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INTRODUCTION

ln order to obtain the most efficient utilization of nutrients by

poultry for the production of meat or eggs, a diet must contain proper

amounts of the appropriate nutrients. About 85% of the economic value

of a commercially formulated diet is attributable to its energy and

protein constituents. Feed efficiency depends directly upon the

metabolizable energy content of the diet. Therefore, accurate

measurements of the metabolizable energy of feed ingredients are of the

utmost importance in formulating an economical diet. The resulting

economic value of a least cost diet is greatly dependent upon the

accuracy of the energy values assigned to the individual feed

ingredients.

The determination of the energy values of feed ingredients for

poultry is of great concern, especially since production efficiency is

associated with profit margins. Therefore, accurate, precise, and

reproducible energy values for feed ingredients are more important

today than ever before. The metabolizable energy system and true

metabolizable energy system have been utilized for a number of years in

determining the metabolizable energy (ME) or true metabolizable energy

(TME) of feed ingredients for poultry. ~

An important aspect in the determination of the metabolizable

energy of a feed ingredient by any method is the accuracy of the

procedure employed in the drying of excreta samples. The drying

method may affect the accuracy of the energy determination of a feed
I
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ingredient if losses of nitrogen and energy are encountered during this

process.

Several procedures have been proposed for the determination of'

the metabolizable energy component of feed ingredients for poultry. A

voluntary intake method has been introduced for the determination of
’

l
the apparent metabolizable energy value of feed ingredients,. This

method has not been evaluated to determine if apparent metabolizable

energy values generated by the voluntary feed intake method are

comparable to those obtained by the total excreta collection method.

Such comparisons may be of interest in identifying which of the two

described procedures is more suitable in determining the metabolizable

energy of feed ingredients.

ln the rendering industry, tallow, grease, and other fat products

and by-products are blended to form acceptable feed-grade fats for use

in poultry diets. Supplemental fat has been recognized as a means for

improving feed utilization due to its concentration of metabolizable

energy. Reliable metabolizable energy values of feed-grade fats are

essential in the formulation of welI—balanced diets. A total excreta

collection method will be developed to evaluate the digestibility and

metabolizable energy of two fat products when added to the diet at

levels from 0 to 100%.



REVIEW OF LITERATURE

ü $2 9·*i¤di¤9
Oetermining the dry matter content of a substance may appear to

be a simple procedure, but Iosses incurred during the process of

' drying may not be due to moisture alone. The dry matter content of a

substance is usually determined by heating samples in an oven, and the

loss in weight is assumed to be water and the remaining residue to be

dry matter.

Several factors may affect the precision of the dry matter

determination. Oxley and Pixton (l960) indicated that the accuracy of

the dry matter determination may be affected by the drying

temperature, relative humidity of the drying chamber, air movement in

the drying chamber, depth and particle size of the samples, the number

and position of the samples and even the construction of the drying

oven. Nelson and Hulett (1920) indicated that water may be retained

by certain biological systems at temperatures up to 365 C, the critical

temperature of water, which makes it impossible to obtain a condition of

absolute dry matter.

Hlynka and Robinson (|954) listed general sources of errors in

the determination of dry matter in grains. In addition to sampling

errors, dry matter may change during the subsequent storage of

samples. lf the sample must be ground before determining its dry

matter, loss or gain of moisture from the air may occur. For grain,

Hlynka and Robinson (1954) suggested that a two-stage drying method

3
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should be considered. First, a sample should be allowed to equilibrate

with atmospheric moisture and any dry matter loss or gain determined.

Secondly, the sample should be ground and subjected to a procedure

for determination of its absolute dry matter content. They

recommended that the sample should be rapidly transferred from the

oven to a good desiccator and weighed shortly after attaining room

temperature.

Initial sample preparation has been discussed by Hunt and

Neustadt (1966). They recommended the grinding of grain samples

through a 20-mesh screen in a Wiley mill prior to a dry matter

determination, where a minimum amount of pressure should be applied in

feeding the sample through the mill, and the sample weight should be

limited to five grams. The Wiley mill was recommended because the

sample was subjected to a minimum of heat generated during grinding,

and was protected from contact with the atmosphere. They also

recommended using 55-mm diameter and 15-mm high aluminum dishes

with slightly tapered sides and tightly fitting slip-in covers for the dry

matter determination.

In determining the dry matter content of feed, volatile compounds

other than water may be partially lost during oven-drying (McDonald

and Dewar, 1960). Such losses are usually included with water-loss.

Heating of samples may result in the chemical decomposition of organic

compounds that may form water and result in a decreased sample weight

(Hart and Neustadt, 1957). Hlynka and Robinson (1954) measured the

amount of carbon dioxide that evolved during drying and indicated that
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some weight losses at temperatures above 80 C resulted from sample

decomposition. Oxidation of certain components, such as unsaturated

fats, due to heating may result in an increased sample-weight (Hart and

Neustadt, 1957). Loss of dry matter as a result of oven-drying may

also depend on the type of sample, length of drying time, drying

temperature, and rate of airflow through the oven (Wilson Q Q., 1964).

Due to volatilization of compounds, dry matter as well as other

components of a sample may be underestimated when oven-dried (Clark

and Mott, 1960; Schmid Q Q., 1970). From underestimating the loss of

certain components, the proportions between the different components

are changed and this may lead to erroneous digestibility values when

expressed as a percentage of dry matter (Clark and Mott, 1960; Schmid

Q Q., 1970; Van Soest, 1964). An ideal procedure for the

determination of sample dry matter should result from the quantitative

and rapid volatilization of only water.

One alternative to oven—drying is the Karl Fischer method
u

(Fischer, 1935). This method has been the method of choice for

determining the moisture content of foods such as dried fruits and

vegetables, candies, chocolate, coffee, oils, and fats (Schroeder and

Nair, 1948). In particular, the Karl Fischer method has proven to be

most applicable to foods which yield erratic moisture levels when

subjected to heating or vaccuum-oven drying (Frediani Q Q., 1952).

Frosnot and Haman (1945) indicated that the Karl Fischer method should

be the method of choice in determining the water content of cereals and

cereal products. The application of the Karl Fischer method in



6

determining the moisture content of feed ingredients for poultry has not

been extensively investigated.

A study evaluating dry matter Iosses from fecal samples of cattle

and sheep when oven-dried at 70 and 100 C, microwave-dried or freeze-

dried was conducted by Aerts gt Q. (1974). Based on moisture

determinations by the toluene distillation method, the Iosses in dry

matter content of excreta were 1.22, 1.06, 1.21 and .64% less than

those results from oven-drying at 70 and 100 C, microwave-drying, and

freeze-drying, respectively, in their study. They concluded that the

Iosses of dry matter between methods were small and the resultant

nitrogen or energy Iosses would be negligible.

In studies with cattle feces, a highly significant loss of energy

(13.8%; range 4 to 21%) and lesser amounts of nitrogen (11.9%; range -2

to 34%) due to oven-drying at 65 C was reported by Colovos gt Q.

(1957). Bratzler and Swift (1959) reported small Iosses of nitrogen
l

(5.15%) and no loss of gross energy when feces were oven-dried at 65

C. Fenner and Archibald (1959) observed no energy losses in cattle

feces when oven-dried at 80 C or freeze-dried.

Manoukas Q Q. (1964) measured the energy content of fresh

poultry excreta and of excreta dried for 24 hours at 65 C, and

concluded that significant Iosses of energy (12.0%; range 1 to 20%) and

nitrogen (5.45%; range -7 to 15%) were associated with oven—drying.

Shannon and Brown (1969) reported that energy Iosses were lowest

when excreta were freeze—dried (1.3%), and increased sequentially from

2.8 to 5.5% when oven-drying temperatures decreased from 120 to 60 C. °
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Nitrogen Iosses tended to be lowest when samples were either freeze-

dried (4.8%) or oven-dried at 60 C (4.6%), and increased with

increasing temperature, where a 10.6% maximal loss of nitrogen occurred

when feces were dried at 120 C. More recently, Wallis and Balnave

(1983) indicated that freeze-drying significantly reduced the energy

(3-4%) and nitrogen (4-8%) content of excreta in comparison to oven-

drying at 60 C. ln the calculation of the true metabolizable energy

values of feedstuffs, Sibbald (1979c) and Dale Q Q. (1985) indicated

that no differences in energy Iosses were attributed to the freeze-

drying or oven—drying of excreta. Despite this information, the loss of

dry matter and other components of poultry feed or excreta during

drying have not been. adequately investigated.

Calculated Energy yjjxgs

From determining the composition of a feed ingredient and

digestibility

of its nutrients, Axelsson (1939) calculated the amount of metabolizable

energy (ME) per kilogram of feed for poultry. He was one of the early

researchers to recognize that ME in the feed might be used as a basis

for the evaluation of feeds and that the nutritional need of chickens

could be expressed in this manner. This idea was subsequently

investigated and further supported by Halnan (1951).

The first attempt at an orderly and reliable determination of the

energy content of feeds was that of Fraps (1946). Fraps (1944)

determined the amounts of digestible protein, fat, fiber and nitrogen-

free extract in many feedstuffs and later used these values in
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calculating their productive energy values (Fraps, 1946). His

procedure provided an estimate of the net energy in the diet based on

energy gain computed from carcass composition and the maintenance

energy requirement of growing chicks. Even though Fraps Q Q.

(1940) calculated the ME values of some feed ingredients used in

poultry diets, his productive energy values were extensively used in

formulating commercial poultry diets during the following decade.

MetabolizableEnergyA

reliable method for the direct determination of ME values of

feed ingredients for poultry was developed by Anderson (1955). In

determining the ME of a feed ingredient, it was assumed that energy

voided was related to energy input. Hill and Anderson (1958) reported

more reproducible measurements for ME corrected to nitrogen

equilibrium than for the productive energy of a feed ingredient,

Subsequently, other researchers used this procedure to determine the

ME value of many feed ingredients for poultry (Hill and Renner, 1957;

Potter and Matterson, 1960; Sibbald and Slinger, 1962a). Vohra (1966,

1972) has reviewed and summarized the concepts for determining the ME

of poultry feed ingredients.

Typically, the ME assay has involved the feeding of a diet

containing chromic oxide to groups of chicks for a period from 14 to 28

days of age. During the last four days of the feeding period, excreta

collections were made. The relative concentration of chromic oxide in

feed and excreta was then used to quantitatively calculate the amount of

excreta derived from a unit of feed (Anderson, 1955). Although
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chromic oxide has been the most common indicator in the ME assay of

feed ingredients for poultry, other indicators such as crude fiber

(Almquist and Halloran, 1971), polyethylene (Roudybush Q Q., 1974)

and acid insoluble ash (Vogtmann Q Q., 1975) have been used.

A total collection method may also be used to determine the ME

values of feed ingredients (Han Q Q., 1976). ln this method, the diet

is fed to groups of birds for a three—day preliminary period and then

for a four—day test period. The amount of feed ingested and the

quantitative collection of excreta are measured daily. By assuming that

excreta energy voided corresponds to the energy of feed ingested

during the same period of time, the metabolizable energy of a feed

ingredient may be calculated by difference.

Whether by the indicator or total collection method, the ME of a

feed ingredient may be estimated in several ways. The test material, in

combination with a small quantity of a vitamin and mineral supplement,

may comprise the entire diet (Sibbald and Slinger, 1963a). The test

material may be substituted for a standard with a known ME content in

a reference diet, and the two diets are then assayed for ME. The

metabolizable energy value of the test ingredient is then calculated from

the difference between the ME values of the two diets. Hill Q Q.

(1960) used glucose as a standard, whereas Potter Q Q. (1960)

proposed the use of cellulose. ln another assay for ME, the test

material is substituted for a portion of a reference diet composed of

typical ingredients. The substituted and reference diets are assayed

for ME, and the ME of the test material is calculated by difference
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(Sibbald Q Q., 1960).

Anderson Q Q. (1958) proposed the use of chicks for determining

the ME of poultry feedstuffs. As early as 1927, Mitchell and Haines

suggested using adult birds at the maintenance level for energy

determinations of feed ingredients. Since the introduction of the TME

method by Sibbald (1976), mature Single Comb White Leghorn roosters

have been used extensively in TME assays. A flock of roosters are

easy to manage, and the flock appears to maintain a steady state in

terms of body weight and nitrogen balance.

The procedure for determining the ME of one diet or feed

ingredient is not only time consuming but also expensive. Several

problems have also been cited concerning the use of chromic oxide as

an indicator in determining the ME values of feedstuffs. In a study of

the variances associated with the laboratory measurements for ME,

Potter (1972) reported that the variation in ME as affected by the

measurement of chromic oxide in the diet or in the excreta was much

greater than that by the measurement of energy per gram of excreta. °

This information may suggest the possibility of obtaining more accurate

measurements of ME by a well-designed procedure involving the total

collection of excreta rather than by the use of chromic oxide. Also,

the ME of a diet is influenced more by the variation in energy of the

diet than by the variation in the energy of the excreta. As a result,

these data illustrate the importance of repeating the gross energy

measurements of the diet many fold as compared to that of the gross

energy of the excreta. ‘
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Farrell (1978, 1980) introduced a method for the rapid biological

determination of ME values of feed ingredients. In his assay, mature

Single Comb White Leghorn males were trained to voluntarily consume

their daily feed requirements in one hour. A basal diet and 50:50

mixture of the basal diet and test material were fed as pellets. Feed

intakes were measured and excreta voided during the subsequent

32-hour period were quantitatively collected. The feed and excreta

samples were assayed for energy and the resultant ME value of the test

material was calculated by difference.

An assay proposed by Farrell (1978, 1980) appears to be faster

and less expensive than conventional ME assays. The Farrell assay can

be started on very short notice and completed rapidly with smaller

amounts of assay material and with a reduced analytical load. However,

a serious disadvantage of this assay was recognized by Schang and

Hamilton (1982). They found that a majority of the birds could not eat

their feed requirements in one hour unless continually trained.

Ranaweera and Nano (1981) observed that birds consuming less than 30

grams of feed should be discarded. Parsons et gl. (1984) evaluated a

rapid voluntary feed intake bioassay for the determination of

metabolizable energy with Single Comb White Leghorn roosters that were

trained to maintain their normal daily feed consumption within a 6-hour

period. They indicated that this procedure can be used successfully in

determining the ME values of feedstuffs when voluntary feed intakes are

equal to or exceed that recommended for force-feeding (30 g). V
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Metabolizable Energy

Sibbald (1976) introduced a more rapid method for evaluating the

energy content of feed ingredients. His procedure involved force-

feeding a measured quantity of a feed ingredient to a previously fasted

Leghorn rooster and the collecting of excreta from this individual and

from a continually-fasted similiar rooster for the next 24—hour period.

The samples of feed and excreta were analyzed for energy content.

True metabolizable energy (TME) was calculated based on the

assumption that the excreta of the fed—bird contained metabolic fecal

and endogenous urinary energy equal to that collected in the excreta of

the fasted-bird. Therefore, the total energy in the excreta of the fed-

bird was corrected for metabolic and endogenous energy losses excreted

from a fasted—bird of equal weight. TME was then calculated as the

amount of energy retained per gram of dry matter consumed. The TME

assay is quite attractive, since it appears to be simple, rapid and

inexpensive. However, problems limiting its accuracy and precision

appear to exist.

For example, a collection period of 24 hours was observed to be

insufficient to consistently recover all excreta derived from a given

amount of force-fed material (Sibbald, 1979 a,b; Parsons Q Q., 1981).

Kessler and Thomas (1981) suggested the use of a 48-hour collection

period as a standard for all TME determinations. In the past,

digestibility experiments using the technique developed by Sibbald

(1976) involved short excreta collection periods with small feed intakes
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and yielded questionable and variable results (Farrell, 1982). Since the

birds were force—fed a daily allotment of only one-third of normal

intake, the error associated with the metabolic fecal and endogenous

urinary energy was magnified three—fold. Farrell (1982) suggested an

approach in which feed intake was increased to near normal levels, thus

the quantity of excreta would be increased and the portion of the

excreta attributable to metabolic fecal and endogenous urinary losses

would be lower (Farrell, 1982).

Farrell (1982) cited the difficulty in obtaining endogenous excreta

values from fasted-birds and questioned whether they could be validly

applied to fed-birds. Edmundson (1980) suggested the use of an

individual bird as its own estimator of metabolic fecal and endogenous

urinary energy. McNab and Fisher (1981) extended the preliminary

fast to 48 hours to insure that all of the dietary residues cleared the

digestive tract prior to the feeding of the test material. Despite minor

improvements, the problems in the bioassay of Sibbald (1976) have not

been resolved. These problems arise from the fact that differences

exist in the energy associated with the loss of nitrogen found in the

excreta of the fasted-birds and lesser amounts of loss or gain of

nitrogen in the excreta of fed-birds (Vohra Qt Q., 1982). Parsons Q

Q. (1982) found that the metabolic fecal and endogenous urinary energy

as measured with fasted-birds provided an overcorrection due to the

greater nitrogen loss of fasted-birds than fed-birds. The use of TME

values corrected to nitrogen equilibrium (Parsons Q. 1984) may be

more appropriate than those corrected by the method of Sibbald (1976). ‘
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Miski and Quazi (1981) found that the metabolic fecal and

g endogenous urinary energy losses may be influenced by the age of the

bird. Metabolic fecal and endogenous urinary energy Iosses per 100 g

body weight for a 24—hour period tended to decrease as broiler chicks

aged from 18 to 77 days. They concluded that energy losses may bey'

related to body composition and the energy requirements for

maintenance of basal metabolic rate.

Tenesaca and Sell (1981) reported the effect of indigestible

material on metabolic fecal and endogenous urinary losses in Single

Comb White Leghorn roosters. Force-feeding of silica gel significantly

increased the metabolic fecal and endogenous urinary losses. Dale and

Fuller (1982) force-fed Single Comb White Leghorn roosters a 50:50

mixture of cerelose and corn starch at levels of 0, 12.5 or 25.0 g and

found that the energy excretion of the birds decreased significantly as

the level of input increased. This indicated that the endogenous

energy excretion is inversely proportional to caloric intake in roosters

that are in a state of negative nitrogen balance. They concluded that

the use of fasted roosters for estimating the metabolic fecal and

endogenous urinary energy losses in the TME assay was not completely

accurate.

Finally, the TME assay does not provide reliable data.Muztarä.

(1981b) made a comparison of the TME of samples between two

Iaboratories and found that a substantial disagreement existed between

them. As a result of these now obvious errors in the TME

determination, the development of a better method for determining the ‘
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TME of feed ingredients for poultry is still desirable. Sibbald (1982)

and Farrell (1981) have comprehensively reviewed the ME and TME

assays and problems associated with them.

Nitrogen Correction

Typically, the calculation of the ME per gram of diet dry matter

' requires subtracting the energy in the excreta derived from one gram

of diet from the gross energy per gram of diet (Anderson, 1955). The

calculation of the ME of a diet, correctedlto nitrogen equilibrium,

includes additional losses in excreta energy by correcting for protein

tissue growth. This correction is necessary because not all of the

gross energy in protein from food or tissue can be utilized, and some

energy is lost as urinary nitrogenous waste. Hill and Anderson (1958)

suggested that ME computations be adjusted to a condition of zero

nitrogen retention. In making this correction, it is assumed that if

protein in the tissue is oxidized for energy purposes, it would yield

uric acid as the sole excretory product. This correction amounts to

8.22 kcal/g of retained nitrogen. Uric acid is not the only end product)

of protein metabolism, and therefore the combustible energy of all

urinary nitrogen products should be considered. Titus gt Q. (1959)

recommended the value of 8.73 kcal/g as the correction factor for

positive nitrogen balance. Today, workers conducting ME studies with

poultry apply one of these two nitrogen correction factors.

