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There are four basic procedures for measuring the metabolizable energy (ME)
values of feeds and Ingredients. Each procedure has advantages and dlsadvan-
tages. No single procedure is entirely satlsfaciory. The purpose of this
report Is o identify the iimitations of these proceduies and to describe a
new Dloassay which Is simple, fast and Inexpensive.

Direct Biciogical Assay

This is the procedure In winich a dlei of kiown gross energy content lIs fed to
birds. The re>u|+lng excreta 1s collected and aiso assayed for gross energy.
Examples of “his procedure are the assays of Hill et al., (1960) and Sibbald
and Slinaer (1963a). There are numerous varlations of the direct blological
assay. Variables include: +ota! collection of excreta versus the use of en
Indicator stuich as chromlum sesquioxlde; adding the test material at the axpense
of glucose in a purified diet, replacing a portion of a semi-practical diet or
feeding The tTest matertal alone; the use of the correction fartor for ratained
nitrogen, eiinher 8.22 or 8.73 kcal./g. of nltrogen; the spscies, strain, sex,
age and physlologlcel staie of the birds; the environmeri and management prac-
tices; The mothods of sample preparation and analyslis.

Differences In assay technique need nct result In dlifferences in ME values
(Sibbald, 1975a); however, many small differences attributable to variations

in technique have been ldentifled and are a cause for concern (Vohra, 1972;
Miller, 1974; Fisher, 1975). Much has been wrlitten about the variation assc-
ciated with the direct bicological assay but few have attenpied fo place tThe ME
differences In persepctlive. Generally, the ME differences due to varlation In
technique amount fto less than 4% whlle dlfferences between the ME values of
different lots of the same Ingredient may be substantlially larger (Hill ef al..
1960; Sibbald and Slinger, 1962; Matterson et al., 1965). The feed manufacture:
who uses book values for feed formulation Is exposed to so many potential errors
due to variation In Ingredients, trat small errors Inherant In tha meiiod usad
to derlve “he book values are of |Imited significance. An awareness that such
errors exist !s important but I+ should not be allowed to undairmine a useful
metfiod for des'rzb*n avallable energy.

The feed manufactursr neecs o know vhe ME veluss of his ingredients i¥ he Is

o tormulate the most economical diets. While the direct blolcginal assay
vields useful book values it !s too slow and tco expersive to be used for quall-

"ty contrc! purposss. These aie the importani limitetions of the assay.
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inatirect Bicloyical Assay

Tols usuaily takes the form of a growth assay in which a dlet deficient In
energy is fed. A standard curve is obtained by supplementing the dlet with
3 material of known ME content such as glucecse or corn oil. Unknowneg are
assayed by adding graded levels to the energy deficient diet and comparing
growth rates wi+ih the standard curve. Examples of this procedure are the
assays of Yoshide and Morimoto (1970) and Sanibb (1571).

The assay is of iifTtle interest to feed nanufacturers because it yieics uata
of high variability, is almosT as siow as the direct blological assay aad is
expensive because it necessitates a high labour Input. The single advanaQG
of the assay is that it requires no complex faboratory equipment.

Indirect Physical Assay

Most of the attempts to find a close relatlonship beiween the dc vsalues of
feedingstuffs and their physical chaiacteristics have met with fallure. How-
ever, Lockhart et al., (1961) observed that the ME values of oats increased
with bushel welghf A closer relationshlp was found between the MZ value and
the percentage of oat groats in the sampie. Sibbald and Slinger (1963b) con-
firmed the raltionship between tha ME value of cats and bushel weight but
found that similar relationships did not hold for barley and wheat. Sibbald
and Price (1976) found correlatiorns between ME and bulk weight fo be 0.746 for 3
28. samples of cats, 0.338 for 34 samples of wheat, and 0.583 for 40 samples of
barley. Whiie indirect physical assays are rapid and inexpensive they are of
IHttle value to the feed formulator who requires accurate ME values.

fndirect Chemical Assay

As early as (940 Fraps showed that It is possible to predlcT ME values from
values for diges+lble protein, ether exiract and nitrogen free extract. Titus -
(1955) +ook the work one step further with the derivation of a series of 'per- |
centage multipliers!. More recently Carpenter and Clegg (1956), Bolton (1962)
and Sibbald et al., (1963) have developed prediction equations based on proteir,
ether extract, and avallable carbohydrate. The most comprehensive set of pre-
diction equations Is that published by Janssen and Terpstra (1972).

