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Abstract

~
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Mass and chemical composition of duck feathers were inves-
tigated in 90 White Peking ducks from hatching to 56 d of age
at weekly intervals. During this period the mass of their plu-
mage increased 65 times while the water content of the fea-
thers rose 324 times, i.e. nearly 5 times as much than the
mass. The quantities of feather protein, fat and gross energy
(GE) underwent substantially smaller increases, rising 40,
25 and 39 times, resp. The mean hydration of the feathers was
low, cempared with the other tissues of the body, whereas the
protein concentration was high although it declined from hat-
ching to 28 d of age. The fat content of the feathers was low
and, except for an initial temporary rise, also decreased with
age. The contribution of the feathers to total body mass was
6.2 %. The contributions of water, protein, fat and GE contai-
ned in the feathers to total body water, protein, fat and GE
were 5.1," 14.5, 0.5 and 6.1 %, respectively. However, they
changed with age. The mass of the feathers and of their che-
mical components therefore grew heterogenously although diffe-
rently from the observations recorded for the gastrointesti-
nal tract and the liver.

Ducks, age changes, fat, protein, water, gross energy, fea-
thers.

The evidence from our previous studies on ducks showed that the intense
post-hatching growth of their body mass was accompanied by rapid and
heterogenous changes in chemical composition and gross energy (GE) content
of the body (B a r any i o v 4 et al. 1980) and that shifts in the
protein-fat ratio of the body mass produced changes in its energy density
(Holub et al. 1987).
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In addition to the aforementioned observations we found, however, that
some organs such as the gastrointestinal tract and the liver showed changes
considerably different from those recorded for the body as a whole not
only in terms of their mass growth but also in age-dependent changes of
their chemical composition and GE accumulation and that differences in
this respect existed also between the two organs (Baranyiova et
al. 1983), obviously in association with their specific functions.

Feathers also constitute an entirely clear-cut component of the body.
Their morphological aspects have been the subject of a number of studies
in ducks (L ucas and Stettenheim 1982; Palmer 1982;
Lihmann 1983) Little attention, however, has been paid to post-hat-
ching changes in their chemical composition, and the few pertinent da-
ta available have not been related to the corresponding processes in the
whole body of the duck and have not been quantified. These aspects are
the subject of our present study.

Materials and Methods

Feathers of 90 White Peking ducks aged 1 to 56 d were analysed. The ducks
were reared in rearing houses equipped with heaters under which the tem-
perature was about 30 °C and the birds were free to choose the tempera-
ture of the environment. They had free access to water and were fed a com-
mercial starter VKCH 1 and a grower VKCH 2 ad libitum.

The measurements were carried out on groups of 10 ducks each at weekly
intervals. The birds were weighed and killed by asphyxiation without being
bled. The carcasses were hand-plucked and their feathers were weighed and
well mixed. Samples of the feathers were then taken and dried to constant
mass at 90 to 95°C for 24 h. Total nitrogen and fat content of the dry
matter were determined using two samples for each analysis. Total nitrogen
was measured by a micromethod (C onway 1957), and fat by 24 h petro-
leum-ether extraction in a Soxhlet apparatus (M ontemurro and
S tevenson 1960). Water content was determined from the diffe-
rence between wet mass and dry matter. Energy contTnt of the feathers was cal-
culated from their content of protein (23.9 and fat (39.4 kJ_g'l)_

Relative growth of the feather mass and its water, protein, fat and GE

100(y, - y;)

content were calculated according to the formula 0. 5(y1 T yz) (Brody

1945). Increases of the water and macronutrients under study were also
determined in relation to body mass. The significance of the results was
evaluated by Student’s t-test.

Results

The mass of the duck’s feathers increased 65 times (by
135.1 g) between days 1 and 56 (Tab. 1). Its mean daily
increase during this 8-week period was 2.4 g'.d"l. However,
the magnitude of the rise varied from week to week, sho-
wing the highest values in the 4th and 6th weeks (Fig. 1).
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Table 1

Changes in feather mass, in water, protein, fat and energy
in feathers of ducks in the first 8 weeks after hatching