The values employed in the nitrogen correction of ME and TME

values have been questioned. Baldini (1961) indicated that protein

storage is characteristic of growth and egg production and, therefore,
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an exact estimate of nitrogen retention is difficult to identify. Also, in

his examination of the effect of a methionine deficiency on energy

utilization by the chick, Baldini (1961) observed that the correction of

ME data to nitrogen equilibrium did not change the relative ME values

of the diets tested. This suggested that the source of dietary protein

had little effect upon the nitrogen correction. Sibbald and Slinger

(1962b) verified these findings and suggested that a correction to

nitrogen equilibrium could only be justified if the protein quality was a

major factor. Shannon and Brown (1970) indicated that the energy

contribution due to the nitrogen balance was typically less than 5% and

negligible. The correction for nitrogen balance may also vary with age,

specie and the breed of the bird (Sibbald and Slinger, 1963b).

The concept of nitrogen correction has also been applied to TME

values
on,

a limited basis. Shires gt gl. (1980) reported the nitrogen

corrected TME (TMEn) values of corn, soybean meal and rapeseed

meal to be substantially lower than corresponding TME values. Their

work suggests that both chicks and roosters retained nitrogen in excess

of their losses when fed for a 24-hour period after being fasted for 21

hours. As a result, the nitrogen retention in the TME assay appeared

to be dependent on the protein content of the feed ingredient.

Muztar and Slinger (1981) examined the effect of nitrogen

correction on TME values of mixed and single ingredient diets using

Single Comb White Leghorn roosters. They found that only 46 to 48% of

the variation in the TMEn data could be explained by the differences

in the amount of nitrogen input and noted that TMEn values were °
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smaller than TME values due to a net nitrogen loss in the assay birds.

Muztar and Slinger (1981) also indicated that the nitrogen correction of

TME values may also be affected by the type and level of protein fed.

Parsons Q Q. (1984) indicated that the nitrogen correction, when

applied to corn, dehulled soybean meal, fish meal and a standard layer

ration significantly reduced the TME values of these feed ingredients.

Sibbald and Morse (1983) found that the nitrogen correction resulted in

only a moderate reduction of the TME values of dehulled soybean meal

and fish meal. Parsons Q Q. (1984) attributed the difference in TME

and TMEn values due to the fact that the nitrogen correction

accounted for approximately 60% of the average excreta energy of the

fasted roosters. This observation confirmed the fact that the energy

excretion of fasted—birds overestimates endogenous energy excreted by

fed-birds. Parsons Q Q. (1984) also indicated that TME and ME values

of feed ingredients should be corrected to nitrogen equilibrium.

Much controversy encompasses the merits of the nitrogen
U

correction in ME and TME assays. Currently, ME data corrected to

nitrogen equilibrium are the most widely used in the formulation of

poultry diets.

Metabolizable Energy

QTheprocedure developed by Anderson Q Q. (1958) has been

used to determine the metabolizable energy of fats. The metabolizable

energy of tallow has been reported as ranging from 6.29 to 7.26 kcal/g

(Anderson, 1955; Hill and Renner, 1957; Potter and Matterson, 1960).

Renner and Hill (1958) reported the metabolizable energy of lard to be
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8.76 kcal/g. The metabolizable energy value of a variety of different

types and grades of fats has been determined by various investigators

(Kalmbach and Potter, 1959; Potter and Matterson, 1960; Cullen Q Q.,

1962; Sibbald and Slinger, 1962a).

ln the case of fat, metabolizable energy has been shown to be

synonymous with digestibility as a measure of utilization (Hill and

Renner, 1959). They indicated that vegetable fats and lard were well-

utilized (93%), fish oils moderateIy—utilized (87%), and beef tallow

poorly-utilized (67%). The differences were based on findings

concerning the digestibility of specific fatty acids. It was found that

fats containing large amounts of stearic acid and palmitic acid, as in

beef tallow, exhibited a lower degree of utilization. Renner and Hill

(1958) indicated that the determination of the metabolizable energy

based on (the digestibility of fat was in good agreement with the direct

‘ determination of metaboliaable energy.
U

Renner and Hill (1960) studied the utilization of corn oil, lard

and tallow by chickens at various ages. They reported that the

metabolizable energy and absorbability were comparable for chicks fed

lard or tallow. However, they indicated that the age of the chick may

affect the utilization of tallow. They indicated that the absorbability of

tallow ranged from 70% for chicks at two weeks of age to 82% for chicks

at eight weeks of age. Fedde Q Q. (1960) studied the absorbability of

fats in the chick and reported that hog grease used at a level of 20%

had an apparent absorption coefficient of 85.4 and 93.0% in one and

seven-week—old chicks, respectively. In the same study, the ‘
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absorption coefficients for tallow increased from 53 to 80% in chicks one

and 12 weeks of age, respectively. Siedler Q Q. (1955) studied the

addition of 3 or 6% fat to broiler diets and indicated excellent utilization

of fats at the 3% level but a reduction at the 6% level.

Wilder Q Q. (1959) obtained metabolizable energy values for

certain fats that were greater than their gross energy values. Cullen

Q Q. (1962) indicated similar findings. Kalmbach and Potter (1959)

reported that corn oil and tallow exhibited higher metabolizable energy

values when fed at the expense of a portion of the basal diet as

compared to the expense of cerelose. They indicated that the

utilization of fats may vary according to the nature of the diet. Carew

and Hill (1958) suggested that the addition of corn oil to a diet may

increase the efficiency of the utilization of the metabolizable energy l

contained! in the diet. ln many·cases these relationships have been

attributed to the "extra caloric" effects contributed by the addition of

fat to a diet (Jensen Q Q., 1970). Potter and McCarthy (1985)

indicated that turkeys fed diets containing added fat consume more feed

energy than expected, and as a result of this greater consumption,

body weight gain and feed efficiency proportionately increased. They

concluded that the addition of fat to the diet does not provide an

"extra caloric" effect but rather stimulates feed consumption and

thereby increases both body weight gain and feed efficiency.

Fats can only be fed at relatively low levels in the diet. As a

result, small errors may be greatly magnified in the assay and, as a

consequence, large numbers of replicates may be needed (Sibbald and
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Slinger, 1963a). Since fats are commonly incorporated into the diet at

levels of less than 10%, it has been suggested that only small

differences in the metabolizable energy content of the diet would be

incurred if the metabolizable energy of the fat is over- or

underestimated (Sibbald and Slinger,1963a).The

true metabolizable energy values of fats have also been

determined (Sibbald and Kramer, 1977). Fats were mixed with a basal

diet at a level of 15%, and the true metabolizable energy values of the

fats were calculated by difference. lt was found that the true

metabolizable energy values of several fats were greater than their

gross energy values. Sibbald and Kramer (1977) attributed these

findings to an interaction between fats and other dietary components.

Sibbald (1978) reported that when soybean oil was added to tallow, the

TME values of the mixtures were greater than the sum of the means of

the component parts. When lard was combined with tallow, the TME

values were additive. From this information and previous information

by Sibbald gt Q. (1962), the additivity of the metabolizable energy of

fats has been questioned. V

A significant effect from the composition of the basal diet on the

subsequent determination of the TME value of beef tallow was

determined by Sibbald and Kramer (1978). When mixed with a corn—soy

diet, the TME value of beef tallow was greater than when mixed with

wheat·soy, wheat—soy-meat meal or wheat-soy-fish meal based diets.

The level of fat addition also affected the resultant TME value. As

level of tallow addition increased from 5 to 15%, TME values decreased ‘
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from 10.5 to 8.1 kcal/g when mixed with a corn-soy basal diet (Sibbald

and Kramer, 1978). Sibbald and Kramer (1980) reported that a dietary

fraction in corn enhanced tallow utilization but the concerned factor was

not identified.
l

Muztar Q Q. (1981a) indicated that the TME value of

ta||ow:Tower rapeseed soapstock mixture to be greater than the sum of

the two TME values of individual ingredients. No effect of level of fat

input on its resultant TME value occurred. Mateos and Sell (1980)

reported that as the level of yellow grease in the diet increased, the

TME value of this product decreased. Mateos gt Q. (1982) suggested

that the rate of passage of a diet through the alimentary tract of Single

Comb White Leghorn hens was slowed down as the level of supplemental

fat increased, They suggested that supplemental fat may enhance the

utilization of dietary energy by slowing down the rate of passage of a

diet, thus, increasing the time that a diet is exposed to digestive

enzymes in the alimentary tract.



EXPERIMENTAL OBJECTIVES

ln this study, a series of experiments was conducted to determine

sample loss and moisture uptake encountered during sample grinding

and to determine the dry matter, nitrogen and energy Iosses associated

with the freeze—drying and oven·drying of excreta. Dry matter,

nitrogen and energy Iosses from feed and previously dried excreta were

evaluated when samples were dried at various temperatures from 40 to

175 C. Feed and excreta samples oven-dried at temperatures from 40 to

140 C were subjected to an extraction technique to determine their

residual water content.

The total collection method of Han Q Q. (1976) and the voluntary

intake method of Parsons Q Q. (1984) were evaluated for their capacity

to provide an accurate and reliable ME value of corn. A comparison of

these two methods will identify which procedure is more suitable in

determining the metabolizable energy of a feed ingredient. A

The total excreta collection technique was modified to determine

the metabolizable ether extract and the metabolizable energy of two

feed-grade fats when fed to Large White male turkeys. Previous

experiments involved the evaluation of fats when added to diets at

levels of less than 20%. When a feed ingredient is incorporated into a

test diet at low levels, the variation in the resulting ME value of the

test ingredient is greatly magnified over that of the individual diets

(Potter, 1972). Methodology presented here should provide more

accurate values for the ME of fats.

22
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A series of experiments has been designed l) to determine if the

method employed in drying excreta has an effect on its compositional

components, 2) to evaluate the total collection method and the rapid

method in determining the ME value of corn, and 3) to determine the

metabolizable ether extract and energy of two feed-grade fats by force-

feeding large amounts of each as the primary or sole constituent of the

diet.



§_eQä l -- Nitrogen, energy and weight Iosses associated with drying
and grinding of poultry feed and excreta

From the oven-drying of poultry excreta, significant Iosses of

energy (12.0%) and nitrogen (5.5%) were reported by Manoukas Q Q.

(1964). Shannon and Brown (1969) reported no Iosses of energy but

considerable Iosses of nitrogen (10.6%). Wallis and Belnave (1983)
·

indicated that freeze—drying significantly reduced the energy (3 to 4%)

and nitrogen (4 to 8%) content of excreta in comparison to oven-drying

at 60 C. ln the determination of true metabolizable energy of feed

ingredients, no Iosses were attributable to the freeze—drying or oven-

drying of excreta (Sibbald, 1979c; Dale Q Q., 1985). Due to

conflicting results, further investigation is needed on this subject.

In determining the metabolizable energy or the dry matter, protein

or fat digestibility of a feed ingredient, the quantity of excreta derived

from a unit of feed must be accurately determined. Resulting

metabolizable energy values should be expressed on a dry matter basis.

ln the determination of dry matter, all moisture is assumed to be

removed, and all dry matter is assumed to remain. These assumptions

have been questioned but not investigated in recent years.

ln this study, a series of experiments was conducted to determine

sample loss and moisture uptake encountered during sample grinding

and to determine the dry matter, nitrogen and energy Iosses associated

with the freeze—drying and oven-drying of excreta.

24



EXPERIMENTAL PROCEDURE AND RESULTS

Experiment 1

ln the determination of the digestibility of dry matter in a diet by

the chromic oxide indicator method or by the total excreta collection

method, the dry matter content of the excreta must be accurately

determined. Usually the excreta is dried, ground and stored in an air-

tight container until analyzed to determine the metabolizable energy or

digestible nutrients of a diet.

The specific objective of this experiment was to ascertain the

change in weight of the dried excreta sample during grinding

attributable to dry matter loss in the form of dust- and to water uptake

from the atmosphere. ln addition, nitrogen and energy Iosses during

freeze-drying or oven-drying of fresh excreta at 60, 100, or 120 C
i

were determined.

Procedure. Excreta from eight 8-week-old individually caged Large

White male turkeys were quantitatively collected for a 24-hour period.

The excreta collections were pooled and thoroughly mixed, and fifteen

50-g subsamples were weighed to the nearest .01 gram, individually

wrapped in aluminum foil, placed in plastic bags and frozen. Twelve of

the 15 frozen excreta samples were randomly assigned, in triplicate, to

one of four treatments. Three samples remained frozen for subsequent

analyses. After thawing, the excreta samples were weighed and either

freeze-dried for 48 hours, or dried in a forced-air oven at 60, 100 or

120 C for 24 hours. Excreta samples were placed in a desiccator to

25
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cool before reweighing to determine apparent dry matter. Samples were

then ground in a Wiley mill to pass through a 40—mesh screen, weighed,

redried at their previous drying temperature for an additional
24‘

hours,

cooled in a desiccator, and reweighed. The 12 dried samples were held

in screw-cap jars for subsequent analyses. Weight loss in the form‘of

dust from grinding and weight gain from moisture uptake were

determined for each sample.

Dried and undried excreta samples were analyzed for nitrogen by

V the Kjeldahl method (AOAC, 1984) and for energy by combustion in a

Parr adiabatic oxygen bomb calorimeter. Maize oil was used as a primer

to ignite wet samples (1-g of each) in the energy determination

according to procedures by Shannon and Brown (1969). The dry

matter content of the stored excreta samples was determined by drying

duplicate 1-g subsamples each in a 5-cm aluminum dish at the original

temperature for 24 hours to correct for the uptake of atmospheric

moisture that occurs during sample preparation. Data were subjected to

analysis of variance and Duncan's multiple range test (Duncan, 1955) to

determine differences due to the drying treatment.

Results. The residual weight of the dry excreta, the loss in weight of

dry matter and the gain in weight by water uptake during grinding of
V

. the excreta samples previously freeze-dried or dried in a forced—air

oven at 60, 100 or 120 C are presented in Table 1. The residual

weight of excreta samples after drying decreased as the drying

temperature increased (Figure 1). Thus, an additional .67 and .58%,

which was assumed to be water, of the fresh excreta remained in
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samples freeze-dried and oven-dried at 60 C rather than at 100 C. The

additional loss of .45% of the fresh excreta weight from drying at 120 C

in comparison to that at 100 C was assumed to be due to loss of water

and other volatile compounds resulting totally from chemical

decomposition. Apparently, all water was removed at a temperature of

100 C but not at temperatures below 100 C and decomposition occurred

at temperatures above 100 C.

From the grinding of dry excreta samples in this experiment, dust

. particles were lost and moisture was absorbed producing a net loss of

.83 to 1.71% of the dry sample weight (Table 1). Moisture uptake

· during grinding amounted to 1.86 to 3.90% of the various dry excreta

samples or .40 to .84% of the fresh excreta samples. Thus, the dry

matter loss by way of dust particles was substantial amounting to 3.54

to 5.19% of the dry matter and equivalent to .74 to 1.13% of the original

fresh sample.

The energy and nitrogen contents of the excreta expressed on a

dry matter basis as obtained by redrying at their respective

temperatures appear in Table 2. When expressed on the fresh or

undried basis, the energy contents of freeze-dried or oven—dried

excreta did not significantly differ from the value for the fresh or

undried samples (Figure 2). Thus, the excreta did not lose energy by

these drying procedures.
‘

The nitrogen content of the excreta expressed on a dry matter

basis as obtained by redrying at their respective temperatures appear

in Table 2. When expressed on the fresh or undried basis, the



28

nitrogen contents of freeze-dried or oven-dried excreta did not

significantly differ from the value for the fresh or undried samples

(Figure 2). Results indicated that no significant loss of nitrogen

occurred during drying at these respective temperatures.

Experiment 2

In the drying, grinding and subsequent storage of excreta samples

prior to analysis, a certain amount of moisture is gained while exposed

to the atmosphere. As a result, an accurate dry matter determination

is required for the subsequent calculation of digestible dry matter of a

feed ingredient or diet. ln the calculation of the metabolizable energy

of a feed ingredient, an accurate measurement of the dry matter intake

is necessary. As stated before, in the determination of dry matter, the

complete removal of moisture and the complete retention of the dried

components are assumed. To verify this assumption, dry matter,

nitrogen and energy Iosses were investigated when stored feed and

excreta samples were dried in a forced—air oven.

The specific objective of this experiment was to quantify dry

matter, nitrogen and energy Iosses from feed and excreta during drying

at various temperatures from 40 to 175 C.

Procedure. A 150-g sample of feed was obtained from a typical corn-

soybean diet containing 16% crude protein. Excreta were quantitatively

collected for a 24-hr period from eight individually-caged Single Comb

White Leghorn roosters. The collections of excreta from the eight birds

were pooled, thoroughly mixed, dried at 40 C for 24 hours to reduce
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moisture content, allowed to equilibrate with atmospheric moisture for an

additional 24 hours, and weighed prior to grinding. Both feed and

excreta samples were ground to pass a 40-mesh screen and stored in

screw—cap jars for subsequent analyses.

For the energy determinations, duplicate 1-g samples of feed or

excreta were weighed into bomb calorimeter capsules and dried in a

convection oven for 24 hours at 20 C increments from 40 to 140 C

(within :2 C) and at 175 C (within :4 C). Samples were placed in a

desiccator to cool prior to final weighing. The energy of the samples

was then determined by combustion in a Parr adiabatic oxygen bomb

calorimeter.

For the nitrogen determinations, triplicate 1-g samples of feed or

excreta were weighed into dry matter pans, dried, reweighed, and

analyzed for nitrogen by the Kjeldahl method (AOAC, 1984). Initial

and final sample weights were used to determine the percent residual

dry matter content of the feed and excreta samples. The final dryi

weight was used in the calculation of the resulting energy and nitrogen

values. Similarly, undried samples of feed and excreta were subjected

to energy and nitrogen analyses. The energy and nitrogen values of

the dried samples were expressed per gram of original sample for

comparison to those values of _the undried sample. The dry matter,

energy and nitrogen values for feed and excreta dried at the various

temperatures were subjected to analysis of variance. Differences

between treatments were determined using Duncan's multiple range test

(Duncan, 1955).
‘
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Results. Based on five replicate 1-g samples dried at temperatures of

40, 60, 80, 100, 120, 140, or 175 C for 24 hours, a significant decrease

in the residual dry matter of feed and excreta samples occurred as

drying temperature increased (Table 3). For the feed and excreta

samples, the pooled standard error about the first six values averaged

(by least squares) .18 and .14% and about the last value, 1.42 and

2.22%, respectively. The residual weight decreased linearly with

increasing temperatures from 40 to 140 C, but decreased sharply with

an increase to 175 C as a result of greatly accelerated decomposition of

the samples (Figure 3).

