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Abstract 

Introduction: Alternative methods of duck feeding can be good solutions for reducing production costs on small farms. 

Ensiled corn grain is a good source of energy that can be used in the rearing of broiler ducks. This research investigated productivity 

effects and meat quality parameters in experimental broiler ducks provided this material as feed portions. Material and Methods: 

Broiler ducks were divided into a control group (CON) and two experimental groups (CSMIX and CD+SG). In the CSMIX group, 

birds were fed a commercial diet mixed with ensiled corn grain in a ratio of 80 : 20. In the CD+SG group, the commercial diet was 

limited, and ensiled corn grain was ad libitum. Results: The highest body weight and weight gain were found in the CSMIX group. 

A lower feed intake was found in the control and CD+SG group than in the CSMIX group throughout the rearing. A higher final 

feed conversion ratio characterised ducks from the experimental groups and a higher pectoral muscle and total muscle weight than 

the CD+SG group was noted in carcasses of ducks from the CON group. In the pectoral and leg muscles of the CON and CSMIX 

groups, the content of polyunsaturated fatty acids was higher than in these muscles of the CD+SG group. Conclusion: Duck feeding 

with ensiled corn grain (80 : 20) could be a feeding strategy for small farms because it yields favourable growth parameters, carcass 

composition and high polyunsaturated fatty acid content in meat, and reduces feed costs. 
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Introduction 

Alternative duck feeds are mainly given on small 

farms, where plant raw materials are readily available. 

This allows breeders to reduce production costs and 

control the quality of raw feed materials (6). Developing 

an innovative feeding strategy for waterfowl production 

could have tangible benefits, as feed costs can account 

for up to 70% of the total production costs (60). 

The specificity of the duck digestive tract promotes 

the digestion of feeds with a higher dietary fibre content. 

This allows the possibility of feeding roughage to this 

poultry species (52). Therefore, in the study by  

Zaremba et al. (64), nutrition cutting out some commercial 

diet and substituting silage from beet pulp and whole maize 

plants ad libitum was provided. The authors noted that the 

experimental strategies yielded more profit per bird than the 

control groups. Kierończyk et al. (24), found changes in the 

pH of the gizzard, ileum and cecum contents of Pekin ducks 

fed with chemically preserved and high-moisture whole 

maize at levels of 5 and 10%. Wang et al. (57), showed that 

whole-maize plant silage in goose rearing affected the 

microbial composition and abundance of certain types of 

bacteria. Kokoszyński et al. (25), tested the effect of whole-

maize silage provided ad libitum to White Kołuda geese 

from the 22nd to the 98th day of life. In the experimental 

group (silage), a significantly higher slaughter yield and 

proportion of pectoral and leg muscle mass to whole 

carcass mass were found in 17-week-old geese. The results 

confirmed that alternative feeding strategies affected 

production economics, carcass composition, and birds’ 

gastrointestinal tract microflora. 

After harvesting, maize grain is characterised by  

a high water content – up to 50%. It is necessary to dry 

or preserve it to extend the storage time. Dried maize 

grain is an essential energy raw material in poultry feed 
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production (31). However, ensiling is a cheaper 

preservation method, which maintains a high nutritional 

value (7). This grain is characterised by a lower content 

of nitrogen-free extract compounds, a higher protein 

content and higher digestibility of nutrients (15). 

Although maize grain silage is common in cattle and pig 

nutrition and has been well studied (21, 62), information 

on its effects in waterfowl nutrition is limited. The study 

aimed to explore the possibility of using ensiled maize 

grain to improve production results, carcass 

characteristics, meat quality and the profitability of 

Cherry Valley broiler duck production. 

Material and Methods 

The study was carried out adhering to current 

legislation on the protection of animals used for 

scientific or educational purposes (13, 17).  

The Committee for the Care of Animals (Local Ethics 

Committee) at Bydgoszcz University of Science and 

Technology in Poland approved the test procedures and 

methods (Approval No. 1/24), which were also 

compliant with the animal research: reporting of in vivo 

experiments (ARRIVE) guidelines (33). 

