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ABSTRACT The study was undertaken to assess di-
etary CP and ME concentrations for optimum growth
performance and carcass characteristics of goslings. In a
5 × 3 factorial arrangement, 360 one-day-old commercial
generation Huoyan goslings were randomly assigned to
experimental diets with 10.87, 11.37, 11.87, 12.37, and
12.87 MJ of ME/kg of diet; each contained 15.0, 17.5, and
20.0% CP, respectively, from 0 to 4 wk of age (WOA).
Each dietary treatment was replicated 6 times. Body
weight and feed consumption were measured, and car-
cass characteristics were evaluated at 4 WOA. The result
showed that birds on a diet with 11.87, 12.37, and 12.87
MJ of ME/kg at 0 to 4 WOA exhibited greater BW gain
than those on a diet with 10.87 and 11.37 MJ of ME/kg
(P < 0.01), though BW gain was not different among 11.87,
12.37, and 12.87 MJ of ME/kg of diet. Mean BW gain of
birds fed 17.5 and 20.0% CP diets was not different (P >
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INTRODUCTION

The house goose belongs to Anatidae family, Anser
genus. The goose originated from Anser cygnoides. The
work of Roberson and Francis (1963) suggested that geese
respond more to changes in energy concentration of the
diet than to dietary protein levels. Allen (1983) suggested
that dietary CP contents should be 200 g/kg from 0 to 4
wk of age (WOA), which was in accord with most previ-
ous work (Aikens et al., 1954; Waibel, 1958; Snyder, 1959;
Saleyev, 1975). Roberson and Francis (1963) reported that
White Chinese goslings grew more rapidly on a 24% pro-
tein level than on lower levels, but the advantage was
lost when the geese were raised beyond the stage of rapid
growth. Liang (2001) indicated that a dietary concentra-
tion of 13.80 MJ of ME/kg was the best for Roman White
goslings from 0 to 3 WOA. Su and Ma. (1997) showed
that when dietary CP decreased from 24 to 20% and ME
from 11.76 to 11.37 MJ of ME/kg, there was no significant
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0.05), but they were higher than those on 15.0% dietary
CP concentration (P < 0.001). Feed intake was not influ-
enced by dietary ME levels (P > 0.05). Feed intake of birds
fed 17.5 and 20.0% CP diets was higher than those of
birds on 15.0% CP diets (P < 0.01). Feed conversion ratios
of birds fed on 11.87, 12.37, and 12.87 MJ of ME/kg of
diet were better than those fed on 10.87 and 11.37 MJ of
ME/kg (P < 0.001). Feed conversion ratios of birds fed
on 17.5 and 20.0% CP diets were better than those fed on
15.0% CP diets. Moreover, there were no significant inter-
actions between CP and ME on growth performance.
There was a direct relationship between dietary ME levels
and eviscerated carcass percentage, abdominal fat per-
centage, and liver relative weight (P < 0.01). Breast and
leg meat percentage were influenced by dietary CP con-
centrations significantly (P < 0.001). Thus, diets with 11.87
MJ of ME/kg and 17.5 to 20.0% CP were used more
efficiently from 0 to 4 WOA by Huoyan goslings.

effect on BW gain. But when ME level was 10.93 MJ of
ME/kg, growth rate was much lower.

However, Stevenson (1985) found no significant effect
on the weight gain of Italian Legarth goslings fed on
starter and grower diets with ME concentrations ranging
from 11 to 13 MJ/kg. Moreover, the lack of response in
weight gain of Embden geese fed on diets varying in
protein concentration from 180 to 220 g/kg led Summers
et al. (1987) to conclude that CP has not been a limiting
factor in most goose nutrition studies.

In brief, most previous work on the requirements of
dietary ME and CP has been drawn from growth perfor-
mance. In our study, the effects of various concentrations
of dietary CP and ME on growth performance and carcass
characteristics of Huoyan goslings were evaluated. The
objective of our study was to determine the dietary CP
and ME requirement of goslings from 1 to 28 d of age in
terms of growth performance and carcass quality.

