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There was, however, a numerical, but not significant, decline in TME
when corn intake increased from 6.12 g dry matter to either 12.24 or
18.36 g/rooster. The relative consistency of the corrected TME values
would be expected because the additional energy excreted as a result of
increasing levels of corn intake increased in a linear manner (Figure
1). Regression analysis showed that each g of corn force-fed increased
energy excretion 0.47 kcal/rooster in 24 hr., This regression coeffi-
cient was significantly different (P < 0.01) from zero and was identi-
cal with the regression coefficient relating silica gel's effect on

energy excretion.
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DISCUSSION

The amount of energy excreted by fasted roosters observed in the
experiments reported here (8.9 to 9.9 kcal/rooster in 24 hr) corresponds
closely with combined fecal metabolic and endogenous urinary energy ex-~
cretion reported by Sibbald (1975, 1976). A large proportion of this
energy would be due to the excretion of undigested residues emanating
from gastric, pancreatic and intestinal secretions that persist evén
when chickens are fasted (Cheney, 1938; Long, 1967; Sturkie, 1976).

The increase in energy excretion associzted with force-feeding of
silica gel would be expected for two reasons. The passage of material
through the digestive tract or the sham—feeding of chickens having
esophageal fistulas has been shown to stimulate gastric and pancreatic
secretions (Collip, 1922; Federovskii and Konopleva, 1959; Hulan and
Bird, 1972). Also, it is well-known that the degree of excretion of
residues of desquamated cells from the gastrointestinal tract is pro-
portional to dry matter intake and (or) passage through the tract (Pike
and Brown, 1975; Maynard et al., 1979). Force-feeding of silica gel
probably would have caused both of these to occur, thereby culminating
in increases in energy excretion that were proportional to the quanti-
ties of silica gel fed. Assuming that silica gel is representative of
that portion of feedstuffs that is indigestible, then a similar effect
of poorly digested materials would be expected. In support of the con-
cept of TME, Sibbald (1975, 1976) presented data showing a linear

relationship between energy excretion and level of intake of a specific
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test material by roosters.

The TME concept described by Sibbald (1976) is based on the assump-
tions that fecal metabolic and endogenous urinary energy excretions, as
determined with fasted chickens, remain constant irrespective of feed
intake and that any increase in energy excretion by fed chickens repre-
sents the undigested fraction of the material fed. The data presented
herein indicate that the passage of undigested material through the
gastrointestinal tract also increases the excretion of fecal metabolic
energy. Consequently, metabolic and endogenous energy excretion would
not necessarily remain constant, irrespective of feed intake, but could
vary depending upon the total digestibility of the dry matter consumed.

The unusually low TME determined in experiment 2 for corn when |
this material was fed at the lowest level (6.8 g dry matter) in compari-
son with the TME values obtained with higher levels is difficult to
explain. The inconsistencies in total energy excretion were noticeable.
There was no linear relationship between ievel of corn intake and energy
excreted as had been reported by Sibbald (1976) and as observed in
experiment 3. The largest departure from the expected pattern of excre-
tion was obtained with the roosters fed only 6.8 g of corn. This value,
14.10 kcal, exceeded any other value and resulted in an unusually low
TME for corn.

The data obtained from experiment 3 illustrate the possible effects
of the passage éf indigestible material through the gastrointestinal
tract on the THME of corn. If Sibbald's (1976) assumptions were correct,

the straightforward calculation of the TME of corn, based on data
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collected when corn and silica gel were fed in combination, should have
yielded consistent values. Silica gel contains no gross energy. There-
fore, according to Sibbald's premise, the total energy excreted by ]
roosters fed corn and silica gel combinations should have been a com-
posite of energy of fecal and endogenous origin (represented by starved
roosters) and energy of undigested residues of corn. The passage of
silica gel per se should not have changed the proportion of either frac-
tion of energy excreted.

TMEs of corn calculated according to Sibbald's procedure were in-
versely related to the proportion of silica gel in the mixtures given
to the roosters. Corn's TME was 3.35 kcal/g dry matter when silica gel
constituted about 60% of the mixture, but increased to 3.95 kcal/g when
silica gel was 16% of the mixture. These data indicate that the extra
fecal and endogenous energy excreted because of the presence of silica
in the mixtures must be considered before accurate TMEs could be calcu-
lated for corn. Information obtained in experiment 1 was used for this
purpose. The resulting "corrected" TMEs were relatively consistent amoﬁg
different levels of corn and silica gel intake and corresponded reason-
‘ably well with the TME of corn determined in experiment 2.

The practical implications of these observations are not clear. A
possible lack of additivity among constituents of poultry diets is
suggested. Sibbald (1977) showed that various combinations of corm,
wheat, soybean meal, fish meal, alfalfa meal and tallow yielded TMEs
that reflected additivity of the individual TMEs of these ingredients.

Deviation from additivity would be expected only when the proportion of
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poorly digested materials in diets was high. The only ingredient tested
by Sibbald (1977) of relatively poor digestibility was alfalfa meal,
and this ingredient was used at only 5% of the diet. Therefore, alfalfa
meal's impact on additivity of TMEs would have been small and probably
of negligible significance. Information is lacking, however, about the
influence that high levels of fibrous feedstuffs such as oats may have
on additivity among TMEs of poultry feedstuffs. The comparative energy
excretion coefficients reported by Sibbald (1976) for corn (0.199 kcal/g)
and oats (1.624 kcal/g) are markedly differemt. The question that re-
mains to be answered is "what proportion of the energy excretion coef-
ficient for oats is due to undigested oat residue, and what portion is
due to the influence of undigested oat residue on fecal metabolic energy
excretion". The question may be academic with little, if any, practical
significance, but should be answered to clarify the issue of whether
Sibbald's (1976) TME is really "true metabolizable energy" or is a
refinement of the apparent metabolizable energy estimation procedure.
Some of the data that are basic to the TME procedure agree fairly. ~
well with those of Sibbald (1975, 1976). Energy excretion by roosters |
was linearly related to 1e§e1 of feed intake whether the material fed was
corn or silica gel. Also, the amounts of metabolic fecal plus endogenous
urinary energy excreted by roosters during a 24~hr period following a
24~hr starvation in this research (3.9 to 4.4 kcal/kg body weight) were
similar to the average value of 4.5 kcal/kg body weight reported by
Sibbald and Price (1978). Sibbald (1979a,b) also reported that certain

feedstuffs failed to clear the alimentary canal within 24 hours after
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feeding. He found that corn and wheat residues were excreted within 24
hours but that certain other ingredients were not. Recently, Chami

et al. (1980) also reported that undigested residues of several feed
ingredients were not excreted within 24 hours. In the research re-
ported here, silica gel, representing poorly digested materials, was

not eliminated from the gastrointestinal tract over a 24-hr period.
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SECTION II. THE EFFECT OF DIETARY FIBER INTAKE ON FECAL METABOLIC

