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27th ANNUAL OSU SWINE DAY

Saturday, February 1, 1986
Withycombe Hall, Campus

Morning Program	 Presiding - James E. Oldfield

8:30 am	 Registration

9:15 am	 Welcome - Dr. R. E. Witters

9:30 am	 Utilization of Yellow Peas in Swine Grower-Finisher Diets.
P. R. Cheeke

9:50 am	 Barley as a Feed and Food. C. W. Newman

10:30 am	 Break

10:45 am	 Feeding by Stomach Tube to Enhance Baby Pig Survival.
Trudy Baker

11:00 am	 Insufficient Milk Production in the Sow: Some Current
Concepts. Brad B. Smith

11:30 am	 Reports from OPPC and OPPCW Presidents

- William Wilson, OPPC

- Gayle Burke, OPPCW

12:00 noon	 Lunch - Roast Market Hog

12:30 pm	 On-farm Repair of Hernias and Rectal Prolapse. Mark Uhden

Afternoon Program - Presiding - William Wilson

1:00 pm	 Jeannie Pittman - Member, National Livestock and Meat Board.

Education Committee Report.

Protein Supplements for Swine Diets in the Western United

States. C. W. Newman

Influence of the Uterine Environment on Embryonic Mortality
in Pubertal Gilts. A. E. Archibong

Replacement of Soybean Oil Meal by Lysine and Methionine in
Grower-Finisher Diets. D. C. England

Audience Participation - Questions and Discussion

3:30 pm	 Adjourn

1:15 pm

1:55 pm

2:15 pm

3:00 pm
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ON THE COVER:

An attractive woman, a robust pig: so why are they a cover photo? The
pig weighed only 0.6 lb at birth at full term as one of 17 pigs in the
litter. The woman, Trudy Baker, an excellent student and superb farrowing
room worker, provided the care needed for this pig to survive. The method is
described in the article on pages 25-28. The pig is now a normal 100-pound
plus participant in a nutrition experiment. The girl has been accepted into
the School of Veterinary Medicine at Oregon State University as a freshman in
fall 1986. Both have been instrumental in increasing our techniques of

beneficial care of baby pigs.
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UTILIZATION OF YELLOW PEAS IN SWINE

GROWER-FINISHER DIETS

D.C. England, C. Chitko, R. Dickson, and P.R. Cheeke

Department of Animal Science

Oregon State University

Use of locally produced sources of energy and protein for swine diets in

the Pacific Northwest should reduce costs of production. Yellow peas are a

grain legume which contain about 21% crude protein, and when used in swine

diets may be able to replace at least part of the traditional protein and

energy sources, such as soybean meal and cereal grain. Peas can be produced in

the Willamette Valley as an early spring-sown crop to be harvested in early

summer.

The potential of replacing part of the soybean meal and wheat in grower-

finisher diets was evaluated in this study. Yellow peas of the Miranda variety

were used. Their chemical composition is shown in Table 1.

MATERIALS AND METHODS

The treatments in the grower phase consisted of 0, 20, 40 or 55% yellow

peas. The amounts (as %) of the soybean meal and wheat replaced by peas were as

follows:

Table 1. Amount of peas used and amount of soybean meal and wheat

replaced by peas in grower rations

% of Peas

in Ration

% of Soybean Meal	 % of Wheat

Replaced by Peas	 Replaced by Peas

0 0 0

20 37 17

40 72 35

55 100 49
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In the finisher phase, the corresponding replacement values were:

Table 2. Amount of peas used and amount of soybean meal and wheat

replaced by peas in finisher rations

% of Peas
	

% of Soybean Meal
	

% of Wheat

in Ration
	

Replaced by Peas
	 Replaced by Peas

0 0 0

20 54 16

40 100 34

50 100 46

Thus the highest levels of peas replaced all of the protein supplement and

almost half of the wheat. For this reason the peas should be regarded as a

protein-energy source and not just as a protein supplement.

Eighteen Yorkshire pigs (nine barrows, nine gilts) of about 70 pounds

initial weight were assigned to each diet (Table 2). They were fed the grower

diets until an average weight of 125 pounds, and then fed the finisher diet to

market weight of about 225 pounds. There were three pigs per pen, with three

pens of each sex, for a total of eighteen pigs per treatment. At the

conclusion of the feeding trial, the nine males on each treatment were fasted

overnight and then slaughtered at the Clark Meat Science Laboratory. Carcass

measurements of backfat thickness and loin-eye area were obtained.

RESULTS AND DISCUSSION

There were no statistically significant differences in performance traits among

dietary treatments. The average daily gains (Table 3) were similar for all

treatments. Complete replacement of the soybean meal and about half of the

wheat with peas seems to be fully acceptable in wheat-based grower-finisher

diets. Calculated levels of sulfur amino acids (methionine + cystine) in the

diets (Table 2) indicate that in the grower phase the diets with 40 and 55%
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peas were slightly below the NRC requirement of 0.4% sulfur amino acids, but

this had no adverse effect on performance. Feed conversion efficiency (Table

4) and carcass traits (Table 5) similarly indicated that peas had no adverse

effects.

CONCLUSIONS

The results of this study have shown that yellow peas can be used at

levels up to 55% of the diet in wheat-based rations for growing-finishing pigs,

to replace all of the protein supplement, with no adverse effects on growth,

feed efficiency, or carcass traits. There would generally be no advantage in

using levels of peas much higher than the 55% level, because the protein

requirements would be exceeded. Because methionine is the first-limiting amino

acid in peas, and wheat is somewhat higher in methionine than is corn, the

results of this experiment should not be directly extrapolated to corn-based

diets.

Acknowledgment

The assistance of Mr. J. L. Carnes, President, International Seed Company,

Halsey, Oregon, in providing yellow peas used in this study is greatly

appreciated.
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Table 3. Nutrient composition of miranda variety of yellow pea (as fed basis)

Yellow Pea

Crude protein, % 21.10

True net energy, kcal/kg 2844

Crude fiber (acid detergent), % 9.00

Calcium, % 0.05

Phosphorus, % 0.45

Potassium, % 0.91

Sodium, % 0.003

Magnesium, % 0.12

Iron, ppm 112

Copper, ppm 6.30

Zinc, ppm 45.00

Manganese, ppm 15.30

Arginine, % 1.57

Glycine, % 0.54

Histidine, % 0.44

Isoleucine, % 0.61

Leucine, Z 1.06

Lysine, % 1.09

Methionine, % 0.08

Cystine, % 0.28

Phenylalanine, % 0.77

Tyrosine, % 0.57

Threonine, % 0.56

Valine, % 0.67

Linoleic acid, % 0.45
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Table 4. Diet composition

Grower Diet Composition (%)

1 2 3 4

Yellow peas 20 40 55

Wheat 74.5 61.5 48.1 38.3

Soybean meal 19 12 5.3

Molasses 3 3 3 3

Premix 3.5 3.5 3.5 3.5

Analyzed Z. crude protein 15.5 14.7 15.3 14.4

Sulfur amino acids (%) 0.54 0.46 0.39 0.34

Finisher Diet Composition (%)

1 2 3 4

Yellow peas 0 20 40 50

Wheat 80.5 67.5 53.5 43.5

Soybean meal 13 6

Molasses 3 3 3 3

Premix 3.5 3.5 3.5 3.5

Analyzed % crude protein 11.6 12.1 13.7 14.2

Sulfur amino acids (%) 0.47 0.40 0.34 0.34
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Table 5. Average daily gains (lbs) of pigs fed diets

containing yellow peas

0

% Peas in Diet

20	 40 55

Grower phase 1.77 1.78 1.71 1.69

Finisher phase 1.83 2.00 1.88 1.97

Over-all 1.79 1.90 1.80 1.86

Table 6. Feed/gain for pigs fed diets containing

yellow peas

0

% Peas in Diet

20	 40 55

Grower phase 2.57 2.81 2.80 2.78

Finisher phase 4.23 3.90 3.84 3.90

Over-all 3.64 3.51 3.43 3.47



Table 7. Carcass data for pigs fed yellow peas

% Peas in Diet

0	 20	 40	 55

Shrunk weight (lb) 222 225 220 223

Length (in.) 31.06 31.81 31.25 31.28

Avg. back fat (in.) 1.40 1.46 1.30 1.38

Loin eye area (sq. in.) 4.00 3.89 3.64 3.87
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BARLEY AS A FEED AND FOOD

C. W. Newman
Animal and Range Sciences Department

Montana State University
Bozeman, MT 59717

INTRODUCTION

Three major factors determine the nutritional quality of a cereal grain

such as barley. These are the chemical components, the balance of these

components in relation to an animal's requirements, and their biological

availability. Chemical or nutritional components of barley are generally

reported as averages, whereas in reality, barley differs greatly in

morphological, physiological and chemical characteristics because of genotype,

environment, and interactions between the two. Perhaps the factors affecting

the nutritional quality of barley are more diverse than those affecting

malting quality.

Nutritionally, the barley kernel is most important as an energy source,

since it is rich in starch although quite low in oil. Barley kernel protein

is low relative to the requirements of most animals, although wide variation

is often observed in total protein and in amino acid composition. Barley

contains varying quantities of structural carbohydrates loosely defined as

fiber; the total quantity is principally affected by the presence or absence

of the hull. Barley fiber has little or no value for nonruminant animals and

certain of the water soluble fiber components may create digestive problems.

Barley also contains varying amounts of vitamins and minerals that are

nutritionally important.

Nutrient Composition of Two- and Six-Rowed Barley 

Wide ranges in barley composition have been reported (Chung and Beams,

1974; Sibbald and Price, 1976; Sauer et al., 1981). We have observed similar

extremes in barley samples tested at the Montana Agricultural Experiment

Station (MAES) over the past 20 years (Newman and McGuire, 1986). Protein

ranged from a low of 8.1 to a high of 24.1% (dry matter) in these analyses

(Table 1). Protein is known to exhibit the greatest fluctuation of the major

nutrients in barley (Briggs, 1978). Lysine levels varied in the same



magnitude as the total protein in these data, although it is recognized that

barley lysine levels do not increase linearly with protein increases.

Lysine comprises 5 to 7% of the albumin-globulin proteins in barley and

less than 1% of the prolamins or barley storage proteins. The latter are

those which are increased in greatest quantity in barley with the application

of nitrogen fertilizer. This means that an increase in the storage proteins

reduces the percentage of lysine in the total protein. The effect of protein

level on amino acid percentage of the kernel and as a percentage of the

protein in a two- and a six-rowed barley is presented in Tables 2 and 3,

respectively. Protein increases produced a rise in the total quantity

(percent of the kernel) of all of the amino acids except cystine which did not

increase beyond the second protein level (Table 2). As a percentage of

protein, most of the amino acids in these barleys tended to decrease with

increasing protein levels other than glutamic acid, proline and phenylalanine,

which increased (Table 3). Lysine exhibited the greatest decrease, changing

by nearly 24% from the low to the high protein level barley. Total protein

effect on lysine in these barleys is typical with findings of other

researchers (Munck, 1972; Pomeranz, 1974; Kirkman et al., 1982).

Nitrogen fertilization will, in most instances, increase the storage

proteins and thus the total protein in barley (Eslick, 1961; Andersen and

Koie, 1975; Killen et al., 1978). All barleys do not respond in a like manner

to nitrogen fertilizer (El Negoumy et al., 1982; Kirkman et al., 1982). In

these reports nitrogen fertilization significantly increased the total protein

of normal barley, however, a decrease in protein because of fertilization with

nitrogen was observed in high-lysine cultivars.

The discovery of high-lysine Hiproly barley (Munck et al., 1969) followed

by reports of progress in breeding high-lysine barley (Barisal, 1970; Doll et

al., 1974; Balaravi et al., 1976; Ullrich and Eslick, 1978) have given barley

breeders sources of germ plasm for potentially superior nutritional quality

that may be introduced into normal barley populations.

Several good yielding two-rowed high-lysine barley lines have been

developed from Hiproly crosses on Kristina and Birgetta barleys at the Swedish

Seed Association at Svalof in southern Sweden (G. Persson, personal

communication). Protein and lysine levels of five Svalof Hiproly x Kristina

or Hiproly x Birgetta cross lines and normal barley having comparable protein
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levels are shown in Table 4 (Hofer et al., 1983). Although Hiproly is a

hulless cultivar, the five high-lysine lines shown here are covered. The SV

barleys contained an average 15.8% protein, .6% lysine in the kernel, and

4.25% lysine in the protein. These barleys contained 57% more lysine than the

average of the three normal barleys shown in this comparison, although protein

levels were similar. The SV barleys also contained more threonine than the

normal barleys (.53 vs. .49%). Other chemical components of the SV barleys

were similar to commercial cultivars.