The indirect chemical assay is being used by some feed menufacturers to estimate
the ME values of thelr Ingredients and for testing the quality of their finished
products. The assay can be completed in 24 hr, and is relatively inexpensive;
however, it does have !imitations. The prediction equaiions are derived by
relating chemical deta to ME values obtained by the diract piologice! assay;
consequently, accuracy and preclslon cannot be betier than the direct method

and wil!l probably he worse because of the variabillity assocciated with the chem~
icai measurements. The ME values of some ‘ingredients, particulariy those high
In crude fibre, are pocrly predlcted by current equaticns, ns assay s dis-
~yssed In detal! in & recent review artizls (Sibbald, 1975b).

e
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Bicassay for True Metabolizable Energy

The assays described previously yield apparent ME (AME) values. An AME value

Is deflned as the gross energy value minus the energy voided as feces and urine.
The true ME (TME) value Is similar but It Involves corrections for metabolic
fecal and endogenous urinary energy losses.,

During an investigation of the effects of feed Intake on AME values (Sibbald,
1975¢c) a procedure for measuring TME was found., The procedure has been reflned
to the form of a simple bloassay (Sibbald, 1976a) which is currently being
tested under various experimental conditions.

The assay may be summarized as follows:

. Adult SCWL roosters housed in individual wire cages, with free access
to water, are starved for 21 hr. to empty their digestive tracts.

2. A bird is selected, weighed and force fed an accurately weighed amount
of tThe feedlngstuff under test (20-25 g.).

3. The blrd Is returned to Its cage, a clean plastic tray Is placed under
the cage and the time s recorded.

4. A bird of similar body weight is selected and returned to its cage with-
out feeding, a plastic tray is placed under its cage and the time Is recorded.

5. Steps 2, 3 and 4 are repeated to provide the desired number of repli-
cations.

6. The plastic trays are removed 24 hr. after placement, the excreta is
collected quantitatively, frozen, freeze-dried, allowed to come to equilibrium
with atmospheric moisture and weighed.

7. Samples of the feedingstuff and excreta, ground to pass through a 20-
mesh sieve, are assayed for gross energy.

(GEfo) - (Yef - Yec)

X

TME (kecal./g.) =

where: GEf is the gross energy of the feedingstuff (kcal./g.)

Yef Is the energy excreted by the fed bird (kcal.)

e Is the energy excreted by the unfed bird (kcal.)

X Is the welight of feedingstuff fed (g.)

Force feeding is accomplished by Insertion of a long stemmed funnel from the
beak to the crop. The feed [s placed In the funnel and forced into the crop
with a rod. The optimal dose Is about 1% of body welight; large inputs lead
to regurgitation while small inputs magnify errors.

The assay is relatively raplid and inexpensive. The birds can be used for nu-
merous assays, the labour input is small, and the analytical work Is minimal,
If necessary the assay can be completed In as little as 60 hr,; consequently,
It may be suitable for quallity contfro! work.
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The assay requires further ftesting before it can be widely recommended but it
appears to have advantages beyond speed and cost. The values are independent
of feed iIntake. The small number of operations reduces the chance of errors.
The correction for metabolic and endogenous energy losses may eliminate some o
the variation associated with AME values. In one experiment involving 12 sampy
of grain it was found that ME values predicted by the Indirect chemica! assay
were more closely related fo TME values than to AME values (Sibbald, 1976b).

e

. -~
Conclusions

The direct biological assay for AME is too time consuming and expensive to be
used for quality confrol work. The indirect blologlcal assay is Imprecise and |
Is also ftime consuming. The Indirect physical assay applies only to oats and
lacks sensitivity. The Indirect chemical assay Is used for quality control
purposes but 1t can never be better than a biological assay in terms of accurac
and precision. The bloassay for TME is relatively fast and Inexpensive and may
be adopted for quality confrol purposes when it Is thoroughly tested.
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