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ABSTRACT

The influence of genotype, age and sex on apparent metabolisable energy (AME) and on
nitrogen-corrected AME (AMEn) was studied using male and female chickens of two
different genotypes (RIR and Cornish lines) at 4 and 8 weeks of age. The experiment was
carried out for the purposes of better understanding the effect of age on dietary AME and
AMEn of high protein-low energy (LEHP) and low protein-high energy (HELP) diets. These
types of diets are used in the determination of the AMEn content of feed ingredients. The
influence of age on metabolisable energy values obtained for the feed ingredients was not
consistent; thus, AME and AMEn values obtained for corn were not significantly different
(P>0.05) at 4 and 8 weeks of age, but with respect to fish meal significant difference
(P>0.05) was ascertained between the ages in both genotypes. The AME and AMEn values
calculated for corn at both ages were the same for both genotypes and both sexes. Also, the
level of corn intake had no influence on metabolisable energy at these two ages. However,
variation in fish meal intake and its metabolisable energy content was dependent on the
growing period. AME and AMEn values obtained for the LEHP diet, but not for the HELP
diet, increased significantly between 4 and 8 weeks of age, representing a significant
interaction between age and experimental diet. The AME and AMEn were significantly lower
at four weeks than at eight weeks of age for LEHP, in contrast with the HELP diet.

(Keywords: metabolisable energy, sex, age, genotypes, feed ingredients)
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a baromfitakarmany hasznosithaté energidjira
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2Veszprémi Egyetem, Georgikon Mezdgazdasagtudomanyi Kar, Keszthely, 8361 Dedk F. u. 16.
SKaposvéri Egyetem, Allattudoményi Kar, Kaposvér, 7400 Guba S. u. 40.

A genotipus, a kor tovabba az ivar hatdsat vizsgdltdk a latszolagos metabolizdlhato energidra
(AME) s a nitrogenre korrigdlt AME-re (AMEn) 4, ill. 8 hetes korii, két genotipusu (RIR és
Cornish vonal) csirkében. A kisérletek célja az volt, hogy adatokat kapjanak nagy fehérje- és kis
energiatartalmu (LEHP), valamint kis fehérje- és nagy energiatartalmi (HELP), referen-
ciatakarmanynak a metabolizdalhato energidra gyakorolt hatdsdrol. Az energia- és a fehérje-
tartalmat kukorica, ill. halliszt ardanyanak valtoztatasaval dllitottak be. Megdllapitottdk, hogy az
életkor hatasa - ha az energidt kukoricaval biztositottdk - nem szignifikans az AME és az AMEn
értékekre a 4 tovabbd 8 hetes dllatokban. Ezzel szemben a halliszt szignifikans kiilonbségeket
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mutatott a kiilonbozé koru valamint genotipusu csirkékben. Megallapithato volt tehat, hogy a
kukorica tarsitott vizsgalatokban még nagyobb aranyban sincs hatassal a metabolizdalhato
energidra e ket korcsoportban. A halliszt metabolizdlhato energiatartalma viszont fiigg az
életkortol és a novekedesi periodustol. Ezért a LEHP takarmdnyra kapott AME és AMEn
értekek 4-8 heét kozott szignifikansan nottek, szignifikans interakciot mutatva a kor, ill. a
takarmdny kozott. A latszolagos metabolizdlhato energia és a nitrogénre korrigdlt
metabolizalhato energia a 4 hetes dllatok esetében a HELP takarmdny etetésekor
szignifikansan alacsonyabb volt, mint a 8 hetes allatoké a LEHP takarmdny esetében.
(Kulcsszavak: metabolizdlhato energia, ivar, kor, genotipus, beltartalmi vizsgélat)

INTRODUCTION

The apparent metabolisable energy (AME) content values for feedstuffs are not dways
congtant, and may vary even when afeedstuff isfed to birds of the same type. Digestibility of
feed ingredients may aso be dependent on the genotype, age and sex of the birds (Sibbald,
1975; Proudman et al., 1970; March, 1973; Vincze, 1979; Vincze et al., 1992; Dublecz et al.,
1997; Vincze et al., 1997). Genotype and sex influence the metabolisable energy and
digestibility of feedstuffs (Sorensen and Chwalibog, 1983; Leenstra and Pit, 1987; Jorgensen
and Sorensen, 1990), and may be attributable to variations in the endogenous energy losses
relative to the excreta energy of feed origin. Slinger (1964) observed that differencesin AME
values measured with broiler chickens and laying hens might have been due to variaionsin
genotype, sex and age. Sibbald and Slinger (1963a) and Spratt and Leeson (1987) found that
White Leghorn chicks metabolised more dietary energy than did White Rock chicks. Sex
exerted no influence on metabolisable energy (Zelenka, 1997; Adnan, 1981; Chwalibog et al.,
1978; Scheele, 1979). Sibbald and Slinger (1963a) reported no differences between AME
vaues measured with male and female chicks. The influence of age on digestibility
coefficient has been observed not to be consistent (Ten Doeschate et al., 1993). It can be
concluded that the manner in which age influences digestibility is still not entirely clear, but
that such an influence does exist. The effect of age on the dietary nitrogen-corrected AME
(AMEnN) of high protein-low energy (LEHP) and low protein-high energy (HELP) diets used
in the permination of the AMEn content of grains when substituted for the entire diet (Bartov,
1995). However, Shires et al. (1980) also reported that the TME value of corn for chicks and
roosters was affected by age. Bayley (1968) and Zelenka (1968) described variations with age
in the AME vaues of feedstuffs. Carew (1972) and Fernandez (1996) reported age effect, in
that the excretion of uric acid, anmonia and total N increases with age. Miski and Quazi
(2981) found that FmE+UeE per unit body weight and size decrease with age, which would
have the effect of increasing AME value. Knowing the degree of variability between two
agesin the digestibility of adiet may help in isolating those dietary components that are more
difficult to digest for the younger than the older chick. Potter et al. (1962) suggested that
chicks fed fish meal diets converted the metabolisable energy to body energy more
efficiently. Shires (1987); Askbrant (1990) and Yutste et al. (1991) aso compared AME and
TME bioassays for determining ME of feed ingredients for broilers. Hochstetler and Scott
(1975) observed that the AMEN value of corn was not affected by the age of the bird. Sibbald
et al. (1960) observed that the type of protein included in the basal diet may influence the
energy availability of the test material, and that low-protein basal diets contained more ME
than did those prepared with a high protein content. Slinger (1964), Leeson et al. (1974) and
Ten Doeschate et al. (1993) noted that AME varies with strain and breed and with interaction
due to different genotypes, sex and age. However Laurin (1985) suggested that the AME
assay of greater precision used with birds fed ad libitum is the preferred assay, et least at an
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early age. In the present study, metabolisable energy was determined using chromic oxide
(Cr,05) as an indicator. The accuracy of chromic oxide (an indicator technique) is more
precise than the total collection method (Sibbald et al., 1960; Olsson and Kihlen, 1948; Hill
and Anderson, 1958; Sibbald and Slinger, 1963b; Aviniki and Vincze, 1989). Mollah and
Bryden (1983) reported that AME values determined using a rapid bioassay technique with
growing broilers were considerably higher than values determined using the conventional
procedure with growing broilers. Sibbald (1978) observed that TME values for adult birds on
the same diet were less variable than those for chicks. The objective of this study was to
determine the effects of genotype, age and sex on the AME and AMERn values for corn and
fish meal subgtituted into areference diet by two bioassay methods.

