
differences in chilling rate of the carcasses. These observations plus the
poor relationship of the animals considered for replacement to their dead
littermates seriously question the merit of sib testing as a means eliminating
stress problems from a herds experiencing difficulty.

Efforts to were subsequently concentrated on techniques useful in identification
of susceptible animals at an early age. Visual scoring, halothane screening,
creative phosphokinase testing and finally blood typing have been evaluated.
Each provides promise as identification methods that can be used by swine
producers and hence will be discussed separately.

Visual scoring was investigated since affected individuals were almost invari-
ably small in stature, extremely muscular and displayed large oval-shaped hams.
They are extremely tight jointed and middled. Veins on the superficial portion
of their hams are often enlarged. Separation of ham muscles is very evident.
The eyes often appear to protrude and display a "fearful" look. When moved
to a strange pen or physically disturbed susceptible animals often show signs
of restlessness.
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Results of a study designed to evaluate the accuracy of visual classification
using a scoring system of 1-10 are shown in table 1. Approximately 75% of
the animals were correctly identified. Although of some merit, the dis-
advantages inherent in the approach are its subjective nature that requires
experienced personnel and the possibility that muscular animals that are
stress resistant will be falsely accused. Although we have observed all
stress animals to be muscular, not all muscular animals are stress susceptible.

After reviewing studies of humans afflicted with a condition known as malignant
hyperthermia (MHS) our efforts turned to administration of halothane anesthetic
to PSS pigs. It was observed that similar to humans, positive subjects
experience muscle rigidity followed by elevated temperature and often death.
However, most young pigs (7-11 weeks) were found to recover following the
onset of muscle rigidity if the anesthetic was quickly removed.

Subsequent development of a screening procedure that involves three minute
exposure of 7-11 week old pigs to 6 percent halothane vapor via a closed
system anesthetic machine resulted in a highly accurate detection method.
This procedure produces muscle rigidity in 95-98 percent of animals known to
be stress positive. Only a few stress pigs that are at the low end of the
age range, undersized for their age and/or sick fail to respond. Although
somewhat cumbersome and expensive for field testing this procedure provided
a basis for comparing other promising diagnostic procedures.

Blood levels of creative phosphokinase (CPK) have also been evaluated. This
enzyme leaks from muscle cells and appears in the blood stream following a
stressful activity. Elevation has been much higher in stress positive than
in normal animals. Tables 2, 3, and 4 compare blood levels of CPK positive
and negative animals prior to physical stress, 4 hours after stress and 4 hours
following halothane administration. A ten-fold increase is apparent following
halothane testing but a lesser response is evident without gas administration.
The procedure of blood testing 2-4 hours following a 5-10 minute physical
stress is considered to be 80-90 percent accurate and provides a usable tech-
nique for field application.

Two CPK testing procedures have been used in our investigation, the Sigma
procedure that requires serum separation and immediate processing and the
Antonik procedure that involves a small spot of dried blood. Our tests show
a .95 correlation between these procedures and hence we recommend the dried
blood procedure for field testing because of its low cost and ease of applica-
tion.

More recently our efforts have concentrated on blood typing as a stress pre-
dictor. This procedure made possible by the cooperative efforts of Dr. Ben
Rasmusen, University of Illinois, involves determination of the pigs blood
type in the H and A-0 systems. The use of two antisera from the H system, a
and c, permit the separation of animals into a/a, a/-, a/c, c/ and -/- groups.
Further testing with A and 0 antisera separates the a/a group into animals
positive and negative for A or O.

Table 5 presents the frequency of halothane positive animals within each of
the six blood type classes. Two groups have almost invariably been stress
positive (-, Ha/ a and +, H-/- ) while three groups (+, Ha/ a ; +, Ha/c and +, Hc/ )
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have been halothane negative. The remaining group (+, H a/-) has included a
combination of both stress positi,ve and stress negative animals. It is
theorized that animals of the Ha/a genotype failing to express their true
A or 0 serotype carry a slightly differgnt "a" gene we will call "ax".
This gene in homozygous form, i.e., Hax/ax , can be indirectly determined by
the A-0 type but unfortunately can not be detected from the "a" gene when
in combination with other genes. It is hoped that a direct test for this
gene can be developed.

