
AN ABSTRACT OF THE THESIS OF

Paul Thomas Bellatty for the degree of Master of Science

in Animal Science presented on July 26, 1982

Title: Production Responses of Barrows Fed Finisher Rations with

11 vs 14 Percent Protein

Abstract approv
C--::_Redacted for Privacy

ea

Tests using paired pens of barrows were conducted during a 13 month

period to determine the influence of protein level of the ration on

production traits of market barrows. One member of each pair of six to

ten full- and half-sib pairs was randomly allotted to each pen group;

thus, pen groups designated as controls had sibs or half sibs in a

counterpart treatment pen group. From 27 to 57 kg, designated as phase

1, all pen groups were fed a 14% crude protein ration. One pen group of

each set of paired pens was switched to an 11% protein ration at approxi-

mately 57 kg mean weight while its contemporary comparison group remained

on the 14% protein ration. The two levels of dietary protein resulted

from manipulation of the corn-soybean oil meal ratio in the ration.

Ration energy contents were similar. From 57 to 91 kg (phase 2), the

paired pen groups were maintained on their respective diets. Carcass

data were obtained following slaughter at approximately 91 kg live weight.

Similar average daily gains (A0G), feed efficiencies (F/G), and

daily feed intakes (DFI) were observed for the paired groups during

phase 1 in which both groups were fed the 14% protein ration. Phase 2

gains of pigs fed the control ration (14% protein) were significantly



affected by ambient temperature whereas ambient temperature did not

significantly affect gains of pigs fed the 11% ration.

Means, from the 11 groups per ration were 3.62 and 4.08 for F/G

and 2.96 and 2.92 kg for DFI. Means for ADG, based on individual animal

gains, were .83 ± .13 and .72 ± .11 kg for 14% and 11% protein rations

respectively.

Dietary protein level did not significantly affect weights of any

of the primal cuts of the carcass, backfat thickness, dressing percent

or carcass length. Although the means for loin eye area were not signi-

ficantly different, loin eye area tended to be smaller for pigs fed the

11% protein ration.

Estimates of heritability for growth on the two rations lack suffi-

cient precision to be conclusive and were more variable on the 11% ration

than on the 14% ration. For both rations, correlations among ADG, LEA

and backfat thickness were not significantly different from zero.

Economic analysis based on feed and overhead costs tends to favor

feeding the 14% protein ration in months of mild and warm temperatures

and the 11% protein ration in the coldest months.
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PRODUCTION RESPONSES OF BARROWS FED FINISHER RATIONS
WITH 11 VS 14 PERCENT PROTEIN

INTRODUCTION

Proteins are polymers of amino acids in unique sequences used by

cells for chemical reactions vital for homeostasis. Plants have the

ability to synthesize all twenty-two amino acids required for mainte-

nance and growth. Animals, however, lack the capability to produce

some essential amino acids and require these in their diets. Twelve

essential amino acids, those required in dietary form, are needed in

proper amounts and ratios for a swine ration to have full biological

value. A diet deficient in essential amino acids prohibits maximum

growth and has a relatively low biological value to the animal.

Complementary combinations of plant sources provide adequate levels

of indispensible amino acids required for maximum growth. Excess

dietary protein is utilized for glucose synthesis, fat production, or

is converted into water, carbon dioxide, and energy. Monogastrics

such as swine and humans are able to metabolize similar diets; both

are unable to reverse the inefficient conversion of excess protein into

energy. Many researchers have experimented with varying levels and

sources of protein to ascertain its biologically and economically most

efficient use in the swine industry. Differences in consumption,

digestion, absorption, age, and ambient temperature all influence

optimal protein levels. The objectives of this study are to evaluate

differences in performance and carcass responses of barrows fed finisher

rations similar in all respects except for protein level, and to

evaluate ambient temperature and genetic influences on these responses.
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Traits evaluated include feed efficiency by pen groups, and individual

average daily gain, backfat thickness, percent lean cuts, loin eye area,

dressing percent, and carcass length. Testing groups on recommended

and suboptimal levels of dietary protein in different ambient temperature

environments is the basis of this study.
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MATERIALS AND METHODS

The animals used were in a herd maintained by specific pathogen

free principles. They were tested at the Oregon State University

Swine Center in Corvallis, which is a complete confinement facility;

it is located in a mild climate. The three line within-breed rotational

mating system, with periodic introductions of genetic material via

artificial insemination, maintains genetic variation and maintains

inbreeding at very low levels. Genetic abnormalities and conformational

defects are culled from the herd; no selection has been practiced for

protein utilization per se.

Yorkshire barrows from weaning at 42 days to approximately 23

kilograms weight were fed a 16% protein corn-soy ration prior to

allotment to either control or treatment groups. One member of each

of eight to ten full- or half-sib pairs was randomly assigned to pens

and allowed one week for adjustment to new pen mates. When pen average

weights reached 27 kg, all pens were placed on test and maintained on

identical 14% protein grower rations. During phase 1, from 27 to 57

kilograms, both ration groups of eight to ten barrows per pen were fed

ad lib with free access to water. Pens had 60% slotted floors and were

three meters square.

The control (14% protein) and treatment (11% protein) rations were

assigned when pen means approximated 57 kilograms. Feed conversion

during phases 1 and 2 were recorded separately. Phase 2 began at the

end of phase 1 and concluded when pigs reached 91 kilograms and were

slaughtered for carcass data or were sent to market. Thus the single

difference between groups is in protein content of the finisher ration
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fed from 57 to 91 kg live weight. Differences in protein content

resulted from manipulation of the corn-soy ratio; ration energy contents

were similar. The composition of the two rations is found in Table 1.

Eleven pairs of pens were tested during a thirteen month period from

November 1978 to February 1981. The diagram below depicts the feeding

scheme for the experiment.

C D F

D G

FIGURE 1. DIAGRAMMATIC SCHEME FOR COMPARISON OF TWO RATIONS FOR PIGS
FROM 57 TO 91 KILOGRAMS LIVE WEIGHT

A. From preweaning to 27 kg, all pigs are fed a conventional

creep diet.

B. Sib pairs (and some half-sib pairs) are placed in their

designated groups and given a minimum of one-week adjustment

period.
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TABLE 1. COMPOSITION OF THE 14% AND 11% PROTEIN RATIONS

Ingredient

Kilograms per ton

14% protein ration 11% protein ration

Corn 741 818

Soybean oil meal 143 66

Trace mineralized salt 5 5

Shamrock vitamin mix 2 2

Zinc sulfate 330 gm 330 gm

Dicalcium phosphate 10 gm 10 gm

Ground limestone 30 gm 30 gm
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C. The experiment is begun at group average weight of about 27 kg.

D. Both groups are fed the 14% protein diet.

E. End of phase 1 at average pen weight of approximately 57

kilograms; beginning of phase 2.

F. The control group is fed the conventional (14% protein) diet.

G. The treatment group is fed the low protein (11% protein) diet.

H. End of phase 2; pen average weights of approximately 91

kilograms; samples of control and experimental sib pairs are

slaughtered for carcass evaluation.

Variability within paired pens, those pens having contemporary

fullsibs in the two ration groups, was assessed to determine assignment

of treatments when pen means approached 57 kilograms. Because decreases

in dietary protein to presumed inadequate levels tend to accentuate the

reduction in growth of lighter pigs more than for heavier ones, the

less variable pen was designated as the 11% protein treatment. This

method of allotment of pens to the control and treatment rations better

evaluates the performance of pigs to gain in the two nutritional envi-

ronments during the period of 57 to 91 kilograms.

The statistical model used to evaluate genetic components affecting

performance on the two rations was

where

Y.. = p + Si + D.. + e
ijk ij ijk

Yijk = the record of the k
th

j
th

offspring from the dam and

th
the i sire.

= overall mean

Si = ith sire effect



D. = j
th

dam effect

eijk = random environmental and genetic effects

Partitioning of the variance components is diagrammed below.

Source of variation
Degrees of Mean
freedom squares Expected mean squares

Between sires df
s

MS
s

02
0

k
2d
2 k362

Between dams within sires df
d

MS
d

o2 1(102

Between progeny within dams df
o

MS
o

0 2

(Becker, 1964)

2 2 0 2G
S,

G
d, and o are variance components due to sires, dams, and

progeny respectively. k1 is the number of progeny per dam, k2 the

number of dams per sire and k3 the number of progeny per sire if equal

numbers of offspring per dam and dams per sire are used. The k values

with unequal subclass numbers are computed as follows.

k
1

k
2

K3

E n2 ..

j=i

n..

df
d

E n2
j=1 'j

i -i

N

n..

Ent .

N

dfs

df
s

E E n?.
i=1 j=1

N
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where

N = total number of observations

n.. = number of progeny per sire

n.
j

= number of progeny per dam

Heritability estimates are calculated from the sire component

8

(h
s

2
), the dam component (hd), and their combination (hs2+d). The average

sire inbreeding coefficient (Fs) is .1393 and the inbreeding of dam and

progeny were assumed to be zero. The heritabilities and their standard

errors were calculated as follows:

h2h =
E2 E2 E2

4

E2

1+F

4 E2

112d =

E2 E2 E2

4

d s

2 2+FS
h
s+d

E2 E2 E2

Standard errors of the heritability estimates were calculated using the

following equations.

S.E. h
2

=
s

4
2

ms2

k2
3

df
s

df
d

2 2 2 (14.r. )
's



where

2
MMS

d
S
o

4

k2
df

d
df

o
1

S.E.
d

S.E. h
+ds

E2
ds

K
2

K
3

E2 E2 E2

d o

4 E2

d

E2

s ds

+ + E(2) (2+Fs)

2 MS2c1

(dfo)

(Becker, 1964)

9
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LITERATURE REVIEW

The literature review concerning feeding different levels of protein

to market swine is divided into three sections: production, carcass,

and genetic aspects. Production traits include average daily gain (ADG),

feed efficiency (F/G), and average daily feed intake (DFI). Carcass

traits are dressing percentage, average backfat thickness, loin eye

area (LEA), carcass length, and percentage lean cuts. Genetic differ-

ences reflect the effect genotype has on the economically important

traits of ADG, F/G, LEA, percentage lean cuts and backfat. Interactions

of ration with genotype and sex with breed are included in the produc-

tion and carcass sections respectively. Economic ramifications of

varying protein levels are noted in the discussion.

Production. The influence dietary protein has on ADG, F/G, and DFI is

is dependent on the stage of development and requirements of the species.

Figure 2 portrays the recommended protein levels in rations and daily

protein consumption for swine established by the National Research

Council (1979). The National Research Council (NRC) recommends increased

daily protein consumption (grams/day) and reduced dietary protein levels

(percentage of the ration) as animals approach closer to maturity.

Table 2 presents a summary of the production literature for pigs fed

differing levels of protein during the grower and finisher periods

arbitrarily demarcated at approximately 45 kilograms live weight.

Abernathy et al. (1958) and Bowland and Berg (1959) showed signifi-

cant (P<.05 and P<.01 respectively) reductions in gains during the

growing phase and nonsignificant (P>.05) ration effects during the

finisher phase by decreasing dietary protein level. Jensen et al. (1955),
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FIGURE 2. EXPECTED NRC RECOMMENDED GAINS, PERCENTAGE DIETARY PROTEIN, DAILY PROTEIN CONSUMPTION
(GMS), AND AGE FOR PIGS AT DIFFERING STAGES OF DEVELOPMENT



TABU 2. SUMMARY OF THE PRODUCTION LITERATURE; THE EFFECTS VARYING LEVELS OF PROTEIN HAVE
ON AVERAGE DAILY GAIN (ADG), FEED EFFICIENCY (F/G), DAILY FEED INTAKE (DFI), AND
SEX INTERACTIONS OF RATION WITH STRAIN

Main effects Interactions

Ration X Strain Ration X Sex

Principal author ADG F/G DFI ADG F/G DFI ADG F/G DFI

Jensen (1955)

Winter *q ns

Summer

Abernathy (1958)

Kropf (1959)'

*q

ns

ns

*q

ns

ns

ns

ns

Bowland (1959)

Grower ** ns

* * * ns ns ns ns

Finisher

Noland (1960)

Likuski (1961)

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns ns * ns ns ns

Aunan (1961) ns ns * *

Wagner (1963)

Summer
Winter

ns
*q

ns
ns



TABLE 2. SUMMARY OF THE PRODUCTION LITERATURE; THE EFFECTS VARYING LEVELS OF PROTEIN HAVE
(Cont'd) ON AVERAGE DAILY GAIN (ADG), FEED EFFICIENCY (F/G), DAILY FEED INTAKE (DFI), AND

SEX INTERACTIONS OF RATION WITH STRAIN

Main effects Interactions

Ration X Strain Ration X Sex

Principal author ADG F/G DFI ADG F/G DFI ADG F/G DFI

King (1963)

Waldern (1964)

Seerley (1964)

Greeley (1964)

Hale (1967)

*

ns

ns

ns

*

ns

ns

ns

ns

ns

ns

*

Clawson (1967)

Summer
Winter

Young (1968)

Blair (1969)

**

ns

ns

ns

ns

*q

ns

ns

Tjung-A-Hung (1972 ** * *
ns ns

Heldt (1973) ns ns ns ns ns ns

Kornegay (1973) * * * * ns



TABLE 2. SUMMARY OF THE PRODUCTION LITERATURE: THE EFFECTS VARYING LEVELS OF PROTEIN HAVE
(Cont'd) ON AVERAGE DAILY GAIN (ADG), FEED EFFICIENCY (F/G), DAILY FEED INTAKE (DFI), AND

SEX INTERACTIONS OF RATION WITH STRAIN

Principal author

Main effects Interactions

ADG F/G DFI

Ration X Strain

ADG F/G DFI

Ration X Sex

ADG F/G DFI

Watkins (1975)

Irvin (1975)

Bereskin (1976)

**q

** ** ns

ns

ns ns

t

ns

ns ns

ns
The effect dietary protein level on the trait was nonsignificant (P>.10).