MATERIALS AND METHODS

Experimental birds

The chickens used in this experiment were 96 males and 96 females of two genotypes: Rhode
Idand Red (RIR) (layer type) and Cornish (meat type). The chickens were fasted for 12 hr to
empty their dimentary tract of feed residues. All the one-day-old-chicks were individualy
weighed and alotted to cages. The chickens were reared in cages with wire floors (2 chicks
per cage); duminium trays were placed on the floor in the first week. The environmental
temperature was gradualy lowered from 32°C at one day of age to 18°C at 6 weeks. During
the rearing period the building was lit continuoudy and water and feed were provided ad
libitum. All the chicks were fed the same Starter diet (AMEnN 3.16 kcal/g (13,23 kJg) and CP
23%) and the samefinisher diet (AMEn 3.08 kcal/g (12.90 kJ/g) and CP 19.36%).

The experimental period

Two points in the chick feeding period were designed for the AME assay: 4 weeks and 8
weeks of age. During the experimental period fresh water and feed were constantly
available to the chicks. Weight changes and feed consumption data for the trial periods
were recorded. On the three days of the assay period the dropping trays were collected
twice a day. Spilt feed and dropped feathers and scales were removed from the excreta
samples collected on each tray, which were then immediately frozen. The frozen excreta
samples were dried in an oven at 80°C for 48 hours. Then the dried samples were
weighed and ground in preparation for chemical analysis.

Indicator method
Chromic oxide (Cr,0s;) was used as an unabsorbable indicator. It was mixed into the
experimenta diet in a proportion of 0.3%. The ground experimental diets, feedstuffs and
excreta samples were analysed for gross energy using a bomb calorimeter (Parr Instrument
Company 1261), while the nitrogen content of the samples was determined by aKjeltec Auto
1030 equipment. Dietary ME values were cd culated according to the following equations.
ME-=heat of combustion of ration (GE kcal/g)(kJg)—

[(Cry0O3 inration/Cr,03 in excreta) xheat of combustion of excreta (GE kcal/g)(kJg)].
N-corrected ME=

classical ME-8.73[gN of ration—Cr,Oj3 in ration/Cr,03 in excreta)xg N of excreta)].

Calculation of ME of a test ingredient

ME per gramme substituted ingredient=
ME of test diet—(ME of reference dietxproportion of ference diet)/
proportion of test ingredient in the test diet.
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Apparent digestibility of test diet(%)=
100-{100x%(% indicator in feed/% indicator in faeces)x
(% indicator in faeces/% indicator in feed)].
Apparent digestibility of test ingredient(%)=
[% digestibility of test diet—(digedtibility of reference dietxfraction of nutrient in test diet)]/
proportion of nutrient from test feed in test diet.

The experimental diets

The composition of the reference diets used in the experimentsis shown in Table 1. One of
the reference diets was used in each case and each sample of the corn and fish meal under
study was incorporated into the appropriate reference diet. Corn was incorporated into the
reference diet with low energy and high protein at a concentration of 40% or 80%, while
the fish meal was incorporated at a level of 4% or 8% into the reference diet with high
energy and low protein. The experimenta diet was fed for a 4-day adaptation period
followed by a 3-day collection period in which feed intake was recorded. The quantities of
feed in the troughs were kept to a minimum to avoid wastage.

Table 1

Composition of reference diets (%)

Reference diet(1)

FEED INGREDIENT(2) LEHP* HELP*
Corn grain (3) 0 40.3
Barley grain (4) 23 5
Wheat grain (5) 23 20
Wheat bran (6) 0 13
Soybean meal 48% CP (7) 50.2 18
Fish meal (8) 0 0
Calcium phosphate (9) 14 14
Oyster shell (10) 14 13
Vit. supplement ** 0.5 0.5
Mineral suppl.*** 05 0.5
ANALY SED COMPOSITION
MEn (kcal/g)(kJg) 2.96 (12,39) 3.01 (12,60)
Crude protein (%) (11) 30.51 17.67

*Reference: low energy-high protein (LEHP) (alacsony energia- és magas fehérjetartalmii
takarmdny) and high energy-low protein (HELP) (magas energia és alacsony fehérjetaratalmii
takarmadny). **Supplied per kilogramme of diet (¢ takardny vitaminkiegészitése
kilogrammonként): vit. A, 4,400,000 |U; vit. D5, 720,000 1U; vit. E 7,200 1U; vit. K3, 1,000 1U;
vit. By, 600 mg; vit. By, 2,400 mg; vit. Bz, 4,800 mg; vit. Bs, 12,000 mg; vit. B, 600 mg; vit. By,
400 mg; vit. By, 6.4 mg; choline chloride, 220,000 IU; vit. Hy, 40 mg, ***Supplied per
kilogramme of diet (a takarmdny dsvanyi anyag kiegészitése kilogrammonként): manganese,
40,000 mg; zinc, 26,000 mg; copper, 2,000 mg; ioding, 400 mg; cobdt, 40 mg; cacium,
181,000 mg; seenium, 40 mg.

