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Abstract
From a total of 80 fertile eggs incubated naturally by female ducks, healthy
sexed ducklings (n = 64, 32 males and 32 females ducklings) were randomly
selected and allotted to four dietary treatments with four replicates, in a completely randomized design in order to evaluate the effect of varying levels of
palm kernel meal (PKM) on performance of ducklings. The dietary treatments comprised R0-control ration, R50-50% PKM replacement, R75-75%
PKM replacement and R100-100% PKM replacement of soyabean meal. The
main results revealed that the apparent digestive coefficients of dry matter
(81.12%), organic matter (83.98%) and NDF (81.10%) were higher with the
ration in which 50% (R50-50% PKM replacement of soyabean meal) of soybean was replaced by palm kernel meal. The highest feed intake in male was
recorded with the ration containing 75% (R75-75% PKM replacement of
soyabean meal) of palm kernel. This same ration (R75-75% PKM replacement
of soyabean meal) equally induced the highest live weight and weight gain in
females. The experimental design and arrangement is a 2 × 4 factorial arrangement with two sexes and four levels of PKM. In males, the control ration without palm kernel meal induced the highest live weight and highest
cumulative weight gain. The lowest feed conversion ratio (p < 0.05) was recorded with the control ration regardless of the sex considered. The lowest
cost of feed intake and cost of production of a kg of body weight were obtained respectively in females and males fed on control ration. With the 50%
(R50-50% PKM replacement of soyabean meal) substitution of soybean meal,
the carcass yield was the highest regardless of the sex. Serum content in
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ALAT, ASAT, creatinine, total cholesterol and total protein were not significantly (p > 0.05) affected by the incorporation of palm kernel meal into the
diet. Urea serum content tends to decrease with the increasing level of palm
kernel meal in feed. In conclusion, soybean meal can advantageously be replaced by palm kernel meal at the level of 75% (R75-75% PKM replacement
of soyabean meal) in Muscovy duck feed.
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1. Introduction
The ban of animal meal in monogastric feed in the tropics resulted in the rush
for leguminous grains which have amino acids profils close to that of animal
meal. Soybean meal, which is the main source of proteins in animals feed, has
become more expensive over time due to the high demand at the international
scale. Hence the need to look for non-conventional sources of protein for livestock nutrition among local resources with less competition with humans
becomes essential. Among these resources is palm kernel meal which is a
by-product derived from the extraction of oil from palm kernel almonds. Cameroon is rank 13th in the world among palm oil producing countries, with an
estimated production of 230,000 tones/year [1]. In addition to the oil, there is a
large amount of palm kernel meal derived from the extraction of oil from palm
kernel almonds. This palm kernel is very widely available and relatively less expensive (90 to 100 Fcfa/kg) compared to others, for example peanut meal (250 300 Fcfa/kg) which is also abundantly produced in Cameroon. Palm kernel meal
has not so far been widely used in monogastric feed because of its high cellulose
content (17% to 23%) and its gravelly and less appetizing state [2] [3]. However,
79% digestibility of its dry matter and 57% of its proteins was reported in growing pigs [4]. Also 42; 47 and 63% digestibility respectively for crude energy, organic matter and crude proteins of palm kernel meal were reported in growing
pigs and 50; 54 and 77% in sow [5]. Furthermore, [6] reported that palm kernel
meal can substitute soybean meal up to 40% in broiler diet with no negative effect on growth performances when supplement of lysine and methionine is
made available.
Ducks are more rustic, require less care, resist to disease better than other
poultry and feed easily on leftovers [7]. They feed more on green forage than
other poultry and are among the best transformers of plant proteins into animal
proteins. This ability to consume forage suggests that ducks can make better use
of cellulose-rich by-products like palm kernel than other poultry.
The objective of the present study was to promote the utilization of palm kernel as alternatives to soybean meal in monogastric feed in order to reduce the
cost of feed when the soyabean is becoming more and more expensive over time.
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2. Materials and Methods
This study was carried out at the Teaching and Research Farm (TRF) of the Faculty of Agronomy and Agricultural Sciences (FAAS) of the University of
Dschang (UDs), Cameroon. Dschang is located between 5˚25' North latitude and
10˚20' East longitude, at an average altitude of 1420 m in the agro-ecological
zone of the highlands of Western Cameroon. The climate is equatorial and it is
characterized by a short dry season (mid-November to mid-March) and a long
rainy season (mid-March to mid-November). The average annual rainfall is 2000
mm, the average temperature is around 20˚C and the relative humidity is generally higher than 60%.