Variation in the Composition of Western Grown Barley 

Fifty-four barley samples from 20 cultivars grown in Colorado, Montana,

North Dakota, Oregon, and Washington in 1981 were analyzed for nutrient

composition and kernel assortment and sizes (Ullrich et al., 1984). The

cultivars consisted of five 2-rowed malting, five 6-rowed malting, four 2-

rowed feed and six 6-rowed feed barley types. Protein ranged from 7.3 to

15.4% and averaged 12.7% (Table 5). The essential amino acids - lysine,

threonine and methionine - had means and ranges of .363% (.216 to .481%),

.333% (.173 to .455%) and .18% (.086 to .265%), respectivel y (Table 5).

Considerable variation was observed in the phosphorus content of these

barleys (Table 6) which had a range from .304 to .476% with a means of .386%.

Neutral detergent fiber (NDF) and acid detergent fiber (ADF) had means and

ranges of 15.1% (12.4 to 19.5%) and 6.1% (4.7 to 8.0%), respectively

(Table 7).

Malting vs. feed types and 2-rowed vs. 6-rowed types had higher protein,

essential amino acids and phosphorus and lower NDF and ADF concentrations.

Significant variation was observed in sample composition between states.

Protein and essential amino acids were lower in barley raised in the Pacific

Northwest. Significant effects of cultivars occurred for most characteristics

studied. Quite similar findings were reported in a second survey of barley

produced in the same geographic region in 1983 (Froseth et al., 1985).

Recent Barley Feeding Research at the MAES 

1. Comparison of a covered barley and two isoline hulless barleys with and
without supplemental beta-glucanase in growing-finishin g diets.
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Previous reports from this station have failed to show any significant

advantage for hulless barley over covered barley for swine diets. In some

instances, there were no differences in gains or feed efficiency of pigs fed

covered and hulless isoline barleys (Newman et al., 1968). Recent work with

poultry here at the MAES (Newman and Newman, 1985) and in Sweden (Hesselman,

1981) has shown an improvement in the feed value of covered and hulless

cultivars when diets were supplemented with a bacterial enzyme, beta-

glucanase. We recently reported an improvement in rate of gain and increased

feed intake by growing-finishing pigs fed beta-glucanase supplemented diets

prepared with Summit barley (Newman and Pepper, 1984). An earlier report from

the MAES indicated an improvement in the feed value for pigs of two hulless

isoline barleys derived from Compana when the diets contained a bacterial

diastase (Newman et al., 1983). In the present study two hulless isoline

barleys, Nupana and Washonupana (WSNP), were compared to the covered parent

barley, Compana, in growing-finishing diets with and without supplemental

beta-glucanase. Nupana is the hulless isoline of Compana produced by

backcrossing Compana seven times on Sermo, a hulless cultivar. WSNP is a

hulless selection from a backcross of Nupana on waxy Oderbruker. WSNP has

short awns and waxy starch in addition to being hulless. Each diet was fed to

eight crossbred pigs in equal outcome groups in two replications. Pigs fed

WSNP diets supplemented with beta-glucanase gained faster and more efficiently

(P<.05) than pigs fed the other diets (Table 8). There was no effect on pig

performance from the enzyme supplement in the Nupana and Compana diets. We

have seen a similar effect with broiler chicks (Newman and Newman, 1985). As

with previous data, there was little advantage, if any, in the feeding value

of the hulless barley over the covered barley for swine (Table 9).

2. Comparison of a Swedish High-Lysine Barley With Normal Barley in Growing-
Finishing Diets

Interest in high-lysine barley has declined in recent times, principally

because of poor yielding cultivars. As previously stated, the Swedish Seed

Association at Svalof in southern Sweden has developed several improved lines

of high-lysine barley from Hiproly crosses on Kristina and Birgitta. These

high-lysine barleys are covered and have acceptable agronomic characteristics,

although will only yield about 90% of that of the top producing commercial

cultivars in Montana. The improved nutritive value of the protein in these
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barleys has been demonstrated through chemical analysis and feeding trials

with laboratory animals (Hofer et al., 1983). We have compared one of these

high-lysine barleys, SV 76459 (.60% lysine), to Compana (.40% lysine) in a

small feeding trial. Diets were balanced to contain .75% lysine in the

growers and .60% lysine in the finishers, thus a significant amount of barley

was substituted for soybean meal in the diets prepared with the SV 76459

barley. Grower and finisher diets prepared with Compana and SV 76459 barley

contained 16.20 and 10.25 and 12.90 and 6.70% soybean meal, respectively.

Twelve pigs were fed SV 76459 diets and 16 pigs were fed Compana diets in four

replications. There was no significant difference in the growth rate or feed

efficiency of the pigs because of barley (Table 10), which supports our

earlier work with Hiproly (Newman et al., 1978).

3. Comparison of Corn and Two Barleys in Simple and Complex Starter Diets

Numerous investigations have been conducted in attempts to develop a

superior starter diet for weanling pigs. It is the consensus of most swine

nutritionists that barley should not be used extensively in starter diets for

young pigs. However, we have fed weanling pigs weighing 8 to 10 kg initially,

diets based solely on barley and soybean meal that were equivalent in

nutritive value to corn-soybean meal starters (Newman et al., 1968; Newman et

al., 1984) based on pig growth, feed efficiency and mortality. In the recent

study we found that a high-lysine mutant barley, Carlsberg II Riso 56, was

equivalent to the parent barley, Carlsberg II, and corn as a basal grain for

starter diets (Newman et al., 1984). Diets prepared with the high-lysine

barley contained 8.3 and 15.0% less soybean meal than diets prepared with the

parent barley or corn, respectively. In another study we compared barley,

wheat, and corn in complex starter diets to a simple barley-soybean meal

starter diet (Newman et al., 1983) and the complex starters were superior to

the simple starters based on pig performance. In the present study, we

compared the Carlsberg II Riso 56 high-lysine barley to the parent barley and

corn as basal grains in simple starters (grain plus soybean meal, minerals,

vitamins and antibiotics) and complex starters (grain plus soybean meal, oat

groats, dried whey, animal fat, minerals, vitamins, a flavor compound, and

antibiotics). Twenty-four pigs were fed each diet in two replications. Pigs

fed the complex barley diets gained nearly 14% faster and 16% more efficiently

than those fed the simple barley diets (Table 11). The data from this study

12



and previous studies here at the MAES indicate that barley can be successfully

utilized in starter diets for weanling pigs weighing 8 to 9 kg initially and

that the high-lysine cultivar used in this study has superior nutritive value

to normal barley and corn.

Current Barley Research at the MAES 

Our current research is a continuation of previous efforts with new

cultivars and lines. At the moment we are evaluating two pairs of low and

high beta-glucan barleys, 12 new Swedish high-lysine lines from Svalof, and

six pairs of normal and proanthocyanidin-free barleys. Proanthocyanidins are

polyphenolic compounds that occur normally in many plants and seeds. They are

responsible for the blue and red colors in plants and flowers such as

petunias. These compounds are known to form complexes with protein in

brewing, resulting in cloudy beer. Some research has shown that these

compounds may reduce the digestibility of protein in barley (Newman et al.,

1984).

In addition to the feed barley work with swine, we are developing new

approaches to utilizing barley in human food products. We have numerous

excellent recipes for using barley in all types of food products including

pancakes, muffins, flat bread, cakes, cookies, waffles, and casseroles. A

number of research reports have demonstrated that barley will lower serum

cholesterol in laboratory animals to a much greater extent than other high-

fiber cereals such as oats. It is believed that this effect is caused by the

water soluble fiber in barley (beta-glucans) and possibly a unique fatty acid

(oil) that occurs in the outer portion of the barley kernel.

If you would like to obtain a barley recipe booklet you should write to

Dr. R. K. Newman, Department of Home Economics, Montana State University,

Bozeman, MT 59717. The cost is $1.50 each which includes postage.
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Table 1. Minimum, maximum and average of some nutrient components of barley
observed at the Montana Agricultural Experiment Station, dry basis

e.s.n•nnnn•nn•nnn

.••nnnnn•••n 	 	 •nnnnn•nn•••••••••••n••••

Minimum	 Maximum
Item:	 observed	 observed Average

Protein	 8.1	 24.1
Crude fiber	 1.9	 9.9
Ether extract	 1.8	 4.9
Lysine	 .29	 .87
Methionine	 .11	 .36

Cystine	 .20	 .43

Threonine	 .34	 .69
Tryptophan	 .06	 .49
Phosphorus	 .29	 .68

12.8
5.3
2.1

.40

.21

.26

.44

.23

.37

mg

Kernel wt
	

25
	

51	 46
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Table 2. Protein and amino acid content observed in two-rowed and six-rowed
barleys containing four levels of nitrogen, percentage of kernel on
dry basis

Nitrogen_leyel,20
La 	 1.76	 2.08	 2.6 k	 meowed _  6-rowed

- - - - %

Protein (N x 6.25)
Alanine
Arginine
Aspartic acid
Cystine/2
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methi onine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine

	

9.72	 12.44	 14.33	 16.50	 13.56	 13.00

	

.31	 .39	 .43	 .49	 .41	 .39

	

.40	 .57	 .57	 .66	 .54	 .54

	

.50	 .62	 .66	 .74	 .66	 .60

	

.20	 .29	 .26	 .27	 .24	 .27

	

1.92	 3.12	 3.16	 4.13	 3.04	 2.77

	

.29	 .38	 .38	 .46	 .38	 .37

	

.19	 .26	 .27	 .31	 .27	 .24

	

.29	 .40	 .43	 .49	 .41	 .39

	

.56	 .76	 .81	 .93	 .78	 .74

	

.33	 .38	 .40	 .44	 .38	 .38

	

.14	 .19	 .19	 .23	 .19	 .19

	

.39	 .54	 .62	 .74	 .59	 .56

	

.84	 1.23	 1.37	 1.72	 1.36	 1.22

	

.38	 .48	 .52	 .64	 .51	 .49

	

.29	 .39	 .40	 .48	 .40	 .38

	

.16	 .21	 .22	 .27	 .22	 .20

	

.23	 .32	 .33	 .40	 .33	 .30

	.39	 .53	 .57	 .64	 .56	 .52

a Means represent two samples of each row type per nitrogen level and are
expressed as percentage of the whole kernel on a dry basis.

bMeans represent 8 samples of each row type. The two-rowed barley was Compana
and the six-rowed barley was Unitan. All barleys were grown at the same
location in the same year. The data were adapted from Newman and McGuire
(1986).
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Table 3. Amino acid content observed in two- and six-rowed barleys containing
four levels of nitrogen, percentage of amino acid nitrogen

nnnnnnninnnnnnnnnnnnnnnn

Nitrogen
1.28	 1.76	 2.64 -rowed

Peb

 6-rowed

%	 - - - - %-

Alanine	 3.98	 3.62	 3.74	 3.58	 3.65	 3.69

Arginine	 5.12	 5.27	 4.89	 4.80	 4.83	 5.16

Aspartic acid	 6.40	 5.79	 5.66	 5.46	 5.82	 5.69

Cystine/2	 2.56	 2.67	 2.21	 1.95	 2.17	 2.53

Glutamic acid	 24.60	 26.18	 27.28	 27.30	 27.02	 26.23

Glycine	 3.70	 3.52	 3.26	 3.34	 3.35	 3.48

Histidine	 2.42	 2.38	 2.30	 2.28	 2.37	 2.32

Isoleucine	 3.70	 3.72	 3.74	 3.58	 3.65	 3.69

Leucine	 7.11	 7.03	 7.01	 6.84	 6.90	 7.06

Lysine	 4.27	 3.52	 3.45	 3.26	 3.35	 3.58

Methionine	 1 .85	 1.76	 1.63	 1.71	 1.68	 1.79

Phenyialanine	 4.98	 5.07	 5.37	 5.46	 5.23	 5.27

Proline	 10.81	 11.48	 11.81	 12.62	 12.03	 11.59

Serine	 4.84	 4.45	 4.51	 4.72	 4.54	 4.64

Threonine	 3.70	 3.62	 3.45	 3.50	 3.55	 3.58

Tryptophan	 1 .99	 1 .96	 1.92	 1.95	 1 .97	 1.90

Tyrosine	 2.99	 3.00	 2.88	 2.93	 2.96	 2.85

Valine	 4.98	 4.96	 4.89	 4.72	 4.93	 4.95

aMeans represent two samples of each row type per nitrogen level and are
expressed as percentage of the amino acid nitrogen.

bMeans represent 8 samples of each row type. The two-rowed barley was Compana
and the six-rowed barley was Unitan. All barleys were grown at the same
location in the same year. The data were adapted from Newman and McGuire
(1986).
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Table 14. Protein and lysine composition of five high-lysine Swedish Barley
lines and Normal barley having comparable protein levels, dry basis I'

nnnnnnnnnnnnnnnnnn0*nnnnnnnnnnnnnnnnn•nnnnnnnnnnnnnnnn

Barley Protein 	 Lysine   

	 $ 	

SV 75227	 15.4	 .580	 4.22d
SV 76428	 15.2	 .59	 4.26
SV 76430	 15.9	 .59	 4.15
SV 76459	 17.3	 .65	 4.26
SV 76463	 15.0	 .59	 4.34
Bomi	 13.3	 .34	 3.09
Carlsberg II	 15.3	 .37	 3.02
Bargiers	 15.8	 .44	 3.29

IIMnnn•nn

aHofer et al. (1983).

b
Means represent duplicate analyses on samples from 4 crop years for the
SV 75227 and 5 crop years from the other four SV barleys. Means of the normal
barleys represent duplicate analyses on single samples.

