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ABSTRACT A dose-response experiment with 6 dietary
energy levels (2,600, 2,700, 2,800, 2,900, 3,000, 3,100 kcal
of AME /kg) was conducted to study the effects of dietary
energy on growth performance and carcass quality of
White Pekin ducks from 2 to 6 wk of age. Six hundred
14-d-old White Pekin ducks were randomly divided to 6
dietary treatments, each containing 5 replicate pens with
10 males and 10 females per pen, and these birds were
raised until 6 wk of age. At 42 d of age, weight gain,
feed intake, and feed:gain of ducks from each pen were
measured, and 2 ducks (1 male and 1 female) selected
randomly from each pen were slaughtered to evaluate the
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INTRODUCTION

In poultry diets, dietary energy-contributing ingredients
are a major cost and optimal energy level is important for
lowering feed cost per unit of poultry product. At present,
many studies were conducted to examine the effects of
the dietary energy on the growth of broiler chickens. In-
creasing dietary energy level could improve feed conver-
sion rate of broilers by reducing feed intake (Jackson et
al., 1982a; Dozier et al., 2006, 2007; Ghaffari et al., 2007).
However, high dietary energy caused deposition of excess
abdominal fat or carcass fat in broilers (Jackson et al.,
1982b; Summers et al., 1992; Ghaffari et al., 2007), and this
fat was usually considered to be waste product when birds
were processed further, which indicated the economic loss
for poultry producers. At present, although duck response
to dietary energy was reported by Scott et al. (1959) and
Wilson (1975), these experiments were conducted more
than 30 yr ago, and the experimental data on modern duck
genotype are lacking. Therefore, given the feed cost and
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yields of abdominal fat, breast meat (including pectoralis
major and pectoralis minor), and leg meat (including
thigh and drumstick). As dietary energy increased from
2,600 to 3,100 kcal of AME/kg, the weight gain of ducks
increased significantly, and the feed intake and feed:gain
decreased significantly. According to the broken-line re-
gression analysis, the AME requirements of White Pekin
ducks from 2 to 6 wk of age for optimal weight gain
and feed:gain were 3,008 and 3,030 kcal/kg, respectively,
when dietary protein was 18%. On the other hand, high
dietary energy did not affect breast and leg meat (P >
0.05), but abdominal fat increased (P < 0.05) when dietary
AME was above 2,700 kcal/kg.

carcass quality in modern duck production, the objective
of our study was to investigate the effects of dietary energy
on growth performance and carcass quality of White Pekin
ducks from 2 to 6 wk of age.

MATERIALS AND METHODS

All procedures of our experiment were approved by
the animal care and welfare committee of the Institute of
Animal Science of the Chinese Academy of Agricultural
Sciences. One thousand 1-d-old White Pekin ducklings
were obtained from 1 commercial hatchery and male or
female birds were raised separately in raised wire-floor
pens with common starter diet (Table 1) from hatch to 14
d of age. During this period, water and feed were provided
ad libitum, and lighting was continuous. The temperature
was kept at 33°C from 1 to 3 d of age, and then it was
reduced gradually to room temperature until 14 d of age.

A dose-response experiment with 6 dietary energy levels
(2,600, 2,700, 2,800, 2,900, 3,000, or 3,100 kcal of AME/kg)
was conducted with 14-d-old White Pekin ducklings. At
14 d of age, all birds were weighed individually, and some
birds with the lowest or highest weights were removed.
Six hundred birds were selected on the basis of average
BW and were distributed to 30 raised wire-floor pens with
10 males and 10 females per pen. According to the AME
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Table 1. Composition of common starter feed from hatch to 14 d of age and experimental diets from 14 to 42 d of age (% as fed)

Common Experimental diets (14 to 42 d)
start diet

Ingredient (0 to 14 d) 1 2 3 4 5 6

Corn 58.23 53.60 59.22 64.82 67.85 65.43 63.02
Wheat bran — 19.05 11.94 4.83 — — —
Soybean meal 36.17 23.82 25.32 26.84 28.00 28.40 28.80
Soybean oil 2.03 — — — 0.65 2.66 4.67
Limestone 1.20 1.20 1.20 1.20 1.20 1.20 1.20
Dicalcium phosphate 1.40 1.40 1.40 1.40 1.40 1.40 1.40
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-Methionine 0.17 0.13 0.12 0.11 0.10 0.11 0.11
Vitamin and trace mineral premix 0.501 0.502 0.502 0.502 0.502 0.502 0.502