Energy in the residual samples was concentrated in a linear manner

by increasing the temperature from 40 to 100 C for feed and to 120 C

for excreta due to the apparent loss of water (Table 4). Further

increases in the drying temperature produced no significant change or a

decrease in the energy content of the dried sample. The original or

undried feed contained 3.714 kcal/g. When expressed per unit of

original feed or excreta, samples of feed dried at 40, 60, 80, and 100 C

did not change in energy content; whereas, those dried at 120 C or

higher lost energy as a result of apparent chemical decomposition

(Figure 4). Similarly, the energy contents of excreta exposed to 40,

60, 80, 100, and 120 C temperatures were not significantly different

from the 3.327 kcal/g obtained by combustion of the undried excreta

samples. However, energy losses were substantial in excreta samples

exposed to the 140 and 175 C temperatures (Figure 4).

Nitrogen was concentrated in a linear manner in the residual
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samples of both feed and excreta when drying temperatures were

increased from 40 to 140 C (Table 5). A further increase in

temperature to 175 C resulted in extensive loss of nitrogen (6 to 7%).

The original or undried feed contained 2.74% nitrogen. When expressed

per unit of original feed or excreta, samples of feed dried at 140 C or

less contained amounts of nitrogen not significantly different from that

obtained by analysis of the undried samples (Table 5). Nitrogen in the

excreta samples dried at temperatures of 40 to 80 C were not .

significantly different from that found in the undried sample (Figure

5). Therefore, loss of nitrogen from the samples dried at 100 C or

more appeared to occur while no apparent losses occurred by drying

excreta at 80 C or less.

Results from this experiment indicate that the residual dry matter

decreasesl with increasing drying temperature. The incomplete removal

of moisture from feed and excreta that may occur at temperatures of

less than 100 C may yield an underestimated energy and nitrogen value

if these values are not expressed per gram of original sample. At

temperatures above 100 C, sample decomposition may result in the

underestimation of energy and nitrogen content in some instances.

Experiment §_

Information from the previous experiments indicated that the dry

matter content of excreta samples may be overestimated at temperatures

below 100 C and underestimated at higher temperatures. In obtaining

an appropriate temperature for the determination of dry matter, one
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assumes that all moisture is removed and all dry matter remains. The

specific objective of this experiment was to quantitatively determine the

amount of residual moisture in feed and excreta samples after drying at

temperatures of 40 to 140 C by employing a water extraction technique.

Procedure. Triplicate 2-g samples of feed or excreta from Experiment 2

were each placed in a 35-ml centrifuge tube equipped with a glass

stopper and dried in a convection oven at 40, 60, 80, 100, 120, and.140

C (withiln :2 C) for 24 hours. Immediately after drying, samples were

placed in a desiccator to cool and then weighed. Dried samples were

then extracted with N,N·dimethylformamide and titrated with Karl

Fischer reagent according to procedures by AOAC (1984) to

quantitatively determine their residual moisture content. The values for

the residual dry matter obtained by oven—drying and residual moisture

obtained by the Karl Fischer titrametric method were subjected to the

analysis of variance procedure (Snedecor and Cochran, 1967) and

differences in temperature means were determined by Duncan's multiple

range test (Duncan, 1955). The losses or gains of residual dry matter

of the oven-dried samples as compared to the residual dry matter of

undried samples were also calculated.

Results. By extracting the original sample by the Karl Fischer method,

the feed and excreta were found to contain 15.18 and 8.40% water,

respectively. The amounts of residual dry matter, extracted water,

and dry matter loss or gain from oven-dried feed and excreta samples

at various temperatures are presented in Table 6. The residual weight
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after oven·drying feed and excreta samples decreased with increasing

temperature (Figure 6). When oven-dried at 40, 60, or 80 C for 24

hours, feed samples retained 5.5, 3.0, and moisture and excreta

samples retained 5.3, 3.2, and .5% moisture, respectively (Figure 6).

These values were derived by extraction of the dried samples by the

Karl Fischer method.

However, when oven-dried at 100, 120, or 140 C, decomposition

losses amounted to .3, 1.5, and 2.3% of the feed and 1.4, 2.8, and

4.5% of the excreta, respectively (Figure 6). These values were .

derived by difference between extraction of the original samples of feed

or excreta by the Karl Fischer method and by oven-drying the same —

feed or excreta at 100, 120, or 140 C and subsequently extracting the

residue by the Karl Fischer method. From interpolation of these

results, a drying temperature of 90 C appears to be the most

satisfactory to remove water and yet not encounter decomposition.

Experiment 4

An accurate estimate for dry matter intake is required in the

calculation of digestibility and metabolizable energy. Results from

previous experiments indicated that at temperatures below 100 C,

residual dry matter may be underestimated, and at temperatures above ·

100 C, sample decomposition may occur. In many of the past research

publications, a specific drying procedure has not been indicated and no

attempt was made to calculate the metabolizable energy values of the

diets on a dry matter basis. When the dry matter correction was ‘
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addressed in a few instances, dry matter evaluations were performed

under a variety of temperatures from 50 to 110 C or by an alternative

method. The extent to which the dry matter evaluation affects the

resultant metabolizable energy values has not been given much

consideration.

The specific objective of this experiment was to verify the need

for an accurate determination of the dry matter content of a feed sample

for use in subsequent calculation of the apparent metabolizable energy

of a diet or feed ingredient.

Procedure. Data were obtained from a total excreta collection trial

where seven 8ingle Comb White Leghorn roosters were chosen at

random, individually caged and fed a 16% protein diet. After a three-

day preliminary adjustment period, the amounts of daily feed

consumption and quantitative excreta collection were determined for each

of three 24—hour periods for each bird. Excreta samples were dried at

40 C in a forced—air oven for 48 hours, allowed to equilibrate with the

atmosphere for an additional 24 hours, weighed, ground to pass a

40-mesh screen, and held in sealed jars for subsequent analysis.

A feed sample and excreta samples from each 24-hour period were-

analyzed for energy and nitrogen by combustion in a Parr adiabatic

oxygen bomb calorimeter and the Kjeldahl method (AOAC, 1984),

respectively. The residual dry matter content of feed was determined

by drying duplicate samples of approximately 1-g in a convection oven

for 24 hours at 60, 100 or 120 C. These residual dry matter

determinations were used to correct feed intake to a dry matter basis in
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the subsequent calculation of metabolizable energy. The apparent

metabolizable energy (AME) and apparent metabolizable energy corrected

to nitrogen equilibrium (AMEn) were determined for each bird

according to the following equations:

AME = FE —„ EE
FC

AMEn = FE - (EE + 8.22 N)

FC

where FE equals the gross energy of the total feed consumed, EE

equals the total energy in the excreta collected, FC equals the grams of

dry feed consumed and N equals the grams of nitrogen retained. The

amounts of feed intake, excreta output or retained nitrogen for each

bird were pooled from three 24—hour collection periods for use in the

calculation of metabolizable energy. The dry matter intake was

determined from drying feed at 60, 100, and 120 C and was used in the

resultant_calcu|ation of the metabolizable energy values. Dry matter,

dry matter intake, AME and AMEn values were subjected to analysis

of variance (Snedecor and Cochran, 1967), and differences between

treatment means were determined using Duncan's multiple range test

(Duncan,1955).

Results. The pooled data used in the calculation of the metabolizable

energy (AME and AMEn) of the basal diet appear in Table 7. The

calculation of AME and AMEn values of the diet were directly related

to the dry matter content of the feed determined at 60, 100, and 120 C.
l
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A decrease in the residual dry matter resulted in an increase in the
l

resulting metabolizable energy value (Figure 7). The metabolizable

energy values can also be derived from the ratio of the dry matter

values for feed determined at a drying temperature of 60, 100, and 120

C. The resultant dry matter intake and metabolizable energy values

may be calculated for samples dried at 60 C by deriving a constant

based on a ratio of the dry matter values obtained at 60 and 100 C.

For example, the dry matter ratio of 89.62/87.01 yields a value of

1.030. This constant was used in the calculations of dry matter intake

and of the metabolizable energy values on a dry matter basis for

samples dried at 60 C. Thus, the calculations using the constant value

were:

1.030 x 74.41 = 76.64 g intake ~

1.030 x 3.346_= 3.248 AME

1.030 x 3.303 = 3.204 AMEn
l

lndeed, the calculation of dry matter intake as well as resultant AME

and AMEn values were each a function of the dry matter in the feed.

A similar procedure can be used to derive a constant value for the ratio

of dry matter values obtained at 100 and 120 C.

When the dry matter content of feed is determined at an oven·

drying temperature of 60 C in comparison to 100 C, the metabolizable

energy of the diet was underestimated 3.0% (Figure 7). When dried at

_ 120 C, the metabolizable energy of the feed was overestimated 2.1% in .

comparison to 100 C (Figure 7). As a result, the subsequent
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calculation of AME and AMEn values depend upon an accurate

determination of the dry matter intake.



DISCUSSION

ln the determination of metabolizable energy or the digestibility of

a feed component, the excreta are quantitatively collected for 24 hours

or more, dried, ground and stored in a sealed container until analyzed.

Whether by an indicator method or by the total excreta collection

method, the quantity of excreta derived from a unit of feed must be

accurately determined. For comparison, the metabolizable energy or

digestibility measurements of feed ingredients should be expressed on a

dry matter basis. An ideal procedure for the determination of the dry

matter of a sample should result in the quantitative and rapid

volatilization of water only. Although it is usually presumed that the ·

resultant weight loss encountered during grinding may be insignificant,

information presented in Experiment 1 indicates that a 3.6 to 5.2% loss

of sample resulted during the passage of excreta samples through a

40—mesh screen. Futhermore, feed and excreta in the absolute dry

state were observed to be very hygroscopic. Excreta samples absorbed

1.9 to 3.9% moisture during grinding in Experiment 1 and 1.8% moisture

during grinding in Experiment 2. Results of this study support the
’

recommendation of Hlynka and Robinson (1954) who suggested the use

of a two-stage drying procedure for cereal grains. Excreta samples

should be dried, weighed, and then allowed to equilibrate with

atmospheric moisture before grinding and storing in an air-tight

container for subsequent dry matter and other analyses.

ln Experiment 1, no detectable loss of energy occurred from the

drying of excreta by freeze—drying or by oven-drying at 60, 100, or

38
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120 C. The energy content of feed and excreta remained constant when

dried at temperatures of 40, 60, 80, and 100 C for 24 hours in

Experiment 2. This interpretation is based on the energy values of the

samples when expressed per unit of feed or excreta in the undried

state. These results agree with those of other researchers who

reported no Iosses of energy when poultry excreta were freeze-dried

for 36 to 48 hours or oven—dried at 60, 100, or 120 C (Shannon and

Brown, 1969) or when cattle feces were oven—dried at 65 C (Bratzler

and Swift, 1959) and small Iosses_of less than 2% at 80 C (Fenner and

Archibald, 1959). Manoukas et al. (1964) reported Iosses of energy

averaging 12% from oven-drying excreta at 65 C. Losses from samples

of fresh excreta derived from different hens ranged from 1.2 to 20.2%.

Because of the unexplained wide range in reported energy Iosses, the

validity of their conclusion may be seriously questioned.

No losses of nitrogen were incurred from excreta samples by

freeze—drying or by oven-drying at 60, 100, or 120 C in Experiment 1.

In Experiment 2, no nitrogen loss was detected when excreta were dried

at a temperature of 120 C or less. The undried feed contained 2.74%

nitrogen by direct analysis. Samples of feed dried at temperatures of

40 to 140 C contained significantly larger amounts of nitrogen than that

in the undried sample. However, these amounts were not significantly

different from those obtained by direct analysis of the undried sample.

Drying feed at 175 C caused extensive loss of nitrogen (5.8%).

No Iosses of nitrogen occurred from drying excreta at 80 C or less

in Experiment 2. However, by drying excreta at 100, 120, 140, or 175
‘



40

C, significant nitrogen Iosses occurred and amounted to 2.3, 2.5, 3.4,

and 8.2%, respectively. The loss of excreta nitrogen at a temperature

of 100 C is of minor consequence in the determination of dry matter

digestibility or metabolizable energy, but is of major concern in

nitrogen balance studies. In drying of cattle excreta, Colovos Q Q.

(1957) reported a large amount of nitrogen loss (11.9%), whereas

Bratzler and Swift (1959) reported a smaller amount of nitrogen loss

(5.15%) at a drying temperature of 65 C. Shannon and Brown (1969)

reported nitrogen Iosses of 3.5, 5.1, 4.5, and 7.6% for one excreta

sample and 5.9, 4.2, 11.1, and 13.5% for a second excreta sample when

freeze-dried or oven-dried at 60, 100, and 120 C, respectively.

Manoukas el Q. (1964) also reported significant Iosses of nitrogen

averaging 5.45% when excreta samples were oven-dried at 65 C, but the

Iosses ranged from -7.1 to 15.2%. As with the energy determinations,

the validity of their nitrogen determinations may also be questioned due

to the large variation in nitrogen Iosses.

From the oven-drying offeed and excreta samples in Experiment

3, residual weight decreased with increasing drying temperature. At 80

C or less, both feed and excreta samples contained water as indicated

from the Karl Fischer analysis. At temperatures of 100 C or more, feed

and to a greater extent excreta samples underwent decomposition. A

temperature of 90 C appeared most desirable to remove all water and

yet not experience decomposition when drying feed and excreta samples.

At drying temperatures below 80 C or above 100 C, moisture

retention or sample decomposition, respectively, may result in the
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erroneous determination of dry matter or other compositional

components. An error in the dry matter content of a feed sample may

‘ have a direct effect on the subsequent calculation of the dry matter

intake. There was a 2.9% underestimation of the metabolizable energy

* value of a feed ingredient when the dry matter of feed was determined

at an oven-drying temperature of 60 C in comparison to 100 C and a

2.1% overestimation when the dry matter of feed was determined at 120

C. Other researchers have indicated that the digestibility of dietary

components may be underestimated when samples were dried at 60 C or

less and may be inaccurate when expressed as a percentage of dry

matter (Clark and Mott, 1960; Van Soest, 1964; Schmid Q Q., 1970).

ln previously conducted metabolizable energy experiments, the dry

matter content of feed has been determined with little consistency.

Samples have been freeze-dried (Sibbald, 1976), vacuum oven-dried

(Ba|dini, 1961), or convection oven-dried at temperatures of 55 (Storey

and Allen, 1982), 60 (Dale and Fuller, 1982), 65 (Parsons Q Q., 1981), U

70 (Hill Q Q., 1960), 80 (Farrell, 1978), 95 (Boldaji Q Q., 1981), 100

(Potter Q Q., 1960), 105 (Zelenka, 1968) and 110 C (Vogtmann Q Q.,

1975). Any notable differences in the metabolizable energy of a feed

ingredient are directly related to an error in the dry matter

determination due to moisture retention or sample decomposition. As a

result, a standardized procedure should be used in determining the dry

matter content of excreta and feed ingredients. Based on data obtained

in this study, the methods of choice for the drying of feed and excreta

samples would appear to be oven-drying at 90 C or the Karl Fischer
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method.



SUMMARY

Three experiments were conducted to determine nitrogen, energy

and residual weight loss associated with the drying and grinding of

poultry feed and excreta. Freeze—dried and 60 C oven-dried samples

incurred similar weight losses; however, weight losses increased linearly

when excreta samples were oven-dried at 100 and 120 C. After drying,

samples were weighed, stored in screw-cap containers, ground,

weighed, redried by previous method, reweighed, and immediately

returned to their containers. Substantial sample loss (3.5 to 5.2%) due

to grinding was observed. No nitrogen or energy loss from drying was

detected based on the analyses of fresh and dried excreta.

In the second experiment, excreta (150 g), initially oven-dried at

40 C and equilibrated with atmospheric moisture, and feed (150 g) were

ground and stored in screw-cap containers. One-gram subsamples were

oven-dried at 40, 60, 80, 100, 120, 140, and·175 C for 24 hours.

Residual weight decreased with increasing drying temperature. When

expressed per gram of original sample, the energy content of feed and

excreta samples remained unchanged by drying at 100 C or less but

decreased significantly at higher temperatures. The nitrogen

composition of feed and excreta samples exhibited a similar trend, with

a significant loss of excreta nitrogen (2%) being observed at 100 C

rather than 80 C.

As determined by extraction with N,N-dimethylformamide and

titration with Karl Fischer reagent in the third experiment, feed

samples retained 5.5, 3.0, and .6% water, and excreta samples retained

43
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5.9, 3.2, and .5% water from samples previously oven-dried for 24

hours at 40, 60, and 80 C, respectively. However, drying at 100, 120,

and 140 C, .3, 1.5, and 2.3% of the feed and 1.4, 2.8, and 4.5% of the

excreta were lost as a result of chemical decomposition. From the

results of this study, an oven-drying temperature of 90 C appears most

satisfactory to remove water and yet prevent decomposition of feed and

excreta samples.

Moisture retention or sample decomposition may result in the

erroneous determination of dry matter or other compositional

components. Such an over- or underestimation of the dry matter

content may be reflected in the subsequent calculation of the

metabolizable energy value of a feedstuff as indicated in Experiment 4.

ln determining the dry matter content of feed or excreta, an oven-

drying temperature of 90 C or use of the Karl Fischer method should

provide more accurate estimates of the metabolizable energy of feed

ingredients and provide a more standard procedure for comparison of

data from different laboratories.



45

Table 1. Residual weight derived from drying excreta samples and
changes in excreta weight as a result of grinding
(Experiment 1)]

Drying treatment
'“°"

Pooled
Freeze- standard

Measurement dried 60 C 100 C 120 C errorz

Sample weight Pägcent ofafresh excgeta samplez
After drying 21.69 21.60 21.02 20.47 .036

After grinding A 21.40 21.23 20.85 20.22 .071

After redrying 20.57 20.84 20.28 19.74 .075

Change in sample weight
From grinding (9) .29ab 1 .373 .17b .25ab .047

· (%) 1.34a 1.71b .83b 1.23b .221
From moisture gain (g) .84 .40 .57 .48 .024

(%) 3.90a 1.86b 2.75C 2.39c .114
From dry matter loss (9) 1.13 .76 .75 .74 .051

‘ (%) 5.19 3.54 3.56 3.59 .238

[Values derived from an average of three 50-gram samples of fresh
excreta.

2Calculated from error mean sguare (EMS) in analysis of variance where
pooled standard error equals EMS/3.

3Means bearing different superscripts within a row are significantly
different (P<.05).
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Table 2. Effect of drying temperatures on the nitrpgen and energy
content of excreta samples (Experiment 1)

Drying treatment Pooled
Freeze- standard

Measurement dried 60 C 100 C 120 C error?

Per gram of dry matter a bNitrogen (%) 4.230ä 4.240a 4.320b 4.490E .025
Gross energy (kcal/g) 3.734 3.794 3.832 3.923 ,161

Original dry matter
(%)3

21.69a 21.60a 21.02b 20.47C .032

Per gram of original sample a a aNitrogen (%) .917a .917a .909a .919ä .005
Gross energy (kcal/g) .810 .820 .807 .803 .035
]Values were derived from duplicate analysis of three 50-gram

samples of fresh excreta freeze—dried or oven-dried. Means bearing
different superscripts within a row are significantly different (P<.05).

2Calculated from error mean square (EMS) in analysis of variance
where pooled standard error equals EMS/3.

