ACTA VET. BRNO, 63, 1994: 115-120

ENERGY LOSSES IN FOWL AND DUCK EGGS DURING INCUBATION
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Abstract

Holub A., E. PoniZilov4, E. Baranyiové: 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 1 and 25.

Our data indicate that at the beginning of incubation, both NH and duck eggs contained substanti-
ally more energy (450+18 kJ and 614 18 kJ, respectively) than WL eggs (359+15 kJ). 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 kJ.g™!), whereas in WL it
increased to 3.66 kJ.g"!, and in NH to 4.12 kJ.g"1. 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 confirm 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 kJ 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 kJ energy may be calculated. Based on
newer data, it is 427 to 611 kJ (Vleck and Vleck 1987). This gross energy (GE) is in part (57.0 +7.0%) 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 etal.
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 kJ 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 Baranyiové 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 (Wu 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 (PoniZilova 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™!), and fat content (39.4 kJ.g™1). 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 fow] breeds and ducks dif-
fered significantly (P<0.01), the lowest energy content being in WL eggs. In NH it was 25
and in ducks 71% more (Table 1). These differences were due not only to larger mass (WL
55.7+0.5 g, NH 66.1+1.2 g, and ducks 88.8+2.0 g) but also to higher energy density of NH
and especially duck eggs (WL 6.43 kJ.g"!, NH 6.81 kJ.g"1, ducks 7.48 kJ.g™1).

Table 1
Energy density (GE) of layer and broler chicks eggs, and Beijing duck eggs in the course of incubation (kJ)

Day of Fowl Ducks
incubation WL NH

1 35915 45016 614x18
3 338121 41614 -
11 349217 425+18 -
15 306+29 369+32 63030
20 248x18 297438 572131
25 - - 516237

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, 110+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. 1). This trend was also evident in relative decrease of
GE calculated for actual and metabolic (kg07%) egg mass (Fig. 2 and 3).
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Fig. 1. Average daily loss of energy (GE) in incuba- Fig. 2. Average relative daily loss of energy (GE) in
ted eggs of WL (1), NH (2) and ducks (3), A (inthe . incubated eggs per initial egg mass of WL (1), NH (2)
fowl day 1 to 20, in ducks day 1 to 25), B (in the fowl and ducks (3), A (in the fowl day 1 to 20, in ducks day
day 11 to 20 of incubation, in ducks day 15 to 25 of 1 to 25 of incubation), B (in the fowl day 11 to 20, in
incubation) 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
(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, 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 highestin 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<0.01, P<0.05, res-

pectively). Yet more protein energy was available in ducks: onday 1 (P<0.01), onday 15 (P<0.05),
and also on day 20 (P<0.01). In all experimental individuals, its amount decreased in the cour-
se of incubation, however, significantly only in WL between days 1 and 20 (P<0.05) (Tab. 6).

Table 2

Average incubation power of layer and broiler chicks, and Beijing ducks (mW)

Fowl Ducks
WL NH
in the entire incubation’ 64,2£3,7 88,5+7,3 45,4+4,6
in the second half of incubation? 129,916,1 164,6x10,9 136,6x13,6

Note: ! in the fowl days 1 to 20, in ducks days 1 to 25:, 2in the fowl days 11 to 20, in ducks days 15 to 25

Table 3
Average relative incubation power (per egg mass) in layer and broiler eggs, and Beijing duck eggs (W.kg™!)

Fowl Ducks

WL NH
In the entire incubation’ 1,1520,07 1,3420,11 0,5120,05
In the second half of incubation? 2,67+0,13 2,860,19 1,600,16

Note: For ! and 2, see Table 2

Table 4
Average relative incubation power (per metabolic mass of eggs) in layer and broiler eggs, and in Beijing ducks (W.kg®"%)

Day of Fowl Ducks
incubation WL NH

In the entire

incubationl 0.56+0.03 0.68+0.06 0.28+0.03
In the second half

of incubation2 1.2520.06 1.40£0.09 0.8720.06

Note: For 1 and 2, see Tab. 2
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Table 5
Energy (GE) content in lipids of layer and broiler eggs, and in Beijing duck eggs during incubation (kJ)

Day of Fowl Ducks
incubation WL NH
1 2179 27219 40610
3 19714 25218 -
11 1958 25719 -
15 175£10 20714 420+19
20 136x9 15119 36318
25 - - 299124
Table 6

Energy content (GE) in proteins of layer and broiler eggs, and in Beijing duck eggs during incubation (kJ)

Day of Fowl Ducks

incubation WL NH
1 1426 1787 2098
3 14218 16415 -
11 1538 1699 -
15 13219 163£19 21111
20 1129 14719 209+13
25 - - 21714

Formation 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.g1), 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, the incu-
bation efficiency is 76.6 or 62.0 to 65.3% (Tangl 1908, Tangl and von Mituch 1908,
Brody 1945, Ar etal. 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 changes should be taken into
account. These result from recent breeding 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 ducks 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 kurii a kachen béhem inkubace

V prubéhu inkubace jsme u 80 vajec kurti nosnych (LB) a masnych (NH) (mezi 1. a 20.
d) a u 40 vajec pekingskych bilych kachen (mezi 1. a 25. d) urovali na zadklad€ chemické-
ho sloZeni energetické (BE) zmény. Z provedenych méfeni vyplyva:

