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gravity. Another aliquot was taken to provide approxi-
mately 10 g of total solids and adjusted to pH 2 by titrat-
ing with 5N NaOH or 5N HCl. Cellulose was added to make

the final concentration approximately 25% of the total solid
weight. The cellulose and urine was homogenized, freeze-
dried, and analyzed for E.

At the end of the trial all animals were killed by
electric shock. The entire animal minus intestinal contents
was stored In a plastic bag at -10C until it was prepared
for chemical analyses.

The frozen carcass and offal were sawed into small
pieces and ground four times; once through a 18 mm die, once
through a 10 mm die, and twice through a 4 mm die. The
ground tissue was mixed and core samples were taken until
approximately 300 g were obtained. DM determinations were
made on a portion of the wet sample and the remainder was
freeze-dried, ground through a 1l0-mesh screen and analyzed
for DM, N, E, ether extract (EE), and ash.

DM, N, EE, and ash determinations were made according
to A. 0. A. C. (1965) methods while E was determined by bomb
calorimetry (Parr Instrument Co., 1960).

Experiment 7106 Pigs averaging 6 kg were randomly

assigned from three litter outcome groups to one of five
treatments. Treatments were randomly assigned to pens
within a replicate. The basal diet (BD) was the same as in

the previous trial (table 1). All pigs were fed 3% BW of
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the BD/day. Treatments consisted of tre addition of Solka
Floc fed at (1) 0%, (2) 0.15% (3) 0.3% or (4) 0.6% BW. Pigs
assigned to treatment five were slaughtered at the start of
the experiment. Experimental procedures and sampling were as

described for experiment 7020.

Results and discussion

Experiment 7020 Pigs receiving the higher levels of

feed intake refused a considerable amount of the feed sup-
plied, and one pig receiving the 5% BW feeding level actually
consumed less than 2% BW. Therefore, treatments were re-
assigned on the basis of total GE intake as follows:

< 11,000 kcal = trestment 1, 11,000 to 17,000 kcal = treat-
ment 2, 17,000 to 24,000 kcal = treatment 3 and > 24,000
kcal = treatment 4.

A summary of pig performance is shown in table 2. Pigs
consuming more feed gained more rapidly (P < .0l) than pigs
that consuned low levels of the diet. Although the dif-
ferences in feed/gain ratios were not statistically different,
there was a general improvement in efficiency as the pigs
consumed more feed. An explanation for this observation is
that more energy was being consumed at the higher levels of
intake and fewer amino acids were belng deaminated for
energy. In addition, the energy required for maintenance
constitutes a smaller percentage of the total intake at the

higher feeding levels.



Table 2. Effect of intake on animal performance
Feed intake, percent body weight
Item
2 3 b 5

ADG , gt* 20.%(20.89)% 80.8(18.90) 144 .5(20.89) 184.4(20.89)
F/G 1.79(0.47) 1.69(0.43) 1.26(0.47) .94 (0.47)
DM, ADC, %P 86.7(1.45) 86.2(1.32) 85.1(1.45) 86.4(1.45)

N,ADC,% 89.1(2.23) 87.1(2.02) 83.9(2.23) 87.1(2.23)

N balance,g**C 38.8(13.17) 86.6(11.91) 137.2(13.17) 188.3(13.17)
NPU#** d 29.1(2.99) 40.8(2.71) 48.7(2.99) 52.2(2.99)

By## e 32.4(2.96) 46.8(2.69) 58.0(2.96) 60.1(2.96)

E,ADC,% 89.2(1.49) 88.4(1.35) 87.2(1.49) 88.1(1.49)

ADE,kcal/g 4.12(0.24) 3.80(0.22) 3.74(0.24) 3.87(0.24)
AME, kcal/g 3.84(0.25) 3.57(0.22) 3.53(0.25) 3.68(0.25)
ME,% of DE 93.0(0.56) 94.0(0.50) 9k .6(0.56) - 95.0(0.56)

@5tandard errors shown in parentheses.

b

61

ADC : apparent digestion coefficient.

°N intake minus fecal N minus urinary N.
dN balance as a percentage of N consumed.
N balance as a percentage of N digested.

#% (P < ,01).
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Amount of feed consumed had no effect on the apparent
digestibility coefficlents (ADC) for DM, N or E, and the
values are consistent with those of Tollett (1961) and
Jiménez (1972).

Nitrogen utilization subsequent to digestion increased
slgnificantly (P < .0l) as feed intake increased, whether
expressed as N balance, apparent nitrogen utilization
(NPU) or biological velue (BV). As feed intake increased,
the energy intake also increased and fewer amino aclds were
deaminated for energy.

No differences were observed because of feed intake in
apparent DE (ADE) or apparent ME (AME) values. These re-
sults are in agreement with those of Hill and Anderson
(1958) working with chicks, and Jenkinson et al. (1967) and
Jiménez (1972) working with pigs. Metabolizable energy,
expressed as a percentage of DE, averaged 94.1% for the
experiment and was not statistically different between
treatments. Similar values have been reported by Diggs
(1959), Tollett (1961), Jenkinson et al. (1967), Sharme and
Young (1970), and Jiménez (1972). These findings would in-
dicate that if the DE of a diet is known, one can estimate
the ME with a lair degree of confidence.