*
Protein level in the ration influenced the trait at the .05 level (P<.05).

**
Protein level in the ration influenced the trait at the .01 level (P<.01).

to trend was noted yet did not attain significance (P<.10 and P.05).

ciProtein level had a significant curvilinear influence on the trait.
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Wagner et al. (1963), Seerley et al. (1964), and Watkins et al. (1975),

testing over both phases, showed significant (P<.05) dietary protein

effects while Tjung-A-Hung et al. (1972), Kornegay et al. (1973), and

Bereskin et al. (1976) found protein level to be highly significant

(P<.01). Others have not shown an important influence of protein level

on ADG when grower and finisher phases were combined (Kropf et al. 1959;

Noland and Scott, 1960; Likuski et al. 1961; Greeley et al. 1964; Young

et al. 1968). Boland and Berg (1959), Wagner et al. (1963), and Heldt

(1973), based on results of researching protein requirements for growing

and finishing swine (20 to 90 kilograms), reported significant quadratic

effects of dietary protein on ADG. Protein levels moderately exceeding

maintenance and growth requirements and not capable of being utilized

for lean tissue growth are excreted or converted into fat or carbo-

hydrates. Wagner et al. (1963) reported high protein rations caused

reductions in gains possibly due to underlying body mechanisms that

prevent excessive nitrogen levels within the pig.

Seasonal variability in temperate climates, mainly due to tempera-

ture, has been shown to have an effect on ADG. Clawson (1967) reported

a highly significant reduction in ADG of pigs fed lower protein diets

during warmer months and nonsignificant effects in cooler environments.

Heitman et al. (1968) analyzed the relationship of ADG to body weight

and reported positive correlations at 10 and 16 degrees and significantly

negative correlations at 27 to 43 degrees centigrade. Seymour et al.

(1964) concluded that an interaction exists between protein level and

temperature on F/G during the grower phase in warm environments and

during the entire growth and finishing periods of hogs fed in cooler

temperatures. Pigs exposed to temperatures of 2 and 16 degrees grew
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faster than at 32 degrees centigrade although cooler environments

significantly reduced efficiency of feed usage. Temperature extremes

and fluctuations are minimized with supplemental heat and cooling in

fully confined units, yet may still account for some differences in

gains and feed efficiencies reported in the literature.

Feed efficiency, defined as the feed required per unit of gain,

was reported to be nonsignificantly influenced by the dietary protein

level (Kropf et al'. 1959; Noland and Scott, 1961; Aunan et al. 1961;

Likuski et al. 1961; Seerley et al. 1964; Greeley et al. 1964; Gilster

and Wahlstrom, 1973). However, King (1963), Wagner et al. (1963),

Hale and Southwell (1967), Tjung-A-Hung et al. (1972), Kornegay et al.

(1973), and Bereskin et al. (1976) who tested during the grower and

finisher phases, found protein level to have a significant effect on

F/G. Jensen et al. (1955) and Young et al. (1968), also testing from

the early grower phase through marketing reported significant quadratic

influences of protein level on F/G.

Protein level was seen to have no significant effect on daily feed

intake in reports by Abernathy et al. (1958), Kropf et al. (1959),

Boland and Berg (1959), Likuski et al. (1961), Waldern (1964), Young

et al. (1968), Gilster and Wahlstrom (1973), and Kornegay et al. (1973).

A significant (P<.05) ration effect was reported by Greeley et al.

(1964) for average daily feed intake for pigs tested from 20 to 91 kg.

Interaction between main effects often prohibits definitive

conclusions on treatment differences. Trials conducted concurrently

are assumed to have similar environments and where interactions were not

significant, treatment differences are assumed to be real. However, a

ration x strain interaction was reported by Bowland and Berg (1959)
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during the growing phase and by Aunan et al. (1961) for pigs tested

from 23 to 93 kg. Boland and Berg (1959), Blair et al. (1969), Heldt

(1973), and Bereskin et al. (1976) found nonsignificant interactions of

ration and breed when examining ADG. Nonsignificant interactions

between ration and strain also were apparent from examination of F/G

in studies by Bowland and Berg (1959), Blair et al. (1969), and Heldt

(1973) but significant interactions existed in the experiment conducted

by Bereskin et al. (1976).

Feed consumption is affected by numerous factors including size

and breed, environment, temperature, housing, space, available water,

disease, and energy content of the ration. In literature reviewed,

the differences in DFI, were generally nonsignificant when tested over

a range of protein levels during both periods. Energy rather than pro-

tein controls feed consumption, however, Likuski et al. (1961) suggested

that pigs weighing less than 20 kg consumed greater quantities of daily

energy when fed inadequate protein levels as an indirect result of in-

take to obtain more protein. Nonsignificant interactions occurred

between ration and strain evaluating differences in DFI in studies by

Heldt (1973) and Bereskin et al. (1976) opposing conclusions of Bowland

and Berg (1959) who reported a significant interaction with only 56

observations.

Interactions of ration and sex for ADG, F/G, and DFI were non-

significant in studies by Boland and Berg (1959), Aunan et al. (1961),

Waldern (1964), Young et al. (1968), and Tjung-A-Hung et al. (1972).

Ration x sex interactions were reported by Watkins et al. (1975) for

gains and Bereskin et al. (1976) for DFI.
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Significance levels summarized in Table 2 may not adequately explain

the effect dietary protein has on production, carcass quality and eco-

nomic considerations. Deficient protein rations fed during warmer

months, when feed consumption is low, are likely to have significant

effects since inadequate protein limits lean growth. Deficient rations

consumed in excessive quantities, such as during cool temperatures, are

unlikely to be significantly different from "adequate" rations, since

all pigs tend to consume adequate daily protein regardless of diet.

To compare independent studies, the data have been summarized in relation

to the NRC recommended levels and a "control" as shown in Table 3. The

control is defined as rations meeting but least exceeding NRC standards

for all stages of development within any experiment where other variables

are equivalent. Percent dietary protein is based on the weighted means;

expected gains are based on regressing ADG on weight, both from Figure 2.

Using data from a large number of studies and protein levels within

experiments, ADG, expected NRC gains, FIG and daily protein intake were

correlated as shown in Table 4. Traits were analyzed on a NRC and

control basis and subdivided into deficient (<100%), and excess (>100%),

or combined protein groups. The first subscript denotes the independent

variable and determines the group of the treatment (or observation).

Overall correspondence between percentage dietary protein and daily

protein consumption is .71. This association indicated that ration

levels significantly influence daily protein consumption. Deficient

rations (D), those containing less than or equal to the NRC protein

levels, and excess rations (E) have correlations (r) of .51 and .66

respectively with daily protein consumption.



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF

GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percentage of the NRC recommended levels Percentage of the control

Dietary
b

protein

Daily proteins
intake

Dietary
b

Daily proteins

ADG FIG protein intake ADG F/G

Morgan (1952)

Jensen (1955)

Winter

Summer

Abernathy (1958)

Baird (1958)

86 73 91 121 75 97 85 116

115 82 106 104

70 97 96 125 63 66 88 105

84 137 104 114 75 72 95 96

99 137 106 135 88 100 98 114

113 141 109 119 - - - -

127 169 112 123 113 116 102 104

141 182 108 124 125 130 99 104

70 74 83 130 63 75 71 121

84 96 102 109 75 76 92 101

99 114 110 108 88 88 95 100

113 137 116 108 - - - -

127 154 111 113 113 118 95 105

141 166 108 114 125 131 93 105

105 106 118 95

136 132 107 100 129 136 91 105

90 93 97 113 68 69 98 108

133 134 98 110 -



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF

(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE
EXPERIMENTS

Principal author

Percentage of the NRC recommended levels

Dietary
b

Daily protein
c

protein intake ADG F/G

Percentage of the control

Dietary
b

Daily proteinc
protein intake ADG F/G

Kropf (1959)

Bowland (1959)

Noland (1960)

Summer

Winter

Aunan (1961)

111 124 99 118
84 94 98 119

1 56

127
120
113

91

121

151

91

121

1 51

114
93

116
93

114
93

181

157
142
124

85

125
145

89

117

144

148
117
149
122
154
122

104
102
98
92

105
112
111

93
96

98

107
111

126
125
117
116

117
125
127
124

95
94
89

108
103
100

127
121

111

115
121

1 21

75 76 99 101

138 129 112 94
112 114 110 101

107 108 106 103

75

125

75

125

80

80

81

72

120

78

84

81

94 101

99 94

97 104

102 97

99 95

99 103

103 100



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percenta e of the NRC recommended levels : Percenta e of the control

Dietaryb
protein

Daily proteinc
intake ADG

1

Dietaryb
F/G ' protein

Daily proteinc
intake ADG F/G

Aunan (1961) 97 119 106 122 -

89 108 104 122 92 93 98 100
85 95 95 122 88 89 90 100

Likuski (1961) 95 58 85 98 78 78 95 100
122 74 89 98

Clawson (1962)

Summer 107 106 119 88 - - -

64 51 74 108 60 76 63 123

Winter 100 128 117 116 - _ - -

71 85 109 117 71 71 92 101

Wagner (1963)

Summer 179 151 97 93 132 131 93 99
136 124 105 94
93 93 111 97 68 71 106 104

Winter 179 153 80 114 132 132 88 101
136 131 91 114 132 132 88 101
93 87 89 113 68 68 98 99



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percentage of the NRC recommended levels Percentage of the control

Dietary
b

Daily proteinc
protein intake ADG F/G

Greeley (1964)

Seerley (1964)

Waldern (1964)

Winter

Seymour (1964)

Winter

Summer

104 101 111 88
100 94 110 88
96 91 110 88
92 92 116 91

84 100 112 114
98 117 120 107

137 176 95 142
99 125 91 148

109 116 113 94
83 88 106 97

107 105 118 88
81 85 109 95

107 104 115 85
81 77 93 101

Dietary
b

Daily proteinc
protein intake ADG F/G

105 10.6 10.1 100

95 96 100 100
90 9.3 105 103

86 9.1 93 106

138 134 105 96

76 76 94 103

76 82 93 108

- - _ -

76 91 82 83



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Percentage of the NRC recommended levels

Dietary
b

Daily proteinc
Principal author protein intake ADG F/G

Percentage of the control

Dietary
b

Daily protein
c

protein intake ADG F/G

Clawson (1967)

Hale (1967)

Young (1968)

Cromwell (1971)

113 135 125 104 - -
92 116 129 106 81 83 103 102
71 85 119 110 63 66 95 106

116 111 106 100 114 118 95 103
102 99 111 96 -

87 88 104 106 86 94 94 110

129 139 127 90 123 112 113 89
124 126 125 88 118 100 110 88
118 128 122 95 112 104 108 95
121 128 125 90 115 101 110 90
115 118 123 89 110 94 109 89
109 116 126 91 104 90 112 91
117 115 119 90 111 94 105 89
111 117 122 94 106 94 108 93
105 111 113 101 - -

122 106 90 108 114 113 101 98
106 103 88 109 -
91 88 87 110 86 86 99 101



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percentage of the NRC recommended levels i Percentage of the control

Dietary
b

protein
Daily proteins

intake ADG
Dietary

b

F/G protein
Daily proteins

intake ADG F/G

Boyd (1972) 104 110
138 110 133 100

Tjung-A-Hung (1972

Winter 122 141 109 110 121 123 95 101
101 120 115 109
79 91 95 127 78 92 83 117

Kornegay (1973) 119 112 102 93 114 113 101 100
104 97 101 94
89 80 91 100 86 92 90 107

112 105 101 94 107 106 100 100
97 89 99 95 93 93 97 101

Glister (1973)

Winter 136 162 101 118 120 138 98 104
105 120 102 113
106 121 94 123 95 107 93 108
76 86 81 141 67 91 79 125

Summer 121 120 101 96 107 107 104 99
114 117 103 101
106 109 102 101 93 93 90. 101



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percentage of the NRC recommended levels Percentage of the control

Dietary
b

Daily proteinc
protein intake ADG F/G

Dietaryb Daily proteinc
protein intake ADG F/G

Glister (1973)

Summer

Watkins (1975)

98 104 103 105
106 108 102 99
99 97 96 100
91 93 102 100
83 90 97 110

151 174 108 107
106 120 112 101

106 116 106 101
136 157 113 100
91 100 107 103

85 86

99 90

99 97
114 94
114 94
114 94
128 93

86 88 100 105
94 95 99 99
87 89 94 100
80 81 100 100
73 80 96 110

133 144 104 107
93 94 107 102
93 98 98 102

120 125 109 101
80 83 102 103

75 89
88 101
88 101

113 96



TABLE 3. DIETARY PROTEIN LEVELS, DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN (ADG), AND FEED PER UNIT OF
(Cont'd) GAIN (F/G) OF TRIALS IN THE LITERATURE RELATIVE TO THE NRC STANDARD, AND CONTROLS WITHIN THE

EXPERIMENTS

Principal author

Percentage of the NRC recommended levels : Percentage of the control

Dietary
b

Daily proteins
'

Dietary
b

Daily proteins
protein intake ADG F/G protein intake ADG FIG

Overall means

Standard deviation

Numbers

107 115 104 106

23 27 12 16

117 108 117 108

a
The control is the trial within an experiment that meets but least exceeds the NRC recommended
dietary protein levels.

b
Percentage dietary prtein relative to the NRC or control levels.

c
Daily protein consumption (gms/day) relative to the NRC or control levels.
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TABLE 4. CORRELATIONS BETWEEN PRODUCTION TRAITS DIVIDED INTO DIETARY
PROTEIN LEVELS WHICH ARE DEFICIENT (<100%), EXCESS (>100%),
AND COMBINED GROUPS RELATIVE TO NRC STANDARDS

Class Variables

1. Percent dietary protein of the NRC recommended protein levels.
2. Percent daily protein intake in relation to NRC standards.
3. Percent ADG of the NRC levels.
4. Percent F/G of the NRC recommended standards.
5. Percent protein of the control ration.
6. Percent protein consumed relative to the control ration.
7. Percent ADG of the control ration.
8. Percent F/G of the control ration.