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Calculated composition

Metabolizable energy,3 kcal/kg 2,900 2,600 2,700 2,800 2,900 3,000 3,100
Crude protein 21 18 18 18 18 18 18
Methionine 0.50 0.40 0.40 0.40 0.40 0.40 0.40
Cystine 0.36 0.32 0.32 0.32 0.32 0.32 0.32
Lysine 1.10 0.90 0.90 0.90 0.90 0.90 0.90
Calcium 0.88 0.86 0.86 0.86 0.86 0.86 0.86
Nonphytate phosphorus 0.39 0.38 0.38 0.38 0.38 0.38 0.38

1Supplied the following per kilogram of total diet: Cu (CuSO4�5H2O), 10 mg; Fe (FeSO4�7H2O), 60 mg; Zn (ZnO), 60 mg; Mn (MnSO4�H2O), 80
mg; Se (NaSeO3), 0.3 mg; I (KI), 0.2 mg; Cr (Cr2O3), 0.15 mg; choline chloride, 1,000 mg; vitamin A (retinyl acetate), 10,000 IU; vitamin D3
(cholecalciferol), 3,000 IU; vitamin E (DL-α-tocopheryl acetate), 20 IU; vitamin K3 (menadione sodium bisulfate), 2 mg; thiamin (thiamin mononitrate),
2 mg; riboflavin, 8 mg; pyridoxine hydrochloride, 4 mg; cobalamin, 0.02 mg; calcium-D-pantothenate, 20 mg; nicotinic acid, 50 mg; folic acid, 1
mg; biotin, 0.2 mg.

2Supplied the following per kilogram of total diet: Cu (CuSO4�5H2O), 10 mg; Fe (FeSO4�7H2O), 60 mg; Zn (ZnO), 60 mg; Mn (MnSO4�H2O), 80
mg; Se (NaSeO3), 0.3 mg; I (KI), 0.2 mg; Cr (Cr2O3), 0.15 mg; choline chloride, 750 mg; vitamin A (retinyl acetate), 8,000 IU; vitamin D3 (cholecalciferol),
3,000 IU; vitamin E (DL-α-tocopheryl acetate), 20 IU; vitamin K3 (menadione sodium bisulfate), 2 mg; thiamin (thiamin mononitrate), 1.5 mg;
riboflavin, 8 mg; pyridoxine hydrochloride, 3 mg; cobalamin, 0.02 mg; calcium-D-pantothenate, 10 mg; nicotinic acid, 50 mg; folic acid, 1 mg; biotin,
0.2 mg.

3The values are calculated according to the AME of chickens (Ministry of Agriculture of China, 2004).

values of feed ingredients for chickens (Ministry of Agri-
culture of China, 2004), 6 dietary treatments were formu-
lated to contain 2,600, 2,700, 2,800, 2,900, 3,000, or 3,100
kcal AME/kg, respectively, and each treatment contained
5 replicate pens. The ducks were raised with feed and
water provided ad libitum from 14 to 42 d of age. At 42
d of age, weight gain, feed intake, and feed:gain were
measured. Feed intake and feed: gain were all corrected
for mortality. After feed deprivation for 12 h, 2 ducks (1
male and 1 female) were selected randomly from each pen,
slaughtered, and eviscerated manually. Abdominal fat,
breast meat (including pectoralis major and pectoralis mi-
nor), and leg meat (including thigh and drumstick) were
removed manually from carcasses and weighed. Breast
and leg meat were all skinless and boneless. All weights,
including abdominal fat, breast meat, and leg meat, were
expressed as a percentage relative to live BW at processing.

Data were analyzed as a completely randomized design
by the 1-way ANOVA procedure of SAS software (SAS
Institute, 2003). When dietary treatment was significant (P
< 0.05), means were compared using Duncan’s multiple
comparison procedure of SAS software (SAS Institute,
2003). In our study, broken-line regression analysis (Rob-
bins et al., 2006) was used to estimate the AME requirement
of growing ducks using the NLIN procedure of SAS soft-
ware (SAS Institute, 2003), and the broken-line model was
as follows

y = l + u (r − x)

where y = weight gain or feed:gain; x = dietary energy
level (kcal/kg); r = requirement of dietary energy; l = the
response at x = r; and u = the steepness of the curve. In
this model, y = l when x > r.