Energy gain was highly correlated with ME intake
(r = 0.9748). This relationship is presented in figure 1 and
can be expressed Lty the equation:

Y = 0.6899 X - 87.2756



Figure 1. Relationship of ME intake and energy gain
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where Y is EG (kcal)/day/W'iZ and X is ME intake (kcal)/day/
W‘ﬁg. Extrapolating the line to the intercept provides an
estimate of NE at zero feed intake of 87.28 kcal/day/W'ﬁZ.
According to Lofgreen (1965), the validity of estimating the
NE values of feeds by the comparative slaughter technique is
dependent on the accuracy of the estimate of heat production
at zero feed intake. The assumption is made that the re-
gression line remains linear throughout the extrapolated
portion of the line.

A ME intake of 126.5 kcal/day/W';; was requlred to main-
tain energy equilibrium. Similar values have been reported
for chicks (Guillaume and Summers, 1970b; Shannon and
Brown, 1970) and for pigs (Jenkinson et al., 1967; Sharma
and Young, 1970; Jiménez, 1972). The difference between the
NEm value and the ME intake value at energy equilibrium is
indicative of the value for HI (39 kcal/day/W'i’{Z). Divid-
ing the NEm value by the ME intake value indicates that 69%
of the ME is utilized for NE. This observation is similar
to the results of Hill and Anderson (1958), Shannon and Brown
(1970), and Velu, Baker and Scott (1971), working with chicks
and Sharma end Young (1970), and Jiménez (1972), working
with pigs. The average ME value of the diet was 3.66 kcal/g
which gives a NE value of 2.53% kcal/g.

The linearity of the line indicates that the energy

was utilized as efficiently for production as for main-

tenance. This finding supports the results of Jiménez (1972),
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but is in contrast to the results obtained with cattle where
it is reported that the efficiency of energy utilization is
higher for maintenance than for production (Blaxter, 1956;
Kleiber, 1961; Lofgreen and Garrett, 1968).

The effect of feed intake on body composition is shown
in table 3. Highly significant differences (P < .0l) be-
tween treatments were observed for all constituents. Pigs
consuming more feed would be heavier at the end of the trial
and would be expected to have higher absolute amounts of
body constituent. To detect real differences the values
were computed on a percentage basis and are shown in table 4.
Significant differences (P < .0l) were observed in DM, water,
EE, and E. The DM and water contents were inversely related
and pigs that had been fed for 28 days contained less DM and
more water than the initial slaughter group. Pigs fed for
28 days lost both EE and E from the body as compared to the
initial slaughter group. The inverse relationshir between
body water and body fat is also demonstrated. No differences
were observed in N or ash contents. It has been found by
many other workers that N and ash remain relatively con-
stant while water and fat proportions are constantly chang-
ing when expressed on a percentage basis.

Experiment 7116 Pig performance data are summarized

in table 5. Some varlabllity was observed between treatments

in average daily gain (ADG) and feed/gain ratios; however,

the differences were not significant.



Tabvle 3. Effect of intake on carcass composition

Feed intake, percent body weight

Item o % il 5 1s?

DM, g¥¥* 1052.4(129.43)b 1553.7(119.83) 1932.9(129.43) 2355.6(129.43) 1315.6(119.83)
Ho0,g%*  3819.3(357.54) 5044.%(331.02) 6158.1(357.54) T260.3(357.54) 3072.7(331.02)
N, g*%* 121.4(12.85) 167.0(11.90) 202.5(12.85) 242.1(12.85) 109.4(11.90)

TR, gt 63.4(47.06) oul, 0(43%,57) 325.6(47.06) 465.6(47.06) 479.9(43.57)

E,kcal** 4909.4(759.68) 8049.7(703.32) 10199.2(759.68) 12815.7(759.68) 8059.4(703.32)
Ash, gk¥ 188.6(19.07) 230.8(17.65) 281.0(19.07) 306.8(19.07) 146.6(17.65)

a

Initial slaughter treatment.

bstandard errors shown in parentheses.

#* (P < .01),

fe



Tffect of intake on carcass composition (percent)

Table 4.
Feed intake, percent body weight
Item 5 3 )_4_ 5 Isa

DM, B 21.6(0.61)° 23.6(0.57) 23.7(0.61) 24.5(0.61) 29.9(0.57)

HoO,%** 78.4(0.61) 76.4(0.57) 76.3(0.61) 75.5(0.61) 70.1(0.57)

N,% 2.47(0.05) 2.53(0.04) 2.49(0.05) 2.51(0.05) 2.49(c.ob)
EE,$*% 1.33(0.44) 3.75(0.41) 3.97(0.44) h,77(0.44)  1c.90(c.41)
E,kcal/g** 1.01(0.04) 1.22(0.04) 1.25(0.04) 1.33(0.04) 1.83(0.04)
Ash,% 3.92(0.19) 3.47(0.17) 3.44(0.19) 3.24(0.19) 3.33(0.17)

TINLU1lal DARWERUTE VEuRWmeny.

