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TRUE METABCLI SABLE ENERGY (TME) AND THE ALTERNATI VE
D.J. FARRELL*
SUMMARY

Reapprai sal is nade of two recently devel oped nethods for
determ ni ng metabolizable energy of poultry feeds and ingredients. The
true netabolizable energy (TME) method appears to be useful for the
measurenent of the energy content of oils and fats. The mmjor criticism
of the TME nethod is that endogenous excreta energy of starved cockerels
used in conputing' TME may not always correspond to that of fed birds.

- Experinmental data are presented to illustrate that-feedstuffs do not

of

al ways give the same intercept value for endogenous excreta energy; this
may be different from that of starved birds.

The rapid method for determning metabolizable energy (ME) conpares
favour abl yfor a range of feeds and ingredients, with other nethods of
det ermi nati on. Collection of excreta is not extended from24 '"to 32 hours.
In a recent publication, independent conparisons nmade between the TME
met hod and the rapid ME nethod favoured the latter.

| NTRODUCTI ON

At a previous Nutrition School (Farrell 1977) | outlined the basis .
Sibbald's true mnetabolizable energy (TME) system {(Sibbald 1976) and.
introduced a new, rapid method of determnining apparent mnetabolizable .
energy (ME) of poultry feeds and feedstuffs (Farrell 1978). Modifications
have been nmade to both methods in the light'of further research. In this
paper-a critical assessnent is made of TME and its useful ness as a method
of assay. There is discussion of the rapid method which includes
conpari son made with the conventional nethod of determning ME.

The current situation is that energy requirements of poultry are
still expressed in ternms of apparent netabolizabl e energy (ARC 1975; NRC
1977) as are the energy concentrations of feed ingredients.

TRUE METABOLIZABLE ENERGY

In recent years Sibbald (1977a,b) has argued for the introduction of
a TME system (Sibbald 1976) in which an attenpt is nmade to separate the
excreta originating fromthe feed from that which is endogenous in origin.
In fowl, the latter stens from endogenous urine and netabolic faeces. At
this stage the two inportant reasons for making a correction for endogenous
excreta energy appear to be (i) that if food intake of the bird is | ow due
t 0 poor acceptability, then the endogenous excreta becorme a disproportion-
ate conmponent of the total excreta and the apparent netabolizable energy
(ME) val ue is depressed (Guillaume and Summers 1970), and (ii)"' endogenous
excreta are probably not constant but are to sone extent characteristic
of the bird and may be of the diet. Using the endogenous excreta out put
(if it can be determined accurately) of the same bird when starved to
correct its total excreta output although plausible, may not give the
true correction val ue.
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One of the key questionsin the TME systemlies in the validity of
the estimation of the endogenous excreta voided. For the adult, starved
cockerel there is considerable variation in excreta energy. Values may
range from7.9 to 19.6 kcal/day (Farrell 1978) and differences in body
wei ght and wei ght | oss during starvation can only explain a small anopunt

-of this variation (Sibbald and Price 1978). I ndeed we have found that
even for the same cockerel, day to day variationin endogenous excreta
‘output i s considerable (Farrell 1977, unpublished data). Because

endogenous excreta are probably related to metabolic rate which increases
with decreasing anbient tenperature it would be expected that ‘endogenous
excreta increases with decreasing tenperature.. The observations of'
Farrell and Swain (1977) are given for starved broilers in Table 1.

