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Summary

In order to study the relationships between the contents of urinary nitrogenous compounds and 
energy utilization of bird, the sum of nitrogen contents of uric acid, ammonia, creatine and urea 
voided in excreta was estimated as the urinary nitrogen (UN) in 13-33 day-old fed or fasted White 
Leghorn male chicks. Energy retention and heat production of birds were determined by comparative 
slaughter studies.

2.75 mg of endogenous urinary nitrogen (EUn) and 2.19 mg of uric acid was excreted constantly 
per kJ heat production in fasted bird. One mg of UN was proportionated to 32.26 J (r = 0.999, 
n = 8) of the urinary energy (UE) in fed and 32.97 J (r = 0.9998, n = 8) of the endogenous urinary 
energy (UEe) in the fasted bird. Also relationships between 1 mg of uric acid and 38.95 J of UE 
(r = 0.998, n = 8) or 38.97 J of UEe (r = 0.996, n = 8) were significant (p < 0.01). The EUn (r 
=0.997, n = 4), uric acid (r = 0.995, n = 4) and metabolic fecal energy (FEm) plus UEe (r = 
0.961, n = 4) were increased with the increase of body weight (g/bird). Metabolic fecal nitrogen 
(MFn) or energy (FEm), EUn and UEe per unit diet were not influenced by the age of day or body 
weight.

The results indicated that energy and protein utilization of bird can be approximated by the 
relationships among urinary nitrogen, urinary energy, uric acid content in excreta and body weight 
of bird.
(Key Words : Bird, Urinary Nitrogen (UN), Endogenous Urinary Nitrogen (EUn), Uric Acid, Urinary 
Energy (UE), Energy and Protein Utilization)

Introduction

The urinary nitrogen (UN) or endogenous 
urinary nitrogen (EUn) are the uncompletely 
oxidized protein metabolites composed mainly 
of uric acid, ammonia, creatine and urea in fed 
or fasted bird (Sturkie, 1976). And endogenous 
urinary energy (UEe) is comparted by the cal
culation of energy contents for the catabolites 
of protein from the metabolic fecal energy (FEm) 
in the droppings of poultry (Lim et al., 1986). 
But the relationships between the contents of uric 
acid and energy utilization of birds was not fully 
elucidated though the uric acid nitrogen consti
tutes from 60 to 82% of the total UN (Shoem

aker, 1972). Thus the interrelationship between 
energy utilization of bird and the protein meta
bolites, uric acid, of excreta was studied for the 
accurate evaluation of nutrients utilization in 
poultry.

Materials and Methods

Day-old Single Comb White Leghorn male 
chicks were fed on a commercial chick mash diet 
for the first 12 days in an electrically heated wire 
floored brooder. During the next 20 days of 
experimental feeding period, birds were either fed 
on the same diet or fasted during 3 days at 
23-27°C of room temperature with 12 hrs period 
of light and darkness. The protein metabolites 
in excreta and energy utilization of birds were 
measured 4 times at the intervals of 5 days. For 
the 1st, 2nd and 3rd experiments with 4 groups 
of fed and 2 groups of starved 60 birds (10 birds 
fed X 5 groups + 5 birds starved X 2 groups) 
of 13-18 days-old, 46 birds of 18-23 days-old and 

267 AJAS 1992 Vol. 5 (No. 2) 267-274



KOH ET AL.

32 birds of 23-28 days-old, were respectively 
employed. For 4th experiment with 2 groups of 
fed and 2 groups of starved i8 birds (4 birds 
fed X 2 groups + 5 birds starved X 2 groups) 
were employed.

The experimental diet, corn-soybean type, 
contained 12.0% of moisture, 18.4% of crude 
protein, 5.0% of crude fat, 6.8% of ash, 5.5% 
of crude fiber and 14.74 kJ of gross energy (GE). 
The diet contained all the nutrients for chick 
growth recommended by NRC (1984). Diet and 
water was supplied freely.