AND ENDOGENOUS URINARY ENERGY EXCRETION OF WHITE LEGHORN

PULLETS
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SUMMARY

An experiment consisting of three trials and using 35, 20-week-o0ld
White Leghorn pullets was conducted to determine the influence of dif-
ferent levels of dietary acid detergent fiber (ADF) on fecal metabolic
energy (FMe) and urinary endogenous energy (UEe) excretion during a
fast. Dehydrated alfalfa meal was used to obtain 2.7, 3.4, 4.1, 5.0,
and 5.7% dietary ADF. Seven individually caged pullets were fed each
diet ad libitum for 10 days. At this time, feed was withdrawn for 48
hr and excreta were collected during the 24~ to 48-hr fasting period.
The same treatments were tested in three successive trials with a 10-
day rest period allowed between trials. Dietary ADF had no significant
effect on FMe+ UEe or dry matter excretion by pullets. The average
FMe + UEe excretion for different diet treatments across trials ranged
from 5.79 to 7.25 kcal/kg body weight for 24 hr. Individual pullets
differed markedly in FMe + UEe excretion, and differences in energy
exc:etion during the 24~ to 48-hr period of fast were not related to

body weights of the pullets,
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INTRODUCTION

The quantitation of fecal metabolic energy (FMe) plus the urinary
endogenous energy (UEe) excreted by fed and (or) unfed chickens became
particularly important with the development of the true metabolizable
energy (IME) assay (Sibbald, 1976). In general, energy losses by fasted
chickens are considered to consist of bile, digestive juices, and tissue
debris, plus catabolites excreted as a result of the continuous metabolic
activity of the bird.

One assumption of the TME assay is that the amount of FMe + UEe ex-
creted by adult White Leghorn roosters of similar body weight would be
felatively constant. Considerable variation in FMe + UEe excretion, how-
ever, has been observed. TFor example, Sibbald (1975), in two consecutive
experiments, found that roosters excreted an average of 3.36 and 4.69
kcal of FMe+ UEe per kg body weight per day, res?ectively. In a third
experiment, the FMe + UEe values were close to the average of the above
values (Sibbald, 1976). Guillaume and Summers (1970) and Shires et al.
(1979) measured 5.20 and 3.41 kcal/kg body weight, respectively, as the
energy lost from roosters fasted for two different 24-hr periods.
Sibbald (1979a) observed that the type of diet and feeding time had an
effect on the subsequent FMe+ UEe values of fasted roosters. Shires
et al. (1979) concluded that FMe + UEe excretion also was influenced
by the diet type and the length of starvation period. But, they con-
sidered neither of these factors to be of practical importance.

Tenesaca and Sell (1981) observed a linear relationship between
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FMe + UEe values and levels of an indigestible material (silica gel) that

were force-fed; the more silica gel fed, the more FMe+ UEe excreted.
Research has been conducted to determine the influence of rate

of food passage (Sibbald and Price, 1978), age (Sibbald, 1978b; Shires

et al., 1979), body weight (Muztar and Slinger, 1980a), and an indigesti-

ble substance (Tenesaca and Sell, 1981) on FMe+ UEe excretions. However,

clear-cut information is lacking, especially with respect to the latter.

The objective of the research reported herein was to determine the

effects of feeding different fiber levels before fasting on 24-hr FMe +

UEe excretion by 20-week-old female White Leghorn chickens.
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MATERIALS AND METHODS

Thirty-five, 20-week-o0ld White Leghorn pullets were housed in
individual cages located in a windowless house. Average daily tempera-
ture during the experiment was 26°C and 10 hr of light were provided
per 24-hr day. The birds were housed in individual cages that were
equipped with waterers, feeders, and excreta collection trays.

The pullets were acclimated for 20 days before the experiment be-
gan. They were fed a conventional corn-soy diet ad libitum. At the end
of the acclimation period, the pullets were divided into five groups by
matching the body weight of seven pullets so that the differences among
mean group weights were minimized. Each group was identified with a
number from 1 through 5. The pullets were randomly assigned to
individual cages labeled with group and bird numbers. The experiment
was composed of three consecutive trials. Trials served as replicates
in time for all treatments and seven pullets were fed each diet treatment
within each trial. The diet treatment assigned to a specific pullet re- .
mained the same for all trials.

Five nutritionally balanced diets (National Research Council, 1977)
were formulated to contain increments of fiber supplied by dehydrated
alfalfa meal. All diets had a similar calculated protein content but
varied in metabolizable energy (ME) concentration. The concentrations
of acid detergent fiber (ADF) in the test diets, as determined by

laboratory analysis, ranged from 2.7 to 5.7%.
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During the first 10 days of trial 1, the pullets were fed their
respective diets ad libitum. At the end of this period, feed consump-
tion by each bird was recorded and each pullet was weighed, returned to
its cage, and fasted for 48 hr. Twenty-four hr were allowed for empty-
ing of the alimentary tract. Then, excrement from each pullet was col-
lected during the 24~ to 48-hr period of fast. Body weights of the
pullets also were recorded after the fast.

A 10-day rest period was allowed between each successive trial and
the procedures used in trials 2 and 3 were the same as those of trial 1.

Excreta samples were freeze dried for 48 hr and allowed to equili-
brate with atmospheric moisture before weighing. The dried excreta
samples were ground to pass through a 20-mesh screen. The gross energy
concent;ation of the excreta was measured in duplicate by using a Parr
adiabatic bomb calorimeter. The FMe and UEe for each sample was
determined by multiplying excrement weight by the gross energy per unit
of excrement.

The data were analyzed statistically by analysis of variance and
the standard errors of the means were determined. A general linear
model analysis (Barr et al., 1979) was used to regress the gross energy

values on body weights.
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RESULTS

Two birds assigned to diet 1 (2.7% ADF) died during the early part
of trial 1. Consequently, there were only five pullets in this treat-
ment group throughout the experiment.

Average body weights at the beginning of each trial did not change
noticeably during the experiment (Table 2). Thus, two periods of 48-hr
fast and 10-day refeeding seemed to have no measurable adverse effect
on well-being of the pullets. Also, dietary ADF levels, ranging from
2.7 to 5.7%, did change body weights observed after the 10-day periods
of rest. As compared with pullets fed the diet containing 2.77% ADF,
pullets of other treatment groups consume& more feed daily within and
across the three trials (Table 3). This effect of increasing ADF, how-
ever, was inconsistent and nonsignificant statistically.

There were no significant effects of dietary ADF levels on amount
of body weight lost during the 24~ to 48-hr period of fast of each
trial (Table 4). There was a tendency, however, for pullets fed 2.7%
ADF to lose more weight during trials 2 and 3 than did the other groups.
But, as the data shown in Table 3 demonstrated, there was no carryover
effect of this weight loss observed after each 10—day rest period.

Numerical differences among diets and trials were noted in the
amounts of FMe+ UEe (energy) excreted during the 24~ to 48-hr periods of
fasting (Table 5). There were no significant main effects of diet or
trial on energy excretion, and no significant interaction effects were

observed (Table 6). Similarly, statistical analysis showed that dry
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Table 1. Composition of diets fed to 20-week-old White Leghorn pullets
before determining the FMe + UEe losses

Diet 1 2 3 4 5

composition 9

Corn 69.60 64.53 59.60 57.70 55.18
Soybean meal (447 protein) 20.44 16.40 12.52 8.00 3.00
Dehyd. alfalfa meal (177

protein) 0.00 4.00 8.00 12.00 16.00
Hyd. feather meal 0.00 2.00 4.00 6.00 8.00
Animal/vegetable fat 0.00 3.00 5.70 6.00 7.00
Dicalcium phosphate 2.00 2.00 2.00 2,00 2.00
Limestone 7.10 7.10 7.10 7.10 7.20
Todized salt-premixl .30 .30 .30 .30 .30
DL-methionine .04 .06 .08 .10 .12
L-lysine+HC1 .02 A1 .20 .30 .40
Vitamin—premix2 .50 .50 .50 .50 .50
Calculated analysis .