MATERIALS AND METHODS

Birds and Dietary Treatments

Straight-run 1-d-old Huoyan goslings (n = 360) of com-
mercial generation were obtained (bought from Dongfeng
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Table 1. Composition of several of the experimental diets fed from 0 to 4 wk of age

Treatment

Ingredient, % 1 7 8 9 15

Corn (% CP) 60.20 71.40 66.30 60.00 56.70
Soybean meal 14.90 18.40 26.10 33.40 34.70
Wheat bran 14.00 3.50 1.50 1.90 —
Alfalfa meal 7.40 3.00 2.10 0.20 —
Soybean oil — — 0.40 0.90 5.00
Limestone 0.99 1.06 1.05 1.08 1.05
Dicalcium phosphate 1.20 1.30 1.30 1.25 1.30
Salt 0.30 0.30 0.30 0.30 0.30
Vitamin-mineral premix1 1.00 1.00 1.00 1.00 1.00
Antioxidant — — 0.02 0.02 0.02
Calculated level

ME, MJ/kg of diet 10.87 11.87 11.87 11.87 12.87
CP, % 15.00 15.00 17.50 20.00 20.00
Ca, % 0.80 0.80 0.80 0.80 0.80
Available P, % 0.34 0.34 0.34 0.34 0.34
Met, % 0.22 0.24 0.27 0.30 0.30
Met + cystine, % 0.55 0.49 0.56 0.63 0.63
Lys, % 0.68 0.71 0.88 1.05 1.06

1Provided the following per kilogram of diet: Cu, 10 mg; Fe, 60 mg; Zn, 60 mg; Mn, 80mg; Se, 0.3 mg; I, 0.2
mg; Cr, 0.15 mg; choline chloride, 1,000 mg; vitamin A (retinyl acetate), 10,000 IU; vitamin D3, 3,000 IU; vitamin
E (DL-α-tocopheryl acetate), 20 IU; vitamin K3, 2 mg; thiamine, 2 mg; riboflavin, 8 mg; pyridoxine, 4 mg; vitamin
B12, 0.02 mg; pantothenic acid, 20 mg; nicotinic acid, 50 mg; folic acid, 1 mg; and biotin, 0.2 mg.

Breeding Ltd. Co., Hebei province, China). These birds
were randomly assigned to 15 dietary treatments in a 5
× 3 factorial arrangement. The dietary treatments fed at
hatch to 4 WOA contained 10.87, 11.37, 11.87, 12.37, and
12.87 MJ of ME/kg of diet, each in combination with 15.0,
17.5, and 20.0% CP (Table 1). Each dietary treatment was
replicated 6 times. The diets were fed in mash form and
were provided ad libitum. Water was also provided freely
throughout the experimentation period.

Management of Experimental
Bird Husbandry

At 1 d of age, experimental birds were weighed individ-
ually and randomly assigned to pens with raised wire
floors that each housed 4 birds. The room temperature
was maintained at 30°C for the first week and was re-
duced gradually by 2.5°C every week, after which no
artificial heating was provided. The birds received 23 h of
constant lighting throughout the experiment. Ventilation
within the holding room was maintained by thermostati-
cally controlled exhaust fans. Body weight and feed con-
sumption were measured at 4 WOA. Mortality was re-
corded as it occurred, and the weights of dead birds were
used to adjust feed conversion ratios (FCR).

Processing Procedure

At 28 d of age, 8 birds from each replicate (total of the
birds from the experiment) were randomly selected for
evaluation of carcass traits. Feed and water were with-
drawn 12 h before slaughter. Birds were then slaughtered
and dissected to measure eviscerated carcass percentage,
breast meat percentage, leg meat percentage, abdominal
fat percentage, and liver relative weight.

Statistical Analysis

Data were analyzed by the 2-way ANOVA procedure
of SAS software (SAS Institute, 1996). Means were com-
pared by Duncan’s multiple-range test when probability
values were significant (P < 0.05).