In initial and final day of each feeding and 
fasting experiment at 09:00 AM, each 4 birds 
as representatives selected at random in fed and 
starved group, respectively, were sacrificed for 
analysis of carcass compositition. Feed consump
tion at 24 hr intervals and individual body 
weight in initial and final day of fed and fasting 
experiments were recorded.

The daily droppings on the plastic sheets 
beneath the cages were collected at 24 hr intervals 
of final 2 days in birds for 5 days of feeding 
and during 3 days in birds starved for the every 
experimental periods. The droppings were blended 
by an Waring blender with some water in the 
flesh state as soon as possible after the collection 
to prevent NH3 loss or decomposition of uric 
acid and other protein catabolites. A definite 
amount of the blended excreta was used immi- 
diately after blening for the determination of total 
nitrogen and ammonia (AOAC, 1980) and for 
the extraction of the nitrogenous compounds with 
the saturated lithium carbonate (Li2CO3) water 
solution (Tasaki and Okumura, 1964). And a 
definite amount of the remnant excreta was 
dried at 60P in the forced convection dry oven. 
The combustion value of the excreta and feed 
was measured by an adiabatic bomb calorimeter. 
For the correction of nitrogen equililbrium, 
34.39 J/mg N (Hill and Anderson, 1958) was used 
in the calculation of metabolizable energy (MEn) 
and true metabolizable energy (TMEn) contents 
of diet.

Uric acid (Baker, 1946, Marquardt, 1983), total 
creatinine (Hawk et al., 1958) and urea (lino and 
Kameoka, 1969) was determined using an aliquots 
of the extracts. The UN and urinary energy (UE) 
were comparted from the excreta nitrogen or 
energy by the sum of nitrogen or energy contents 
of the uric acid, ammonia, total creatinine and 

urea (Koh and Oh, 1984, Lim et al., 1986). The 
energy contents of urinary nitrogenous compounds 
were calculated by multiplying 11.418 kJ per gram 
for uric acid, 25.171 kJ for ammonia, 17.878 kJ 
for total creatinine and 10.569 kJ for urea (Ja
panese Chemical Society, 1952), respectively.

For the analysis of carcass composition, whole 
carcasses removed digesta and feces from the 
digestive tract of birds were frozen quickly at 
—20*0 as soon as possible and homogenized with 
the plumage by a chopper 4 times or more at 
the frozen state to prevent the leakage of mois
ture from the carcasses. The protein contents of 
carcasses were calculated by multiplying 6.25 for 
total nitrogen, and lipids of the homogenates were 
extracted by the method of Folch et al, (1957) 
and measured gravimetrically. Energy retention 
(ER) was calculated by multiplying 23.85 kJ and 
39.75 kJ for gram protein and lipids retention, 
respectively, in the fed bird and 16.07 kJ fbr 
gram protein in the starved bird (Brouwer, 
1965).

Regression analysis or studentized t-test were 
carried out to asses the relationships between 
means, and to test the significance of difference 
among means (Snedecor and Cochran, 1967).

Results and Discussion

Energy utilization of bird
During 20 days of experimental feeding period, 

daily body weight gain, energy retention (ER) 
and heat production (HP) in birds fed or fasted 
were shown in table 1.

Body weight, feed intake and HP were incre
ased as age of day passed. When body weight 
was increased from 92.5 to 345.0 g, daily ER 
was increased from 58.83 kJ to 89.16 kJ which 
was estimated as the net energy for gain (NEg) 
in this experimenal condition. The daily gain and 
ER of birds during 13-18 day-old was lower 
than those of bird during 13-33 day, which 
showed even a tendency to increase with age of 
day.