Crude protein, % 16.00 16.00 16.00 16.10 16.00
ME, kcal/kg 2880 2974 3045 2990 2985
Acid detergent fiber, 7 2.70 3.40 4.10 5.00 5.70

lSupplied the following per kg of complete diet: manganese, 20 mg;
sodium, 1.16 g; and chloride, 1.78 g.

2Supplied the following per kg of diet: wvitamin A, 4000 IU; vita-
min D3, 1500 IU; vitamin Bjp, 5 ug; riboflavin, 3.5 mg; calcium
pantothenate, 6.6 mg; niacin, 22 mg; choline, 100 mg.
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Table 2. Average values of initial body weight of each group of
experimental pullets at time the trials began

Dietary Average body weight, kg/pullet1

ADF, 7 Trial 1 Trial 2 Trial 3 Mean
2.70 1.53%.07 1.62+.08 1.63%£.08 1.58+,07
3.40 1.51%.05 1.50£.07 1.45%.04 1.49+,05
4.10 1.60+.07 1.54+.07 1.49+.08 1.54% .07
5.00 1.65£.05 1.641.04 1.60+.04 1.63+.04
5.70 1.64+.08 1.58+.07 1.58+.05 1.60%.07
Mean 1.58%+.06 1.57+.07 1.55%,06 1.57+.06

1

Means * SE represent five pullets for the 2.7% ADF diet and
seven pullets for the other diet treatments.

Table 3. Mean daily intake of experimental diets by pullets during
the 10-day feeding periods

Dietary Daily feed intake,1
ADF, 7 g/pullet

2.70 92.6

3.40 107.7

4.10 103.6

5.00 102.5

5.70 115.0

1Mean of three trials.
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Table 4. Average amounts of body weight lost by pullets during the
24~ to 48-hr collection period

Body weight lost,1 kg/pullet

Dietary

ADF, 7 Trial 1 Trial 2 Trial 3 Mean
2,70 091 .118 .145 .118
3.40 071 .045 .071 .062
4.10 104 .097 .110 .104
5.00 .078 .097 .091 .089
5.70 .110 117 .071 .099
Mean .091 - .095 .098 .095

1

Means *+ SE represent five pullets for the 2.7%Z ADF diet and
seven pullets for the other diet treatments.

Table 5. Quantitative losses of FMe + UEe during the 24~ to 48~hr
periods of fastl

Trials, kcal/kg bwt

Dietary

ADFZ, 9 1 2 3 Mean
2.7 6.91t.44 6.80%+.59 5.43t1.10 6.38+.71
3.4 7.08%,42 8.36+.81 6.31% .44 7.25%.55
4.1 6.49+,53 6.40%.40 5.81+ .31 6.23x.41
5.0 5.57t.44 5.96%.35 5.85+ .37 5.79+.39
5.7 6.51+.84 6.34t.44 6.69% .64 6.51%.64
Mean 6.51%.53 6.77x.52 6.02+ .57 6.43+.54

1Pullets were fasted for 48 hr and excreta were collected during

the last 24 hr of fast.

2Means * SE represent five pullets for the 2.7Z ADF diet and seven
pullets for the other diet treatments.
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Table 6. Analysis of variance of FMe + UEe data obtained in trials 1,

2, and 3
Source d.f. Mean squares1
FEe + UEe 9 Dry matter
kcal/kg R excreted R2
bwt g/kg bwt
Model 42 5.170 .53 1.090 W47
ADF 4 5.250 .378
Pullets (ADF) 28 5.015 1.265
Trial 2 4,320 .188
ADF*Trial 8 3.380 1.047
Exptl. error 49 3.964 1.057

lNonsignificant at 5% level (P 2 .05).

matter excretion during the 24~hr collection period was not affected
by diet or trial.

Energy excretion data show that each group of pullets, fed a
specific ADF level, excreted a relatively consistent amount of energy
from trial to trial. Thus, energy excretion patterns seemed to be
characteristic of the particular grdup of pullets, and dietary ADF
level did not change these patterns detectably. On the average, the
range.of energy e#éretion among diet treatment groups of pullets was sub-
stantial (5.79 to 7.25 kcal/kg body weight). But individual variation
within a group was large and prevented any significant differences.

Less variation was observed among trials than was found among diet
groups. The range of overall averages in this former instance was 6.02
to 6.77 kcal/kg body weight for trials 3 and 2, respectively.

The data presented in Table 7 illustrate the variation among

individual pullets observed during the three trials. Within each diet



Table 7. Quantitative losses of FMe + UEe by fasted White Leghorn pullets during a 24-hr col-

lection period

Dietary Pulletl

ADF, % 1 2 3 4 5 7
(kcal/kg bwt)

2.70 4.9012.002 7.17+£.22 - - 5.94%0.00 7.57+.53 5.54%.50

3.40 6.75+1.00 7.11+.53 6.60+ .55 6.86+.55 8.32+1.85 5.96+,60 9.11%.66

4.10 6.62+ .35 5.72+.75 5.15+% .35 7.08+.73 5.83% .73 6.93+.57 6.42%.60

5.00 6.80+ .31 5.32%.46 5.32+1.52 6.82%,.53 5.41+ .20 5.30+.20 5.48+.26

5.70 6.60+1.32 6.91+.13 6.11+ .20 9.61+.20 6.25+ .24 4.84+.73 5.28+.66

lA.verages of three trials.

2Mean * SE.

%
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group, a wide range existed. Also, in some instances, the variation
in energy excretion by individual pullets, among the three trials,
was large. Examples were pullets with means + standard errors of

4,9+2.0 and 6.6%1.32.
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DISCUSSION

An important aspect of the TME determination procedure, which in-
volves determination of FMe + UEe excretions during a fast, is health
and well-being of the test birds used in repetitive tests. The data
presented here show that repeated periods of 48-~hr fast interrupted by
10 days of rest had no adverse effects on pullets when change in body
weight was the criterion. Even though pullets generally lost more
than 100 g during a 48-hr fast, there was no obvious carryover effect
on body weight 10 days later. Previously, Sibbald (1978a) found that
roosters required at least 5 days rest between periods of 24~hr fast
in order to maintain body weight.

The absence of effects of dietary ADF level on FMe + UEe excretion
by pullets during the final 24 hr of a 48-hr fast was not expected.
Sibbald (1979a,b) found that residues of dehydrated alfalfa meal, force-
fed to roosters, had not cleared the digestive tract within the first
24 hr of fasting and contributed to an abnormally large amount of FMe +
UEe excreted during the succeeding 24 hr of fast. Muztar and Slinger
(1980b) also reported that roosters force-fed barley or wheat shorts
continued excreting energy from these mateiials after the first 24 hr of
fasting.

| Primary differences between the experimental approaches used by
Sibbald (1979a,b) and Muztar and Slinger (1980a), as compared with those
used in the current study, undoubtedly contributed to the discrepant obser:

vations. Sibbald (1979a,b) and Muztar and Slinger (1980a) force~fed the
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individual fibrous feedstuffs to roosters fasted the previous 24 hr.