2.1. Feedlot Growth Performance
In this study, 80 fertile eggs incubated naturally by female ducks, healthy sexed
ducklings n = 64 (32 males and 32 females ducklings) dweighing averagely 49.38 ±
2.12 g at hatching were used. They were produced by natural incubation by female’s ducks at the research farm. From hatching, the ducklings were divided
into 4 groups of 16 ducklings each. At the 5th week, the ducklings were identified by numbered rings on their legs and the males were raised separately from
the females till 12 weeks. The ducklings were housed in a building subdivided
into two compartments (one was covered and the other was exposed in the sun).
The ducklings were brooded under 100 Watts bulbs as heaters for the first 5
weeks. The litter was made by white wood shavings. From the 5th week, the
ducks were raised on a paved floor without litter. No prophylactic program was
followed. Nevertheless, an deparasitant (LEVAMIN 200WSP) was administered
as a preventive measure in drinking water at the 5th week for 3 consecutive days.
At the starter (1 to 8 weeks) and the finisher (9 to 12 weeks) phases, a control ration containing soybean meal as the main source of protein were formulated
(R0-control). Three other rations were obtained from this basal ration by substituting 50% (R50-50% PKM replacement of soyabean meal), 75% (R75-75%
PKM replacement of soyabean meal) and 100 (R100-100% PKM replacement of
soyabean meal) of soybean meal with palm kernel meal at the starter phase
(Table 1) and at the finisher phase (Table 2).
The experimental design and arrangement is a 2 × 4 factorial arrangement
with two sexes and four levels of PKM four replicates, in a completely randomized design (sex and inclusion level of palm kernel). Feed and water were given
ad libitum throughout the trial period.
Feed previously weighed using an electronic balance of precision 1 g and
maximum capacity 7 kg were distributed daily to the animals. At the end of each
week, the leftovers were collected and weighed. Feed intake was calculated by
doing the difference between the total quantity of feed served and the leftovers.
The ducklings were weighed initially at hatching and weekly thereafter. Weekly
weight gain was achieved by calculating the difference between two consecutive
weekly live weights. At the age of 84 days, eight ducks per treatment group
DOI: 10.4236/ojas.2020.103021
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Table 1. Composition (g/100g) of experimental rations fed to Muscovy ducklings at
starter phase.
Rations

Ingredients (kg)

R0

R50

R75

R100

Maize

50.00

60.00

60.00

62.00

Wheat bran

23.30

9.15

5.40

1.40

Cotton seed meal

2.51

1.00

4.50

6.25

Soybean meal

16.00

8.00

4.00

0.00

Palm kernel meal

0.00

8.00

12.00

16.00

Fish meal

2.00

4.75

5.00

2.50

Blood meal

0.00

3.50

3.10

5.75

Oeister shell

1.00

0.50

1.00

1.00

premix 5%*

5.00

5.00

5.00

5.00

Salt

0.19

0.10

0.00

0.10

100.00

100.00

100.00

100.00

TOTAL

Calculated chemical composition
Metabolisable Energy (kcal/kg)

20.18

20.29

19.76

19.70

Crude protein (%)

2920.97

2935.84

2860.59

2838.90

Energy/Protein

144.76

144.71

144.74

144.08

Calcium (%)

0.98

0.96

1.18

1.02

Phosphorus (%)

0.52

0.52

0.52

0.42

Calcium/phosphorus

1.88

1.86

2.26

2.43

Sodium (%)

0.17

0.18

0.16

0.19

Methionine (%)

0.41

0.44

0.43

0.40

Lysine (%)

1.13

1.24

1.15

1.13

Crude fiber (%)

3.70

5.22

6.16

6.73

Fat (%)

3.25

3.18

3.07

3.01

*Premix 5%; Metabolizable energy = 2078 Kcal/Kg; Crude protein = 40%; Lysine = 3.3%; Methionine =
2.40; Calcium = 8%; Phosphorus = 2.05%.

(four males and four females) were fasted for 24-hours, then weighed, sacrificed,
scalded, plucked and eviscerated [8]. Carcass yields and the relative weight of
each organ (gizzard, liver, heart) were recorded at 84 days. The density of the
intestine was calculated by dividing the intestine weight/ intestine length.