But during 3 days of fasting period, birds 
reduced the body weight and increased the HP 
and ER linearly with the increase of body weight 
and age of day passed. The HP were in a range 
from 35.15 to 89.16 kJ according to the change 
of body weight, which was approximated as the 
net energy for maintenance (NEm).
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TABLE 1. DAILY GAIN, ENERGY RETENTION AND HEAT PRODUCTION IN 13-33 DAY-OLD BIRDS FED OR 
FASTED AT 23-27°C OF ROOM TEMPERATURE (MEAN ± SD)

Age of day J 3-18 18-23 23-28 28-33

Fed。
Body weight, Initial 
(g/bird)

92.5 士 3.9a 136.4 土 7.8b 202.3 士 17.6C 271.8 士 30.1d

Body weight, Gain 
(g/bird)

8.8 ± 1.6a 13.2 士 3.5b 13.9 士 6.0b 14.7 ± 2.2b

Feed intake 
(g/bird)

21.3 士 3.1a 29.5 士 3.4b 36.3 土 3.4C 42.7 士 2.8d

Energy retention2' 
(kJ/bird)

58.83 士 10.42a 86.90 土 23.14b 91.76 ± 39.83b 96.32 土 13.8引

Heat production3*
(kJ/bird)

Fasted',

152.15 士 10.88a 204.76 ± 7.11b 268.40 ± 12.13C 337.36 ± 7.12d

Body weight gain 
(g/bird)

-8.2 ± 0.99a -11.2 ± 1.68b -15.8 士 1.89c -19.1 士 2.94d

Heat production51 
(kJ/bird)

35.15 士 4.10a 49.29 ± 7.45b 73.47 ± 8.95C 89.16 士 13.68d

n As sample 14 birds in 1st, 2nd and 3rd and 8 birds in 4th experiment were used for record of body weight, 
and calculation of energy retention and heat production, and feed intake is average of 5 day.

2, Calculated by protein and lipids gain during 5 days of experiment.
s, MEn intake minus energy retention.

Average values of 10 birds during 3 days of fasting period.
5) Reduced energy retention of 10 birds.
Significantly different at p < 0.05 among different superscripts in the same row.

From table 1, daily NEg, NEm, HP and heat 
increment for maintenance and growth (Him + g) 
were i summarized as the function of the 
metabolic body size (kg075) to remove the effect 
of the variation in body weight. Per kg0-75 birds 
intaked daily 10기 kJ of MEn (table 4), retained 
282.7 kJ of NEg and produced 788.5 kJ of heat, 
and the NEm and Him + g of the bird reached 
to 247.6 and 539.8 kJ, respectively. The rate of 
NEg, NEm, HP and Him + g per MEn intake 
were 26.4, 23.1, 73.6 and 50.4%, respectively. Thus 
the net availablity of metabolizable energy (MEn) 
for growth was reached to 49.6%.

The estimated NEm per kg0-75 was lower than 
556.1 kJ of Koh et al. (1985) who raised 11- 
26 day-old White Leghorn male chicks at 14-21 
°C of . room temperature. A linear decrease in 
metabolic heat production with increasing ambient 
temperature was observed (van Kampen, 1974, 
Romijin and Vreugdenhil, 1969, Davis et al., 
1973). Thus the low value of the NEm will be 
due to a high ambient temperature (23-27X)). 
While differences between this study and 548.1 

kJ of Waring and Brown (1965), 347.3 kJ of 
Scott et al. (1982) or 326.4 kJ of Whittow (1976) 
were not studied. Because of differences between 
strains or determination methods it is difficult 
to compare their metabolic rates.

Distribution of urinary nitrogenous compounds
Distribution of nitrogenous compounds ex

pressed as percent of total UN in 13-33 days-old 
chicks fed or fasted at 23-27of room tem
perature were shown in table 2. Birds fed diet 
voided 82.4% of uric acid nitrogen which was 
higher than 78.8% of the starved birds. And 
ammoniacal nitrogen was 3.9% in the fed bird 
which was lower compared with 10.8% in the 
fasted birds. Total creatinine nitrogen of 2.2% 
was excreted in the fed bird was higher than 
1.3% in the fasted birds.

