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S'E\-'El\' metabolism trials with adult Favoumi cocks were unde riake I

using four birds incach. In one trial. 3 White Piymouth Rock (W
PR} cocks were uscd for comparison with Vayermi oceks, The
metabolism trials were undertaken for the defcimination of ME,
digestibiltiy and feeding value of rations Faving a suitable range
of crude protein and ME levels ; mixtures wore further used in come-.
parative feeding experiments with growing chicks,

Results indicatcd that caleulated ME valucs for experimental.
rations frem mocorded figures for their separate ingre dicits were
9.4 - 12.9%0 higher than calorimetrically determincd ME. The
deviation in caleulated crude protein®; (CP) was 4-9.6% lower
than determined crude protein, This indicated that in comparative
feeding studies reliance sheuld be on actually determine d ML and
CP valucs.

The differe nees betwieen the corrcetcd ME for retained N
and classical ME wvalues were negligible, not cxcecding 2.61 e
Therefore, such N corrcetion for ME appearcd to be unnccessary,

In balanced rations, it appeared that applving uranyl a.cetatéi
or trichloro acetic acid for determining dircctly faecal N in
digestion trials with pouliry, produced practicaily the same values
of digestible CP, NFE and caleulated TDN, the pereentage diffe~
rence being notcxeccding 4,169, 0,329 and (.52 % respe clively.

Results also indicaled that multiplying TDN, apparent SV
or true SV by the corre sponding factors of 4.2, 4.0 or 4.185 Keal/s
would practically prodiice an ME figure of the dict per 100 g com=
parable with that calorimetrically obtained. It was also suggestive
from the resulis (0 use 2 value number (Wertigkie () of 9597 with
poullry feeds to caleulate Ttrue SV12,

Numerous investigators tried to find out the most reliable or easiest me-
thods for assessing energy of feed mixture with poultry. The energy of feed
can be expressed as gross, digestible, metabolizable or net. The direct det-
ermination of digestible cnergy values with poultry is dfficult due to the problem
of separating the faeces from the combined excreta, The determination of
net encrgy values is laborious requiring very specific equipments (such as
the respiration calorimeter or chamber for determining carbon and N balance)
or determined using certain slaughter techniques and applying certain eqautions
(according to Fraps system 1946 for determining the productive energy (PE).
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Metabolizable energy (ME) values are relatively simpler to obtain with
poultry and provide a measure of the feed energy which is available to the birds
for the various physiological body processes (maintenance and production).
The term ME with poultry is the encrgy of the food eaten less the energy of the
excrement derived from both facces and urine. ME values are available for
poultry feeds using the calssical method by some workers (Fraps ef al., 1940,
Olsson 1950 , Halnan 11951, Carpenter and Clegy 1956). Later on, the clas-
sical ME values were corrected for nitrogen equilibrium as suggested by several

~workers (Hill and Anderson 1955 , 1958, Hill et al. 1960, and Sibbald and
Slinger 1963).

Metabolizable energy values have been computed indriectly from di-
gestibility data for many feeding-stuffs by using suitable values for ME for
_each digestible nutrient following the figures indicated by Axelson and Erikson
(1951) , and Titas (1961). ' '

Fraps et al.,(1940), found that the metabolizable energy can be calculated

by a knowledge of what be called “effective digestible nutrients”” EDN exclud-

“ing the digestible crude fiber in the calculation. This figure was practically

the same as that of TDN. They considered that each gram EDN is equivalent

to 4.2 Kcal ME, and using 4.2 Kcal per gram TDN would practically produce
the same ME figures. '

Sibbald ez al. 1960 reported that the usefulness of ME values in the for-
mulation of poultry ration relies on the assumption that the ME values of an
ingredient is independent of the other diet component . They added that ME
value remains relativley constant irrespective to the age or type of experiment-

.fal birds.

This work was undertaken to study the interrelationships among ME
figure, corrected ME as well as other conventizonl feeding standards.