2.2. Biochemical Parameters
During ducks sacrifice for carcass evaluation at 84 days, the blood of each bird
was collected in a test tube without anticoagulant and centrifuged at 3000
turns/minute for 15 minutes, then the serum was collected and used for the
quantification of creatinine, ALAT and ASAT using the kinetic colorimetric
method, the analysis of total proteins and albumin were done by the colorimetric
method of Biuret and bromocresol green respectively according to the description of the Chronolab® commercial kits.
DOI: 10.4236/ojas.2020.103021
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Table 2. Composition (g/100 g) of experimental rations fed to Muscovy ducks at finisher
phase.
Rations

Ingrédients (kg)

R0

R50

R75

R100

Maize

65.00

69.00

65.00

65.00

Wheat bran

9.55

0.35

4.45

3.18

Cotton seed meal

1.00

4.00

2.00

1.75

Soybean meal

16.00

8.00

4.00

0.00

Palm kernel meal

0.00

8.00

12.00

16.00

Fish meal

1.25

1.00

5.00

5.00

Blood meal

0.00

2.40

1.50

3.00

Bone meal

1.00

1.00

0.50

0.50

Oeister shell

1.00

1.00

0.50

0.50

premix 5%*

5.00

5.00

5.00

5.00

Salt

0.20

0.10

0.03

0.03

Methionine

0.00

0.05

0.01

0.02

Lysine

0.00

0.10

0.01

0.02

100.00

100.00

100.00

100.00

TOTAL

Calculated chemical composition
Metabolisable Energy (kcal/kg)

18.24

17.90

17.67

17.47

Crude protein (%)

2984

2921.47

2884.47

2851.14

163.68

163.24

163.22

163.23

Calcium (%)

1.17

1.17

1.10

1.11

Phosphorus (%)

0.51

0.46

0.56

0.57

Calcium/phosphorus

2.30

2.52

1.95

1.96

Sodium (%)

0.18

0.16

0.17

0.17

Energy/protein

Methionine (%)

0.38

0.42

0.42

0.42

Lysine (%)

1.00

1.07

1.00

1.01

Crude cellulose (%)

4.23

5.74

6.10

6.53

Fat (%)

3.18

3.05

3.18

3.20

*Premix 5%; Metabolisable energy = 2078 Kcal/Kg; Crude protein = 40%; Lysine = 3.3%; Methionine =
2.40; Calcium = 8%; Phosphorus = 2.05%.

2.3. Nutrient Digestibility
At 90 days, twelve ducks of average weight 2687.33 ± 270.08 g were individually
fed in cages. After 3 days of adaptation, data were collected on 3 successive days.
Each cage was equipped with a feeder and water trough. Feed was weighed and
served each morning to the animals, the leftovers were collected and weighed the
next morning. The faeces produced was collected every morning during the 3
days of the trial. Collected faeces was dried to constant weight in an oven at
60˚C, then crushed and mixed per treatment group. A representative sample per
treatment was taken for protein, organic matter, ash and dry matter analysis according to the procedure described by AOAC [9]. Crude fiber content of feed
DOI: 10.4236/ojas.2020.103021
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and faeces was determined by the method described by Kurscher modified by
Sheerer [9]. The Van soest et al. [10] method was used for the determination of
Neutral Detergent Fiber (NDF). The coefficients of apparent digestibility of different nutrients were calculated as follow:
=
ADC

Intake − excreted
× 100
intake

Data on feed intake, live body weight, feed conversion ratio, carcass characteristics and serum biochemical parameters were subjected to the analysis of variance. Duncan’s test was used to separate means when there were significant
differences between treatments at the 5% level. The statistical software used for
the analysis was SPSS 20.0 (Statistical Package for Social Sciences).