°Percentage of the whole kernel.

dPercentage of amino acid nitrogen.
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Type/	 Erotein
Location N	 x	 Range

hYsifle
x	 Range

ThEeonine 
x	 Range

Methionine 
x	 Range

Arginine
x
	

Range

.387ab

410a
328b
.332b

.378ab .195ab

.222a

.146°

.166bo

.157be

Table 5. Protein and essential amino acid variation in western grown barleyd

S

363** .216-.481	 .333*	 .173-.455	 .180* .086-.265	 .548*	 .257-.743

.388** .282-.466	 .356** .237-.455	 .200** .146-.265	
.591** .368-.734

.338	 .216-.481	 .309	 .173-.438	 .160	 .086-.246	
.504	 .257-.704

.388** .275-.481	 .360** .219-.455	 .199** .169-.265	
.590** .368-.734

.340	 .216-.443	 .307	 .173-.409	 .162	 .086-.251	
.508	 .257-.707

Overall	 54	 12.7	 7.3-15.4

2-row	 27	 13.5** 9.0-15.4
6-row	 27	 11.9
	

7.3-15.0

Malting	 26	 13.3*
	

8.2-15.4
Feed	 28	 12.1
	

7.3-14.7
.575ab

CO	 5	 13.9a
MT	 24	 13.3a
ND	 5	 14.5a
OR	 5	 11.4b
WA	 15	 11.1b

12.9-14.4
9.5-15.4
14.1-15.0
10.1-13.8
7.3-14.4

.328-.404

.297-.466

.377-.481

.285-.389

.216-.445

.326b

.352ab

.405a

.298b

.291b

.293-.343

.247-.455

.333-.438

.268-.377

.173-.398

135-.193
.103-.265
.204-.246
117-.183
.086-.215

.581ab

.655a

.446°

.4631)0

.541-.603

.368-.734

.593-.704

.380-.540

.257-.705

*,**Significant at p<0.05 and 0.01, respectively; overall indicates oultivar differences, 2-row indicates

difference vs 6-row, malting indicates difference vs,feed.

a , b,oMeans within a column followed by the same letter are similar, p < 0.05.

dUllrioh et al. (1984).



Table 6. Mineral variation in Western grown barleya  

Ca
Range

Type/	 Agh 	
Location	 N	 x	 Range	 x	 Range x

Overall	 54	 2.54	 2.03-2.82	 .386	 .304-.476	 .047**	 .020-.070

2-row	 27	 2.59*	 2.26-2.82	 .407**	 .338-.476	 .046	 .023-.065
6-row	 27	 2.48	 2.03-2.76	 .365	 .304-.457	 .049	 .020-.070

Malting	 26	 2.59	 2.31-2.82	 .399*	 .322-.476	 .045	 .022-.064
Feed	 2U	 2.49	 2.03-2.82	 .374	 .304-.462	 .050	 .020-.070

CO	 5
MT	 24
ND	 5
OR	 5
WA	 15

	

2.37	 2.03-2.82	 .382	 .329-.437	 .062	 .057-.067

	

2.52	 2.23-2.82	 .389	 .304-.476	 .046	 .023-.064

	

2.48	 2.36-2.56	 .386	 .322-.409	 .043	 .022-.052

	

2.60	 2.36-2.80	 .389	 .348-.440	 .046	 .020-.071

	

2.64	 2.43-2.76	 .382	 .321-.441	 .046	 .023-.064

*,**Signifioant at p<0.05 and 0.01, respectively; overall indicates cultivar differences, 2-row indicates
difference vs 6-row, malting indicates difference vs feed.

aUllrich et al. (1984).



Overall	 54

2-row	 27
6-row	 27

Malting	 26
Feed	 28

CO	 5
MT	 211
ND	 5
OR	 5
WA	 15

3.5**	 2.5-4.8

3.0**	 2.5-3.5
4.0

3.2**	 2.5-4.4
3.8	 2.7-4.8

3.4	 2.8-4.6
3.4
3.6	 3.2-3.8
3.5	 2.8-4.1
3.8	 2.6-4.8

15.2**	 12.4-19.5

	

14.3**	 12.4-16.9

	

16.0	 13.3-19.5

14.7*	 12.4-18.3
16.0	 12.8-19.5

15.6ab	 13.8-17.4
14.4 13°	 12.4-16.6
13.8° 	 13.3-14.5
15.6"	 13.9-17.0
16.6a	13.6-19.5

6.1**	 4.7-8.0

5.3**
6.8	 5.0-8.0

5.7**	 4.7-7.5
6.4 •	 4.8-8.0

	

5.7	 5.2-6.7

	

5.7	 4.7-7.7

	

6.0	 5.0-6.4

	

6.4	 5.6-7.2

	

6.7	 4.9-8.0

Table 7. Fiber variation in Western grown barleyd

Type/	 Crude Eiger-.._	 kautral_netergtalikac	 Acid Detergent Fiber

Location	 N	 x	 Range	 x	 Range	 x	 Range

nn• n••n•••••.....

..m.ameramemmo.m.n•n

*,**Significant at p<0.05 and 0.01 levels, respectively; overall indicates cultivar differences, 2-row indicates

differences vs 6-row, malting indicates differences vs feed.

a , b , cMeans within a column followed by the same letter are similar, p<0.05.

dUllrich et al. (1984).



Table 8. Performance of pigs fed two hulless and a covered isoline barleys
with and without supplemental beta-glucanase a

Item: Nupana Was4200111--- Compana
-E +E -E	 +E -E	 +E

Av int wt, kg 25.5 25.6 25.3 25.7 25.6 25.6
Av fin wt, kg 97.4 100.9 98.9 101.6 99.8 99.3

Av da gain, kg .719c .723 c .789b .746c .751bc
Av da feed, kg 2.318 2.318 2.363 2.429 2.411 2.477,
Av feed/gain 3.224b 3.206 b 3.328b 3.079c 3.231b 3.300u

aThere were 8 pigs fed each diet.
be Means bearing different superscript letters are significantly different
P<.05.

Table 9. Performance of pigs fed two hulless and a covered isoline barleys a

(Hulless) (Covered)
Item: Nupana Washonupana Compana

Av int wt, kg 25.55 25.50 25.60
Av fin wt, kg 99.15 100.25 99.55

Av da gain, kg .721 .750 .749
Av da feed, kg 2.318 2.396 2.444
Av feed/gain 3.215 3.195 3.263

aThere were 16 pigs fed each barley.

Table 10. Performance of pigs fed Compana barley or a Swedish high-lysine
barley, SV 76459 a

Item: SV 76459. Compana

Av int wt, kg 25.8 25.6
Av fin wt, kg 100.1 99.6

Av daily gain, kg .778 .749
Av daily feed, kg 2.594 2.444
Av feed/gain 3.334 3.263

aThere were 12 pigs fed the SV 76 1159 barley and 16 pigs fed the Compana
barley.
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Table 11. Comparison of simple and complex swine starter diets prepared with
either corn or two barleys, 28 daysa

Item Corn
Sb

Cc Carlsberg II
Sb	 Ce

Carlsberg II-56
S°	 Ce

Avg initial wt, kg 8.48 8.44 8.30 8.35 8.48 8.26

Avg final wt, kg 19.78 20.77 18.46 20.91 19.64 21.09

Avg daily gain, kgd .40 .144 .36 .45 .40 .46
.80

Avg daily feed, kg .83 .79 .74 .79 .82
1.74

Avg feed/gain ratioe 2.05 1.79 2.05 1.77 2.06

.g.nnnnnnn..g..p..nannnn......mnnnn

aThere were 24 pigs in each diet treatment group.

bSimple diets.

°Complex diets.

dSignificant diet type effect, P<.001.

eSignificant diet type effect, P<.000.
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FEEDING BY STOMACH TUBE AS A METHOD OF INCREASING EARLY LIFE PIGLET SURVIVAL

Trudy A. Baker and D. C. England
Department of Animal Science

Oregon State University

Starvation, primarily during the first week after birth, is the direct or

indirect cause of at least half of the mortalities in healthy herds. A major

cause of such starvation is weakness associated with birthweights of less than

two pounds. Other less frequent causes include pigs in excess of number of

nipples, failure of some or all of the udder sections to have milk, midsection

nipples too high for small pigs to reach on upper side when sow is lying down,

or on lower side of sow, and nipples overlain by sow's belly. And of course

there is occasional death of sows which requires an alternative source for

rearing the pigs.

The kind of supplemental care of newborn pigs to prevent death by

starvation varies according to the cause of need for supplemental care. This

paper will be limited primarily to those pigs which are too small and(or) too

weak to nurse effectively, or which are physically impaired by conditions such

as splay-legs or injury.

About 15 to 20 percent of pigs born weigh two pounds or less at birth.

Of these pigs, survival without supplemental care is usually in the range of

only 25 to 35 percent. The three primary needs of underweight and weak pigs

are (1) warmth to prevent chilling and energy depletion; (2) adequate milk

intake to maintain and increase strength and avoid energy depletion, and (3)

avoidance of crushing. Artificial feeding and temperature maintenance away

from the sow can effectively supply all three of these needs.

For the severely weak or physically handicapped pigs, the primary

feasible means of artificial feeding is by bottle and nipple or by use of a

stomach tube. Use of a stomach tube has the advantages of being faster and

providing complete control over amount consumed. In addition, persistent

bottle feeding imprints the baby pig's nursing habit to the bottle instead of

to a sow and thus hampers later transfer to a sow for nursing, whereas stomach

tube feeding does not disturb the normal nursing instinct and thus does not

interfere with later transfer to a sow for normal nursing.
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The tubing method is inexpensive, quick, and easy, and provides the short

term supplementation needed to sustain life. We have used the stomach tube

for two major classes of piglets: 1) piglets that were born with weight less

than two pounds but active and able to remain with the sow, and (2) piglets

born so weak that normal nursing was not possible.

In Group I, the piglets were fed about 12.5% of their body weight per day

divided into 3 feedings. For example, a two pound piglet would be fed 40 cc

three times per day. (Keep in mind that there are 30 cc per ounce.) The

first day the feedings consisted of sow colostrum and for the remaining days a

commercial sow milk replacer was used. This supplementation provided the

additional nourishment needed to keep the small piglet competitive and

generally was only necessary for the first three days of life. Many times

these pigs simply remained with their natural mother or were transferred to a

group of piglets of similar size.

Piglets in Group II were removed from the sow and placed in a draft-free

box with heat lamp to keep temperature at about 95°F to provide adequate

warmth and to avoid the possibility of being crushed. These piglets were fed

milk equal to about 19% of their body weight per day. They were fed every

four hours the first day and then five times a day thereafter until they were

active enough to be transferred to a foster sow. For example, a two pound

piglet would be fed 30 cc six times a day for the first day and then 36 cc

five times a day thereafter. Again, they were fed colostrum for the first day

followed by sow milk replacer thereafter. Injectable iron treatment should be

provided by the second day. If sow replacer is not available, lamb milk

replacer can be used instead, as can 4% fat homogenized milk to which one

beaten egg per quart has been added. Even more suitable would be another day

or so of colostrum feeding; colostrum can be milked at farrowing or the sow

can be restrained and injected with 3 to 5 cc oxytocin in the ear vein within

24 hours after farrowing to provide additional colostrum for storage as frozen

"ice cubes" for thawing as needed.

We found the most suitable tubing was one made for puppies and could be

purchased from a local veterinarian for $1.50.

The procedure for using the stomach tube is as follows:

1. Estimate the approximate amount of tubing needed to reach the

animal's stomach. This can be done by measuring from the tip of the snout and
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along the head and body to the last rib. Mark the tube at this point. This

measurement is important as it tells approximately where the stomach is

located. The tube can be inserted to within one inch or so from the mark. If

the tube will not insert that far, it may have been inserted into the trachea

leading to the lungs. In such case, withdraw the tube and reinsert it. Keep

the pig's head in "normal" vs tipped backwards position.

2. Fill enough syringes or a single large syringe with the proper amount

of milk needed for the feeding. Attach the first syringe to the tube and

depress plunger before filling the tube with milk; this removes the air from

the tube. Leave the syringe in place.