Correlation
between

variables

Variable
determining

group

Groups relative to NRC recommended levels

<100% r >100% r combined r

1,2 1 .51 .66 .71

1,3 1 .32 -.28

1,4 1 -.33 .19 -.11

2,3 2 .77 .04

2,4 2 -.05 .45 .24

3,4 2 -.47 -.29 -.25

5,6 5 .81 .82 .93

5,7 1 .45 -.01

5,7 2 .41 .07

5,8 5 -.15 .17 -.23

6,7 6 .21 -.34 -.13

6,8 6 -.13 .35 -.14

7,8 2 -.57 -.57 -.66

5,7 5 .48 -.27 .18
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Positive correlations are expected since feed consumption is pri-

marily controlled by feed and blood-glucose energy and not protein. A

range of 64 to 179 percent of the NRC recommended levels for protein

content of the ration and 51 to 182 for percent average daily protein

intake was observed with the larger variability of the latter being

accounted for by the effect temperature imposed on feed consumption.

Dietary protein, although not highly influential when analyzing

daily feed consumption, does have a linear effect on ADG. The cor-

relations between protein content of the ration and ADG for deficient

and excess trials were .32 and -.28 respectively. Interpretation

suggests gains are reduced when protein is decreased in deficient

rations or increased in high protein diets. Thus optimal levels

promote maximum growth and excessive protein not only is inefficient

in feed utilization, but also reduces gains. The correlation between

average daily protein consumption and ADG of .77 for D protein groups

suggests that daily protein consumption has a greater effect on ADG

than does dietary protein level. The E groups showed little association

between daily protein consumption and ADG (r=.04). These measures of

correspondence imply that ADG is affected by protein when insufficient

quantities are consumed to meet maintenance and growth requirements,

has little or no influence on ADG when adequate protein is consumed.

The literature thus shows that protein is not the dietary factor

controlling feed intake; protein content of the ration affects gains of

D and E groups differently; daily protein consumption has a greater

influence on ADG than percentage dietary protein; the correspondence

between protein consumption and ADG is significant for deficient protein

intake but is not a factor if the daily protein, intake meets or exceeds

established standards.
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Feed represents approximately three-fourths the total cost in the

production of pork. Efficiency of feed utilization is of great impor-

tance, but is not as highly correlated with daily feed intake and protein

consumption as is ADG. An overall negative correlation (r=.11) exists

between percent dietary protein and F/G; correlations of -.33 and 19

are evident when the groups are separated in D and E groups respectively.

These analyses hint that inadequate protein rations have more influence

on increased F/G than do excessive levels, but neither association is

of sufficient magnitude to be conclusive. Average daily protein con-

sumption, the best indicator or ADG for D treatments, is correlated

with F/G (r=.45) and suggests an inability of the pig to efficiently

convert the high protein rations into pork. Pigs fed the deficient

protein ration did not show a significant correlation between protein

consumption and F/G (r=-.05) over the wide range of environments, breeds,

and management examined. Correlations between dietary protein and

daily protein intake with FIG were not of the same magnitude as with

ADG. However, the tendencies are that deficient protein rations tend

to be more feed-efficient than excess protein rations with little cor-

respondence over the entire range of protein levels; that protein con-

sumption and F/G are independent traits when dietary protein is in-

sufficient; and that the correspondence of average daily protein

consumption and F/G is positive for high protein rations and implies

that such rations are less feed-efficient than optimal rations.

A general opinion in the swine industry is that the faster growing

animals are the most efficient (negative phenotypic correltion). Since

both traits are a function of daily feed consumption, if maintenance

requirements are invariable within environments and between individuals,
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the theory should have merit. Reviews of the literature produced nega-

tive correlations between ADG and F/G of -.47, -.29, and -,25 for D, E,

and overall daily protein consumption respectively. Interpretations

indicate less efficient animals were slow growing while the more feed-

efficient tended to have larger average daily gains.

The wide environmental differences between locations of the trials

prohibits conclusive remarks concerning differences between summer and

winter testing. Means, standard deviations, and coefficient of varia-

tions(Table 5) show tendencies of temperature to affect swine production.

Winter and summer dietary protein values are similar and approximate

overall averages for all trials examined. Daily protein intake and feed

efficiencies increase during the cooler periods while ADG tends to decrease.

Thus generally protein consumption and feed efficiency increase while ADG

decreases while testing in the winter months.

Carcass. The interest in reducing protein content in swine rations is

based on economic considerations in an industry where drastic price

fluctuations are common for feed and pork. Decreasing costs of production

during periods of high feed prices and declining market prices tends to

minimize losses, however penalties levied against carcasses of poor

quality will have an adverse effect on profits and future sales. If

substandard protein rations adversely affect the composition of the

product, carcass data should be compiled to accurately assess the

economic repercussions. Table 6 presents data from the past thirty

years over a wide range of protein levels, weights tested, environments,

and genotypes of animals.

Many researchers found dressing percentage to be nonsignificantly

affected by protein level (Morgan et al. 1952; Kropf et al. 1959;



TABLE 5. DESCRIPTIVE STATISTICS OF STUDIES CITED THAT NOTED SEASONAL VARIATION IN THE ABILITY TO
EFFICIENTLY GAIN ON VARYING LEVELS OF DIETARY PROTEIN

Summer Winter Control
d

Variables Mean SD
a

CV Mean SD CV Mean SD CV

Dietary protein 109 26 24 108 27 25 112 10 9

Daily protein intake 114 29 25 123 29 24 118 19 16

ADG 104 10 9 101 10 10 107 11 10

F/G 102 9 9 116 15 13 106 14 13

a
SD = standard deviation.

b
CV = coefficient of variation.

c
Presented in relation to the NRC standards.

d
Controls are trials within experiments that meet but least exceed NRC recommended levels.



TABLE 6. SUMMARY OF THE CARCASS LITERATURE; EFFECTS OF LEVELS OF DIETARY PROTEIN FOR MARKET HOGS ON
DRESSING PERCENTAGE LENGTH, BACKFAT THICKNESS, LOIN EYE AREA, PERCENT LEAN CUTS, AND
INTERACTIONS BETWEEN RATION AND SEX AND RATION AND STRAIN

Principal author
Dressing Carcass Percentage Interactions with ration

percentage length Backfat LEA lean cuts Sex Strain

Morgan (1952) ns ns

Ashton (1955)

Winter ns

Summer ns

Kropf (1959) ns

Bowland (1959) ns ns

Likuski (1961) ns ns

Aunan (1961) ns ns

Clawson (1962)

Wagner (1963)

Greeley (1964) ns

Waldern (1964) ns

Seymour (1964)

Seerley (1964) ns ns

t t

t

** ns

ns

ns

ns ns

ns ns

*

ns ns

ns ns

*

**

ns

ns

*

ns

*

*

*

ns ns

ns

*

* *



TABLE 6. SUMMARY OF THE CARCASS LITERATURE; EFFECTS OF LEVELS OF DIETARY PROTEIN FOR MARKET HOGS ON

(Cont'd) DRESSING PERCENTAGE LENGTH, BACKFAT THICKNESS, LOIN EYE AREA, PERCENT LEAN CUTS, AND
INTERACTIONS BETWEEN RATION AND SEX AND RATION AND STRAIN

Dressing Carcass Percentage Interactions with ration
Principal author percentage length Backfat LEA lean cuts Sex Strain

Clawson (1967) ns *

Lee (1967) ns ns ns * *

Hale (1967) ns ns * * *

Young (1968) ns ns ns * *

Blair (1969) * ns * ns * ns

Richmond (1971) ** ** * *

Cromwell (1971) ns ns * ns *

Boyd (1972) ns t t ns

Tjung-A-Hung (1972) ns ns t ** ns

Kornegay (1973) ns * ns *

Heldt (1973)

Irvin (1975)

ns ns

ns

ns ns



TABLE 6. SUMMARY OF THE CARCASS LITERATURE; EFFECTS OF LEVELS OF DIETARY PROTEIN FOR MARKET HOGS ON
(Cont'd) DRESSING PERCENTAGE LENGTH, BACKFAT THICKNESS, LOIN EYE AREA, PERCENT LEAN CUTS, AND

INTERACTIONS BETWEEN RATION AND SEX AND RATION AND STRAIN

Principal author
Dressing

percentage
Cartass
length

Percentage Interactions with ration
Backfat LEA lean cuts Sex Strain

Watkins (1975)

Watkins (1975) ns

* t

* *

ns
The effect dietary protein level on the trait was nonsignificant (P>.10).

*
Protein level in the ration significantly influenced the trait (P<.05).

* *Dietary protein level had a highly significant effect on the trait (P<.01).

to trend was evident although significance was not attained (P<.10 and P>.05).
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Bowland and Berg, 1959; Likuski et al. 1961; Aunan et al. 1961; Seerley

et al. 1964; Lee et al. 1967; Young et al. 1968; Tjung-A-Hung et al.

1972; Kornegay et al. 1973). Wagner et al. (1963), Blair et al. (1969),

and Richmond and Berg (1971) reported significant and highly significant

ration effects respectively. However the latter study noted important

interactions between ration and sex and ration and breed. The main

effects of ration on dressing percent are difficult to determine when

interactions are apparent and might account for the statistical differ-

ences in protein groups. The early researchers did not test for inter-

actions. Carcass length, measured from the aitch bone to the anterior

of the body cavity, is independent of protein level (Morgan et al. 1952;

Ashton et al. 1955; Bowland and Berg, 1959; Likuski et al. 1961; Aunan

et al. 1961; Greeley et al. 1964; Waldern, 1964; Seerley et al. 1964;

Lee et al. 1967; Young et al. 1968; Blair et al. 1969; Cromwell et al.

1971; Boyd et al. 1972; Tjung-A-Hung et al. 1972). Kornegay et al.

(1973) using crossbred animals and both sexes testing from 15 to 100

kilograms did report significant ration influence on carcass length

when feeding a combination of 12, 14, and 16 percent dietary protein.

Average backfat, an indicator of carcass leaness was influenced

significantly by protein level as reported by Likuski et al. (1961),

Wagner et al. (1963), Seymour et al. (1964), Seerley et al. (1964),

Blair et al. (1969), Watkins et al. (1975) and highly significant by

Kropf et al. (1959) and Richmond and Berg (1971). Other researchers

found protein level and average backfat to be independent (Morgan et al.

1952; Bowland and Berg, 1959; Aunan et al. 1961; Clawson et al. 1962;

Greeley et al. 1964; Waldern, 1964; Clawson, 1967; Lee et al. 1967;

Young et al. 1968; Cromwell et al. 1971; Kornegay et al. 1973; Heldt,
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1973; and Watkins et al. 1975). Trends of increasing backfat thickness

as protein level decreased were noted by Ashton et al. (1955), Boyd et

al. (1972)., and Tjung-A-Hung et al. (1972).

Loin eye area is a moderately heritable trait (Warwick and Legates,

1979) without the direct economic value of carcass weight, however is

highly influential on pork marketing in the United States. Genetic

differences between breeds and variable protein levels tested and stage

of development prohibit direct comparisons between studies. Nonsignifi-

cant tendencies for treatment differences during the transition from

the fat-type to lean-type hogs are noticeable (Kropf et al. 1959;

Likuski et al. 1961; Aunan et al. 1961; Clawson et al. 1962; Greeley

et al. 1964; and Waldern, 1964). Subsequent to 1963, Seerley et al.

(1964), Lee et al. (1967), Clawson (1967), Young et al. (1968), Cromwell

at al. (1971), Tjung-A-Hung et al. (1972), and Kornegay et al. (1973)

have reported loin eye area is influenced by dietary protein level.