Na zafatku inkubace byla vejce NH (450+16 kJ) na BE asi o ¢tvrtinu a kachen (614+18
kJ) téméf o tfi Ctvrtiny bohat3i neZ LB (359+15 kJ). V pribéhu inkubace z ni bylo spotie-
bovéno u LB 30,8, u NH 33,9 a u kachen 19,9 %. Nejvétsi energetickou efektivnost lihnu-
ti tedy vykazovaly kachny. Je to patrno i z jejich inkuba¢niho vykonu, ktery dosahoval jen
45,5 mW; u LB a NH byl vy$8i (63,9, pfipadné€ 88,3 mW). Obdobné& tomu bylo i v pfipadé€,
Ze byl kalkulovén na po¢ate¢ni hmotnost vajec, a to i na metabolickou. TéZ na formovani
a fungovani tkani nového jedince (v&etn€ extraembryonalnich membrén a tekutin) spotfe-
bovaly ne_]méné BE kachny, 2,39, zatimco LB 3,66 a NH 4,12 kJ.g"!. Na pfesun jednotky
BE z vajec do tkani tél embry1 (bez obalii a mekonia) se vyuZilo u LB 0,95, u NH 0,87
aukachen jen 0,54 J.J-1,

Uvedené energetické procesy nabyly na priikaznosti teprve v poslednich deviti (u kurt) ¢i
deseti (u kachen) dnech. TéméF vylu¢nym inkubaénim zdrojem BE byly tuky. Z protein ji
totiZ, aZ na kury nosné, v priab&hu lihnuti prukazné neubyvalo.

Dosazené vysledky potvrzuji star§i idaje jen z&4asti. N&které diference mezidruhové, pod-
minéné mimo jiné i tim, Ze lihnuti kachen trvéa déle neZ kuri, jsou menSi neZ nitrodruhové,
mezi kury nosnymi a masnymi. Tyto skutecnosti sv€d¢i o tom, Ze inkuba¢ni energetika je
u ptakd nejen variabilni, ale i adaptabilni.

Y6binb 3HEpPruu B fiiLax Kypuu v yToK B X0Ae MHKyGauuu

B xoae uHky6aumn y 80 smy kypuy Hecywek (LB) u msiconpogykTuHbix nTu (NH) (B npomexyT-
Ke 1 - 20 cyToK) 1 y 40 simL nekuHckux Genblx yToK (B MHTEpBane 1 - 25 cyTok) onpeaensinu Ha
OCHOBE XUMUYECKOro COCTaBa aHepreThyeckue (BE) nameHeHus.

13 npoBeeHHbIX U3MEPEHUIi BbITEKAET:

B Hauane uHky6aumm saiiya NH (450 + 16 kJ) B BE npu6nu3ntenbHO Ha 0aHY 4eTBEPTL U ALA YTOK
(614 £ 18 kJ) noutn Ha Tpu yeTBepTH 6oraye LB (359 + 15 kJ). B xoae nHKy6aLmm n3 aaHHOro Kon-
nyecta uapacxoaosany LB 30,8, NH 33,9 uyTku 19,9 %. CnenosatentHo, camon 60nbLuO# achchek-
TMBHOCTBHO MHKYOUPOBAHWSA AUL OTAMYANUCh YTKU. [laHHoe 06CTOATENbCTBO HArNSAAHO TaKkxe
B C/ly4ae MOLLHOCTU MHKY6UPOBaHUS, AOCTUraeMoii nuwb 45,5 MBT; y LB NH 6onbue (63,9, a Tak-
xe 88,3 MBT). AHanorn4Ho 06CToAN0 AENO B ClyYae pacyeTa K NnepBoHaYasnbHOA Macce s,
a UMeHHO B MeTabonuyeckylo. Takxe ans hopMUpPOBaHUA U PYHKLUMOHUPOBAHMA TKAHEH HOBOW
0co6u (BKNHOYASA BHEAMOPMOHANbHbIE MeM6paHb| W KWAKOCTH) PacXOA0BaNM MeHbLue Bcex BE yTku

- 2,39, Mexay Tem kak LB 3,66 u NH 4,12 kJ . r'. [Insi nepemeLyexnst eauHnubl BE U3 siuw B TKam
Tena aMGpMOHos (6e3 060M04KM U MeKOHUA) ucnonb3osanu LB 0,95, NH 0,87 u yTku nuwb
0,54 kJ.
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lMpuBeAeHHbIE SHEPreTUYECKNe NPOLIECCHI CTaNM A0Ka3aTe/bHbIMU TONBKO B TEHEHUE NOCNeAHNX
AeBATY (y KypuL) unu aecatu (yTku) CyTok. MoYTH UCKMOUMTENbHBIM MCTOYHUKOM MHKYGauun BE
CTa/M mpbl. [1eN10 B TOM, 4TO OHW U3 NPOTEMHOB - 32 UCKIIOYEHUEM HECYLLIEK - B XOAE MHKYGMPOBaHMA
SBHO He ucyesany.

DocturHyTble pesynbTaThl NOATBEPXAAIOT G0N1€e paHHWe AaHHbIE Wb 0TYacTH. HekoTopble
MEeXBU0BbIE PacXoXxaeHus, 06YCNOBNEHHbIE, NOMUMO NPOYETO, TAKXKE TeM, YTO MHKYGUpOBaHWe
AL YTOK ANUTCS AONbLLE, YEM Y KyPHL|, FOPa3f0 MEHbLLE, YeM PacXOXACHUSA BHYTPH BUAA, MEXAY
HeCYLLKAMW M MSCONPOAYKTUBHLIMM NTHLAMK. [laHHOe 06CTOATENbCTBO CBUAETENLCTBYET O TOM,
YTO MHKYGALMOHHAA SHEPreTUKa NTUL| He TONBKO OTNUYAETCA CMOCOBHOCTLIO K M3MEHYMBOCTH, HO
W NPMCNOCOGNAEMOCTH.
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