Age Mass Water Protein Fat Gross energy
d 8 g 8 g kJ
1 2.1 t0.1 0.2to 1.5+0.2 0.1%0.01 41 5
7 2.4 t 0.1 0.2to 1.8%t0.1 0.1%t0 47 t 2
14 4.7 + 0.4 1.1+0.1 2.7%0.2 o0.3%to0.01 76 s
21 17.9 + 1.1 8.1%t0.7 7.7%t0.3 o0.6%to0.1 208 + 11
28 58.3 t 3.6 31,9+ 2.4 204110 1.2%10.2 535 + 32
35 75.7 t 2.7 37.1+1.5 31.8%1.3 1.3 %t0.1 811 + 35
42 111.7 t 8.1 50.5 t 3.2 47.3 + 1.8 2.0 + 0.3 1209 t 55
49 122.4 t 3.8 58.1 + 1.9 53.7 +1.7 1.8%0.1 1354 t 45
56 137.2 t 6.2 64.7 + 0.5 61.1+3.0 1.7 %0.2 1527 + 80

During the same period the water content of the feathers
rose 324 times (by 64.5 g), its mean daily increase being
1.1 g (Tab. 1). After remaining unchanged in the first
week, the water content of the feathers increased 159 times
between days 7 and 28. It grew most rapidly in the 4th
week and then continued to increase at a slower rate,
showing a twofold rise (Fig. 1). The mean hydration of
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Fig. 1. Daily gains of mass, water, protein, fat and energy in feathers
of ducks in the first 8 weeks after hatching
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the feathers was remarkably low, 36.7 %; on day 7 it was
as low as 8.3 %. Afterwards it increased up to day 28 and
oscillated about 47 % in the following weeks (Fig. 2).

The protein content of the feathers increased 40 times
(by 59.6 g) during the first 8 post-hatching weeks. By
day 21 it reached five times the original value (Tab. 1)
and then increased almost 3 times during the 4th week.
Another threefold rise was recorded within the following
4 weeks. In other words, the protein content of the feathers
grew 4 times slower in the 5th to 8th weeks than in the
4th week. The mean daily increase of protein did not differ
from those of the water content of the feathers (Fig. 1).
However, the protein concentration of the feathers was
high, averaging 50.5 %. It varied with age: from more than
70 % on days 1 and 7 it declined to half this value by day
28, then rose during the following week and showed a
moderate upward trend till day 56 (Fig. 2).

The fat content of the feathers increased 25 times (by
1.6 g) during the whole observation period. Thus it showed
the least increase of all the components under study, ri-
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sing almost 40 times slowlier than the protein content; its

. mean daily increase was only 0.03 g. After an upward trend

in the 1st to the 6th weeks it declined in the subsequent
two weeks (Tab. 1, Fig. 2). The fat concentration of the
feathers was low, averaging 3.0 %. It varied with age: it
rose till day 14 and then decreased steadily, falling eventu-
ally to less than one fifth of its peak level. Little quantita-
tive importance of the fat appears also from the observation
that, with the exception of ducks aged 14 d, its concentra-
tion was invariably at least 10 times lower than that of
protein (Fig. 2).

The amount of GE in the feathers rose 39 times (by
1486 kJ) during the observation period, its mean daily
increase being 27 kJ (Tab. 1). Its accumulation rose from
the 1st to the 4th weeks, peaked in the 6th week, at which
time more than one fourth of its total deposition occurred,
and then continued to rise less than one half slowlier
(Fig. 1).

The relative growth of the feather components under stu-
dy peaked generally in the 3rd week. The fat content, ho-
wever, peaked in the 2nd week and showed a relative de-
crease in the 7th and 8th weeks. Its relative growth exhi-
bited a negative character (Fig. 3).
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Fig. 3. Relative growth of mass, water, protein and energy in feathers
of ducks in the first 8 weeks after hatching
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Expressed in relation to the feather mass, the deposition
of the ecomponents under study, except fat, was highest in
the 3rd week and fairly high in the 4th week. Interpreted
in this way, the increases of the feather mass rose 7.6 ti-
mes from the 1st to the 3rd week, continued to rise in the
4th week, but in the 7th week they decreased to 8 % of
their maximum values, equalling those observed in the 1st
week. Water showed no increase in the 1st week, most of
it was deposited in the 3rd and the 4th weeks and its rise
in the 8th week constituted only 8 % of its peak increase.
Protein showed a similar trend: its increases rose 3 times
by the end of the 3rd week and then declined gradually
till the 7th and 8th weeks, falling to 12 to 13 % of its peak
increase. Even under this relativization the age-dependent
changes of the fat increases showed entirely specific featu-
res. Showing no change in the 1st week, they peaked as
early as the 2nd week and then decreased so abruptly that
their values in the last two weeks of the observation period
were negative. Similarly, the increases in GE were highest
in the third week, being 4 times higher than in the 1st week.

Afterwards they declined with advancing age, falling to
11 % of their peak value (Tab. 2).