Trends toward increased loin eye area with higher levels of protein

were noted by Boyd et al. (1972) while nonsignificant effects were

reported by Heldt (1973) and Irvin et al. (1975).

Percentage lean cuts of a carcass, composed of the trimmed ham,

loin, Boston Butt and picnic weights are subject to cutting variability.

Studies by Kropf et al. (1959), Wagner et al. (1963), Seymour et al.

(1964), Seeley et al. (1964), Blair et al. (1969), and Watkins et al.

(1975) report significant ration differences on percent lean cuts.

Ashton et al. (1955) recorded tendencies and significant differences

between rations during winter and summer trials respectively while

Aunan et al. (1961), Clawson et al. (1962), Greeley et al. (1964),

Cromwell et al. (1971), Heldt (1973), and Irvin et al. (1975) concluded



37

nonsignificant differences in percentage lean cuts was attributable to

differences in protein level of the ration.

Interactions between ration and breed or sex were noted by Kropf

et al. (1959), Aunan et al. (1961), Waldern (1964), Young et al. (1968),

Richmond and Berg (1971), and Cromwell et al. (1971) and tendencies

toward interactions were reported by others (Irvin et al. 1975; Watkins

et al. 1975). Experimentation to determine differences between sexes in

their optimum dietary protein levels and their capability to convert

excessive protein rations into lean pork have not been conclusive.

Generally boars then gilts followed by barrows are the leanest and have

the larger loin eye area's although ration can determine the extent of

the difference.

To ascertain the relationship between independent studies, Table 7

presents differences in carcass merit relative to their control treat-

ments, Phenotypic correlations between percent dietary protein,

average daily protein consumption, and relative dietary protein, feed

efficiency, backfat, loin eye area, percent lean cuts, and dressing

percentage to the control ration are shown in Table 8.

The degree of association between ration protein levels and back-

fat is low (r=.05 and r=.16) for deficient and excessive protein levels

respectively. Combination of the two groups yields a correlation of

-.36 hinting that decreased backfat can be accomplished by raising

protein levels in the rations. Correlations of .59, .18, and .72 for

deficient, excessive and overall groups respectively for dietary protein

and loin eye area were calculated. Blair et al. (1969) reports non-

significant ration effects on loin weight and a statistically significant

difference between rations when analyzing LEA of a loin dissected into



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,

BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC 1

recommended levels
s

1 Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

Backfat I lean Dressing

protein thickness LEA cuts

Ashton (1955)

Winter

Summer

Kropf (1959)

Bowland (1959)

71

85

99

113
127

71

85
99

113
127 113

111 124
84 94

156
127
120
113

181

157
142
124

63 114 95 96
75 107 98 96
88 114 98 98
- - - _

113 107 95 97

63 100 92 98
75 100 95 100
88 100 100 100
- - -

94 108 101

75 103 102 97 103

138 101 108 100

112 105 100 99

107 101 102 99



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,

(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC
recommended levels Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

Backfat % lean Dressing
protein thickness LEA cuts

Noland (1960)

Likuski (1961)

Aunan (1961)

91 87

121 121

151 145

95 58
122 74

114 148
93 117
116 149
93 122
114 154

93 122
97 119

89 108
85 95

75 104

125 103

78 112 94

95 98

98 100

100

80 105 98 100

80 102 98 100

81 105 94 104 100

92 98 96 97 100
88 97 102 101 99



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,
(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC
recommended levels Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

Backfat % lean Dressing
protein thickness LEA cuts

Wagner (1963)

Winter 179 151 132 102 101 99
136 124
93 93 68 102 99 100

Summer 179 153 132 99 101 103
136 131

93 87 68 107 99 100

Greeley (1964) 104 101 105 103 102 100 100
100 94 -

96 91 95 99 102 100 101

92 92 90 99 99 100 100

Waidern (1964) 137 176 138 98

99 125

Seymour (1964) 109 116
83 88 76 110 95

107 105
81 77 76 110 96



TABLE 7. CARCASS DATA. FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,
(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC
recommended levels Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

protein

Backfat
thickness LEA

% lean
cuts

Dressing

Seymour (1964) 107 104
81 77 76 107 96

Seerley (1964) 84 100 86 106 92 98 101
98 117

Clawson (1967)

Summer 107 106
64 51 60 103 85

Winter 100 128
71 85 71 101 98

Hale (1967) 116 111 114 91 104
102 99

87 88 86 106 94

Lee (1967) 116 139 122 94 106 103 99
102 121

80 97 78 106 91 97 101



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,
(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

1

Percentage of the NRC
recommended levels Percentage of the controla

L

Daily
Dietary

b
protein Dietaryb Backfat % lean Dressing

Principal author protein intake protein
I-

thickness LEA cuts

Young (1968) 129 139 123 95 109 100
124 126 118 97 106 100
118 128 112 98 102 100
121 128 115 98 114 99
115 118 110 98 105 100
109 116 104 101 97 99
117 115 111 94 114 99
111 117 106 100 105 101105 111

Cromwell (1971) 122 106 114 104 106 99
106 103
91 88 86 108 99 98

Boyd (1972) 104
138 133 96 104

Tjung-A-Hung (1972) 122 141 121 98 102 100101 120
79 91 78 102 97 100



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,
(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE_ LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC
recommended levels Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

protein
Backfat

thickness LEA

% lean Dressing
cuts

Irvin (1975) 88 89 75 98 97 99
102 98 88 88 102 100
117 117 - - -

131 116 119 73 101 100

Watkins (1975) 85 75 107 99
99 88 101 99
99 88 104 99

114
114
114
128 113 94 104

Mean 107 112

Standard deviation 21 30

Coefficient of
variation 20 27

Number 108 69



TABLE 7. CARCASS DATA FROM TRIALS IN THE LITERATURE, COMPARED TO THEIR CONTROLS IN DIETARY PROTEIN,

(Cont'd) BACKFAT THICKNESS, LOIN EYE AREA (LEA), PERCENTAGE LEAN CUTS, AND DRESSING PERCENT

Principal author

Percentage of the NRC
recommended levels Percentage of the controla

Dietary
b

protein

Dailyc
protein
intake

Dietary
b

Backfat % lean Dressing

protein thickness LEA cuts

a
The control is the trial within the experiment that meets but least exceeds the NRC recommended
dietary protein levels.

b
Percentage protein in the ration relative to the NRC or control levels.

c
Daily protein consumption relative to the NRC or control levels.
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TABLE 8. CORRELATIONS BETWEEN CARCASS TRAITS DIVIDED INTO DIETARY
PROTEIN LEVELS WHICH ARE DEFICIENT (<100%), EXCESS (>100%),
AND FOR COMBINED RELATIVE TO NRC STANDARDS

Class Variables

1. Percent dietary protein of the NRC recommended protein levels.
2. Percent daily protein intake in relation to NRC standards.
3. Percent dietary protein relative to the control.
4. Percent backfat thickness of the control.
5. Percent loin eye area of the control.
6. Percent lean cuts of the control.
7. Percent dressing percent of the control.

Correlation between
variables

Groups relative to NRC recommended levels

<100% r >100% r combined r

1,4 -.05 .16 -.36

1,5 .59 .18 .72

1,6 .53 .07 .49

1,7 -.27 .38 .00

2,4 -.42 .15 -.30

2,5 .68 .17 .48

2,6 .51 .21 .56

2,7 .19 .06 .01

3,4 -.28 -.08 -.47

3,5 .56 .13 .75

3,6 .33 .30 .53

4,5 -.13 -.29 -.45

4,6 -.19 -.49 -.55

4,7 .40 .07 .11

5,6 .18 .39 .59

5,7 -.72 -.39 -.31

6,7 .48 -.33 .12
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lean and fat components. If trimming were consistent, both traits should

have similar probability levels if length is independent of the ration.

Despite the variability introduced while trimming the lean cuts, cor-

relations of .53, .49 and .07 for deficient, overall and excessive

respectively indicates the less deficient rations do yield greater

quantities of lean cuts. Levels of protein surpassing the NRC levels

did not noticeably increase the total weight of the lean cuts. However,

increasing the dietary protein generally tends to produce more lean per

carcass. Relationships between dietary level of protein and dressing

percentage varied in the literature (Table 6). The correlation between

protein level of the ration and dressing percentage (r=0) indicates

independence of the two traits.

Correlations between daily protein consumption and the carcass

characteristics are similar to those encountered by dietary protein

level and the carcass traits, possibly due to the significant correla-

tion between protein level and consumption. An increase in the negative

relationship between protein and backfat substantiates that protein

deficient pigs tend to be fatter (if backfat is an indicator of total

carcass fat). Correspondence between dietary protein of the control

and the carcass traits are similar to those relative to NRC levels

possibly caused by many control approximating the NRC standards.

Genetic. Genetic differences between individuals or genetic groups

are either autosomal or sexual in nature. Breed, strain, or line

differences resulting from natural and/or artificial selection are

attributed to genes located on the 36 autosomal chromosomes. Disparity

in performance of pigs with similar autosomal components and maintained

in comparable environments is due to the influence the sex genes have
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on these traits. Tables 9 and 10 summarize the research for autosomal

and sexual differences in the capabilities to gain and convert varying

levels of Aietary protein into pork.

Autosomal differences may be large or small depending on the degree

of diversity between genetic groups. All studies cited reported signi-

ficant breed differences in the ability to gain on various protein

levels (Aunan, 1961; Hale and Southwell, 1967; Bruner and Swiger, 1968;

Heldt, 1973; Irvin et al. 1975). Boland and Berg (1959) reported non-

significant and significant strain differences in the ability to gain

when comparing Lacombe-Yorkshire reciprocal backcrosses and Yorkshire

vs crossbred Lacombe-Yorkshire pigs respectively. Bereskin et al.

(1976), testing subsequent to selection for lean and fat-type hogs

reported differences between genetic groups in average daily gain.

Boland and Berg (1959), Hale and Southwell (1967), Bruner and Swiger

(1968), and Bereskin et al. (1976) found highly significant (P<.01)

and nonsignificant (P>.10) differences in the feed required per pound

of gain. The levels of significance result from true genetic differences

(diversity due to selection) or consequences of the statistical analysis

(number of observations or breeds included).

Genetic differences in ability to efficiently gain on inadequate

protein rations are not dependent on protein per se but rather on the

limiting essential amino acid. Pigs able to perform on low protein diets

either digest, absorb, and utilize the limiting factor more efficiently

than their contemporaries or ingest adequate quantities of feed to meet

their dietary requirements. Many deficient protein diets fed to mono-

gastrics lack adequate quantities of the limiting amino acid lysine since

conventional swine rations are often composed of soybean, and corn or
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TABLE 9. SIGNIFICANCE LEVELS FOR CARCASS QUALITY FROM THE LITERATURE
TESTING FOR AUTOSOMAL GENETIC DIFFERENCES IN THE ABILITY TO
UTILIZE VARYING LEVELS OF DIETARY PROTEIN

Principal author Percent lean cuts LEA Backfat F/G ADG

Bowland (1959) * ns **

Bowland (1959) ns ** ** ns

Aunan (1961) ** ** **

Hale (1967) * ** ** ** **

Bruner (1968) ** ** ** ** **

McConnell (1972) *

Heldt (1973) ** ** ** *

Irvin (1975)

Bereskin (1976)

** ** **

ns

*

**

*

Significant differences between genetic groups (P<.05).
**
Highly significant differences between genetic groups (P<.01).

ns
Differences between genetic groups did not attain significance (P>.05).
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TABLE 10. SIGNIFICANCE LEVELS FOR CARCASS QUALITY FROM THE LITERATURE
TESTING FOR SEXUAL GENETIC DIFFERENCES IN THE ABILITY TO
UTILIZE VARYING LEVELS OF DIETARY PROTEIN

Principal author Percent lean cuts LEA Backfat F/G ADG

Jensen (1955)

Boland (1959)

Morgan (1952)

Clawson (1962)

Waldern (1964)

Hale (1967)

Young (1968)

Bruner (1968)

Wahlstrom (1971)

Tjung-A-Hung (1972)

Irvin (1975)

Bereskin (1976)

ns

ns

* *

* *

**

**

ns

* *

* *

*

**

**

**

**

ns

ns

*

* *

*

**

**

**

**

ns

ns

ns

ns

**

ns

**

**

*

**

ns

*

* *

* *

*

**

*

**

*

**

*
Significant differences between the sexes (P<.05).

**
Highly significant differences between the sexes (P<.01).

ns No statistical differences between the sexes (P>.05).
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wheat. Shiehzadeh et al. (1972) using lysine-deficient diets fed to

weanling rats selected for low-, intermediate-, and high-lysine

requirements over three generations. A total of 12 rats (6 males and

6 females) of 29 tested were selected in generation 1; the largest

gainers were considered to have the lowest lysine requirement, and low

gainers the largest. The ration contained half the protein suggested

for maximum growth, was deficient in other essential amino acids, and

permitted a lysine stress without symptoms of a protein deficiency.

