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ABSTRACT  
 

A total number of 60 male Muscovy ducks (Cairina moschata) and 60 male Mule ducks (a sterile 
artificial hybrid resulting from crossing a Muscovy drake with a common female duck (Anus plutyrhynchos) 
were allotted into three groups (heavy, medium and light) to estimate the effect of genotype and body weight  
before overfeeding on the performance of broiler ducks and carcass traits after overfeeding. The results showed 
that Muscovy ducks were highly (P≤0.05) significant in body weight at all studied ages compared the Mule 
ducks except at 8 weeks of age whereas the differences between genotypes were insignificant. Mule ducks had 
weight gain significantly (P < 0.01) higher (1648.86 ± 40.86 g ) than Muscovy ducks (1342.83± 45.08 g ) after 
the overfeeding period. Also, weight gain for light body weight group was heavier (1591g) than other groups 
(1472.15 and 1424.39g for heavy and medium body weight groups, respectively).  Cumulative feed conversion 
ratio (FCR) values was significantly higher in Muscovy ducks than in Mule ducks (7.82.04 ± 0.19kg vs. 6.37.± 
0.17kg, respectively; P < 0.01). The lower FCR value for Mule ducks indicates positive performance. Muscovy 
ducks had significantly higher carcass (g and %) and magrite (g and %) than Mule ducks. Also, Muscovy ducks 
had higher liver (g and %) than Mule ducks. However, the differences between values were not significant. 
Heavy body weight group had highly significant carcass and magrite weight compared to medium and light 
body weight groups, respectively. Moreover, liver weight was insignificantly higher (P>0.05) for heavy body 
weight group (274.38±7.05 g) than medium (268.07±6.88 g) and light (267.70±8.30) groups, respectively. Light 
body weight group recorded significantly higher liver percentage (4.91 %) than heavy body weight (4.43 %) 
group. While, medium body weight group was intermediate (4.69 %).  
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Introduction 
 

Fatty liver syndrome  occurs in man and animal species as a result to various reasons of primary 
(inherited) or secondary (acquired) metabolic disorders (Alpers et al., 1993). In the human, fatty liver is most 
frequently secondary to alcohol intake or liver inflammation, and some criteria of the metabolic syndrome such 
as overeating, (Pessayre et al., 2002). There are few animal species in which to study the metabolic adaptations 
resulting in fatty liver, as well as individual responsiveness. They include the lactating cow (Reids and Roberts, 
1983) and wild migrating species of birds and fishes, in which fatty liver occurs spontaneously as a consequence 
of energy storage before migration (Pilo and George, 1983). This syndrome occurs because the liver is the major 
site for lipogenesis (Pearce, 1977; Henderson and Sargent, 1981). In domestic birds, i.e. ducks and geese, this 
specific capacity is exploited for the commercial production of fatty liver. Force-feeding can lead to a 10 fold 
increase in liver weight in two weeks, with livers that reach 8 - 9 % of the body weight of the ducks, which is 
caused by storage of lipids (mainly triglycerides) synthesized from the starch of the feed (Larzul, 2002; Larzul 
et al. 2006).  However, overfeeding waterfowl also induces extensive fattening of peripheral tissues, such as 
adipose tissue and muscle (Saadoun and Leclercq, 1987). Within the same species of waterfowl, the production 
of fatty liver is breed dependent. For example, the production of fatty liver is higher in overfed Landes geese 
than in overfed Poland geese (Davail et al., 2000). Similarly, Mule and Muscovy ducks exhibit a higher 
production of fatty liver than Pekin ducks (Guy et al., 1999). 