1. tablazat: A kontoll takarmdany dsszetétele

Kontroll takarmdny(1), Osszetevok(2), Kukorica(3), Arpa(4), Buiza(5), Buizakorpa(6), 48%-0s
fehérje tartalmu szojaliszt(7), Halliszt(8), Kalcium-foszfat(9), Kagylohéj(10), Nyersfeherje(11)
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RESULTS AND DISCUSSION

The effects of age, sex and genotype (mest or laying type) on the apparent metabolisable
energy (AME) and nitrogen-corrected AME (AMERN) of the test diets and the test ingredients
are illustrated in Table 2. The metabolisable energy values for the test diet and the tria
ingredients (corn and fish meal) were obtained by means of the indicator method, according
to Sibbald et al. (1960). The significant differences for the two genotype and sexes were not
similar; therefore, AME and AMERn obtained for the test diet (protein source) for males of the
two genotype was not significantly different (P>0.05), while in females significant difference
(P<0.05) was ascertained with respect to the metabolisable energy of the two source test
diets. The results of the anadlyss of the test ingredients showed no significant difference
(P>0.05) in males of the two genotypes regarding metabolisable energy values obtained for
corn subgtituted at different levels, with the exception of fish medal level. There was a
significant (P<0.01) interaction between AME and AMERn values obtained for the tria diets
and the levels of trial ingredients. The metabolisable energy values of the reference diet and
the test ingredients determined during the two periods are shown in Table 3. AME and
AMER were significantly (P<0.05) lower at 4 weeks than at 8 weeks of age for the LEHP
diet, but AME and AMERn in the LEHP diet were significantly (P<0.05) higher a 4 weeks
than & 8 weeks. As the data indicate, none of the apparent metabolisable energy and
nitrogen-corrected AME values obtained for the test ingredients showed significant (P>0.05)
difference between the two ages, while AME and AMERn for the test ingredient corn at levels
of 40% and 80% were not significantly different (P>0.05) between the two ages. However,
the fishmeal diet did not follow the same pattern. At alevel of 4% the AME values proved
significantly (P<0.05) different, while the AMEN values were not significantly different
(P>0.05); a aleve of 8% both AME and AMEN showed significant difference (P<0.05)
between 4 and 8 weeks of age (Table 3). The AME and AMEn values obtained for the
reference diets showed significantly different (P<0.05) effect of the two genotypes, but there
was difference between the two genotypes in the AME and AMEN vaues obtained for both
reference diets, with the exception of AMEN for LEHP reference diet. However, the AME
and AMEn values for HEL P were not significantly different (P>0.05) between the sexes but
there was significantly different (P<0.05) for LEHP reference diet (Table 4).

Table 2
Mean AME and AMEn values for the test diets
and the test ingredients with respect to different genotypes'
Genotype’(1) Cornish RIR
Sex Male(2) \ Female(3) Male \ Female
Test diet’(4) . AME, kcal/g (kJ/g) ] o
2.95+0.1969 | 3.40+0.076% | 3.189+0.043% | 3.237+0.092
0,
60% LEHP+a0% com | 15 351082) | (14.24+032) (13.35:0.39)  (13.55+0.39)
3.36+0.044% | 3.35+0.035% | 3.04+0.144d” | 3.47+0.04%
0,
20% LEHP+80% com | 1) 471018) | (14.03:0.15) (12.72+0.60)  (14.53+0.17)
96% HEL P+4% fish 2.94+0.0759 | 3.16+0.032% = 2.86+0.019 | 2.98+0.107
meal (12.31+0.31) | (13.23+0.13) | (11.97+0.04) | (12.48+0.45)
92% HEL P+8% fish 3.03+0.957% | 3.12+0.085°" | 3.02+0.243%9 | 2.77+0.074°
meal (12.69+4.01) | (13.06+0.36) | (12.64+1.02) = (11.60+0.31)

Continued. 4 tdbldzat a kdvetkezd oldalon folytatddik.
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Continued from previous page. Folytatds az elézd oldalrdl.

Test ingredients(5)
Cormn 40% 2.74+0.44% | 3.77+022% | 3.4+0.183% | 3.66+0.399%
(11.47+1.84) | (15.78+0.92) = (14.24+0.77) | (15.32+1.67)
Corn 80% 3.43+0.063% | 3.40+0.048% | 3.04+0.168% | 3.60+0.079%
(14.3620.26) | (14.24+0.20) | (12.73+0.70) | (15.07+0.33)
Fish meal 4% 9.12+1.1* | 5.68+0.159° | 1.95+0.24" | 591+1.85*
(38.18+4.61) | (23.78+0.67) | (8.16+1.00) | (24.74+7.75)
Fish meal 8% 3.99+0.76" = 3.94+0.756° | 6.76£1.67° | 2.09+0.36'
(16.71+3.18) | (16.50+3.17) | (28.30+6.99) = (8.75+1.51)
Test diet : AMEn,g(cal/g (kd/g) .
2.68+0.1 3.19+0.069° | 3.01+0.038™ | 3.05+0.082°
60% LEHP+40% corn (1122:042) | (13.36:029) (1260:0.16) | (12.77:0.34)
3.27+0.04 3.28+0.03% | 3.02+0.136™ | 3.38+0.0.36%
20%HELP+80% com | 13691017 | (13.73:0.13) (12.64+057) = (14.15+0.15)
96% L EHP+4% fish 2.82+0.068% | 3.01+0.029% | 2.74+0.009'%" | 2.85+0.097%9
meal (11.81+0.28) | (12.60+0.12) | (11.47+0.04) = (11.93+0.41)
92% HEL P+8% fish 2.87+0.051% | 2.97+0.076°® | 2.89+0.216% | 2.64:+0.066%"
meal (12.02+0.21) | (12.43+0.32) | (12.10+0.90) | (11.05+0.28)
Test ingredients
Corn 40% 2.80+0.397 | 3.64+0.199" | 3.36+0.16° | 3.55++0.35¢
(11.72+1.63) | (15.24+0.83) | (14.07+0.67) | (14.86+1.47)
Corn 80% 3.38+0.057 | 3.38+0.043° | 3.06+0.15% | 3.55+0.069°
(14.15+0.24) | (14.15+0.18) | (12.81+0.63) (14.8610.2%?:
. 8.32+1.147% | 4.76+0.139° | 1.76+0.502° | 5.35+1.434
Fish meal 4% (34.83+4.80) | (19.93+0.58) | (7.37+2.10) | (22.40+6.00)
Fish meel 8% 3.64+0.497° | 3.30+0.67° @ 6.00+1.38° | 1.88+0.117°
(15.24+2.08) | (13.82+2.81) | (25.12+5.78) | (7.87+0.49)

abcdeta\ eans within the same column with different letters differ significantly (P<0.05). (4 kii-
l6nbiiz6 betiivel jeldlt értékek ugyanazon oszlopon beliil szignifikinsan kiilonboznek.), *Vaue
meart-standard error mean for two genotypes. (drlagtaz dtlag standard hibdja a két genotipus-
ban.), “Rhode Idand Red (layer type) and Cornish (mest type) lines. (Rhode Island Red (tojo
tipus) és Cornish (hiis tipus) vonalak.), >LEHP=low energy and high protein (alacsony energia
és magas fehérje), HELP=high-energy low protein (magas energia és alacsony fehérje).