Material and Methods

The experimental work was carried out at Dokki Poultry Farm, Animal
Production Department, Ministry of Agriculture. The analytical work was
performed at the laboratories of the same Departiment.

Adult Fayoumi cocks were used in 7 metabolism trials with four birds
housed individually in metabolism cages for each trial. Three adult white
Plymouth Rock cocks were used in one tiral for comparison with Fayoumi
cocks. Seven experimental feed mixtures (intended to contain wide range of
ME and CP levels) as shown in Table 1, were used for the metabolism trials.
The preliminary period continued 4 days as well as the collection period. The
well mixed excreta were dried daily at 70° overnight to form a composite sample
which was finely ground before storing.

Faecal N was determined directly in the excreta according to the method

of Bckman ef al. (1949) deproteinizing with uranyl acetate. Deproteinizing
~with trichloro-acetic acid was also applied(J ackobsen ¢t al.,1960) for comparison
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in feed mixtures. Urinary organic matter was calculated assuming that
each unit N corresponds to 2.62 units urinary organic matter as deduced by
Galal (1969)(assuming that the percentage scatler of urinary N was 62.9 from
that uric acid, 17.3 from ammonia, 10.4 from urea and 9.4 from creatine
plus other components as inicated by Sturkie 1954).

TDN was determined in the usual method (using the factors 1, 2.25 and
1 for digestible CP, crude fat and curde carbohydrate respectivley), While the
conversion factors of Buchman (queted by Ghoneim,1964) to calculate apparent
starch were 1.03, 3.11, 1.00 and 1.00 in respective order. True S.V. was cal-
culated at first using 0.3 unit of curde fiber deduction and later a suitable
crude value No of 95 was suggested for pouliry feed mixtures as will be discu-~

ssed from the results,

Determination of metabolizable energy

The dried and finely ground samples of feed and excreta were assayed
for gross energy using the adiabatic bomb calorimeter following instruction.
Benzoic acid dried at a temperature pot more than 5°C above its melting
point (122°C), was used for checking the apparatus. Metabolizable energy
(Feed energy-Excreta energy) was determined per gram dry matter of the
feed using the simplified equation :

ME/g feed = GE/g feed—D1y matter ratio x G.E/g excreta

Corrected ME to equilibrium balance of N was undertaken as proposed
by Titus et af.,(1959) substracting .73 Kcal ME for each lg N of the positive
balance using the simplified equation :

Corrected ME/g feed == Classical ME/g feed — (N/g feed—dry matier

ratio x N/g excreta) x 8.73. :

Analysis for moisture, nitrogen, crude fiber, ether exiract and ash were
made for feed, dried excreta and according to the methods of the A.Q.A.C.,

(1965)
Statistical analysis was carried out according to Snedecor (1959).

Results and Discussion
Calorimetric determination of metabolizable energy values for experimental
rations. '

The average values of classical ME (feed energy-excreta energy) in Kilo-
calories per gram dry ration, were 2.400 4 0.032, 2.5504-0.009, 2.746+0.013,
2.971+4+0.016, 1.904+0.074,2.2474-0.024 and 3.10640.020 for rations 1,2,3,4,5,6
and 7 repectively (Table 2). However the respective coefficient of variation
was 2.28% 0.71%, 0.82%, 1.06%, 7.77%, 2.15% and 1327, It is obvious
that values of classical ME within individual cocks for each ration differed
slightly so that the variability ranged from 0.71% to 2.28%, with the exception
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of ration 5 which had a relatively high variability (7.77%). These results
confirm the reports of Hill and Anderson, (1955, 1958), Anderson er ai.
(1958) potter e al. (1960) and Titus (1961) who found that ME is more
precisely measured than the productive energy. Abdella (1970) found that
the variability of determineil productive energy ranged between 0.86%, and
21.329; with Rhode Island Red chicks. '