3. Wet the inside of the piglet's mouth with a few drops of milk. This

helps to lubricate as well as to begin a swallowing response.

4. Wet the end of the tube.

5. Hold the piglet's head at a natural angle. Do not tip the head

backwards as this will open the trachea wider and increase chances of

insertion of the tube in the trachea instead of in the stomach.

6. With steady pressure, begin to insert the tube. Some resistance

should be felt but avoid using excess force. The piglet should begin

swallowing and the tube will then insert easier. The piglet may gag slightly

as the tube is being inserted but should still be able to breathe fully (and

squeal!).

7. Insert the tube to about one inch short of the mark. If you are not

positive that the tube is inserted correctly do not expel the milk; instead,

reinsert tube properly. If tube is properly in place, slowly begin depressing

the syringe plunger.

8. Leave the tube in place and give as many syringes full as necessary

to feed the proper amount.

9. When feeding is complete, leave the last syringe attached and pull

the tube out. This prevents air from getting into the stomach.

10. Watch the piglet for a moment or two to make sure all is O.K.

Some additional guidelines:

- The milk should be lukewarm. Either extreme of hot or cold may cause

the piglet to vomit.

- Avoid feeding too much or too fast. It may be wise in some cases such

as a very tiny piglet, or a sick piglet, or a piglet suffering from

hypothermia, to feed only 10 cc's or so at the first feeding and refeed in an

hour. This seems to give them a chance to adjust.
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- If the piglet is overfed it may vomit or may develop some scouring.

Should this occur, reduce the amount per feeding.

- If the piglet does not appear to be gaining weight, increase the amount

per feeding.

If a foster mother is not available after the piglets have achieved

strength and stability, more conventional artificial feeding such as a shallow

pan, a designed "jug" feeder, etc., can be used. Avoid overfeeding

initially. After sufficient adjustment occurs, continuous availability will

result in frequent eating with relatively small intake at each feeding.

Naturally, the question of whether such pigs are capable of normal

production performance is relevant. Recorded data at OSU and by researchers

elsewhere indicate a similar genetic and physical capability for pigs born

small in comparison with their littermates born at heavier weights. Keep in

mind, however, that pigs grow according to size, not according to age. On an

equal age basis, it is not realistic to expect a pig born at 1.5 pounds to

grow as rapidly as a littermate born at 3.0 pounds; however, when measured

from the same beginning weight to the same final weight, pigs born small are

not significantly different from their larger littermates in growth rate, feed

efficiency, or carcass traits. Thus, in many swine operations, the lowest

cost method of producing an additional ten pigs may well be saving one or more

small pigs per litter through supplemental care rather than breeding, feeding

and caring for one more sow to produce an additional litter of 10 pigs.
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INSUFFICIENT MILK PRODUCTION IN THE SOW:

SOME CURRENT CONCEPTS

Bradford B. Smith, DVM, PhD
College of Veterinary Medicine

Oregon State University

INTRODUCTION

Insufficient milk production in the postpartum sow is an insidious

problem that causes a multimillion dollar loss annually to the swine industry.

It has been estimated that annual losses attributable to insufficient milk

production are in excess of $200 million per year. Neonatal piglet deaths

associated with insufficient milk production are caused by (1) acute

starvation and (2) secondary problems. These secondary losses, e.g.,

increased susceptability to TGE, coliform scours, and crushing by the sow

because of starvation induced weakness, represent the greatest loss to the

producer.

The various names associated with this disease complex - coliform

mastitis, mastitis-metritis-agalactia (MMA), puerperal toxemia, and

periparturient hypogalactia syndrome (PHS) - reflect the multiple causes that

have been associated with the problem. This article will present some

concepts on the pathogenesis of the disease complex and some thoughts on

prevention and therapy.

CLINICAL PRESENTATION

Although complete lactation failure is very rarely observed, affected

animals produce insufficient milk to meet the nutritional requirements of the

litter. The problem develops within the first 24 hours postpartum in more

than 50% of all affected animals with only a few animals initially showing

signs later than 72 hours postpartum. Most affected animals have a 2-3 F

increase in rectal temperature and approximately half of the animals will show

some signs of mastitis. The mammary glands may appear swollen, firm, locally

warm to the touch and have a blotched purplish appearance. Other frequently

observed changes include depression, off feed, unwillingness to let the

piglets nurse and occasionally vomition.
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Causes

After several decades of active research there is still no consensus as

to the cause(s) of MMA - PHS. One important concept, however, that has

emerged from the work is that insufficient milk production is NOT a single

disease but rather a complex of several different problems. A current concept

that appears to explain a high percentage of the clinical cases is summarized

in Figure 1. Mammary infections, usually with a Gram negative coliform

organism such as E. coli, appear to be a major factor in a high percentage of

cases. Frequently it is not possible to grossly identify any mastitic mammary

glands, yet microscopically a very high percentage of affected animals have

some signs of mastitis. One component of the cell wall of all coliform

organisms is a lipopolysaccharide (LPS) ENDOTOXIN molecule. The LPS endotoxin

is absorbed from the mammary gland and stimulates the following physiologic

changes in the sow, all of which adversely affect milk production:

1) Disruption of normal cardiac and immune function

2) Hormonal changes that directly decrease milk production

3) Fever induced decline in food consumption

Prevention and Treatment 

Cross Fostering: If a relatively small percentage of sows are affected

and a large number of sows are farrowing within a short period, cross

fostering of piglets can substantially increase piglet survival. Piglet

survival will be substantially improved if the animals are moved before the

development of secondary scouring problems. Feeding of a commercial milk

replacer is possible but usually impractical in most operations.

Oxytocin: Administration of OXYTOCIN (5-10 units - given IM) will

stimulate milk let down and will help a small percentage of the animals.

While repeated dosages can be given, if the drug is not successful after the

first administration, repeated dosages are seldom effective in resolving the

problem.

Antibiotics: A variety of different antibiotics have been used for the

treatment of mastitis in the sow. Your choice of antibiotic should be based

on experience as to which drug(s) has been effective in your operation. If

more than the occasional animal develops problems with insufficient milk

production, getting professional advice, including a culture and sensitivity
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study, before selection of an appropriate antibiotic is financially

justified. Use of different antibiotics without a clear need encourages the

development of antibiotic resistent strains of bacteria. This can represent a

serious economic problem when specific pathogenic bacteria are isolated that

can only be treated with the newer more expensive antibiotics.

Prostaglandins: Several recent studies have indicated that when a

significant percentage of the herd is affected, timed induction of parturition

using prostaglandins can be an effective means to decrease the incidence of

the problem. An even greater percentage reduction in incidence has been

observed when prostaglandin administration is followed 24 hours later with 20

to 30 units of oxytocin. One explanation of prostaglandin effectiveness is

that in speeding up the process of parturition the mammary teat sphincters are

open for a shorter period of time and hence the ability of coliform bacteria

to colonize the mammary gland is decreased, resulting in a lower incidence of

mastitis.

Sanitation: There is some good evidence that suggests sanitation may

also be a significant factor in prevention of the problem. Removal of fecal

material from the farrowing crates on a regular basis decreases the

probability of fecal E. coli being available to infect the mammary glands.

Good sanitation also significantly decreases the incidence of coliform

scouring problems in the piglets.

SUMMARY

Although there is still no concensus as to the cause of insufficient milk

production in sows, substantial evidence has indicated that endotoxins

produced by coliform mammary infections play a central role in the development

of the problem. It appears that infections of the reproductive tract,

specifically the uterus, are unlikely to be a significant factor in most

affected animals. Diet may be a factor, but no clear correlation between

different diets and problems of insufficient milk production has been shown.
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PROTEIN SUPPLEMENTS FOR SWINE DIETS

IN THE WESTERN UNITED STATES

C. W. Newman
Animal and Range Sciences Department

Montana State University
Bozeman, MT 59717

INTRODUCTION

Cereal grains are the basic component of swine diets, providing a source

of energy, protein, minerals and vitamins. Energy in the form of starch,

sugar, and oil is the primary nutrient in cereal grains. The other nutrients,

including protein, are limiting in one or more facets in regard to an animal's

requirement. Thus, for maximum economic production, swine diets require some

source of supplemental protein. The requirement is not solely for protein but

rather for essential amino acids that are limiting in the basic cereal grain.

Barley and Wheat - The Cereal Grains for Western Swine Rations 

Even though barley and wheat are limiting in the essential amino acids,

they provide up to 70 percent of the protein in finishing and breeding stock

diets. Protein and amino acid content of barley and wheat vary considerably,

depending upon geographical location, environmental growing conditions and

variety (Newman and McGuire, 1986). A recent economic study at the Montana

Agricultural Experiment Station (MAES) demonstrated that the value of protein

in feed barley for swine increases significantly from 8 to 13 percent, then

much less so from 13 to 16 percent which is primarily because of the

decreasing quality of protein as protein increases in barley (LaFrance et al.,

1985). This is illustrated in Table 1.

The average protein of western grown barley and wheat is one to four

percentage points higher than that of corn, requiring less total supplemental

protein for balancing dietary protein. However, it is the limiting essential

amino acids that must be considered, making it necessary to supplement these

cereals even when they contain more total protein than an animal requires.

The first limiting amino acid in all cereal grains is lysine followed by

methionine, threonine, tryptophan and isoleucine. The exact limiting order of

the latter four amino acids depends on the grain. In general practice, when a
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swine diet is calculated on the basis of the lysine requirement, all other

amino acids will be adequately supplied as well as total protein. There are

some exceptions to this, thus each diet should be checked for all essential

components. Since the actual lysine content (or other amino acids) of a

specific grain to be used in preparing a diet is not often available, the

protein content must be used instead. To do this successfully, the following

guidelines were developed by a group of western swine nutritionists (SAES,

1985). "If a barley (or wheat) contains 12 percent or less protein, calculate

it into the diet at the actual percentage of protein. If a barley contains

more than 12 percent protein, then calculate it into the diet at 12 percent.

This will, in most instances, provide a mixture of grain and protein

supplement that will furnish adequate levels of lysine and other essential

amino acids. The results can vary, depending upon the supplemental protein

source and the level of protein in the diet, thus all mixtures should be

carefully evaluated."

The second limiting amino acid in most grain-protein supplement mixtures

is methionine. When calculating methionine levels, the cystine level is

included since the presence of this nonessential amino acid spares the

methionine. This is because about 50 percent of an animal's requirement for

methionine is for the synthesis of cystine. Thus, if cystine is present, then

the requirement for methionine is reduced by that amount. Unless this

relationship is recognized, methionine will often become the first limiting

essential amino acid in grain-supplement mixtures.

Sources of Supplemental Protein for Barley and Wheat Based Swine Diets 

The identification of the indispensible animal protein factor, vitamin

B 12 , and subsequent inclusion of it in swine diet vitamin premixes have made

it unnecessary to feed animal or marine protein supplements to swine. This is

not to say that these proteins are not valuable sources of essential amino

acids, but rather that the swine producer and feed manufacturer now have a

vast array of other protein sources from which to choose. Since there are too

many protein sources available to include in the scope of this paper, I will

limit my review to those of plant origin that show promise of becoming viable

alternatives to the use of soybean meal in preparing western swine diets. For

those who may wish an in-depth review on protein supplements for swine, they
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should consult the text, Swine Production and Nutrition (1984), chapters 14

and 15 (p. 380-534) by W. G. Pond and J. H. Manner, AVI Publishing Co.

Soybean meal is considered by most swine nutritionists to be the most

important and major protein supplement for swine, they use it as a standard

for most comparisons. This is because of soybean meal's total protein and

amino acid content, the quality of its protein (balance of essential amino

acids), digestibility of the amino acids, relative lack of toxic or inhibitory

factors, palatability, market availability, handling characteristics, and

economics. Since soybeans are not grown or processed in any quantity in North

America outside the South and Midwest, the meal by-product must be imported

into the western region much as into many foreign countries. Added freight

cost, which has increased tremendously in the last few years, has prompted a

search for alternate sources of supplemental protein in the western region.

There are two important factors to consider when comparing protein feedstuffs,

other than those previously listed advantages of soybean meal. One must also

consider the presence of other natural components which may have a detrimental

influence on the overall nutritional quality and the absence of essential

nutrients which must be supplied by other feedstuffs or supplements.

The nutritional composition of some plant protein feedstuffs is shown in

Tables 2 and 3. Most of these are being used at some level in swine diets and

the more unconventional may become more important as protein feeds for swine.