ITIIT oIxraox OIXroxXsIrTaooT

b

¥* (P < ,01).

or cco orrcrx o &

Standard errors shown in parentheses.

e



Table 5. Performance of pigs fed differing levels of Solka Floc

Item

ADG,g

F/G

DM, ADC, %% D
N, ADC,%**

N balance,g
npyd

BV®

E, ADC , %
ADE,kcal/g#*
AME ,kcal/g**
ME,% of DE

C

Level of Solka Floc, percent body weight

0 0.15 0.30 0.60 SE
150.6 129.1 128.2 159.4 11.17
1.47 1.56 1.65 1.61 0.09
85.3 79.7 77.1 70.1 0.52
89.1 87.0 87.5 84.3 0.61
167.2 128.3 132.6 163.0 10.92
by 2 4o.u 41.0 hh .9 2.21
49.6 46.5 46.9 - 53.3 2.54
87.4 82.2 80.2 73 .4 0.56
3.67 3.46 3.37 3.05 0.02
3. 44 3.24 3.16 2.90 0.02
93.9 93.6 93.9 94.9 0.27

8standard error.
: apparent digestion coefficient,

banc

Con = . . .
N intake minus fecal N minus urinary N.

dN balance as a percentage of N intake,

®N valarce as a percentage of N digested.
¥ (P < .01).

9¢
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Highly significant differences (P < .01) were noted
in the ADC for ™, N, and E indicating that as the Solka
Floc portion of the diet increased, the animals became less
efficient in utilizing their feed. An inverse relationship
between level of fiber in the diet and the ADC of organic
nutrients has been reported by several workers (Teague and
Hanson, 1954; Lloyd and Crampton, 1955; Whiting and Bezeau,
1957a; Glover and Duthie, 1958; Likuski, Bowland and Berg,
1961; Pond, Lowrey and Maner, 1962; Boenker et al., 1969;
Bowland et al., 1970; Keys, Van Soest and Young, 1970).

No differences due to treatment were observed in N
balance, NPU, or BV. Whiting and Bezeau (1957a,b) re-
ported that increased fiber in the diet increased the
metabolic fecal N, but had no effect on the BV. Similar
findings were reported by Cunningham et al. (1962) and

Boenker et al. (1969).

b]

Digestible cnergy and ME values were significantly re-
= J

¢

duced (P < .01) by increasing level of fiber in the diet.
Bowland et al. (1970) reported similar findings. Metabo-
lizable energy as a percentage of DE was not affected by
fiber in the dlet and the average value was similar to that
in experiment 7020,

Contradicting reports are found in the literature as to
the pigs ability to utilize fiber. The data of Woodman and

Evans (1947a,b) and Forbes and Hamilton (1952) indicate that
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plgs welghing 36 to 100 kg can use [ibrous feeds gquite
extensively. In contrast, other workers (Mitchell and
Hamilton, 1933; Teague and Hanson, 1954; Hanson et al.,
19563 Jensen et al., 1959; Cunningham et al., 1961; Jiménez,
1972) report that swine are essentially unable to break-
down and use fiber. Pigs in these studies weighed from % to
100 kg.

The observed ME velues from this trial were compared to
expected ME values (table 6). The expected ME values were
calculated by assuming that none of the energy in Solka Floc
was utilized. The differences between the observed and
expected values were very small, indicating that essentially
none of the energy in Solka Floc was utilized by this size
pig.

Significant differences (P < .0l) were observed in all
carcass parameters except EE when expressed as total values
(table 7). However, these values reflect differences in pig
size so the treatment effects were analyzed on a percentage
or kcal/g basis (table 8). Carcass N was the only body
parameter affected (P < .0l) by treatment. The differences
are actually gquite small and the significance can be attrib-
uted to the very small SE. Carcass N remains quite con-
stant and the observed differences are within the range of
biological variation. Since no differences were observed in

carcass E values on a kcal/g basis one could conclude that



Table 6. Utilization of Solka Floc

ITtem

ME,kcal/g (observed)
ME,kcal/g (expected)

Difference

Level of Solka Floc, percent body weight

0 0.15 0.30 0.60
3., 4Y 3,24 3.16 2.90
3.44 3,28 3,12 2.86

- -.04 0.04 0.04%

62



Table 7. Effect of fiber level on carcass composition
Level of Solka Floc, percent body weight
Item
0 0.15 0.30 0.60 15? SEP

DM, g** 2602.9 2279.8 2218.4 2461.6 1360.7 111.88
HaO,g*®  T7763.4 66%3.8 6755.6 7768.4 3875.3 296.09
N, g*¥ 272.3 233.6 232.9 257.1 133.4 10.10
EE, g 47,0 458.8 370.5 405.3 325.0 54.70
E,kcal¥** 13471,2 12246.7 11525.7 12797.1 7627.9 722.76
Ash,gt¥* 3742 315.2 329.5 351.7 176.7 14.11

®Tnitial slaughter treatment.

b

33 (P<

Standard error.

L,O1).

0¢



Table

8. Effect of fiber level on carcass composition (percent)

ILevel of Solka

Floc, percent body weight

Item

0 0.15 0.30 0.60 152 SEP
DM, % 25.10 25.45 24,79 2. o7 26.05 0.61
H20,% 74.90 74.55 75.21 75.93 73.95 0.61
N, % 2.63 2.62 2.59 2.51 2,54 0.01
EE,% 4.32 5.02 4,19 %.96 6.03 0.62
E,kcal/g 1.30 1.36 1.29 1.25 1.46 0.05
Ash,% 3.63 3.53 3.70 3.43 3.37 0.15

@Initial slaughter treatm=nt.

bStandard error.