2. tabldzat: A kiilonbozd genotipusok altal fogyasztott kisérleti tapok és dsszetevik
atlagos AME valamint AMEn értékei

Genotipus(1), Himivar(2), Néivar(3), Kisérleti tap(4), Tap Osszetevik(5)

The effect of genotype, sex, test diet and test ingredient at different ages on the mean AME
and AMEn values are shown in Table 5. Asthe data indicate, the AME and AMEn values
obtained for the Cornish line at 4 weeks of age were 3.11 and 3.04 kcal/g (13.02, 12.73
kJg), and at 8 weeks 3.19 and 3.0 kcal/g (13.36, 12.6 kJ/g). For RIR the corresponding
values were 2.94 and 2.83 kcal/g (12.31, 11.85 kJ/g) at 4 weeks and 3.13 and 2.98 kcal/g
(13.10, 12.48 kJ/g) at 8 weeks, respectively. When these values were compared significant
differences were ascertained between the two genotypes. However AME values at 4 week
of age were generally lower than AME values at 8 weeks of age. Regarding sex of bird, the
results obtained followed the same pattern as the values given in Table 5.
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Table 3

Mean AME and AMEn values for the reference diets and levels of test ingredients
at two ages for both genotypesl

Age(1) 4 weeks 8 weeks
AME AMEn | AME AMEn

Reference diets2(2) keal/g, (kJ/g)

LEHP 2.953+0.082° | 2.713+0.07° | 3.169+0.01° | 2.898+0.012%
(12.36+0.34) | (11.36+0.29) | (13.27+0.04) | (12.13+0.05)

HELP 3.105+0.095" | 2.98+0.048° | 2.981+0.043° | 2.877+0.037°
(13.00+£0.40) | (12.48+0.20) | (12.48+0.18) | (12.05+0.16)

Level of test ingredient(3)

Corn 40% 3577+0.591° | 351+0.0507° | 3.215+0.168° | 3.19+0.56°
(14.98+2.47) | (14.70£0.21) | (13.4620.70) | (13.36+2.34)

Corn 80% 3.384+0.232° | 3.36+0.203° | 3.361+0.035° | 3.34+0.032°
(14.17+0.97) | (14.07+0.85) | (14.07+0.15) | (13.99+0.13)

Fish meal 4% 5.34+2.12° 5.09+1.89° | 6.00+1.69*° | 5.002+1.56
(22.36+8.88) | (21.31£7.91) | (25.12+7.08) | (20.93+6.53)

Fish meal 8% 2.43+0.417° | 2.38+0.357° | 5.98+152° | 5.05+1.38
(10.17+#1.75) | (9.96+1.50) | (24.66+6.36) | (21.14+5.78)

2b&d\ eans within the same column with different |etters differ significantly (P<0.05),. 'Value
meantstandard error mean for two genotypes, “LEHP=low energy and high protein;
HEL P=high-energy low protein (I. 2. tdbldzat).

3. tablazat: A kontroll és kisérleti tapok datlagos AME valamint AMEn értékei a két
genotipus két korcsoportjaban

Eletkor(1), Kisérleti tap(2), Tap dsszetétel(3)
Table 4

The effect of genotype, age and sex on the AME and AMEn of the reference diets'

Reference diet’(1) LEHP HELP LEHP \ HELP
Genotypez(Z) AME, kcal/g (kJ/g) AMEn, kcal/g (kJ/g)
Comnish 3.119+0.034° | 3.162+0.08% | 2.857+0.029° | 2.987+0.09°
(13.059+0.142) | (13.239+0.335) | (11.962+0.121) | (12.506+0.377)
RIR 2.998+0.103° | 2.975+0.029° | 2.747+0.089° | 2.877+0.025°
(12.552+0.431) | (12.456+0.121) | (11.501+0.373) | (12.045+0.105)
Sex(3)
Male(4) 3.069+0.049° | 3.081+0.105° | 2.805+0.044b | 2.967+0.094°
(12.849+0.205) | (12.900+0.440) | (11.744+0.184) | (12.422+0.394)
Female(5) 3.049+0.108% | 3.003+0.038° | 2.835+0.050a | 2.897+0.032°
(12.766+0.452) | (12.573+0.159) | (11.870+0.209) | (12.129+0.134)

®Means within the same column with different letters differ significantly (P<0.05), *Vaue
meant+standard error mean for two genotypes, “Rhode Island Red (layer type) and Cornish (mest
type) lines, 3L EHP=low energy and high protein; HEL P=high-energy low protein (. 2. tdbldzat).

4. tablazat: A genetikai vonal és az ivar hatdsa a kontroll tap AME és AMEn tartalmdra

Kisérleti tap(1), Genotipus(2), Ivar(3), Himivar(4), Néivar(5)
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With respect to the test diet, when corn was mixed with the reference diet & levels of 40 and
80%, the AME and AMEN vaues determined a 4 and 8 weeks of age showed no sgnificant
(P>0.05) difference. The AME and AMEN vaues measured for 40% corn at 4 weeks were 3.20
and 3.03 keal/g (12.40, 12.69 kJg) and at 8 weeks 3.18 and 2.94 kcal/g (13.31, 12.31 kJg); for
80% corn values of 2.29 and 3.22 kcal/g (9.59, 13.48 kJq) at 4 weeks and 3.32 and 3.24 kcal/g
(13.90, 13.57 kJg) at 8 weeks were determined, respectively. When fish meal was incorporated
a leves of 4 and 8%, the values of AME and AMERN obtained showed gatigticaly significant
(P<0.05) difference. There was no significant effect of age on AME and AMEnN vauesfor corn,
while for fish med there was significant (P<0.05) difference by the effect of age. Thus, the
AME values for fish med at 4 weeks of age were lower than those obtained at 8 weeks of age.
Corn gave different results to determined for fish medl, with the exception of AME at 8 weeks

of age, in which corn and fish meal followed the different pattern (Table 5).