Soybean Meal and Seed (Glycine max)

As previously stated, soybean meal is the most commonly used protein

supplement for swine feeds in North America for a variety of reasons. Raw

soybeans contain a number of undesirable compounds that prevent their wide use

in swine feeds. A trypsin inhibitor was one of the first soybean components

proposed as an antinutritional factor. Other factors that have been suggested

include hemagglutins, saponins, isoflavins and goitrogens (Liener, 1975). It

is now generally recognized that the trypsin inhibitor and hemagglutins are

the two antinutritional factors in raw soybeans or raw soybean meal that

reduce the nutritional value of the unprocessed feed. Proper processing of

the soybean or soybean meal with moist heat will destroy these components,

making a highly palatable and nutritious high protein product.
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Expeller processed meals are not as available as in previous years since

most processors now use the more efficient solvent process for removing the

oil. When all oil is extracted and the hull removed, the protein and amino

acid levels are increased and the fiber level is decreased. The solvent

extracted, dehulled meal is highly desirable for young pig diets and is used

extensively in poultry diets. The distribution of amino acids in soybean

protein is similar to that of animal protein and it is not severely limiting

in any amino acid except methionine.

Industrial development of equipment to process whole soybeans has made it

possible to utilize the energy from the oil as well as the protein. The

development of roasters or cookers for use on the farm has stimulated the use

of full-energy soybeans. A machine for extruding soybeans without the use of

additional heat or moisture is also available for on the farm or feed plant

installation. The use of cooked or extruded whole soybeans in pig diets will

generally improve the feed efficiency and produce equal or faster gains. The

added fat in diets containing processed full-energy soybeans will produce a

softer carcass fat although it has been shown that consumer acceptance of pork

products from pigs fed such diets was not adversely affected (Wahlstrom et

al., 1971). It was also shown that the total carcass fat was not increased

over the control pigs fed soybean meal. Results of feeding trials in South

Dakota and Montana with processed whole soybeans are shown in Table 4. The

use of full-energy processed soybeans as opposed to soybean meal in swine

diets depends upon the cost and availability of the two products.

Although it is well known that raw soybeans depress the growth rate and

feed efficiency of growing pigs, older pigs (16 weeks) fed on raw soybeans had

similar performance to those fed on processed soybeans (Combs et al., 1967).

Crenshaw and Danielson (1984) conducted a three parity study in which sows

were fed either on raw soybeans or soybean meal from breeding up to day 110 of

gestation and then soybean meal during lactation. Sows fed on the raw

soybeans gave birth to pigs with increased birth weights and had a 5 percent

improvement in pig survival rate to weaning (Table 5). There were no

differences between groups in sow weight changes, numbers of pigs born alive

or pig weaning weight. A recent study at the MAES found no difference in the

reproductive performance of first litter sows fed soybean meal, raw soybeans,

or processed full-energy soybeans.
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Canola Meal (Rapeseed Meal) (Brassica napus L. and Brassica campestris L.)

Rapeseed meal is a by-product of vegetable oil production from rape seed.

Meals produced after the removal of the oil may contain 32 to 44 percent

protein with the majority of them containing 35 to 39 percent. Old varieties

of rapeseed contain high levels of glycerides derived from erucic acid and

glucosinolates which are detrimental to nutritional quality. Glucosinolates

break down to isothiocyanates and oxazalidinethione which produce a

goitrogenic effect on nonruminant animals. New varieties of rape which are

low in glucosinolates and some that contain zero levels of these compounds

have been developed by plant breeders. Two cultivars (Tower and Erglu) have

been developed that contain low levels of both glucosinolates and erucic acid.

These are often referred to as double zero varieties. The term canola meal

has been created to distinguish the low glucosinolate, low erucic acid meals

from the meal produced from older rape varieties. Even though the

antinutritional factors have been removed or lowered to acceptable levels in

the new rape varieties, the canola meals are still lower in digestible energy

(DE) than soybean meals.

Reports by McKennon and Bowland (1977) and Aherne and Lewis (1978)

suggest that 50 percent of the soybean meal in barley based growing-finishing

diets can be replaced with canola meal without reducing rate of gain of swine

but a slight depression in feed efficiency can be expected (Table 6).

Complete replacement of soybean meal with canola meal resulted in up to a 16

percent reduction in gain and feed efficiency during the growing phase (44 to

120 pounds). The depressing effect of the canola meal was less during the

finishing phase. In a recent study, Castell and Spurr (1984), reported that

barley supplemented with either soybean meal or canola meal produced

equivalent overall gains and feed efficiency in growing-finishing swine (Table

6) although the performance of the canola fed pigs was inferior during the

growing period. The canola meal fed in this study contained 2.2 mg total

glucosinolates per gram whereas in previous reports levels of .98 mg

glucosinolates per gram were sufficiently high to impair pig performance (Pond

and Maner, 1984). The higher crude fiber level in canola meal is probably a

major contributing factor to reduced performance of pigs in some instances and

may explain the poorer performances reported during the growing periods.
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Recent studies reviewed by Pond and Maner (1984) indicate that canola

meal can be used as the sole supplemental protein for gilts and sows during

pregestation, gestation, and lactation without any detrimental effects on

reproductive performance. Spratt and Leison (1985) attempted to use full-

energy rapeseed from the cultivar Tower in prelactation and lactation diets to

raise sow milk fat content. A level of 15% was required to increase milk fat

which produced heavier pigs at weaning. Sows fed this level of rapeseed lost

a significant amount of weight, however, because of reduced feed intake.

Lower levels (5 and 10 percent) of rapeseed had no effect on milk parameters

or pig weaning weights.

Safflower Meal (Carthamus tinctorius)

.	 Undecorticated safflower meal (includes hulls) has limited value in

growing-finishing pig diets because of its low protein (18 to 22 percent), low

lysine (1.0 to 1.3 percent) and high crude fiber (40 percent) levels. It

would probably be best utilized in sow gestation diets. Mexican workers

(Shimada and Aguilera, 1966) used an 18.8 percent protein safflower meal

containing 30.9 percent crude fiber to replace 0, 12.5, or 25 percent of the

supplemental protein in sorghum-soybean meal diets. No effects were reported

at the 12.5 percent level but gains and feed efficienc y were depressed at the

25 percent level. A second study confirmed these findings and a maximum level

of 7 to 8 percent safflower meal in diets of growing-finishin g pigs supplying

not more than 12.5 percent of the supplemental protein was suggested (Shimada

and Brambila, 1966).

At the MAES, a 24 percent protein safflower meal was compared with

soybean meal alone and soybean meal plus meat and bone meal in barley based

diets (L. G. Young, unpublished data). The grower-finisher diets contained

either 3.5 to 1.0 percent meat and bone meal or 3.0 to 1.25 percent fishmeal

plus 21.5 to 6.85 percent safflower meal, respectivel y . Overall rate of gain

and feed efficiency were both depressed in the safflower diets compared to the

soybean meal control or soybean plus meat and bone meal diets (Table 7). The

greatest depression occurred in the growing period and in the safflower plus

meat and bone meal diet. Pigs fed the fish meal supplemented safflower meal

diet gained as fast or faster than the soybean meal plus meat and bone meal

fed pigs in the finisher period but their feed efficiency was not as good.
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Later studies have shown that decorticated (dehulled) safflower meal

(46.1 percent protein and 16.2 percent crude fiber) was also unsatisfactory as

the sole supplementary protein source for sorghum and wheat based diets for

pigs (Williams and Daniels, 1973; Williams and O'Rourke, 1974). Growth was

increased by adding synthetic lysine but the performance was still inferior to

that of pigs fed isonitrogenous soybean meal or fish meal supplemented sorghum

and wheat based diets.

Sunflower Meal and Seed (Helianthus annuus)

Sunflower meal is very much like safflower meal in chemical composition

and nutritional value for swine feeds. A great deal more sunflower meal is

produced, however, than safflower meal. Sunflower meal is a very

unsatisfactory source of protein when used to supply all of the supplementary

protein in cereal-based swine diets. Pig feeding trials have demonstrated

that sunflower meal could replace 30 to 50 percent of soybean meal (Seerley et

al., 1974), but higher amounts depressed gain and feed efficiency (Table 8).

Feed efficiency, however, was depressed even when only 25 percent of the

soybean meal was replaced. Contrary to the work with safflower meal, the

adding of free lysine to optimum levels in sunflower meal diets improved the

performance of pigs equal to that of controls even when the sunflower meal

replaced 50 or 100 percent of the soybean meal.

Sunflower seeds, like soybean seeds, are a high energy ingredient that

has been compared successfully in gestating and lactating sow diets (Kepler et

al., 1982). Sows fed diets containing 25 or 50 percent sunflower seeds showed

linear increases in sow milk fat (Table 9). Other research has shown distinct

advantages in pig survival and weaning weights of pigs nursed by sows fed

diets that increase milk fat.

A number of pig feeding trials have been conducted where sunflower seeds

were fed at various amounts up to 60 percent of the diet (Wahlstrom, 1985).

Response to the added energy from sunflower seeds was both favorable and

unfavorable. A recent study (Hartman, 1983) showed that rate of gain was

increased in pigs fed diets with 5 percent sunflower seeds and decreased to

the level of control if diets contained 15 or 20 percent sunflower seeds

(Table 10). Feed efficiency did not appear to be influenced at any level of

sunflower seed in this study.
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Wahistrom (1985) concluded that if diets are balanced for lysine,

sunflower meal can be used as the entire protein supplement for growing pigs.

He further stated that up to 20 percent of sunflower seeds can be used in the

diets of growing-finishing pigs. Carcasses from such pigs were softer with

greater amounts of linoleic acid in the fat, but tenderness, juiciness, and

overall acceptability of the pork were not affected.

Dry Beans (Phaseolus vulgaris)

The Phaseolus genus includes a large number of beans, but P. vulgaris is

by far the most important in both worldwide acreage and geographic

distribution and consumption (Roberts, 1970). Dry beans have a number of

toxic factors including a trypsin inhibitor (Bowman, 1944), a protein

synthesis inhibitor (Kokade et al., 1968), and a hemagglutinin factor (Rigas

and Osgood, 1955). In addition, the presence of raffinose and stachyose

produces gastrointestinal disorders because of the absence of digestive

enzymes to hydrolyze these carbohydrates in the pig (Olson et al., 1975). Dry

beans are like most legume seeds in that they are deficient in the sulfur-

containing amino acids and contain low levels of tryptophan. There is

insufficient data available at this time to make valid recommendations as to

the proper use of dry beans in pig diets. It would seem possible that some

form of heat treatment (roasting or extrusion) would make dry beans an

acceptable source of supplemental protein for pigs.

Faba Beans (Vicia faba L.)

Faba beans are known by a variety of different names including field

bean, horse bean, tick bean, and haba (Pond and Maner, 1984). These authors

have reviewed numerous experimental reports demonstrating that faba beans may

be used to provide all or a portion of the protein supplement in swine

diets. Most of the findings suggest that faba beans can not replace all of

the soybean meal in swine diets without adversely influencing the performance,

while partial replacement produced nearly equivalent performance (Table 11).

Canadian tests indicate that pigs weighing 80 pounds initially can be

successfully fed barley plus only faba beans as a protein supplement (Seal,

1974).

40



As with most legume seeds, faba beans are deficient in methionine

although they are quite good in cystine which partially corrects the

deficiency of the sulfur amino acids. It is a good source of lysine and when

blended with barley, the sulfur amino acids are the limiting factors in

meeting the protein - amino acid requirements of pigs.

A feeding trial conducted at the MAES indicated equal performance of pigs

fed barley-based diets where either 50 or 100 percent of the soybean meal was

replaced with faba beans (Table 12). Supplemental free lysine and methionine

to the 100 percent faba bean diet did not affect gains but improved the feed

efficiency by nearly 5 percent. Additional work at the MAES demonstrated that

faba beans can be blended with full-energy soybeans and extruded in various

proportions. Mixtures of extruded faba beans and full-energy beans in barley-

based diets produced gains equal to soybean meal or faba beans supplemented

controls and feed efficiency was improved to near that of pigs fed a diet

supplemented with 100 percent full-energy extruded soybeans (Table 13).

Raw faba beans may be used as a total or partial replacement for soybean

meal in pig diets, but the levels of lysine and methionine should be carefully

checked to insure maximum performance.

Field Peas (Pisum sativum or Arvense)

Field peas have been tested in swine diets for more than 40 years and

considerable discrepancy exists in the results reported (Pond and Maner,

1984). In some cases field peas or cull peas were equal to soybean meal, fish

meal, or meat and bone meal as total or partial sources of amino acids and

protein in cereal-based diets. In other reports, field peas were obviously

inferior to other protein supplements. It was suggested by Pond and Maner

(1984) that there may be differences in pea lines in respect to amino acid

availability and that some lines may contain antinutritional factors. Peas

have been shown to be deficient in both vitamin E and selenium (J. A. Froseth,

personal communication), which if not included in a diet would severely

depress growth and feed efficiency of animals thereby masking any value of the

protein in peas.