Correcting for retained N, ME values Table 2 were 2.342+40.029, 2.496 +
0.013, 2.688-0.013, 2.914-0.009, 1.8644-0.007, 2,189-4-0.018 and 3.0254-0.018
for the rations 1, 2, 3, 4, 5, 6 and 7 respectively.  The average percentages
of corrected ME from classical ME ranged between 97.39%, and 98.05%,
These differences were small, not exceeding 2.61% of the classical ME. In
view of this finding, it might be claimed that the nitrogen correction does
little to improve the classical ME  data. Therefore, the classical ME det-
ermined in this experiment was used to study its interrelation with other
feeding standards.

The concept of corrected ME for N retained appeared to need further
studies from the academical and physiological sides before widening its appli-
cation in comparative feeding studies.

Compariscn between determined metlhobolizablz 2nzy -2 ind orubz protein % and
their calewlated values for exjicrimenial rations

The energy and crude protein levels were at first calculated by a know-
ledge of the percentage portion of each ingredient for the ME figures recorded
for such ingredient by Titus (1961). The calculated metabolizable energy
values were about 109 higher (9.4, 11,7, 12.1 and 12,99 for rations 1, 2 3
and 4 repectively) than thoss determined. The calculated crude protein
values were 16, 18, 20 and 22% for rations 1, 2, 3 and 4 respactively, baing
slightly lower than those dstermined (Table 1). This indicated that in com-
parative feeding studies reliance should be on actually determined ME and
CP values.

The effect of breed on metabolizable energy values

It was found that the classical and corrected ME, using ration 7 with
WPR cocks are somewhat higher than those obtained with Fayoumi cocks
{Table 2). The classical ME valuss were 3.217 +-0.026 Kcal with WPR and
3.106-£0.0020 with Fayoumi, while the corresponding corrected ME values
were 3.106 +0.018 and 3.0254+-0.018 Keal. The difference batwaen ecither
the classical ME values of the two breeds or between the corrected values
was significant only at 5% level and not sicnificant at 1% level. Sibbald
and Slinger (1963) and Slinger er af (1964). showed that breeds metabolized
the energy of their feed differently. The higher ME values with WPR cocks
than those obiained with Fayoumi ones, might indicate that WPR cocks
melabolized more energy per unit of feed than did Fayoumi cocks.
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TABLL 1. Percentage composition and proximale analysis of experimenial rations
(Feed mixtures)

| Ration No.

Ingredients : ) T :
1| 2 3 14 5 6 | 7
|
b ! B, | 2 | & il b %
Yellow Corn. . . . .| 25 34.5 45.5 | 49 10 10 54.5
Rice bran (extracted 32 20 8 3 378 37.5 | 3
Wheat bran . . . . . 20 14 8 3 20 | 20 3
Corn gluten feed . . . 5 5 4 4 i 4 4
Decorticated cotton |
seed meal - o 8 13 20 26 15 15 21
Sesame seed mical. . . 3 3 5 4 4 4 5
Fish meal - . P8 3 3.5 4.5 3.5 = 3.5
Blood meal i 2 2.5 3 2.5 2.5 2.5
Bone meal 1 I | I 1 1 1
Lime stope. . . . . .| 1.3 15 1.5 tud 1.5 Ly | 1.5
Sodium chloride 0.5 0.5 | 0.5 | 0.5 0.5 0.5 0.5
Mineral mix.* 0.5 ¢.5 | 05 | 0.5 0.5 | 0.5 0.5
1 | |
Supplements
Vitamin mix®* . . . . L N - 4 L
Manganese sulphate
(ppmy . . . .. .| 150 150 150 130 150 130 130
Corn oil. Kg/100 kg [ !
fee . - . == 1 = == .
Lard kg/100 kg feed . = - — HEN O — 6.5 | 3.5
| H
[
Proximate analysis
| |
Moisture  « .+ - . . . 9.49 | 9.49 .88 8.54 9.38 | 9.22 9.31
Ashs o v v e oE u 10.54 9.83 §.34 757 10.84 10.27 6.76
Crude protein 17.54 18.78 20.96 22.87 21 2] 19.85 20.36
Crude fiber 0. 85 5.99 | 5.66 5.01 7.83 7.09 3.95
Ether exiract 3.43 4.31 4.16 7.21 4.52 10.11 ., §.62
M. free extrael < - . -| 52.15 51.60 52.00 43.80 | 46.16 43.46 51.00

* Commercial salt.