The liver returning to its initial composition when overfeeding is interrupted (Babile et al., 1998; 
Benard et al., 1998). This allows the birds to fast spontaneously and to use their energy stores as they do during 
migration. The fatty liver, internationally called “foie gras” as a commercial product, was produced traditionally 
from geese. However in recent years there has been a widespread change to the use of ducks rather than geese, 
because during the force feeding period, birds which had previously been fed an increasing but limited amount 
of food are forcibly fed large amounts of food twice per day for about two weeks (ducks) or three times per day 
for about three weeks (geese). Different genotypes of ducks are used to produce meat, including common ducks 
such as Pekin ducks (Anas platyrhynchos), Muscovy ducks (Cairina moschata), and crossbred ducks such as 
Mule ducks (crossbreed between a common female and a Muscovy male; hinny ducks being the reverse or 
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reciprocal crossbreed). A male Muscovy duck, which is nearly twice the size of a female Muscovy duck.  Male 
Mulard ducks are used for foie-gras production, while the females are either killed at birth or raised and 
slaughtered for meat consumption. Information on the effect different body weights ducks before overfeeding 
are scarce, and to our knowledge, very few data are available on response light body weights ducks to 
overfeeding. Thus, the present study was designed to determine the effect of genotype and body weight group 
before overfeeding on productive performance and carcass traits in the two species of ducks. This would shed 
light on duck’s light weights and the possibility of their use in the production of fatty liver and to increase the 
base of the bird used in the commercial production of fatty liver.  

 
Materials and Methods 
 

This study was carried out at the Poultry Experimental Station, Faculty of Agriculture, Al- Azhar 
University. Nasre City, Cairo, Egypt, in order to study the effect of force feeding on three type of body weight 
from two genotype of ducks ( Muscovy and Mule or Mulerd ducks) and their carcass traits.    
 
Animals and Diets 

A total of 60 male Muscovy ducks (Cairina moschata) and 60 male Mule ducks [a sterile artificial 
hybrid resulting from crossing a Muscovy drake with a common female duck (Anus plutyrhynchos)] hatched on 
the same day were grown under natural light and temperature conditions. The broiler ducks were housed 
collectively; however, the two genotypes were reared in separated floor pens and feed on a same basal diet 
(starter) containing 22% crude protein (CP)  with 2800 K.Cal/ME/Kg diet from one day old to 2 weeks of age. 
After that from 2 to 12 weeks of age. The broiler ducks had free access to a growing diet containing 18% crude 
protein and 3000 K.Cal/ME/Kg of diet according to N.R.C 1994 as shown in Table (1). At the end of the pre-
overfeeding period (12 weeks of age) 45 ducks from each breed were chosen according to body weight and 
health conditions then divided equally into three groups: 1) heavy weight (HW), body weight of ducks ranges 
between 5.0 to 5.5 kg and 4.5 to 5.0 kg; 2) medium weight (MW), body weight of ducks ranges between 4.5 to 
4.9 kg and 4.0 to 4.4 kg and 3) light weight (LW) body weight of ducks ranges between 4.0 to 4.4 and 3.5 to 3.9 
kg for Muscovy and Mule ducks, respectively. Ducks were force-fed twice a day at 8 a.m. and 8 p.m. during 
overfeeding period (2 weeks). During the overfeeding period, the amount of feed was progressively increased 
(300 g at the first day of the overfeeding) each day until reach the maximum amount (450 g at the end of the 
overfeeding). water was available at all times. During the overfeeding period all groups in this study were forced 
for 14 days equal amounts of ration (10500 g) on a dry weight basis, with a carbohydrate-rich diet consisting of 
98.9 % boiled maiz, 0.3 % sodium chloride (Nacl), 0.3 % vitamins and minerals, and 0.5 % plant oil. The final 
mixture consisted of one part feed and one part water.  The present work was carried out in agreement with the 
French national guidelines for the care and use of animals for research purposes.  
 