TABLE 1 Effect of anbient tenperature on endogenous excreta of
starved individual broiler chickens (1 kg)

Ambient temperature,j?c)

35 30 22 16 9 2
Endogenous excreta Kcal/24 hour 11 13 15 16’ 17 18
Number of observations 8 8 4 8 8 7

(From Farrell and Swain 1977)

Anot her inmportant question is the validity of using endogenous
excreta of starved birds as representative of the endogenous component of
birds when fed, and its verification by experimentation. Sibbald (1976)

regressed energy voi ded as excreta agai nst feed consunption for a range

of feedstuffs. The zero intercepts which give an estinmate of endogenous
excreta energy, 'were similar for the 12 feedstuffs tested at 9.8 kcal/day.
The reason for the common intercept for the 12 equations was that 48
val ues from birds starved for 48 hours were included in the regression
analysis.  For each of the 12 feedstuffs tested observations of fed birds
ranged from 17 to 7, thus the addition of the 48 values for birds
receiving no feed 'forced theintercepts of the equations through a
conmmon origin. This approach did not allow neaningful statistical testing
of individual equations to determine if the Y intercepts gave different
values for individual equations. Such an approach would provi de answers
to the proposal that specific ingredients may influence endogenous
excreta, and the use of starved birds to provide this value woul d
therefore be inappropriate. Edmundson (personal comrunication 1977)
observed that at |east for one feedstuff, soybean nmeal, the intercept was
different from other diets tested, and gave a val ue that was higher
Furthernore, the level of intake of Sibbald s (1976) birds was | ow and did
not usual ly exceed 30g per cockerel because of the force-feeding procedure.
used. As a consequence, the regression ecuations derived by Sibbald
(1976) for the various feedstuffs did not have particularly impressive
correlation coefficients (r) although the nunber of observations exceeded
50 for each feedstuff. For exanple, for corn £ was 0.85. Wthout the
inclusion of the 48 observations of starved birds variation would have
been even greater.

As indicated the TME method as originallv described by Sibbald
(1976) involved the force-feeding of a pelleted feedstuff or diet (30-40qg)
to adult cockerels that had been starved for 21 hours. After 24 hours the
"excreta voided are collected quantitatively. This in itself is difficult
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when one considers that for sone feeds the dry excreta originating from
the feed may be only '5 or 6 g froman intake of 30 g, together with 3 to
4 g of endogenous excreta. A weight-paired, unfed cockerel, was used
in the original method to provide a neasure of endogenous excreta energy
voi ded during the 24 hour collection period. The calculation is as
foll ows:

TME (kcal/g) = (GE of feed x intake) - (GE of excreta of fed bird'

- GE of excreta of starved bird)
Wi ght of feed fed

It is self-evident that the force-feeding procedure allows a precise
but limted feed input of about 30-40 g. Because total excreta output is
conparatively small, say 25 kcal from a cerealgrain, it is absolutely
.essential therefore to make a correction for endogenous excreta, which
may amount to 40% of excreta energy, if meaningful values are to result.
The only neani ngful energy system under these rather special circunstances
i's TME.

To illustrate the point, shown in Fig. 1 is the relationship between
t he apparent metabolizable energy obtained at various |evels of intake for
the same ingredient. The smaller the ampunt of ingredient offered the
lower will be the ME value. Correction for endogenous excreta at any
intake will allow calculation 'of the TME of the ingredient. Below about
50 g of feed there is a rapid decline in the ME value for the same
i ngredi ent, but above this anpunt there appears to be no good reason for
such a correction since TME is greater than ME by essentially a constant
amunt . It is clear fromthe example given that TME is extrenely
sensitive to the value used for endogenous excret a. If the value does
not apply specifically to the fed bird under the experinental conditions,
then a precise TME of that feed ingredient can not be obtained.

FI GURE 1 Rel ati onshi p between apparent metabolizable energy val ue (y)
and food intake (x)

Y
(Kcal/g) a:true metabolizable energy value

a:3

50 100 X(@)

From Guillaume and Summers (1970)
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Al though in principle the conventional nethod of deternining
nmet abol i zabl e energy of feeds with growi ng chickens fed the test diet
-has nmany di sadvant ages, because of cost, large sanple size, high labour
input etc. (Sibbald 1975a) the only real advantage of TME, as devel oped
by sibbald (1976) is that fats and oils can be force-fed in relatively
| arge amounts (Sibbald 1978; Halloran and Sibbald 1979; Sibbald and