3. Results and Discussion
Table 3 summarizes the effect of the incorporation level of palm kernel meal on
feed intake and the digestibility of dry matter (DM), organic matter (OM), nitrogen, crude fiber (CF) and Neutral Detergent Fiber (NDF) of Muscovy Ducks.
Compared to the control group, the DM intake increases with the palm kernel
meal, regardless of its level in feed. The apparent digestive coefficients (ADC) of
DM and OM has the same logic but with a saw tooth evolution. This result contradicted previous findings which revealed a decrease in the digestibility [11] of
dry matter with the incorporation of 15% to 35% palm kernel meal in Muscovy
Table 3. Variation of the digestibility of feed components with respect to the increasing
level of palm kernel meal in the ration of Muscovy ducks.
Feed components

Incorporation level of palm kernel meal (%)
0

50

75

100

Dry matter intake (g)

362.27

419.84

375.26

424.81

Faeces (g)

87.06

79.28

91.30

97.45

ADC dry matter (%)

75.97

81.12

75.67

77.06

Organic matter intake (g)

324.29

377.56

325.35

404.36

Faeces organic matter (g)

62.24

60.75

66.93

70.83

ADC organic matter (%)

80.81

83.91

79.43

82.48

Nitrogen intake (g)

65.85

74.84

62.61

59.66

Excreted nitrogen (g)

05.18

05.72

02.81

05.15

ADC nitrogen (%)

92.13

92.35

95.50

90.63

Crude fiber intake (g)

20.98

29.61

27.01

27.39

Excreted crude fiber (g)

15.18

15.72

12.81

15.59

ADC crude fiber (%)

27.63

46.91

52.56

43.08

NDF intake (g)

216.26

250.32

168.10

225.42

Excreted NDF (g)

46.39

47.31

50.81

58.19

ADC NDF (%)

78.55

81.10

69.77

74.18

ADC = Apparent Digestive Coefficient, NDF = Neutral Detergent Fiber.
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duck ration. The discrepancies observed with the results of the latter could be
due to the type of meal used. There is great variability in the digestibility of palm
kernel meal depending on the variety and the origin [6] [12]. Also, the fact that
the previous authors incorporated only 35% of this meal in the ration while in
the present trial between 50% and 100% palm kernel meal was used may be a
significant factor of variation. Compared to the control group, nitrogen intake is
higher with 50% palm kernel meal in feed. Above 50%, the nitrogen intake decreases linearly with the increasing level of this by-product in feed. The nitrogen
ADC is almost with the control ration without palm kernel meal and the ration
containing 50% palm kernel meal. Above 50%, this parameter increases with
75% before decreasing with 100% of soybean meal replaced by palm kernel meal
in feed. This result is not in accordance with the results obtained [6] [13] [14]
and in broiler chickens. Indeed, previous authors recorded a decrease in the digestibility of nitrogen with the incorporation of palm kernel meal whatever the
level in the ration. The difference with these results could be linked to the animal
specie used. This suggests that duck values feed rich in cellulose better than
broiler chickens. The drop in nitrogen digestibility beyond 75% substitution
could be explained by the fact that the cellulose level in the ration is very high to
the point where the endogenous fibrolytic enzymes of duck are no longer able to
break the bonds of the cell walls of palm kernel meal to release nitrogen [6].
Crude fiber intake and digestibility increased with the incorporation of palm
kernel meal in the ration. This result corroborates the previous findings [11]
which revealed an increase in cellulose digestibility with increasing levels of
palm kernel meal in Muscovy duck ration. Unlike nitrogen digestibility, NDF
digestibility is evolving in a saw tooth manner with increasing palm kernel meal
level in feed. The highest NDF digestibility was achieved with 50% of this
by-product in the ration. Above 50% of palm kernel meal in feed, NDF digestibility is low compared to the control ration. The digestibility of crude fiber increases with the increasing level of palm kernel meal up to 75% in feed. However, whatever the level of palm kernel in feed, the digestibility of crude fiber is
higher compared to the control ration. This result contradicted the previous
findings [6] which reported an increase in NDF digestibility from 12% to 13%
with the addition of fibrolytic enzymes in the ration of broilers containing 40%
palm kernel meal. These authors explained the improvement in NDF digestibility by the reducing viscosity of rations in the digestive tract and the degradation
of plant walls by the enzyme.
In males, the highest feed intake (p < 0.05) was recorded with 75% palm kernel meal as a substitute to soybean compared to rations with 50% and 100%
substitution. Meanwhile, in females, feed intake increased linearly with the increasing level of this by-product in the ration. Thus, females fed on the ration in
which 100% soybean was substituted by palm kernel meal recorded the highest
feed intake (p < 0.05) compared to the rest of the treatment groups (Table 4).
This result corroborates the increase in feed intake with 40% of this meal replacing
DOI: 10.4236/ojas.2020.103021
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Table 4. Variation in growth parameters of Muscovy duck as a function of sex and the
incorporation level of palm kernel meal in the rations.
Parameters