Table 1: Composition of the basal and growing diets 
Ingredients 

 
Basal diet 0 - 2 Wks 22% C.P Growing diet  2 - 12 Wks 18% C.P 

Ground yellow corn (8.5%) 61.90 71.70 

Soybean meal  (44%) 30.00 23.00 

Concentrates  (52% )* 06.90 03.30 
Wheat bran  (15.7%) — 00.70 
Sodium chloride (Na cl) 00.20 00.10 
Calcium carbonate  (CaCO3) 00.30   00.60 
Di. calcium ph.       (CaHPO4) 00.30 00.40 
Mineral premix** 00.20 00.10 

Vitamin premix*** 00.20 00.10 

Calculated analysis  
 C.P% 22.05 18.04 

ME K. cal /Kg diet 2800 3000 

ME/P ratio 132 166 

Available Ph. phosphorus 0.39 0.29 

Ca% 0.75 0.62 
E.E% 2.99 3.13 
* Concentrates for Broiler:  52% C.P contain: C.P 52%, C.F 2.8% , E.E 5.8%, Ca 6.87%, Av. Ph. 2.80%, methionine 1.61%, M+C 2.22%, 
Lysine 3.20%, Salt 0.7%, and ME 2292 Kcal. 
**: Mineral premix for broiler: each 3 Kilo gram contain: Fe 3000mg,  Mn 600mg, Cu 4000mg , Zn 5000mg, I 300mg, Co l00mg, and Selenium 
100mg.   Mineral premix for laying, each 3 Kilo gram contain Fe 30000mg, Mn 6000mg, Cu 40000mg , Zn 50000mg, I 300mg, Co 100mg, and 
Selenium l00mg. 
***Vitamin premix for broiler: each 3 Kilogram contain: vit. A 1200000IU, vit. D 2000000IU, vit. E l00000IU, vit. Bi 100mg, vit. B2 5000mg, 
vit. B6 1500mg, vit. B12 10mg, Pant. acid l0000mg, Folic acid l000mg, Biotin 50mg, and niacin 30000mg. 
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Collected Parameters: 
 
A - Productive Performance Parameters: 
1. Live body weight before force-feeding. 
2. Live body weight after force-feeding. 
3. Body weight gain. 
4. Feed conversion ratio. 
 
B - Carcass characteristics for ducks before and after force feeding. 

At 14 weeks of age 10 birds of ducks were individually weighed to estimate body weight and manually 
slaughtered. Following slaughter, the ducks were bled for about five min., and then scalded in water at about 63 
Co for 1 min. to facilitate feather plucking. The defeathere was performed manually. Then the carcasses were 
eviscerated (removing the digestive tract, lungs, trachea, heart, abdominal fat and crop), and the heads and legs 
and then became a carcass ready to estimate the following: eviscerated carcass weight (carcass empty including 
nick and wings), liver weight and magrite weight (breast muscles without bone).  
 
Statistical analysis: 
 Data were subjected to statistical analysis using tow-way analysis of variance was used to test the breed 
effect and body weight group and their interaction using the General Linear Model (GLM) Procedure of SAS 
(2002). The significance differences among means were done according to Duncan (1995) multiple range test. 

 
Results and discussion:  
 
Growth performance:  

The average body weight of male Muscovy and Mule ducks (crossbred of Muscovy drake and Pekin 
duck) as affected by genotype are shown in Table (2). The Muscovy ducks were high significant (P≤0.05) in 
body weight at all ages studied compared the Mule ducks except at 8 weeks of age whereas the differences 
between genotypes were insignificant. Before the overfeeding period (at 12 weeks of age), the body weight of 
the Muscovy ducks was 24.51% heavier than that of the Mule ducks (4765.90±30.12g vs. 3827.77±27.30g, 
respectively), Table (3). Similar findings were reported by El-syed et al., (2013) found that the body weight of 
Muscovy ducks before the overfeeding (at 12 weeks of age) was 12.11% heavier than that of the Mule ducks 
(4563.67±111.53g vs. 4070.25±90.14g, respectively). However, after overfeeding (at 14 weeks of age), the 
difference in body weight between Mule and Muscovy ducks was significant higher for Muscovy ducks 
(6108.74 ± 51.88g)  compared to Mule ducks (5476.63 ± 47.03g). These results are in contradiction with El-
Syed et al., (2013) who reported that after overfeeding, the difference in body weight between Mule and 
Muscovy ducks was not significant (5761.58 ± 111.99g vs. 5676.53 ± 110.51g, respectively).   
Results in Table (3) indicated that the weight gain was significantly (P < 0.01) higher for Mule ducks after the 
overfeeding period (1648.86 ± 40.86 g) compared to Muscovy ducks (1342.83± 45.08 g). Similar results were 
obtained by Guy et al., (1995) who found that the weight gain due to forced feeding was higher in Mule ducks 
than in Muscovy ducks. Also, Andre et al., (2007) showed higher weight gains for Mule ducks than that of 
Muscovy ducks when overfeeding was at the maximum of the ducks’ ingestion potential. Also, El-Syed et al., 
(2013) who found that weight gain  achieved by Mule ducks after the overfeeding period (1516.1 ± 128.23 g vs. 
861.92 ± 94.24 g for Mule and Muscovy ducks, respectively) was significantly higher (P < 0.01) .   Cumulative 
feed conversion ratio (FCR) values was significantly higher in Muscovy ducks than in Mule ducks (7.82.04 ± 
0.19kg vs. 6.37.± 0.17kg, respectively; P < 0.01). The lower FCR value for Mule ducks indicates positive 
performance.  