3As_obtained from Experiment 1.
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Table 3. Residual dry matter of stored feed
and excreta samples subjected to
various dryingltemperatures
(Experiment 2) B

Drying Residual dry matter (%)
temperature (C) Feed Excreta

40 89.79** 96.649
60 66.22}* 94.26b
00 86.37C 92.78C

100 85.329 91.129
120 84.226 89.10e _
140 82.85f 86.679

175 76.629 70.679

Pooled
‘

stand rd
Bmw? .24 .10

1weighted mean values derived by the equation
x]n] + xznz/5: where x] and X2 are the respective
mean values from feed and excreta samples
subjected to duplicate energy (n1=2) or triplicate
nitrogen (n2=3) analyses. Means bearing different
superscripts in a column are significantly
different (P<,05)_

Zweighted value derived by above equation.
Individual values were calculated from error mean
square (EMS) in analysis of variance where pooled
standard errors for feed and excreta samples
sub'ected to energy and nitrogen analysis equals
JEMS/2 and JEMS/3, respectively.
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Table 4. Energy content of feed and excreta
samples subjected to various drying
temperatures (Experiment 2)1»2

Energy content (kcal/g)
Drying Fee xcreta
temperature Dried As-is Dried As-is

(C) basis basis basis basis

40 4.l2a 3.72a 3.42a 3.32a
_ 60 4.24b 3.73a ‘3.54a 3.325

80 4.28C 3.72a 3.57b 3.32a
100 4.32C 3.7la 3.65C 3.33a
120 4.28bc 3.62b 3.74d 3.30b
140 4.3OC 3.56c 3.67C 3.l8C
175 4.29C 3.26d 3.54b 2.69d

Pooled
$t°"d°’d l3 l7 22 l2error3

°‘°'

(Average of two replicates where means bearing
different superscripts in a column are different
<P<.06)

2Undried sample of feed and excreta contained .
3.7l and 3.33 kcal/g energy, respectively.

3Calculated from error mean square (EMS) in
analysis of variance where pooled standard error
equals J EMS/2.
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Table 5. Nitrogen content of feed and excreta
samples subjected to various drying
temperatures (Experiment 2)]=2

Nitrogen content (%)
Drying Fee xcreta
temperature Dried As—is Dried As-is

(C) basis basis basis basis

40 3.l4a 2.8la 6.75a 6.50a
60 3.l7ab 2.8la 6.79a 6.42a
80 3.23bC 2.78ab 6.93b 6.43a

100 3.25Cd 2.76ab 6.93b 6.3lb
120 3.28Cd 2.75ab 7.09c 6.30b
140 3.3ld 2.74b 7.2ld 6.24b
176 3.67e 2.58d 8.84e 5.93C

Pooled
standard
error3 .02 .02 .03 .03

]Average of three replicates where means bearing
different superscripts in a column are different .
(P<.O5)

2Undried sample of feed and excreta contained
2.74 and 6.46% nitrogen, respectively.

3Calculated from error mean square (EMS) in
analysis of variance where pooled standard error
equals„JEMS73.
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Täb1e 6. Residua1 dry matter, extracted water, and the
dry matter 1oss or gain of oven-dried feed
and excreta samp1es (Experiment 3)

water
Drying Residua1 retained
temperature dry 1 Extractgd or samp1e 4(C) matter water2· decomposed

Feed
40 90.29a5 5.48a 5.47

I

60 87 81b 3 16b 2 99
80 85.44ä .51ä .62

100 84.50 .11d -.32
120 83.34$ .06d -1.48
140 82.54 .04 -2.28

Excreta
40 97.52ä 5.76g 5.29
60 94.75c 3.29C 3.15
80 92.10 .56 .50

100 90.212 .08ä -1.39
120 88.76f .08d · -2.84
140 87.11 .07 -4.49

1As determined by oven-drying for 24 hours at
respective temperature.

‘

2As determined by Kar1 Fischer method.

3Undried samp1e of feed and excreta contained 15.18
and 8.40% of water, respective1y, by the Kar1 Fischer
method.

4Found by subtracting 84.82 and 91.60% dry matter
in undried feed or excreta by Kar1 Fischer method from
the residua1 dry matter by oven-drying at the stated
temperature.

5Average of three rep1icates where means bearing
different superscripts in a co1umn are different (P«,05)
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Table 7. Values used in the calculation of metabolizable energy
values from the determination of residual dry matter
at 60, 100, and 120 C (Experiment 4)

Energy consumed and excreted}*

Average daily feed intake (g) 85.52
Gross energy of feed (kcal/g) 3.610
Total daily energy intake (kcal) 308.77

Average daily excreta output (g) 19.31
Gross energy of excreta (kcal/g) 3.098 ·

Total daily energy output (kcal) 59.82

Consumption of dried feed:2 9

FeedDryingDry Dry matter
treatment (C) matter (%) intake (g) AME AMED

60 89.62a 76.64 . 3.248a 3.204a
100 67.01** 74.41 3.346b 6.606**
120 85.22C 72.88 3.4l6° 3.37lc

Pooled V
$*‘*"‘*"°* .43 11.6 .090 .070
error3

. *Values represent an average of duplicate analyses of
three 24-hour collections from seven birds.

Zvalues represent an average of duplicate analyses.
. Means bearing similar superscripts within a column are not

significantly different (P>.05).

3Calcu1ated from error mean square (EMS) in alysis of
variance where pooled standard error equals „/EMS/2.
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Q —- A comparison of the total excreta collection method and the
rapid method for determination of metabolizable energy of
corn

Regardless of the method, the metabolizable energy value of a feed

ingredient must be accurately determined. Accurate, precise, and

reproducible measurements of the metabolizable energy of feed

ingredients are' of importance in formulating an economical diet. Several

procedures are available for the determination of the metabolizable

energy component of feed ingredients for poultry. Farrell (1978)

introduced the rapid method for determining the apparent metabolizable

energy values of feedstuffs. Several modifications to this method have

been introduced by Parsons Q Q. (1984).

In this study, the total excreta collection method was evaluated to

determine the variation associated with the measurement of metabolizable

energy of a diet during five consecutive days. Information obtained

from this study was applied in a subsequent experiment where the total

collection method of Han Q Q. (1976) was compared to the voluntary

intake method of Parsons Q Q. (1984) in determining the metabolizable

energy of corn.
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EXPERIMENTAL PROCEDURE AND RESULTS

Experiment ]_

In determining the metabolizable energy value of a feed ingredient,

whether by the total collection method or by the addition of an indicator

to the diet, the quantity of excreta derived from a unit of feed must be

accurately determined. Han Q Q. (1976) suggested the quantitative

_ measurement of feed intake and excreta output over a period of several

days.

The specific objective of this experiment was to evaluate the

metabolizable dry matter and metabolizable energy values of a diet using

an excreta collection period of five consecutive days.

Procedure. Seven Single Comb White Leghorn cockerels were caged

individually, fed a 16% crude protein diet Q:l_ (Table 8) and

exposed to 14 hr of light per day from 0600 to 2000 hr. The birds

were weighed and fed for a four-day adjustment period. At the end of

this period, collection trays lined with aluminum foil were placed under

each bird. For five consecutive 24-hour periods, feed intake and

excreta output were determined where it was assumed that all excreta

energy voided during a 24·hour period was derived from feed ingested

during the same period. At the end of each 24·hour period, excreta

were quantitatively collected, weighed, dried at 40 C in a forced-air

oven for 24 hours, reweighed, allowed to equilibrate with atmospheric

moisture for 24 hours and again weighed. After drying and

equilibrating with atmospheric moisture, the excreta from each bird for

60 .
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each '.24—hour period were ground in a Wiley mill using a 40—mesh

screen, weighed and stored in a screw—cap container for subsequent

analyses.

Feed and excreta samples were analyzed for gross energy by the

combustion of duplicate subsamples in a Parr adiabatic oxygen bomb

calorimeter. Subsamples of excreta were also also analyzed in duplicate

for nitrogen content by the Kjeldahl method (AOAC, 1984). The

residual dry matter content of feed and excreta was determined by

oven—drying duplicate 1-g samples in a convection oven at 100 C for 24

hours. The nitrogen-corrected metabolizable dry matter (MDMn) and

nitrogen-corrected apparent metabolizable energy (AMEn) of the diet

were determined for each 24—hour period for individual birds by the

following equations:

g dry matter _ g dry matter _1_(g nitrogen/
]

MDMÜ (.%,1 = consumed I excreted . retained .33}} X 100
‘ g dry matter consumed

kcal energy _ likcal energy +<8·22 X g nitrogen)

AMEn (kcal/9) : consumed excreted retained I
g dry matter consumed

ln the calculation of the MDMH, the excreta dry matter was corrected

for nitrogen retention assuming that nitrogen retained or lost would

yield products containing 33.3% nitrogen on a dry matter basis as

suggested by Parsons gt Q. (1984). For the calculation of AMEn, the

energy in the excreta was corrected to nitrogen equilibrium assuming

that the nitrogen retained would produce additional urinary energy
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amounting to 8.22 kcal energy per gram nitrogen in the excreta
I

(Anderson, 1955). The resultant MDMn and AMEn values were

statistically analyzed to determine individual bird and day variations.

Results. The average daily dry matter consumption by the seven birds

is presented in Table 9. The initial body weights of the seven roosters

were 2.89, 2.71, 2.96, 2.83, 3.08, 2.84, and 2.79 kg for birds

numbered one through seven, respectively. The amount of dry matter

consumed by individual birds was not related to body weight (Figure

8). Significant differences among roosters were observed for the

amount of MDMn and in the AMEn value of the diet (Table IO). The

data presented in Figure 9 indicate that some birds were better

metabolizers of dry matter and energy than other birds. ln addition,

an extended collection period of three or more days provided a more

reliable estimate of the MDMn and AMEn of a diet by reducing

associated variations. Birds exhibitingl a greater ability to metabolize

dry matter were also more efficient metabolizers of energy.

The amount of dry matter intake was not significantly related to an

increase or decrease in the MDMn (Figure 10) or AMEn value
(Figure 11). Results from a regression analysis of MDMn or AMEn

on the amount of dry matter consumed indicate that no significant

relationships occurred.

The collection day did not affect the resulting MDMn values

(Table IO). The values for the MDMn and AMEn of the diet were

not significantly different among the five consecutive days of collection
I

(Figure 12). Results indicate that differences in the MDMn or in the
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AMEn of the diet were related to differences among individual birds

and were not related to differences in daily variation.

Experiment 2

A rapid bioassay for the measurement of metabolizable energy of

feed ingredients for poultry was introduced by Farrell (1978). In the

assay, roosters were trained to voluntarily consume their daily feed

requirements within one hour. The basal diet alone and a 50:50

mixture of the basal diet and test material were fed as pellets. Feed

intakes were measured, and excreta voided during the subsequent

32—hour period were quantitatively collected. The feed and excreta

samples were assayed for energy, and the resultant metabolizable

energy value of the test material was calculated by difference. Parsons

Q Q. (1984) have applied some modifications to this assay procedure.

The comparison of values derived by the voluntary intake method of

Parscns Q Q. (l984) to other methods has been limited. ·

The objective of this experiment was to compare the voluntary feed

intake bioassay of Parsons Q Q. (1984) with the total collection method

of Han Q Q. (1976) in determining the metabolizable energy of corn.

Procedure. Eighteen individually-caged adult Single Comb White

Leghorn cockerels subjected to 14 hours of light from 0600 to 2000 hr

were weighed and assigned to one of two groups with nine birds per

group. Birds in both groups were fed ground yellow corn gd l

for a 3-day adjustment period. Group 1 was assigned the total

collection (TC) method and Group 2 the voluntary intake (Vl) method.
‘
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On the beginning of the fourth day, collection trays Iined with

aluminum foil were placed under each bird in Group I. For four

consecutive 24-hour periods, feed intake and excreta output were

determined. The excreta energy voided during a 24-hour period was

assumed to be derived from the energy of feed ingested during the

same period. At the end of each 24—hour period, excreta was

quantitatively collected, weighed, dried at 40 C in a forced—air oven to

a constant weight, allowed to equilibrate with atmospheric moisture for

_ 24 hours and reweighed. After drying and equilibrating with

atmospheric moisture, excreta from each bird for four 24—hour periods

were pooled_, weighed, ground in a Wiley Mill using a 40·mesh screen,

reweighed, and then stored in an air-tight container for subsequent

analyses.

For the nine birds assigned to the VI method in Group 2, all feed

was removed on the fourth day and a 24-hour period of fast ensued.

At the end of the 24-hour fasting period, birds were offered ground

yellow corn for a six—hour period. Collection trays Iined
-

with aluminum foil were placed under each bird at the Initiation of the

feeding period. All feed was removed after six hours, and individual

feed intake was determined. The collection trays remained in place for

a total of 38 hours, after which, excreta were quantitatively collected,

~
dried, ground, and stored as previously described. After a 10-day

maintenance period, the experiment was replicated by reversing the

grouping assignments of individual birds where the nine birds in Group

I were assigned to the VI method and those in Group 2 the TC method.
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Duplicate subsamples of feed and excreta were analyzed for gross

energy by the combustion of each sample in a Parr adiabatic oxygen

bomb calorimeter. Duplicate subsamples of excreta were also analyzed

for nitrogen content by the Kjeldahl method (AOAC, 1984). The

residual dry matter content of corn and excreta samples were

determined by oven-drying triplicate subsamples of approximately 1 g in

a convection oven at 100 C for a period of 24 hours. The amounts of

metabolizable dry matter (MDM), nitrogen-corrected metabolizable dry

matter (MDMn), apparent metabolizable energy (AME) and the

nitrogen-corrected apparent metabolizable energy (AMEn) of corn were

determined using the following equations:

MDM (%) = g dry matter consumed — g dry matter excreted
g dry matter consumed

g dry matter g dry matter g nitrogen

MDM (%) = consumed di excreted *(retained /333QI
n

g dry matter consumed

kcal kcal
AME (kcal/kg) = consumed — excreted

g dry feed consumed

kcal _ kcal + 8.22 x g nitrogen

AMEI1 (kcal/kg) = consumed [excreted_retainedg
dry feed consumed

Statistical analysis included the calculation of means with standard

errors. Student's t test (Snedecor and Cochran, 1967) and Duncan's

Multiple Range (Duncan, 1955) test were used to compare treatment

means where appropriate. _
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Results. The amounts of dry matter consumed and excreted were 36.4

and 27.0% less, respectively, when roosters were subjected to the VI

method in comparison to the TC method (Table 11). The amount of dry

matter excreted by roosters subjected to the VI method and to the TC

method increased in a linear manner as the intake of corn dry matter

increased (Figure 13). From individual regression analyses of dry

matter excreted on dry matter consumed (Table 11), the equations

indicate that birds consuming no corn should void 3.02 2 1.18 and 1.70

_ 2 1.75 g of dry matter when subjected to the VI method and TC

method, respectively. These amounts should be equivalent to

endogenous dry matter Iosses. The Iatter value from the TC method

was not significantly different from zero.

The values for dry matter excreted were also corrected to nitrogen

equilibrium assuming that the nitrogen retained or lost during

metabolism would produce urinary products composed of one—third

nitrogen on a dry matter basis (Table 11). As a result, the nitrogen

correction, when applied to roosters subjected to the VI method,

decreased the amount of dry matter excreted (from 9.96 to 9.75 g), but

increased the average amount of dry matter excreted by roosters

subjected to the TC method (from 13.64 to 14.84 g). For birds

consuming no corn, endogenous dry matter Iosses would amount to 1.34

1 1.25 and .76 2 1.79 g for the VI and TC methods, respectively.

These Iosses were not significantly different from zero (Figure 14).

The nitrogen correction had a greater effect on values obtained from

birds subjected to the TC method where dry matter intake was large.
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The average amounts of MDM for corn when fed to roosters

subjected to the VI and TC methods are presented in Table 11. A

significantly lower value for the MDM of corn was obtained when

roosters were subjected to the VI method in comparison to the TC

method (81.5 2 .85 yj. 84.04 2 .42). However, when excreta dry

matter was corrected to nitrogen equilibrium, the MDMn values

obtained by the VI and TC methods were similar (82.15 1 .82 vg. 82.76

1 .41). Due to a variation in the nitrogen balance between the VI and

TC methods, it is obvious that the values derived for the MDM of corn

should be corrected to nitrogen equilibrium.

The measurements of nitrogen consumed, excreted, and retained

by roosters subjected to the VI and TC methods are presented in Table

12. Roosters subjected to the VI method exhibited an observed net

nitrogen loss of .04 2 .06 g per bird (not significant from zero) during

the 38—hour collection period and those subjected to the TC method

exhibited a net nitrogen gain of .42 1 .04 g per bird. Nine of 18

roosters subjected to the VI method exhibited a negative nitrogen

balance (Figure 15). Seven of the remaining nine roosters subjected to

the VI method exhibited only a slight nitrogen gain. All roosters

subjected to the TC method exhibited positive nitrogen balance. Dry

matter intake was greater for roosters exhibiting positive nitrogen

balance as a measure of nitrogen consumption (Figure 15).

y The calculated values for the AME and AMEn of corn determined

from the VI and TC methods appear in Table 13. The calculated value

for the AME of corn was 2.0% less for the VI method as compared to the ’
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TC method. This difference was significant. The correction of AME

values to nitrogen equilibrium yielded a nonsignificant difference (P >

.05) of only .76% between the VI and TC methods (Table 13). In

plotting individual AME values (Table 14) relative to the amount of dry

corn consumed (Table 11), results indicate that the AME value of the

corn slightly increased as the amount of dry corn consumed increased

(Figure 16). When AME values corrected to nitrogen equilibrium

(AMEn) were plotted individually relative to the amount of corn

consumed (Table 11), AMEn did not increase with increased

consumption (Figure 17). As a result, the nitrogen correction had a

greater effect on the AME values of birds consuming small amounts of

dry matter, since the slope of the regression line for birds subjected to

the VI method was reduced when AME values were corrected to nitrogen

equilibrium. The results indicate that the AMEn value of corn was

not affected by the level of intake. Although no differences were .

observed in the AMEn values derived by either the VI or TC method,

a greater amount of variation was associated with the determination of

the AMEn values of corn by the VI method as compared to those by

the TC method. ·



DIBCUSSION

Information obtained for the seven birds in Experiment 1 indicated

significant differences exist among the birds in their ability to

metabolize dry matter and energy. Birds exhibiting a greater ability to

metabolize dry matter were also more efficient metabolizers of energy.

The amount of dry matter consumed by an individual bird was not

related to its body weight. Therefore, neither body weight nor dry

matter intake of individual birds provides an explanation as to why

some birds were more efficient than others. Foster (1968) measured the

between and within bird variation associated with the metabolizable

energy values of diets fed to laying hens. Based on three different

experiments he indicated that the variation in metabolizable energy

determinations between pullets within breeds, strains or crosses was

statistically significant. Others (Sibbald and Slinger, 1963b; Guillame

and Summers, 1970; Sibbald and Price, 1975) have presented data that

indicated no significant differences in the metabolizable energy between

birds of similar strains.

In this experiment, the collection period was for five consecutive

days. Such an extended period of time has not been used in

experiments using adult birds during recent years. In the past, short

collection periods of only 1 or 2 days have been employed and have also

produced more variable results (Sibbald, 1982). Potter (1972) indicated

that the variation observed in the determination of the metabolizable

energy of diets in several experiments to be 2.43%. The average

variation in Experiment 1 using a common diet with a common gross

69
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energy determination was found to be 2.22%. If differences among

birds in their ability to metabolize dietary components can be measured,

then genetic Improvement in feed utilization may be possible.