The UN was estimated by the sum of nitrogen 
contents of the protein catabolites. Although of 
urinary nitrogen uric acid of 82.4% in the fed 
bird was similar with 81.0% reported by O'Dell 
et al. (i960) in birds fed practical diet and
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TABLE 2. DISTRIBUTION OF NITROGEN FOR NITROGENOUS COMPOUNDS IN EXCRETA OF 13-33 DAY-OLD 
CHICKS FED OR FASTED AT 23-27°C OF ROOM TEMPERATURE

Nitrogenous 
compounds

Fedu Fasted"
% CV % CV

Uric acid 82.4 ± 2.3a 2.8 78.8 士 3.2b 4.1
Ammonia 3.9 ± l.la 28.2 10.8 土 2.0b 18.5
Total creatinine 2.2 士 0.4a 18.2 1.3 ± 0.4b 30.8
Urea 11.5 士 2.6 22.6 9.1 土 1.8 19.8

u Determined twice in bird of 13-18, 18-23, 23-28 and 28-33 day-old chicks, respectively.
a Determined twice at last two days during 3 days of fasting in 13, 18, 23 and 28 day-old birds, respectively. 
Mean ± SD of 8 determinations.
Significantly different at p < 0.05 between different superscripts in the same row.

84.]% observed by Sykes (J97J), while which were 
higher than 60% reported by Teekell et al, (19 
60) and 76.0% by O'Dell et al. (I960) in birds 
fed semipurified diet.

The uric acid nitrogen increased in the fed 
birds compared with that of fasted birds was 
similar trends with the observation of Sykes 
(1971). The distribution of ammoniacal nitrogen 
showed inverse relationlship with that of the uric 
acid, though Lim et al. (1986) found similar trend 
even in the fasted birds. Thus the uric acid 
excretion have an inverse relationship with am- 
monia excretion in the kidney and catabolism of 
protein was different between normal and fasting 
birds.

For the collection of urine free from the feces 
it is necessary to cannulate the ureters or to 
separate the openings of the ureters or the rectum 
by surgical colosectomy. But the operated bird 
can no longer be regarded as physiologically 
normal, since chickens with exteriorized ureters 
drank almost twice as much water after as before 
(Dicker and Halsam, 1966) and insertion of 
uretral cannulas is known to produce diuresis 
(McNabb et al., 1970). It 아lows that the insertion 
of ureters or surgical colosectomy functins possibly 
as a stressors and normaly excreted urinary 
nitrogenous compounds will be not known. It 
was considered that birds raised in physiologically 
normal state is necessary for the bioassay of 
energy utilization.

Urinary nitrogen and heat production
Excretion of the UN or uric acid per HP were 

calculated in birds fed or fasted and summari-. 
zed in table 3. In the fed bird excreted 1.51 mg 

of UN and 1.14 mg of uric acid per kJ of HP, 
respectively, which were lower than 2.75 mg of 
EUn and 2.19 mg of uric acid per kJ of fasting 
heat production (FHP). The coefficient of variance 
were decreased in the order of UN, uric acid 
of fed bird, EUn and uric acid of fasted bird 
showing the values 13.2, 9.6, 4.0 and 2.5%, res
pectively. Thus the relationship between daily EUn 
or uric acid and FHP was constant relatively.

The EUn and uric acid to the FHP showed 
a constant values of 2.75 mg kJ-1 and 2.19 mg 
kJ-’，respectively. This is a similar trends with 
that the basal metabolism have a constant rela
tionship with the EUn (Brody, 1945). And Farrell 
and Swain (1977) observed even at the different 
ambient temperature relationship between daily 
EUn and FHP was constant. The value of EUn 
per FHP was higher than 1.14 for unacclimated 
and 1.30 for acclimated broilers reported by 
Farrell and Swain (1977), while, who did not 
determine the UN separately from the FN. The 
difference will be due to the different species or 
experimental methods but the reasons were could 
not elucidated.