The results in Table (3) showed weight gain for light body weight group was heavier (1591g) than other 
groups (1472.15 and 1424.39g for heavy and medium body weight groups, respectively).  The statistical 
analysis of the results indicated that body weight group (heavy, medium and light) had insignificant effect on 
weight gain after overfeeding (at 14 weeks) as shown in Table (3). Whoever, FCR value for medium body 
weight group was highly significant (7.40) compared to light body weight group (6.61). While, heavy body 
weight group was intermediate (7.15). On the other hand, the interaction between genotype and body weight 
group were insignificant Table (3).   
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Table 2: Effect of genotype on average live body weight (g) at different ages (during fattening period ) (Mean ±Standard error). 

Age (weeks) 
Genotype 

Muscovy Mule 
At 2 weeks 355.93A ±4.13 261.90B ±4.06 
At 4 weeks  1196.21A ±9.48 861.58B ±9.32 
At 6 weeks 1996.38A ±11.75 1818.0B ±11.55 
At 8 weeks 2798.88A ±23.29 2780.83A ±22.90 
At 10 weeks 3796.64A ±29.70 3341.83B ±29.20 
At 12 weeks 4774.22A ±39.65 3853.25B ±38.99 
Means with the same letter are not significantly different (p ≤0.05) for the same parameter. 

 
Table 3: Effect of genotype, body weight group and interactions on productive performance after overfeeding period (Mean ±Standard 
error). 

Genotype Body weight BW12 BW14 WG FC FCR 

Muscovy   4765.90A ±30.12 6108.74A ±51.88 1342.83B ±45.08 10500 7.82A ±0.19 
Mule   3827.77B ±27.30 5476.63B ±47.03 1648.86A ±40.86 10500 6.37B ±0.17 
Genotype effect *** *** ***  *** 
 Heavy  4728.06A ±33.93 6200.21A ±58.44 1472.15 ±50.78 10500 7.15AB ±0.22 
 Medium 4292.93B ±33.62 5717.32B ±57.91 1424.39 ±50.31 10500 7.40A ±0.21 

 Light 3869.54C ±37.92 5460.54C ±65.31 1591.00 ±56.75 10500 6.61B ±0.24 

Body weight effect *** *** ns  * 

Muscovy  
Heavy  5222.77 ±51.29 6510.0 ±88.35 1287.22 ±76.77 10500 8.18 ±0.32 
Medium 4761.36 ±46.39 6033.63 ±79.92 1272.27 ±69.44 10500 8.28 ±0.29 
Light 4313.57 ±58.16 5782.57 ±100.18 1469.00 ±87.04 10500 7.15 ±0.37 

Mule 
Heavy  4233.33 ±44.42 5890.41 ±76.51 1657.08 ±66.48 10500 6.34 ±0.28 
Medium 3824.50 ±48.66 5401.0 ±83.82 1576.50 ±72.83 10500 6.65 ±0.31 
Light 3425.50 ±48.66 5138.50 ±83. 82 1713.00 ±72.83 10500 6.15 ±0.31 

Interaction effect ns ns ns  ns 
BW12= body weight at 12 weeks of age, BW14= body weight at 14 weeks of age, WG= weight gain after overfeeding (14 weeks ), FC= feed 
consumption from 12 to 14 weeks, FCR= feed conversion ratio. 
 