Table 5

The effects of genotype, sex on AME and AMEn values of test diets and test
ingredients at 4 and 8 weeks of age'

Age(1) 4 weeks \ 8 weeks
Genotype2(2) AMEn keal/g (kJ/g) AME kcal/g (kJ/g) AMEn kcal/g (kJ/g) AME kcal/g (kJ/g)
Cormish 3.11+0.015° 3.04+0.013* | 3.190+0.0075% | 3.00+0.0054°
(13.02+0.063) | (12.73+0.054) | (13.356+0.031) = (12.56+0.02)
RIR 2.94+0.041° 2.83+0.04° 3.13+0.007° 2.98+0.0073°
(12.31+0.172) | (11.85+0.17) (13.10+0.03) (12.48+0.03)
Sex
Male(3) 2.964+0.085° 2.916+0.08° 3.153+0.054° 2.98+0.052"
(12.410+0.356) | (12.209+0.335) | (13.201+0.226) = (12.48+0.22)
Female(d) 3.103+0.003° | 2.954+0.088° | 3.174+0.041° | 3.016:0.045°
(12.992+0.389) = (12.368+0.368) | (13.289+0.172) @ (12.627+0.188)
Test diet(5)
Corn 40% + LEHP| 3.203+0.178° 3.03£0.149% 3.187+0.052° 2.94+0.048°
60% (13.410+0.745) | (12.69+0.624) | (13.343+0.218) = (12.31+0.20)
Corn 80% + LEHP| 3.298+0.143% | 3.227+0.126° | 3.322+0.022° 3.248+0.02%
20% (13.808+0.599) = (13.511+0.528) | (13.909+0.092) @ (13.599+0.084)
Fish meal 4% + 2.876+0.059° 3.01+0.052 3.102+0.061° | 2.944+.0.055°
HELP 96% (12.041+0.247) = (12.60£0.22) | (12.987+0.255) @ (12.326+0.230)
Fish meal 8% + 2.761+0.081 2.64+0.067° 3.221+0.097™ 3.07+£0.09°
HELP 92% (11.560+0.339) | (11.05+0.28) | (13.486+0.406) @ (12.85+0.38)
Test ingredient(6)
cormn 3.48+0.41° 3.43+0.35° 3.288+0101° 3.259+0.044°
(14.75£1.72) (14.36£1.47) | (13.766+0.423) = (13.645+0.184)
Fish med 3.88+1.27° 3.73+1.12° 5.993+1.60% 5.02+1.47°
(16.24+5.32) (15.62+4.69) | (25.091+6.699) = (21.02+6.15)

abedei\1eans within the same column with different letters differ significantly (P<0.05), *Value
mean:+standard error mean for two genotypes, Rhode Island Red (layer type) and Cornish (meat
type) genotypes (L. 2. tdbldzat).

5. tablazat: A genotipus, az ivar, a kisérleti tdpok és dszetevok hatdsa 4 valamint 8 hetes
korban az AME tovabba az AMEn tartalomra

Eletkor(1), Genotipus(2), Himnem(3), Nénem(4), Kisérleti tap(5), Tap Osszetétel(6)
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The three-way interactions between trial ingredient of either sex and genotype were not
significant (P>0.05) at both ages. Therefore, interaction between trial ingredient and
genotype were significant different (P<0.05) at 4 and 8 weeks of age (Table 5).

On comparison of the values obtained it is interesting to note that the values for
males were lower than those for females. It is generally accepted that nitrogen balancein
birds is influenced by diet composition. The results of this experiment show that the
variations in nitrogen balance observed were due to the LEHP and HELP dietary
sources. Absolute nitrogen retention in RIR and Cornish genotype fed on a diet derived
from the high protein reference diet, or with substitution in the reference diet of
increasing proportions of the fish meal trial ingredient, as a source of protein, proved
consistently greater than that in genotypes fed on diets derived from HELP, or with
various proportions of corn as the source of energy. This was expected, as decrease in
the protein content of the diet would tend to result in a decrease in absolute nitrogen
retention. Whatever the cause, increased nitrogen retention was observed with increase
in dietary protein and with increase in the proportion of fish meal in the Cornish line at
both ages, but in the RIR line decreased nitrogen retention was ascertained at both ages
with increased dietary protein or fish mea level. As the data show, nitrogen retention
proved significantly (P<0.05) different in the two genotypes and sexes between the ages.
Nitrogen retention appeared significantly (P<0.05) different between the two sexes of the
meat type (Cornish line), but this situation was not the same for the layer type (RIR).
However, the layer type showed significantly (P<0.05) increased nitrogen retention for
both sexes between the two respective ages (Table 6).

Table 6

Mean effect of genotype and sex at different ages on nitrogen balance'

Age(l) 4 week \ 8 week
Genotype’(2) RN% RN%
Cornish, male 1.6:0.16° 73.41+2.5% 0.89+0.11¢ 74.47+0.95™
Cornish, female 1.73+0.2° 77.54+3.342 0.9+0.08¢ 78.11+2.2°
RIR, male 4.07+58% 71.07+3.4° 2.3:0.47° 78.85+1.53%
RIR, female 4.0+0.54% 70.58+3.74° 1.88+0.28° 76.7+2.24%

abcd\eans within the same column with different letters differ significantly (P<0.05),
v alue mean+standard error mean for two genotypes, Rhode Island Red (layer type) and
Cornish (meat type) lines (1. 2. tabldzat).