Animals and experimental design. In the 

experiment, 180 one-day-old male Cherry Valley broiler 

ducks were kept for 49 days. The birds were purchased 

from a commercial duck hatchery (DROB, Tulce, 

Poland). The birds were divided into three groups of 60 

and each group was divided into six replicates. The size 

of each pen was 1.44 m², and each was made of stainless 

steel frames and mesh. Wheat straw was used as 

bedding. On the first day, the temperature in the building 

measured at the height of the ducklings was 28°C. Then, 

it was lowered gradually to fall to 20°C in the 4th week 

of rearing. During the first four weeks of rearing, the 

ducks had access to an additional heat source (30–32°C). 

Other microclimate parameters were consistent with 

those established by Biesek et al. (6). The ducks had 

access to water and ad libitum feed throughout the 

experiment. The birds were provided with nipple 

drinkers (two per 10 ducks) and feeders (with a length of 

7 cm per duck). Feeding was divided into two periods: 

starter feed was provided from day 1 to day 28 and 

grower feed from day 29 to day 49. Three feeding groups 

were reared: the CON group, which received 100% 

granulated commercial diet ad libitum; the CSMIX 

group, which received a mixture of 80% granulated 

commercial diet and 20% ensiled corn grain, 

administered ad libitum; and the CD+SG group, which 

received a limited amount of granulated commercial diet 

along with ensiled corn grain ad libitum. The ensiled 

corn had a smaller grain size than the commercial diet. 

The CD+SG group were left a free choice between the 

two offered feeds. For this purpose, double feeders were 

used, one of which contained commercial diet, and the 

other of which contained ensiled corn grain. The 

proportion reduction in the daily amount of commercial 

diet was established based on data previously reported 

by Zaremba et al. (64). In the CD+SG group, only the 

commercial feed was given for the first three days. 

Subsequently the following amounts of commercial feed 

were given per pen (10 birds): 251.75 g (days 4–7),  

528.00 g (days 8–14), 1,020.00 g (days 15–21), 1,735.71 g 

(days 22–28), 2,201.86 g (days 29–35), 2,337.14 g  

(days 36–42) and 2447.71 g (days 43–49). 

Feed composition. Based on the manufacturer’s 

declaration, the starter feed contained maize, wheat, 

soybean extraction meal, wheat bran, sunflower 

extraction meal, hulled sunflower seeds, barley, 

rapeseed extraction meal, wheat gluten feed, calcium 

carbonate, animal fat, monocalcium phosphate, 

vegetable oil and fat (raw sunflower), sodium chloride, 

and sodium sulphate. The crude protein proportion was 

19.30%, that of crude fat was 3.90%, crude fibre was 

4.40%, crude ash 5.20%, lysine 0.94%, methionine 

0.44%, calcium 0.60%, phosphorus 0.61% and sodium 

0.16%. The grower feed contained maize, wheat, wheat 

bran, soybean extraction meal, sunflower extraction 

meal, from dehulled sunflower seeds, triticale, rapeseed 

extraction meal, animal fat, calcium carbonate, 

monocalcium phosphate, sodium chloride and calcium 

bicarbonate. Crude protein made up 17.20%, crude fat 

3.90%, crude fibre 4.90%, crude ash 4.70%, lysine 

0.85%, methionine 0.36%, calcium 0.60%, phosphorus 

0.56% and sodium 0.15%. 

Ensiled corn grain production. Corn grain of the 

Pioneer 8500 variety with a moisture content of 34% 

was ensiled. Twenty-four hours after harvesting, the 

grain was ground in Gruber machinery (Gaspoltshofen, 

Austria). The Agro-Sil Corn ensiling additive (Agrifood, 

Bojanowo, Poland) was added in a 3 kg mass per  

1,000 kg of grain. The additive contained propionic acid, 

formic acid, lactic acid, ammonium formate, propionate, 

anti-corrosive substances and a carrier. The prepared 

mixture was next tipped into plastic bags with a capacity 

of 1,000 kg and compacted by rapid lifting and lowering, 

and the bags were tightly sealed after 24 h to limit access 

to oxygen. Ensiled corn grain was given to the ducklings 

32 weeks after the bag was closed. 