* 3¢ (P<

.01).

T¢
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the energy contained in Solka Floc was not being utilized
by the pigs. Baird, McCampbell and Allison (1970) included
3.5 to 11.5% fiber in the diet and found no differences in
physical carcass measurements. Bowland et al. (1970)

added 3 to 12% crude fiber in the diet and concluded that
deposition of lean and fat do not vary with increasing

amounts of crude fiber if the DE intake remains constant.
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SECTION II,. ENERGY VALUES OF CORN AND OATS FOR YOUNG SWINE

Objectives
The two trials were conducted to determine the DE, ME,

and NE content of corn and oats when fed to young swine.

Experimental procedures

Experiment 7116 Sixteen pigs averaging 5 kg were ran-

domly allotted from four litter outcome groups to four rep-
licates of four pens. Treatments were assigned at random
to pens within each replicate. The BD was the same as that
used in section one (table 1). All pigs were fed 3% BW of
the BD per day. Treatments consisted of additional finely
ground corn supplied at (1) 0%, (2) 1% or (3) 2% BW. Pigs
assigned to treatment four were killed at the start of the
experiment. Experimental procedures and sampling were as
described in section one, except that the feces were col-
lected daily and stored in 1N HC1l until preparation for
chemical analysis.

The fecal and HCl composite was homogenized. An aliquot
was obtained, adjusted to pH 2 with 5N NaCH or 5N HCl, and
freeze-dried. The analytical determinations were then con-

ducted on the freeze-dried material.
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Experiment 7212 Sixteen pigs averaging 6 kg were

selected from four litters and randomly assigned to pens
within a replicate. Treatments were randomly assigned to
pens. The composition of the BD changed slightly because
a different vitamin premix was used (table 1). The BD was
supplied to all pigs at 3% BW, and treatments were finely
ground oats fed at (1) 0%, (2) 1% or (3) 2% BW. The oats
were Multi ILine ET70 variety, weighed 15.7 kg/bu, and con-
tained 26.5% hull. Procedures and sampling were as de-

scribed for experiment 71106,

Results and discussion

Experiment 71160 A summary of pig performance 1is

shown in teble 9. Significant differences (P < .0l) were
observed in ADG and feed/gain ratios, with pigs receiving
added corn growing faster and utilizing their feed more
efficiently. The pigs receiving the BD only (treatment 1)
were limited in energy intake; consequently these pigs were
breaking down or utilizing protein for energy, which is an
inefficien®t process. Pigs gained increasingly faster as
they received more energy through increased corn in treat-
ments two and three. However, 1% BW corn (treatment 2) in
addition to the BD was enough to optimize feed/gain.

A significant increase (P < .05) was noted in the ADC

for DM when corn was added as compared to feeding the BD

alone. However, the ADC of DM for the BD was lower in this



Table 9. =ffect of added corn on animal performance
Level of corn, percent body weight
Item —.
0 1 2 SE*
ADG, gt®* 132.7 245.1 341.5 15,21
F/Gi* 1.50 1.17 1.17 D.06
DM, ADC,%*P 83.7 85.5 85.6 D.42
N,ADC,% 85.1 84.8 84.7 0.89
N balance,gt*C 140.0 201.3 277.5 10.35
NpyF* d 43 .6 53.7 60.2 1.59
BV#*e 51.3 63.3 71.2 2.10
E,ADC,% 87.9 87.8 87.2 0.41
ADE,kcal/gH# 3.73 3.66 3.61 0.02
AME,kcal/g 3.55 3.53 3.50 0.02
ME,% of DE*¥ 95.1 96.5 97.2 0.20

S¢

@5tandard error.

bADC : apparent digestion coefficient.
®N intake minus fecal N minus urinary N.
dN balance as a percentage of N intake.
®N balance as a percentage of N digested.
* (P < .05).

#*#(p< ,01).
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trial than for the same diet in the first two trials. No
explanation for this decrease is apparent. No differences
were observed in the ADC values for N or E. Pigs receiving
energy from additional corn retained significantly (P < .01)
more N, whether expressed as N balance, NPU, or BV. This
observation emphasizes the lack of energy and the inefficient
process of utilizing protein for energy (treatment 1). As
more corn was added to the BD, a significant (P < .0l1) de-
crease in DE was observed. Corn has less DE than the BD and
as more corn was added the DE/kg of the total diet decreased.
Metabolizable energy values were not significantly affecﬁed
by treatment, although there was a linear decrease in the
values as corn was added to the BD. This observation indi-
cates that although the pigs with added corn were digesting
and absorbing less energy, on a per unit basis, they were
retaining more of the energy that was absorbed. Thus, ME
as a percentage of DE increased significantly (P < .0l) as
the amount of corn increased. Diggs (1959) found that ME
averaged 81.5% of the DE for high protein feeds, but in-
creased to an average of 94.84 for the cereal grains. These
observations can be attributed to an improved calorie: pro-
tein balance and less protein catabolism for energy pur
as additional corn supplied more energy.
Carcass composition data are shown on a total body

basis in table 10 which merely represent differences in pig



Table 10. Effect of diet on carcass composition
Level of corn, percent body weight
Item
0 1 2 1s? SEP