The situation arose since lysine is used in greater quantities for

growth than other essential amino acids. Generation 1 individuals fed

the protein deficient diet were highly variable in growth rate and

gained approximately half the rate expected by rats fed adequate

rations. The accumulated selection differential (39.4 grams) and total

response (18.8 grams) between lines gave a realized heritability of

.48, Offspring from generation 1 of the selected lines were signifi-

cantly different (P<.05) in ADG and F/G but similar in digestability

of dry matter, organic matter and gross energy. Fast gainers, those

with the lower lysine requirement, tended (P>.10) to have a higher

digestion of protein (80% and 76% for the fast- and slow-gaining lines

respectively). Urinary amino acid analysis revealed no differences

between lines for lysine excretion. However, after adjustment for

metabolic size, the fast gainers were calculated to ingest 17% more

protein in the 31 day test period. Plasma lysine levels for the fast

gainers were 36% those of the slow gaining lines and perhaps indicate

that fast gainers are better able to incorporate lysine into body

tissue. The study does not identify the mechanism involved although

the evidence suggests the ability to gain on lysine deficient diets is

inherited.
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Shiehzadeh et al. (1972) used rats as a mammalian model to inves-

tigate the genetic control of lysine utilization. Likuski et al. (1961),

using adequate and deficient protein rations, compared weanling swine

with Sprague-Dawley weanling rats (the same strain used by Shiehzadeh

et al. 1972). Although results were influenced by dietary energy,

Likuski et al. (1961) reported similar apparent digestabilities of

energy and nitrogen between species. Differences between species

existed in nitrogen retention; higher energy protein rations and low

protein rations increased nitrogen retention in rats but the effect

varied with age in the pig. Higher dietary energy levels were asso-

ciated with lower nitrogen retention which may result from seasonal

variation in feed consumption. The limited number of observations

and possible litter effect make comparisons between species inconclusive.

Carcass traits are medium to highly heritable (Warwick and Legates,

1979) and significantly influenced by genotype. Differences between

breeds in percent lean cuts, LEA, and backfat are expected to be signi-

ficant (Hale and southwell, 1967; Bruner and Swiger, 1968; Heldt, 1973;

Irvin et al. 1975). Boland and Berg (1959) reported nonsignificant

differences in LEA and backfat of various Lacombe and Yorkshire crosses.

Sex of the animal often has an influence on both production and

carcass performance. Barrows tend to gain faster and be less feed

efficient (lower feed : gain ratio), while gilts tend to have less back-

fat and larger loin eye areas and percent lean cuts. Generally produc-

tion favors the barrows and carcass quality the gilts. Boland and Berg

(1959), Waldern (1964), Hale and Southwell (1967), Bruner and Swiger

(1968), Tjung-A-Hung et al. (1972), and Bereskin et al. (1976), reported

significant differences in ADG between sexes.
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Feed efficiency (feed per unit of gain) generally is negatively

phenotypically and genetically correlated with ADG but subject to vari-

ability caused by feed wastage and temperature fluctuations. Boland

and Berg (1959), Bruner and Swiger (1968), Tjung-A-Hung et al. (1972)

and Bereskin et al. (1976) all reported highly significant sex

differences in conversion of feed into pork. Other researchers have

not found sex to be influential on F/G (Morgan et al. 1952; Clawson et

al, 1962; Hale and Southwell, 1967; Young et al. 1968; Wahstrom et al.

1971), Sexual influence on LEA and backfat was evident in studies by

Boland and Berg (1959), Waldern (1964), Hale and Southwell (1967),

Bruner and Swiger (1968), Tjung-A-Hung et al. (1972), and Irvin et al.

(1975). Early studies by Morgan et al. (1952) and Clawson et al. (1962)

report no statistical difference between sexes in the percent lean cuts

while Hale and Southwell (1967), Bruner and Swiger (1968), and Irvin et

al. (1975) note highly significant (P<.01) differences.

Autosomal tendencies are: gains to be different between unlike

genetic groups; percent lean cuts to be different despite trimming

variability and F/G; backfat and LEA to be influenced by genotype.

Trends for sex differences to influence autosomal groups are: ADG to

be statistically different between barrows and gilts; F/G variable and

inconclusive although generally production performance favors barrows;

gilts are superior in carcass quality (higher percent lean cuts, larger

LEA, and less backfat).
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RESULTS

Production Traits. Production differences between control and treatment

groups were nonsignificant during phase 1 during which identical rations

were fed. Pooled treatment means for average daily gains, feed effi-

ciency, and calculated average protein intake between mean beginning

weights of 27 and ending weights of 57 kg are shown in Table 11. Groups

are designated by months in which pen average weights reached 57 kg

(and are the units for assessment of climatic influences on traits

analyzed).

Means of ambient temperatures, gains, and days to attain 91 kg

average weight for pigs fed each of the rations are presented in Table

12. Numbers of animals within a group were similar for the control and

treatment rations and range from 5 to 10 animals per pen. Ambient

temperature, calculated as the intermediate of the daily highs and lows

during phase 2, approximates seasonal differences between consecutive

groups and thus perhaps does not accurately reflect the true influence

of a particular temperature on production.

A paired t test used to evaluate differences in means for ADG

was significant (P<.01). Average daily gains and days required to

attain 91 kg live weight are inversely related; for groups fed the 14%

crude protein ration, these are influenced by ambient temperature

(P<.01) whereas for the pigs fed the 11% crude protein ration gains and

days to attain 91 kg weight were found to be independent of temperature.

Using initial phase 2 weight as a covariate, a significant relationship

between ADG and mean temperature was evident for pigs fed the 14% protein

ration (P .05), but not for those fed the 11% protein ration. Phase 1



TABLE 11. PHASE 1 (27 TO 57 KG) OBSERVATIONS, MEAN DAILY PROTEIN INTAKE, FEED EFFICIENCY,
AND AVERAGE DAILY GAINS WITH STANDARD DEVIATIONS POOLED ACROSS TREATMENTS

Number of Mean daily protein Feedb Average daily gains (kg)
Groupa observations intake (gms) efficiency and standard deviations

Jan 18 306 3.36 .67 ±..09

Feb 16 326 2.98 .78 ± .14

Apr 16 302 3.06 .73 ± .09

May 17 340 3.07 .73 ± .11

Jun 15 318 2.98 .74 ± .11

Jul 11 na na .73 ± .07

Aug 18 315 2.91 .74 ± .11

Sep 14 279 3.22 .65 ± .10

Oct 16 207 3.30 .62 ± .12

Nov 16 305 2.82 .20 ± .11

Jan 20 314 3.11 .72 ± .13

a
Group is Lhe month in which phase 2 is begun.

b
Calculated as feed per unit of gain.

na
Not available.



TABLE 12. PHASE 2 (57 TO 91 KG) OBSERVATIONS, MEAN TEMPERATURE, DAYS TO ATTAIN 91 KG, AND AVERAGE DAILY
GAINS (ADG) AND THE STANDARD DEVIATIONS FOR BARROWS FED 14% AND 11% PROTEIN RATIONS

Groupa

14% protein ration 11% protein ration

Number of
observations

Mean
b

temperature
Days to

attain 91 kg ADG ± Sc
Number of

observations
Mean

b

temperature
Days to

attain 91 kg ADG ± s
c

Jan 8 0 47 .73 ± .09 10 0 51 .67 ± .10

Feb 9 4 45 .75 ± .08 7 1 44 .77± .06

Apr 7 10 40 .86 ± .15 8 10 50 .69 ± .08

May 9 11 41 .84 ± .08 9 11 46 .74 ± .14

Jun 7 13 40 .85 ± .10 7 13 49 .69 ± .08

Jul 6 16 43 .79 ± .10 5 18 47 .73 ± .11

Aug 8 19 41 .83 ± .09 9 20 44 .77 ± .11

Sep 7 17 34 1.00 ± .13 7 18 43 .80 ± .10

Oct 8 8 38 .89 ± .12 8 8 45 .75 ± .13

Nov 9 6 40 .86 ± .11 7 6 53 .65 ±- .07

Jan 10 3 45 .76 ± .07 10 3 48 .71 ± .10

a
Group is the month in which phase 2 is begun.

b
Mean temperature is the average of the daily highs and lows during the test period (°C).

c
Measuring in kg.
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gains were independent (P>.25) of temperature when pooled across

treatment groups.

Average daily protein consumption per pig, calculated from group

feed consumption, is shown in Table 13. Daily protein intake of pigs

fed the 14% protein ration generally exceeded the NRC recommended levels

during cold or mild months but considerably less feed (and thus less

protein) was consumed during the warmer months. The 11% protein groups,

with exception by one group, did not ingest the 390 gms of protein per

day recommended by the NRC during the weight period of 59 to 100 kg.

The percentage protein consumed per day by the 11% protein group

relative to the control group ranged from approximately 70 to 90 percent

and was variable through seasons. Percentage gains of the 11% protein

group relative to the control group show no obvious trends and range

from approximately 80 to 100 percent of the daily growth exhibited by

the control groups.

Table 14 presents the ration percentage of the essential amino

acids found in the 11% protein and 14% protein rations, and NRC recom-

mended levels. Swine lack the ability to synthesize these essential

amino acids and require dietary forms for maximum performance.

Methionine and cystine, or phenylalanine and tyrosine requirements can

be met through trans- or deamination if dietary deficiencies arise in

one member of each pair with excess of the other available. The 14%

protein ration exceeds NRC recommended levels for all essential amino

acids; the 11% protein ration meets or exceeds NRC recommended levels

for all of the essential amino acids except lysine and tryptophan.

Levels of lysine and trytophan are 70 and 90 percent respectively of

the NRC recommended levels. Reduction of these amino acids to these



TABLE 13. FEED PER UNIT OF GAIN (F/G), PROTEIN EFFICIENCY RATIO (PER), AVERAGE DAILY PROTEIN INTAKE (DPI),
AND AVERAGE DAILY FEED INTAKE FOR PIGS GROUP-FED A 14% OR 11% PROTEIN RATION FROM 57 TO 91 KG
LIVE WEIGHT

Groups

l4 ration 11% ration

Feed

efficiency PER
h

DPIc

Average daily Feed
feed intake (kg) efficiency PERb DPic

Average daily
feed intake (kg)

Jan 5.18 1.39 135 3.77 4.85 1.88 90 3.24

Feb 4.22 1.68 113 3.16 4.34 2.09 94 3.35

Apr 3.95 2.17 101 2.83 4.02 2.26 75 2.76

May 3.29 2.07 102 2.89 3.75 2.42 75 2.76

Jun 3.48 2.06 107 2.97 3.81 2.39 71 2.63

Jul 3.97 1.83 111 3.14 na na na na

Aug 2.63 2.71 75 2.18 3.03 3.02 63 2.32

Sep 2.64 2.70 94 2.63 3.10 3.00 69 2.47

Oct 2.73 2.62 87 2.43 3.65 2.49 75 2.74

Nov 3.28 2.18 101 2.82 5.12 1.78 93 3.30

Jan 4.97 1.44 134 3.80 5.08 1.79 102 3.63

a
Group is the month in which phase 2 is begun.

b
PER is total live weight divided by total perotein consumed.

c
DPI is the percent daily intake relative to the NRC recommendations.

na
Not available.
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TABLE 14. PERCENTAGE OF THE ESSENTIAL AMINO ACIDS RECOMMENDED BY THE
NRC AND THOSE CONTAINED IN THE CONTROL AND TREATMENT RATIONS
FOR PIGS FED FROM 57 TO 91 KG

Essential
amino acid

11% protein
ration NRC levels

14% protein
ration

Arginine

Histidine

Isoleucine

.69

.27

.53

.16

.15

.41

.93

.35

.70

Leucine 1.24 .48 1.45

Lysine .43 .57 .66

Methioninea r .23 .27
.46 .30 .54

Cystine .23 .27

Phenylalanineb .62 .77
1.16 .57 1.38

Tyrosine .54 .61

Threonine .48 .37 .60

Tryptophan .09 .10 .14

Valine .53 .41 .69

a
Methionine can fulfill the total requirement and cystine can meet half
the total requirement for these two amino acids.

b
Phenylalanine can fulfill the total requirement and tryosine can meet
half the total requirement.
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levels is expected to reduce growth and related performance despite

sufficient levels of the other essential amino acids.

Ambient temperature fluctuations change body heat requirements

and thus influence feed consumption. Reductions in ambient temperature

tend to induce increases in daily feed intake as energy requirements

escalate. The amount of additional consumption is directly related to

energy levels in the ration and needs of the pig and is not related to

the level of protein in the ration. Thus when consumption increases,

despite insufficient protein levels in the ration, daily protein intake

requirements are often approached or exceeded.

Tables 15a and 15b present the NRC recommended levels, the 14%

protein, and the 11% protein average daily consumption of the twelve

essential amino acids. Despite the 14% protein ration exceeding the

amino acids percentage levels recommended by the NRC, two groups did

not consume adequate quantities of feed to meet the NRC daily intake

quota for lysine. Table 15b indicates that pigs fed the 11% protein

ration were deficient in daily lysine and trytophan consumption

relative to the NRC levels. Percentage reductions in lysine (the

limiting amino acid) intake did not necessarily correspond with

reductions in performance with either ration.