Carcass traits: 
Effect of genotype on body weight group and their interaction on carcass parameters of broiler ducks is 

shown in Table: (4 and 5). Muscovy ducks had significantly higher carcass weight (P≤0.01) and percentage 
(P≤0.05) (3637.07±42.98 g and 59.48±0.38 %) than Mule ducks (3193.49±40.20 g and 58.31±0.36 %). 
Moreover, magrite weight and percentage were significantly (P< 0.01) higher in Muscovy ducks 
(1128.63±17.04 g and 18.45±0.2 %) than Mule ducks as shown in Table 3.   
Muscovy ducks were significantly higher in liver weight (288.43±6.27 g) and insignificant in liver percentage 
(4.73±0.10 %) than Mule ducks (251.67±5.87 g and 4.62 %). These results are agreement with El-Syed et al., 
(2013) who found that Muscovy ducks had significantly higher carcass weight and percentage than Mule ducks 
after the overfeeding period (3687.18 ± 67.69g and 65.10 ± 0.52% vs. 3597.84 ± 67.22g and 62.45 ± 0.42%, 
respectively). These results may be related to the significantly (P < 0.01) higher body weight for Muscovy ducks 
than Mule ducks after the overfeeding period (6107.86 ± 49.92g vs. 5468.61± 46.69g for Muscovy and Mule 
ducks, respectively.  

On the other hand these results practically contrast with El-Syed et al., (2013) who found that Mule 
ducks had higher liver weights and liver percentage (362.38 ± 26.66g, 5.99 ± 0.83%, respectively) than 
Muscovy ducks (320.90 ± 23.76g, 5.50 ± 0.36%, respectively); however, the differences between values were 
not significant.  

Effect of body weight group on carcass traits as weight is shown in Table 4. Heavy body weight group 
had highly significant carcass and magrite weight (3727.98±48.34 g and1090.97±19.16 g, respectively) 
compared to medium (3368±72 g and 948.65±18.68 g respectively) and light body weight (3149.15±56.89 g and 
905.68±22.55 g, respectively) groups, respectively. Moreover, liver weight was insignificantly higher (P>0.05) 
for heavy body weight group (274.38±7.05 g) than medium (268.07±6.88 g) and light (267.70±8.30) groups, 
respectively.   

In respect of the effect of body weight group on carcass traits as percentage is shown in Table 5. Heavy 
and medium body weight groups were significant in carcass percentage than light body weight group. While, the 
differences between heavy and medium body weight groups were insignificant. Light body weight group 
recorded significantly higher liver percentage (4.91 %) than heavy body weights (4.43 %) group. While, 
medium body weight group was intermediate (4.69 %). Magrite percentage were 17.49±0.23%, 16.55±0.22% 
and 16.47±0.27% for heavy, medium and light body weight groups, respectively. However, the differences 
between values were highly significant (P<0.01). The highest liver percentage for light body weight group 
indicates positive performance. Results showed in Table 5 indicate that there were inverse relationship between 
body weight before overfeeding and percentage of the liver after overfeeding. On the other hand, the interaction 
between genotype and body weight groups was insignificant Table (4 and 5).   
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These results are inconsistent with  Aprily (2009) examined the relationship between weight gain 
during force feeding and weight of fatty liver, he found that average body weight of the birds selected for force 
feeding was 5323 + 510g and 7351 + 456 g at the beginning and at the end of the force feeding period, 
respectively. The average weight gain and average weights of fatty liver were 2031 + 317 g and 603 + 130 g, 
respectively. He added, in this trial there was no relationship between the body weight before force feeding and 
liver weight in contradiction to observations of Shalev et al., (1986), Penkova and Bodi (1995) and Katz et al., 
(1997). 
 