Kramer 1978, 1980b). In contrast, only relatively small amunts (10-15%)
can be added to a basal diet using conventional methods of determnation
consequently ME is likely to be variable (Quirguis 1976). It would seem

that TME has got considerabl e advantage over other methods when fats and
oils are being investigated. Not only is it possible to introduce exact
amounts of lipid into the crop but it is possible to exam ne effects of

conbi nations of different fats and oils on TME (Sibbald and Kramer 1978)
Even then there is doubt about the validity of correction for nmetabolic
lipid excretion since this "may be influenced by the nature and anount

of diet consumed" (sibbald and Kramer 1978).

A rather disturbing aspect of the TME method is that it has been
nmodi fi ed such that endogenous excreta are not now collected froma
cockerel weight-paired, at the same tine as the fed bird. Recently six
or seven control birds have been used to establish the endogenous excreta
| 0ss (sibbald and Price 1977, Sibbald and Kramer 1980) of the fed .
cockerel s. The real advantage of this TME system appears to be now
largely lost in that a constant value is being applied to endogenous
excreta which is not only known to be variable but may tend to be
characteristic of individual birds and perhaps of the diet.

As stated previously there is now evidence that for sone feedstuffs,
when force-fed to adult cockerels, a period of 24 h is not sufficient
to allow the digestive tract to be conpletely enptied (sibbald 1979;
Miztar and Slinger 1979). Cearly it is necessary to identify these
i ngredients.

There is sonme suggestion that TME val ues are less variable than ME
values for a range of feedstuffs (Sibbald 1976). The basis of this
comparison was bound to give nmisleading results, since the same cockerels
given only 30-45 g of feed were used to make both neasurenents of M and
TME sinultaneously. Sibbald (1975b) i n an experiment in which birds were
given different amunts of wheat, observed that as the intake declined
bel ow 45 g/ day there was a decline in the ME of the wheat due to the
contribution of endogenous excreta (see Fig. 1). Thus when a conparison
is nmade between TME and ME with cockerels. force-fed only 30 a/day, then
TME is bound to give values with less variation than ME.  Furthernore
many of the ME val ues obtained by Sibbald (1976) do not correspond with
published data. For exanple, the ME value for oats was 1.97 kcal/qg,
fish neal was 2.07 kcal/g and dextrose 2.59 kcal/g. In recent
publications for many ingredients the standard error of the TME nean
appears to be increasing. Reasons for this ‘increase are that
"regurgitation of feed by force-fed cockerels can occur at high |evels of
i nput (Sibbald 1975,. 1976; sSibbald and Kramer 1980b) and excreta of food
origin are not always voided during the next 24 hours (Sibbald 1979,
1980a; Muztar and Slinger 1979).

As mentioned previously a key question that has not been
satisfactorily answered is to what extent, if any, does diet influence
endogenous excreta output? An experiment was therefore designed in an
attenpt to answer this question
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ENDOGENOUS EXCRETA AND DI ET

Starved adult White Leghorn x Black. Australorp cockerels trained to
consune their daily allowance in one hour were given each of nine pelleted
ingredients in amunts that ranged from 20 to' 110 g. Excreta were
collected for the next 32 hours. The regression of excreta eneray (kcal,y)
in 32 hours on feed intake (g,x) was cal cul ated for each feedstuff.

Compari sons were nade of the equations using analysis of variance and
covari ance analysis to determine if the slopes and intercepts of the
equations were different

To determ ne endogenous excreta of starved cockerels, twelve birds
were starved for 32 hours and excreta were collected for the next 32
hour s

Regression equations, calculated for each of the 9 ingredients are
shown in Table 2.

