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Abstract 

Holub A., E. PonUilovA, E. BaranyiovA: Energy Losses in Fowl and Duck Eggs during 
Incubation. Acta vet. Brno, 63,1994: 115-120. 

Energy (gross energy, GE) transfer based on chemical composition was studied in 80 layer (Whi
te Leghorn, WL) eggs, in 80 broiler (New Hampshire, NH) eggs between days 1 and 20 of incu
bation, and in 40 White Beijing duck eggs between days I and 25. 

Our data indicate that at the beginning of incubation, both NH and duck eggs contained substanti
ally more energy (450±18 kI and 614 :t18 kI, respectively) than WL eggs (359:t15 kI). In the course 
of incubation, 30.8% of available energy was utilized by WL, 33.9% by NH, and 19.9% by Beijing 
ducks. Thus the highest incubation efficiency was found in ducks. This is also indicated by their incu
bation power that reached only 45.5 mW. It was higher in WL and NH (63.9 and 88.3 mW, respecti
vely). Similar results were obtained when this power was calculated for the initial and metabolic egg 
mass. Also the formation and functioning of the new individual's tissues (including the embryonic 
membranes and fluids) required the smallest GE amount in ducks (2.39 kI.g-I), whereas in WL it 
increased to 3.66 kI.g-I, and in NH to 4.12 kI.g-I. The transfer of one J of GE from the eggs into tis
sues of embryos (without membranes anf meconium) required 0.95 J in WL, 0.87 J in NH, and only 
0.54 J in ducks. These energy transfer processes did not become significant until the last 9 (in fowl) or 
10 (in ducks) days of incubation. The almost exclusive energy source during incubation were lipids. 
Protein energy amount did not decrease significantly except for WL. 

These experimental data confinn the older ones only in part. Some interspecies differences, ori
ginating also from the fact that incubation of ducks lasts longer, are smaller than intraspecies dif
ferences, those between layer and broiler type of chicks. These facts show that the incubation 
energy transfer in avian species is not only variable but also adaptable. 
Incubation, loss of macronutrients, interspecies and intraspecies differences, incubation power 

Embryonic development of birds has been an attractive object of study for several decades. However, its inter
pretation in physiological terms has only been approached more recently. This is based on the fact that except for 
oxygen the avian egg contains all components necessary for the development of embryo, including the source of 
energy. In fowl eggs, there is 293 to 455 kI of energy available (Tangl 1903, Tangl and von Mituch 1908, 
Brody 1945, Romanoff and Romanoff 1949, Svensson 1964, Sibbald 1979, Ricklefs 1987, Ar et al. 
1987, Vleck and Vleck 1987). From extrapolated data on mass and chemical composition of duck eggs (Plim
mer and Lowndes 1924, Grossfeld 1938) a content of 541 to 560 kI energy may be calculated. Based on 
newer data, it is 427 to 611 kI (Vleck and Vleck 1987). This gross energy (GE) is in part (57.0 :t7.0%) trans
formed to tissue energy of the growing embryo (Hoyt and Rahn 1980, Sotherland and Rahn 1987). 
Another portion of this energy, except for a small amount bound in extraembryonic membranes (8.3%) (Ar et al. 
1987), becomes a potential energy source for the early postembryonic life. For growth of embryonic tissues, 
their metabolism and muscular activity, especially at hatching (Hoyt 1987),34.7% of energy is utilized. In other 
words, to build 1 g of dry matter, the individual utilizes 15.4 kI of energy. 

In this context, surprisingly few data are available on energy flow during the individual incubation phases. 
Likewise, species, breed and type differences in energy metabolism during hatching in domesticated avian 
species have not been studied in detail. Therefore, after a preliminary presentation of a part of our results 
(Holub and BaranyiovA 1991, Holub et al. 1991) we decided to complete these data and present their new 
interpretation. 