Table 2

Daily relative gains in mass, water, protein, fat and energy
in duck feathers in the first 8 weeks after hatching

Gross
Week Mass Water Protein Fat energy
g.kgl.a71 - MJ.kg"1.a71

1 22 0 22 0 0.44
2 93 37 36 56 1.11
3 167 89 65 27 1.73
4 151 89 47 16 1.21
5 37 10 24 1 0.58
6" 55 20 23 7 0.61
7 13 9 8 2 0.18
8 16 7 9 1 0.19
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Discussion

The contribution of feathers to the total body mass of
ducks (Baranyiova etal 1983; H ol ub et
al., in press) averaged 4.9 % i. e. it was smaller than
(Zaitschek 1908) or almost equal to the feather
contribution reported for chickens (M o r a n 1977) and
smaller than the corresponding findings made in turkey-
poults (M o r a n 1977) and goslings (M o ran 1977;
N it san etal 1981). Immediately after hatching it
was close to the aforementioned average value, showed
a decline on day 14 and increased fourfold by day 42
(Fig. 2). In the 7th and 8th weeks it was similar to the
feather  contribution reported for slaughter ducks
(Vavrousek 1967). The age-dependent changes
described in the present study are associated, no doubt,
with  specific morphological features of duck feathers
reported previously by a number of writers (Palmer
1972; Stresemann and S tresemann
1966; L ii hma n n 1983). :

The amounts and concentrations of the chemical components
of duck feathers are considerably different from those re-
corded for the body as a whole (Baranyiovéa et
al. 1983; H ol u b et al., in press). Of the total water
content of the body only 3.1 % were found in the feathers.
In the first 2 weeks the contribution of the feathers to
the total water content of the body was close to the afore-
mentioned average, then rose almost tenfold during the
following 2 weeks and hovered about 5 % till the end of
the observation period. The finding of low feather hydra-
tion in the first week approached the observation made
by McCasland and Richardson (1966)
and the trend of the changes in feather hydration with
advancing age was similar to the findings in goslings
(Nitsan et al. 1981). Nevertheless, it was consistently
lower than the total body hydration, although it showed
an abrupt rise with advancing age in the first part of the
observation period.

The protein component of feathers has been studied re-
peatedly mainly with respect to its chemical nature and
amino acid composition. Feathers are relatively rich in pro-
tein (Stettenheim 1972). Little difference exists
in this respect between species as well as between indivi-
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dual parts of the feather (S ¢c hroeder and Kay
1955 Harrap and Woods 1967; Essary
and Y o u n g 1977). The contribution of duck feathers
to the total body protein in our study averaged 13.4 %,
thus exceeding the contributions of the feathers to all the
other somatic macronutrients. It was highest after hatching,
declined to one third by day 14, then increased almost
more than one half by day 28 and showed only a moderate
upward trend afterwards. The aforementioned findings are
associated with the high protein concentration of duck fea-
thers which is three times that of the body. Its age-de-
pendent changes were similar to those observed in gos-
lings (Nitsan et al. 1981) and the values observed
by us at 8 weeks were close to the findings reported for
adult domestic fowls (Va vrousek 1967).

A quite different situation existed as regards the con-
tribution of duck feathers to total somatic fat. This was
very low, averaging merely 1.0 %. It was highest after
hatching and then decreased with age, first steeply and
afterwards at a slower rate, thus differing diametrically
from the total body fat. Also the concentration of fat in
the feathers was low. After an initial rise from hatching
to 2 weeks of age it declined till the end of the observa-
tion period, falling to less than one third. These age-de-
pendent changes were different from those observed in
goslings where ‘- the lipid concentration was reportedly low
without any marked changes with advancing age
(Nitsan etal. 1981).

The contribution of duck feathers to total somatic GE
averaged 6.2 %. It was highest in the youngest birds, de-
creased to one third by the end of the 3rd week and increa-
sed afterwards, approaching its average value by the end
of the experiment.

Also the deposition of the components of the feather mass
as well as its development with advancing age were different
from those recorded for the body as a whole. Thus the
growth of the plumage occurred relatively late: in the 3rd,
4th and the 6th weeks. The accumulation of protein in the
feathers was higher than in the body from the 2nd week,
by which time the difference was largest, till the end of
the observation period. On the other hand, the accumulati-
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on of fat in the feathers was lower than in the body, with
the exception of the 2nd and the 3rd weeks. The accumu-
lation of GE per unit feather mass was relatively higher
in the 2nd to the 6th weeks and in the 8th week than its
accumulation per unit body mass.