Carcass Traits. At the end of phase 2, barrows averaging 94 kg were

slaughtered and carcass data were taken. Table 16 contains mean weights

and standard deviations of the four lean cuts and of the belly for

barrows from each of the ration treatments. A covariate analysis of

carcass and slaughter weights did not significantly reduce variability

of loin eye area or other carcass traits. Combined Boston butt and



TABLE 15a. AVERAGE DAILY ESSENTIAL AMINO ACID CONSUMPTION (GRAMS)
RECOMMENDED BY THE NRC, AND AMOUNTS ACHIEVED FOR 14% RATION
FED FROM 57 TO 91 KG LIVE WEIGHT (14% PROTEIN RATION)

J

Grou

ei I

Z by

0) 0

Q)

Q,

/02, (2) /
Q.-- Tr u)0 ILI 0

60

0

NRC

Jan

Feb

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Jan

4.8 4.5 12.3 14.4 17.1 9.0 17.1 11.1 3.0 12.3

35.0 13.2 26.4 54.6 24.9 20.3 51.9 22.6 5.3 26.0

29.4 11J 22.1 45.9 20.9 17.1 43.6 19.9 4.4 21.8

26.3 9.9 19.8 41.0 18.6 15.3 39.0 16.9 4.0 19.5

26.8 10.1 20.2 41.8 19.0 15.6 39.8 17.3 4.0 19.9

27.6 10.4 20.8 43.1 19.6 16.0 41.0 17.8 4.2 20.5

29.2 11.0 22.0 45.5 20.7 16.9 43.3 18.8 4.4 21.7

20.2 7.6 15.2 31.5 13.1* 11.7 30.0 13.1 3.0 15.0

24.4 9.2 18.4 38.1 17.3 14.2 36.2 14.7 3.7 18.1

22.6 8.5 17.0 35.2 16.0* 13.1 33.5 14.6 3.4 16.8

26.2 9.9 19.7 40.8 18.6 15.2 38.8 16.9 3.9 19.4

35.2 13.3 26.5 55.0 25.0 20.5 52.3 22.8 5.3 26.2

*

Indicates inadequate consumption based on NRC standards.



TABLE 15b. AVERAGE DAILY ESSENTIAL AMINO ACID CONSUMPTION (GRAMS)
RECOMMENDED BY THE NRC, AND AMOUNTS ACHIEVED FOR 11% RATION
FED FROM 57 TO 91 KG LIVE WEIGHT (11% PROTEIN RATION)

/ /
Q,/ 0 / Q, I

/

I/
o c",

, 40.
Cb/ (/)

1 / 42.Q./
Q.Group ; /

NRC 4.8 4.5 12.3 14.4 17.1 9.0 17.1 11.1 3.0

Jan 22.3 8.3 17.2 40.1 13.9* 14.9 37.6 15.5 2.9*

Feb 23.1 9.1 17.8 41.6 14.4* 15.4 38.9 16.1 3.0

Apr 19.0 7.4 14.6 34.2 11.9* 12.7 32.0 13.2 2.5*

May 19.1 7.5 14.6 24.2 11.9* 12.8 32.0 13.3 2.5*

Jun 18.1 7.1 13.9 32.6 11.3* 12.1 30.5 12.6 2.4*

Jul

Aug 16.0 6.3 12.3 28.8 10.0* 10.7 27.0 11.2 2.1*

Sep 17.0 6.7 13.1 30.6 10.6* 11.34 28.6 11.8 2.2*

Oct 18.9 7.4 14.5 33.9 11.8* 12.6 31.7 13.1 2.5*

Nov 22.8 8.9 17.5 41.0 14.2 *. 15.2 38.3 15.8 3.0*

Jan 25.0 9.8 19.2 44.9 15.6* 16.7 42.0 17.4 3.3

12.3

17.2

17.8

14.6

14.6

13.9

12.3

13.1

14.5

17.5

19.2

*

Indicates inadequate consumption based on NRC standards.
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TABLE 16. MEANS AND STANDARD DEVIATIONS OF CARCASS MEASUREMENTS OF BARROWS
FED 14% OR 11% PROTEIN RATIONS DURING THE FINISHER PHASE

Trait or cuts 14% protein ration 11% protein ration

Boston butt (kg) 5.34 ± .54 5.28 ± .69

Picnic (kg) 7.13 ± 1.13 7.14 ± .60

Loin (kg) 13.03 ± .89 13.00 ± 1.25

Ham (kg) 13.79 ± .95 13.77 ± 1.14

Belly (kg) 9.97 ± 1.44 (N=40) 9.80 ± 1.01 (N=35)

Backfat thickness (cm) 3.38 ± .56 3.33 ± .54

Dressing percent 74.56 ± 3.49 74.73 ± 2.87

Length (cm) 77.44 ± 2.21 77.28 ± 2.41

Loin eye area (cm2) 32.26 ± 1.18 31.69 ± 1.54

a
N=47 per group unless specified.
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picnic weights show only a .04 kg advantage in total weight for the

pigs fed the higher protein diet. Trimmed loin and ham weights were

likewise very similar and nonsignificantly different between ration

treatments. Untrimmed belly weight, a trait likely to show any differ-

ences in fat deposition, was not influenced by the protein levels of

the rations.

Differences in average backfat thickness averaged-across measure-

ments at the first rib, last rib, and last lumbar vertebra are also

nonsignificant (Table 16). Carcass length and dressing percent were

unaffected by rations. Loin eye area as measured at the tenth rib was

not significantly different for the two ration treatments but tended

to be larger for the pigs fed the 14% protein ration. Conclusive

environmental effects of temperature were not apparent with the limited

numbers of observations per group but larger loin eye areas tended to

be associated with groups fed during cooler months.

Genetic Influences. Average daily gain on the 14% protein treatment,

affected by mean daily temperature, was found to be normally distributed

after adjustment for temperature (x2= 12.3 with 11 df). Regression

estimates and appropriate probability levels are presented below.

Parameter estimate T value Probability level

11.67 .01b
o

= .82

bl = .004 (PC) 2.95 .01

The correlation between temperature and unadjusted ADG was .31; the

coefficient of determination was .09. The analysis of variance and the

components for calculation of heritability estimates are shown below.
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Source of variation df MS EMS

Sires 11 0.828 (5(2) + 2.5160 + 6.7075

Dams 40 0.635 a2
o

+ 1.28802
d

Progeny 29 0.566 a 2

a 2
= .0019

G 2

d
= .0054

02 = .0566

Heritability estimates for average daily gain on the 14% protein

ration after adjustment for temperature are;

h
s

2
= .1044 ± .3117

h = .3380 ± .9987
d

h
d+s

2
= 21282128 + 1.6931

The average daily gain of pigs fed the 11% protein ration were

normally distributed (x2 = 7.3 with 11 df) and were not significantly

influenced by temperature variations.

Parameter estimate T value Probability level

b
o

11.85 .01

b
1

.98 >.20

The analysis of variance is shown below.

Source of variation df

10

46

25

MS

.0804

.1758

.0505

a2

a2

a
o

2

EMS

Sires

Dams

Progeny

+ 1.788a2
d

+ 1.356a2
d

+ 7.381a2
s
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a 2

0 2

02
0

=

=

=

-.0183

0922

.0508

Heritability estimates for average daily gains of pigs fed the low

protein ration are presented below.

h
2

= -.5154 ± .1959

h
2

d
= 2.9575 ± .9315

h
2

s+d
= 1.10811081 + 2 5659

Phenotypic correlations for ADG between randomly selected full-sib

pairs are presented below.

Phase 1

.55 within high protein pens.

.59 within low protein pens.

.23 between high and low pens.

Phase 2

.42 within high protein pens.

.36 within low protein pens.

.10 between high and low protein pens.

Unadjusted phase 1 ADG with phase 2 ADG

.36 low protein group

,09 high protein group (unadjusted)

.06 high protein group (phase 2 adjusted for temperature)
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DISCUSSION

The discussion is divided into four areas; production, carcass,

genetic, and economic. Environmental influences are noted in sections

in which influences are significant.

Production. The discussion of the effects dietary protein levels have

on gains, feed efficiency and daily feed intake includes comparisons

with previous studies, environmental influences, and individual differ-

ences in ability to metabolize ingested protein (nitrogen).

From 27 to 57 kg, when both treatment groups were fed identical 14%

protein rations, average daily gains were similar between treatments

(.70 ± .13 kg and .72 ± .13 kg). Temperature influences were non-

significant (P>.10) although seasonal trends were evident. Cooler

temperatures tended to increase feed/gain and average daily feed intake

and reduce gains. The NRC recommended dietary protein level for pigs

from 27 to 35 kg, 35 to 60 kg, and 60 to 91 kg is 16, 14, and 13% protein

respectively. Phase 1 diets did not provide the NRC recommended protein

levels from 27 to 35 kg and may have caused the slight depression in

growth (97% of the NRC expected levels).

Phase 2 average daily gains and standard deviations for all groups

are .83 ± .13 kg and .72 ± .11 for 14% protein and 11% protein treatments

respectively. Nonsignificant differences between such treatments have

been reported by Abernathy et al. (1958), Hale and Southwell (1967),

Blair et al. (1969), and Heldt (1973) among others. A large number of

reports, including those by Seerley et al. (1964), Tjung-A-Hung et al.

(1972), Kornegay et al. (1973), and Bereskin et al. (1976) have noted

significant differences between treatments in ability to gain on varying
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levels of dietary protein. The apparent disagreement is perhaps not

entirely due to dietary protein but rather to some of the associated

variables such as stage of development, season, housing, sex, and

individual vs group penning. The NRC expected daily gain from 57 to 91

kg is .79 kg on a 13.1% protein ration. Comparisons between the NRC

and the 14% protein groups showed that a 107% dietary protein level

produced a 105% gain relative to the levels set by the NRC. Reduction

in protein level from the NRC standards (84% of the NRC) provided by the

11% dietary protein ration produced gains at 91% of the NRC levels. The

11% protein ration contained 78% as much dietary protein and yielded 87%

of the gains produced by the 14% protein ration. Thus, relative differ-

ences between the NRC, 14% protein, and 11% protein treatments in dietary

protein and gains show the pigs used in this experiment were similar or

slightly superior to the NRC expectations in ability to gain on the diets

used. The 14% protein treatment approximated expected gains on the

slightly excessive protein ration and the 11% protein group exceeded the

expected gains on the deficient protein ration.

Comparisons of gains reported in the literature and from the 14%

protein treatment in this experiment are made in Table 17. Generally

the rations slightly exceeding the recommended levels for protein (102%

to 112% of the NRC levels) also slightly exceeded expected gains. The

mean ADG in the literature cited for trials similar to the 14% protein

ration is comparable to those reported in this experiment.

Gains of the 11% protein groups and comparable trials reported in

the literature are presented in Table 18. Some of the experiments

showing gains superior to the NRC levels were conducted during the winter

(Jensen et al. 1955; Seymour et al. 1964; Tjung-A-Hung, 1972) when feed
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TABLE 17. AVERAGE DAILY GAINS (ADG), FEED REQUIRED PER UNIT OF GAIN
(FIG), AND DAILY PROTEIN INTAKES OF TRIALS THAT FEED SIMILAR
DIETARY PROTEIN LEVELS AS THE 14% PROTEIN RATION

Principal author

Relative to NRC levels

Dietary protein ADG F/G Daily protein intake

Experiment being
reported 107 105 100 109

Abernathy (1958) 105 118 95 106

Kropf (1959) 111 99 118 124

Greeley (1964) 104 111 88 101

Seymour (1964) 109 113 94 116

107 118 88 105

107 115 85 104

Clawson (1967) 107 119 88 106

Hale (1967) 102 111 96 99

Young (1968) 109 126 91 116

111 122 94 117

105 113 101 111

Cromwell (1971) 106 88 109 103

Boyd (1972) 104 110 -

Kornegay (1972) 104 101 94 97

112 101 94 105

Glister (1973) 105 102 113 120

106 94 123 121

106 102 101 109

106 102 99 108

106 112 101 120

106 106 101 116
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TABLE 18. AVERAGE DAILY GAINS (ADG), FEED REQUIRED PER UNIT OF GAIN
(F/G), AND DAILY PROTEIN INTAKES OF TRIALS THAT FEED SIMILAR
DIETARY PROTEIN LEVELS PS THE 11% PROTEIN RATION

Principal author

Relative to the NRC levels

Dietary protein ADG F/G Daily protein intake

Experiment being
reported 84 91 113 85

Morgan (1952) 86 91 121 73

Jensen (1955) 84 104 114 137

84 102 109 96

Kropf (1959) 84 98 119 94

Aunan (1961) 89 104 122 108

85 95 122 95

Seerley (1964) 84 112 114 100

Seymour (1964) 83 106 97 88

81 93 101 77

81 109 95 85

Hale (1967) 87 104 106 88

Tjung-A-Hung (1972) 79 95 127 91

Kornegay (1973) 89 91 100 80

Glister (1973) 83 97 110 90

Watkins (1975) 85 86
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consumption and thus protein consumption tended to increase. However

all of the studies reported gains greater than expected from correspond-

ing protein levels. Our 11% protein groups were slightly less efficient

at converting the protein deficient diet into pork compared to the lit-

erature reports.