In the current research, the fibrous material was included in a total
diet and was fed ad libitum before fasting began. Also, the proportion
of fiber in the dry matter of the ingesta would probably be less in the
complete diet, ad libitum feeding approach. Consequently, the oppor-
tunity for prolonged carryover of this material in excreta during fast-
ing would be less and would contribute little to the amount of FMe + UEe
excreted 24 to 48 hr after fasting began. For example, no more than
about 30 g of diet dry matter would be expected to be present in the
digestive tract of ad libitum fed pullets at the time fasting was begun.
In the current research, this would correspond to a maximum of only
1.75 g of ADF (30 g x 5.7% ADF). 1In contrast, 30 g of alfalfa meal, as
used by Sibbald (1979b), would contain 7.2 g of fiber. The residual
time of the higher fiber material in the gizzard would be longer than
that of the lower-fiber, complete diet (Muztar and Slinger, 1980b).

In the research reported here, there was no significant relation-
ship detected between body weights of pullets and either FMe + UEe or dry'
matter excretion during the 24- to 48-hr fasting period. Correlation
coefficients for these two criteria were .13 and .02, respectively.
These findings agree with those of Muztar and Slinger (1980a), who also
used the 24 to 48 hr of fast collection period with roosters. In sub-
sequent research, Muztar and Slinger (1981) did observe, however, a
significant correlation (r = .45) between body weight of roosters and
amino acid excretion during fasting. Why fasting amino acid excretion,

but not energy excretion, would be correlated with body weight remains
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to be determined.

Variation among individual birds is a major concern in the design
of experiments to determine FMe + UEe excretion. 1In the current research,
considerable variation in FMe + UEe excretion was observed among birds
given the same diets. Sibbald and Price (1978) reported that energy
excretion during fasting was largely characteristic of individuai
roosters. They also found that differences in body weight did little to
explain variations in FMe + UEe excretion by individual birds. The data
obtained from the current research show that FMe+ UEe excretion by
pullets fed the same diet varied as much as 1007, despite the birds
being of similar body weights.

Overall, the data presented here showed that ADF levels normally
encountered in practical poultry diets did not affect subsequent FMe +
UEe excfetion'by pullets during the 24- to 48-hr period of fast. The
data also indicated that the failure to detect a diet effect on FMe+ UEe
excretion, which may exist, may be the result of relatively large vari-
ation among individual birds. This individual bird variation was inde-
pendent of body weight. These data support the proposal of Sibbald and
Price (1978) that the most precise measurements of FMe + UEe excretion,
and therefore, the best estimates of true metabolizable energy values
of feeds or feedstuffs, would be obtained by using each test chicken as

its own negative control.
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SECTION III. THE ADDITIVITY OF TRUE METABOLIZABLE ENERGY VALUES OF

SEVERAL POULTRY FEEDSTUFFS
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SUMMARY

True metabolizable energy (TME) values of seven feedstuffs (corn,
soybean meal, animal-vegetable fat blend (A-Vfat), wheat shorts, meat
and bone meal, dehydrated alfalfa meal, and hydrolyzed feather meal)
and selected mixtures prepared therefrom were determined by using
Single Comb White Leghorn laying hens.

In general, the TMEs determined for individual feed ingredients
agreed closely with those reported by Sibbald (1977b). Two exceptions
were meat and bone meal and dehydrated alfalfa meal. In both instances,
the TMEs determined in the current research exceeded those obtained by
Sibbald (1977b).

TMEs of ingredient mixtures determined experimentally (observed
TMEs) were compared with those expected on the basis of the additive
contribution of individual TMEs of each ingredient in the mixture. The
reéults showed that, in most instances, the observed TMEs of mixtures
of corn and soybean meal, wheat shorts and meat and bone meal, and
dehydrated alfalfa meal and hydrolyzed feather meal did not differ
significantly from expected TMEs. The presence of A-Vfat in test
mixtures, however, resulted in non-additive observed TMEs. This was
most evident when A-Vfat was tested in combination with dehydrated

alfalfa meal, in which case the observed TME exceeded the expected TME.
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INTRODUCTION

Present methods of feed formulation are done under the assumption
that the amount of a nutrient in a given mixture is equal to the sum
of nutrient contributions by each dietary component. Hence, it is
advisable to verify that nutrient values obtained from assays of
individual ingredients are additive.

The true metabolizable energy (TME) assay developed by Sibbald
(1976a) has attracted considerable interest among poultry nutritionists
because of its relative simplicity as compared with conventional
metabolizable energy procedures. To be useful in formulating complete
diets, any system designed to determine the energy value of individual
feed ingredients must yield values that are additive when the ingredi-
ents are used in various combinations. The additivity of TME values
has not been demonstrated conclusively. Sibbald (1977a), working with
roosters, and Dale and Fuller (1980) working with roosters, chicks and
poults, reported that the TME values of several common feedstuffs, such
as corn, soybean meal, fish meal and (or) wheat, alfalfa meal, corn
gluten meal, and poultry by-product meal, were additive.

The research described here was designed to determine whether or
not the TME values determined for several feed ingredients were addi—
tive when specific combinations of these ingredients were fed to laying

hens.
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MATERIALS AND METHODS

Experiment 1

The objective of the first experiment was to determine the addi-
tivity of TME values of corn, soybean meal (SBM) and an animal:
vegetable fat blend (A-Vfat) when they were fed in different mixtures.
Forty~five Single Comb White Leghqrn (SCWL) laying hens, 42 weeks old, -
were divided into nine groups of five each. The laying hens were housed
in individual cages located in an environmental chamber kept at 21 * 1°C.
Twelve hr of light were furnished each 24-hr day. The hens were
acclimatized in the cages for two weeks before the experiment was
started. Feed and water were supplied ad libitum during this period.
Each trial consisted of a 2-day test period and a 15-day recuperation
period. During the recuperation period, all hens were fed a standard
1aying,heﬁ diet composed primarily of corn and SBM.

The method described by Sibbald (1976a) was used to determine the
TMEs during the test periods. This method involved placing all hens
on a 24-hr fast. This_time was used to allow the excretion of undigested
residues from the digestive tract. At the end of the 24-hr fast, the
hens were forée-fed the material bging tested for TME éontent and
excreta were collected quantitatively for the succeeding 24 hr. 1In each
trial, five hens were force-fed each of the ingredients or mixture of
ingredients being tested.

Force-feeding was done by inserting a metal tube (8 mm in diameter:
and 3b cm in length) down the esophagus into the crop. A funnel was

inserted into ‘the upper end of the metal tube, and the test ingredient(s)
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or mixture of ingredients, in mash form, was poured down the tube into
the crop. A solid glass rod was used to gently push a portion of test
material into the crop. Regurgitation of test material did not occur
when a maximum of 47 g of test material was force-fed. The experiment
consisted of a randomized block design involving nine treatments.

In the first trial, the treétmentS‘consisted of a complete fac-
torial arrangement of three quantities of corn (0, 10 and 20 g) and
three quantities of SBM (0, 10 and 20 g). All weights were on "as is"
basis. The five hens assigned the 0 g of corn, 0 g of SBM treatment
continued to fast during the second 24 hr of the test period, and
excreta collected from these hens were used to determine the fecal
metabolic (FMe) plus urinary endogenous (UEe) energy excretion.