RESULTS

The effects of dietary CP and ME on growth perfor-
mance are given in Table 2. There was no difference in
BW gain from 0 to 4 WOA goslings among ME levels of
11.87, 12.37, and 12.87 MJ of ME/kg of diet (P > 0.05),
but the BW gain was obviously higher than at lower ME

Table 2. Effect of ME and CP on growth performance of 28-d-old
goslings

Feed
Feed BW conversion

Item intake, g gain, g ratio, g:g

ME, MJ/kg of diet
10.87 83.59 38.37b 2.17a

11.37 85.99 37.45b 2.23a

11.87 85.77 41.80a 2.06b

12.37 84.03 41.17a 2.04b

12.87 82.14 41.42a 1.99b

SEM 7.51 3.47 0.12
CP levels, %

15.0 78.68b 36.70b 2.15a

17.5 86.73a 41.56a 2.08ab

20.0 87.50a 42.46a 2.07b

SEM 8.10 4.28 0.12
P-value

ME 0.5849 0.0061 0.0001
CP 0.0001 0.0001 0.0541
ME × CP 0.4332 0.5165 0.0674

a,bMeans within a column that do not share a common superscript
are significantly different (P < 0.05).
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Table 3. Effect of ME and CP on carcass traits of 28-d-old goslings (%)

Eviscerated Breast Leg Abdominal
Item carcass meat meat fat Liver

ME, MJ/kg of diet (% of live weight)
10.87 71.48c 1.21 12.27 1.27b 3.20a

11.37 72.23bc 1.24 12.74 1.24b 3.13a

11.87 74.47a 1.25 12.09 1.40b 2.55c

12.37 74.09ab 1.26 13.13 1.92a 2.76b

12.87 74.42a 1.27 12.72 1.85a 2.84b

SEM 3.07 0.24 0.68 0.49 0.33
CP, %

15.0 72.61 1.11b 11.95b 1.58 3.06a

17.5 74.17 1.29a 12.63ab 1.53 2.64b

20.0 73.40 1.34a 13.20a 1.52 2.95a

SEM 3.07 0.24 0.68 0.49 0.34
P-value

ME 0.0050 0.8957 0.0912 0.0001 0.0001
CP 0.1284 0.0002 0.0008 0.8504 0.0001
ME × CP 0.7857 0.7093 0.0340 0.9094 0.0001

a–cMeans within a column that do not share a common superscript are significantly different (P < 0.05).

levels (10.87 and 11.37 MJ of ME/kg of diet; P < 0.01).
The BW gain was increased to the maximum when the
diet contained 11.87 MJ of ME/kg but changed little at
higher levels. No significant difference in BW gain was
observed from CP levels of 17.5 to 20.0%, but it was
significantly higher than the BW gain from lower CP
levels of 15.0% (P < 0.001). Metabolizable energy levels
had no effects on feed intake (P > 0.05), but feed intake
had a downward trend, along with the increase of dietary
ME levels. Feed intake was also influenced by dietary CP
contents. Birds on 17.5 and 20.0% CP diets consumed
more feed (P < 0.001) than those on 15.0% CP diets; feed
consumption of goslings receiving diets containing 17.5
or 20.0% CP was not different (P > 0.05). The FCR was
significantly different among ME levels (P < 0.001). The
FCR of high ME levels (11.87, 12.37, and 12.87 MJ of ME/
kg of diet) were not significantly different, but they were
significantly lower than low ME levels (10.87 and 11.37
MJ of ME/kg of diet; P < 0.001). That is to say, FCR was
better at high ME levels. The CP levels did not affect FCR
(P > 0.05). There were no significant interactions between
CP and ME on growth performance.