6. tablazat: A genetikai vonal és az ivar dtlagos hatdsa a nitrogénmeérlegre kiilonbozd
életkorban

Eletkor(1), Genotipus(2)
CONCLUSIONS

Genotype

The results of this study indicate that the differences found between the two genotypes were
in agreement with the results of Sorensen and Chwalibog (1983), Leenstra and Pit (1987)
and Jorgenson and Sorensen (1990), who reported influence of genotype on digestion.
Accordingly, the metabolisable energy and nitrogen-corrected AME vaues determined in
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this experiment were significantly different (P<0.05) at 4 and 8 weeks of age. Similar results
regarding the difference in metabolisable energy and nitrogen digestibility related to
genotype to have been described by Leenstra and Pit (1987). The AME and AMEn of the
reference diet were significantly different with two genotypes (Cornish and RIR), with the
exception of the AMEN of LEHP. These findings are in agreement with those of Sibbald et
al. (1960), suggesting that the type of protein incorporated into the basal diet might have
influenced the availability of energy in the trial material. Therefore, the feeds prepared from
the low protein basal diet contained more ME than did those prepared from the high protein
basa diet. Proudman et al. (1970) and March and Biely (1971) aso reported differencesin
energy Uutilisation between different strains of chicks, but Washburn et al. (1975) and
Sibbald (1976) found no differences between meat and egg type hens. In this experiment,
apparent metabolisable energy and nitrogen-corrected AME were significantly lower at four
weeks than at eight weeks of age with the LEHP diet, but the AME and AMERN of the HELP
diet were not similar. Sibbald and Slinger (1963) found that values determined for AME for
White Leghorn chicks were higher for both high- and low-energy diets than the
corresponding values determined for White Rock chicks. In this experiment the apparent
metabolisable energy and AMEnN values obtained with the test diet containing corn were not
significantly different at the two ages, but with fish med as the protein source there was
significant difference between the values determined at the different ages. Potter et al.
(1962) stated that metabolisable energy values for fish meal diets were from 2 to 7 per cent
lower than those for a basal diet. He suggested that chicks fed fish meal diets converted the
metabolisable energy into body energy more efficiently. According to Sibbald et al. (1960)
the metabolisable energy vaues varied when corn was combined with different basal diets.
It was found that a broiler strain converted 20% more dietary AME to PE than did layer
strains of chickens. Ten Doeschate et al. (1993) reported that dry matter and nitrogen
digestibility were related to food intake in the same way as was found for the genotype
effect. Slinger (1964) dated in severa reports that bioavailable energy vaues vary
according to the type of bird used: for chickens higher AME values were obtained with
high-energy diets and lower AME valueswith low energy diets.

Sex

The effect of sex on ME values for the test diets and test ingredients showed significant
difference. These results contrast with those obtained by Chwalibog et al. (1978) and those
of Sibbald and Slinger (1963). They found no differences among AME values determined
for female chicks. However, in this experiment significant differences observed in
metabolisable energy values were related to sex and age. So the lower values determined
for the males than for the females at both ages confirmed the results obtained by Ten
Doeschate et al. (1993). Thus, sex influences digedtibility coefficients, and both
metabolisability and nitrogen digestibility proved dightly better in the female broiler
chickens. It could be assumed that this higher digestibility was related to higher feed
conversion ratio. These data are in agreement with those of Sibbald and Price (1975). They
suggested that differences in AME values measured for broiler chickens and laying hens
might be due to genotype, sex and age. However Zelenka (1997) reported that the effect of
sex on AMEn values was not significant.

Age

The results of this experiment show agreement with those of Sibbald and Price (1975),
who suggested that some of the differences in AME values associated with age, strain and
species may be attributable to variations in FmE+UeE losses relative to excreta energy
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losses of feed origin. However, Bayley (1968), Zelenka (1968) and Lodhi et al. (1969)
reported that AME values of feedstuffs have a so been shown to vary with the age of birds.
In this study age had a marked influence on the utilisation of the metabolisable energy of
the leve of trial ingredient incorporated (fish meal at 4% and 8%). Hochstetler and Scott
(1975) reported that AMEN values for corn were not affected by the age of the bird. In
contrast, Shires (1987) reported that TME values for corn with respect to chicks and
roosters were affected by difference in age. Apparent metabolisable energy and AMEN
value varied with age in the case of both the LEHP and the HELP diet. Thus, AME and
AMER values for the LEHP diet increased between 4 and 8 weeks of age, but those for the
HELP diet showed a decrease. As stated by Laurin (1985), the AME assay of greater
precision used with birds fed ad libitum is the preferred assay, at least a an early age. It is
interesting that the AME and AMEn values obtained for the different genotypes and sexes
a 8 weeks of age were significantly (P<0.05) higher than those determined a 4 weeks
(Table 5). These data are in agreement with those, who reported consistent differences in
AME values determined from excreta samples from young (7 d.) and older (21 d.) broilers.
Knowing the degree of variability between two ages in the digestibility of a diet may help
in isolating those dietary components that are more difficult to digest for the younger than
the older chick. Different responses due to age may be due to an immature gut (e.g.
capacity), an immature endogenous enzyme system, or an immature population of
microorganisms in the gut. Ten Doeschate et al. (1993) described the influence of age on
digestibility coefficients as not consistent. They reported that femae birds showed
digestibility coefficients which were, in general, 3% higher than those of male chickens.
This report also confirms the results obtained in this experiment (7able 5). It can be
concluded that it is till not entirely clear how age influences digestibility, but that
influence of age on digestibility does exist. Accordingly, the AME and AMEn values
determined at 8 weeks of age were higher than those obtained at 4 weeks. Neither age
showed significant (P>0.05) differences in the AME and AMEnN values for the low (40%)
and high (80%) corn levels when these were incorporated into the reference diet. However,
when fish meal was incorporated into the reference diet with high energy-low protein a
significant decrease in values were observed (Table 5). These results are in agreement with
those reported by Bartov (1995). It isinteresting to note that he also used HEL P and LEHP
diets in determining AMEn content of grain. He found that during three age periods chicks
consumed less LEHP diet than those fed on the HELP diet, and that the AMEn of the
LEHP diet at 22 days of age was lower than that from 11 to 17 days. Therefore, there was
an interaction between age and diet: age led to adecrease in dietary AMEN mainly through
its effect of reducing the utilisation of the energy from a LEHP diet. The AME and AMEN
values obtained for the trial ingredients in this experiment increased by the effect of levels
of corn and fish meal incorporated into the reference diets. In fact, the influence of age on
metabolisable energy was dightly reduced in the case of corn, but with fish meal there was
an increase at 8 weeks. These data show agreement with those of Sibbald and Slinger
(1962). He found that cereal grains had no direct influence on protein level or on energy
availability. In another study Scheele (1979) found vaues determined with adult cocks to
be higher than those measured in chickens.