After collection, excreta were freeze dried for 48 hr in a Virtis
lyophilizer. The dried samples were allowed to equilibrate with
atmospheric moisture and were weighed. The excreta, corn and SBM were
ground to pass through a 20-mesh wire screen and the gross energy con-
tent of each sample of excreta, corn and SBM was determined by using
a Parr adiabatic bomb calorimeter. The energy excreted by the control
group (0 to corn, 0 to SBM) was assumed to represent the combined loss
of FMe + UEe and was used to calculate the "observed" TMEs of corn, SBM

and mixtures thereof according to the equation given by Sibbald (1976a):

(GEp x Fy) - (Y e - Y )

Ty

TME, kecal/g =

where:

GEf is the gross energy of the test material, kcal/g;
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Fi is quantity of test material force-fed, g;
Yef is the energy excreted by force-fed hens, kcal; and
Yec 1s the average combined FMe and UEe excreted by fasted hens,
kcal.
Trials 2 and 3 were conducted in the same way as trial 1 except that
3.26 g or 6.83 g of A-Vfat were included in the test mixtures according

to the following design:

Trial 2
Trial 3
A-Vfat Corn SBM A-Vfat
grams/hen
3.26 0 0 6.83
3.26 10 0 6.83
3.26 20 0 6.83
3.26 0 10 6.83
3.26 10 10 6.83
3.26 20 10 6.83
3.26 0 20 6.83
3.26 10 20 6.83
3.26 20 20 6.83

Excreta obtained during the 24-hr period after force~feeding the
above materials were processed and analyzed as described for trial 1.
These data and the combined FMe + UEe data of the control hens of trial 1

were used to calculate the TMEs as described previously.

Experiment 2
This experiment was conducted to determine the TME of wheat shorts
and meat and bone meal (MBM) when these feedstuffs were force-fed at

different levels and in combinations. Forty-five SCWL laying hens, 35.
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weeks old, were housed and managed as described in Experiment 1. Five
hens were force-fed one of nine treatments. The treatments consisted
of three quantities of wheat shorts (0, 10 and 20 g) and three quanti-
ties of MBM (0, 4 and 8 g) in a complete factorial arrangement. The
five hens assigned to the 0 g wheat shorts, 0 g MBM treatment served
as the control group. Excreta were collected and processed, and calcu~

lations of TMEs were done as described for Experiment 1.

Experiment 3

The TMEs of dehydrated alfalfa meal, hydrolyzed feather meal (HFM),
and mixtures of these two ingredients were determined in this experi-
ment. The 45 SCWL laying hens from Experiment 2 were used after a
suitable recuperation period. Housing and management of the hens was
the same as for Experiments 1 and 2. The hens were fasted for 24 hr
and then five hens were force-fed one of nine treatments. The treat-
ments consisted of a complete factorial arrangement of three quantities.
of dehydrated alfalfa meal (0, 8 and 16 g) and three quantities of HFM
(0, 4 and 8 g). The five SCWL laying hens assigned to the 0 g
deh&drated alfalfa meal, 0 g HFM treatment were the control group.

TMEs were determined as described previously.

Experiment 4
This experiment consisted of a complete factorial arrangement of
three quantities of dehydrated alfalfa meal (0, 10 and 20 g) and two
quantities of A-Vfat (0 and 2.94 g). Each of the six treatments was

force-fed to five SCWL hens selected from those used in Experiment 3.
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TMEs of dehydrated alfalfa meal, A-Vfat and mixtures thereof were
determined. The five hens assigned to the 0 g dehydrated alfalfa
meal, 0 g A-Vfat treatment were used as the control group.

To measure the additivity of the TMEs, as determined for each
ingredient fed independently, the determined TME values were used to
calculate the amount of TME that each ingredient would be expected to
contribute tq the mixture. Then, these individual contributions were
summarized to obtain "expected" TMEs for the ingredient mixes. These
"expected" TMEs were compared with the "observed" TMEs determined
experimentally for each mixture of ingredients. The general linear
model analysis (Barr et al., 1979) was used to regress the amount of
energy excreted on the quantities of test materials consumed in Experi-
ment 1. The TME values determined at specific force-fed amounts within
each independent ingredients were compared by using the t-test (Little
and Hills, 1972) and the observed versus expected TMEs of specific
ingredient mixtures were compared by calculating their confidence limits

(Little and Hills, 1972).
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RESULTS

Experiment 1
The average TMEs of corn and SBM, as determined independently in

Trial 1, were 3.85 and 3.19 kcal/g, respectively (Table 1). There was

Table 1. The observed true metabolizable energy (TME) values of corn
and soybean meal (SBM) when force-fed independently,
Experiment 11, trial 1

Amount force-fed, g "as is" basis

10 20 Overall
means
TME, kcal/g2
4
Corn> 3.95+.11° 3.74%.15° 3.85
Soybean meal’ 3.18+.072 3.19+.082 3.19

lThe average combined FMe + UEe energy value of the control group
was 10.49 kecal/24 hr.

Means with standard error; there were five hens per treatment.

3The gross energy of corn was 4.15 kcal/g.

4Means within rows with different superscripts are significantly
different (P < 0.05).

The gross energy of soybean meal was 4.47 kcal/g.

good agreement between the TME values of SBM when this feedstuff was
force~fed at 10 or 20 g. In the instance of corn, the TME determined
by force-feeding 10 g of corn (3.95 kcal/g) was significantly higher
(P < .05) than that observed with 20 g of corn (3.74 kcal/g). However,
that difference represents only about 5% of their TME value.

The observed TMEs of mixtures of corn and SBM are presented in

Table 2. Also shown are the TMEs expected on the basis of each
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Table 2. Comparison of observed and expected TME values of mixtures
of corn and SBM, experiment 11, trial 1

Amount force-fed, g "as is" basis

Corn/SBM
10/10 10/20 20/10 20/20
kecal/g
Observed TMEZ 3.42 3.38 3.61 3.52
Standard error 0.10 0.08 0.04 0.11
Expected TME3 3.52 3.40 3.63 3.52
Difference? -0.10 -0.02 -0.02 -0.01

1The average combined FMe + UEe energy value of the control group
was 10.49 kcal/24 hr.

2Means with standard error; there were five hens per treatment.

3Based on the TME contribution of each ingredient.

4observed TME-expected TME.

ingredient's independent TME contribution to the mixture. There was
close agreement between the observed and the expected TME of the corn-
SBM mixtures, showing that the TMEs of the individual ingredients wefe
additive.

The objectives of trials 2 and 3 were to determine whether the
TMEs of corn and SBM would be additive in the presence of A-Vfat. The
data presented in Table 3 are the observed and expected TMEs for
mixtures of corn and SBM in combination with 3.26 to A-Vfat and those
shown in Table 4 represent the TMEs of corn and SBM mixtures in
combination with 6.83 to A-Vfat. Attempts to determine the TME value
of A-Vfat in trials 2 and 3 were unsuccessful. The TMEs obtained varied
tremendously among individuals and were inordinately low. Inability to
accurately force-feed the A-Vfat by itself seemed to be the reason for

the resulting unsatisfactory TMEs of this energy source. The TME of



Table 3. Comparison of observed and expected TME values of corn—-SBM mixtures in presence of
3.26 g animal-vegetable fat blend (A-Vfat), experiment 11, trial 2

Amount force—-fed, g "as is" basis

Corn/SBM
0/10 0/20 10/0 10/10 10/20 20/0 20/10 20/20
) - 3 kcal/g
Observed TME 4.803 4,122 5.24 4.16 3.95 4,65 3.99 4.01
Standard error 0.09 0.06 0.11 0.07 0.06 0.07 0.11 0.10
Expected TME® .  4.45P 3.91P 4.94 4.19 3.89 4.47 4.09 3.88
Difference> 40.35 +0.21 +0.30 -0.03  +0.06 +0.18 -0.28 +0.13

lThe average combined FMe + UEe energy value of the control group was 10.49 kcal/24 hr.
2Means with standard error; there were five hens per treatment.