Research at Washington State University (WSU) has demonstrated the

usefulness and limitations of cull peas as protein and protein-energy sources

in swine diets. Kroening (1968) compared cull peas with soybean meal, meat
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and bone meal, or a combination of all three as protein supplements in a diet

in which wheat was the only grain fed to 50 pound pigs. Performance of pigs

fed the wheat-cull pea diet was nearly equal to that of pigs fed wheat

supplemented soybean meal and superior to the wheat - meat and bone meal diet

(Table 14). An additional study further demonstrated that cull peas were

equivalent to soybean meal in corn, barley, and wheat diets as measured by

rate of gain and feed efficiency of pigs from 57 to 217 pounds. In this

trial, a diet composed of all cull peas (plus minerals and vitamins) was

equivalent to cull peas plus soybean meal or the grain based diets plus

soybean meal or cull peas (Table 15). The combined average daily gain

(pounds) and feed to gain ratios of pigs fed soybean meal or cull peas were

1.82; 3.07 and 1.88; 3.23, respectively. The pea supplemented pigs gained

slightly less but were more efficient in feed conversion.

Research conducted at WSU has shown that methionine supplementation of

diets containing 36 percent peas and 61 percent grain (barley or wheat), for

pigs from 75 pounds to market weight produced no beneficial effect on either

rate of gain or feed efficiency. Several studies, however, have shown that

diets for pigs less than 75 pounds which contain peas as the only protein

supplement do require methionine supplementation. In one experiment it was

shown that an extruded peas diet plus .1% methionine was equal to a soybean

meal control (Myer and Froseth, 1980). Extruding alone was not beneficial

(Table 16).

Reproductive research at WSU has shown that cull peas can be successfully

fed to breeding stock when properly supplemented with vitamin E and (or)

selenium. The WSU recommendations are to use cull peas as a protein

supplement in breeding diets rather than as the major ingredient and to always

supplement such diets with either vitamin E or selenium.

Chickpeas (Cicer arietinum L.)

Chickpeas, also known as garbanzo beans, can be used in pig diets as a

protein supplement without cooking or heating (Pond and Maner, 1984).

Autoclaving chickpeas was reported to improve their utilization by the chick

but had no effect on the performance of pigs receiving a diet containing 88%

chickpeas. Most of the swine feeding trials with chickpeas have been reported

by Mexican workers who indicated that pigs performed well at all levels of
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substitution for grain sorghum, soybean meal, fish meal, and cottonseed

meal. In some instances it was reported that the addition of low levels of

methionine (.05 to .28%) improved the performance of pigs fed high levels of

chickpeas but that higher levels of methionine (.42%) depressed the

performance of pigs.

Research at the MAES with three varieties of chickpeas has demonstrated

an equal protein quality in this legume seed to that of soybean meal (Table

17). In this experiment all three chickpea cultivars produced protein

efficiency ratios (PER) equivalent to that of soybean meal. One variety was

smaller in size than the other two and contained a higher percentage of fiber

although the protein and amino acid composition was similar to the other two.

Although PER values and the biological value of the proteins were similar

between the three varieties, the protein of the high fiber variety was less

digestible.

Other Protein and Amino Acid Sources 

Alfalfa is a major crop in the western United States. Considerable data

is available that shows that this feedstuff can be a valuable source of

protein and amino acids to swine diets. Alfalfa can be fed as ground hay or

dehydrated alfalfa meal in complete mixed diets. The fiber level in alfalfa

is the primary limiting factor in the use of it in swine feeds. Breeding

stock can be fed good quality alfalfa hay as a source of protein and fiber to

aid in preventing constipation and subsequent problems at farrowing. Several

studies are focusing on alfalfa concentrates and extracts as possible sources

of protein for animals and humans.

The economical production and marketing of feed grade free amino acids,

especially lysine and methionine, have made this a viable alternative for

supplementing amino acids in pig diets. The production cost of other amino

acids such as threonine and tryptophan is too high at the moment to justify

their use in animal feeds. However, improved technology is rapidly closing

the cost gap in this area and it is predicted that these two amino acids will

be added to the list of commonly available feed ingredients in the near

future. Caution must be exercised in the use of free amino acids in swine

feeds as they do not provide any energy or other nutrients and in some cases

an excess of one amino acid is detrimental to the use of other amino acids by

an animal.
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Microorganisms probably will be used more extensively in swine diets in

future years as sources of many nutrients including amino acids. Probiotics

are quite common in today's modern swine production and it is quite possible

that improved bacteria and yeast will be included in many commercial products

in the future.
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Table 1. Barley prices for equal cost swine dietsa

Barley Protein
	

75-130 lbs	 130-220 lbs
(Percent)
	

pig weight	 pig weight
(Dollars per hundred weight)

	

8	 4.30	 4.40

	

9	 4.53	 4.59

	

10	 4.74	 4.76

	

11	 4.88	 4.90

	

12	 5.05	 5.05

	

13	 5.17	 5.07

	

14	 5.22	 5.12

	

15	 5.28	 5.17

	

16	 5.33	 5.22

aLaFrance et al., 1985

Table 2. Proximate composition and digestible energy of some protein
feedstuffs for swine, 90% dry mattera

Crude	 Ether
Feedstuff
	

Protein	 fiber	 extract	 NFE	 Ash	 DE

Soybean meal
Expeller	 42.9	 5.9	 4.8	 30.4	 6.0	 3610

Solvent	 44.6	 6.2	 1.4	 31.3	 6.5	 3318
Solvent dehulled	 49.7	 3.4	 .9	 30.2	 5.8	 3942

Soybean seed	 37.0	 5.5	 18.0	 24.0	 5.0	 4056

Canola meal b	 39.6	 9.1	 1.1	 33.1	 7.0	 3245
Safflower meal b	 41.1	 8.6	 6.8	 26.9	 6.5	 2959
Sunflower meal b	 45.3	 10.6	 2.7	 23.9	 7.5	 2915
Sunflower seed	 16.9	 13.9	 38.2	 17.6	 3.5	 2988
Dry beans	 22.7	 4.2	 1.5	 57.2	 4.1	 3386

Chickpea	 18.1	 7.1	 4.8	 57.3	 2.8	 -
Faba bean	 28.0	 6.7	 1.0	 50.7	 3.7	 -
Field peas	 27.9	 5.9	 3.2	 60.1	 2.8	 -

aValues taken from the following: Atlas of Nutritional data on United States
and Canadian feeds, National Academy of Sciences, Washington DC, 1971; Swine
Production and Nutrition, 1984, W. G. Pond and J. H. Manner; Sunflowers in
pig nutrition, R. C. Wahlstrom Pig News and Information, Commonwealth
Agricultural Bureau, UK.

bSolvent extracted.
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Table 3. Selected amino acid composition of some protein feedstuffs, 90% dry
matter

Feedstuff

Methionine
Lvsine 	 + Cvstine	 Threonine	 Tryotoohan

w/w d	Prd w/w	 Pr	 w/w	 Pro	 w/w Pro

Soybean meal
Expeller	 2.78	 6.48	 1.26	 2.94	 1.71	 3.99	 .59	 1.38
Solvent	 2.90	 6.38	 1.40	 3.08	 1.77	 3.89	 .69	 1.52
Solvent dehulled	 3.14	 6.31	 1.54	 3.10	 1.94	 3.90	 .74	 1.49

Soybean seed	 2.40	 6.49	 1.10	 2.97	 1.50	 4.05	 .55	 1.49
Canola meal b	 2.10	 6.00	 1.10	 3.14	 1.53	 4.37	 .45	 1.29
Safflower meal b	 1.35	 3.28	 1.25	 3.04	 1.35	 3.28	 .52	 1.26
Sunflower meal b	 1.70	 4.04	 1.40	 3.33	 2.13	 5.07	 .71	 1.69
Dry beans	 1.60	 7.04	 .47	 2.07	 .25	 1.10
Chickpea	 1.23	 6.78	 .45	 2.48	 .61	 3.39	 .24	 1.34
Faba beans	 1.48	 5.29	 .44	 1.57	 .87	 3.11	 .25	 .89
Field peas	 1.68	 6.02	 .35	 1.25	 .97	 3.48	 .25	 .90

a
Values taken from the following: Atlas of Nutritional data on United States
and Canadian feeds, National Academy of Sciences, Washington DC, 1971; Swine
Production and Nutrition, 1984, W. G. Pond and J. H. Manner; Sunflowers in
pig nutrition, R. C. Wahlstrom Pig News and Information, Commonwealth
Agricultural Bureau, UK.

bSolvent extracted.
cPercentage of product weight.
dPercentage of protein.

Table 4. Cooked whole soybeans as a protein supplement in corn or barley diets
for growing - finishing pigs

South Dakotaa Montanab

Soybean	 Cooked	 Soybean	 Extruded
meal	 soybean	 meal	 soybeans

Av daily gain, lbs	 1.85	 1.87
	

1.63	 1.71

Av daily feed, lbs	 6.24	 5.91
	

5.76	 5.45

Feed/gain ratio	 3.36	 3.15
	

3.52	 3.19

aWahlstrom et al., 1971 (corn-based diets).bGipp et al., 1984 (barley-based diets).
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Table 5. Effect of raw soybeans on the performance of brood sowsa

Soybean meal Raw soybeans

No. litters 58 60
Pigs born alive/litter 9.66 9.92
Pigs alive at 21d/litter 8.07 8.82
Survival, % 83.54 88.91
Gestation weight change, lbs 58.7 61.9
Lactation weight change, lbs -16.2 -19.9

aCrenshaw and Danielson (1985).

Table 6. Performance of growing-finishing pigs fed diets containing soybean
meal (SBM) or canola meal (CM)

SBM
50/50

SBM/CM CM

McKinnon and Bowland (1977)

Growing period (44-95 lbs)
Av daily gain, lbs 1.41 1.39 1.21
Feed/gain ratio 2.63 2.67 2.96

Finishing period (95-187 lbs)
Av uaily gain, lbs 1.37 1.28 1.28
Feed/gain ratio 3.80 3. 87 3. 87

Aherne and Lewis (1978)

Growing period (44-132 lbs)
Av daily gain, lbs 1.61 1.57 1.48

Feed/gain ratio 2.80 3.05 3.27

Finishing period (132-220 lbs)
Av daily gain, lbs 1 .74 1.68 1.65
Feed/gain ratio 4.17 4.32 4.33

Castell and Spurr (1984)

Growing period (60-126 lbs)
Av daily gain, lbs 1.82 1.74
Feed/gain ratio 2.88 3 .00

Finishing period (126-200 lbs)
Av daily gain, lbs 1.75 1.78

Feed/gain ratio 4.27 3.91
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Table 7. Comparison of soybean meal (SB), soybean meal plus meat and bone meal
(SBM-MM) with safflower meal plus meat and bone meal (SM-MM) or fish
meal (SM-FM) in the diets of growing-finishing pigsa

SBM b SBM-MM SM-MM SM-FM

Grower period (33-110 lbs)
Av daily gain, lbs 1.55 1.53 1.20 1.40
Feed/gain ratio 3.23 3.16 3. 94 3.69

Finishing period (110-200 lbs)
Av daily gain, lbs 2.00 1.86 1.85 2.03
Feed/gain ratio 3. 86 3.84 /4.23 /4.00

Overall period (11-200 lbs)
Av daily gain, lbs 1.75 1.69 1.47 1.69
Feed/gain ratio 3.46 3.42 4.03 3.84

al.. G. Young, MAES unpublished data.
bThere were 24 pigs/diet.

Table 8. Effect of replacing soybean meal (SBM) with sunflower meal (SFM) in
diets of growing-finishing pigsa

SBM replaced, % 0.0 25 50 100
SFM level, % 0.0 5.0 9.8 20.0

Av daily gain, lbs 1.46 1.46 .84
Feed/gain ratio 3.30 3.61 4.21 4.54

aSeerley et al., 1974

Table 9. Effect of sunflower seeds in sow dietsa

Sunflower seeds, Percent
0 25 50

No farrowings 35 31 30
Pigs born alive/litter 9.77 10.09 9.33
Survival to 14d, % 74.3 74.8 69.9
Birth weight, lbs 3.22 3.13 3.26
14 day weight, lbs 8.05 8.02 8.31
Fat in colostrum, % 5.38 6.41 6.61
Fat in milk, % 7.83 10.09 11.42

aKepler et al., 1982
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Table 10. Performance of pigs fed various levels of sunflower seedsa

0

Sunflower seeds, %

205	 10

Av daily gain, lbs 1.64 1.72 1.65 1.66

Feed/gain ratio 3.19 3.17 3.11 3.19

aHartman (1983)

Table 11. Effect of substitution of faba beans for soybean meal in diets for
growing-finishing pigsa

0

Percent of faba beans

205 10

Av daily gain, lbs 1.73 1.72 1.66 1.60

Feed/gain ratio 3.57 3 .30 3.63 3.61

aCastel (1976)

Table 12. Effect of replacing soybean meal (SBM) in barley-based diets with
faba beans (FB) and faba beans plus free amino acids (FB + AA)a

	

50%	 100%	 100%
SBM	 FB	 FB	 FB + AA

Av daily gain, lbs 1.59 1.58 1.59 1.57

Feed/gain ratio 3.41 3.44 3.41 3.26

a40 pigs per diet (MAES)
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Table 13. Performance of growing-finishing pigs fed barley-based diets
supplemented with soybean meal (SBM), faba beans (FB), full-energy
extruded soybeans (FEB) or mixtures of full-energy extruded soybeans
and faba beans (FEB-FB)a

Av daily gain, lbs

Feed/gain ratio

SMB FB
FEB-FB

FEB75/25 50/50 25/75

1.63

3.52

1.59

3.46

1.76

3.32

1.53

3.28

1.57

3.29

1.71

3.19

a12 pigs per diet (MAES)

Table 14. Comparison of cull peas (CP) with soybean meal (SBM) and meat and
bone meal (MM) in wheat-based diets for growing-finishing pigsa

SBM CP MM
SBM +

CP + MM

Av daily gain, lbs 1.75 1.87 1.66 1.77

Feed/gain ratio 3.12 3.04 3.29 2.70

aKroening (1968) WSU. 20 pigs per diet.