Results from Experiment 1 indicated that a larger amount of

variation was associated with a single collection of excreta. Any

variation associated with a single collection should be greatly reduced If

additional collections are made over a period of several days. Because

the rates of intake and excretion vary, Tyler (1958) suggested three

days of collection to reduce variation. Foster (1968) reported that an

increase in bird numbers reduced the standard error to a greater

degree than an increase in the number of four—day collection periods

per bird. Edmundson (1980) and·Dale and Fuller (1982) had indicated

that the pooling of excreta provides similar results, and would greatly

reduce the number of laboratory analyses. However, the pooling of

excreta from several consecutive collections affords but a single

measurement, and the experimental error for a pooled sample should

nearly equal the amount of error encountered from a single collection.

The collection of excreta for a number of consecutive days provides a

more reliable average of feed intake and excreta output, resulting in a

more reliable metabolizable energy value. This conclusion agrees with

that of Tyler (1958) and Foster (1968).

In Experiment 2, the VI method proposed by Parsons Q Q. (1984)

was compared to the TC method of Han Q Q. (1976) in determining the

MDMn and AMEn of corn. As expected, the amount of dry matter

excreted increased as the consumption of corn dry matter increased.
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Birds subjected to the Vl method consumed 36.4% less feed during the

six—hour feeding period as compared to those birds subjected to Q

feeding for the TC method. The decreased feed intake

exhibited by roosters subjected to the VI method increased the variation

of the resulting MDMn and AMEn values. With a greater amount of

dry matter consumption, more uniform values for the MDMn or AMEn

of corn were obtained by the TC method. This information is in

agreement with that presented by Farrell (1982) and Parsons Q Q.

(1984) where results for the metabolizable energy of a diet were more.

uniform when feed intake was large than when feed intake was small.

When excreta dry matter values were corrected to nitrogen —

equilibrium, no difference was observed in the MDMn between the VI

and TC methods. Because the roosters subjected to the Vl method had

a net nitrogen loss and those subjected to the TC method a net

nitrogen gain, the nitrogen correction decreased the amount of dry

matter excreted by roosters subjected to the VI method and increased

the amount of dry matter excreted by roosters subjected to the TC

method. The results of this correction assumed that the nitrogen

retained or lost during metabolism would produce urinary products

composed of one-third nitrogen on a dry matter basis. As indicated by

Muztar and Slinger (1981) and Parsons Q Q. (1982), MDM and AME

values should be corrected to nitrogen equilibrium,

Whether by the VI or the TC method the resultant AME or AMEn

values were not significantly different. A collection period of 38 hours

was adequate when birds were subjected to the VI method, since these ‘
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values were not different from those values obtained by the TC method.

However, the variation associated with the determination of the AMEn
value of corn by the VI method was twice that of the TC method.

Schang and Hamilton (1982) indicated a similar finding and attributed it

to the variation in voluntary feed intake. This finding is one of

several problems related to this type of assay, where feed intake is

restricted in amount or in time. In their report, Schang and Hamilton

(1982) failed to emphasize that the values derived for AMEn by the

assay of Farrell (1978) were confounded by the rate of passage of the

feedstuff, uncertainty concerning the length of the excreta collection

period, decreased voluntary intake, and the correction used for excreta

energy to nitrogen equilibrium. These problems are also associated

with values obtained by the VI method in Experiment 2. Although the

VI method offers quicker results, it lacks the precision of the TC

method.

The current tables of metabolizable energy values for feedstuffs

have been derived from several sources which utilized different methods

of assay. Several investigations have argued that AMEn values vary

among assays (Rao and Clandinin, 1970; Schang and Hamilton, 1982;

Schang Q Q., 1983). As a result, comparisons of AME values within a

table may be misleading. A single standardized procedure for

determining the metabolizable energy of poultry feed ingredients may be '

in order to provide more accurate and repeatable values.



SUMMARY

Results from Experiment I indicate that a large portion of the

variation associated with the determination of the AME of a feed

ingredient is related to variation among birds. Differences existed

among the birds in their ability to metabolize energy. This finding has

not been reported previously. The collection of excreta for a number

of consecutive days provides a more reliable average of feed

consumption and excreta output for use in the calculation of the

metabolizable energy of a feed ingredient.

In calculating the MDM and AME values of corn in Experiment 2, it

was necessary to correct excreta dry matter and energy values to

nitrogen equilibrium. Birds subjected to the Vl and TC methods

exhibited negative and positive nitrogen balance, respectively. Whether

by the VI or TC method, no differences in the MDMn or AMEn _

values of corn occurred. The measurement of feed intake and excreta

output over a period of several days as in the TC methodproved to be

the more reliable method, since it decreased the amount of variation.

Methods offering a rapid means to determine the metabolizable

energy of a feed ingredient may not offer accurate results. The

procedure presented in this experiment involving a four—day collection

of excreta derived from full-feeding improved the accuracy of the

resulting MDMn and AMEn values of corn in comparison to

procedures that involve a shorter collection period and less than one-

half normal feed intake.73
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Table 8. Composition of diet (Experiment 1)

Inqredients g/kg
Ground yellow corn 774.29
Dehulled soybean meal 152.56
Meat and bone meal (55%) 25.
Dehydrated alfalfa meal (17%) 15.
Stabilized fat 5.
Defluorinated phosphate 22.2
Iodized salt 1 3.5
Trace mineral mix 2 1.
Vitamins and feed additives 1.45

Total 1000.00

[Supplied the following amount of trace
minerals in milligrams per kilogram of diet:
150 Mn (manganous oxide); 100 Zn (zinc oxide);
70 Fe (ferrous sulfate); 10 Cu (copper sulf-
ate); and 2.2 I (ethylenediamine dihydro-
iodide).

2Supp1ied the following per kilogram of
diet: 12,870·IU vitamin A; 6,435 ICU vitamin
03; 8.8 IU vitamin E; 6.6 mg menadione sodium
bisulfite; 1.1 mg thiamine HC1; 4.4 m ribo—
flaving 11.0 mg calcium pantothenate (d);
33.0 mg niacin; 330 mg choline chloride; .014
mg vitamin B12; 1.1 mg folic acid; .11 mg
biotin; 1.1 mg pyridoxine HC1; 124 mg ethoxy-
quin; and .2 mg selenium.



75

Tab1e 9. Dry matter intake and excretion by seven roosters fed a
diet on each of five consecutive days (Experiment 1)

Day _
Bird _ 1 2 3 4 5 Average SE)

Dry matter intake fg)

' 1 58.32 59.17 60.04 62.65 63.52 60.74 1.04
2 67.00 73.96 67.00 67.87 67.00 68.57 1.36
3 76.57 80.92 92.23 93.97 87.01 86.14 3.30
4 53.08 72.22 83.53 77.44 „ 71.35 71.52 5.10
5 81.79 77.44 72.22 69.61 81.79 76.57 2.48
6 54.82 55.69 52.21 67.00 67.87 59.52 3.29
7 76.57 103.54 102.67 92.23 107.89 96.58 5.62
Ave. 66.88 74.71 75.70 75.82 78.06
SE1 4.42 5.95 6.81 4.77 5.91

Dry matter excreted (g)2

1 15.63 15.92 13.92 15.57 16.10 15.43 .39
2 18.86 19.68 18.62 18.96 17.80 18.78 .30
3 20.21 19.31 21.16 21.83 20.68 20.64 .43
4 14.11 19.63 22.93 19.74 18.10 18.90 1.43
5 22.81 22.18 19.74 19.53 ·22.68 21.39 .72
6 13.97 14.27 13.92 17.20 18.65 15.60 .98
7 20.12 23.88 25.01 23.28 27.16 23.89 1.15
Ave. 17.96 19.27 19.33 19.44 20.17
SE 1.29 ·1.26 1.60 .99 1.42

1Standard error.
2Corrected for nitrogen retention assuming that nitrogen retained

or 1ost wou1d yie1d products containing 33.3% nitrogen on a dry
matter basis.
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Tab1e 10. Nitrogen—corrected metabo1izab1e dry matter (MDMn)
and apparent metab01izab1e energy (AMEH) of a diet
when fed to seven rocsters on each of five consecutive
days (Experiment 1)

Üäy
Bird 1 2 3 4 5 x1 SE2

M0M„§%)? » °
1 73.21 73.09 76.81 75.15 74.66 74.58äb -69
2 71.85 73.39 72.20 72.07 73.43 72.59a .34
3 73.60 76.13 77.06 76.77 76.24 75.96 .61
4 73.41 72.82 72.54 74.51 74.63 73.5899 .43
5 72.12 71.36 72.67 71.95 72.27 72.079 .21
6 74.51 74.37 73.35 74.33 72.51 73.8199 .39
7 73.72 76.93 75.64 79.76 74.82 75.179 .53
29 73.209 74.019 74.226 74.226 74.026SE2 .35 .74 .80 .65 .53

AME„ (kca1/Q)4
1 3.254 3.221 3.336 3.345 3.318 3.2952C .024
2 3.197 3.227 3.212 3.184 .3.280 3.217ab .017
3 3.209 3.326 3.373 3.352 3.356 3.310C .030E 4 3.229 3.243 3.215 3.244 3.265 3.239c .008
5 3.233 3.173 3.249 3.224 3.227 3.227bC .013
6 3.289 3.277 3.282 3.248 3.267 3.273a .007 ·
7 3.290 3.365 3.337 3.361 3.337 3.338 .013
X92 2.2429 2.2629 2.2269 2.2209 3.2939
SE .014 .025 .024 .027 .017

Means in a row or c01umn bearing different superscripts are
significant1y different (P<L05).

2Standard error.
3Excreta dry matter corrected for nitrogen retention assuming that

nitrogen retained or 1ost wou1d yie1d products containing 33.3% nitrogenon a dry matter basis. '
4Corrected to nitrogen equi1ibrium assuming that the nitrogen

retained wou1d produce additiona1 urinary energy amounting to 8.22 kca1
energy per gram nitrogen in the excreta.
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Table 11. Values for dry matter consumed, dry matter excreted, and metabolizable

dry matter of corn for eighteen roosters subjected to the voluntary

intake (VI) and total collection (TC) methods (Experiment 2)

Dry matter Dry matter excreted lg) 1
Dry matter metaßolizability (E)

consumed (g) Uncorrected Correcte Uncorrected Corrected

Bird VI TC VI TC VI TC VI TC VI C

1 49.66 86.95 7.85 15.46 7.72 16.53 84.19 82.22 84.46 80.99

- 2 44.24 89.66 10.18 14.35 9.17 15.80 76.99 84.00 79.26 82.38

3 41.53 75.57 11.75 12.24 10.19 13.30 71.71 83.80 75.46 82.40

4 64.11 93.00 9.99 15.33 10.64 16.96 84.42 83.52 83.40 81.77

5 59.59 65.01 10.88 11.53 10.82 12.01 81.74 82.26 81.84 81.53

6 30.70 73.77 6.70 13.82 5.70 14.19 78.18 81.27 81.44 80.77

- 7 28.89 76.12 4.78 10.32 3.99 11.67 83.45 86.44 86.18 84.67

8 40.63 71.06 8.29 12.35 7.46 13.00 79.60 82.62 81.64 81.71

9 46.95 57.52 8.98 7.28 9.13 8.29 80.87 87.34 80.55 85,59

10 87.58 112.86 13.23 15.90 14.39 17.31 84.89 85.91 83.57 84.66

11 50.56 74.94 9.77 10.74 9.12 11.86 80.68 85.67 81.96 84.18

12 50.56 94.81 9.44 14.05 8.93 15.88 81.33 85.18 82.34 83.25

13 90.29 122.79 15.54 19.92 16.29 22.07 82.79 83.78 81.96 82.03

14 64.11 90.29 10.72 15.15 11.19 16.15 83.28 83.22 82.55 82.11

15 63.20 96.61 8.97 13.12 9.46 15.14 85.81 86.42 85.03 84.33

16 45.15 82.16 7.33 13.42 7.68 14.30 83.77 83.67 82.98 82.59

17 65.01 103.83 12.09 14.57 12.41 16.55 81.40 85.97 80.91 84.06

18 55.08 70.43 11.18 12.37 11.28 13.47 79.70 82.44 79.52 80.87
__2 ·k* *~k *¤Ir *~k

X 3 54.35 85.44 9.96 13.64 9.75 14.84 81.45 84.04 82.15 82.76
SE 3.91 4.03 .72 .64 .61 .74 .85 .42 .82 .41

1Corrected to nitrogen equilibrium assuming that nitrogen retained or lost would yield

urinary products containing 33.3% nitrogen on a dry matter basis.

2Means derived from a total of eighteen Single Comb white Leghgrn roosters where

differences between methods were determined by Student's t—test: (P<.Ol).

3Standard error.
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Table 12. Total amounts of nitrogen consumed, excreted, and
retained by eighteen roosters fed corn and subjected
to the voluntary intake (VI) and total collection (TC)
methods_(Experiment 2)

Nitrogen (gi
Voluntary intake Total collection

Bird Consumed Excreted Retained Consumed Excreted Retained

1 .800 .843 -.043 1.400 1.044 .356
2 .712 1.048 -.336 1.440 .962 .478 .
3 .669 1.188 -.519 1.217 .863 .354
4 1.032 .815 .217 1.497 .955 .542
5 .959 .979 -.020 1.047 .887 .160
6 .494 .829 -.335 1.188 1.066 .122
7 .465 .728 -.263 1.226 .776 .450
8 .654 .931 -.277 1.144 .929 .215
9 .756 .706 .050 .926 .590 .336

10 1.410 1.023 .387 1.817 1.347 .470
11 .814 1.030 -.216 1.207 .835 .372
12 .814 .984 -.170 1.526 .918 .608
13 1.454 » 1.203 .251 1.977 1.261 .716
14 1.032 .876 .156 1.454 1.120 .334
15 1.018 .854 .164 1.555 .882 .673
16 .727 .609 .118 1.323 1.029 .294
17 1.047 .939 .108 1.672 1.011 .661
18 .887 .853 .034 1.134 .767 .367

742 I
.875 .913 -.039* 1.375 .958 .417

SE· .063 .037 .058 .064 .042 .041

]Means derived from a total of eighteen Single Comb white
Leghorn roosters where differences between methods were determined
by Student‘s t-test: *(P<05).

2Standard error.
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Table l3. Apparent metabolizable energy (AME) and nitro en-
corrected apparent metabolizable energy (AMEn? of
corn by roosters subjected to the voluntaryigtake (VI) ggg total collection (TC) methods
( xgeriment

Method AME AMEn

Voluntary bintake 3.635 1 .029 3.653 1 .027a

Total acollection 3.708 1 .0l6 3.68l 1 .0l5a

1 SE derived from a total of eighteen individually
caged Single Comb white Leghorn roosters and expressed on a
dry matter basis. Means bearing different superscripts
within a column are significantly different (P<.05).
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Table 14. Summary of the apparent metabolizable energy
(AME) and nitrogen—corrected apparent meta-
bolizable energy (AMEn) per gram of dry matter
for roosters subjected to the voluntary intake
(VI) and total collection (TC) methods
(ExQeriment 2)

AME IKHYEI AME . (EIB!Bird VI TC VI TC

1 3.745 3.623 3.752 3.590
2 3.475 3.706 3.537 3.663
3 3.264 3.669 3.367 3.631
4 3.738 3.642 3.711 3.595
5 3.631 3.652 3.635 3.633
6 3.598 3.602 3.688 3.5897 3.783 3.789 3.857 3.742
8 3.610 3.662 3.667 3.638
9 3.615 3.721 3.607 3.807

10 3.736 3.788 3.700 3.754
11 3.621 3.781 3.657 3.741
12 3.634 3.764 3.662 3.712
13 3.671 3.727 3.648 3.680
14 3.676 3.706 3.657 3.676
15 3.753 3.802 3.731 3.745
16 3.717 3.689 3.690 3.660· 17 3.631 3.792 3.618 3.740
18 3.523 3.621 2.518 3.579
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—- Application of the total excreta collection method in
determining the metabolizability and metabolizable energy
of fats

The addition of supplemental fat to a diet provides a concentrated

source of metabolizable energy and improves feed utilization. Tallow,

grease, and other fat products and by—products have been blended to

form an acceptable feed ingredient for use in poultry diets. Thus,

accurate measurements of the metabolizable energy of feed ingredients,

including fats, are of the utmost importance in formulating an

economical diet.

The procedure developed by Anderson Q Q. (1958) has been used

to determine the metabolizable energy of fats. Subsequently, the

metabolizable energy values of different types and grades of fats have

been determined by various investigators (Wilder Q Q., 1959; Fedde Q

Q., 1960; Cullen Q Q. 1962; Kalmbach and Potter, 1959; Potter and

Matterson, 1960; Sibbald and Slinger, 1962a). In some cases, the

metabolizable energy values for some fats were reported to be greater

than their gross energy values (Wilder Q Q., 1959; Cullen Q Q.,

1962). Such findings do not coincide with a logical conclusion.

ln past experiments, fats were added to a test diet at the expense

of cerelose in amounts no greater than 20% of the diet to determine

their metabolizable energy (Renner and Hill, 1958; Carew and Hill,

1958; Kalmbach and Potter, 1959; Cullen Q Q., l962). When a feed
l

ingredient is incorporated into a test diet at low levels, the variation

associated with the determined metabolizable energy of the feed

ingredient is greatly magnified (Potter, 1972). The addition of fat to
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the diet at levels greater than 20% has not proved successful because

birds will not consume adequate amounts Force-feeding fat

in large amounts in a uniform dietary mixture or as a sole component of

the diet should reduce the amount of variation and provide more

accurate determinations of metabolizable energy of fat. _

ln this study, two feed-grade fats were fed as a portion

of the diet at levels of 0, 5, 10, 15, and 20% or force—fed at levels of

50, 75, and 100% where fat replaced an equivalent portion of the basal

diet. The force-feeding of fat has not been used in conjunction with

the total excreta collection method in determining the metabolizability of

fat. Procedures presented in this experiment should provide a better

estimate of the metabolizable ether extract and metabolizable energy of

fats.



EXPERIMENTAL PROCEDURE

Sixteen Large White male turkeys, 10 weeks of age, were

individually caged, exposed to 14 hours of light from 0600 to 2000

hours, and randomly assigned to one of 16 dietary treatments. The

treatments consisted of diets containing 0, 5, 10, 15, 20, 50, 75, and

100% added fat from one of two sources added to a basal diet (Table 15)

_ on a dry matter basis. The chemical characteristics of the two

commercial feed-grade fats are presented in Table 16. The water

content of the basal diet and of the two commercial feed-grade fats were

determined by the Karl Fischer method (AOAC, 1984). Diets comprised

of 0, 5, 10, 15, and 20% added fat were mixed in sufficient amounts at

the start of the experiment, and those with 50, 75, and 100% added fat

were prepared daily in a sufficient amount for each bird.