3Means within columns with different superscripts are significantly different (P < .05).
Based on the TMe contribution of each ingredient.

S0bserved TME - expected TME.

29



Table 4. Comparison of observed and expected TME values of corn-SBM mixtures
6.83 g A-Vfat, experiment 11, trial 3

in presence of

Amount force-fed, g "as is" basis

20/20

Corn/SBM

0/10
Observed TMEZ 5.06
Standard error 0.27
Expected TME3 5.26
Difference4 -0.66

4.18
0.15
4,22
-0.04

lThe average combined FMe + UEe energy value of the control group was 10.49 kcal/g.
2Means with standard error; there were five hens per treatment.

3Based on the TME contribution of each ingredient.

4observed TME - expected TME.

€9
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the same batch of A-Vfat was determined successfully in Experiment 4.
This value, 8.30 kcal/g of A-Vfat, was used to estimate the TME
contribution of A-Vfat to the different combinations of corn and SBM
tested in trials 2 and 3.

In most instances, the observed and expected TMEs of corn and
SBM or mixtures thereof did not differ significantly (P>.05) when used
with either 3.26 or 6.83 g of A-Vfat. These values differed signifi-
cantly (P < .05) only when 10 or 20 g of SBM were force-fed in combina~
tion with 3.26 g of A-Vfat (Table 3), and, in both instances the
observed TMEs exceeded the expected TMEs. These data indicate that
an associative effect may have occurred between SBM and A-~-Vfat in
trial 2, but this effect was not observed in trial 3., A perusal of
the data of both trials indicated no consistent trend with respect to
associative effects. 1In trial 2, expected TMEs frequently exceeded
~observed TMEs slightly while the opposite was true for trial 3. If
associative effects occurred whereby TMEs were increased when the
ingredients tested were used in combination, the observed TMEs should
have consistently differed from the expected TMEs.

To facilitate a more detailed examination of the possible interac-
tion effects that may have occurred between the ingredients tested,
the aﬁount of energy excreted by each hen was regressed by using multi-
ple regression analysis on the amounts of each ingredient present in the
different mixtures tested in the three trials.

The multiple regression equations obtained were:
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Ye = 10.508 + .252 corn + 1.397 SBM Trial 1

Ye = 10,490 + .264 corn + 1.069 SBM + 1.879 A-Vfat Trial 2

Ye = 10.490 + .143 corn + .462 SBM + 3.450 A-Vfat Trial 3
where:

Y is the total energy excreted in. 24 hr after force-feeding;

corn is the g of corn force~fed;

SBM is the g of soybean meal force-fed; and

A-Vfat is the g of A-Vfat force-fed.

These equations show that the excretion of FMe and UEe was very
consistent among trials, varying only from 10.49 to 10.51 kcal/24 hr.
A comparison of the regression coefficients obtained for corn in trials
1 and 2 show that using fat in a mixture of corn and (or) SBM had
virtually no effect on the proportion of energy excreted for each g of
corn force-fed. The presence of fat in the mixture tested in trial 2,
however, seemed to reduce the proportion of energy excreted for each g
of SBM force~fed (1.397 and 1.069 kcal/g in trials 1 and 2, respective-
ly). These data indicate that the amount of energy obtained from SBM
was increased when fat was present in the mixture as compared with the
absence of fat and, theoretically, this effect of fat should have
resulted in nonadditive increases in observed TMEs as compared with
expected TMEs of trial 2. Favorable interaction effects between SBM
and A-Vfat were detected in trial 2 when A-Vfat was tested in combina-
tion with 10 or 20 g of SBM. In these instances, observed TMEs were

significantly greater than expected TMEs. No significant differences
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(P > .05) between observed and expected TMEs were found in trial 3.

The components of the multiple regression equation obtained from
the data of trial 3 show that, when a greater amount of fat (6.83 g)
was used in combination with corn and (or) SBM, changes in energy excre-
tions occurred for each of the three test materials involved as compared
with the results of trial 2. Comparatively, the proportions of energy
excreted per g of corn or SBM force-fed decreased when fat level was
increased from 3.26 to 6.83 g. Thus, additional fat had an apparent
favorable effect on energy utilizatién from these two ingredients.
These benefits, however, were counteracted by the increase in the pro-
portion of energy excreted per g of A-Vfat force-fed in trial 3 as
compared with trial 2. Consequently, even though the changes in the
coefficients of the multiple regression equation of trial 3 indicated
that interaction effects occurred and the TMEs of the individual test
materials were not completely additive, the interaction effects tended
to neutralize one another. This neutralizing influence resulted in
observed TMEs of the test mixtures that did not differ significantly

from expected TMEs.

Experiment 2
The mean TMEs of wheat shorts and MBM as determined individually
in experiment 2 were 2.53 and 3.29 kecal/g, respectively (Table 5).
There was a small difference (0.05 kcal/g) between the TME values of
wheat shorts when this feed ingredient was force-fed at 10 and 20 g.

The value obtained with 4 g MBM was unusually high and may be the
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Table 5. The observed TME values of wheat shorts and meat and bone
meal (MBM) when force-fed independently, experiment 21

Wheat shorts2 Meat and bone meal3
TME, kcal/g4
5,6 5
2.56%.202 3.62%,232
a b7
2.51+.06 2.96x,06
2.538 3.298

1The average combined FMe + UEe energy value of the control group
was 12 26 kcal/24 hr. There were four hens in this group.

2The gross energy of wheat shorts was 3.95 kcal/g.

3The gross energy of meat and bone meal was 3.7 kcal/g.

Means with standard error; there were five hens per treatment,
except for the group given 20 g wheat shorts. In this instance,
regurgitation caused loss of one sample.

SWheat shorts and MBM force-fed individually in amounts of 10 and
4 g, respectively.

6Means within columns with different superscripts are significant-
ly d1fferent (P=2.05).

Wheat shorts and MBM force-fed individually in amounts of 20 and
8 g, respectively.

80verall means.

result of an underestimation of the energy excreted as undigested
residue of MBM. A slight error in this respect would have a great
impact on the TME determined with such a small quantity of test
material. |

The average TME determined for wheat shorts and MBM were used to
estimate TMEs of the mixtﬁfes. The data presented in Table 6 show
that, with one exception, the observed TMEs of the mixtures were
essentially equal to the expected TMEs. The exception was the mixture
of 20 g wheat shorts and 4 g MBM where the observed TME was signifi-~

cantly (P<.05) less than the expected TME. The apparent additivity
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Table 6. Comparison of observed and expected TME values of mixtures
of wheat shorts and MBM, experiment 21

Wheat shorts/MBM Amount force-fed, g "as is" basis
10/4 10/8 20/4 20/8
kcal/g
Observed TMEZ 2.74 2.82 2.502 2.75
Standard error 0.02 0.03 0.04 0.08
Expected TME™ 2.74 2.87 2.65b 2.75
Difference’ 0.0 -0.05 -0.15 0.00

lThe average combined FMe + UEe energy value of the control
group was 12.26 kcal/24 hr. There were four hens in this group.