Table 15. Comparison of soybean meal (SBM) and cull peas (CP) as protein
sources in diets on corn, wheat, barley,or cull peasa

Av daily gain, lbs Feed/gain ratio

Corn + CP 1.79 2.98
Corn + SBM 1.93 3.30
Wheat + CP 1.91 2.92
Wheat + SBM 1.91 3.04
Barley + CP 1.76 3.21
Barley + SBM 1.85 3.38
Cull peas + CP 1.81 3.16
Cull peas + SBM 1.82 3.18

aKroening (1968) WSU. 10 pigs per diet.
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Table 16. Extrusion of cull peas and methionine (MET) supplementation of
barley - based cull pea diets for young pigs (18-53 lbs)a

Av daily gain, lbs Feed/gain ratio

Soybean meal 1.01 1.80

Cull peas .55 2.49

Cull peas + .1% MET .77 2.00

Cull peas + .25% MET .62 2.25

Extruded peas .62 2.22

Extruded peas + .1% MET .93 1.89

Extruded peas + .25% MET .88 1.71

aMyer and Froseth (1980) WSU

Table 17. Comparison of 3 chick pea cultivars and soybean meal in isocaloric,
isoprotein diets fed to weanling ratsa

Chickpeas
SBMCP-8 Desi UC-S

Av gain, g 120.0 104.8 110.8 109.3

Av PER 2.87 2.71 2.70 2.77

Av protein digestibility, % 84.4 79.1 85.2 88.2

Av biological value, % 84.3 86.1 85.1 84.6

a10 rats per diet, MAES.
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INFLUENCE OF THE UTERINE ENVIRONMENT ON EMBRYONIC

MORTALITY IN PUBERTAL GILTS

A. E. Archibong, R. R. Mauer, F. Stormshak, and D. C. England
Department of Animal Science

Oregon State University

Reproductive performance is an important aspect of any livestock

enterprise because of its impact on economic returns. Present methods of

swine production with emphasis on intensive management require increased costs

for labor and other economic overheads. Improved reproductive efficiency

through bringing the pubertal gilt into production sooner would reduce costs

of production. However, under current management practices, gilts are not

bred until they have cycled beyond the first estrus.

Puberty represents that stage of development at which an animal is

capable of producing gametes that lead to the establishment of pregnancy.

This is basically the result of a gradual adjustment between the levels of

gonadotropic hormones secreted by the pituitary and the ability of the ovaries

to respond to these hormones. The gilt, if mated at first estrus to a fertile

boar, can become pregnant and deliver normal young at term. However, compared

with gilts having completed at least one additional estrus, the pubertal gilt

has on the average fewer ovulations (Robertson et al., 1951; Young and King,

1981; Archibong et al., 1984) and if bred, a higher incidence of embryonic

mortality (Warnick et al., 1951; Young and King, 1981; Archibong et al.,

1984).

The cause of the higher incidence of embryonic mortality in the pubertal

gilt is not known. Our research here at OSU has been undertaken to determine

whether the increased embryonic mortality in pubertal versus older gilts was

caused by a uterine environment that was hostile to the developing embryos.

This study was conducted at the U.S. Meat Animal Research Center, Clay Center,

Nebraska, because of the large population of pigs available at that facility.

MATERIALS AND METHODS

Prepubertal gilts were checked twice daily for signs of heat by applying

hand pressure to the gilt's back in a heat checking pen adjacent to a boar.

Donor gilts were bred to boars of established fertility 12 and 24 hours after

the onset of heat. Fertilized ova were surgically collected from the donors
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on day 2 or 3 postmating and examined with a microscope to assess their

viability. Eight ova that were considered normal were surgically transferred

into first or third estrous recipients that were at the same stage of estrous

cycle as the donors. As a preventive measure against possible infection,

donor gilts received 10 cc of a long-acting antibiotic (Combiotic) because

they were reused as donors; the recipients received 10 cc of a short acting

antibiotic (Penicillin) because they were slaughtered approximatel y 30 days

postmating and the meat sold for human consumption. All injections were given

intramuscularly.

During recoveries and transfers of ova, numbers of corpora lutea were

recorded as an assessment of ovulation rate. All recipients were slaughtered

between days 30 and 40 of gestation and the number of surviving embryos were

recorded.

RESULTS AND DISCUSSION

Reproductive performance of gilts is shown in Table 1. There was a

tendency towards increased ovulation rate with increased number of estrous

cycles. The difference between ovulation rate in first versus second estrous

donors was not statistically different but the difference between first and

third estrous gilts was statistically significant. These observations are

similar to those observed by Robertson et al. (1951) and Anderson and

Einarsson (1980).

Mean percentage implantation and percentage viable embryos between first

versus third estrous recipients were not different, indicating that the uterus

at puberty is capable of maintaining embryos at least during early pregnancy.

During early gestation, the most predominant ovarian steroid produced is

progesterone, which influences the uterus to produce large quantities of

uterine milk. These secretions are believed to play important roles in the

maintenance of pregnancy (Bazer and Roberts, 1983; Bazer et al., 1981; Bazer

et al., 1982). The effects of estrogens on the uterus are complex. While

there is no major increase in production of specific uterine proteins in

response to estradiol alone (Roberts and Bazer, 1980; Knight et al., 1974), a

period of estrogen priming may be required for progesterone to increase

protein synthesis (Murai et al., 1981). In addition, estradiol modulates the

magnitude of progesterone-induced protein secretion (Roberts and Bazer, 1980;
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Knight et al., 1974).

Estrogens are probably required for the rapid release of uterine milk

from the endometrial epithelium that occurs at day 11 of gestation (Geisert et

al., 1982). This is the time when conceptuses (embryos and placental tissues)

first secrete estrogen (Bazer et al., 1982; Geisert et al., 1982). It could

be inferred that the amount of estrogens produced by the conceptuses is

additive and as such, equal number of conceptuses should produce similar

amounts of estrogens, and as such, affect the production of similar amounts of

uterine milk. This is probably why the embryonic survival rate between the

first versus third estrous recipient gilts was not different since equal

numbers of normal embryos were transferred to each group. More importantly,

however, the results of this study demonstrate that the uterine environments

of first and third estrous gilts do not differ in their ability to support

embryonic development when equal number of embryos are received.

Table 1. Comparison of Reproductive Performance of First, Second and Third
Estrous Gilts

Mean	 Mean
Percentage	 Percentage

Estrus No.	 Mean Ovulation Rate	 Implantation	 Viability 

1st

2nd

3rd

8.10

8.76

11.48

Donor Recipient

(40) 77.15 ± 3.75 70.58 ± 4.61± .98	 (52)

± 1.02	 (28)

± 1.21	 (5)

8.88 ± .71

11.43 ± .74	 (37) 74.09 ± 4.8669.13
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REPLACEMENT OF SOYBEAN MEAL BY LYSINE AND METHIONINE IN

GROWER-FINISHER SWINE DIETS

D. C. England, C. G. Chitko, R. E. Dickson, and P. R. Cheeke
Department of Animal Science

Oregon State University

INTRODUCTION

If cereal grains contained adequate amounts and proper balance of

required amino acids, rations for grower-finisher swine could consist of as

much as 95% grain properly supplemented with vitamins and minerals. This,

however, is not the case. There are 10 of the 22 amino acids which swine

cannot synthesize in amounts sufficient for their needs. Grain provides

adequate amounts of several of these but does not do so for some others. Soft

white wheat is particularly deficient in lysine and methionine and somewhat

deficient in isoleucine and threonine. Deficiency of any essential amino acid

adversely affects one or more of the traits of growth, feed efficiency, or

carcass merit. It is for this reason that protein supplements, which contain

the needed amino acids, are included in swine rations.

Lysine and methionine per se are available in crystalline form at prices

which are generally competitive with protein supplement sources. Use of

relatively small amounts of these amino acids and added grain have potential

to replace some or all of the protein supplements to provide rations of lower

cost without adverse effects on performance.

Experimental Objectives and Procedures 

To determine the extent to which required lysine supplementation can be

supplied per se instead of by soybean meal without adverse effects on

performance or carcass traits, experiments were conducted with grower and

finisher barrows and gilts. As soybean meal was replaced by lysine,

methionine became sufficiently deficient to require inclusion in the ration.

Grower rations shown in table 1A reflect the changes in amounts of wheat,

soybean meal, mineral supplements, and additions of methionine as 25, 50, 75,

or 100 percent of supplemental lysine requirements were supplied by lysine per

se instead of by soybean meal. Table 1B provides a calculation of nutrient

composition and of normal minimum requirements for each of the listed
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nutrients. An asterisk (*) following a nutrient signifies a deficiency of

that nutrient as a consequence of decrease in soybean meal and addition of

lysine and, when needed, addition of methionine. Tables 2A and 2B provide

similar information for finisher rations.

Nine barrows and eight gilts were individually fed each of the grower

rations from average weight of 68 pounds to average weight of 127 pounds.

Each set of pigs was then fed the corresponding finisher ration to average

finish weight of 223 pounds. All were slaughtered for collection of carcass

data.

RESULTS

Tables 3, 4, and 5 contain averages of daily feed intake, daily gain, and

feed/gain for grower, finisher, and the combined periods. Some generalized

conclusions can be drawn from these data as follows:

1. Both growth rate and feed/gain (Tables 3 and 4) were more adversely

affected in the grower stage than in finisher stage by supplying lysine and

methionine per se rather than through use of soybean meal as the source of

these amino acids.

2. Average daily gain was more sensitive to the replacement of soybean

meal by amino acids than was feed/gain; the latter, although showing

indications of a trend, was not significantly different among rations in the

finisher phase. At all except the 25% level of substitution in the grower

phase, feed/gain was adversely affected.

3. Feed intake per day (measured as feed into feeders - weigh back

number of days on test) showed little effect of different rations in the

grower phase; a more pronounced indication of decreased intake was seen in the

finisher phase as soybean meal in the rations decreased.

4. The combined grower-finisher phases (Table 5) reflect averages of the

above results with no significant ration effects occurring at 25% of lysine

supplemental requirement supplied per se, and no effects on feed/gain at any

level.

5. Carcass length, average backfat thickness and loin eye area were not

affected by the source of lysine and methionine in the rations (Table 5).

To further evaluate potential use of high level of substitution of lysine

and methionine per se for soybean meal as supplier of these amino acids, an

additional 24 barrows and 24 gilts were fed rations as shown in Tables 6, 7
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and 8. Specifically, two groups of 16 pigs each were fed the full supplement

of soybean meal during the grower period; one group was fed lysine and

methionine per se as 100% of the supplement source of these amino acids.

During the finisher period, one group continued on full soybean meal

supplementation and the other was switched to full supplementation of lysine

and methionine per se. The third group continued on full supplementation of

lysine and methionine. Data in Tables 6, 7, and 8 are in general agreement

with those listed for the earlier experiment. Of notable interest is the lack

of significantly different performance by the pigs fed the full soybean meal

supplement in grower and full amino acids supplement during the finisher phase

compared to the full soybean meal supplement group.