The diets containing 0, 5, _10, 15, and 20% added fat were fed Q

MQ, and the diets comprised of 50, 75, and 100% added fat were

force—fed daily at 0900 hr. Individual feed consumptions were recorded

daily prior to force—feeding. Daily feed consumption of diets fed Q

§_b_Ltg_ng was about 300 g, those fed 50 and 75% added fat about 200 g,

and those fed 100% fat about 150 g. Flexible tubing 15 cm in length

and 1 cm in diameter attached to a funnel was used as the feeding

apparatus. The flexible tubing portion of the feeding apparatus was

eased into the esophagus to the level of the crop, and the fat and diet

mixture was slurried rapidly into the funnel. The feeding apparatus

was weighedl before and after force-feeding individual diets to account

for material that adhered to the apparatus during feeding (about 4 g).

93



94

After a four-day preliminary period, a collection tray lined with

aluminum foil was placed under each bird at 0900 hr. At the end of

four consecutive 24~hour periods, excreta were quantitatively collected,

weighed, dried at 40 C in a forced-air oven for 48 hours, reweighed,

allowed to equilibrate with atmospheric moisture for 24 hours, and again

reweighed. Excreta from each bird were pooled, ground to pass a

_

1-mm sieve, and weighed. A representative subsample (about 75 g) of

the dried excreta was then stored in a screw—cap container for

subsequent analyses. A representative sample of each diet, with the

exception of the 50 and 75% fat diets, was stored in a screw—cap

container for subsequent analyses. Excreta collected during the

24-hour period was assumed to be derived from feed consumed during

the same 24-hour period. Experimental error resulting from this

assumptioln was believed small when feed consumption was relatively

constant and when four days of excreta collections were obtained.

The fat products were analyzed for fatty acid composition by the

method of Metcalfe gt al. (1966). ln addition, the fats were analyzed

by a commercial laboratory for impurities, unsaponifiables, free and

total fatty acids, and oxidative characteristics. The residual dry

matter of the diets and excreta samples was determined by subtracting

the water content of the sample obtained by the Karl Fischer method

(AOAC, 1984) from 100% and by drying 1—g subsamples at 100 C for 24

hours in a forced-air oven. Energy of feed and excreta samples was

determined by the combustion of the sample in a Parr adiabatic oxygen

bomb calorimeter. The extraction of feed and excreta samples was
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performed with petroleum ether in a soxhlet apparatus. The nitrogen

content of the feed and excreta samples was determined by the Kjeldahl

method (AOAC, 1984). The ether extract and energy contents of the

diets comprised of 50 and 75% added fat were calculated from the

composition of the basal diet and fat.

The amount of nitrogen-corrected metabolizable dry matter

(MDMn) content of a diet was determined using the following

equation:

9 dry matter _ 1:9 dry matter+(9nitro9en/MDM

= consumed excreted retained . 33 X 100n ,
(96) 9 dry matter consumed

The amount of nitrogen retained was obtained using the following

equation:

9 nitrogen
retained 9 nitrogen (9 nitrogen) (9 excretö
/9 diet = /9 diet - /9 excreta collected
consumed consumed 9 diet consumed

The metabolizable ether extract (MEE) content of a diet was

determined by the following equation:

9 MEE 9 ether 9 ether extract) (9 excreta)
/1009 extract ·— (/9 excreta collected
dry diet = /9 diet 9 diet consumed X 100
consumed (9 dry matter/ 9 diet consumed)

The nitrogen-corrected apparent metabolizable energy (AMEn) content

in kcal/9 of dry diet was calculated by the following equation:
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g nitrogen
AME .

n kcal kcal energy g excret retained
kcal/g energy - /g excreta collected 8.22 /g diet
dry = / diet diet consumed consumed
diet (g dry matter/ g diet consumed)

The amounts of MDMn, MEE, and AMEn per 100g of dry diet

consumed were plotted individually on level of added fat per g dry

diet. The values obtained for Fat 1 and Fat 2 were subjected to a

multiple regression analysis with a common intercept at the 0% level of

added fat using the following model:

Y = b1X1 * b2X2 * b3X3

where Y equals MDMn/100 g dry diet as an example, and X1,

X2 and X3 equals the g dry matter in the basal diet, Fat 1 and Fat

2, respectively. The values for b1, b2 and b3 equals the g

MDMn/100 g basal diet, g MDMn/100 g Fat 1, and MDMn/100 g Fat

2, respectively, on a dry matter basis. The values obtained for the

MEE and AMEH were applied to the regression model in a similar ‘

manner. Standard errors were calculated about the regression values.



RESULTS

e The two feed-grade fats was analyzed for various characteristics

(Table 16). The dry matter content of Fats 1 and 2 were 99.29 and

99.89%, respectively, as determined by the Karl Fischer method. Both

feed-grade fats contained small amounts of impurities. Fat 1 in contrast

to Fat 2 contained the greater amount of unsaponifiable material (3.97

Q. .76%), and a very large amount of free fatty acids (60.5 Q. 10.1%)

but a smaller amount of total fatty acids (90.6 Q. 93.2%). Fat 1 also

had the higher iodine value (98.8 Q. 86.2), active oxygen value (6.5

Q. 4.4), and peroxide value (5.1 Q. 0).

When the amount of ether extractable material was measured

directly, values greater than 100% were encountered apparantly due to

oxidation (Table 16). More logical values were obtained when the

amount of ether extract in the fat products was determined by

subtracting the amount of unextractable residue from 100. By this

method, the amount of ether extract in Fat 1 and 2 was 98.73 and '

99.33%, respectively. Fat 2 had a higher gross energy value than Fat

1 (9.443 Q. 9.202 kcal/g dry matter).

Fatty acid analyses of the two feed-grade fats are presented in

Table 17. Fat 1 contained the smaller amount of palmitate (17.11 Q.

24.89%) and oleate (31.04 Q. 41.43%) but the larger amount of linoleate

(34.42 Q. 21.21). Fat 1 contained more unsaturated fats than Fat 2

(69.90 Q. 64.29%).

The average dry matter of the diets was 92.31 2 .96 and 91.22 1

1.00% as determined by the Karl Fischer method and oven—drying,
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respectively (Table 18). For the excreta samples, the average dry

matter content was 94.38 2 .51 and 90.72 i .53% as determined by the

Karl Fischer method and by oven-drying, respectively. Overall, oven-

drying at 100 C yielded dry matter values for feed and excreta that

were 1.1 and 3.7% less, respectively, in comparison to values obtained

by the Karl Fischer method. Information from this experiment confirms

similar findings reported in Series I, where dry matter values obtained

by oven-drying at 100 C for 24 hours were .3 and 1.4% less for feed

and excreta, respectively, in comparison to_ values obtained by the Karl

Fischer method. In this experiment, all values were calculated on a

dry matter basis using values obtained by the Karl Fischer method,

since it is believed to provide a greater degree of accuracy in

determining the actual dry matter content of feed and excreta samples.

Thevaverage daily dry matter intake of turkeys fed diets

containing 0, 5, 10, 15 or 20% added fat ranged from 248 to 315 g

(Table 19). For birds force fed the diet comprised of 50, 75 or 100%

fat, the average daily dry matter intake was limited to 146 to 195 g to

avoid regurgitation and excreta contamination.

The amount of nitrogen consumed, excreted, and retained by

individual birds are presented in Table 20. Birds fed the diets

containing 0 to 75% added fat exhibited a state of positive nitrogen

retention while those fed diets containing 100% added fat exhibited a

state of negative nitrogen balance. The values for nitrogen retained

were used in correcting metabolizable dry matter (MDM) and apparent

metabolizable energy (AME) values to nitrogen equilibrium.
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Values obtained for the MDM of the diets (Table 19) were

corrected to a state of nitrogen equilibrium assuming that nitrogen

retained or lost (Table 20) would yield urinary products containing

33.3% nitrogen on a dry matter basis. Such a correction accounted for

differences in nitrogen consumption and excretion among the birds.

The nitrogen-corrected metabolizable dry matter (MDMn) of the diets

increased as the level of added fat increased (Table 19). When the

values obtained for the MDMn of the diets were subjected to a

regression analysis (Table 21), the resulting MDMn of Fat 1 and 2

were 82.60 2 1.93 and 89.83 2 1.93% of the dry matter, respectively.

The MDMn content of Fat 1 and 2 were not significantly different

(P>.05). l
The values obtained for the amount of metabolizable ether extract

(MEE) per gram of dry diet appear in Table 21. The MEE of the fats

were obtained by regression of the MEE of the diets for Fat 1 and 2 on

percent added fat (Figure 19). When regressed to 100% added fat, the

MEE of the fats were 85.52 2 .88 and 92.02 2 .88% for Fat 1 and 2,

respectively (Table 21). The MEE of Fat 2 was significantly greater

than that in Fat 1 (Figure 19).

The nitrogen—corr·ected metabolizable energy (AMEn) of the diets

appear in Table 21. For the calculation of the AMEn, the energy in

the excreta was corrected to nitrogen equilibrium assuming that the

nitrogen retained would produce additional urinary energy amounting to

8.22 kcal energy per gram nitrogen in the excreta. From the

regression of these values (AMEn of the diets) on percent added fat,
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. the AMEn value for Fat 1 and 2 was 7.748 2 .113 and 8.518 2 .113
kcal/g, respectively (Table 21). The AMEn of Fat 2 was significantly

greater than that of Fat 1 (Figure 20). Therefore, the gross energy in

Fat 1 and 2 was 84.20 (7.748/9.202 X 100) and 90.20% (8.518/9.443 X

100) metabolized, respectively (Table 22).

A summary of the MDMn, MEF, and AMEn values for the two

fat-grade fats appear in Table 22. The values derived for the MDMn

and MEE of the fats differed by 2.92 and 2.19% for Fat 1 and 2,

respectively. These differences were not significant (P>.05). ln both

instances, the value for the MDMn of Fat 1 and 2 was numerically less

that the corresponding value for MEE. The values obtained for the

MEE of Fat 1 and 2 derived by regression as compared to those by

calculation from the metabolizable energy determinations were 1.32 and

1.82% higher, respectively, but these differences were not significant

(P>.05). The results indicate that this total collection method provides
A

reliable measurements of the MDMn, MEE, and AMEn of fats. Fat 2
had a significantly higher MEE and AMEn than Fat 1 which indicates

that Fat 2 is of better quality.

ln previous experiments, fats were typically added to a test diet

at the expense of glucose monohydrate in amounts at no greater than

20% to determine their AMEn. A major problem encountered with this

method is the variation associated with the resulting AMEn value of

the fat when derived from extrapolation of the regression to 100% added

fat. To verify such a relationship, the data obtained from the 0 to 20%

level of added fat were subjected to a multiple regression analysis and ‘
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the resulting linear relationships were extrapolated to 100%. The

information obtained by this procedure was compared to information

provided from the force—feeding of fat at higher levels.

The values derived for the MEE (Table 21) and AMEn of the

diets (Table 21) from the 0 to 20% level of added fat were subjected to

multiple regression analysis. The MEE and AMEn of the fats were

determined by extrapolation of these regression line to
100%.

added fat.

The resultant MEE of Fat 1 and 2 was 84.09 2 1.59 and 85.96 2 1.59%,

respectively, by this procedure. The AMEn of Fat 1 and 2 were

7.203 2 .574 and 8.185 2 .574 kcal/g, respectively, from extrapolation

to 100% added fat.

From the extrapolation of the values for the MEE and AMEn of

the diets beyond the 20% level of added fat, the variation associated

with the MEE and AMEn of the fats was greater than two-fold in

comparison to the variation obtained when data from the 0 to 100% level

were used. The standard errors for the MEE and AMEn of the fats

were .88 Q. 1.59% (Figure 19 Q. Figure 21) and .113 Q. .574 kcal/g

(Figure 20 Q. Figure 22), respectively. Differences in the MEE

(Figure 21) and AMEn (Figure 22) were indistinguishable between the

two feed-grade fats when the regression line was extrapolated beyond

20% added fat. As a result, the force—feeding of fats at higher levels

provides a more reliable method for determining the MDMn, MEE and

AMEn of fat.



DISCUSSION

Fat 1 contained a larger amount of unsaponifiable material (3.97

and .76% for Fat 1 and 2, respectively). Unsaponifiable material

exhibits a metabolizable energy value of nearly zero and therefore

contributes little to the diet. According to Scott Q Q. (1982), fats

. containing more than 2.5% unsaponifiable matter should not be used

unless biologically tested in feeding trials, since this material may

interfere with the digestibility of the diet. Fat 1 contained a much

larger amount of free fatty acids (60.5%) in comparison to Fat 2

(10.1%). Scott Q Q. (1982) indicated that large amounts of free fatty

acids are more susceptible to oxidative- rancidity in the absence of

antioxidants. The percentage of total fatty acids can be used to

predict the potential gross energy value of the fat. Fat 2 exhibited

2.8% more total fatty acids in comparison to Fat 1 and 3.1% more gross

energy. Results from the stability tests such as active oxygen method

and peroxide value also indicated that Fat 1 is more susceptible to

rancidity than Fat 2. Fats subjected to hydrolysis may become

biochemically altered and may exhibit a decreased feeding value (Scott

Q Q., 1982). Based on analytical properties, Fat 2 exhibits a higher

quality.

The dry matter content of feed and excreta samples was

determined by two methods. Oven-drying at 100 C underestimated the

dry matter content of feed and excreta 1.07 and 3.66%, respectively, in

comparison to values obtained by the Karl Fischer method. Information

from this experiment confirms similar findings reported in Series I,
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where the oven-drying method underestimated the dry matter content of

feed and excreta samples .3 and 1.4%, respectively. The problems

associated with the oven-drying of feed and excreta samples have been

discussed previously in Series I.

In this experiment, the total excreta collection method of Han Q

Q. (1976) and a force-feeding procedure were used to determine

MDMn, MEE, and AMEn of two feed·grade fats. In this study, the

force-feeding of fats was used to avoid the problem of extrapolation

associated with the feeding of fat at relatively low levels (Potter, 1972). .

The average daily intake achieved from force-feeding the diets

containing greater than 20% fat was 185 g of dry matter. The force- —

feeding of large amounts fat has not been used to determine the

metabolizability of fat by the total collection of excreta.

In assuming that the multiple regressions were linear, results from

this experiment indicated that the MDMn, MEE, and AMEn of the fat

products can be accurately determined by this method. The MDMH

for Fat 1 and 2 were 82.60 and 89.83%, respectively, when derived from

the multiple regression of the MDMn values of the diets on level of

added fat. The values obtained for the MDMn of the diets were

corrected to a state of nitrogen equilibrium assuming that nitrogen

retained or lost would yield urinary products containing 33.3% nitrogen

on a dry matter basis (Parsons Q Q., 1984). The MEE of Fat 1 and 2

was 85.52 and 92.02%, respectively, when derived by multiple

regression. In calculating the AMEn values of the diets, the energy

in the excreta was corrected to nitrogen equilibrium using the value of ‘
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8.22 kcal energy per gram of nitrogen retained or lost (Anderson,

1955). From the multiple regression of the AMEn values of the diets

on level of added fat, the AMEn of Fat 1 and 2 were 7.748 and 8.518
kcal/g, respectively. From calculation, the gross energy content of Fat

1 and 2 were 84.20 and 90.20% metabolized, respectively. Fat 2

exhibited a significantly higher MEE and AMEn value than Fat 1.

Whether derived by regression or by calculation, the MEE values for an

individual fat are similiar by either method. The measurement of

MDMn of an individual fat should correspond with the MEE of the fat.

In this experiment the MDMH of the fats were numerically less than

their corresponding MEE values. These differences were not significant

(P>.05).

The resulting values for the amount of MEE and AMEn of the

fats can be related to the composition of the fat. ln comparison to Fat

2, Fat 1 contained 3.2% more unsaponifiables and .6% less dry matter.

ln assigning a value of 9.0 kcal to each gram of the fat, the amount of

unsaponifiable material and dry matter account for .288 and .054 kcal °

per gram of fat, respectively. Fat 1 contained .241 kcal less gross

energy per gram and .618 kcal less AMEn per gram in comparison to

Fat 2. As a result, the difference in the AMEn of the fats may be

partially explained by the differences in the amount of unsaponifiable

material, dry matter and the free fatty acid content of the feed·grade ‘

fats.

ln past experiments, fats were added at the expense of cerelose in

amounts no greater than 20% of the diet to determine their metabolizable
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energy (Renner and Hill, 1958; Carew and Hill, 1958; Kalmbach and

Potter, 1959; Cullen Q Q., 1962). The addition of fat to the diet at

higher levels yields diets that are difficult to feed as a consistent

mixture. When a feed ingredient is incorporated into a test diet at low

levels, the variation associated with the determination of its AMEn is

greatly magnified. Potter (1972) reported a coefficient of variation of

6.5% for the AMEU of a test ingredient when added to a diet at the

level of 20%. In determining the metabolizable energy of several

different fats, Wilder Q Q. (1959) reported coefficients of variation

from 2.6 to 23.0% associated with the metabolizable energy values of

several fats when added to the diet at a level of 10%. Cullen Q Q.

(1962) reported coefficients of variation from 4.1 to 17.6% for the

metabolizable energy of a fat when added to a diet at the level of 14%.

Such large variations may account for the reporting of a metabolizable

energy value of a fat as being greater than its gross energy value

(Wilder Q Q., 1959; Cullen Q Q., 1962).

When the values for diets containing 0 to 20% added fat were

subjected to regression analysis and the regression line was

extrapolated to the 100% level, the variation associated with the MEE

and AMEn values were 1.89 and 7.97% for Fat 1, and 1.85 and 7.01

for Fat 2, respectively. ln comparison, the force—feeding of diets

containing 50, 75, and 100% fat eliminated the extrapolation of the

regression line. When the values from the 0 to 100% level of added fat

were subjected to regression analysis, the coefficients of variation

associated with the MEE and AMEH values of the fats were 1.03 and ‘
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1.46% for Fat 1, and .96 and 1.33% for Fat 2, respectively. Due to the

large variation associated with the extrapolation of the regression line,

differences in the MEE or AMEn between the two fats could not be
detected. This same problem has been encountered previously when fat

was added to the diet at levels of 20% or less (Kalmbach and Potter,

1959; Wilder Q Q., 1959; Cullen Q Q., 1962; Sibbald Q Q., 1962).

As a result, substituting a feed ingredient at levels of 20% or less does

not provide an accurate estimate of its AMEH value.

The methodology presented in this experiment provides a better

estimate of the MDMn, MEE, and AMEn of fat. By force-feeding

higher levels of dietary fat, the variation associated with previous

methods has been greatly reduced. Procedures developed in this

experiment should prove to be useful in providing more accurate

AMEn values for commercially available fats.



l
SUMMARY

ln this experiment, a total collection method was used where

sixteen ten-week-old Large White male turkeys were individually caged

and fed one of 16 test diets for an eight—day period. Diets contained

0, 5, 10, 15, 20, 50, 75 or 100% added fat from one of two sources.

The individual diets were formed by blending a fat with the basal diet

on a dry matter basis. Diets comprised of 50, 75 or 100% fat were

force—fed daily, and all other diets were fed Excreta from

each bird were quantitatively collected for each of four consecutive

24·hour periods, weighed, oven—dried at 40 C, reweighed, pooled, and

ground to pass a 1-mm screen. A representative sample (about 75 g)
(

of pooled excreta derived from each bird was then stored in an air-

tight container for subsequent analyses. The dry matter content of

feed and excreta samples was determined by the Karl Fischer method to

calculate values on a dry matter basis; -

The MDMn, MEE and AMEn values of the diets were plotted

against percent added fat on a dry matter basis and were subjected to
·

. to a multiple regression analysis. The MDMH, MEE, and AMEn of

Fat 1 and 2 were 82.60 is. 89.83%, 85.52 vi. 92.02%, and 7.748 y_s_.