2Means with standard error; there were five hens per treatment.

3Means within columns with different superscripts are signifi-
cantly different (P £ .05).

4Based on the TME contribution of each ingredient.

50bserved TME - expected TME.

of the TMEs of these two ingredients was sﬁrprising in view of the
large difference (P < .05) between the TMEs of MBM obtained with dif-
ferent quantities of this test material. These additivity data sug-
gest that, in the instance of MBM, the independently determined TME
was overestimated at 4 g and underestimated at 8 g, and that the
average of these two TMEs represented the TME of MBM, at least when

fed in combination with wheat shorts.

Experiment 3
The average TMEs of dehydrated alfalfa meal and HFM, as deter-
mined individually, were 1.93 and 3.93 kcal/g, respectively (Table 7).
The TME ‘determined by force-feeding 8 g of dehydrated alfalfa meal

(1.8 kcal/g) was lower than that observed with 16 g of dehydrated
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Table 7. The observed TME values of dehydrated alfalfa meal (dehyd.
alf. m.) and hydrolyzed feather meal (HFM) when force-fed
independently, experiment 31 :

Dehyd. alf. m.2 HFM3
™E, kcal/g4
1.80%.135 4.0%.27°
2.05%. 265 3.86+.17°
1.937 3.937

1The average combined FMe + UEe energy value of the control group
was 9.04 kcal/24 hr. There were four hens in this group.

2The gross energy of dehydrated alfalfa was 4.48 kcal/g.

3The gross energy of hydrolyzed feather meal was 5.45 kcal/g.

4Means with standard error; there were five hens per treatment,
except for the group fed 4 or 8 g dehydrated alfalfa meal. In this
instance, the samples from one hen per group were lost because of
contamination of excreta.

5Dehydrated alfalfa meal and HFM force-fed individually in amounts
of 8 and 4 g, respectively.

6pehydrated alfalfa meal and HFM force-fed individually in amounts
of 16 and 8 g, respectively.

7Tover all means.

alfalfa meal (2.05 kcal/g) and the TME determined by force-feeding 4 g
of HFM (4.0 kcal/g) was higher than that observed with 8 g of HFM
(3.86 kcal/g). Differences between the TMEs for each ingredient were
not significant.

The observed and expected TMEs for combinations of dehydrated
alfalfa meal and HFM are shown in Table 8. As was found in experiments
1 and 2, the values were not significantly different, indicating that

TMEs of these ingredients were additive in the combination fed.
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Table 8. Comparison of observed and expected TME values of mixtures
of dehydrated alfalfa meal and HFM, experiment 31

Dehyd. alf. m./HFM Amount force-fed, g "as is" basis

8/4 8/8 16/4 16/8
kcal/g
Observed TME® 2.79 2.83 2.15 2.52
Standard error 0.34 0.08 0.11 0.10
Expected TME> 2.60 2.93 2.33 2.60
Difference” +0.19 -0.10 -0.18 -0.08

1The average combined FMe + UEe energy value of the control group
was 9.04 kcal/24 hr. There were four hens in this group.

2Means with standard error; there were five replicates, except
for the group force-fed 8-4 g dehydrated alfalfa meal -~ HFM. 1In this

instance, the sample from one hen of that group was lost because of
contamination of excreta.

3Based on the TME contribution of each ingredient.

4observed TME - expected TME.

Experiment 4

The average TMEs of dehydrated alfalfa meal and A-Vfat determined
individually, in experiment 4, were 2.29 and 8.45 kcal/g, respectively
(Table 9). The observed TME obtained by force-feeding 10 g of de-
hydrated alfalfa meal (2.41 kcal/g) was greater than that determined
with 20 g of same feedstuff (2.17 kcal/g). However, these values
were not significantly different (P < .05). The average TME of de-
hydratéd alfalfa meal determined in experiment 4 (2.29 kcal/g) was
notably greater than the 1.93 kcal/g determined in experiment 3. The
TME of A~Vfat (8.45 kcal/g) was determined by force~feeding one quantity,

2.9 g.
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Table 9. The observed TME values of dehydrated alfalfa meal and
A-Vfat when force-fed independently, experiment 41

Dehyd. alf. m.2 A.—Vfat3
TME kcal/g4.
2.41%.21° 8.45%.27°
2.17+.248 ...
2.297 8.45’

1The average combined FMe + UEe energy value 'of the control
group was 10.04 kcal/g.

2The gross energy of dehydrated alfalfa meal was 4.48 kcal/g.

3The gross energy of A-Vfat was 9.27 kecall/g.

bMeans with standard error; there were five hens per treatment,
except for the group force~-fed 10 or 20 g dehydrated alfalfa meal.
In this instance, the sample from one hen per group was lost because
of contamination of excreta. , ,

5Dehydrated alfalfa meal and A-Vfat force-fed individually in
amounts of 10 and 2.94 g, respectively. '

6Dehydrated alfalfa meal force-fed .individually in amount of 20 g.

Tover all means. :

The objective of this experiment was to determine if the TMEs of
dehydrated alfalfa and A-Vfat were additive. The observed and
expected TMEs of dehydrated alfalfa meal force-fed at 10 or 20 g in
combination with 2.94 g of A-Vfat are shown in Table 10.

The observed TMEs of the mixtures were significantly ( < .05)
greater than the expected TMEs. Observed TMEs were about 127 greater
fhan the expected TMEs for each quantity of dehydrated alfalfa meal
fed in combination with A-Vfat. These daﬁa indicate that a favorable
associative effect occurred between dehydrated alfalfa meal and A-Vfat,

which resulted in nonadditivity of their independently determined TMEs.
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Table 10. Comparison of observed and expected TME values of mixtures
of dehydrated alfalfa meal and A-Vfat, experiment 41

Amount force-fed, g "as is" basis

Dehyd. alf. m./A-Vfat 10/2.94 20/2.94
3 kcal/g

Observed TME2 4.13% 3.422

Standard error 0.13 0.09

Expected TME4 3.69b 3.08P

Difference5 +2.44 +0.34

1The average combined FMe + UEe energy value of the control group
was 10.04 kcal/24 hr. :
2Means with standard error; there were four replicates.
eans within columns with different superscripts are significant-
ly different (P<.05).
4Based on the TME contribution of each ingredient.
Sobserved TME - expected TME.
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DISCUSSION

The data obtained from the experiments reported herein demon-
strated that, in most instances, the TME values of individual feed
ingredients were additive when the ingredients were given in mixtures.
This was true for mixtures of corn and SBM, wheat shorts and MBM, and
dehydrated alfalfa meal and HFM. In these instances, the observed
TMEs of mixtures generally were very similar to TMEs expected on the
basis of additivity. Sibbald (1977a) reported that the TMEs of
several ingredients were additive when these materials were used in
diets of adult male chickens. Ingredients evaluated by Sibbald (1977a)
included corn, wheat, SBM, fish meal, dehydrated alfalfa meal and beef
tallow. Dale and Fuller (1980) also found that the TMEs of corn and
SBM were additive on the basis of determined TMEs of mixtures.