FI (g)

LW (g)

CAG (g)

FCR

Sex

Rations

P

R0

R50

R75

R100

♂

10,651.69 ±
126.84b

10,291.98 ±
116.80c

10,875.34 ±
180.25a

8909.29 ±
100.53d

0.000

♀

7232.70 ±
74.78c

7327.08 ±
111.22c

7883.38 ±
86.11b

8673.12 ±
144.23a

0.000

♂♀

8562.31 ±
100.81b

8809.53 ±
0.00b

9379.36 ±
133.18a

8791.20 ±
122.38b

0.002

♂

2957.67 ±
173.30a

2459.38 ±
117.28bc

2566.75 ±
192.69b

2318.25 ±
178.73c

0.000

♀

1571.33 ±
60.45a

1416.50 ±
73.88b

1579.80 ±
83.43a

1444.00 ±
62.26b

0.000

♂♀

2096.94 ±
314.65a

1937.94 ±
66.87ab

2101.31 ±
104.87a

1881.13 ±
81.01b

0.040

♂

2907.37 ±
173.30a

2410.50 ±
117.28bc

2514.68 ±
192.69b

2272.25 ±
178.73c

0.000

♀

1521.03 ±
60.45a

1367.63 ±
73.88b

1527.73 ±
83.43a

1398.00 ±
62.26b

0.000

♂♀

2046.64 ±
314.65a

1889.08 ±
66.87ab

2049.24 ±
104.87a

1835.12 ±
81.01b

0.045

♂

3.67 ± 0.22b

4.28 ± 0.22a

4.35 ± 0.34a

3.94 ± 0.31b

0.000

♀

4.76 ± 0.19

c

5.37 ± 0.30

5.17 ± 0.28

b

6.21 ± 0.27

0.006

♂♀

4.36 ± 0.28

c

4.82 ± 0.18

4.69 ± 0.21

b

5.08 ± 0.15

0.000

b
b

a
a

a, b, c: the means with the same letters on the same line are not significantly different; LW: Live Weight;
CAG: Cumulative Average Gain; FI: Feed intake; FCR: Feed Conversion Ratio; p: Probability, ♂ = male;
♀ = female.

soybean meal in duck ration in previous study [15]. Likewise, an improvement
in feed intake with the incorporation of 15% to 35% of this meal in the ration of
Muscovy ducks was also reported [11]. This increase in feed intake might be due
to the presence of palm kernel oil residues in the ration. It is well established that
the presence of oil in poultry ration improves feed palatability and promotes
feed intake [15]. Another explanation to this result could be the acceleration of
the intestinal transit time due to the high fiber contents in the rations containing
palm kernel meal [11] [16].
The regression of the inclusion level of palm kernel meal on feed intake is illustrated in Figure 1. It appears that 52% (R2 = 0.67) of the variation in feed intake is explained by the increase in the incorporation level of palm kernel meal
in the ration. The parabolic profile of the curve indicates an increase in feed intake of males with respect to the incorporation level of palm kernel meal in the
ration up to a peak of 75% before decreasing with the maximum level of this
by-product in feed.
DOI: 10.4236/ojas.2020.103021
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Figure 1. Regression of feed intake on the incorporation level of palm kernel meal in the
ration of Muscovy ducks. ♂ = male; ♀ = female.

Whatever the sex, the incorporation of palm kernel meal in the ration significantly (p < 0.05) decreased the live weigth with increasing level of this meal in
the ration. In males, the weight of animals fed on control ration without palm
kernel was significantly (p < 0.05) higher than that of all the groups fed on palm
kernel. In females, the highest live weights (p < 0.05) were recorded in animals
fed on the ration containing 75% palm kernel meal as a substitute to soybean
and the control ration compared to those receiving rations containing 50 and
100% palm kernel meal which recorded the lowest weights. Likewise, no significant difference was observed between the live weight of broilers receiving a ration containing 7% palm kernel meal and those fed on the ration without palm
kernel [17]. Meanwhile, the substitution of 100% soybean meal by palm kernel
meal resulted to the lowest live weight compared to the other levels. This result
could be explained by a low digestibility of the components of this ration due to
high fiber content. This drop in weight could also be explained by the fact that at
75%, the incorporation level is higher and endogenous enzymes can no longer
digest the excess fiber provided by this by-product in the ration as previously
mentioned [18]. The decrease in males ducks weight with the increasing level of
this by-product is illustrated by the regression curve of Figure 2. Indeed, the
downward trend of the curve reflects a decrease in live weight of males with the
increasing level of palm kernel meal in the ration. However, the relationship
between the two parameters is very weak (p < 0.05) as indicated by the low regression coefficient obtained (R2 = 0.1974) in female suggesting that to the increasing level of this meal, did not negatively affect the live weigth in female
duck.
Feed conversion ratio significantly increased with the increasing incorporation level of palm kernel meal in the ration (Table 4). Thus, the lowest (p < 0.05)
feed conversion ratio was recorded with the control ration compared to the other rations irrespective to the inclusion level of palm kernel. In females, the highest feed conversion ratio was recorded with rations having the highest level palm
DOI: 10.4236/ojas.2020.103021
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Figure 2. Regression of live weight with respect to the incorporation level of palm kernel
meal in the ration of Muscovy ducks. ♂ = male; ♀ = female.