## One Kg of Vit. A-D, per ton of feed (cach gram contains 5000 1.U, of Vit. A and
1000 1.U. of Vit. D,

One Kg of Vit. B mix. per ton of feed (each ke contains 8,8 g ribeflavin, 8.11 g
pantothenic acid, 52.9 g niacin and 229 3 g choline chloride.
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TABLE 2. Average resulis of determined metabolizable energy in various rations
used in comparative feeding experiment. (Kcal per gram intake)

; Determined classical ME Corrected ME

Ration | . | o \ o .. = =

Breed as fed in DM as fed It in DM
1 Fayoumi | 2.172 2400 | 2120 | 2342
2 Fayvoumi 2,308 2.550 ! 2259 ' 2.496
3 Fayoui 2.502 f 2.746 i 2.449 i 2.688
4. Fayoumi 2T 2.971 ! 2,664 2.914
5 Fayoumi 1.724 1.504 . 688 1.864
6 Fayoumi 2,044 2,247 ‘ [.991 2.189
7 Fayoumi 2.808 3.106 2.734 3.025
7 W.P.R. 2.907 3.217 ‘ 2.807 3.106

L

The differences infeed level might be also responsible for differences in
metabolized energy per gram feed intake as it was 30.7 g daily per 1 kg
liveweight with WPR and 43.8 with Fayoumi. Moreover, the consumption
per | kg metabolic body size (W kg) 0.75 was also higher with Fayoumi being
50.0 g against 40.3 with WPR. However, such differences in ME/g could
be practically neglected among breeds in comparative feeding experiments.

The effect of using frichloro-acetic avid in digestion trials with poullry using
mixed rations

With balanced feed mixtures (Ration 1, 2, 3 and 4 in Table 3, having
relatively high digestion coefficients of CP about 80%), applying trichloro-
acetic acid, resulted in much smaller deviations than when applying uranyl
acetate.

The average digestibility of CP was 84.78 (Table 4) using ftrichloro-
acetic acid, being 82.23 when using uranyl acetate. Such differences could
be neglected, being within differences of replicates in a digestion trials with
poultry. Therefore, it appeared very applicable in feeding practice (and
not single or two component feed mixture), could be taken as 80%,.

Although the average percentage difference between CP digestibilities
with uranyl acetate method and that of trichloro-acetic was negligible rang-
ing between [.12 and 4.16, yet this was reflected to less percent differences
with NFE coefficients being between-1.12 and 0.32%. The perccent diffe-
rence with calculated TDN was almost nil ranging between 0.13 and 0.529.-
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TABLE 3. Average digestion coefficient and feeding value for the first feed mixiure
(Ration 1, 2, 3, and 4).

Ration

No, 2

Dry
matier

53.95
56.07
59.27

\ 60.37

Av. digestion Coefficient Ay, feeding value
Crude Ether Crude N. free True
protein extract fiber extract TDN sy
‘}f;»__‘ b % %
85.16 71.83 4.08 47.74 50. 87 51.38
|| 83.99 T4.85 3.20 62.06 55.25 56.69
i B6.05 77.95 7.75 64.26 59.19 60.82
‘ 84.11 81.80 1.81 65.39 64.51 68.66