The excellent agreement that exists between blood type and CPK levels is
apparent from examination of table 6. The two stress blood types exceed
the three normal types by approximately three-fold. The intermediate status
of the mixed a/- group is also evident.

Table 7 presents weight information of animals of the various blood types.
Pigs carrying the desirable "c" gene are heavier at both 21 and 56 days while
those of the -/- stress genotype were lighter than all other groups. Break-
down of the a/- group into pigs positive and negative to halothane exposure
(table 8) reveals the positive group to be higher in CPK level and lighter
in weight.

Halothane response frequencies of offspring of parents classified into stress
positive, carrier (normal animals that have produced stress offspring)
and control (no stress offspring and no pedigree history of stress suscepti-
bility) appear in table 9. All but two offspring of stress parents were
halothane positive. Both were small for their age and later died with stress
symptoms. The mating of stress sires to carrier dams produced slightly
fewer than the expected 50 percent positive offspring. However, the value
does not differ significantly from the expected value and is in the direction
of any expected departure since a higher proportion of stress positive than
negative animals were likely to have been among those failing to survive
to the 7-11 week screening age.

Matings of carrier parents also resulted in offspring frequencies consistent
with the 25% incidence expected for recessive inheritance. Likewise the
failure of stress x control matings to produce any positive offspring adds
strong support to the theory of recessive inheritance and strongly rejects
the theory of dominant inheritance proposed by some workers in the field.

Current investigations involve evaluation of the quantitative and qualitative
carcass characteristics of halothane positive and negative animals. Earlier
work summarized in table 10 reveals the slower growth rate, leaner nature and
greater muscling of the PSS pig relative to their control littermates.
Further clarification of these relationships is warranted. The first results
from the qualitative trait portion of the study are shown in table 11. These
animals were transported to the packing plant in separate compartments and
slaughtered immediately upon unloading. The carcasses of the 10 stress
positive animals surviving the trip (2 died enroute) had paler colored lean
and poorer percent transmission than did their normal mates, a finding that
strongly suggests that under minimal stress situations most stress pigs
will produce PSE carcasses.

It is evident that much more is known about PSS today than a few years ago.
However, the problem still plagues our industry. Since evidence for recessive
inheritance is overwhelming, diagnostic methods that permit identification
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of genotypes such as blood typing must be perfected for field use. Until
such are developed, field testing with CPK methods offers the most promise
in identifying affected individuals and families so they may be eliminated
from breeding herds.
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Table 1. Phenotypic stress score of animals classified as stress and non-
stress by halothane screening.

Halothane classification
Item

No. observed	 26	 18	 •
Average	 5.81	 7.89
Range	 2 - 9	 6 - 10
No. misclassified	 3	 6

Table 2. CPK levels of blood obtained without prior stress from animals
classified as stress and non-stress by halothane screening.

Halothane classification
Item 

No. observed	 14	 7
Average	 19.2	 31.9
Range	 3 - 150	 8 - 80
No. misclassified	 1	 3

Table 3. CPK levels four hours post-physical stress of animal classified as
stress and non-stress by halothane screening.

Halothane classification
CPK method Item	 -	 +

Sigma

Antonik

Average	 80.4 (14) a	130.3 (7)a
Range	 42 - 276	 64 - 204
No. misclassified	 2	 1

Average	 39.1 (14) a	81.7 (7)a
Range	 9 - 180	 19 - 210
No. misclassified	 2	 2

a
No. of observations.
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Table 4. CPK levels four hours post-halothane of animals classified as stress
and non-stress by halothane screening.

CPK method  

Sigma

Antonik

Halothane classification 
Item	 -	 + 

Average	 51.3 (26) a	513.4 (19)a
Range	 12 - 112	 68 - 1220
No. misclassified	 0	 1

Average	 15.9 (8) a	393.0 (8)a
Range	 10 - 26	 42 - 1000
No. misclassified	 0	 0

aNo. of observations.

Table 5. Relation of A-0 and H blood type to halothane response.