RN

The nitrogen retention data for the two genotypes were lower in the case of the low
protein diet than with the high protein diet (Table 6). In a contrasting report Bartov
(1995) suggested that nitrogen retention in birds fed a LEHP diet was consistently
lower than that in those fed a HELP diet. In this study effect of age on nitrogen
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retention was ascertained only with the LEHP diet. Therefore, at an early age, chicks
fed on a LEHP diet will consume less food than those fed on a HELP diet. So, the
possibility that the effect of age in reducing the AMEn of LEHP diets might also be
related to an interaction effect between age and diet. Therefore, RN of a protein source
(fish meal) mixed with a reference diet in two proportions would be greater than that
of an energy source or trial ingredient (such as corn). It was also showed that ME
values for individual feedstuffs can be related to their chemical composition. The
results of this experiment indicate that ingredient level affects nitrogen retention. As
the data show, with increasing dietary protein or fish meal, nitrogen retention
decreased in the RIR line (laying type), but not in the Cornish line (meat type). Overall
review indicates that RN was lower at 4 weeks of age than at 8 weeks for both sexesin
this experiment. However, Laurin (1985) found a higher nitrogen correction factor at 1
week of age, since broilers retain more nitrogen at earlier age. Fernandez (1996) stated
that the excretion of uric acid, ammonia and total N increases with age. In this study
nitrogen retention in the two genotypes increased significantly between 4 and 8 weeks
of age. These data are in agreement with those obtained by Sorensen and Chwalibog
(1983), who reported that there was no difference in nitrogen retention between two
lines. However, Polin and Hussein (1982) also reported an increase in retention
nitrogen from 1 to 3 weeks of age. As can be seen in Table 6, the percentage of
nitrogen retention increased between 4 and 8 weeks of age. This increase was higher in
the RIR line than in the Cornish line. These data conform to those, who showed that
over the normal age span of broiler chickens the percentage of nitrogen retained is
between 35 and 39%. In addition, Summers et al. (1964) found that the percentage of
dietary nitrogen retained by chicks fed diets containing from 10 to 26% protein varied
between 36 and 53%.

Interaction

The interaction observed in this experiment between genotypes, sex, age and diet are as

follows.

- There was significant interaction between test diet and test ingredients (corn and fish
meal).

- There was interaction between sex and genotype.

- Significant differnce of interaction between sex, age, reference diet and test
ingredient for AME and nitrogen-corrected AME was determined. These data
confirm the findings of Ten Doeschate et al. (1993). Under the condition of this
experiment it was found that with respect to metabolisability of energy interactions
between genotype and sex and between genotype and age did exist. In addition it was
also observed that in females interaction affecting energy metabolisability between
genotype and sex and between genotype and age only corresponded to digestibility
measurements. More research is required for the purpose of determining AME and
AMERnN valuesfor every feedstuffs.

ACKNOWLEDGEMENTS

This work was supported by the Anima Husbandry Research Ingtitute of Jahad-e-
Sazandegi in Iran. The authors are grateful to the Animal Husbandry Research Institute
of Kargj, for providing stock of the genotypes, for performing chemical analysis and for
suggestions in the planning of this research. The authors wish to thank the Pannon
University of Agriculture, Faculty of Animal Sciencein Hungary.



Acta Agr. Kapos. Vol 4. No 2

REFERENCES

Adnan, M.A. (1981). Influence of age and sex of growing broiler chicks and body
weight of roosters on their endogenous and metabolic energy losses. Poultry Sci.,
60. 781-785.

Askbrant, S. (1990). A study on effects of bird age, protein retained, level of feed intake
and endogenous excretions on dietary energy metabolised. Uni. of Agri. Sci., 65.
2281-2291.

Aviniki, O., Vincze L. (1989). Raw vs. steam-flaked soyabeans in diets for young
chickens. Arch. Anim. Nutr., 39. 105-109.

Bartov, 1. (1995). Differential effect of age on metabolisable energy content of high
protein-low energy and low protein - high energy diets in young broiler chicks. 36.
631-643.

Bayley, H.S. (1968). Effect of heat-treatment on the metabolisable energy value of wheat
germ meal and other wheat milling by-products. Cereal Chem., 45. 557-563.

Boldaji, F. (1981). True metabolisable energy value of corn and different varieties of
wheat and barley using norma and dwarf Single Comb White Leghorn roosters.
Poultry Sci., 60. 225-227.

Carew, L.B. (1972). Fat absorption by the very young chick. Poultry Sci., 51. 738-742.

Chwalibog, A., Heckel, S., Thorbek, G. (1978). Protein and energy metabolism in
growing broiler in relation to sex and feeding level. Zeitschrift fir Tierphy. Tier.
und Futter., 42. 87-99.

Dublecz K., Vincze L., Sziits G., Wagner L., Jakab E., Pal L. (1997). Moddszertani
Osszehasonlitd  vizsgdat  baromfi keveréktakarmanyok metaboliza hatd
energiatartalmanak meghatérozéséra. Allattenyésztés és Takarmanyozas, 46. 145-154.

Fernandez, F.I. (1996). The use of the excretion of nitrogen compounds as an indirect
index of the adequacy of dietary protein in chickens. Anim. Sci., 63. 307-314.

Hill, FW., Anderson, D.L. (1958). Comparison of metabolisable energy and productive
energy determinations with growing chicks. J. Nutr., 64. 587-603.

Hochstetler, H.W., Scott, M.L. (1975). Metabolisable energy determinations with adult
chickens. Cornell Nutr. Conf., 81-86.

Jorgensen, H., Sorensen, P. (1990). Protein and energy metabolism in broiler chickens
selected for either body weight gain or feed efficiency. British Poultry Sci., 31.
517-524.

Laurin, D.E., (1985). Methods of measuring energy utilisation in broiler: Effect of
genotype and presence of supplemental dietary fat. Poltry Sci., 64. 969-978.

Leenstra, F.R., Pit, R. (1987). Fat deposition in a broiler sire strain. 2. Comparisons
among lines selected for less abdominal fat, lower feed conversion ratio and higher
body weight after restricted and ad libitum feeding. Poultry Sci., 66. 193-202.

Leeson, SK., Boorman, N., Lewis, D., Shrimpton, D.H. (1974). Metabolisable energy
studies with turkeys. metabolisable energy of dietary ingredients. Brit. Poultry Sci.,
15. 183-189.

Lodhi, G.N., Renner, R., Clandinin (1969). Studies on the metabolisable energy of
rapeseed meal for growing chicks and laying hens. Poultry Sci., 48. 964-970.

March, B.E., Biely, J. (1971). Factors affecting the response of chicks to diets of
different protein value: breed and age. Poultry Sci., 50. 1036-1040.