TABLE 4. The effect of using trichloro-acetic acid versus uranyl acetate on digestibility
and feeding value of mixed rations

| A
Ration Cock . P ‘ NEER ‘ Teeding
No. No. Method of Analysis | digestibility Coef. Value
TDN
— | . -
Trichloro acctic acid « - « .|  85.55 58.83 51.49
Uranyl acetate - « « « . - | 8220 59.49 51.24
i 1 Difference . « « « « v o4 e . 3.35 — 0.66 0.25
o7 of difference R ‘ 4.08 ‘ — 1.11 0.49
Trichloro-acetic acid : | 83.31] 62.74 | 55.11
Urany] acclale ' ‘ 82.39 62.94 55.04
2 6 Dilferences aoE 0.92 — 0.20 | 0.07
\ of of difference .+« + .+ . | .12 — 0.32 | 0.13
| Trichloro-acetic acid ‘ 86.44 65.16 59.84
| Uranyl acctate . « -« - - §2.98 | 65.96 | 59.53
3 3 Diffcrence + « « o« | 3.46 — 0.80 .31
‘ o/ of difference . 4.16 —1.21 \ 0.52
Trichloro-acetic acid . . . . | #3.85 65.27 65.11
Upanyl acetate .« -« « - - 81.41 ‘ 63.94 ‘ 64.58
4 o § Difference -« « « + - . ‘ 2.44 — .67 0.23
v of difference | 3.00 ‘ — 1.02 | 0.33
. 8478 63.00 |  57.89
. | 82.23 | 63,58 57.67
'I)J"l_l_ﬂ!‘l;fi X [ 255 - .58 ‘ 06.22
|| o ol diffcrence - ‘ 3.09 ‘ — (.92 | (.37
| l
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But with single feeds directly fed to cocks, Abou-Raya and Galal (1971)
found that trichloro-acetic acid application resulted in an increase in diges-
tibility of CP, slight decrease in NFE coefficient but negligible increase in
TDN or SV. The absoulute differences in CP coeflicient were relatively
high, being higher when the coefficient was relatively low (with rice bran
being 57.85 against 73.72).

Therefore, it was concluded that using trichloro-acetic acid with ordinary
mixed poultry rations would Iead 1o negligible differences when compared
with uranyl acetate.

The validity of Fraps et al. factor (4.9 Kcalle TON) for indivect determination
of metabolizable cnergy

By comparing the caleulated ME figures (TDIN4.2) wilh those directly
determined calorimetrically with single cocks in the four trials (Tuble 5),
there was no significant differences observed. The range of differences
among 14 cocks was between-0.001 and 0.050 Kealfg feed. The test of nil
hypothesis revealed that the average differences in ME per gram feed was
0.00944+0.0064 Keal (*t being 1.469) indieating insignificance in the difference
between the experimentally determined ME and those calculated using TDN
and Fraps e af. factor.

TABLE 5. The relation between direetly defermined metaholizable energy (ealori-
meiricaily) and indivectly determiined yalues from TDMN

1
Indireet calculated ME ‘ |

7 Direct pe— " | Determined
Ration No.| og.x No. ldetermination i Difference M St
Average of ME/g feed Caleulated* TN

TON % ME unit ‘

| ’ TBN
_— ISR (S— — S
1 ‘ 1,2.3 2,172 | 50.87 2137 | — 0.035 4.269
2 5,6,7,8 2.308 55.25 2.321 — 0.013 4.177
3 12,3 2.502 | 59.19 2.486 — 0.016 4.227
4 5.6,7,8 2.717 64.51 2.709 - 0.008 4.212
|

Overal] [
mean 2.437 57.80 2.428 | —0.0094 | 4.217

1} i |

# Calculated ME was obtained according to Fraps et al,, (1940) (TDN, multiplied
by 4.2 keai),

Therefore, it was concluded that in mixed rations such as used in this
study having a wide range of ME (2.117-2.738 Kealfg feed or 2.431-2.994
Kecal/g dry matter), the figure 4.2 Kcal could be used Lo represent one gram
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TDN in digestion trials. In this study with individual cocks, when dividing
determined ME by corresponding TDN, the gram TDN was found to produce
4.152 up to 4.297, the average being 4.217 Kceal. The figure oblained here
was practically the same as suggested by ['raps ef al. (1940).