Blood type1

	

a/a	 a/a	 a/-	 a/c	 c/	 -/-

Frequency2

	

1/46	 58/59	 105/171	 0/41	 1/54	 43/44

1
Upper value A-0 system; + = A or 0 positive, - = A and 0 negative
Lower value H system

2
Halothane reactors over total of that type exposed
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Table 6. Relation of A-0 and H blood type to CPK level.

Blood typal

+ - + + + +

a/a a/a a/- a/c c/ -/-

No. CPK 46 59 171 41 54 44

Sigma 104a 434434b 294 92a 81a 508b

Antonik 52a 37137 1b 221 28a 24a 357
b

1
Upper value - A-0 system; + = A or 0 positive, - = A and 0 negative
Lower value - H system

a,b
Means in the same row bearing the same superscript are not significantly
different P>.05.

Table 7. Relationship of blood type to pig weight at 21 and 56 days.

Blood type1

a/a	 ai a	 a/-	 a/c	 c/

Weight, lb.

No. 47 59 171 41 54 44

21 day 11.7 11.8 12.1 12.9 12.9 10.4

56 day 34.5 38.1 36.4 37.5 40.4 32.8

1
Upper value - A-0 system; + = A or 0 positive, - = A and 0 negative
Lower value - H system
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Table 8. CPK and weight means of Ha/ animals classified by halothane
exposure.

Item
Halothane classification

No.	 105	 66

CPK, Sigma	 424	 **	 88

CPK, Antonik	 348	 **	 18

21-day weight	 11.6	 **	 12.7

56-day weight	 35.1	 **	 38.4

** P<.01

Table 9. Halothane classification of offspring from various mating types.

Mating	 No. litters	 +	 -
Halothane response

Stress x stress	 22	 140	 2

Stress x carrier	 24	 66	 88

Carrier x carrier	 8	 10	 53

Stress x control	 11	 0	 62

Carrier x control	 1	 0	 3
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Table 10. Performance and carcass traits of pigs classified as positive and
negative to halothane exposure.

Trait

56-day	 Slaughter	 Loin eye
Halothane	 wt.	 ADG	 F/G	 wt.	 Length Backfat	 size 

+ 34.5 1.68 3.76 220 30.0 1.39 5.91
* *

- 39.9 1.84 3.77 224 30.2 1.52 5.27

1
Performance traits based on 24 rigid and 23 non-rigid and carcass traits on
20 rigid and 21 non-rigid animals.

*Significant difference between groups.

Table 11.	 Qualitative carcass traits of stress and control animals.

Classification
Item Stress Control

No. 10 12

Reflectance 27.35 ** 23.67

pH, 24 hr. 5.38 N.S. 5.41

% trans. 92.70 ** 33.58

Color score 1.70 ** 3.00

Marbling
score

1.40 N.S. 1.58

**P<.01

52



SOME MANAGEMENT CONSIDERATIONS DURING A DECLINING MARKET

C. A. Schiemann and D. C. England
Department of Animal Science

Oregon State University

Hog prices are currently in a declining phase of the price cycle. With

low prices, producer& profits also decline unless there is a corresponding

decrease in production cost: i.e., feed, labor, overhead.

A look at some recent marketing activity reflects the movement within

the pork industry (figures are of U.S. federally inspected pork):

Average Week ending
Week ending Total lb wt/head average price

(1976) No. head (millions) (lb) (Omaha)

September 11 1,184,000 190.6 230 $41.22/cwt

September. 25 1,500,000 241.6 230 37.17/cwt

October	 9 1,640,000 270.1 235 33.00/cwt

For the 30 day period, total pork marketed increased 40% and prices declined

20%.

A simple answer to the problem would be for producers, as a whole, to

reduce the numbers of swine being marketed. Such a reduction should prevent

further depression in prices and eventually result in a rise once excessive

pork supplies are consumed. A reduction in hog numbers is unlikely in the

immediate future as pigs already on the ground will continue to be fed to

market weight. If producers stay with their plans for farrowing large num-

bers of sows through the fall, the pig pipeline will be full for the next

several months. Due to the large numbers of intended farrowings, the fore-

casted pork production, when compared to the previous year, predicts an

increase of 16% for the fourth quarter of 1976, and 18% for both the first

and second quarters of 1977. Fortunately, due to a projected decrease in
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other meats, the total red meat supply during these months will be about

equal to the previous year, which should help to prevent further depression

of pork prices. Also, there are some early indications of increased saW

slaughter not anticipated by the forecasters, which should mean a lower pro-

duction level than that predicted.