DM, g** 2276. 4 3089.7 4008.3 1354.7 272.60
Ho0, g** 6877.1 902%.8 11190.7 3804.3 550.48
N, g** o254 .7 %28.1 4100.6 131.0 22.27
EE, g* 358.4 643.0 1049.3 350.6 136.63
E,kcal** 11351.8 16257.0 22064 .4 7505.3 1811.07
Ash, gt* 320.9 L01.3 459.0 167.4 25.53

&Tnitial slaughter treatment.

b

*

*#

Standard error,

(P < .05).
(P < .01)

LS



11. Effect of diet on carcass composition (percent)

Table

Level of corn, percent body weight
Item

0 1 2 152 SEP

DM, % 24,7 25.0 26.0 26.1 0.49
Hz0,% 75.3 75.0 4.0 73.9 0.%9
N, &% 2.78 2.70 2.64 2.55 0.03
EE,%* 3.84 4,84 6.46 6.56 0.51
E,kcal/g* 1.23 1.30 1.41 1.44 0.05
Ash,% 3.50 3.35 3.02 3.25 0.17

&Tnitial slaughter treatment.

bStandard error.
¥ (P< .05).
#* (P < ,01)

8¢
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weight. The data in table 11, shown on a percentage basis,
indicate significant differences due to treatment in carcass
N (P< .01), EE (P < .05) and E (P < .05). The highest N
content was observed in the pigs receiving the BD only. As
corn was added to the diet the percent carcass N decreased,
however, it was higher in all treatments than that observed
in the initial slaughter group. Carcass EE and E values in-
creased as corn was added to the diet; however, they did not
equal the values of the initial slaughter group.

Apparent DE (ADE), apparent ME (AME) and NE values of
the BD were obtained from this and the previous trials. By
assuming, as Diggs (1959) and Tollett (1961) did, that the
addition of another feed ingredlent to the BD would not affect
the energy utilization of the BD, the energy values of the
added ingredient could be determined. Any increase in the

energy value of the feces excreted by pigs fed the added

ingredient, as compared to the feces o

=
o]

igs fed only the
BD, would be attributed to the undigested portion of the
added ingredient. The AME could be estimated by observing
the increased excretion of urinary energy by pigs fed the
added ingredient compared to the urinary energy of pigs fed
the BD alone. Similarly, the NE value of the ingredient
could be estimated by determining the energy gain per in-

crement of feed ingredient consumed.
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A summary of the energy values of corn on an air dry
basis 1s shown in table 12. Average values and standard
deviations were: GE.= 3.9589 £ 0.025, DE = 3.4297 + 0.051,
AME = 3.3204 + 0.052, TME = 3.1590 + 0.125 and NE = 2.3287
+ 0.432, These values were derived from the energy values
of the BD. However, one must keep in mind that the added
ingredient could affect the digestibility and metabolism of
the BD.

The GE value is in the range of 3.897 to 4.051 kcal/g
reported by Diggs (1959). The average ADC of E of the
finely ground corn was 86.6%. This is in close agreement
wilth those of Garrigus and Mitchell (1935) who reported
values of 84.5 and 86.9% for whole corn and ground corn,
respectively. These workers used pigs weighing 61 to 89 kg.
Diggs (1959) used pigs averaging 14 kg and reported an E
digestion coefficient for corn of 85.6%. Tollett (1961),
using pigs averaging 16 kg, reported ADC values of 87.4% angd
87.2% for ground corn and cracked corn, respectively. These
data would indicate that the age of pig has little effect on
the E digestibility coefficient of corn.

The AME of corn found in this study is within the range
of 3.172 to 3.505 kecal/g found by Diggs (1959). The AME
averaged 96.5% of the DE when 1% BW of corn was added and
97.2% when 2% BW of corn was added to the BD. Diggs (1959)

reported values of 97.1 and 99.1% in two trials. The BD used



Table 12. Energy values for corn (kecal/g)
Level of corn, percent body weight
Replicate
1 2 3 y 1 2 3 L
DE 3.5360 3.3963 3.3946 3.4137 3.3628 2.4373 3.4790 3.4175
AME 3.3942 3.2140 3.3226 3.3237 3.2834 3.3638 3.3160 3.3452
T™E 3.2029 3.1067 3.1945  3,1277 3.0860 3.1876 3.2097 3.1569
NE 2.5949 1.5343 2.8312 2.7965 2.1139 2.2638 2.4326 2.0624

Th
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in both of these studies contained over 35% protein. When
the diet was fed at low levels, energy intake was limiting
and protein was belng catabolized for energy. As additional
corn was suppiied, less protein was catabolized for energy
and the metabolic processes became more efficient.