Chemical composition of diets. A POL-EKO 

dryer (Wodzisław Śląski, Poland) was used to calculate 

the dry matter content with the technique stipulated in 

the Polish Animal feeding stuffs - determination of 

moisture and other volatile substances standard PN-ISO 

6496:2002 (35). The analysis was carried out using the 

weight method, similarly to the analysis of crude ash 

content (10). The crude fat content was assessed using  

a Soxtec System HT 1043 extraction apparatus (FOSS 

Tecator, Hilleroed, Denmark), in observance of the 

Polish Animal feeding stuffs - determination of fat 

content standard PN-ISO 6492:2005 (37). The Kjeldahl 

method determined the crude protein content using the 

Kjeltec 8400 analyser and the Kjeltec 8420 sampler 

(FOSS). This analysis followed the method in the  

PN-EN ISO 20483:2014-02 standard, considering  

a factor of 6.25 (43). The content of acidic detergent 
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fibre (ADF) was assessed by weight, including residual 

ash and acid-detergent lignin (ADL) (40) and neutral 

detergent fibre (NDF) (39) using an ANKOM 220 fibre 

analyser (Ankom, Macedon, NY, USA). Gross energy 

was determined, using a KL-21 PLUS isoparabolic 

calorimeter (Precyzja-Bit, Bydgoszcz, Poland) and 

adhering to the Polish Animal feeding stuffs, animal 

products, and faeces and urine - determination of gross 

energy – bomb calorimetric method standard PN-EN 

ISO 9831:2005 (38). The above analyses were carried 

out for commercial diets, commercial diet mixtures with 

ensiled corn grain (80:20 ratio) and ensiled corn grain, 

and for both rearing periods. Samples of starter feed 

were taken on day 1 and samples of grower feed were 

collected on day 29 (grower feed) – three samples of 

each type of feed/silage in two replicates. Gross energy 

was calculated in MJ/kg of dry matter and other nutrient 

values in kg of dry matter. The chemical composition of 

feed and ensiled corn grain is shown in Table 1. 

Fatty acid profile and vitamins of feed and 

muscles. For the determination of vitamins E  

(α-tocopherol and β+γ tocopherol) and A (retinol), 

samples were prepared according to Polish standards 

(36, 42) with modifications. The duck meat and feed 

samples were homogenised and saponified. The next 

step was extraction using a mixture of n-hexane and 

ethyl acetate. After separating layers, the supernatant 

was collected into chromatographic vials and evaporated 

to dryness under nitrogen. The residue was reconstituted 

with 1 mL of solvent and filtered through a 0.45-μm 

PTFE filter disc into two chromatographic vials for 

simultaneous analysis by liquid chromatography with 

UV and fluorescence detector (UFLC HPLC System; 

Shimadzu, Canby, OR, USA). Peak areas were manually 

integrated with LCsolution v. 1.25 (Shimadzu). Vitamin 

content was estimated using a standard curve obtained 

from various concentrations of standard solutions. The 

total vitamin content in the samples was calculated as the 

amount of vitamins in mass units of the sample. 

Lipid extraction from feed and meat was carried out 

according to Folch et al. (14), with adaptations. Lipids 

were extracted from samples using chloroform and 

 methanol (2 : 1, v/v). The mixture was homogenised, 

ultrasonicated and centrifuged. The chloroform layer 

was removed under a nitrogen stream. The obtained 

residue was transesterified and centrifuged, and the 

extract was collected. Finally, hexane with the fatty acid 

methyl esters was subjected to chromatography analysis 

using a 7890B gas chromatography system (Agilent 

Technologies, Santa Clara, CA, USA) equipped with  

a flame ionisation detector, autosampler and 

split/splitless injector. The retention times of fatty acid 

methyl ester (FAME) compounds for meat and feed 

samples were identified by comparison with a standard 

(FAME Mix-37; Sigma-Aldrich, St. Louis, MO, USA). 