DISCUSSION

There was an indication of lower palatability of Ration 5 (zero soybean

meal), especially in the grower phase. Some individuals on this ration wasted

so much feed that limited amounts, estimated to be slightly more than each of

these pigs would consume, was fed daily instead of free choice. Excessive

wastage may thus account for some of the apparent similar feed intake for the

different rations as shown in Table 3. To more accurately determine nutrient

adequacy of the different rations vs. effect of palatability, pigs from Tables

6, 7, and 8 at 200 lbs were equally allotted by sex and prior ration to 6

pounds of feed fed daily (either Ration 1 or Ration 5) for 28 days. Each pig
consumed all allotted feed daily. Analyses of data during the 28-day period

(Table 9) show no difference in performance on the two rations, nor between

barrows and gilts. On ad libitum feeding from 65 lbs to 200 lbs, soybean meal

supplementation as full source of amino acids had promoted performance

superior to full lysine and methionine as source of supplement for these amino

acids; also, performance of barrows was superior to that of gilts (Tables 6, 7

and 9). Two potential explanations for the lack of differences on equal daily

restricted intake are (1) decreased palatability and increased wastage may

bias the results seen with ad lib feeding, and (2) differences in ration

effects may be diminished or nonexistent at weights beyond 200 pounds.

Results in the earlier experiments lend some support to each of these

potential explanations.
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The effects of deficiency of threonine in particular and possibly of

isoleucine cannot be determined from the data in this experiment. Maxwell

(1985) reported improved performance during grower but not during finisher

periods from addition of threonine in addition to lysine in hard red winter

wheat rations.

Use of lysine and methionine in replacement of soybean meal has potential

for decreasing cost of gains. This is especially true (1) if performance and

carcass merit are not substantially adversely affected, and (2) if cost of

soybean meal is excessive in relation to wheat (or other grain). During this

study, costs per ton for the different rations were relatively small because

of the lower than usual cost of soybean meal relative to wheat. Substitution

of amino acids per se for soybean meal as the source of the amino acids

increases the grain portion of the ration; thus, savings in cost from use of

amino acids must also cover cost of the increased amount of grain used.

SUMMARY

Soft white wheat rations in which 0, 25, 50, 75, or 100% of the lysine

was supplied using synthetic lysine along with needed methionine in

replacement of soybean meal were compared for grower finisher rations.

Average daily gain was adversely affected at 25% lysine per se in grower

rations but not in finisher rations; feed efficiency was not affected at 25%

in grower but was at 50% lysine per se, whereas it was not significantly

affected at 100% lysine per se in finisher rations. Carcass traits were not

affected by source of lysine and methionine. There were indications of

decreased palatability, especially during grower phase, as soybean meal in the

ration decreased. Beyond 200 pounds weight, rations did not cause differences

in performance when fed in equal amounts. On ad lib feeding, barrows had

performance superior to gilts in growth and feed efficiency, but not when

restricted to equal daily intake. The influence of deficiency of threonine as

increasing amounts of soybean meal were replaced by lysine and methionine

cannot be determined in these experiments.
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TABLE la. Substitution of lysine and methionine for soybean oil meal in swine
grower rations (16% C.P.) for swine

Level of Lysine Supplementation (%)

Ingredient 0 25 50 75 100

WHEAT 1626.32 1755.06 1814.64 1871.23 1925.04

SOYBEAN OIL MEAL 315.19 179.35 116.48 56.78 0.00

DICALCIUM PHOSPHATE 11.20 14.12 15.47 16.76 17.98

LIMESTONE 26.55 28.96 28.68 28.34 28.03

TM SALT 10.00 10.00 10.00 10.00 10.00

VITAMIN SUPPLEMENT 10.00 10.00 10.00 10.00 10.00

ZINC SULFATE 0.75 0.75 0.75 0.75 0.75

L-LYSINE HCL 0.00 1.76 3.43 5.01 6.52

DL-METHIONINE 0.00 0.00 0.54 1.12 1.67

Table lb. Estimated analysis and minimum requirements in grower rations

Estimated Analysis

Minimum
Requirements

D.E.	 (kcals/kg)
CRUDE PROTEIN (%)

CALCIUM	 (%)

PHOSPHORUS	 (%)

LYSINE	 (%)

3390.00
16.00
0.70
0.45
0.70

3390.00	 3390.00	 3390.00

13.67	 12.66	 11.71

0.75	 0.76	 0.76

0.45	 0.45	 0.45

0.61	 0.61	 0.61

3390.00

10.80

0.76

0.45

0.61

3390.00

16.00

0.55

0.45

0.61

METHIONINE
TRYPTOPHAN

ARGININE

HISTIDINE

ISOLEUCINE
LEUCINE

PHENYLAL+TYR
THREON INE

VALINE

(%)
(%)

(%)
(%)

(%)
(%)
(%)
(%)
(%)

0.20
0.32
0.83
0.34
0.72
1.02
1.22
0.50
0.70

0.17

0.30

0.64

0.27

0.58

0.83

1.02

0.40

0.57

0.18

0.29

0.55

0.25

0.51

0.74
0.94

0.35*

0.50

0.19

0.28

0.47

0.22

0.45

0.66

0.85

0.31*

0.44

0.21

0.27

0.39

0.19

0.39*

0.58

0.77

0.27*

0.39*

0.11

0.18

0.16

0.44

0.52

0.61

0.39

0.44

CYSTINE

METH + CYST
(%)
(%)

0.27
0.47

0.24

0.41

0.22

0.40

0.21

0.40

0.19
0.40 0.40

SUPPL. LYSINE	 (%) 0.00 25.00 50.00 75.00 100.00

* Indicates deficient level.
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Table 2a. Substitution of lysine and methionine for soybean oil meal in
swine finisher rations (14% C.P.) for swine

Level of Lysine Supplementation (%)

Ingredient
	

25	 50	 75
	

100

WHEAT (soft)

SOYBEAN OIL MEAL

DICALCIUM PHOSPHATE

LIMESTONE

TM SALT

VITAMIN SUPPLEMENT

ZINC SULFATE

L-LYSINE HCL

DL-METHIONINE

	

1741.63	 1780.21	 1832.26	 1881.69	 1928.69

	

200.66	 156.78	 101.83	 49.63	 0.00

	

8.00	 8.97	 10.15	 11.28	 12.35

	

28.96	 28.96	 28.96	 28.96	 28.96

	

10.00	 10.00	 10.00	 10.00	 10.00

	

10.00	 10.00	 10.00	 10.00	 10.00

	

0.75	 0.75	 0.75	 0.75	 0.75

	

0.00	 1.54	 3.00	 4.38	 5.70

	

0.00	 2.79	 3.05	 3.31	 3.55

Table 2b.	 Estimated analysis and minimum requirements in grower rations

Estimated Analysis
Minimum

Requirements

D.E.	 (kcals/kg) 3401.92 3396.62 3396.55 3396.49 3396.43 3395.00
CRUDE PROTEIN	 (%) 14.00 13.42 12.52 11.68 10.87 14.00
CALCIUM	 (%) 0.69 0.69 0.70 0.71 0.71 0.50
PHOSPHORUS	 (%) 0.40 0.40 0.40 0.40 0.40 0.40
LYSINE	 (%) 0.55* 0.57 0.57 0.57 0.57 0.57
METHIONINE	 (%) 0.17 0.30 0.30 0.30 0.30
TRYPTOPHAN	 (%) 0.30 0.30 0.29 0.28 0.27 0.10
ARGININE	 (%) 0.67 0.61 0.53 0.46 0.39 0.16
HISTIDINE	 (%) 0.28 0.26 0.24 0.22 0.19 0.15
ISOLEUCINE	 (%) 0.60 0.55 0.49 0.44 0.39* 0.41
LEUCINE	 (%) 0.86 0.80 0.72 0.65 0.58 0.48
PH ENYLAL+TYR	 (%) 1.06 0.99 0.92 0.84 0.77 0.57
THREONINE	 (%) 0.41 0.38 0.34* 0.31* 0.27* 0.37
VALINE	 (%) 0.59 0.54 0.49 0.44 0.39* 0.41
CYSTINE	 (%) 0.24 0.23 0.22 0.20 0.19
METH + CYST	 (%) 0.41 0.53 0.55 0.50 0.49 0.30

SUPPL.	 LYSINE	 (%) 0.00 25.00 50.00 75.00 100.00

* Indicates deficient level.
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Table 3. Performance effects of replacing soybean oil meal with lysine,
methionine, and grain (wheat)

Grower phase (65-125 lbs)

Level of lysine supplementation (%)

0	 25	 50	 75 100

NO.	 PIGS 17 17 17 17 17

ON TEST WT (lbs) 67 68 69 68 69

FINAL WT	 (lbs) 128 129 128 127 126

FEED INTAKE/DAY (lbs) 5.16 5.20 5.12 5.22 5.02

AVG DAILY GAIN	 (lbs) 1.64 1.47* 1.41** 1.27** 1.17**

FEED/GAIN	 (lbs) 3.23 3.63 3.78* 4.27** 4.45**

* Differences compared to 0 level ration significant at P<.05.
** Differences compared to 0 level ration significant at P<.01.

Table 4. Performance effects of replacing soybean oil meal with lysine,
methionine, and grain (wheat)

Finisher phase (125-225 lbs)

Level of lysine supplementation (%)

0	 25	 50	 75 100

NO.	 PIGS 17 17 17 17 17

ON TEST WT (lbs) 128 129 128 127 126

FINAL WT	 (lbs) 226 225 222 223 221

FEED INTAKE/DAY (lbs) 6.60 6.45 5.62 6.38 4.89

AVG DAILY GAIN (lbs) 1.93 1.94 1.70* 1.73* 1.57**
N.S.

FEED/GAIN	 (lbs) 3.47 3.40 3.38 3.78 3.85

* Differences compared to 0 level ration significant at P<.05.
** Differences compared to 0 level ration significant at P<.01.
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Table 5. Performance effects of replacing soybean oil meal with lysine,
methionine, and grain (wheat)

Grower-finisher phases combined (65-225 lbs)

Level of lysine supplementation (%)

0 25 50 75 100

FEED INTAKE/DAY	 (lbs) 6.00 5.90 6.00 5.75 5.38

AVG DAILY GAIN	 (lbs) 1.80 1.71 1.56* 1.51** 1.39**
FEED/GAIN (lbs) 3.38 3.48 3.52 3.96** 4.06**
CARCASS LENGTH	 (in) 31.2 31.0 31.2 31.0 31.2 N.S.
BACKFAT	 (in., avg.	 3 msmts.) 1.29 1.33 1.28 1.34 1.35 N.S.
Loin Eye Area	 (sq.	 in.) 4.30 4.39 4.78 4.59 4.69 N.S.

* Differences compared to 0 level ration significant at P<.05.
** Differences compared to 0 level ration significant at P<.01.

Table 6. Performance effects of replacing none or all of the soybean oil meal
with lysine, methionine, and grain (wheat) in swine grower rations

Percent replacement

0 0 100

NO. OF ANIMALS 16 16 16
WT ON TEST (lbs) 68 69 68
WT OFF TEST (lbs) 131 132 129
FEED INTAKE/DAY (lbs) 4.3 4.3 4.2 d 9
AVG DAILY GAIN (lbs) 1.57 1.59 0.98** 1.47 1.26**
FEED/GAIN (lbs) 2.80 2.76 4.59** 3.30 3.55 N.S.

** Differences significant at P<.01.
N.S. = Not significantly different.
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Table 7. Performance effects of replacing none or all of the soybean oil meal
with lysine, methionine, and grain (wheat) in swine finisher rations

Percent replacement

0 100 100

NO. OF ANIMALS 16 16 16

WT ON TEST (lbs) 131 132 129

WT OFF TEST (lbs) 200 200 202

FEED INTAKE/DAY (lbs) 6.1 5.9 5.4 d 9

AVG DAILY GAIN	 (lbs) 1.81 1.66 1.51** 1.84 1.45**

FEED/GAIN 3.49 3.71 3.69 N.S. 1.59 3.68 N.S.

** Differences significant at P<.01.
N.S. = Not significantly different.

Table 8. Performance effects of replacing none or all of the soybean oil meal
with lysine, methionine, and grain (wheat) in swine grower-finisher
rations

Percent replacement

0 100 100

NO. OF ANIMALS 16 16 16

ON TEST WT (lbs) 68 69 68

OFF TEST WT (lbs) 200 200 202

FEED INTAKE/DAY	 (lbs) 5.2 5.2 4.7
d 9

1.62 1.33**AVG DAILY GAIN	 (lbs) 1.68 1.61 1.19**

FEED/GAIN (lbs) 3.14 3.26 4.10** 3.43 3.62 N.S.

** Differences significant at P<.01.
N.S. = Not significantly different.
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Table 9. Performance for 28 days on finisher rations containing 100% soybean
meal or lysine + methionine supplement

Supplement

100% SBOM 100% Lysine + Methionine

NO. OF ANIMALS 24 24
ON TEST WEIGHT (lbs) 200 200
FEED INTAKE/DAY	 (lbs) 6.0 6.0
AVG DAILY GAIN (lbs) 1.50 1.47 N.S.
FEED/GAIN	 (lbs) 4.00 4.08 N.S.

AVG DAILY GAIN - BARROWS
	

1.50 N.S.
AVG DAILY GAIN - GILTS

	
1.47 N.S.
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