Data revealing the relationship between N intake and N
retention were obtained from all pigs in the four trials
which had received the BD only. ILevel of feed intake ranged
from 2% to 5% BW. A linear correlation coefficient of
0.9573 was observed between N intake and N retention

(figure 2). The linear regression equation was
¥ = 0.5260 X - 23,7282

where Y is N intake/day and X is N retention/day. This
regression was used to estimate the N retention contributed
by the BD. The difference between the total N retention and
the estimate of the contribution of the BD was attributed to
the test ingredient. The grams N retained attributed to the
test ingredlient was multiplied by 7.431 kcal, which was the
average energy/g of urinary N obtained in this trial. The
product of this calculation was subtracted from the AME value
to obtain
The TME value of corn obtained was 3.1590 kcal/g and
averaged 95.1% of the AME value. TME values for corn have
been reported by other workers: Garrigus and Mitchell (1935),
3.791 kcal/g; Disgs (1959), 3.400 and 3.095 kecal/g; Tollett



Figure 2. Relationship of N intake and N retention
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(1961), 3.497, 3.426 and 3.432 kcal/g. These discrepancies
can be attributed to many factors, namely: differences in
corn varieties, diets used, technique, and biological var-
iation within the species.

The NE value of corn was calculated by the following

equation:

(NEm/day/W'75 X W75 X 28 days + EG) - (g BD X NEBD)

g corn consumed

where the value for NEm/da.y/W'75 (87.26) was obtained from
experiment 7020, and the value for NEBD was calculated from
the first two trials. An average NE value for corn of
2.3287 kcal/g was obtained. Based on the results of exper-
iment 7020, this value would be the same for NE  and NEP.
The value obtained from individual pigs ranged from 1.5343% to
2.8312 kcal/g which must be attributed to biological varia-

=

tion. Armsby (1917) reported the NE vaiue of corn

or

0n

win

(0]

i

to be 118.82 therms/100 1b (2.614 kcal/g) while Mitchell and
Haines (1927), working with chickens, obtained a NE value for
corn of 1285 kcal/lb (2.827 kcal/g).

The average NE value of corn is 70% of the AME value
which is very similar to that calculated for the BD in ex-
periment 7T020. Net energy-values averaged T4% and 52% of the

TME and GE, respectively.
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Experiment 7212 Pig performance data are given in

table 13. Standard error varied among treatments because
one pig on treatment refused to eat and died. Pigs fed
additional oats gained significantly (P < .01) faster than
pigs fed the BD. Although feed/gain figures were not sig-
nificantly different, there was a general reduction in feed
required/unit of gain as the energy of the diet increased
through the addition of oats.

The ADC values were signifilcantly reduced for DM
(Pp< .01), N (P< .05), and E (P < .01) as oats was added
to the BD. This observation can be attributed to the high
fiber content in whole oats (approximately 11%4). Pigs of
this slze are essentially unable to breakdown and utilize
fiber as was shown in experiment 7106.

Nitrogen utilization (N balance, NPU, and BV) was sig-
nificantly (P < .01) increased by the inclusion of oats in the
dlet. As ocats were added in the diet, more energy was avail-
able for metabolism, and even though less N was digested, on
a percentage basis, more was retained in the body because
the animal did not have to utilize protein for energy.

Digestible energy and ME values were significantly
(P < .01) decreased as oats made up a greater part of the
diet. The GE value of oats is only 0.1 kcal/g less than
that of the BDj; therefore, the significant decrease in the

energy values would have to be attributed to the greater



Tarle 13. Effect of added oats on animal performance
Level of oats, percent body weight
Ttem
0 . 1 2

ADG, g% 125.0(10.53)2 189.3(10.53) 316.7(12.89)
F/G 1.50(0.05) 1.44(0.05) 1.27(c.06)
DM, ADC, %% %P 84.25(0.46) 79.05(0.46) 76.61(0.56)
N, ADC,%* 88.70(0.62) 86.76(0.62) 85.02(0.76)
N balance,gt*C 126.59(10.47) 183.88(10.47) 293.99(12.83)
NP+ d 40.22(1.76) 48.28(1.76) 57.99(2.16)
By*€ 45.34(2.21) 55.65(2.21) 68.29(2.71)
E,ADC, %% 87.74(0.47) 83%.16(0.47) 80.54(0.57)
ADE,kcal/g#+ 3.76(0.02) %3.50(0.02) 3.45(0.02)
AME,kcal/g#* 2.54(0.02) 3.34(0.02) 3.34(0.03)
ME,% of DE** 93.87(0.30) 95.36(0.30) 96.58(0.37)

@3tandard errors shown in parentheses.

b

ADC : apparent digestion coefficient.

°N intake minus fecal N minus urinary N.

d

N balance as a percentage of N intake,

°N balance as a percentage of N digested.
* (P < .05).
#* (P < ,01).

9t



47

fiber content which the pig cannot utilize. Metabolizable
energy, as a percentage of DI, significantly (P < .01) in-
creased as oats were included. This finding agrees with that
of Diggs (1959) and experiment 7116, where ME as a percen-
tage of DE 1s greater for the cereal grains than for high
protein diets.

Body composition data are summarized on a total body
basls in table 14 and on a percentage basis in table 15, The
significant differences (P < .0l1) in all body constituents
in table 14 are duec simply to differences in pig weight.
Nitrogen was the only body component revealing significant
differences (P < .0l) when analyzed on a percentage hasis
(table 15).