An alternative to reducing the'swine population is to reduce the average

market weight of the hogs sold. If the average weight were reduced from 235

lb to 215 lb, then for the week of October 9, 1976, the total lb of live pork

produced would have been reduced by 32.8 million lb. The remaining 237

million lb would have been below the production of 241.6 million lb marketed

the week of September 25. This decrease in average weight would be the same

as reducing the number of 235 lb hogs marketed by 139,575 per week.

If weekly pork production were held at such levels, prices should return

to the $37.00 per cwt level. However, the probability of producers, en masse,

marketing lighter weight pigs at this time is slight.

At what weight should hogs be marketed? Economists advocate marketing

swine when marginal cost equals marginal returns. This means, when the cost

of adding a pound of weight equals the market price for that pound of weight,

then sell. This is merely covering variable cost in the short run (fixed

costs have to be covered in the long run). By the end of a finishing period,

most costs of production are fixed, and feed is the only major outstanding

variable cost item. Therefore:

Marginal cost = feed cost per lb X feed required per lb of gain

The break even point is where:

"Marginal cost = market price"

which is the same point at which:
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"Cost of daily feed intake = market value of daily live weight gain"

To determine this break even point, use the equation:

Market price per lb = feed cost per lb X feed required per lb of gain

To determine the maximum allowable feed required per lb of gain (feed

efficiency), rearrange the equation this way:

Market price 
= maximum allowable feed required per lb of gain

Feed cost per lb

Example: Market price = $33 per cwt.
Feed cost	 = 8c per lb.

33 8 = 4.1 maximum allowable feed required per lb gain

At these prices, the calculated feed required per lb of gain (4.1) is

the maximum amount of feed you can afford to give your hogs, and still break

even on feed cost for 1 lb of live weight gain. Therefore, in the example

for these short run conditions, you can only afford to feed pigs to the

weight where feed efficiency equals 4.1. Table 1 lists feed requirements

per lb of gain for different live weights. These feed efficiencies are only

for specific weights of hogs and should not be confused with tables that

measure average feed efficiency from weaning to final weights. A major

reason why the feed required per lb of gain increases with heavier weights is

because as live weight increases, an increasing percentage of the weight gain

is fat tissue which requires more food energy to produce, pound for pound,

than does muscle tissue. Stressful production conditions (cold, dampness,

heat, health problems, etc.) will cause feed required per lb of gain to

increase above the table values.
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TABLE 1. FEED EFFICIENCIES OF SWINE BY WEIGHT

Weight (lb)
Average feed required
per lb of gain (lb)

155 3.5

171 3.6

187 3.8

204 4.2

200-230 4.3

230-260 4.6

To increase the accuracy of your marketing decisions, you should measure

the actual feed requirement per lb of gain in your herd. Feed efficiencies

vary widely, not only because of production conditions, but also because of

genetics. For example, several states report ranges in values for feed

required per lb of gain of 3.7 to 4.5 for hogs of 200 to 250 lb weight. A

Minnesota study reported feed required per lb of gain for 230 to 250 lb hogs

of a certain genetic background to be 4.64, but among pigs of a superior

genetic background, the ratio was 3.58. These differences indicate the

economic value of selecting for feed efficiency. If the market price were

$33 per cwt and feed costs were 8Q per lb, the Minnesota group with the feed

efficiency of 4.64 would have lost money while the 3.58 group would have

returned some profit above feed cost for the feeding weight gain between 230

and 250 lb.

33 8 = 4.13 = maximum feed requirement per lb gain to break even

The market price would have to rise to $37.12 per cwt (8Q X 4.64) for

the less efficient group to have broken even on feed cost at these final

weights. The more efficient group of hogs would break even on the feed input

at this weight range at a market price of $28.64 per cwt (8Q X 3.58), which
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is well below the break even point for the less efficient hogs.