Peak areas were manual integrated with Agilent 

ChemStation F.01.00.1903 (Agilent Technologies). The 

results were presented as a percentage of the total area 

of the chromatograms using the correction factors of the 

flame ionisation detector (5). The fatty acid profile and 

vitamin content in diets are presented in Table 2. 

 

 

Table 1. Chemical composition of broiler duck feed and ensiled corn grain 
 

Ingredient1 Starter diet Grower diet 
Corn grain 

silage 

80% starter diet and 

20% silage 

80% grower diet and 

20% silage 

Dry matter 

(g/kg feed) 
895.03 892.00 601.70 836.37 833.94 

Crude ash 

(g/kg dry matter) 
53.91 50.13 26.48 48.42 45.40 

Total protein 219.71 200.51 142.61 204.29 188.93 

Crude fat 37.24 36.71 64.82 42.75 42.33 

Crude fibre 49.89 53.66 104.54 60.82 63.59 

ADF 294.22 77.87 383.29 312.04 138.96 

NDF 390.88 274.27 548.09 422.32 329.04 

ADL 97.94 15.73 101.44 98.64 32.87 

Gross energy 

(MJ/kg dry matter) 
18.64 18.63 28.83 20.68 20.67 

 
Mean values are presented based on 6 replicates for each type of feedstuff. 1 – ADF, acid detergent fibre; NDF –  neutral detergent fibre; ADL – 

acid detergent lignin 
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Table 2. Fatty acids profile and vitamins in broiler duck feed 
 

Item Starter diet (%) Grower diet (%) 
Corn grain silage 

(%) 

80% starter diet and 

20% silage (%) 

80% grower diet 

and 20% silage (%) 