Table   4: Effect of genotype, body weight and interaction group on carcass organs weight after overfeeding (at 14 weeks).  (Mean 

±Standard error) 
Genotype Body weight LBW CW LW Mag. W 

Muscovy  6107.86A ±49.92 3637.07A ±42.98 288.43A ±6.27 1128.63A ±17.04 

Mule  5468.61B ±46.69 3193.49B ±40.20 251.67B ±5.87 834.90B ±15.93 

Genotype effect *** *** *** *** 
 Heavy  6200.21A ±56.14 3727.98A ±48.34 274.38 ±7.05 1090.97A ±19.16 
 Medium 5704.59B ±54.73 3368.72B ±47.12 268.07 ±6.88 948.65B ±18.68 
 Light 5459.90C ±66.07 3149.15C ±56.89 267.70 ±8.30 905.68C ±22.55 
Body weight effect *** *** ns *** 

Muscovy 
Heavy  6510.0 ±82.92 3942.20 ±71.40 293.50 ±10.42 1243.62 ±28.3 
Medium 6031.0 ±75.70 3565.17 ±65.17 287.50 ±9.51 1072.34 ±25.83 
Light 5782.57 ±99.11 3403.86±85.33 284.29 ±12.45 1069.94 ±33.82 

Mule 
heavy  5890.42 ±75.70 3513.75 ±65.17 255.25 ±9.51 938.33 ±25.83 
Medium 5378.18 ±79.06 3172.27 ±68.07 248.64 ±9.93 824.95  ±26.98 
Light 5137.22 ±87.41 2894.44 ±75.26 251.11 ±10.98 741.42  ±29.83 

Interaction effect ns ns ns ns 
Where: Means with the same letter are not significantly different for the same parameter, LBW= live body weight, CW= carcass weight, 
LW= liver weight and Mag = magrite weight 
 
Table  5: Effect of genotype, body weight and interaction group on carcass organs weight after overfeeding (at 14 weeks). (Mean ±Standard 
error) 

 Genotype Body weight LBW% CP% LP% Mag. P% 

Muscovy  6107.86A ±49.92 59.48A ±0.38 4.73 ±0.10 18.45A ±0.2 
Mule  5468.61B ±46.69 58.31B ±0.36 4.62 ±0.10 15.22B±0.19 

Genotype effect *** * ns *** 
 Heavy 6200.21A ±56.14 60.08A ±0.43 4.43AB ±0.12 17.49A±0.23 
 Medium 5704.59B ±54.73 59.01A ±0.42 4.69B ±0.11 16.55B±0.22 
 light 5459.90C ±66.07 57.60B ±0.5 4.91A ±0.14 16.47C±0.27 

Body weight effect *** ** * ** 

Muscovy 
Heavy 6510.00 ±82.92 60.51 ±0.63 4.50 ±0.17 19.07 ±0.33 
Medium 6031.00 ±75.70 59.07 ±0.58 4.76 ±0.16 17.77 ±0.3 
Light 5782.57 ±99.11 58.84 ±0.75 4.93 ±0.20 18.50 ±0.4 

Mule 
Heavy 5890.42 ±75.70 59.64 ±0.58 4.35 ±0.16 15.91 ±0.3 
Medium 5378.18 ±79.06 58.95 ±0.60 4.62 ±0.16 15.32 ±0.32 
Light 5137.22 ±87.41 56.35 ±0.67 4.89 ±0.18 14.44 ±0.35 

Interaction effect ns ns ns ns 
Means with the same letter are not significantly different for the same parameter 
LBW= live body weight, CP= carcass percentage, LP= liver percentage, Mag. P = magrite percentage. 

 

Conclusion 
 
Upon these results it can concluded that Muscovy ducks were better than Mule ducks in all traits studied before 
overfeeding (body weight from 2 to 12 weeks of age), body weight and carcass traits as a weight  and 
percentage after overfeeding (at 14 weeks of age). While, Mule ducks are better than Muscovy ducks in body 
weight gain and feed conversion ratio after overfeeding. On the other hand, light body weight group were better 
in body weight gain and feed conversion ratio after overfeeding than heavy and medium body weight groups in 
both genotype.  
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