The relation between colgrimetrically determined melcbolizable energy and
starch value after Buchmon, (1946).

According lo Buchman 1946 {cf. Ghoneim 1946) cach 1 g true SV corre-
spands to 4. 185 Keal M. When caleufating the ME indirectly with individual
cocks (Table 6, ) to obtain apparent SV (assuming pure nutrients), the cale-
ulated (apparent) ME was on average of 4 cases, 5.6%, higher than determined
ME calorimetrically. This feads us to conclude that utilization of digestible
energy from nutrients in feeds is slightly less than with pure nutrients. Tt
was possible therefore to indicate that **true’” or corrected metabolizable en-
ergy in mixed feed would be 94.67% that calculatded assuming pure nufrients,
ey tapparent” ME. It was concluded that with nougliry feeds an average
swertegkiot” or value number of 94.679, or 95Y%, could be used to calculate
true SY. Therefore, with poultry, fed on mixed dicts, the true SV figures when
mrultiphicd by 4. 185 Keal would produce an ME figure for 100 g diet com-
parable with that experimentally obtained calorimetrically.

When using the apparent SV figure and caiculating the average corres-
v JSINE b} Rt v & &

ponding ME per gram apparent SV (Table 6), it was found to be 3.962 Kcal
ranging between 3,841 and 4.093 Keal. For practical purposes an average
of 4.00 Kea! equivalent to each g apparent SV could be also suggested for in-

: 4 = ; 5 o :
directly obtuining true ME comparable with those calorimetrically obtained.
Y & O ; : g

In other words 1 g apparent SV in a feed coresponds to 4.0 Kcal ME. This
figure is 959 of the 4.185 Kcal which Is considered for 1 g pure digestible
starch.

Tt was therefore suagestive Lo use a value number of 95% in poultry feeds
to compute true SV figures from digestible nutrients according to Buchman’s
factors. It seems that using a crude fiber deduction of 0.3 %, SV per unit
CEFY in feed as already used by Abou-Raya & Galal (1971) in digestion trial
(analogous to Ghoneims suggestions with concentrates with sheep instead
of the value number), appeared Lo correct somewhat the apparent SV figures
but without experimental evidence. In fact when using the crude fiber dedu-
ction the calculated true SV figures were 1-2 percent degree higher than those

calculated using the suggested value number.

Seekine more accuracy, lesting the correlation belween SVY, and ME
calorimetrically obtained, it was found to be almost unity (0.9914). The fol-
lowing two prediction regression equalion were calculated.

ME == 3.343 x apparent SV - 37.75 (1)
Apparent SV = 0.294 XME - 10.04 (2)
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The equations would give more accurate figures for predicting ME indi-
rectly, but the average 4.00 Kcal per gram appareat SV or 4. [85 Kcal/g trme
SV:is easier for prediction.

TABLE 6. The refation between directly determined metabolizable energy and
starch wvalue after Buchman (19406)

! g ! True SV
| .
Ration |, Cock Dicectly — gnparent Determined o
No. No. ‘L‘;‘”f‘“lgc" q ' SV ME funit SV Using ‘ Using
Average MEjg Fee , C.F . Vajue
| deduction | number
I 123 | 2.172 53.44 4.064 ‘ 5138 50.77
2 4251617 2.308 58.45 | 3.945 | 56.69 | 55.57
! i :
3 1:2+3 2.502 | 62.52 | 4000 | 60.82 59.39
| i |
4 4,5+6.7 ey 25 ‘ 70.16 ‘ 3.873 ‘ 68.66 66.63
! i
Over-all 2.437 | 61.61 | 3.962 | 50. 86 ‘ 58.53
mean } |
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