8.518 kcal per gram of dry diet, respectively. The gross energy of

Fats 1 and 2 was 84.20 and 90.20% metabolized, respectively. Fat 2

was found to have a significantly higher MEE and AMEn value in

comparison to Fat 1.

This total collection method provided reliable measurements for the

MDMn, MEE, and AMEn of the feed-grade fats. The force—feeding

107 ·
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of diets containing high amounts of dietary fat proved to be useful in

providing more reliable measurements.
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· Tab1e 15. Composition of basa1 diet
Amount

Ingredient (g/kg)

Ground ye11ow corn 495.5
Dehu11ed soybean mea1 454.
Def1uorinated phosphate 38.
Iodized sa1t 3.
DL-Methionine 2.
L-Lysine HC1 1 4.
Trace minera1 mix 2 1.
Vitamins and feed additives 2.5

· Tota1 1000.

1Supp1ied the fo11owing amounts of
trace minera1s in mg/kg comp1ete diet:
150 Mn (manganous oxide); 120 Zn (zinc
oxide); 40 Fe (ferrous su1fate monohy—
drate); 6 Cu (copper oxide); and 1.5 I
(ca1cium iodate. „

2Supp1ied the fo11owing quantities
of vitamins and feed additives in mg/kg
comp1ete diet un1ess otherwise indicated: 1

· 13,282 IU vitamin A, 3,312 ICU vitamin _
03, 11.0 IU vitamin E, 4.4 menadione
sodium bisuifite, 5.5 ribof1avin, 1.1
thiamine HC1, 16.5 ca1cium pantothenate
(d), 11.1 niacin, 867 cho1ine ch1oride,
.0147 vitamin B12, 1.1 fo1ic acid, .1
biotin, 2.2 pyridoxine HC1, 125 ethoxy—
quin, and .2 se1enium.
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Tab1e 16. Quantitative ana1ysis of the
feed—grade fats

Feed—grade fat
Ana1ysis 1 2

Dry matter (%)]
99.29 99.89

Impurities (%) .27 .26
Unsaponifiab1es (%) 3.97 .76

Free fatty acids (%) 60.5 10.1
Tota1 fatty acids (%) 90.6 93.2

Iodine va1ue 98.8 86.2
Active oxygen method 6.5 4.4

· Peroxide va1ue 5.1 0

Ether extract (%)2
Extractab1e 101.4 100.9
Nonextractab1e 1.27 .67

Gross energy (kca1/g) 9.202 9.443
Dry matter basis
]Determined by Kar1 Fischer method.
2Extractab1e amount derived as a percent of

ether extractab1e materia1 and n0nextractab1e”
amount derived as a percent of the residua1
materia1.
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Tab1e 17. Fatty acid ana1ysis of the two
feed-grade fats as a percent of
tota1 fatty acids

Feed-grade fat
Fatty acid 1 2

Myristate (14:0) .94 1.36

Pa1mitate (16:0) 17.11 24.89
l

Stearate (18:0) 11.56 9.46

01eate (18:1) 31.04 41.43

Lin01eate (18:2) 34.42 . 21.21

Lino1enate (18:3) 4.04 ..13
r

Arachidonate (20:4) .40 1.52

Behenate (22:0) .37 -----1
Lignocerate (24:0) .12 ---—-

100. 100.

Tota1 composition - _

Saturated (%) 30.70 35-7)

Unsaturated (%) 69.90 69-29

)Not found.
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Tab1e 18. Dry matter determination of diets and
excreta from the Kar1 Fischer method and
bv 0ven—drying at 100 C

Leve1 of Diets Excreta
added fat (sa) z<F1 _Q¤2 :;r1 oo2

.--------------...73------.---—-------

Fat 1

0 88.21 87.63 95.93 92.98
5 89.87 87.89 92.66 92.89

10 89.94 88.09 92.43 89.06
15 90,13 88.72 g3_g5 89.48
20 90.54 88.85 92.50 89.08
50 93_42 92.28 g5_g5 90.31
75 96.27 94.81 94.80 91.67

100 QQ_29 97.51 gg_]6 96.87

Fat 2

0 88.21 87.63 93.80 90.84
5 88.50 88.22 92.39 89.00

10 89.81 88.94 92.40 88.70
15 90.90 89.23 93.03 88.62
20 91.34 89.98 93.35 90.03
50 93.69 93.36 95.17 90.51
75 · 96.69 96.51 95.88 90.56

100 99.89 99.86 97.39 90.96

Determined from tr1p11cate ana1ys1s of feed or
excreta samp1e from the Kar1 Fischer method.

2Determined by oven-drying dup1icate samp1es at
100 C for 24 hours.
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Table 19. Average dry matter intake, output, and metabolizable
dry matter for diets containing various levels of
added fat from two sources

Level Dry
of matter Dry matter output Metabolizable dry matter

added intake (ggggy)] §%}
fat (%} Qo/day} uncorrected corrected uncorrected corrected

Fat 1

0 293.34 96.89 97.29 66.96 66.82
5 296.27 96.47 99.13 67.44 66.55

l0 276.57 75.53 77.63 72.65 71.89
15 264.20 8l.72 83.56 69.07 68.37202 252.32 67.97 69.72 73.06 72.37
50 194.05 52.ll 53.99 73.08 71.67752 193.77 36.86 39.51 80.98 79.61

1002 192.92 32.61 31.59 83.09 83.61

Fat 2

0 287.17 84.44 86.52 70.58 69.86
5 260.72 79.97 82.63 69.33 68.31

10 277.99 79.18 84.84 71.52 69.48
15 248.09 71.12 74.14 71.33 70.11
20 315.36 87.81 94.45 72.16 70.95602 194.76 25.69 31.40 86.81 83.91752 191.25 21.91 25.15 88.54 86.92

1002 145.94 21.71 20.67 85.13 85.84
1Corrected to nitrogen retention assuming that nitrogen retained

or lost would yield urinary products containing 33.3% nitrogen on
a dry matter basis.

2Turkeys were force-fed diets containing 50, 75 and 100% added
fat.
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Tab1e 20. Nitrogen consumed, excreted, and retained by
individua1 birds Fed various 1eve1s of added fat
in the diet from two sources
Leve1 of

Fat added fat Nitrogen Nitrogen Nitrogen
groduct consumed excreted retained

—---—-——-———·---——------g/bird------—-—--———---------—-

l_ 0 13.628 13.494 .134
5 12.858 11.973 .885

10 11.486 10.787 .699
15 10.376 9.762 .614
20 9.225 8.641 .584
50 4.496 3.588 -908
75 2.255 1.374 .881

100 --—-- .339 ·.339

2 0 13.341 12.648 .694_
5 11.489 10.604 .886

10 11.637 ‘ 9.752 1.886
15 10.043 9.036 1.006
20 11.637 10.366 1.270
50 4.532 2.650 1.882
75 2.215 1.177 1.039

100 --——— .348 -.348
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Table 21. Values for nitrogen—corrected metabolizable dry
matter (MOMn), metabolizable ether extract (MEE)
and nitrogen—corrected metabolizable energy (AMEH)
of the diets subjected to regression analysis
Level of

Fat added MDMn MEE- AMEn
product fat (%) (%) (KCö1/Q)

l
0 66.82 1.76 3.122
5 66.55 6.40 3.245

10 71.89 10.34 3.636
15 68.37 14.33 3.741
20 72.37 18.49 4.099
50 71.67 41.16 5.198
75 79.61 62.93 6.604 .

100 83.61 87.82 7.900

Regression analysis]
Intercept 67.82 1.60 3.170 —

Slope .1478 .8391 .04577
Predicted 100% 82.60 85.52 7.748

2
0 69.86 1.89 3.382
5 68.31 6.84 3.490

10 69.48 10.73 3.745
15 70.11 14.23 4.063
20 70.95 18.96 4.110
50 83.91 48.09 6.073
75 86.92 69.67 7.272

100 85.84 91.43 8.342

Regression analysis]
Intercept 67.82 1.60 3.178
Slope .2202 .9041 .05348
Predicted 100% 89.83 92.02 8.518

]Calcu1ated from the regression of dietary values for each
fat on level of added fat with an intercept at the 0% level of
added fat.
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Tab1e 22. N1trogen—corrected metabo11zab1e dry matter (MDMÜ),
metab011zab1e ether extract (MEE), and nitrogen-
corrected apparent metab011zab1e energy (AMEn) of
the feed—grade fats derived from regression ana1ys1s
and by ca1cu1at1on1

Fat product
Measurement Fat 1 Fat 2

From reqress1on:1

MDMn (%) 32_5g i 1_g3 89.83 : 1.93

14812 (fé) 86.62 8 .88** 92.02 8 .88
ME,. <1<¤¤1/81 7.748 8 ,113** 8.518 .113

By ca1cu1at1on:

MEE (%)2 84.20 90.20

1Means j_standard error.
2Ca1cu1ated by dividing the AMEn va1ue of the fat by the gross

energy of the fat from the ana1yses and converting to a percentage.

**D1fferences between fat products determined by student's
t—test (p < .01).
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CONCLUSIONS

During sample preparation, substantial sample loss was incurred

during the grinding of excreta samples which amounted to 3.5 to 5.2%

of the dried sample weight. Also during the grinding of samples,

moisture uptake accounted for 1.9 to 3.9% of the sample weight. To

account for such losses, freshly collected excreta samples should be

weighed, dried, reweighed, allowed to equilibrate with atmospheric

moisture, weighed, ground, reweighed and stored in air-tight

containers for subsequent analyses.
A

The energy content of feed and excreta samples remained

unchanged by oven-drying at 100 C orlless and decreased significantly

at higher temperatures. The nitrogen composition of feed and excreta

samples exhibited a similar trend, but a significant loss of excreta

nitrogen (2%) occurred at 100 C. The loss of excreta nitrogen at a

temperature of 100 C is of minor consequence in the determination of

dry matter digestibility, but is of major concern in nitrogen balance

studies. At oven-drying temperatures above 100 C, feed and excreta

samples underwent decomposition.

From the oven-drying of feed and excreta samples at various

temperatures, a linear decrease in sample weight occurred with

increasing drying temperature. By extracting feed and excreta samples

with N,N-dimethylformamide followed by titration with Karl Fischer

reagent, it was found that significant amounts of water were retained

by samples dried at 40, 60, and 80 C. However, at temperatures of

100 C or greater, little water was retained but sample decomposition

122
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occurred. In determining the dry matter content of feed or excreta, a

drying temperature of 90 C or the Karl Fischer method may yield a

more accurate value for dry matter.

In the conductance of a total excreta collection trial with seven

roosters over a period of five consecutive days, significant differences

in the metabolizable energy of a diet between birds occurred. Some

birds were better metabolizers of dry matter and energy in comparison

to other birds. lf individual birds prove to be superior in their ability

to metabolize dietary components, then selection for this trait may be

possible.

In determining the metabolizable energy of corn, the voluntary

intake method of Parsons Q Q. (1984) was compared to the total

collection method of Han Q Q. (1976). By either method, there was no

difference in the metabolizable energy of corn. However, the variation

associated with the voluntary intake method was twice that of the total

collection method. The metabolizable energy value of corn was best

determined by feeding birds gd llyßgg and collecting excreta for

several consecutive days.
.

In past experiments, adding fats to a test diet at the expense of

cerelose in amounts no greater than 20% of the diet to determine the

metabolizable energy of the fat has been associated with a high degree

of variability. From the force-feeding of fats at higher levels to 100%,

the variation with the metabolizable energy value of a fat was greatly

reduced. The methodology presented in the final experiment detected

differences between two fat products where Fat 2 had higher values for
‘
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the metabolizable ether extract and metabolizable energy in comparison

to Fat 2. Therefore, reliable measurements of the metabolizable ether

extract (92.02 g. 85.52) and metabolizable energy (8.518 g. 7.748

kcal/g) of feed grade fats were obtained by the force—feeding of fat at

higher levels and the total excreta collection method.
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Appendix Table 1. Residual weight of excreta samples as
a result of dr jng and grinding (Series 1
- Experiment 1;*

Urving treatment
Freeze-

Measurement Sample dried 60 C 100 C 120 C

After drying 1 21.62 21.56 20.94 20.51
2 21.76 21.57 21.05 20.46
3 21.70 21.68 21.08 20.46

After grinding 1 21.20 21.15 20.84 20.26
2 21.55 21.13 20.85 20.24
3 21.45 21.42 20.86 20.19

After redrying 1 20.43 20.68 20.24 19.73
2 20.65 20.78 20.28 19.75
3 20.63 21.06 20.30 19.74

]Va1ues derived from an average of three 50-g samples of
fresh excreta.
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Appendix Table 2. Nitrogen and gross energy content of
excreta per gram of original sample
}Series I — Experiment 3}

rying reatment
Fmem—

Measurement Sample Undried dried 60 C 100 C 120 C

Nitrogen (%) 1 .924 .921 .918 .905 .911
.910 .920 .903 .903 .908
.930

2 .914 .921 .916 .908 .925
.906 .906 .928 .911 .938
.898

3 .921 .912 .912 .913 .922
.916 .920 .922 .913 .910
.909

Gross energy (kcal/g)
1 .779 .801 .829 .794 .793

.852 .805 .826 .808 .794

.796
2 .828 .824 .809 .803 .808

.799 .811 .802 .812 .815
. .825

3 .856 .798 .828 .794 .805n .788 .821 .824 .832 .805
.806

1Values derived from triplicate or duplicate analysés
on three 50-g samples of fresh excreta.



]37

Appendix Table 3. Residual dry matter of feed and
excreta samples subjected to
nitrogen and grcss energy deter-
minations Series I - Ex•eriment 2)

wying 'esi•ua lr 'at er lb
temperature Feed Excreta

(OC) Energy Nitrogen Energy Nitrcgen

40 90.l8 89.46 97.00 96.43
90.26 89.53 96.94 96.57

89.5] 96.26
60 87.94 88.55 93.93 94.78

87.99 88.46 93.44 94.59
88.50 94.56

80 86.9] 85.9] 92.85 92.72
86.90 86.00 93.03 92.52

86.l2 92.77
]00 85.86 85.l9 9].]9 9].26" 85.83 84.83 9].]3 9].03

84.88 90.98]20 84.73 84.04 89.55 88.97
84.64 83.73 89.42 88.72

83.97 88.86
]40 82.70 83.00 86.90 86.55

82.99 82.86 86.68 86.53
82.70 86.70

]75 75.2] 79.77 75.86 67.08
76.78 69.40 76.34 67.]9

70-95 56.87
]Values for feed and excreta samples subjected to

duplicate energy or triplicate nitrogen analyses.
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Appendix Table 4. Energy and nitrogen content of
feed and excreta samples on
dried basis when subjected to
various drying temperatures
(Series I - Experiment 2)üT?%ng*·————·——————————·——·——*·—·——·——·—————··—·—*—··———·—

temperature Energy (kcal/g)) Nitrogen (%)]
(OC) Feed Excreta Feed Excreta

40 4.l20 3.4l5 3.l00 6.802
4.ll9 3.432 3.l4l 6.765

3.l79 6.668
60 4.248 3.534 3.l26 6.788

4.229 3.55l 3.2l5 6.747
3.l8l 6.82l

80 4.288 3.586 3.l9l 6.874
4.283 3.560 3.238 6.989

3.264 6.9l7
l00 4.336 .3.639 3.246 6.989

4.306 3.666 3.285 6.889
3.2l0 6.9l8

l20 4.303 3.687 3.25l 7.050
4.247 3.794 3.30l 7.l04’ 3.296 7.lO3

l40 4.29l 3.67l 3.277 7.287
4.3l3 3.663 3.33l 7.l78

3.33l 7.l70
l75 4.294 3.539 3.6l4 8.792

4.288 3.54l 3.687 8.846
3.694 8.890

)Values for feed and excreta samples derived from
duplicate energy or triplicate nitrogen analyses.
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Appendix Tab1e 5. Residua1 dry matter and moisture
content of feed and excreta
samp1es subjected to various dry=
ing temperatures (Series I —
Experiment 3)

Drying Feed Excreta
temperature Dry Moisture Dry° Moisture(OC) matter (%) (%) matter (%) (ü)

40 90.24 5.51 97.49 5.75
90.32 5.42 97.64 5.80
90.30 5.51 97.42 5.73

60 87.74 3.16 94.69 3.40
87.90 3.21 94.85 3.41
87.80 3.11 94.72 3.07

80 85.47 .62 92.11 .52
85.41 .51 92.00 .53
85.45 .40 92.20 .62

100 84.34 .04 90.16 .16
84.36 .10 90.13 .02
84.21 .18 90.34 .06

120 83.43 .04 88.76 .09
83.28 .05 88.81 .08
83.32 .07 88.72 .06

140 82.63 .02 86.95 .04
82.54 .04 87.09 .07
82.46 .06 82.28 .09

Undried 15.10 8.30
15.20 8.51
15.20 8.38

1Trip1icate ana1yses of individua1 samp1es.
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Appendix Tahie 6. Feed consumed and excreta output for the seven
roosters fed a diet on five consecutive days
(Series II - Experiment 1}

iBird 1 2 3 4 5 Averace SE

Feed consumed (g)
“

1 65. 68. 69. 72. 73. 69.40 1.44
2 77. 85. 77. 78. 77. 78.80 1.56
3 88. 93. 106. 108. 100. 99.00 3.79
4 61. 83. 94. 89. 82. 81.80 5.63
5 94. 89. 83. 80. 94. 88.00 2.85
6 63. 64. 60. 77. 78. 68.40 3.78
7 88. 119. 118. 106. 124. 111.00 6.47

Excreta output (g)

1 12.34 18.07 15.15 16.06 16.46 15.62 .95
2 20.02 19.82 19.79 19.68 18.63 19.59 .25
3 20.54 19.39 21.20 21.84 21.38 20.87 .42
4 15.02 21.77 23.69 20.44 19.01 19.99 1.46
5 23.32 23.40 20.56 20.96 23.17 22.28 .63
6 15.06 14.82 15.27 18.26 19.88 16.66 1.027 21.41 24.55 25.82 25.52 27.65 24.99 1.03
1Standard error. '

Zweight derived after excreta were dried at 40 C in a forced-air
oven for 24 hours and a11owed to equi1ibrate with atmospheric moisture
for an additiona1 24 hours.
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Appendix Table 7. Residual dry matter of excreta samples
for the seven roosters fed a diet on
five consecutive days (Series II -

· Experiment ll].?
Day

Bird 2 3 4 5

] 89.74 90.50 88.90 9].49 9].l9
89.70 89.25 88.26 9].38 9].2]

2 89.39 89.77 88.86 90.54 90.]6
89.23 90.37 88.7] 90.9] 90.3]

3 89.52 89.84 89.73 9].45 90.65
89.74 89.95 90.00 9].34 90.66

4 90.66 90.09 89.76 90.54 90.8]
90.65 90.27 89.88 90.48 90.77

5 90.4] 90.27 90.59 9].23 90.78
90.32 90.]] 90.50 9].67 90.85

6 89.90 90.]] 89.47 9].90 90.82
90.29 90.04 89.7] 9].73 90.54

7 90.67 90.6] 89.79 9].36 90.82
90.74 90.46 90.0] 9].08 90.97

1Values derived from duplicate analyses on excreta
samples initially dried at 40 C in a forced-air oven
and then subjected to a dry matter determination where
individual samples (l-g) were dried in a convection
oven for 24 hours at ]00 C.