kernel. Whereas in males, the highest (p < 0.05) feed conversion ratio were recorded with 50% and 75% of palm kernel compared to the control group and the
group receiving feed with 100% of this meal (Figure 3). The present result is
similar to the performance recorded in broilers fed on rations containing different levels of palm kernel meal [19] [20]. In a previous study, the incorporation of
5%, 10%, 15% and 20% palm kernel meal in broilers diet resulted in an increase
in feed conversion ratio for 5.8%; 16.5%; 25.6% and 23.0% respectively compared to the control [21]. This increase reflects the low digestibility of this
by-product by the duck due to its high fiber content [11]. Indeed, it is well established that the best digestive utilization of feed in poultry is inversely proportional to its fiber content [22]. The present result contradicted the previous
findings which revealed a decrease in feed conversion ratio when 20% palm kernel meal was incorporated in the ration of broilers [21]. A decrease in feed conversion ratio was also reported when 45% of palm kernel meal was incorporated
in the ration of broilers [23]. The divergence observed between these results is
not only linked to the animal species used and the changing incorporation level,
but may also linked to the type and variety of palm kernel meal used [19].
Table 5 summarizes the effect of incorporation level of palm kernel meal into
the ration on the production cost of Muscovy duck. The inclusion level of palm
kernel meal into the ration significantly affected (P < 0.05) the feed intake cost
and production of kg of bodyweight regardless of the sex considered. These costs
have evolved in a jagged pattern varying from one sex to another. Thus, the
highest feed intake cost (P < 0.05) was recorded in males fed on control ration.
In females, the highest feed intake cost (P < 0.05) was recorded with the ration
containing only palm kernel meal (R100) as the main source of plant proteins.
The production cost of a kg of live weight decreased with the inclusion of
more than 50% palm kernel meal as a substitute to soybean meal in the ration.
This result is similar to the previous report which reported a drop in the cost of
production with the increasing inclusion levels of palm kernel in the ration of
DOI: 10.4236/ojas.2020.103021
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Figure 3. Regression of feed conversion ratio with respect to the incorporation level of
palm kernel meal in the ration of Muscovy ducks. ♂ = male; ♀ = female.
Table 5. Variation in the cost of production of Muscovy duck as a function of sex and the
incorporation level of palm kernel meal into the ration.
Economics
Parameters

Feed intake
cost (Fcfa)

Cost of
production
(Fcfa)

Rations

Sex

P

R0

R50

R75

R100

♂

1798.58 ±
17.22a

1767.02 ±
13.56b

1720.83 ±
08.01c

1411.93 ±
53.18d

0.000

♀

1052.63 ±
16.25d

1130.97 ±
10.02c

1124.33 ±
21.30b

1366.56 ±
22.12a

0.000

♂♀

1342.72 ±
16.74ab

1449.00 ±
11.79a

1422.58 ±
14.70b

1389.24 ±
37.65ab

0.008

♂

801.74 ±
48.38b

917.94 ±
46.52a

866.81 ±
68.52a

757.26 ±
60.19b

0.000

♀

1038.94 ±
41.60b

1152.39 ±
64.53a

1031.25 ±
56.45b

1193.42 ±
52.85a

00004

♂♀

951.74 ±
61.48b

1035.17 ±
38.23a

936.17 ±
42.29b

975.34 ±
29.16b

0.001

a, b, c, d: The means with the same letters on the same line are not significantly different (p < 0.05): Fcfa:
franc des colonies Française en Afrique, ♂ = male; ♀ = female.

broilers [15]. This drop in production cost is due to the low cost of this ingredient which it is locally available and very abundant in all seasons.