This example illustrates why, for the long run, improving the herd feed

efficiency will lower production cost and increase profits. For this reason,

low market prices should not be used as a reason for buying "cheap" boars

that are genetically inferior. Such economizing actually results in higher

cost and lower returns for a long time. When keeping replacement gilts from

the herd, half of their heredity has been contributed by the boar that sired

them; approximately 94% of the genetic material in the fourth generation has

been contributed by the boars. If inferior boars are purchased at low prices

only to save money during a tight year, profits that would have resulted from

the use of genetically superior boars due to improved rate of gain, feed

efficiency and carcass cutability are lost not only in their market offspring,

but also in the offspring of their daughters.

The expected economic benefits in feed efficiency in one generation by

selecting a superior boar instead of a less efficient boar are readily seen

in the following example:

Sire A -- 2.6 Feed Efficiency

Sire B -- 3.2 Feed Efficiency

Sire difference in feed efficiency = .6 lb

Weight gain in feedlot (50-220 lb) = 170 lb

.6 X 170 = 102 lb less feed required by Sire A to gain 170 lb

Heritability of feed efficiency = .35

Sire difference X heritability _ Expected feed savings of offspring
2	 due to using the superior sire

102 X .35 
- 18 lb Expected Feed Savings per Offspring

2
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TABLE 2.	 EXPECTED ECONOMIC BENEFITS FROM USING SIRES WITH SUPERIOR FEED
EFFICIENCY

Feed efficiency
difference

between sires
Lb. feed saved

per pig produced

Dollar savings per pig
when feed cost per ton

$140 $160 $180 $200

.6 18 1.26 1.44 1.62 1.80

.7 21 1.47 1.68 1.89 2.10

.8 24 1.68 1.92 2.16 2.40

.9 27 1.89 2.16 2.43 2.70

1.0 30 2.10 2.40 2.70 3.00

There are also the cumulative benefits of future herd feed savings due

to the genetically increased feed efficiency of the gilts obtained each gen-

eration from the use of good boars, and passed on to their offspring. There-

fore, genetically superior boars should be used at all times, especially in

times of low market prices.

If you haven't already done so, cull out the slow breeding, hard to

settle sows; pregnancy test at 40-50 days to identify mated sows that are not

pregnant but have not returned to heat. They are free-loading and driving up

the average cost of each pig produced. Maintain an adequate number of boars

to settle sows at the first breeding period. Overworking boars will lower

the herd conception rate and also result in smaller litter sizes. Manage

gilts to achieve mating at 7 to 8 months, or sooner if they reached market

weight at 150 to 165 days. Schiemann and England (1975) and others have

reported management techniques that influence mating behavior. The economics

of prompt mating is illustrated in that the cost of 4 to 5 lb of feed intake

per day of a ration costing 8Q per lb is 35-40Q per day or an added cost of

about $7 to $8 per replacement each three weeks of non-pregnancy.
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Keeping a herd free of internal and external parasites increases

efficiency. Worm sows before farrowing and worm their pigs soon after wean-

ing. A second worming three weeks later will give more complete control.

Another worming at 100 to 125 lb may be beneficial in some herds.

Feed antibiotics until approximately 125 lb live weight; thereafter, the

benefits are economically questionable in a herd with no persistent respira-

tory or enteric diseases. Cost of gains is thus reduced by omitting non-

needed antibiotics. If herd health problems are present, a sound antibiotic

program is generally beneficial. In the long run, it is economically sound

to develop a herd health program that eliminates persistent health problems.

If you have been feeding your present antibiotic for several years and its

benefits seem to have decreased, as measured by performance, consider another

antibiotic. Microorganisms, resistant to a specific antibiotic, may build up

within a herd and lower pig growth rates. Switching to another antibiotic to

which these organisms are not resistant can improve growth performance.

If you reduce your herd size, take out of production first those facili-

ties, such as lots or pens, that are least favorable to hog production. Wet,

muddy lots, exposure to cold winds, and inadequate shelter areas are all

factors that limit growth performance and decrease feed efficiency. In such

conditions, pigs have to use a greater proportion of their daily feed energy

intake to maintain body warmth rather than using that feed energy for growth.

Feed cost typically represents 80% of the total cost of producing hogs,

and this is an area where other possible cost cuts can be made without decreas-

ing production efficiency. Repair and adjust feeders that are wasting feed.