The expected NRC feed per unit of gain for pigs fed from 27 to 57 kg

is 2.76. Phase 1 group feed efficiency pooled across treatments is 3.08

and differences between the expectation and the observed might be attri-

buted to the lack of antibiotics in the ration. Phase 1 mean daily

protein consumption was 309 grams per day, the NRC level is 270 grams per

day,

The 14% protein groups averaged 3.62, 2.96 kg and 414 for F/G, DFI,

and daily protein consumption (grams) respectively. Relative to the

NRC levels, the 14% groups are 100%, 102%, and 109% for F/G, DFI, and

daily protein consumption respectively. Comparisons between the 14%

groups and the trials in the literature (Table 17) show a trend towards

decreased F/G and increased daily protein intake on slightly excessive

protein rations. This result is expected since the energy content of

the ration and blood-glucose levels have more of an effect on consumption

than does dietary protein.

The 11% protein groups averaged 4.08, 2.92 kg, and 321 grams for

F/G, DFI, and average daily protein consumption respectively. Relative

to the. NRC standards the 11% groups are 113%, 100%, and 85% for F/G, DFI,

and mean daily protein intake respectively. Trials in the literature fed

comparable diets to the 11% protein group are less efficient and lack

adequate daily protein intake relative to the NRC levels. Thus overall

means of the 14% protein and 11% protein treatments compare favorably
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with those in the literature. Comparison between the experimental treat-

ments was significant only for phase 2 gains although tendencies occurred

for some other traits; phase 1 gains, feed efficiences, and mean protein

intakes are similar; from 57 to 91 kg feed required per unit of gain is

less for the 14% protein treatment, the average daily feed intakes are

similar and less protein per day is consumed by the 11% protein treatment

groups during phase 2.

Discussion of the influence of dietary protein level on production

has been restricted to treatment means. Testing of paired groups over a

thirteen month period in the present experiment enables comparisons of

protein effect during different seasons despite complete confounding with

pens. Phase.1 production results, (Table 11) partitioned into groups

when phase 2 was initiated, show seasonal variation in the ability to

gain efficiently on the 14% protein ration. During the coldest and

warmest months gains tend to decrease relative to "mild" temperature

months in the spring and fall. Feed efficiencies have a tendency to be

less favorable in cooler temperatures; this may be a function of energy

requirements for heat production. Seymour et al. (1964) reported non-

significant effects of temperature when comparing pigs maintained at

7°C vs 16°C although tendencies were for better feed efficiencies at the

higher temperature. Groups maintained at 16°C had significantly worse

feed efficiencies and larger daily gains compared with groups maintained

at 320C. Comparisons between swine raised at 16°C and those produced in

cool ambient temperatures averaging 2°C were significant for both ADG

and F/G. Seymour notes that the high temperatures decrease activity and

thus feed consumption, ADG and F/G. The lower temperatures increase the

heat requirement and tend to likewise increase F/G. Heitman et al.
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(1958), using controlled environments ranging from 10 to 43 °C correlated

gains and body weight. Significant positive correlations existed for

swine weighing from 45 to 114 kg at 10 and 16°C and significantly

negative correlations at 27, 32, 38, and 43°C. Maximum gains were

reported at 21°C.

Phase 2 gains of the 14% protein groups (Table 12) correspond with

observations noted by Seymour et al. (1964) and Heitman et al. (1958).

Generally the warmer months produced gains superior to those tested in

cooler months and temperature had a significant effect on average daily

gain. The lower protein groups had similar gains in cooler months when

feed consumption was at a maximum but failed to attain the level achieved

by the paired higher protein group in warmer temperatures.

Feed efficiencies between groups likewise tended to be similar in

cool temperatures and slightly superior for the 14% protein groups in

warmer months; differences could not be statistically tested due to the

lack of within-group variability.

Seasonal differences in protein consumption are presented in Table

13. Average protein consumed per day (grams) on a per pig basis is

adequate (based on the NRC level of 390 grams per day) in eight of the

eleven groups fed the 14% protein ration. For two of the three groups

consuming less than 390 grams of protein per day, temperatures averaged

above 16°C during phase 2. The 11% protein ration groups did not

consume adequate quantities of protein to meet NRC levels in any except

one group. The decreased protein consumption at the lower dietary level

tends to substantiate that energy and not protein content of the ration

has the greatest effect on daily feed consumption.
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Table 14 presents calculated percentage amino acid content of the

11% and 14% protein rations and the recommended NRC levels for the

twelve essential amino acids. However, seasonal variation in feed

consumption tends to alter degree of adequacy of the essential amino

acids. Tables 15a and 15b present average essential amino acid consump-

tion for the 11% protein groups, the 14% protein groups, and the NRC

recommended daily levels. These tables show generally sufficient

levels of all essential amino acids for the 14% protein ration whereas

the 11% protein group is generally deficient in lysine and tryptophan

relative to the NRC standards. The values used for the amino acid

levels are based on averages for corn and soy bean meal.

Efficiency of protein utilization (PER) is a function of total

weight gain and total protein consumed. The PER's tend to be greater for

the 11% protein groups than for the 14% groups (Table 13). Interpreta-

tions imply more efficient utilization of protein at the 11% than at the

14% level, however dissection of the carcass into fat and lean tissue

components might more accurately elucidate a possible association.

Table 4 correlates dietary protein and daily protein consumption

with average daily gain in levels less than and exceeding the NRC levels.

Based on NRC levels, trials containing deficient protein correlate

positively with ADG as protein increased but correlate negatively when

dietary protein surpasses established standards. A larger correspondence

exists between ADG and protein intake on deficient protein diets and

approaches zero when excessive protein rations are fed. These imply that

gains are greatly influenced when inadequate quantities of protein are

consumed and that ADG is independent of protein level when levels exceed

NRC standards.
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Knowledge of the mechanism for protein utilization and the corre-

sponding genetic variation would help researchers more accurately appraise

genetic stock and possibly reduce protein requirements. Likuski et al.

(1961) report that nitrogen was used less efficiently as protein level

increased in rats and tended towards less efficient utilization in

growing swine. Likuski's hypothesis is that as protein level approaches

"too high a level" nitrogen retention would decrease due to greater

metabolic waste. Comparing rats and pigs, Likuski reports that more

variation exists in swine than in rats in ability to digest nitrogen.

McConnell et al. (1972), comparing lean- and fat-type hogs, reported that

neither protein level (adequate vs deficient) nor body type significantly

influenced apparent crude protein digestability when the lower protein

level was fed. Feeding the higher protein ration and dividing the

experiment into three weight catagories (41, 70, and 91 kg), no differ-

ences in nitrogen retention due to body type were reported at 41 kg.

Subsequent trials revealed 39% and 22% greater nitrogen retention in the

lean type hog at 70 and 91 kg respectively when feeding at adequate

protein levels. McConnell concluded that nitrogen retention patterns

were different for the two body types when rations contained sufficient

protein. Fat-type pigs gradually decreased daily nitrogen retention with

age while lean-types retained similar levels of nitrogen from body weight

of 41 to 70 kg and decreased somewhat thereafter.

Using young chickens, Washburn et al. (1975) suggested differences

in feed efficiency were subsequent to absorption. Genetic selection for

FIG yielded progress and correlated responses to carcass composition

although the mechanism for efficiency was not found.



75

Carcass Traits. Discussion of the effect dietary protein level has on

carcass traits includes treatment comparisons (Table 16) for the following

traits: dressing percentage, carcass length, backfat thickness, loin eye

area, and percent lean cuts. Correlations between ADG and backfat, ADG

and LEA, and regressions of LEA on slaughter and carcass weights are

included.

Treatment differences in dressing percent did not exist and agree

with reports by Morgan et al. (1952), Ashton et al. (1955), Boland and

Bert (1959), Seerley et al. (1964), Young et al. (1968), Tjung-A-Hung

et al. (1972), and others. A small number of studies reported differences

in the ratio of carcass weight to slaughter weight (Wagner et al. 1963;

Blair et al. 1969; and Richmond and Berg, 1971).

Backfat thickness, a highly heritable trait, was nonsignificantly

different between treatments (3.39 and 3.33 for 14% and 11% protein

groups respectively). Reports by Kropf et al. (1959), Aunan et al.

(1961), Waldern et al. (1964), Young et al. (1968), Cromwell et al.

(1971), and Kornegay et al. (1973) among others support the results of

this experiment. However, tendencies for increased backfat as a result

of feeding lower protein diets were reported by Ashton et al. (1955),

Bowland and Berg (1959), Boyd et al. (1972), and Tjung-A-Hung et al.

(1972). The degree of separation between treatment groups was found to

be statistically significant in a number of studies (Kropf et al. 1959;

Likuski et al. 1961; Wagner et al. 1963; Seymour et al. 1964; Richmond

and Berg, 1971; and Watkins, 1975 among others). Conclusions regarding

effect of protein on this trait are not definitive.

Loin eye area measured between the tenth and eleventh ribs has no

direct financial impact on selling price of live hogs but larger loin
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eye area does influence marketability of the product. Loin eye area,

like backfat, shows no conclusive dependence on protein level although

tendencies-of larger loins to be associated with higher protein levels

have been reported (Ashton et al. 1955; Bowland and Berg, 1959; Boyd et

al, 1972). A comparison of treatments revealed no statistically sig-

nificant associations between protein levels and LEA in this study.

These data agree with studies by Kropf et al. (1959), Aunan et al. (1961),

Greeley et al. (1964), Blair et al. (1969), and Irvin et al. (1975).

Our experiment evaluated 47 carcasses from each protein level and

found only .57 sq. cm. difference between treatment means with a standard

deviations equal to twice the difference. Treatment slaughter weight

means were equivalent (94 kg) and full- and half-sib pairs for slaughter

were utilized to minimize any genotypic differences between treatments.

A majority of the observations were taken from groups tested in months

in which cool temperatures predominated. The tendency for increased

feed consumption in cold months promotes a closer approach to adequate

protein ingestion despite ration levels below recommended standards.

Thus pigs on the 11% protein ration consumed more protein on a daily

basis than would be expected in mild temperatures and the data may not

accurately portray the true differences if loin eye areas had been evalu-

ated in all seasons. The data do show that relative differences exist in

the development of the loin eye area for groups fed the two rations

(Figure 3).

Regression estimates of LEA on carcass weight show tendencies for

the lower protein groups to enlarge their cross sectional area of the

loin to a greater aegree and approach the 14% protein groups as they

near 95 kg live weight (73 kg/dressed weight). Correspondence between
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Y = -3,9 + .48 X
lc

(r = .52)

Y = 22.9 + .13 Xhc (r = .18)

Y = 14.0 + 19 Xhs (r = .25)

= 5.6 + .25 Xis (r = .29)

Y = Loin eye area

X
lc

= Carcass weight of the 11%
protein pigs

X
hc

= Carcass weight of the 14%
protein pigs

X
hs

protein pigs
= Slaughter weight of the 14%

Xis = Slaughter weight of the 11%
protein pigs

73 82 91 100
Weight (kg)

FIGURE 3. REGRESSION ESTIMATES OF LEA BASED ON CARCASS AND SLAUGHTER WEIGHTS OF PIGS FED 14% OR 11%
PROTEIN RATIONS
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carcass weight and loin eye area is higher than between slaughter weight

and loin eye area. The data suggest the pigs fed the 11% protein ration

increase their loin eye areas to a greater degree as carcass weight increases.

Correlations between ADG and LEA are .02 and .20 for the 14% and

11% protein treatments respectively. These data tend to imply indepen-

dence of gain and LEA in the 14% protein ration. If the correlation in

the lower protein ration exists and is genetic in nature, selection for

larger ADG or LEA would lead to a positive and beneficial correlated

response in the second trait.

Similar correlations of -.02 and .20 for the 14% and 11% protein

groups respectively were observed between backfat and LEA. If the 11%

protein treatment correlation is the result of a genetic basis, careful

selection would be required to produce simultaneous progress in both

traits. Correspondence between gains and backfat thickness are -.01 and

.09 for the 14% and 11% protein groups respectively. The magnitude and

number of observations prohibits even conservative statements on meaning-

fulness of the association.

Percentage lean cuts is the sum of the trimmed Boston butt, picnic,

loin and ham weights divided by the carcass weight. Since the trait is

associated with backfat and LEA, where considerable variation was noted

in the literature, a wide range of conclusions was not unexpected.

Many researchers have reported significant differences in backfat thick-

ness (Kropf et al. 1959; Wagner et al. 1963; Lee et al. 1967; Hale and

Southwell, 1967; and Watkins et al. 1975), while others concluded that

protein level in the diet does not influence the percent lean cuts (Aunan

et al. 1961; Greeley et al. 1964; Cromwell et al. 1971; and Heldt, 1973).
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Significance levels are dependent on a large number of factors and

tend to lack consistency in the literature for protein effects on back-

fat, LEA, and percentage lean cuts. Morgan et al. (1952) took on the

cumbersome task of carcass dissection subsequent to testing on various

levels of dietary protein. Difference in backfat thickness was found

to be nonsignificant in four of the five points of measurement. However,

dissection revealed highly significant differences between treatment

groups upon partitioning the carcass into fat and lean components. The

study raises the question of whether backfat is an accurate indicator of

total carcass fat for pigs fed rations of different protein content.

In the carcass traits examined, analyses revealed no statistical

differences due to dietary protein. Means are equivalent in dressing

percent, carcass length, backfat, weights of the lean cuts and belly.