As shown in Table 3, dietary ME levels had significant
effects on eviscerated carcass percentage (P < 0.01). Evis-
cerated carcass percentage was 74.47% when the dietary
ME level was 11.87 MJ of ME/kg of diet; it was higher
than other ME levels. Dietary CP levels had significant
effects on breast meat percentage and leg meat percentage
(P < 0.01), and they increased by increasing dietary CP
from 15.0 to 20.0%. There were significant interactions
between CP and ME levels on leg meat percentage (P <
0.05). The effects of dietary ME levels on abdominal fat
percentage reached a significant degree (P < 0.001); the
abdominal fat percentage was 1.40%, and it was lower
than 1.85% of the ME diet containing 12.87 MJ of ME/
kg. This indicated that there was an upward tendency
due to increasing dietary ME; this kind of result further
confirmed the positive relations among dietary ME levels
and abdominal fat percentage. At the same time, abdomi-

nal fat percentage declined by increasing dietary CP con-
tent. Liver relative weight was affected by dietary ME
and CP levels as well as their interactions; moreover,
lower CP and ME levels caused heavier liver relative
weight.

DISCUSSION

Dietary CP and ME levels played a vital role in BW
gain, feed intake, and FCR. In the current experiment,
dietary ME concentration did not affect feed intake. The
result of this research also indicated that no significant
difference was observed for BW gain from 11.87 to 12.87
MJ of ME/kg of diet. The heaviest BW gain, 41.80 g, came
from the ME diet containing 11.87 MJ of ME/kg. The
optimal ME concentration, 11.87 MJ of ME/kg of diet,
was almost consistent with the report of Stevenson (1985)
and a little higher than 11.6, 11.37, 11.04, and 10.0 to 10.5
MJ of ME/kg of diet (Saleyev, 1975; Lin, 1986; Wang et
al., 1999). The result was lower than 13.80 MJ of ME/kg,
reported by Liang (2001).

The optimum requirements of CP for goslings differed
in different studies, results generally ranging from 17.67
to 24%, among which 20.0% were the conclusion of most
investigators (Aikens et al., 1954; Snyder, 1959; Saleyev,
1975; Allen, 1983; Su and Ma, 1997). Under the condition
of the present experiment, BW gain and FCR were not
significantly different from CP levels of 17.5 to 20.0%; the
result was lower than 22.01%, reported by Lin (1986), and
less than 19.65 and 21.16% for goslings from 0 to 3 WOA,
reported by Chen (2003). On the other hand, the current
experiment also indicated that the interactions between
dietary CP and ME levels had no significant effect on
gosling growth performance (P > 0.05). This is contrary
to Chen (2003), who considered that the interaction had
significant effect on the daily weight gain of goslings.

Liang (2001) showed that for Roman White geese, in-
creasing dietary ME was associated with increased ab-
dominal fat percentage, which was in accord with our
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study. Goslings from 0 to 4 WOA were able to obtain
ideal growth rates and carcass composition under the CP
20.0% level (Nitsan et al., 1983; Summers et al., 1987).
The current study also indicated that eviscerated carcass
percentage, breast meat percentage, as well as leg meat
percentage were highest and the abdominal fat percent-
age was lower from goslings fed 20% CP than from those
fed 15% CP. But Stevenson (1985) found that among feed
with AME of 11, 12, and 13 MJ of ME/kg, the energy
levels did not affect the breast and leg meat percentage
as well as abdominal fat percentage for goslings from 0
to 4 WOA. The result was in agreement with the current
study in breast and leg meat percentage but contrary to
abdominal fat percentage. Different breeds and dietary
CP levels are likely to lead to different results.

The index of animal growth performance is often con-
sidered as a classical indicator on the requirements of
animal dietary CP and ME. But it is not always able to
reflect the requirements of the best carcass components
of an animal; therefore, it is necessary to further consider
the carcass traits of an animal. Based on this study, we
considered breast and leg meat percentage as well as
abdominal fat percentage as the sensitive carcass charac-
teristic indexes on the research of dietary CP and ME re-
quirements.

In conclusion, the optimal dietary ME requirement of
goslings from hatch to 28 d of age is 11.87 MJ of ME/kg,
and the CP requirement of goslings during the period
is 17.5 to 20.0%. The result was lower than the feeding
standard of NRC (1994).
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