TABLE 2 Regression of excreta energy (Y) on feed intake (X)
Equation (Y=) r n TME - (Mcal/kg)

Barley 28.2 + 0.53X 0.96 18 3.38
Groats ' 18.4 + 0.36X 0.86 22 3.91
Oats 19.4 + 0.75X 0.85 18 3.36
Sorghum 12.5 + 0.46X 0.88 17 3.44
Soybean 20.9 + 1.51X 0.95 - 18 2.68
Sunflower 10.9 + 2.30X 0.97 18 1.95
Triticale 15.6 + 0.69X 0.92 17 3.23
Wheat 9.9 + 0.60X 0.95 18 - 3.24
Wheat pollard 27.9 + 1.49X 0.86 20 2.75

The TME val ue was cal cul ated for each ingredient by subtracting
fromthe gross energy of the ingredient the appropriate regression
coefficient. When the lines were tested statistically they were

significantly different (P<0.01) in both slope and intercept. Thus the
ingredient influenced significantly endogenous excreta. The nean val ue
"for the 12 starved cockerels was 18.2 kcal. Although these results are
prelimnary and nore measurements are currently being nmade, it does
appear that the use of 'endogenous excreta of starved birds to provide the
corrector factor to obtain T™ME is under sone circunstances inappropriate.

RAPI D DETERM NATION OF ME

There is some discussion as to whether true netabolizabl e energy of
a feedstuff is the nost meaningful description of its usefulness in
poultry nutritibn. As stated, the energy requirenents of poultry are
expressed in terms of ME (ARC 1975; NRC 1977). Secondly, it is doubtful
whether a really valid argunent can be raised to justify correction for
endogenous excreta under normal circunstances. The requirenent for
energy is for netabolic processes, production and the replacement of
endogenous | osses. It may be useful to know the latter, but it is an
integral part of the bird' s energy requirenent. Although it is of
interest to know the true metabolizable energy of a feedstuff the present
nmet hod of determining TME nmay not provide the answer.
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The need for such a correction for endogenous excreta has been
elimnated in the rapid method devel oped by Farrell (1978) in which adult
cockerels are trained to consune their daily feed allowance within an
hour. Not only does this remove the trauma of force-feeding, .which may
i nfluence digestive processes, but intake is sufficientlv hi gh (80-110 g)
to renmove any necessity to correct for excreta of endogenous origin (see
Fig. 1). Although both this and Sibbald s method are rapid and |ow cost,
we have found that we can use adult cockersl each day on different diets
because'there is apparently no need for a period of adjustment. The |ow
cost and mininumtime required to obtain results are najor argunents in
favour of Sibbald's TME system  These arguments also apply to the
recent method devel oped by Farrell (1978). W have now extended our
col l ection of excreta fromthe trained cockerels to 32 hours for all
feedstuffs, since sonme feeds do not clear the digestive tract in 24 hours.
In order to standardize the procedure within normal working hours we are
using this elapsed time for all feedstuffs and feed ingredients.

The use of adult cockerels in the determination of metabolizable
energy has a nunber of advantages. The birds can be used repeatedly,
and we have been using the.same birds for alnost three years. Because
they are nmmintaining constant weight they are in nitrogen equilibrium
and this dubious correction to values nmeasured with grow ng chi ckens for
protein retention (Farrell 1979) is avoided. Values obtained are in
terms of ME and conpare favourably with those deternmined with grow ng
chi ckens and those predicted from chenical conposition. In Table 3 are
gi ven ME data on both cal cul ated, predicted and determnmi ned on formul ated
diets and collated by Dr. T.R \alker (personal conmunication).

TABLE 3 Apparent netabolizable energv (Mcal/kg) cal cul ated, predicted
and determned using the rapid method (UNE) and conventi onal
bi ol ogi cal nethod (Sydney University) for four diets

Diet Computer Predicted* Determined** Conventional+
vValue Value Rapid Method Method
Layer mash 2.55 2.45 2.59
Layer pellet 2.55 2.51 2.63
" Breeder K 2.51 - 2.51 2.48 2.48
Broiler starter K 3.10 3.11 3.12 3.20

*From chemical analysis (N.B. Love Industries Ltd.)
**University of New England - (Farrell 1978)
+University of Sydney - (total collection)

It is quite clear from Table 3 that for forrmulated diets the rapid
met hod of determination gives values that are in close agreenent wth
those predicted from chenical conposition, and those determi ned using
groups Of chickens '"and collecting excreta over several days in the
conventional manner.