The excretion of the UEe, uric acid and FEm 
+ UEe were positiviely related to the body 
weight of bird with a significant linear effect. It 
was similar with the suggestion of Miski and 
Quazi (1981) who observed that UEe + FEm 
were voided as similar trend with the EUn 4- 
MFn expressed per unit body weight in growing 
broiler chicks. And they suggested that UEe + 
FEm losses were mainly attributed to difference 
in their body composition and basal metabolic 
rate (BMR) energy needs, who even did not 
measure UEe separately from the FEm.
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TABLE 3. EXCRETION OF URINARY NITROGEN AND URIC ACID PER HEAT PRODUCTION IN BIRDS FED OR
STARVED AT 23-27°C OF ROOM TEMPERATURE

Age of day
Fed1' Starved2)

UN3) Uric acid EUn3) Uric acid

(mg kJ시) (mg kJ"1) (mg kJ"1) (mg kr】)

13-18 1.49 土 0.45 1.11 士 0.41 2.91 2.17
18-23 1.56 士 0.16 1.29 ± 0.14 2.69 2.12
23-28 1.75 土 0.27 1.13 士 0.17 2.67 2.21
28-33 1.26 土 0.10 1.03 土 0.11 2.75 2.25

13-33 1.51 ± 0.20b 1.14 ± 0.11a 2.75 士 0.1 ld 2.19 ± 0.06c
CV" 13.2 9.6 4.0 2.5

11 Mean ± SD of 8 determinations.
2, Mean values during 3 days of starving was used.
3> UN; urinary nitrogen, EUn; endogenous urinary nitrogen.
41 Coefficient of variance.
Significantly different at p < 0.05 among different superscripts in the same row.

Since the UEe was excreted linearly with the 
FHP and body weight in poultry, and a linear 
relationships between UE and UN or uric acid 
was found. This would be expected that energy 
and protein utilization of birds will be estimated 
from the energy intake, excreta energy, uric acid 
in excreta and body weight of bird.

Relationships among UN, UE, uric acid and body 
weight

The interrelationships among UN, UE, uric 
acid and body weight were calculated from the 
data. As expected UE (y, J bird-1 day~') increased 
with the content of UN (x, mg bird-1 day-1) in 
the excreta of fed bird.

y = 268 + 32.26x, SE for slope = 13.18, 
r = 0.999, n = 8..................................................(1)

Also UEe (y, J bird-1 day-1) was related lin
early with the EUn (x, mg bird-1 day-1) in the 
fasted bird.

y = 4.9 + 32.97x, SE for slope = 13.5, 
r = 0.9998, n = 8................................................. (2)

The slopes between UE and UEe was not 
differ. Then relationship between UN and UE 
was constant neverteless fed or fasted bird and 
energy equivalent to 1 mg of UN was ranged 
from 32.26 J of UE to 32.97 J of UEe.

Also a linear regression equations between 
UE (y, J bird-1 day-1) and uric acid (x, mg bird-1 
day-1) was calculated.

Fed bird: y = 387 + 38.95x, SE for slope

=15.95, r = 0.997, n = 8................................. (3)
Fasted bird: y = 366 + 38.97x, SE(slope) 

=15.93, r = 0.999, n = 8................................. (4)
When birds were starved the FEm + UEe 

(y, J bird-1 day-1), EUn (y, mg bird-1 day-1) and 
uric acid (y, mg bird-1 day-1) were increased 
positively with the body weight (x, g bird-1).

FEm + UEe: y = 3389 + 44.83x, SE (slope) 
=33.0, r = 0.961, n = 4........................................