C10:0 0.038 0.035 0.097 0.037 0.047 

C12:0 0.298 0.358 0.213 0.310 0.329 

C14:0 0.703 0.670 0.875 0.696 0.711 

C14:1n-5 0.113 0.108 0.110 0.112 0.108 

C15:0 0.122 0.118 0.168 0.121 0.128 

C16:0 14.097 14.450 12.083 14.168 13.977 

C16:1n-7 0.938 1.292 0.357 1.009 1.105 

C17:0 0.140 0.143 0.193 0.141 0.153 

C17:1n-7 0.088 0.105 0.077 0.091 0.099 

C18:0 3.263 3.052 2.778 3.221 2.997 

C18:1n-9t 25.138 26.538 24.783 25.418 26.187 

C18:1n-9c 1.268 1.760 0.720 1.366 1.552 

C18:2n-6t 0.000 0.000 3.412 0.000 0.682 

C18:2n-6c 48.787 46.010 49.533 48.232 46.715 

C18:3n-3 2.877 3.097 0.715 2.921 2.621 

C20:0 0.307 0.285 0.505 0.303 0.329 

C20:1n-9 0.575 0.638 1.837 0.588 0.878 

C20:2 0.122 0.158 0.053 0.129 0.137 

C20:3n-3 0.035 0.048 0.000 0.038 0.038 

C20:3n-6 0.073 0.082 0.000 0.075 0.066 

C20:4n-6 0.125 0.153 0.085 0.131 0.139 

C20:5n-3 0.000 0.028 0.000 0.006 0.022 

C21:0 0.047 0.055 0.218 0.049 0.088 

C22:0 0.288 0.223 0.182 0.275 0.215 

C22:2 0.078 0.102 0.450 0.083 0.172 

C22:6n-3 0.125 0.127 0.123 0.125 0.126 

C23:0 0.062 0.055 0.032 0.061 0.050 

C24:0 0.195 0.173 0.215 0.191 0.181 

C24:1n-9 0.107 0.127 0.152 0.111 0.132 

SFA 19.557 19.623 17.558 19.570 19.210 

MUFA 28.285 30.567 28.067 28.741 30.067 

PUFA 52.095 49.933 54.352 51.663 50.817 

TFA 25.138 26.538 28.193 25.418 26.869 

α-tocopherol µg/100g 2752.495 2264.428 161.398 2654.882 1843.822 

β+γ tocopherol µg/100g 1567.155 1126.695 1069.895 1479.063 1115.335 

β-carotene µg/100g 31.695 17.580 117.667 28.872 37.597 

Retinol µg/100g 173.805 130.527 14.370 165.149 107.296 
 
C16:0 – hexadecanoic acid; C16:1n-7 – cis-9-hexadecenoic acid; C17:0 – heptadecanoic acid; C17:1n-7 – cis-10-heptadecenoic acid; C18:0 – 

octadecanoic acid; C18:1n-9t – trans-9-octadecenoic acid; C18:1n-9c – cis-9-octadecanoic acid; C18:2n-6t – trans-9,12-octadecadienoate acid; 
C18:2n-6c – cis,cis-9,12-octadecadienoic acid; C18:3n-3 – cis,cis,cis-9,12,15-octadecatrienoic acid; C20:0 – arachidic acid; C20:1n-9 – cis-11-

eicosenoic acid; C20:2 – cis-11,14-eicosadienoic acid; C20:3n-3 – cis-11,14,17-eicosatrienoic acid; C20:4n-6 – arachidonic acid; C20:5n-3 – 

eicosapentaenoic acid; C21:0 – heneicosanoic acid; C22:0 – behenic acid; C22:2 – docosadienoic acid; C22:6n-3 – cis-4,7,10,13,16,19-
docosahexaenoic acid; C23:0 – tricosanoic acid; C24:0 – lignoceric acid; C24:1n-9c – nervonic acid; SFA –  saturated fatty acids (C10:0, C12:0, 

C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, C23:0 and C24:0); MUFA – monounsaturated fatty acids (C14:1n-5, C16:1n-7, C17:1n-

7, C18:1n-9t, C18:1n-9, C20:1n-9 and C24:1n-9); PUFA – polyunsaturated fatty acids (C18:2n-6t, C18:2n-6c, C18:3n-3, C20:2, C20:3n-3, C20:4n-
6, C20:5n-3, C22:2, C22:6n-3 and C24:6n-3); TFA – trans fatty acids (C18:1n-9t and C18:2n-6t) 

 

Growth performance. Birds were weighed on 

days 1, 28 and 49 (Radwag, Radom, Poland) with  

an accuracy of ±0.01 g. The amount of feed and leftovers 

was controlled. Feed intake (FI), body weight gain 

(BWG), growth rate (GR), feed conversion ratio (FCR) 

and European broiler index (EBI) were calculated. Bird 

deaths were recorded in each group, and viability (%) 

was calculated. The formulas for the parameters 

mentioned above are as follows: 

 
BWG = final body weight (g) − initial body weight (g) 

 

GR =
final body weight (g) − initial body weight (g)

0.5 ×  (initial body weight (g) + final body weight (g))
×  100% 

 

FCR = 
FI (kg)

BWG (kg)
 

 

EBI = 
viability (%)× average daily gain (

𝑔
𝑐ℎ𝑖𝑐𝑘
𝑑𝑎𝑦

)

FCR (
kg feed

kg gain
)× 10
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Carcass composition. On the last day of rearing, 

12 selected males from each group were weighed, and 2 

from each pen with body weight close to the average of 

their penmates were selected. They were sacrificed by 

stunning with an electrical device following the 

recommendations (13) and then decapitation. The birds 

were plucked with a mechanical plucker (Soda Plus, 

Krępice, Poland). Then, the carcasses were placed in 

melted wax approved for contact with food for 3 s 

(Polwax, Jasło, Poland) and cooled in cold water. Wax 

and feather remains were removed, and the carcasses 

were eviscerated. The heart, liver and gizzard were 

collected. Carcasses and offal were cooled at 4℃ in  

a refrigerator (Hendi, Poznań, Poland) for 24 h. Before 

dissections were performed, the carcasses and offal were 

weighed. The following were dissected and separated: 

neck without skin, pectoral muscles (m. pectoralis major 

and minor), leg muscles (drumsticks and thighs without 

bones), skin with subcutaneous fat (including neck skin), 

abdominal fat, wings with skin and carcass remains 

(trunk and leg bones) (65). 