Materials and Methods 

Data on layer (White Leghorn) and broiler (New Hampshire) eggs were obtained on days 1,3, 11, 15 and 20 of 
incubation. At each age, eight eggs were analyzed (W u 1964). They were incubated at 38-38.5 °C in the fIrSt week 
of incubation, at 38.5-39.0 °C in the second, and at 39.0-39.5 °C in the third week, at relative humidity of 60 to 
70%. The eggs were turned at 8-h intervals, and candled on days 7 and 15. For chemical analysis, the eggs were 
weighed, and eggshells, membranes, albumen, egg yolk, embryos and their embryonic membranes with fluids were 
separated. These components were then individually weighed and dried to constant mass at 90 to 95°C. In these 
samples, lipid (Montemurro and Stevenson 1960) and total nitrogen (Conway 1957) were determined in 
parallel. Protein content was calculated (N x 6.25). 
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In the experiments with ducks (Beijing breed), groups of ten eggs each were analyzed on days 1, 15, 20 and 25 of 
incubation. They were kept at 37.5 ·C (until day 19, and at 38.5 ·C (until day 25), at relative humidity of 60 to 70%. 
The eggs were candled on day 16. Chemical analyses were carried out as mentioned above (Ponailova 1970). 

The amount of GE in the individual components of the eggs, embryos and yolk sacs was calculated from the pro
tein (23.9 kJ.g-I ), and fat content (39.4 kJ.g-I ). The results of the experiments were evaluated using Student's t-test 

Results 

At the beginning of incubation, the GE content in eggs of both fowl breeds and ducks dif
fered significantly (P<O.OI), the lowest energy content being in WL eggs. In NH it was 25 
and in ducks 71 % more (Table I). These differences were due not only to larger mass (WL 
55.7±O.5 g, NH 66.1±1.2 g, and ducks 88.8±2.0 g) but also to higher energy density ofNH 
and especially duck eggs (WL 6.43 kJ.g-1, NH 6.81 kJ.g-1, ducks 7.48 kJ.g-1). 

Table I 

Enerv dOlllity (GE) of layer and broiler dIicIao _, and IIeijIDg dud< _ID the course of lneubatIon (kJ) 

Day of Fowl Ducks 
incubation WL NH 

I 359±15 450:16 61""'18 
3 338,021 416=14 
11 349±17 425",18 
15 306=29 369±32 630030 
20 248",18 297",38 572=31 
25 516=37 

In the course of incubation, the energy amount decreased in all eggs so that close to its end 
(in the fowl, day 20, and in ducks day 25) there was 69.2, 66.1 and 84.1 % energy left, res
pectively. In other words, 11O±6, 153±16 and 98±10 kJ, i. e. 30.8, 33.9 and 15.9% of ener
gy was utilized. Its greatest decrease was observed in NH eggs, smallest in duck eggs. It was 
also unevenly distributed in the course of incubation, and did not become significant until 
its second half as evident also from the difference between daily losses of GE during the enti
re incubation and its second half (Fig. I). This trend was also evident in relative decrease of 
GE calculated for actual and metabolic (k~.75) egg mass (Fig. 2 and 3). 
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Fig. 1. Average daily loss of energy (GE) in incuba
ted eggs of WL (1), NH (2) and ducks (3), A (in the 
fowl day 1 to 20, in ducks day 1 to 25), B (in the fowl 
day 11 to 20 of incubation, in ducks day 15 to 25 of 
incubation) 
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Fig. 2. Average relative daily loss of energy (GE) in 
incubated eggs per initial egg mass of WL (1), NH (2) 
and ducks (3), A (in the fowl day 1 to 20 , in ducks day 
1 to 25 of incubation), B (in the fowl day 11 to 20, in 
ducks day 15 to 25 of incubation) 
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Fig. 3. Average relative daily loss of energy (GE) in 
incubated eggs per initial metabolic egg mass of WL 
(I), NH (2) and ducks (3), A (in the fowl day I to 20, 
in ducks day 1 to 25), B ( in the fowl day II to 20, in 
ducks day 15 to 25) 
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The incubation processes expressed per unit 
of power were most intensive in NH embry-
os. In ducks, it was about half of NH values 
(Tab. 2). This intensity was highest in LB and 
lowest in duck embryos when expressed in 
terms of initial egg mass (Tab. 3). When 
expressed in terms of metabolic mass it was 
also highest in NH and lowest in ducks (Tab. 
4). In the second half of incubation, this power 
was always several times higher than in the 
first half of incubation. 