EUn: y = 29.5 + 0.8997x, SE (slope)= 
0.637, r = 0.997, n = 4......................................(6)

Uric acid: y = 14.0 + 0.7838x, SE (slope) 
=0.557, r = 0.995, n = 4.................................⑺

All correlation coefficients between UE or UEe 
and UN or uric acid content in excreta, and body 
weight and FEm + UEe, EUn or the uric acid 
were significant at p < 0.05. The results indicated 
that UN and uric acid in excreta in fed or fasted 
bird is equivalent to 32.26-32.97 J and 38.95- 
38.97 J of UE or UEe, respectively, and sug
gested that EUn, uric acid and FEm + UEe 
will be estimated from the body weight of bird.

From the relationship between urinary nitrogen 
and energy, 1 mg of UN and EUn was equivalent 
to 32.26 J of UE and 32.97 J of UEe which was 
similar with 33.92 J reported by Lim et al. 
(1986) in the fasted bird. Also Koh et al. (1990) 
boserved 33.51 J of UE and 33.18 J of UEe 
per mg N in White Leghorn layer fed graded 
levels of a practical diet at 21-281? of room 
temperature.
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For correction to zero nitrogen retention, HiD 
and Anderson (1958) used a value of 34.39 J per 
mg N retained, because this value, the energy 
content of uric acid, is based on the assumption 
that tissue protein when catabolized would yield 
uric acid as the sole excretory product. And Titus 
(1959) used 36.53 J per mg N retained which 
was the gross energy (GE) content of chicken 
urine to average UN content. Also Coulson and 
Hughes (1930) /bund an energy content of 36. 
40 J per mg N for chicken urine. The reported 
values were higher than those of this experiment, 
Lim et al. (1986) and Koh et ai, (1990).

The nitrogenous compounds excepts the uric 
acid are excreted in the range from 16% (Sykes, 
1971) to 19% (O'Dell et al., I960) and from 
17.6 to 21.2% in this study. The UE and UEe 
is energy excreted as the incomplete oxidative 
metabolites of the protein. Thus the energy 
coefficient for the correction of nitrogen equili
brium should be derived from all the nitrogenous 
compounds will be more accurate. But in practice 
the value derived from the uric acid (Hill and 
Anderson, 1958) has been used most frequently 
(Scott et al., 1982) and significant difference in 
the calculation of ME value was not found (Lim 
et al., 1986).

Utilization of protein and energy
In order to elucidate an effect of MFn + 

EUn, UEe and (FEm + UEe)n on 나le energy 
utilization of diet, the values per unit diet in dry 
matter were summarized in table 4.

During 20 days of growing period, effect of 
age in day-old on the MFn + EUn, UEe and 
(FEm + UEe)n values were not found, and 

relatively stable values, average 7.1 mg, 0.21 kJ 
and 0.11 kJ per gram diet were obtained, res
pectively. While diet contained 11.15 kJ g-' of 
MEn, the (FEm + UEe)n. corrected MEn, the 
true metabolizable energy (TMEn) was reached 
to 11.25 kJ g-‘ diet. Since the difference between 
MEn and TMEn value was not significant, MFn, 
FEm, EUn and UEe expressed per unit diet were 
not affected by the age of day or body weight 
change by growth.

Since 16.6 and 34.2% of diet protein was 
excreted as FN and UN, respectively, nitrogen 
retention was 49.2 士 1.6 (SD, n = 4)% and 
digestibility of protein was reached to 83.4 士 
2.2 (SD, n = 4)%, And MFn was equivalent to 
3.0% of diet protein, then true digestibility of 
protein was calculated as 85.4 士 2.8 (SD, n = 
4)%, Also from the EUn, the biological value 
of protein was calculated as 81.0 ± 3.2 (SD, n = 
4)%, then net utilization of protein was reached 
to 70.0 士 4.2 (SD, n = 4)%.