Digesta viscosity. The digesta viscosity was 

analysed based on a modified method presented in the 

study by Pestana et al. (34). After the carcasses had been 

eviscerated, six samples of jejunal and ileal digesta 

(approximately 7.5 mL each) were taken from each 

group into 15 mL Falcon tubes. The samples were 

separated in a laboratory centrifuge (Eppendorf, 

Hamburg, Germany) at 4,200 rpm for 10 min. The 

supernatant (1.5 mL) was collected with an automatic 

pipette (Chemland, Kraków, Poland) and placed in 

Eppendorf tubes of the same capacity. A Brookfield 

DVNext viscometer (Middleboro, MA, USA) was used 

to analyse the digesta viscosity. The supernatant  

(0.5 mL) was poured onto a plate, and viscosity was 

measured at a speed of 6 rpm. The final result was the 

average of all the results obtained during 30 s of 

measurement. Each measurement was repeated giving 

12 results per group. Results were recorded in centipoise 

(cP). 

Meat quality. The pH of the pectoral muscle 

(major) was measured using a pH meter equipped with  

a dagger electrode (Elmetron, Zabrze, Poland). The 

device was calibrated before it gave measurements using 

standard buffers with pH 4.00, 7.00 and 9.00. The colour 

of the pectoral and leg muscles was measured from their 

inner side. A colorimeter was used (Konica Minolta, 

Tokyo, Japan) with a three-point colour scale: L*– 

lightness, a* – redness, and b*– yellowness (11). The 

right pectoral muscle was weighed (M1) and placed in  

a cut string bag, which was itself placed inside a larger 

string bag. After 24 h at a temperature of 4℃, the 

samples were weighed again (M2), and the drip loss was 

determined. The water holding capacity of the pectoral 

and leg muscles was assessed after they were 

comminuted with a meat grinder (Hendi, Poznań, 

Poland). Samples weighing 0.300 ± 0.005 g (in M1) 

were measured. The muscles were placed between two 

sheets of Whatman tissue paper (4 × 4 cm) and 

compressed with a 2 kg weight for 5 min. The weight 

was then removed, the samples were removed, and the 

samples were weighed again (making M2), according to 

Grau and Hamm (18). Chemical composition analysis 

was performed in the pectoral and leg muscles to 

determine the content of protein, collagen, salt, 

intramuscular fat (IMF) and water. This was performed 

on three samples weighing approximately 500 g from 

each group in three replicates). Near-infrared 

transmission spectrophotometry was used with  

a FoodScan instrument (FOSS), working to the Polish 

Standard for Meat and meat products - determination of fat, 

protein, and water content - Near Infrared Transmission 

Spectrometry (NIT) using Artificial Neural Network 

calibration PN-A-82109:2010 standard (41). 

Statistical calculation. The mean values, SEM, 

homogeneity of the sample and normal distribution were 

analysed. A unidirectional ANOVA was conducted to 

evaluate the data, and Tukey’s test was used to identify 

statistically significant differences between groups  

at a significance level of P-value < 0.05. The data were 

analysed using Statistica software v. 13.3 (TIBCO, Palo 

Alto, CA, USA). The statistical model was Ya = μ + Da + ea, 

where Ya was the dependent variable, μ was the overall mean, 

Da was the effect of nutrition (a = CON, CSMIX or 

CD+SG) and ea was residual error. 