A summary of the energy values of oats on an air dry
basis is given in table 16. These values were obiained from
the energy values of the BD as was described in the previous
experiment.

The average ADC of the energy in ground oats was 68.9%.
The much lower ADC value of oats as compared with that of
corn 1s because oats contain more fiber, which is not di-
gested. This value is 1in close agreement with the calcu-
lated value from N. R. C. (1968) of 68.3%. Calculations
made from the data of Diggs (1959) indicated an ADC for
ground oats of 67.1%.



Table 14.

Effect of diet

on carcass composition

“tem

DM, gt
Hz0,g**
EE, gt¥

N, g*¥*

Level of oats, percent body weight

0

1

2

1s®

2054 .2(65.21)°
6273 .6(258.02)

310.9(35.39)
224, 7(8.04)

E,kcal*¥ 11359.5(355.28)

Ash, git#*

284.8(12.00)

2521.8(65.21)
7R22.9(258.02)
4159.3(35.39)

271.6(8.04)

14212.5(355.28)
324 ,4(12.00)

3523.2(78.38)
10074.8(310.10)
677.9(42.53)
372.2(9.66)
19748.9(426.99)
431,3(14.42)

1417.9(65.21)
41%40.3(258.02)
306.8(35.39)
144 .7(8.04)
8211.3(355.28)
175.2(12.00)

&Initial slaughter treatment.

bStandard errors shown in parentheses.

*%* (P < ,01).

gt



Tfrfect of diet on carcass composition (percent)

Table 15. =
Level of oats, percent body weight
Ttem
0 1 2 1s?

DM, % 24, 7(0.40)" 25.9{0.40) 25.9(0.48) 25.5(0.40)

Hz0,% 75.3(0.40) 74.1(0.4%0) 74.1(0.48) 74.5(0.40)

N, F 2.70(0.02) 2.78(0.02) 2.73(0.02) 2.60(0.02)
EE,% 3.76(0.41) %.72(0.41) 4.84(0.49) 5.49(0.41)
E,kcal/g 1.37(0.03) 1.46(0.03) 1.44(0.04) 1.48(0.03)
Ash,% 3.41(0.10) %.32(0.10) 3.20(0.13) 3.16(0.10)

@Tnitial slaughter treatment.

bStandard errors shown in parentheses.

#* (P < ,01).

ot



Table 16. Energy values of ocats (kcal/g)

Level of oats, percent body weight

Ttem 1 ?
Replicate
1 2 3 4 2 3 4

GE 3.9853  3.9854 3.,9854 3.9853 h.310% 4.3105 4.3105
DE 2.7035 2.5959 2.9049 2.6993 23,1283 2.9565 2.9228
AME 2.5321 2.4501 2.8331 2.5778 2.9845 2.9033 2.8069
TME 2.4149 2.3437 2.6904 2.4734 2.8383 2.7010 2.6384
NE 1.3729 1.1994 1.6056 1.2160 1.6102 1.5313 1.2725

0§
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The average ADE and AMI: values for oats of 2.8445 and
2.7275 kcal/g were calculated from the date in this trial.
Diggs (1959) reported values of 2.796 and 2.756 for the
ADE and AME values of ground oats, respectively.

The TME value of oats was calculated as described for
corn, except that a value of 7.855 kecal/g of urinary N was
used in this trial. A TME value of 2.5862 kcal/g for oats
was found. Diggs (1959) reported a TME value for oats of
2.679 kcal/g while Tollett (1961) observed a value of 3.334
kcal/g. With chicks, Potter and Matterson (1960) obtained
a TME value of 2.508 kcal/g for oats and Hill et al., (1960)
reported a value of 2.618 kcal/g.

The NE value for oats was obtained using the procedure
described for experiment 7116. Some variability was ob-
served with values of individual pigs ranging from 1.1994 to
1.6102 kecal/g. The average NE was 1.4011 + 0.18 kcal/g.

The NE value in this trial was 51% of the AME and 54%
of the TME. The efficiency of conversion of ME to NE was
considerably lower for oats than for the BD or corn. A
possible explanation for the difference is that the in-
creased fiber in the diet from the inclusion of oats pro-
duced a higher HI value., which would decrease the efficiency

__________ W

of energy utilization.
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GENERAL DISCUSSION

The data in these studies indicate that ME was used as
efficiently for NEp as for NEm. This was determined hy
feeding the BD at levels above and below the energy equilib-
rium level without the regression line deviating from lin-
earity. It 1s postulated that any diet fed at different
levels will form a linear regression line intercepting the
Y axls at approximately -8C to 90 kcal/day/W'7° which is an
estimate of the NG requirement (figure 3), Differences
which will arise between diets are changes in the slope of
the line or chaﬁges in the net energy of the diet. In other
words, a diet with a high HI value associated with it will
decrease the slope of the line, and more ME will be required
to keep the animal in energy equilibrium. The NEm require-
ment, however, should not change as a consequence of the diet,
nor should there be different values for NEm and NEp of a
feedstuff.