Loin eye area tends to be larger for those fed the 14% protein ration

although seasonal variation could not be evaluated. These results agree

with much of the literature although no conclusive trends were apparent

when considering backfat, loin eye area and percentage lean cuts.

Genetic, The nature of the experiment did not permit accurate estimation

of genetic parameters. The heritabilities reported are highly variable

and subject to bias resulting from confounding of sire with group.

Precision of the estimates is dependent on the magnitude of the herit-

ability and method of analysis. Gains, being moderately heritable, are

more precisely estimated via regression techniques than by the analysis

of variance used here. Temperature influence on the 14% protein groups

permitted a covariance analysis and perhaps reduced variation sufficiently

to approximate the heritability of gains from 57 to 91 kg.
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Correlation of full-sib gains within pens during phase 1 was greater

than .50 while correlation among full sibs across pens was only .23.

Thus there is indication of a pen effect on gains by full sibs gains.

For phase 2, correlations within treatments and group approximated .40.

A low correlation of .10 between treatments within groups is perhaps

genetic in nature, however maybe affected by temperature.

Correlations of gain during phase 1 with gains during phase 2 are

.36, .09, and .06 for the 11%, the unadjusted 14%, and the phase 2

adjusted (for temperature) protein groups respectively. A possible

explanation for the moderate (.36) association between phase 1 and

phase 2 gains for the 11% protein groups is that slow gainers in phase

1 were of lower weight when placed on the protein "deficient" ration and

thus tended to grow at a relatively slower rate in phase 2 also. Like-

wise, the heavier pigs at initiation of the second phase would be less

affected by a reduction in dietary protein than their lighter contempo-

raries.

Genetic differences in the ability to utilize essential nutrients

have been noted. Few however, have dealt with the genetic parameters

associated with lysine metabolism in monogastrics. Godfrey (1968)

selected for lysine utilization in Japanese quail (Coturnix coturnix

Japonica) over 10 generations; calculated realized heritabilities were

zero. Heritability estimates calculated from variance components pooled

over the 10 generations were .36, .31, and .26 for the group raised on

a normal lysine diet, a lysine deficient diet, and the control respec-

tively. Selections were based on weight gains during the test period.

Subsequent to the 10 generations of selection, lines were fed both

deficient and adequate lysine diets. The line selected on the lysine
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deficient ration grew significantly faster than either the control or

the line selected on the adequate lysine diet, Godfrey concluded that

the ability to utilize lysine in deficient rations was lowly heritable

and that selection lowered the dietary requirement of quail selected in

the lysine deficient environment.

Shiehzaheh et al. (1982) selected for lysine utilization in rats

and reported a realized heritability of .48. The author stated that the

initial generation "varied widely in growth rate" and that there is an

apparent inherited difference in ability to gain on lysine deficient

diets.

The experiment being reported here was influenced by environmental

fluctuations not found in the genetic studies noted above. However,

comparisons between heritability estimates in this study might suggest

that larger genetic variances were possible in the 11% protein groups.

Economic. The economic aspects of feeding either level of dietary

protein must consider variable market prices, differences in seasonally

influenced feed efficiencies, and overhead costs. Tables 19a, 19b, and

19c present the relative days required to attain 91 kg, the relative feed

costs to raise a pen of 8 barrows, and the seasonal effect over a range

of corn and soy prices. Negative numbers imply feed costs are lower for

the 11% protein group than its contemporary 14% protein group. However,

this must be of great enough magnitude to offset any overhead associated

with the extra days required to achieve a weight of 91 kg. Positive cost

would always favor feeding the 14% protein ration since overhead, a

function of days to attain 91 kg, is less for the higher protein ration

in 9 of the 10 groups examined. Relative feed costs account for differ-
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TABLE 19a. SAVINGS IN DAYS TO ATTAIN 91 KG AND FEED COST BY FEEDING
A GROUP OF 8 BARROWS FROM 57 KG THE 14% VS 11% PROTEIN
RATION OVER A RANGE OF SOY PRICES

Group
Fewer days to
attain 91 kg

Corn = $100/ton

Price of soy ($/ton)

150 200 250 300

Jan 4 -16.55 -23.47 -30.40 -37.22

Feb -1 - 1.71 - 6.93 -12.16 -17.37

Apr 10 - 2.88 - 7.81 -12.76 -17.68

May 5 9.76 6.08 2.41 1.26

Jun 9 5.58 1.52 2.53 6.58

Aug 3 8.78 5.87 2.97 .08

Sep 9 10.58 7.73 4.88 2.04

Oct 7 27.84 21.92 19.46 17.00

Nov 13 51.53 49.37 47.21 45.06

Jan 3 - 2.96 - 9.15 -15.34 -21.51
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TABLE 19b. SAVINGS IN DAYS TO ATTAIN 91 KG AND FEED COST BY FEEDING
A GROUP OF 8 BARROWS FROM 57 KG THE 14% VS 11% PROTEIN
RATION OVER A RANGE OF SOY PRICES

Group
Fewer days to
attain 91 kg

Corn = $120/ton

Price of soy ($/ton)

180 240 300 360

Jan 4 -19.86 -28.17 -36.48 -44.79

Feb -1 - 2.06 - 8.32 -14.58 -20.85

Apr 10 - 3.46 - 9.38 -15.30 -21.22

May 5 11.70 7.30 2.89 - 1.51

Jun 9 6.69 1.83 - 3.03 - 7.90

Aug 3 10.53 7.05 3.57 .09

Sep 9 12.69 9.27 5.86 2.44

Oct 7 29.27 26.31 23.36 20.40

Nov 13 61.83 59.24 56.66 54.07

Jan 3 - 3.56 -10.98 -18.40 -25.81
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TABLE 19c. SAVINGS IN DAYS TO ATTAIN 91 KG AND FEED COST BY FEEDING
A GROUP OF 8 BARROWS FROM 57 KG THE 14% VS 11% PROTEIN
RATION OVER A RANGE OF SOY PRICES

Group
Fewer days to
attain 91 kg

Corn = $140/ton

Price of soy ($/ton)

210 280 350 420

Jan 4 -23.17 -32.87 -42.55 -52.36

Feb -1 - 2.40 -11.03 -17.01 -24.32

Apr 10 - 4.04 -10.94 -17.85 -24.75

May 5 13.65 8.52 3.38 - 1.76

Jun 9 7.81 2.13 - 3.53 -9.21

Aug 3 12.28 8.22 4.17 .11

Sep 9 14.81 10.82 6.84 2.85

Oct 7 34.14 30.69 27.25 23.80

Nov 13 72.14 69.12 66.11 63.08

Jan 3 - 4.15 -12.81 -21.45 -30.11
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ences in feed requirements and are variable possibly due to the influence

ambient temperature has on ADG and F/G. The economic patterns are these:

Gains, are less for the lower protein groups and result in longer

time to attain 91 kg weight.

- Summer and mild months economically favor the feeding of the 14%

vs 11% protein ration.

- There appears to be a tendency for savings when feeding the lower

protein ration in the coldest months.

- As feed costs increase, the 11% protein ration tends to become more

favorable.

- Increasing the soy-corn price ratio decreased any advantage of

feeding the 14% protein ration.

Comparing the relative feed costs does not account for additional

overhead expenses associated with slower gains when feeding the lower

protein ration. Tables 20a, 20b, and 20c present relative total (feed

plus overhead costs) expenditures required at different prices for corn

and soy. Overhead expenses are 1/3 the feed costs or 1/4 of the total

cost of production. The tendencies are the same as stated above but the

magnitude of the differences are generally smaller. These more realistic

estimates show feeding the "inadequate" protein ration can decrease

costs in the winter months without greatly decreasing gains.
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TABLE 20a. TOTAL SAVINGS INCLUDING FEED COSTS AND
OVERHEADa, BY FEEDING A PEN OF 8
BARROWS THE 14% VS 11% PROTEIN RATION
FROM 57 TO 91 KG OVER VARYING SOY PRICES

Corn = $100/ton

Soy-corn price ratio

Group 1.5 2.0 2.5 3.0

Jan -11.96 -18.54 -25.13 -31.61

Feb - 2.69 - 7.98 -13.28 -18.56

Apr 7.39 3.23 - .95 - 5.10

May 14.14 10.75 7.21 3.82

Jun 13.73 10.28 6.83 3.38

Aug 10.78 8.02 5.27 2.51

Sep 17.85 15.54 13.23 10.92

Oct 31.17 27.54 25.47 23.40

Nov 62.62 61.29 59.96 58.63

Jan .49 - 5.44 -11.38 -17.32

a
Overhead accounts for 25% of the total production
costs of the 14% protein groups.
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TABLE 20b. TOTAL SAVINGS INCLUDING FEED COSTS AND
OVERHEADa, BY FEEDING A PEN OF 8
BARROWS THE 14% VS 11% PROTEIN RATION
FROM 57 TO 91 KG OVER VARYING SOY PRICES

Corn = $120/ton

Soy-corn price ratio

Group 1.5 2.0 2.5 3.0

Jan -14.36 -22.25 -30.15 -38.05

Feb - 3.23 - 9.58 -15.93 -22.28

Apr 8.87 3.87 - 1.13 - 6.13

May 16.71 12.68 8.65 4.62

Jun 16.47 12.34 8.21 4.08

Aug 12.93 9.63 6.33 3.03

Sep 21.42 18.65 15.89 13.13

Oct 35.55 33.06 30.58 28.09

Nov 75.14 73.54 71.96 70.38

Jan .58 - 6.53 -13.64 -20.75

a
Overhead accounts for 25% of the total production
costs of the 14% protein groups.
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TABLE 20c. TOTAL SAVINGS INCLUDING FEED COSTS AND
OVERHEADa, BY FEEDING A PEN OF 8
BARROWS THE 14% VS 11% PROTEIN RATION
FROM 57 TO 91 KG OVER VARYING SOY PRICES

Corn = $140/ton

Soy-corn price ratio

Group 1.5 2.0 2.5 3.0

Jan -16.75 -25.97 35.17 -44.41

Feb - 3,77 -12.50 -21.22 -29.94

Apr 10.34 4.52 - 1.32 - 7.16

May 19.49 14.80 10.10 5.40

Jun 19.22 14.39 9.58 4.77

Aug 15.08 11.26 7.42 3.58

Sep 25,09 21.87 18.66 15.45

Oct 41.86 85.98 84.14 82.28

Nov 87.86 85.98 84.14 82.28

Jan .73 - 7.57 -15.85 -24.13

a
,Overhead accounts for 25% of the total production
costs of the 14% protein groups.
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CONCLUSIONS

Conclusions can be drawn from analysis of the literature and from

the results of the present study. These will be presented separately

and will be compared.

Conclusions from the Literature

I. Production

1. Daily intake is not controlled by dietary protein levels.

2. Increasing the protein content of rations deficient in protein

increases rate of gain whereas excessive dietary protein levels

tend to have no effect or an adverse influence on average daily

gain.

3. Amount of daily protein consumption has a higher correspondence

with average daily gain than does dietary protein level for pigs

ingesting inadequate quantities of protein.

4, Average daily gains are affected to a greater extent by varying

protein levels than is feed efficiency or average daily feed

intake.

5. For rations deficient in protein, feed efficiency tends to

improve as level of dietary protein is increased.

6. Pigs consuming rations with excessive protein content have

lower feed efficiencies than those fed rations having protein

content at the NRC recommended levels.

II, Carcass

1. Correspondence between dietary level and backfat thickness is

low and tends to be less at excessive levels of protein than at

deficient levels.
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2, As extent of deficiency of protein content of rations decreases,

carcasses do yield more lean; rations with excessive protein

levels have a small positive influence on percent lean cuts.

3. Dressing percent is independent of level of protein in the

ration.

III. Genetic

1. Studies with laboratory animals suggest that a genetic component

exists for ability to utilize protein deficient diets.

2. Sex and autosomal differences, as exemplified by breed and

strain, in protein utilization are apparent and are dependent

on protein level in the ration and daily protein intake.

Conclusions Drawn from the Study

I. Production

Phase 1.

1. For groups fed 11% vs 14% protein, treatment means during the

period from approximately 27 to 57 kg, when both were fed 14%

protein rations, were similar for all traits examined.

Phase 2.

1. Although differences were nonsignificant the 14% protein groups

were superior to the 11% protein groups for average daily gain

and F/G in months with mild and warm temperatures: differences

between treatment groups were minimized in the coolest months.

2. In all temperature conditions, the 11% protein groups consumed

less protein per day and were similar in average daily feed

consumption with their contemporary 14% protein groups.
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II. Carcass

1. There were no significant carcass trait differences between pigs

fed the two diets.

2. Nonsignificant differences in loin eye area were observed; these

however, tended to be smaller in the lower protein ration groups.

3. Colder temperatures induce higher daily feed and protein con-

sumption and tend to result in larger loin eye areas on the

deficient diet than occurs during warmer temperatures.

Genetic

1. From this experiment, no definitive conclusion regarding the

genetic aspects can be made although heritability estimates

of performance tend to be more variable for the lower protein

groups.

IV. Economic

1. Mild and warmer months favor feeding the 14% vs 11% protein

ration.

2. There is a tendency for reducing feed cost without negatively

affecting production and carcass characteristics by feeding

the 11% protein ration in the coldest months.
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