The results suggest that duck feathers grow heteroge-
nously in the first 8 post-hatching weeks. This applies
not only to their mass but also to their water, protein,
fat and GE content. These phenomena are conditioned by
both complicated gradual development and structuraliza-
tion of feathers (L u c a s 1972; Stettenheim
1972; P almer 1972; Lii hmann 1983) and ma-
turation of their composition. The role of feathers in the
early ontogeny of all precocial birds is very complex and
up to now little information has been available on the na-
ture and development of the relevant phenomena.

In our experiments the accumulation in feathers of the
chemical components under study peaked at time points
different from those recorded for the body as a whole.
However, feathers are not the only example of this type
of ontogeny. Similar observations, e.g., have been made on
the gastrointestinal tract and the liver. The increases of
the mass of these organs and the changes of their chemical
composition with their functional development also differed
from the situation of the body as a whole (B aranyi-
ov & et al. 1983) but were also different from the results
reported here for duck feathers.

Chemické sloZeni a obsah energie v peri kachen
v postinkubaénim tdobi

Na devadeséati kachnich plemene bilého pekingského jsme
v tydennich intervalech zji§tovali hmotnost a chemickou
skladbu peri. Od vylihnuti do véku 56 d se hmotnost po-
kryvu jejich tél zvysila 65krat. MnoZstvi vody v ném vzrost-
lo 324krat, tedy témér pétkrat vic neZ hmotnost. Bilkovin,
tukii a BE (brutto energie) v ném pribyvalo podstatné méné
a jejich mnoZstvi vzrostlo 40krat, 25krdat, pripadné 39krat.
Primérnd hydratace peri byla ve srovndni s ostatnimi tkéa-
némi téla nizka, koncentrace proteinii naopak vysokd, i kdyz
po vylihnuti do 28. d klesala. Obsah tukl v peri byl maly
a také se, aZ na podatecni prechodny vzestup, s vékem
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sniZoval. Na somatické hmotnosti se peri primérné podilelo
6,2 %. Obdobny podil vody, bilkovin, tuki a BE v peri
byl 5.1, 14.5, 0.5 a 6.1 %. S vékem se vSak ménil. I hmota
peri a jeho chemickych komponent tudiZ rostly heterogenné,
i kdyZ jinak neZ gastrointestindlniho traktu éi jater.

XMMHYECKHH COCTaB H comepXaHHe 3HEpPruH B IEepbsax
YTOK B INOCTHHKYOGALMOHHBI IepHon

Y 90 yTok 6eylol MNEKHHCKOH Iopombl B HeOeJIbHBIX
HHTEepBaJlaX YCTAaHABJIMBAJIX MacCcy M XHMHYEeCKHH co-
cTaB IepbeB. Co IOHSA BHUIYIJIEHHST OO 56 CYyTOK Macca
[IOKpOBAa HX TeJla YBeJIMuMjlach B 65 pa3. ComepxaHHe
BOOsl B HEM BO3pPOCJIO B IATH pa3 6bICTpee M YBEJIHUH-
nock B 324 pa3a. KonuuecTBO 6eJIKOB, XHPOB H 3Hep-
run (B3) B NnepbsiXx YBEJIMUHUBAJIOCH CYHECTBEHHO MEHb-

me - B 40, 25 unu 39 pas. CpenHsas ruopaTalus IIepb-
€B II0 CpaBHEHHI0 C TeJIoM 6bUla HH3KOM H, HAO60pOT,
KOHLEHTpAallusi IPOTEHMHOB - BBICOKOH, XOTS U IOCJIe

BBUIYILJIHBAHUSI IO 28 CYTOK OHa IIOHHXanack. Comep-
XaHUe XUPOB B IIepbfAX O6bUIO HE6ONBINHM M, 3a HUCKIIo-
YEeHHEM IepBOHAYaJlbLHOrO NEepeXOonHOr'O  YBEeJIHUEHHUs,
OHO TMOHHUXAJIOCh C BO3pacToM. J[Jlonsa Ilepbex B Macce
Tejla COCTaBnsAjla B cpengHeM 6,2%. AHAJIOrMYHasa IOOJNA
Bomel, 6eNkOB, XHpa H B3 B nepesax pocrturana 5,1,
14,5, 0,5 ¥ 6,1%, ooHAKO OHa C BO3PaCTOM MeHsAJNacCh.
CnepmoBaTeNIbLHO, Maoca IepbeB H HX XHMHUECKOE KOM-
[IOHEHTE BO3paCTalll reTEePOreHHO, XOTS U NO-OPYIroMy
4YyeM B XEeJYOOYHO-KHIIEYHOM TPAaKTe HJIM IeYeHH.
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