In the dry matter basis, the experimental diet 
contained 16.75 kJ of GE, 12.14 kJ of digestible 
energy (DE) and 11.72 kJ of ME. Thus the 
digestibility of energy (DE/GE) and metaboli
zability (ME/GE) for diet were reached to 72.5 
士 2.8 (SD, n = 4)% and 70.0%, respectively. 
When the ME was corrected to zero nitrogen 
retention (table 4), the metaboJizability (MEn/GE) 
of diet was lowered to 66.6%. The correction 
to zero nitrogen retention contributed 3.5% of 
GE loss which was higher than 2.5% of UE loss 
for the incomplete oxidative metabolite of protein. 
And the another metabolizability, TMEn/GE, was 
reached to 67.2% which was equivalent to the 
MEn value plus 0.6% of GE added by the (FEm

TABLE 4. METABOLIZABLE ENERGY VALUES PER GRAM DIET INFLUENCED BY THE META8O나。FECAL AND 
ENDOGENOUS URINARY NITROGEN OR ENERGY IN 13-33 DAY-OLD MALE CHICKS AT 23-27°C 

OF ROOM TEMPERATURE IN THE DRY MATTER BASIS

Age of day 13-18 18-23 23-28 28-33 13-32

MEn(kJ/g) 10.96 ± 0.13 11.01 ± 0.09 11.11 ± 0.08 11.51 士 0.15 11.15 土 0.25
MFn + EUn(mg/g) 7.7 ± 0.5 5.9 ± 0.9 6.8 ± 0.3 8.2 ± 2.1 7.1 土 1.01
UEe(kJ/g) 0.21 士 0.04 0.19 ± 0.02 0.21 士 0.01 0.24 士 0.04 0.21 土 0.02
(FEm +UEe)n(kJ/gn) 0.14 ± 0.006 0.08 土 0.002 0.11 ± 0.005 0.11 ± 0.002 0.11 ± 0.02
TMEn (kJ/g) 11.10±0.13 11.09 ± 0.09 11.22 士 0.088 11.62 土 0.15 11.25 ± 0.25

n [FEm + UEe - (MFn + EUn) X 34.39]/Feed intake. 
Mean ± SD of 4 replicates.
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+ UEe)n.
Thus to know an effect of the higher TMEn 

value than MEn on the energy metabolism of 
birds, the TMEn intake, heat production (HPt) 
and heat increment (Hit) calculated by the TMEn 
value of diet w이compared to those of MEn 
were summarized in table 5.

The rate of TMEn/MEn were 1 이.0% and 
HPt/HP were 101.4% which were lower (p < 
0.05) than 1 이.95% of HIt/HI. Since the TMEn 
value of diet do not affect on the NEg and NEm 
determined by the retention of protein, and lipids 
in the body, the HPt is equivalent to the dif
ference between the TMEn intake and NEg, and 
the Hit, the TMEn intake minus the NEg and 
NEm, varied with the increased value of the 

TMEn. Accordingly the major part of the? in
creased TMEn/MEn was associated with the in
crease of the HI in energy metabolism of bird. 
Thus when other energy values of diet, DE or 
ME, were applied on the energy metabolism of 
bird, the HI o이y will be changed. It is still 
questionable, for the precise evaluation of nutri
ents, that the correction of nitrogen retention 
for calculation of ME is right expession of the 
real energy metabolism of bird (Kleiber. 1965).

The results suggests that if it were possible 
to determine the energy intake, nitrogen intake, 
energy or nitrogen and uric acid contents in 
excreta and body weight of bird, this would 
provides an accurate means of estimating the 
energy and protein utilization of bird.

TABLE 5. EFFECT OF TMEn VALUE OF DIET ON THE DAILY ENERGY UTI니ZATION OF BIRD

kJ/kg075 %

TMEn 1083.0 ± 19.7 TMEn/MEn 101.01 士 0.24a
HPt1 799.3 土 43.9 HPt/HP 101.37 士 0.34a
Hit2 550.9 土 38.9 HIt/HI 101.95 土 0.42b

□ Heat production calculated by the TMEn value.
2) Heat increment calculated by the TMEn value.
Mean ± SD of 4 replicates.
Significantly different at p < 0.05 between different superscripts in the same column.
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