The most important energy depot of the eggs 
were lipids. In the course of incubation, howe
ver, their amount decreased; most in NH (by 
44.5%), in WL (by 37.5%), and relatively least 
in ducks (only by 26.3%). This decrease beca
me significant only in the second half of incu
bation (Tab. 5). Less energy was provided by 
proteins, especially in WL. In NH, there was 
significantly more GE at the beginning of incu
bation, on days 1 and 3 (P<O.01, P<0.05, res

pectively). Yet more protein energy was available in ducks: on day 1 (p<O.01), on day 15 (p<O.05), 
and also on day 20 (p<O.Ol). In all experimental individuals, its amount decreased in the cour
se of incubation, however, significantly only in WL between days 1 and 20 (P<O.05) (Tab. 6). 

Table 2 

A venae ...... baIIou power of layer aad broiler cbIeks, aad BeQIDtI dueb (mW) 

in !he entile incubation' 

in !he second bait of incubation' 

WL 

64,~,7 

129,~,1 

Fowl 
NH 

88,S,.7,3 

164,&.010,9 

Note: 'in !he fowl daysllO 20, inducts daysllO 25:, 'in !he fowl days 1110 20, inducts days IS 10 25 

Table 3 

Ducks 

4S,%4,6 

136,&.013,6 

A venae relative Incubatloa power (per .. _) In layer aad broiler .... aad Beijing dock ... (W .q-l) 

Fowl Ducks 
WL NH 

In !he entiIe incubation' 1,ISzO,07 1,34z0,11 O,slzO,OS 

In !he second half of incubation' 2,67zO,13 2,8&.tO,19 1,60z0,16 

Note: For 'aneP, see Table 2 

Table 4 

Averaae relative IncubaIIoIl power (per _bOIk _ of ... ~ In layer aad broiler eas. aad In Beijing docks (W~75) 

Day of Fowl Ducks 
incubation WL NH 

In !he entiIe 
incubationl O.S6z0.03 O.68z0.06 O.28z0.03 

In !he second bait 
of incubati0n2 1.2SZO.06 1.40z0.09 O.87ZO.06 

Note: For I and 2, see Tab. 2 



118 

Table 5 

Energy (GE) CODtent In Upids ofl8yer 8Dd broIIer .... 1IJld In IIeijiDg duck eggs durlug incubation (kJ) 

Day of Fowl Ducks 
incubation WL NH 

1 217",9 272:9 406=10 
3 197",14 252:8 
11 195",8 257",9 
15 175",10 207",14 420=19 
20 136=9 151",19 363",18 
25 299=24 

Table 6 

Enel'llY content (GE) in proteins of layer 8Dd broiler eggs,lIJld in Beijing duck eggs durlug incubation (kJ) 

Day of Fowl Ducks 
incubation WL NH 

1 142:6 178:7 209",8 
3 142:8 164:5 
11 153",8 169:9 -
15 132",19 163",19 211",11 
20 112:9 147",19 209",13 
25 217",14 

Fonnation and functioning of a mass unit of the new individuals, including their extra
embyonic membranes, yolk sac and transfer of fluids presented the highest GE cost in NH 
(4.12 kJ.g-1), less in WL (3.66 kJ.g-1), and least in ducks, amounting to only 2.39 kJ.g-1. 

From each J of energy stored in eggs, 0.95 J was transferred into the embryonic bodies 
(without fetal membranes and meconium) in WL, 0.87 in NH, and 0.54 in ducks. This tran
sfer was mostly into their body protein, 56.1 % in WL, 54.6% in NH, and 53.3% in ducks. 

Discussion 

The egg size, length of incubation and functional maturity of hatchlings belong to deter
minants of energetic efficiency of the incubation process. This incubation efficiency shows 
only slight variations among avian species (Vleck et al. 1979, 1980). However, when the ener
gy of substances that enter intact the yolk sac of hatchlings, is added to the energy of 
their bodies, the incubation efficiency of marine birds is 58% while that of domesticated fowl 
73 to 76% (Ar et. al. 1987). Both altricial and precocial species belong to those with higher 
incubation efficiencies. Therefore it can be assumed that species, breed, or type differences 
indicate adaptation variability rather than differences in general and strategic trends in the 
incubation process. Energy losses during incubation mirror the energy efficiency of the pro
cess. 