3.1. Carcass Characteristics
From Table 6 which summarizes the effect of the incorporation level of palm
kernel meal in the ration on the carcass characteristics of duck, it can be seen
that the increase in the level of palm kernel meal significantly (p < 0.05) affected
carcass parameters with the exception of the relative weight of the heart, the liver
and the abdominal fat. Regardless of sex, the highest carcass yield (p < 0.05) was
obtained with 50% of palm kernel in the diet. In males, the highest carcass (p <
0.05) yield was recorded with palm kernel free ration and the ration containing
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Table 6. Variation of carcass characteristics with respect to sex and the incorporation
level of palm kernel meal in the ration.
Carcass
charateristics

carcass

Head

Legs

Heart

Liver

Pancreas

Abdominal fat

Rations

Sex

P

R0

R50

R75

R100

♂

69.33 ± 2.01a

70.02 ± 0.85a

67.44 ± 0.77b

66.09 ± 0.61b

0.002

♀

69.03 ± 0.70ab

72.51 ± 1.90a

67.61 ± 1.13b

67.17 ± 0.82b

0.008

♂♀

69.18 ± 1.41ab

71.26 ± 4.13a

67.52 ± 0.90bc

66.62 ± 0.88c

0.002

♂

4.22 ± 0.31

4.08 ± 0.08

0.029

♀

4.94 ± 0.14

♂♀

4.57 ± 0.44

♂

2.80 ± 0.13

♀

ab
a

ab

4.58 ± 0.29

4.00 ± 0.22

b

b

4.44 ± 0.45

5.25 ± 0.21

4.49 ± 0.13

b

0.003

4.26 ± 0.36

b

4.91 ± 0.43

4.24 ± 0.31

b

0.006

2.74 ± 0.05

b

a

ab

0.047

b

a
a
a

3.09 ± 0.15

2.88 ± 0.23

2.75 ± 0.45

a

2.52 ± 0.20

a

2.52 ± 0.10

0.515

2.75 ± 0.30

a

2.80 ± 0.35

a

a

2.70 ± 0.26

0.904

0.91 ± 0.05

0.78 ± 0.04

0.86 ± 0.09

0.77 ± 0.07

0.053

♀

0.86 ± 0.09

0.89 ± 0.10

0.97 ± 0.12

0.85 ± 0.12

0.468

♂♀

0.88 ± 0.08

0.83 ± 0.09

0.91 ± 0.12

0.81 ± 0.10

0.195

♂

1.55 ± 0.17

1.54 ± 0.18

1.58 ± 0.26

1.63 ± 0.16

0.918

♀

1.31 ± 0.21

1.23 ± 0.20

1.38 ± 0.06

1.50 ± 0.10

0.165

♂♀

1.42 ± 0.22

1.38 ± 0.24

1.47 ± 0.21

1.56 ± 0.14

0.364

♂

0.13 ± 0.01

0.09 ± 0.04

a

♀

0.16 ± 0.03

a

b

2.70 ± 0.17

a

♂♀

2.75 ± 0.16

a

♂

a

0.19 ± 0.04

0.22 ± 0.03

0.000

a

0.27 ± 0.08

0.23 ± 0.06

0.111

b

a

0.23 ± 0.07

a

0.22 ± 0.05

0.010

0.34 ± 0.05

0.19 ± 0.38

0.27 ± 0.54

0.41 ± 0.44

0.878

♀

0.21 ± 0.31

0.03 ± 0.06

0.00 ± 0.00

0.10 ± 0.20

0.431

♂♀

0.27 ± 0.22

0.11 ± 0.27

0.13 ± 0.38

0.25 ± 0.36

0.635

b

b

a

0.19 ± 0.04

♂♀

0.14 ± 0.03

b

0.14 ± 0.06

♂

a
a

a, b, c: The means with the same letter on the same line are not significantly different: (p < 0.05) p: probability, ♂ = male; ♀ = female.