This theory is in contrast to the results obtained with
beef cattle by the California workers who reported different
energy values of feedstuffs for NEm and NEp. However, 1t is
confusing why these researchers employed the logarithm of heat
production to get a linear relationship between heat produc-
tion and ME Intake, both expressed in kcal/day/W°7°. The

dlets used in all trials were fed above maintenance. Since

no observations were made below maintenance, the extrapolation



Figure 3. Relationship between ME intake and energy
gain between diets
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of the regression to zero ME intake to obtain NEm require-
ments can be questioned. The Californis workers obtained
much higher estimates for NE_ (72 to 82 keal/W*7°) than have
others (38 to 56 kcal/W'7°) working with ruminants and using
direct or indirect calorometric methods (Reid and Robb,
1971). By plotting the data of Lofgreen and Garrett (1968,
as heat production in kcal/day/W'”> against ME intake in the
same terms, a regression line is obtained which, when extra-
polated, intercepts the Y axis at approximately 40 kecal-
/day/W' 75, which is the estimate of the NE, requirement.
Further calculations of the data provide a value of 0.624
kcal/g for a 100% roughage diet, which is both NEm and NEp
of the diet. This value can be compared to 1.20 kcal/g for
NEm and 0.50 kcal/g for NEp reported by Lofgreen and
Garrett (1968).

Studies to determine the ME intake of swine for energy

iullibrium have provided values from 109 to 167 kcal/day/W*7°5.

=

€
The value reported in this study was 126.5. However, this
value will vary with dlet and environment. Animals attached
to a respiration apparatus or confined in metabolism cages
lead a somewhat sedentary life as compared with animals under
practical farm conditions. In addition, temperature is held
more constant during research experiments, which subjects the
animals to less stress during inclement weather.

An area of concern in analyzing the data from metabolism

trials is the technique used to equalize animals of different
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body size. From the classical experiments of Kleiber and
Brody (Brody, 1964) it was observed that basal metabolism was
constant when the weight of the animal was expressed as an
°)

exponential (W The exponent b in these studies ranged

from 0.70 to 0.75. At a world energy symposium, the value

for the exponent b was chosen to be 0.75. Even though these
studies were conducted with animals of different species, from
mice to elephants, they were all mature animals. According to
Brody (1964), the metabolism of growing animals is different
and one must determine a value for the exponent b from actual
data.

The value of W'7° was chosen in this study and a highly
correlated linear relationship was obtained between ME
intake/W'7° and energy gain/W'7°5 (r = 0.9748). The data were
also expressed on a straight body weight function (W''°) with
the relationship between ME intake and energy gain remaining

- — \ - 55
iinear (» = 0.9520). The English workers use W'58
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physiologically effective body size based primarily on the
works of Breirem and Kielanowski (A. R. C., 1967). Values of
the exponent b for other species have been reported: dogs,
0.6; birds, 0.66; and rabbits, 0.82 (Brody, 1964).

A question also arises as to whether associative effects
are affecting the results. Assoclative effects refers to the

phenomenon of a greater production value from a mixed diet

than from the sum of the individuel ingredients. In these
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studies it was assumed that associative effects were not in-
fluencing the results. Moe, Flatt and Tyrrell (1972) postu-
lated that associative effects are more likely to occur when
one or more of the ration components are nutritionally im-
balanced. When nutritionally belanced diets are employed, as
was the basal diet in these studies, the effects can be con-
sidered negligible.

Many energy studles have been conducted to establish the
most precise method to evaluate animal feeds. Researchers
have proposed on different occasions to use either DE or ME
in formulating animal diets. Digestible energy values are
easily determined and have high precision, while ME values
can be calculated from DE velues with a falr degree of con-
fidence. However, in these studies it was observed that one
of the major differences in feedstuff utilization is in their

HI values, which DE and ME do not consider. Nehring and

Haenlein (1973%) also reported that performance of animalis
cannot be predicted directly from contents of ME in feeds.
Thus, the net energy system should be the most accurate method

to state animal requirements and evaluate feedstuffs.
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SUMMARY

Four trials were conducted to study energy metabolism in
the young plg and to determine the energy values of impor-
tant swine feedstuffs.

Feeding the basal diet from 2% to 5% body weight did
not affect the dry matter (DM), nitrogen (N), or energy (E)
apparent digestibility coefficients, nor the digestible
energy (DE), metabolizable energy (ME), or net energy (NE)
values of the dlet. Metabolizable energy averaged 94% of
DI,

A highly correlated linear response was observed be-
tween ME intake and energy gain, both expressed on a meta-
bolic weight basis (W'7°). The net energy for maintenance
(NEm) requirement of the young pig was found to be 87.26
kcal/day/W'7°5. Pigs utilized 69% of ME for NE for either
maintenance or production.

Feeding a cellulcse diluent (Solka Floc) with the basal
diet had no effect on body weight gain or feed/gain ratios.
However, apparent digestibility coefficlents and energy
valueg of the die£ decreased. It was observed in this study
thet the energy in Solka Floc is not utilized by young pigs.

The effects of added corn to the basal dlet were in-
creased and more efficient gains. Apparent digestibility
coefficients remained constant, while DE and ME values de-

creased. Approximately 59% of the gross energy (GE) and 70%



of the ME of corn were converted to NE.

Oats added to the basal diet increased gains and im-
proved feed/gain ratios; however, the apparent digestibility
coefficients and energy values decreased. Only 344 of the GE

and 51% of the ME of oats were used for NE.
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