This topic has been mostly studied in domesticated avian species. In fowl, from 408 kJ uti
lized(Vleck and Vleck 1987), i. e. 23.4 and 21.6%, respectively. In other words, theincu
bation efficiency is 76.6 or 62.0 to 65.3% (Tang1 1908, Tangl and von Mituch 1908, 
Brody 1945, Ar et al. 1987) in fowl, and 78.4% in ducks (Vleck and Vleck 1987). 

In our measurements, the GE losses were higher but those in ducks were lower than the 
above values. However, only few data from experiments carried out so far can be compa
red. Differences may be explained by different approaches and criteria, also by lack of uni
formity in the experimental material used. Further, functional cmmges should be taken into 
account. These result from recent breetling procedures and aims. So, for example, in our 
experiments the incubation energetics of meat type chicks differed in some parameters more 
from layers than from ducks. 

In the first half of incubation, the losses in energy amount were not significant in our expe
riments. They became more pronounced and significant only in the second half in agreement 
with data on direct and indirect calorimetry of fowl incubation (Romanoff and Roma-
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noff 1949, Romanoff 1960, Romijn and Lokhorst 1951, 1960, Freeman and Vin
ce 1974). 

Maximum incubation power of chicks is given as 130 mW (Tazawa et al. 1988). In our 
experiments such performance was observed in WL and ducks, and only in the second half 
of incubation; it was higher in NH. However, this comparison is not quite flawless as Taza
wa et al. (1988) did specify neither the egg origin, nor their incubation phase to which the 
values were assigned. A remarkable observation, namely, that the relative incubation effi
ciency of d tiCks wose embryos are developing in eggs richer in energy, is lower than in fowl, 
may serve as another stimulus for cmparative physiology of hatching. 

Ubytek energie ve vejcich kuni a kachen behem inkubace 

V pnibehu inkubace jsme u 80 vajec kuru nosnych (LB) a masnych (NH) (mezi 1. a 20. 
d) au 40 vajec pekingskYch bilych kachen (mezi 1. a 25. d) urcovali na zaIdade chemicke
ho slozen.i energeticke (BE) zmeny. Z provedenych mefeni vyplyva: 

Na zacatku inkubace byla vejce NH (450±16 kJ) na BE asi 0 ctvrtinu a kachen (614±18 
kJ) temef 0 to ctvrtiny boha~i nez LB (359±15 kJ). V pnibehu inkubace z ni bylo spotfe
bovano u LB 30,8, u NH 33,9 au kachen 19,9 %. Nejve~i energetickou efektivnost lihnu
ti tedy vykazovaly kaChny. Je to patrno i zjejich inkubacniho vykonu, ktery dosahovaljen 
45,5 mW; u LB a NH byl vy~~i (63,9, pfipadne 88,3 mW). Obdobne tomu bylo i v pfipade, 
ze byl kalkulovan na poeatecni hmotnost vajec, a to i na metabolickou. Tez na formovam 
a fungovam tkani noveho jedince (vcetne extraembryonaInich membran a tekutin) spotfe
bovaly nejmene BE kachny, 2,39, zatimco LB 3,66 aNH 4,12 kJ.g-l . Na pfesunjednotky 
BE z vajec do tkani tel embryi (bez obalu a mekonia) se vyuzil~ u LB 0,95, u NH 0,87 
au kachen jen 0,54 J.J-l. 

Uvedene energeticke procesy nabyly na pnikaznosti teprve v poslednich deviti (u kuni) ci 
deseti (u kachen) dnech. Temef vylucnym inkubacnim zdrojem BE byly toky. Z proteinu ji 
totiz, aZ na kury nosne, v pnibehu lihnuti pnikazne neubYvalo. 

Dosaiene vysledky potvrzuji s~i udaje jen zcasti. Nektere diference mezidruhove, pod
minene mimo jine i tim, ze lihnuti kachen trva dele nez kuru, jsou men~i nez nitrodruhove, 
mezi kury nosnYmi a masnYmi. Tyto skuteenosti svedci 0 tom, ze inkubacni energetika je 
u ptaku nejen variabilni, ale i adaptabilni. 