2The diet contained 87.0]% dry matter.
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Appendix Tab1e 8. Measurements of excreta nitrogen and
energy for the seven roosters fed a
diet on five consecutive days (Series II

- Experiment 1)1„2

Day
Bird 1 2 3 4 5

Energy in excreta (kca1/g)

1 3.218 3.087 3.163 2.953 3.044
3.224 3.109 3.100 3.022 3.009

2 3.026 3.182 3.049 3.147 2.950
3.079 3.194 3.007 3.266 3.011

3 3.252 3.179 3.146 3.218 3.054
3.277 3.160 3.071 3.178 3.071

4 3.194 3.162 3.151 3.274 3.174
3.133 3.139 3.106 3.276 3.225

5 2.980 3.085 3.038 3.013 3.031
3.040 3.141 2.986 3.042 3.097

6 3.036 3.141 2.929· 3.283 2.926
3.086 3.073 2.916 3.206 2.927

7 2.996 . 3.111 3.064 3.130 2.987
2.971 3.139 3.016_ 3.118 2.951

Nitrogen in excreta (%)

1 5.86 7.56 7.05 6.15 5.83
5.68 7.42 7.13 6.31 5.74

2 5.33 4.70 5.18 5.33 5.69
5.26 4.71 5.28 5.20 5.65

3 4.84 5.46 5.63 6.13 6.33
4.73 5.34 5.75 5.97 6.47

4 6.29 6.45 4.95 5.86 6.39
6.12 6.30 4.98 6.03 6.19

5 4.69 4.99 5.38 6.39 4.81
4.87 5.09 5.51 6.21 5.08

6 6.71 5.84 6.51 6.86 6.09
6.57 5.56 6.61 6.74 5.93

7 6.30 6.40 5.97 6.09 5.70
6.31 6.53 5.83 6.17 5.55

1Va1ues derived from dup1icate ana1yses on excreta
samp1es initia11y dried at 40 C in a forced—air oven.

2The energy and nitrogen content of the diet fed in
this experiment was 3.611 kca1/g and 1.80% respective1y.
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Appendix Table 9. knount of feed consumed, dried excreta
collected and the excreta dry matter for
eighteen roosters subjected to the voluntary
intake (VI) and total collection (TC)
method (Series II - Experiment 2)

Üeeä Üried I Excreta 2consumed (gl __ excreta (gl dry matter (%l
VI TC

”—V1_”_
TC VI TC

1 55.0 96.3 8.56 16.76 91.71 92.24
2 49.0 99.3 11.23 15.69 90.63 91.47
3 46.0 83.7 12.93 13.41 90.87 91.31
4 71.0 103.0 11.06 16.83 90.37 91.09
5 66.0 72.0 11.98 12.55 90.85 91.91
6 34.0 81.7 7.35 15.07 91.10 91.68
7 32.0 84.3 5.21 11.17 91.66 92.42
8 45.0 78.7 · 9.12 13.42 90.92 92.01
9 52.0 63.7 9.87 10.04 90.99 92.44 '

10 97.0 125.0 14.40 17.35 91.88 91.67
11 56.0 83.0 10.70 11.61 91.33 92.49
12 56.0 105.0 10.48 15.29 90.11 91.86
13 100.0 136.0 17.08 21.58 90.97 92.33
14 71.0 100.0 11.78 16.50 90.98 91.82
15 70.0 107.0 9.88 14.27 90.75 91.91
16 50.0 91.0 8.04 14.63 91.21 91.75
17 72.0 115.0 13.34 15.89 90.65 91.69
18 61.0 78.0 12.36 13.36 90.45 92.62

]Weight derived after drying freshly collected excreta at 40 C in a
forced—air oven for 24 hours followed by equilibration with atmospheric
moisture for an additional 24 hours.

2Dry matter of excreta determined from drying triplicate 1-g
subsamples at 100 C in a convection oven.

3Corn contained 90.29% dry matter.



l44

Appendix Table l0. Measurements of excreta nitrogen and
energy for the roosters subjected to
the voluntary intake (VI) and total
collection (TC) method (Series II -
Exgeriment 2)] ‘

Energy in Lxcretaä Nitrogen in Excreta2
Bird VI method TC method I method C method

l 3.445 3.ZlZ 9.85 6.23
2 3.404 3.6l2 9.33 6.l3
3 3.453 3.774 9.l9 6.44
4 3.479 3.848 7.37 5.65
5 3.5l9 3.552 8.l8 7.07
6 3.092 3.605 ll.77 7.07
7 3.085 3.743 l3.95 6.95
8 . 3.244 3.582 l0.2l 6.92
9 3.443 3.535 7.l5 7.49

l0 3.664 3.582 7.lO 7.76
ll 3.390 3.599 9.63 7.l9
l2 3.400 3.560 9.39 6.00
l3 3.530 3.480 7.04 5.84
l4 3.602 3.46l 7.43 6.79
l5 3.750 3.633 8.64 6.l8

.l6 3.486 3.650 7.58 7.04
l7 3.446 3.574 7.04 6.36
l8 3.635 3.782 6.90 5.74

]Corn contained 3.9l7 kca/g energy and l.45% nitrogen
on an as-is basis.

2Derived from duplicate analysis.



]45

Appendix Table ll. Daily feed consumption of diets containing
various levels of added fat from two sources

....-.-..._-_...i§.<i._Q.<ää.l_IQ;._...________._._________Ü€~7€]—of
DÜ Stanöard

fat % l 2 3 4 5 Average error

Fat l

0 247.7 323.7 374.2 383.9 -—- 332.4 3].]
5 335.0 3]4.2 327.8 34].8 —-- 329:7 5.9

]0 299.0 254.9 324.0 350.4 --- 307.] 20.3
]5 358.] 3]3.4 270.9 229.9 --— 293.] 27.6
20 292.3 252.2 228.] 342.] -—- 278.7 24.9
50 207.4 —-- 2]0.] 2]3.5 ]99.8 207.7 2.9
75 200.6 --- 204.6 ]98,6 --- 20].3 ].8

]00 200.2 202.3 —-- ]80.4 --— ]94.3 7.0

Fat 2

0 292.2 324.9 30].8 382.5 ——- 325.4 20.2
5 295.4 2]2.6 323.8 346.4 ——- 294.6 29.2

]0 3]].4 3]7.] 329.6 279.9 —-— 309,5 ]0.6
]5 284.6 249.9 283.0 274.0 —-- 272.9 8.0
20 344.5 320,4 330.0 383.3 ——- 345.3 ]3.6
50 204.9 2]0.2 208.7 —-— -—— 207.9 ].6
75 ]95.3 -—- 204.0 ]93.9 ]97.9 ]97.8 2.2

]00 ]56.] --—
——- ]44.] ]38.2 ]46.] 5.3
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Appendix Table l2. Daily excreta output from birds consuming
various levels of added fat from two sources
when dried at 40 C in a forced—air oven for
48 hours (Series III).

Level of Standarä
fat (Z) l 2 3 4 5 Average error

--••—•••-•—•—¤••-•~---—-—-g—-•-—----•-•-—-•---—-·-——-—--1-——---•-—----

Fat 1

0 59.75 l06.57 l]2.82 l24.85 --- ]0].00 ]4.26
5 95.5] ]02.60 ]]].92 ]06.40 —-— ]04.]] 3.45

]0 58.52 83.84 92.37 92.l6 -—- 8].72 7.99
]5 90.]] 76.46 ]]7.47 66.47 --- 87.63 ]].06
20 80.54 76.48 68.30 68.58 --- 73.48 6.05
50 56.52 --- 49.08 62.2] 49.63 54.36 3.]2
75 39.62 —-— 46.2] 44.58 --- 43.47 ].98

]00 40.2] 26.42 --— 32.04 --- 32.89 4.00

Fat 2

0 86.64 92.45 96.69 84.30 ——— 90.02 2.8]
5 82.l4 72.36 93.37 98.37 -—- 86.56 5.82

]0 58.52 8].42 l06.20 96.62 --- 85.69 l0.39
]5 80.37 76.82 78.76 69.84 --— 76.45 2.32
20 74.55 ]0].69 95.75 ]04.29 --— 94,07 6.75
50 27.26 24.78 28.93 --- —-- 26.99 ].2]
75 24.27 ——- ]9.82 24.64 22.68 22.85 ].]0

]0O ]8.4] —-- --- 3].2] l7.25 22.29 4.47
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Appendix Tab1e 13. Amount of water extracted from feed and excreta
samp1es bv the Kar] Fischer method (Series III}.

[evel 07 Feed Excretac
fat (i) 1 2 3 Average 1 2 3 Average

Fat 1
(

0 11.97 11.64 11.76 11.79 4.03 4.14 3.93 4.07
5 10.18 10.07 10.17 10.12 7.25 7.44 7.34 7.34

10 10.13 10.08 9.97 10,06 7.73 7.35 7.61 7.57
15 9.87 9.93 9.79 9.86 6.57 6.95 6.71 6.75
20 9.35 9.37 9.65 9.461 7.44 7.58 7.46 7.50
50 -—- -—- —-— 6.57] 3.94 4.41 4.08 4.14
75 -—— —-- --- 3.74 5.06 5.24 5.30 5.20

100 .76 .64 .73 .71 .71 .92 .88 .84

Fat 2

0 --— -—- --— -—- 6.10 6.22 6.26 6.20
5 11.61 11.83 11.07 11.50 7.97 7.38 7.48 7.61

10 10.05 9.89 10.63 10.19 7.54 7.81 7.48 7.60
15 9.19 9.14 8.97 9.10 6.84 7.02 7.09 6.98
20 8.66 8.46 8.76 8.66 6.48 6.71 6.77 6.65
50 --- --- --- 6.321 4.73 4.83 4.91 4.83
75 --- ——- —-- 3.311 4.08 4.12 4.16 4.12

100 .07 .11 .15 .11 2.59 2.61 2.63 2.61

1Ca1cu1ated from va1ues derived from basa1 diet and fat for diets cen-
taining 50 and 75% added fat.

2Dried at 40 C for 48 hours in a forced-air oven prior to ana1ysis.
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Appendix Table l4. Dry matter of feed and excreta samples
determined by oven-drying at l00 C for 24
hours {Series III).

Level of Feed Excreta
fat (Z) l 2 Average ] 2 Average

.......................... % ---......---.............,

Fat l

0 87.72 87.54 87.63 92.79 93.]7 92.98
5 87.86 87.9] 87.89 92.98 92.79 92.89

]0 88.]3 88.05 88.09 88.84 89.27 89.06
]5 88.82 88.6] 88.72 89.38 89.57 89.48
20 88.8] 88.88 88.85 88.78 89.38 89.08
sol --- --— 92.28 90.26 90.35 90.3]
75] --- --— 94.8] 9].37 9].97 9].67

]00 97.46 97.55 97.5] 97.23 96.5] 96.87 {
Fat 2

{ 0 87.72 87.54 87.63 90.77 90.9] 90.84
5 88.35 88.09 88.22 89.05 88.94 90.00

]0 88.78 89.]0 88.94 88.75 88.65 88.70
]5 89.2] 89.24 89.23 88.80 88.43 88.62‘ 20 90.05 89.9] 89.98 90.2] 89.84 90.03
50] ---

—-- 93.36 90.27 90.75 90.5]
75] --- --- 96.5] 90.83 90.29 90.56

l00 99.79 99.92 99.86 90.59 9].33 90.96

]Calculated from values derived from basal diet and fat for diets
containing 50 and 75% added fat.
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Appendix Table l5. Nitrogen content of feed and excreta samples
_ (Series III).

Level of Feed Excretaz
fat (%) l 2 Average l 2 Average „

Fat l

0 4.06 4.l5 4.l0 l3.32 l3.4O l3.36
5 3.93 3.88 3.90 ll.56 ll.45 ll.50

l0 3.68 3.79 3.74 l3.l3 l3.27 l3.20
l5 3.55 3.53 3.54 l0.97 ll.32 ll.l4
20 3.32 3.30 3.3l ll.58 ll.93 ll.76
50 —-— —-- 2.031 6.52 6.69 6.60
75 -—- --- l.l2] 3.l4 3.l9 3.l6

l00 —-- -—- —-— l.02 l.04 l.03

Fat 2

0 --— —-- —-- l3.90 l4,20 l4.05
5 3.79 4.02 3.90 l2.36 l2.l4 l2.25

l0 3.83 3.70 3.76 ll.28 ll.47 ll.38
l5 3.60 3.75 3.68 ll.87 ll.76 ll.82
20 3.33 3.4l 3.37 ll.68 lO.97 l0.02
50 ——— —-- 2.l91 9.67 9.96 9.82
75 --— —-— l.l41 5.l0 5.20 5.l5

l00 -—— ---
-—— l.66 l.46 l.56

]Undried basis where nitrogen content of diets containing 50 and
75% added fat were calculated using values derived for the basal diet
and fat.

2Dried at 40 C for 48 hours in a forced-air oven prior to analysis.
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Appendix Tab1e 16. Ether extract content of feed and excreta sawp1es
when extracted with petro1eum ether (Series III).

Leve1 of Feed Excretaä
fat (%) 1 2 3 Average 1 2 3 Average

Fat 1

0 1.95 2.04 --- 2.00 1.43 1.50 —-- 1.46
5 6.74 6.65 —-- 6.70 2.99 3.01 -—— 3.00

10 10.50 10.71 --- 10.60 4.87 4.88 --- 4.88
15 14.88 15.15 14.46 14.83 6.21 6.61 -—— 6.41
20 18.76 18.86 —-- 18.81 7.77 7.96 --- 7.86
50 ——— --- --- 48.151 37.20 36.71 -—— 36.96
75 --- —-- -—- 73.331 59.65 57.89 59.55 59.03

100 101.82 100.89 97.56 100.09 76.21 76.06 --- 76.14

Fat 2

0 --- --- ---
‘2.00 1.29 1.10 --- 1.20

5 6.58 6.65 --- 6.62 2.05 1.84 --- 1.94
10 10.62 10.84 10.01 10.49 2.98 3.32 2.92 3.07
15 14.17 14.76 13.68 14.20 4.55 4.44 —-- 4.50
20 18.33 18.63 --— 18.48 4.10 4.42 —-- 4.26
50 --- --- -—- 49.131 31.44 31.34 —-- 31.39
75 --- —-- —-- 74.96% 64.30 67.07 65.82 65.73

100 101.42 103.60 --- 102.51 73.38 66.26 80.00 73.21

1Undried basis where ether extract content of diets containing 50 and
75% added fat were ca1cu1ated using va1ues derived for the basa1 diet and

fat.

2Dried at 40 C for 48 hours in a forced-air oven prior to ana1ysis.
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Appendix Table l?. Energy content of feed and excreta samples_ (Series III).
Level of —Eeed Exereta2
fat (i) l 2 3 Average l 2 3 Av€Fage

--—---——-———-—--—---—-———--—-kcal/g---——-—--—-—------——--——-—

Fat l

0 3.796 3.789 ——— 3.793 3.425 3.396 --- 3.4]0
5 3.959 3.966 —-— 3.963 3.374 3.305 -·— 3.339]0 4.20] 4.249 —-— 4.225 3.52] 3.5]3 --— 3.5]7]5 4.484 4.565 --— 4.524 3.838 3.754 --— 3.79620 4.696 4.757 --- 4.726 3.830 3.740 —-- 3.785

50 ——— ——— -—- 6.308] 5.40] 5.398 —-- 5.39975 --- —-— —-- 7.680] 5.925 6.003 5.944 5.958]00 9.]86 9.]68 9.059 9.]38 7.673 7.773 —-— 7.723

Fat 2

0 —-- --- --— -—- 2.859 2.87] -—— 2.865
5 4.040 4.05] --— 4.045 3.]48 3.]96 --- 3.]72

]0 4.288 4.396 --— 4.342 3.33] 3.377 —-— 3.354]5 4.68] 4.648 --— 4.664 3.394 3.3]7 —-- 3.356
20 4.706 4.7]2 4.767 4.728 3.428 3.502 ——- 3.465
50 —-— --— --- 6.438] 5.2]4 5.]68 ——- 5.]9]75 -—- -—-

--- 7.887] 6.977 7.097 ——- 7.037
]00 9.434 9.457 9.407 9.433 7.454 7.279 —-— 7.367

1Undried basis where gross energy content of diets containing 50
and 758 added fat were calculated using values derived for the basal
diet and fat.

2Dried at 40 C for 48 hours in a forced-air oven prior to analysis.





METHODOLOGY FOR EVALUATING THE DIGESTIBILITY AND

METABOLIZABLE ENERGY OF POULTRY FEEDSTUFFS
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John Paul Blake
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Determining the energy values of feed ingredients for poultry is of

great concern, especially since production efficiency is associated with

profit margins. Therefore, accurate, precise, and reproducible energy

values for feed ingredients are of the utmost importance in formulating

an economical diet.

An important aspect in determining the apparent metabolizable

ener9Y (ÄME) of a feed ingredient is the procedure employed in the
A

drying of excreta samples. During sample preparation, substantial _

grinding losses were incurred amounting to 3.5 to 5.2% of the dried

sample weight. Also moisture uptake during sample grinding accounted

for a 1.9 to 3.9% increase in sample weight. To properly account for

such Iosses, freshly collected excreta samples should be weighed, oven-

dried at 40 C, reweighed, allowed to equilibrate with atmospheric

moisture, weighed, ground, reweighed, and stored in air—tight

containers for subsequent analyses.

From the oven-drying of feed and excreta samples at various

temperatures, a linear decrease in sample weight occurred with

increasing drying temperatures. When dried at 100 C or less, the
‘



energy content of feed and excreta samples remained unchanged, but

increased significantly at higher temperatures. The nitrogen

composition of feed and excreta samples exhibited a similar trend, but a

significant loss of excreta nitrogen (2%) occurred at 100 C. The loss of

excreta nitrogen at a temperature of 100 C is of relatively minor

consequence in the determination of metabolizable dry matter, but is of

major concern in nitrogen balance studies.

Extraction of feed and excreta samples with N,N-dimethylformamide

and titration with Karl Fischer reagent indicated that significant

amounts of water were retained by samples dried at 40, 60, and 80 C.

However, at temperatures of 100 C or greater, little water was retained

but sample decomposition occurred. A drying temperature of 90 C or

the Karl Fischer method may yield a more accurate value for the dry

matter of feed or excreta.

When seven roosters were subjected to a total collection method for

five consecutive days, individual birds were better metabolizers of dry

matter and energy than others. By either a voluntary intake method or

by a total collection method, values for the nitrogen-corrected

metabolizable energy of corn were similar. The total collection method

proved to be more reliable since it provided the least amount of

variation when Q feed intake and total excreta output were

measured over a period of several days.

ln past experiments, adding fats to a test diet at the expense of

cerelose in amounts no greater than 20% of the diet to determine the

metabolizable energy of the fat has been associated with a high degree



of variability. From the force-feeding of fats at levels to 100%, the

variation associated with the metabolizable energy value of a fat was

greatly reduced. The methodology presented here provided reliable

estimates and detected differences between the metabolizable energy of

two feed-grade fats in comparison to previous methods.