The small amount of waste feed you see once a day is usually multiplied

several times during the day by pigs continually using the faulty feeders;

remember that each pound of feed wasted represents the cost of 1/3 lb of gain
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you did not get. Using less expensive feed ingredients in the ration, careful

balance of protein content to requirements of pigs at various sizes, and care-

ful consideration of pelleted feed to increase feed efficiency may lower

production cost. Experiments often show an 8-14% improvement in feed effi-

ciency from pelleting barley rations, and somewhat less for wheat and corn

rations.

Historically (1956-1976), the nation's hog cycle has generally been four

years between price peaks with a 1 1/2 year lapse between the maximum price

period and the following lowest price period, indicating a rapid increase in

hog numbers in response to the high market prices. It is about a 2 1/2 year

interval between the market low and the next price peak, reflecting the long

time necessary to market the large numbers of hogs, reduce the breeding herds,

and consume the large tonnages of cold storage pork. These alternating

expansions and reductions in response to market prices by producers perpetu-

ates the cyclical nature of the hog market. By planning ahead, you may well

benefit from the slow rising but profitable market, rather than being caught

with large numbers on hand when the market declines rapidly, because you

expanded along with many others when prices were high.

Remember, it takes 9 to 10 months from breeding a gilt until her pigs

are ready to sell at 220 lb. If room is available in your facilities, and

market forecasts appear favorable, consider expanding the breeding herd

during the market low so as to have available large numbers of hogs to sell

during the profitable period of rising market prices.
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INFLUENCE OF ADDED ENERGY INTAKE IN LATE GESTATION, FED AS
TALLOW, ON LITTER TRAITS OF SWINE

D. C. England and P. R. Cheeke

It has been widely documented by researchers and is well recognized

by swine producers that heavy birth weight contributes to higher survival

percentage and heavier weaning weights of pigs. One of the economically

most important traits -- the number of pigs in the litter -- tends to

decrease birthweight and to increase the number of pigs that have

critically low birthweights -- 2.0 lbs. or less. Even though numbers

weaned increases as number born increases, the number that fail to survive

also increases (England and Day, 1970). One means to approach maximum

survival in all litters, regardless of number of pigs, would be to

increase birthweight.

Numerous studies have been conducted to determine the influence of

energy and protein levels in the dam's ration on birthweight and survival.

In general, these have shown no important increase in birthweight of pigs

as a result of levels above those recommended as meeting the gestational

needs. In these studies, the increased energy has generally been provided

by increased carbohydrate from the grain portion of the ration. George

and England (1975) reconfirmed these findings in a study in which digest-

ible energy was increased by 50% above recommended levels during the last

30 days of gestation. A report by Seerley et al. (1974) indicated that

energy fed as corn oil in late gestation had a beneficial effect on

survival compared to the same amount of digestible energy derived from

corn starch.

D. C. England, Professor, and P. R. Cheeke, Assistant Professor, Department
of Animal Science, Oregon State University, Corvallis.
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The study reported here was undertaken to determine whether increased

energy levels in the ration during the last 30 days of gestation, with that

energy supplied as 10 lbs. of tallow added per ton of ration in replacement

of barley, would influence birthweight, survival, and average pig weight

at 21 days of age. In the study, 43 and 45 litters were farrowed from

dams fed the regular and added-energy rations, respectively. Results are

shown in table 1.

TABLE 1. INFLUENCE OF ADDED ENERGY, FED AS TALLOW, ON LITTER TRAITS OF SWINE

No.	 Average	 Average	 No./Litter Ave. wt/pig
Ration
	

litters	 born alive birthweight at 21 days at 21 days

Regular	 43	 11.0	 2.96	 8.9	 13.9

Added energy	 45	 11.0	 3.00	 8.9	 11.1

None of the litter traits shown in table 1 are significantly different

between the ration groups. It thus appears that properly balanced rations

fed in amounts that provide recommended levels of energy intake are adequate

to provide for levels of prenatal growth that are consistent with the mater-

nal support capabilities of the dam and growth capabilities of fetuses in

the internal environment provided by the dam. This appears to be true, in

our studies, with both carbohydrate and fat as the source of the added

dietary energy.
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