Results 

Growth performance. Significantly lower body 

weight on the 28th day was noted in the CD+SG group 

compared to the CON and CSMIX groups  

(P-value < 0.001). On the 49th day of rearing, 

significantly higher body weight was measured in the 

CSMIX group than in the CD+SG group, while the CON 

group did not differ significantly from either group. The 

lowest GR and BWG (in days 1–28) were found in the 

CD+SG group and this deficit was significant  

(P-value < 0.001). In the second feeding period, the 

values of GR and BWG were significantly higher in the 

CD+SG group than in the other groups  

(P-value < 0.001). Birds in the CSMIX group gained 

significantly more weight for the entire rearing period 

than birds in the CD+SG group (P-value = 0.047). The 

CON and CD+SG groups had significantly lower feed 

intake throughout the rearing period than the CSMIX 

group (P-value = 0.023). There was a significantly 

higher FCR throughout the entire rearing period in both 

experimental groups than in the control group  

(P-value = 0.048). A significantly higher EBI value was 

returned for ducks in the CSMIX group compared to 

those in the CD+SG group (P-value = 0.004) (Table 3). 

Viscosity of intestinal digesta. Ducks in the 

CD+SG group had significantly higher jejunal viscosity 

than ducks in the CSMIX group (P-value = 0.005). It was 

noted that ducks in the CON and CSMIX groups had 

significantly lower ileal viscosity than their counterparts 

in the CD+SG group (P-value = 0.003) (Table 4). 
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Carcass tissue composition and meat quality. 

Significantly higher slaughter yield with offal was found 

in the CSMIX group compared to the CON group, while 

the CD+SG group did not differ significantly from either 

group (P-value = 0.036). The highest liver weight 

occurred in the CD+SG group, and this surplus was 

significant (P-value = 0.005). Significantly higher 

pectoral muscle weight (P-value = 0.031) and total 

muscle weight (P-value = 0.029) were found in the CON 

group than in the CD+SG group. Skin weight with 

subcutaneous fat (P-value = 0.030) and total fatness  

(P-value = 0.046) were significantly higher in the 

CD+SG group compared to the CON group. In contrast, 

the CSMIX group did not differ significantly from the 

other groups (Table 5). 

Physicochemical properties of the pectoral and 

leg muscles. A significantly higher protein content was 

measured in the pectoral muscles of control group ducks 

than in these muscles of experimental group ducks  

(P-value = 0.001). In the pectoral muscles of the CON 

and CD+SG groups, significantly higher salt content  

(P-value < 0.001) was found. In CD+SG group birds’ 

pectoral muscles, significantly greater IMF content  

(P-value < 0.001) was present, and in the CSMIX group 

birds’ pectoral muscles significantly higher water 

content (P-value < 0.001) was observed. The leg 

muscles of ducks from the experimental groups were 

characterised by a significantly lower protein content  

(P-value = 0.033). More collagen was contained by leg 

muscles in the CON group than by these muscles in the 

CSMIX group, and this surplus was significant  

(P-value = 0.003) (Table 6). 

 
Table 3. Growth performance of broiler ducks 
 

Parameter 

Group 

SEM P-value 

CON CSMIX CD+SG 

Viability (%)  98.33 98.33 96.67 1.008 0.761 

BW (g) 

Day 1 58.28 57.10 55.70 1.050 0.631 

Day 28 1871.92a 1850.62a 1467.37b 48.932 <0.001 

Day 49 3500.44ab 3574.87a 3367.78b 36.010 0.048 

GR (%) 

Days 1–28 187.92a 188.02a 185.38b 0.365 <0.001 

Days 29–49 60.73b 63.52b 78.59a 2.051 <0.001 

Days 1–49 193.45 193.70 193.49 0.108 0.625 

BWG (g) 

Days 1–28 1813.64a 1793.52a 1411.67b 48.539 <0.001 

Days 29–49 1628.51b 1724.25b 1900.41a 35.603 0.001 

Days 1–49 3442.15ab 3517.77a 3312.08b 35.587 0.047 

FI (g) 