March, B.E. (1973). Variation in estimates of the metabolisable energy value of rapeseed
meal determined with chickens of different ages. Poultry Sci., 52. 614-618.

49



Yaghobfar et al.: Influence of genotype, sex and age of chickens...

Miski, A.M.A., Quazi, S. (1981). Influence ages and sex of growing broiler chicks and
body weight of roosters on their endogenous and metabolic energy losses. Poultry
Sci., 60. 781-785.

Mollah, Y., Bryden, W.R. (1983). Studies on low metabolisable energy wheat for
poultry using conventional and rapid assay procedures and the effects of
processing. British Poultry Sci., 24. 81-89.

Olsson, N., Kihlen, G. (1948). Edin’s indicator method in digestibility experiments on
poultry. VI11™ World Poultry Cong., 225-232.

Polin, D., Hussein, T.H. (1982). The effect of bile acid on lipid and nitrogen retention,
carcass composition, and dietary metabolisable energy in very young chicks.
Poultry Sci., 61. 1697-1707.

Potter, L.M., Pudelkiewicz, W.J.,, Webster, L.D. (1962). Metabolisable energy and
digestibility evaluation of fish meal for chickens. Poultry Sci., 41. 1745-1752.
Proudman, JA., Malen, W.J., Anderson, D.L. (1970). Utilisation of feed in fast- and

slow-growing lines of chickens. Poultry Sci., 49. 961-972.

Scheele, C.W. (1979). 2™ European symposium on poultry nutrition. Netherlands.

Shires, A. (1987). Rate of passage of corn-canola meal and corn-soybean meal diets
though the gastrointestinal tract of broiler and White Leghorn chickens. Poultry
Sci., 66. 289-298.

Shires, A., Robblee, A.R., Hardin, R.T., Clandinin, D.R. (1980). Effect of the age of
chickens on the true metabolisable energy values of feed ingredients. Poultry Sci.,
59. 396-403.

Sibbald, I.R., Slinger, S.J., Summer, J.D. (1960). Factor affecting the metabolisable
energy content of poultry feeds. Poultry Sci., 39. 544-556.

Sibbald, I.R., Slinger, S.J. (1962). Factors affecting the metabolisable content of poultry
feed. 10. A study of the effect of level of dietary inclusion on the metabolisable
energy value of several hight protein feedingstuffs. Poultry Sci., 41. 1282-1289.

Sibbald, I.R., Slinger, S.J. (1963a). The effects of breed, sex, and arsenical and nutrient
density on the utilisation of dietary energy. Poultry Sci., 42. 1325-1332.

Sibbald, I.R., Slinger, S.J. (1963b). A biological assay for metabolisable energy in
poultry feeds ingredients together with findings that demonstrate some of the
problems associated with the evulation of fats. Poultry Sci., 42. 313-325.

Sibbald, 1.R. (1975). The true metabolisable energy value of several feedingstuffs
measured with rooster, laying hens, turkeys and broiler hens. Poultry Sci., 55.
1459-1463.

Sibbald, I.R., Price, K. (1975). Variation in the metabolisable energy values of diets and
dietary components fed to adult roosters. Poultry Sci., 54. 448-456.

Sibbald, I.R. (1976). A bioassay for true metabolisable energy in feedstuffs. Poultry Sci.,
54. 1990-1997.

Sibbald, I.R. (1978). The effect of the age of the assay bird on the true metabolisable
energy values of feeddingstuffs. Poultry Sci., 57. 1008-1012.

Slinger, S.J. (1964). The relative abilities of two breeds of chickens and two varieties of
turkeys to metabolise dietary energy and dietary nitrogen. Poultry Sci., 43. 329-333.

Sorensen, P.A., Chwalibog, A. (1983). Protein and energy metabolism in two lines of
chickens selected for growth on high or low protein diets. British Poultry Sci., 24.
237-250.

Spratt, R.S., Leeson, S. (1987). Determination of metabolisable energy of various diet
using leghorn, dwarf, and regular broiler breeder hen. Poultry Sci., 66. 314-317.

50



Acta Agr. Kapos. Vol 4. No 2

Summers, J.D., Slinger, S.J., Sibbald, I.R. (1964). Influence of protein and energy on
growth and protein utilisation in the growing chicken. J. Nutr., 82. 463-468.

Ten Doeschate, R.A.H.M., Scheele, C.W., Schreurs, V.V.A.M., Van Der Klis, J.D.
(1993). Digestibility studies in broiler chickens: Influence of genotype, age, sex
and method of determination. British Poultry Sci., 34. 131-146.

Vincze L. (1979). A brojlercsirke takarmanyfehérjéjének értékét befolyasold tényezok.
Agréartudomanyi Kozlemények, 38. 393-398.

Vincze L., Dublecz K., Jakab E., Sziits G., Wagner L. (1992). Composition of the
metabolisable energy and digestibility of the nutrients in compound feeds and raw
materials determined two and six week old growing chicks. World's Poultry
Congress, 3. 463-465.

Vincze L., Sziits G., Jakab E., Wagner L., Dublecz K. (1997). A brojlerek vagasi
mindségét  befolyasolé  takarmanyozasi tényezok. IL. Nemzetkozi
Baromfitenyésztési Szimpdzium, 31-40.

Vincze L. (szerk) (1999). A baromfitakarmanyok energia és fehérjeértékelése. Kiad.:
Keszthelyi Akadémiai Alapitvany. 183.

Washburn, K.W., Guill, RA., Edwars, H.M. (1975). Influence of genetic differencesin
feed efficiency of young chickkens on derivation of metabolisable energy from the
diet and nitrogen retention. J. Nutr., 105. 726-732.

Yutste, P., Longstaff, M.A., McNab, JM. (1991). The digestibility of semi-purified
starches from wheat, cassava, pea, bean and potato by adult cockerels and young
chicks. Anim. Feed Sci. Technal., 35. 289-300.

Zelenka, J. (1997). Effects of sex, age and food intake upon metabolisable energy value
in broiler chickens. British Poultry Sci., 38. 281-284.

Zelenka, J. (1968). Influence of the age of chicken on the metabolisable energy value of
poultry diets. British Poultry Sci., 9. 135-142.

Corresponding author (levelzési cim):
Akbar Yaghobfar

Animal Husbandry Research Institute
P.O.Box: 31585-1483 Kargj, Iran

51