There is some question as to whether good agreement between ob-
served TMEs and expected TMEs of ingredient mixtures actually demon-
strates additivity. Farrell (1981) stated that this type of comparison
dées not necessarily show additivity but, instead, may demonstrate that.
if a bias exists in the TME method of energy evaluation, then this same
bias will persist when the same method is used to measure the TMEs of
mixtures of ingredients.

A portion of the current data suggests that additivity does mnot
occur among all feed ingredients. in trial 3 of experiment 1, the multi-
ple regression equatidn relating energy excreta to the quantity of
corn, SBM and A-Vfat in a mixture showed nonadditive interactions. On

the basis of observed and expected TMEs, the consequences of these
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interactions were not detected. The multiple regression equation,
however, showed that interaction effects occurred for energy utiliza-
tion from each ingredient which tended to be self-neutralizing.

Additional evidence of nonadditivity was obtained in experiment
4, In this instance, the observed TMEs of mixtures of dehydrated
alfalfa meal and A~Vfat were significantly greater than the expected
TMEs. These unexpected increases in TMEs may be further evidence of
the beneficial effects of dietary fat on energy utilization by poultry.
Horani and Sell (1977) reported that fat supplementation of laying hen
diets resulted in nonadditive responses whereby metabolizable energy
(ME) of the diets increased more than expected. Subsequently, Sell
et al. (1979) and Mateos and Sell (1980a) confirmed these observatioms.
Mateos and Sell (1980b) and Mateos et al. (1982) showed that fat in-
creases.energy utilization by laying hens from nonlipid constituents
of diets seemingly by increasing transit time of digesta through the
gaétrointestinal tract. Reid (1983) corroborated these findings.

Presumably, in experiment 4 of this current research, fat could
have interacted with dehydrated alfalfa meal in a manner that resulted
in increased TMEs. However, this effect of fat was not apparent when
used in mixtures with corn and soybean meal in expefiment 1.

An important criterion of a satisfactory energy measurement system
is reproducibility among experiments at the same laboratory and among
different laboratories. A comparison of TME values obtained in the
current research and those reported by Sibbald (1977b) shows exception-—

ally good agreement for several ingredients (Table 11). Similar TMEs
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Table 11. Comparison of TMEs determined in the current research with
those reported by Sibbald (1977b)

Current - Sibbald
research (1977b)1
— TME, kcal/kg "as is" basis —

Corn 3.85 3.83
Soybean meal (487 c. protein) 3.19 3.00
Meat and bone meal (50% c. protein) 3.29 3.01
Hydrolyzed feather meal 3.93 3.94
Dehydrated alfalfa meal 1.932 1.41

2.293
Wheat shorts 2.53 2.58

1Adjusted to 7% moisture.
2Experiment 3.
Experiment 4,

were found for corn, soybean meal, hydrolyzed feather meal and wheat
shorts. The TME of meat and bone meal found in the research reported
herein was greater than that reported by Sibbald (1977b). However,
this ingredient is known to be quite variable in fat and mineral con-
tent. Chemical analyses of the meat and bone meals tested at each
1aboratory are not available but, the meat and bone meal evaluated
herein may have contained more fat and less mineral than those assayed
by Sibbald (1977b).

The difference in the TMEs of dehydrated alfalfa meal is more dif-
ficult to explain. TMEs of this ingredient determined in two experi-
ments of the currenflresearch differed appreciably. Also, these values
were much greater (1.93 and 2.29 kcal/g) than the average value (1.41

kcal/g) reported by Sibbald (1977b). No explanation is apparent for the
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discrepancy between the TMEs obtained when only dehydrated alfalfa
meal was force-fed at each of the two laboratories. Possibly; the
dehydrated alfalfa meal tested here contained a higher proportion of
leaf material and less of the fibrous stem fhan did that assayed by

Sibbald (1977b).
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GENERAL SUMMARY

Three series of experiments were conducted to (1) determine the
effect of an indigestible substance (silica gel) on fecal metabolic
(FMe) and endogenous urinary (UEe) energy excretion by roosters,

(2) determine the influence of dietary fiber (from dehydrated alfalfa
meal) on FMe+ UEe excretion by laying hens, and (3) measure the addi-
tivity of independently determined TMEs of specific feed ingredients
for laying hens.

Three experiments with silica gel (SG) showed that energy excretion
by fasted roosters increased linearly with each increment of SG force-
fed. The TME of corn was 4.05 kcal/g dry matter when the grain was
force-fed alone to roosters. When corn was force-fed in mixtures con-.
taining increasing proportions of SG, the TME of corn decreased with
each increment of SG in the mixture. It was concluded that the extra
energy excreted as a consequence of the presence of SG in mixtures with
corn caused an underestimation of corn's TME. The regression coeffi-
cient relating energy excretion to amount of SG force-fed in the previ-
ous trial was used to correct energy excretion by roosters fed corn-SG
mixtures, and corrected TMEs for corn were calculated. The average
corrected TME of corn was 3.97 kcal/g dry matter. These data illustrated
that an indigestible material passing through the gastrointestinal tract
of the chicken changed the amount of fecal metabolic energy excreted
and, consequently, influenced the TME value of companion feedstuffs

when the conventional TME assay procedure was used.
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A second series of three trials was conducted with white Leghorn
pullets to determine the.influence of different levels of dietary acid
detergent fiber (ADF) on fecal metabolic energy (FMe) and urinary
endogenous energy (UEe) excretion during a fast. Dehydrated alfalfa
was used to obtain 2.7, 3.4, 4.1, 5.0, and 5.7% dietary ADF. Seven
individually caged pullets were fed each diet ad libitum for 10 days.
At this time, feed was withdrawn for 48 hr and excreta were collected
during the 24- to 48-hr fasting period. The same treatments were
tested in three successive trials with a l0-day rest period allowed
between trials. Dietary ADF had no significant effect on FMe+ UEe
or dry matter excretion by pullets. The average FMe + UEe excretion
for different diet treatments across trials ranged from 5.79 to 7.25
kcal/kg body weight for 24 hr. Individual pullets differed markedly
in FMe + UEe excretion, and differences in energy excretion during the
24— to 48-hr period of fast were not related to body weights of the
pullets.

In a third series of experiments, the TME values of seven feeding-
stuffs (corn, soybean meal, animal-vegetable fat blend (A-Vfat), wheat
shorts, meat and bone meal, dehydrated alfalfa meal, and hydrolyzed
feather meal) and selected mixtures prepared therefrom wére determined
by using SCWL laying hens.- In general, the TMEs determined for
individual feed ingredients agreed closely with those reported in the
scientific literature. Two exceptions were meat and bone meal and .
dehydrated alfalfa meal.. In both instances, the TMEs determined in

the current research exceeded those reported from other research.
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TMEs of ingredient mixtures determined experimentally (observed TMEs)
were compared with those expected on the basis of the additive contri-
bqtion of individual TMEs of each ingredient in.the mixture. The
results showed that, in most instances, the observed TMEs of mixtures
of corn and soybean meal, wheat shorts and meat and bone meal, and
dehydrated alfalfa meal and hydrélyzed feather meal did not differ
significantly from expected TMEs. The presence of A-Vfat was tested
in combination with dehydrated alfalfa meal, in which case, the ob-
served TME exceeded the expected TME, indicating that independent TMEs

of these two ingredients were not additive.
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