Y6blnb 3H8pnUt B J1A~ax KYPM~ M YTOK B XOA8 MHKy6a~MM 

B XOAe HHKylia~HH Y 80 SlHlI KYPHlI HecyweK (LB) H MSiconpoAYKTHBHblX nTHlI (NH) (B npOMe>KYT
Ke 1 - 20 CYTOK) H Y 40 SlHlI neKHHCKHX lienblx YTOK (B HHTepB811e 1 - 25 CYTOK) onpeAenSinH Ha 

• OCHOBe XHMHlleCKoro COCTaea 3HepreTHIlecKHe (BE) H3MeHeHHSI. 
H3 npoBeAeHHblx H3MepeHHH BbiTeKaeT: 
B Hall811e HHKyliallHH SlHlIa NH (450 ± 16 kJ) B BE npHlinH3HTenbHo Ha OAHY lleTBepTb H SlHlIa YTOK 

(614± 18 kJ) nOIlTH Ha TpH lleTBepTH lioralle LB (359 ± 15 kJ). B XOAe HHKyliallHH H3AaHHoro Kon
HlleCTBa H3paCXOAOB811H LB 30,8, NH 33,9 H yrKH 19,9 %. CneAoBaTenbHo, caMoH lionbwoH 3Cl>cpeK
THBHOCTbIO HHKyliHpoBaHHSI SlHlI OTnHIl811HCb yTKH. ,QaHHoe OlicToSiTenbcTBo HarnSiAHO TaK>Ke 
B cnYllae MOll.lHOCTH HHKy6HpoBaHHSI, AocTHraeMoH nHWb 45,5 MBT; y LB.H NH lionbwe (63,9, a TaK
>Ke 88,3 MBT). AH8110rHIlHO olicToSino Aeno B cnyllae paclleTa K nepBOHall811bHOH Macce SlHlI, 
a HMeHHO B MeTalionHllecKYIO. TaK>Ke AnSI CPOpMHpoBaHHSI H CPYHKlIHoHHpoBaHHSI TKaHeH HOBOH 
OCOliH (BKfllOllaSi BHe3MlipHOH811bHble MeMlipaHbl H >KHAKOCTH) paCXOAOB811H MeHbwe Bcex BE yrKH 
-2,39, Me>KAY TeM KaK LB 3,66 H NH 4,12 kJ . r-1. ,(InSi nepeMell.leHHSI eAHHHlIbl BE H3 SlHlI B TKaHH 
Tena 3MlipHOHOB (lie3 olionollKH H MeKoHHSI) HcnOnb30B811H LB 0,95, NH 0,87 H yTKH nHWb 
0,54 kJ-1, 
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npMBBAeHHble 3HepreTM14ecKl4B npol.I9CCbl CT8J1M AOKa38TenbHbIMM TOnbKO B Te14eHMe nocnBAHMX 
ABBSlTM (y KYPMU) MnM ABCSlTM (YTKM) cyrOK. n014TM MCKIlI014MTBnbHbIM MCT014HMKOM MHKy6aUMM BE 
CT8J1M JKMpbl. ,QBno B TOM, 14TO OHM M3 npoTBMHOB - 3a MCKllI014BHMBM HecyWeK - B XOAB MHK}'6MPOBaHMSI 
SlBHO He MC14e38J1M. 

,QOCTMrHyrbIB pe3ynbTaTbi nOATBepJKAaIOT 60nBe paHHMe AaHHble nMWb OT14aCTM. HeKOTopblB 
MBJKBMAOBblB paCXOJKABHMSI, 06ycnoBnBHHb1B, nOMMMO np014BrO, TaKJKe TBM, 14TO MHKy6MpoBaHMe 
SlMU yrOK AnMTCSI AonbWB, 14BM y KYPMU, ropa3AO MBHbwe, 14eM paCXOJKAeHMSI BHyrpM BMAa, MBJKAY 
HecyWKaMM M MSiconpOAYKTMBHblMM nTMU8MM. ,QaHHoe 06CTOSITenbCTBO CBMAeTenbCTByeT 0 TOM, 
14TO MHKy6aUMOHHaSI 3HBprBTMKa nTMU He TonbKO OTnM14aBTCSI cnoco6HOCTbIO K M3MBH14MBOCTM, HO 
M npMcnoc06nSlBMOCTM. 
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