50% of this by product as substitute of soybean meal. In females, the control ration induced the highest carcass yield. Between 20% and 30% of this meal in the
ration recent studies [21] and [23] reported a significantly higher carcass yield of
broilers compared to the control ration without palm kernel meal. This result
contradicted the findings of Bello et al. [15] who reported a non-significant effect on comparable carcass yields with the incorporation of 10% to 40% palm
kernel meal in broiler ration. The divergence observed between these different
works can be due to the nutritional value of this by-product which varies according to the variety of palm and the incorporation level practiced in the different studies.
Table 7 summarizes the effect of incorporation level of palm kernel meal in
the ration on the development of duck’s digestive organs. The length and density
of the intestine were significantly (p < 0.05) affected by the incorporation level of
palm kernel meal in the ration only in females. No significant (p > 0.05) difference was recorded between treatments for weight, length and density of the
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Table 7. Development of Muscovy duck digestion organs with regard to sex and the
incorporation level of palm kernel meal in the ration.
Organs

Intestine
weight (g)

Intestine
length (cm)
Intestine
density
(g/cm)

Gizzard (g)

Sex

Rations

p

R0

R50

R75

R100

♂

78.50 ± 12.23a

64.00 ± 15.42a

67.75 ± 7.63a

80.75 ± 15.30a

0.251

♀

50.50 ± 4.35a

28.00 ± 2.16c

50.00 ± 5.60ab

44.25 ± 1.25b

0.000

♂♀

64.50 ± 17.21a

46.00 ± 21.78a

58.87 ± 11.33a

62.50 ± 21.95a

0.211

♂

195.50 ± 4.79a

171.13 ± 26.71a

188.25 ± 10.90a

200.50 ± 24.07a

0.194

♀

173.25 ± 23.79

132.25 ± 9.42

154.75 ± 5.05

153.50 ± 11.50

0.013

♂♀

184.37 ± 19.85

151.68 ± 27.85

171.50 ±19.56

♂

0.40 ± 0.06

a

0.38 ± 0.09

♀

0.29 ± 0.04

a

♂♀

0.35 ± 0.08

a

♂

2.27 ± 0.16

a

♀

2.49 ± 0.17

a

♂♀

2.37 ± 0.20a

a
a

b

ab

ab

177.00 ± 30.60

0.078

0.36 ± 0.02

a

0.40 ± 0.03

a

0.728

0.21 ± 0.01

0.32 ± 0.02

a

b

0.29 ± 0.01

0.001

0.29 ± 0.11

0.34 ± 0.03

a

a

2.18 ± 0.13

2.42 ± 0.05

a

2.08 ± 0.33

b

a

a
a
a

2.12 ± 0.24b

a

a

0.34 ± 0.06

a

0.467

2.46 ± 0.27

a

0.120

2.76 ± 0.20

2.55 ± 0.14

a

0.008

2.59 ± 0.23a

2.51 ± 0.20a

0.001

a

a, b, c: The means with the same letter on the same line are not significantly different (p < 0.05); p:
probability; ♂ = male; ♀ = female.

intestine in males. The incorporation of more than 50% palm kernel meal in the
ration resulted in an increase in the relative weight of the gizzard in females.
This result is similar to those recorded in many other studies [23] [24] and [21].
The increase in the relative weight of the gizzard could be related to the high fiber content of this ingredient and its gravelly state which affects the overall state
of the ration inducing a more intense mechanical activity in this organ as previously stated some authors [25].

3.2. Biochemical Parameters
Serum content in ALAT, ASAT, and creatinine are comparable (p > 0.05) regardless of the level of palm kernel meal in feed and significantly (p < 0.05) lower than the levels induced by the control ration. The ration containing 75% palm
kernel meal induced the highest serum content in urea of all groups including
the control ration. The highest serum protein level was recorded with the control
ration compared to all the rations containing palm kernel meal regardless of the
level. Triglyceride levels in the blood fluctuate sharply with the increasing level
of palm kernel meal in feed. The control ration is comparable to the ration containing 75% of palm kernel meal and significantly (p < 0.05) higher than the rations containing 50% and 100% of this by-product for triglyceride content. The
lowest level of triglyceride being recorded with the highest level of palm kernel
meal in feed. This result is similar to the result of [26] which reported a drop in
triglyceride and cholesterol levels when fiber level was increased in broiler ration. This decrease could be a reflection of the increase in fecal excretion of cholesterol and bile acids involved in the digestion of lipids [27].
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4. Implication
The results presented in this study indicate that up to 75% soybean meal can be
substituted with palm kernel meal especially female duck feed to reduce the cost
of production without any negative effect on performance.
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