More recently we have conpl eted a conpari son between the rapid
met hod using a 32 hour collection period, the conventional nethod (Dr.
D. Bal nave, University of Sydney) and ME cal cul ated from chemni cal anal vsis
(Dr. Dai Suter, N B. Love Industries Ltd.). There were seven diets, of
these two were formulated diets used in production, one diet was a basal
di et consisting of 87% corn and 8% fish neal, two diets of the basal diet
(50% + meat meal (50% or sunflower neal (50% and the other two diets
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were all-sorghum or all-barley with mineral arid vitam n additions. Al
diets were pelleted. The prelimnarv results are given in Table 4

TABLE 4 Conpari son of the metabolizable energy (Mcal/kg) of feedstuffs
and diets using two biological and one predicted-nmethod

, Method
Diet Conventional¥* Rapid** Predicted

1 BFx 3100 '3.05 i 3.28 3.10
2 Layer pellets 2.60 2.63 2.56
3 Basal (87%Corn/8%sfish M) 3.23 3.22
4 Basal (50%)/Meat M(50%) 2.60 2.94 2.93
5 Basal (50%)/Sunflower :

M(50%) 2.11 ' 2.30 2.39
6 Barley (95%) 2.82 2.73 2.72
7 Sorghum (95%) 2.89 - 2.92 2.72
*4 groups of 6 birds/treatment **5 cockerels/treatment

It is interesting that the major discrepancy between the two
bi ol ogi cal nethods existed for diets 4 and 5 which contained unusually
 arge anpunts (50% of nmeat meal and sunflower neal. Intake on all diets
was at |east 80 g which is well above the mnimumfor adult cockerels
necessary to obtain valid measurenent of ME (Fig. 1)

Sibbald (1977a) pointed out that "if the test diet isS unpalatable
then feed intake will be less than that of the basal diet. This
difference in feed intake-can have a profound effect on the observed
A ME [apparent netabolisable energy]". 'It is interesting that for these
two diets (4 and 5) ME val ues obtained by the rapid nethod agree closely
with those predicted from chemical conposition.

CONCLUDI NG REMARKS

There is sonme doubt'about the correction used for endogenous excreta
to obtain TME. It has been shown that some feedstuffs give anpunts of
endogenous excreta that are different from others; these are also different
fromthe mean value obtained for starved birds.

Because fats and oils can be included in diets in only relatively
smal | amounts, there appears to be a real advantage in the use of TME to
eval uate these feedstuffs which can be force fed both singly and in
various conbinations.

One of the difficulties with the TME procedure as used by Sibbald
is that there is no easy nmethod of checking the val ues obt ained. For
the rapid nmethod this is easily and frequently done. Mreover because
cockerel s are hungry' at the commencenent of their one-hour feed
acceptability has never been a problem If an intake of over 70 g is not
achi eved neasurement is discarded.

Per haps the npst objective way of assessing both nethods di scussed
here is to cite the recent work of Cham et al. (1980) who conpared TME
and ME.  Their conclusion was that "Sibbald's nethod (TME) i s fast, but
not accurate for all feed ingredients. It is questionable to regard the
TME et hod as scientifically nore accurate than conventional ME net hods.
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The nmethod of sibbald (1976) is no faster than the ME nethod of Farrell
(1978). It may be nore desirable to dilute .a basal diet with the test
ingredient and determine ME according to the procedure of Farrell (1978)
because excreta collection over 24,. 48 and 72 hour post-feeding gave the
same ME val ues*'.
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