RESULTS AND DISCUSSION

Our study showed that the live weight gain of ducks
increased significantly but the feed intake and feed:gain
decreased significantly as dietary energy increased from
2,600 to 3,100 kcal of AME/kg (Table 2). Improvement in
feed conversion rate of ducks appears to be due to the
decrease in feed intake caused by high dietary energy, and
similar supporting results using broilers were reported

Table 2. Effect of dietary energy on weight gain, feed intake, and
feed:gain of White Pekin ducks from 14 to 42 d of age1

Daily Daily
Dietary energy weight gain feed intake Feed:gain
(kcal of AME /kg) (g/bird per day) (g/bird per day) (g:g)

2,600 64.6d 190.4a 2.95a

2,700 65.9cd 189.5a 2.88ab

2,800 67.0bc 185.9ab 2.78bc

2,900 68.2ab 179.3bc 2.63cd

3,000 69.9a 177.3c 2.54d

3,100 69.8a 174.7c 2.51d

SEM 3.4 14.3 0.29

a–dMeans with different superscripts within the same column differ
significantly (P < 0.05).

1Results are means with n = 5 per treatment.
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Table 3. Effect of dietary energy on breast meat, leg meat, and abdominal
fat of 42-d-old White Pekin ducks1

Relative weight (% of processing BW)

Dietary energy Leg Breast Abdominal
(kcal of AME/kg) meat meat fat

2,600 9.28 5.90 1.03b

2,700 9.69 5.82 0.86b

2,800 9.52 6.28 1.37a

2,900 9.20 5.73 1.36a

3,000 9.26 6.22 1.51a

3,100 8.93 5.97 1.65a

SEM 1.17 1.13 0.58

a,bMeans with different superscripts within the same column differ
significantly (P < 0.05).

1Results are means with n = 5 per treatment.

(Jackson et al., 1982a; Dozier et al., 2006, 2007; Ghaffari et
al., 2007). Live weight and efficiency of feed utilization of
Pekin ducks could be improved by high-energy diets (Scott
et al., 1959; Wilson, 1975), which was confirmed by our
results. However, the previous research in duck response
to dietary energy was conducted more than 30 yr ago and
the data on the dietary energy level of modern strain ducks
are not reported until now. When the broken-line regres-
sion analysis was used to estimate the AME requirement
of growing ducks, the AME requirements of White Pekin
ducks from 2 to 6 wk of age for optimal weight gain [y =
69.8 − 0.0129 × (3,008 − x), x ≤ 3,008, P < 0.05, R2 = 0.99]
and feed:gain [y = 2.51 + 0.00107 × (3,030 − x), x ≤ 3,030,
P < 0.05, R2 = 0.99] were 3,008 and 3,030 kcal/kg, respec-
tively, and these requirements may be higher than the
value estimated by Scott et al. (1959), in which the dietary
energy level for optimal efficiency of feed utilization of
7.5-wk-old Pekin ducks was about 2,753 kcal/kg.

High dietary energy did not affect breast and leg meat
(P > 0.05), but abdominal fat increased (P < 0.05) when
dieatary AME was above 2,700 kcal/kg in our study (Table
3). Some researchers observed no significant effects of high-
energy diets on breast meat yield of broilers (Leeson et al.,
1996; Yalçin et al., 1998; Dozier et al., 2006), but increasing
dietary energy could have caused deposition of excess
abdominal or carcass fat in broilers (Jackson et al., 1982b;
Summers et al., 1992; Leeson et al., 1996; Ghaffari et al.,
2007). The use of an iso protein diet in our study may have
increased ME/CP ratio of the diets, and this change may
have caused excess abdominal fat in ducks, which was
supported by Scott et al. (1959), who observed that the
carcass fat of 7.5-wk-old Pekin ducks increased as dietary
ME/CP ratio increased. Furthermore, more fat deposition
caused by high-energy diets may be due to higher effi-
ciency of energy retention at this instance, and similar
results in broilers were reported by Jackson et al. (1982b)
and Furuse et al. (1985). Boekholt et al. (1994) also found
that the efficiency of energy retention was higher in fat
than in protein when high-energy diets were consumed
by broilers.

In conclusion, a high-energy diet could improve the feed
conversion rate of growing Pekin ducks by reducing feed

intake, but more abdominal fat was deposited at high
energy intake. The AME requirements of White Pekin
ducks from 2 to 6 wk of age for optimal weight gain and
feed:gain were 3,008 and 3,030 kcal/kg, respectively, when
dietary protein was 18%.
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