Days 1–28 3444.53b 3957.65a 3353.18c 65.058 <0.001 

Feed - - 2429.18 - - 

Silage - - 924.00 - - 

Days 29–49 6395.16 6569.08 6346.75 51.793 0.410 

Feed - - 4890.70 - - 

Silage - - 1456.05 - - 

Days 1–49 9839.69b 10526.73a 9699.93b 136.838 0.023 

Feed - - 7319.88   

Silage - - 2380.05   

FCR (kg/kg) 

Days 1–28 1.90c 2.21b 2.38a 0.051 <0.001 

Days 29–49 3.93a 3.81a 3.34b 0.120 <0.001 

Days 1–49 2.86b 2.99a 2.93a 0.033 0.048 

EBI (points) 241.82ab 265.41a 223.17b 5.820 0.004 
 
Results are presented as mean value (n = 6 pens per group). a,b... – when mean values have different letters in the same row, statistically significant 
differences were found (P-value < 0.05); CON – control group; CSMIX – group fed with a commercial diet with corn grain silage (ratio 80 : 20); 

CD+SG – group fed with restricted commercial diet and corn grain silage ad libitum; BW – body weight; GR – growth rate;  BWG – body weight 

gain; FI – feed intake; FCR – feed conversion ratio; EBI – European broiler index 
 

Table 4. Broiler duck intestinal digesta viscosity 
 

Digestive organ 
Group 

SEM P-value 

CON (cP) CSMIX (cP) CD+SG (cP) 

Jejunum 3.68ab 3.25b 4.21a 0.128 0.005 

Ileum 4.58b 4.82b 6.33a 0.220 0.003 
 

a,b... – when mean values have different letters in the same row, statistically significant differences were found (P < 0.05); CON – control group; 

CSMIX – group fed with commercial diet with corn grain silage (ratio 80 : 20);  CD+SG – group fed with restricted commercial diet and corn grain 

silage ad libitum 
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Table 5. Broiler duck carcass composition 
 

Parameter 

Group 

SEM P-value 

CON CSMIX CD+SG 

Slaughter yield g/100 g pre-slaughter body weight 72.07 73.39 71.99 0.277 0.065 

Slaughter yield with offal g/100 g pre-slaughter body weight 77.29b 78.81a 77.53ab 0.264 0.036 

Heart g/100 g carcass with offal 0.69 0.68 0.69 0.013 0.934 

Liver g/100 g carcass with offal 2.69b 2.67b 3.24a 0.084 0.005 

Gizzard g/100 g carcass with offal 3.39 3.54 3.21 0.074 0.214 

Neck g/100 g carcass with offal 7.15 7.07 7.01 0.147 0.932 

Pectoral muscle g/100 g carcass 22.65a 21.71ab 20.94b 0.272 0.031 

Leg muscle g/100 g carcass 13.44 13.21 13.14 0.199 0.824 

Total muscle g/100 g carcass 36.09a 34.92ab 34.09b 0.317 0.029 

Skin with subcutaneous fat g/100 g carcass 16.91b 18.92ab 19.66a 0.448 0.030 

Abdominal fat g/100 g carcass 0.78 0.85 0.89 0.063 0.759 

Total fatness g/100 g carcass 17.69b 19.77ab 20.55a 0.494 0.046 

Wings with skin g/100 g carcass 12.27 11.88 11.83 0.138 0.366 

Carcass remains g/100 g carcass 24.64 24.49 23.62 0.366 0.486 
 
Results are presented as mean value (n = 12 ducks per group). a,b... – when mean values have different letters in the same row, statistically significant 
differences were found (P-value < 0.05); CON – control group; CSMIX – group fed with a commercial diet with corn grain silage (ratio 80 : 20); 

CD+SG – group fed with restricted commercial diet and corn grain silage ad libitum 

 
Table 6. Physicochemical properties of broiler duck pectoral and leg muscles 
 

Parameter 

Group 

SEM P-value 

CON CSMIX CD+SG 

Pectoral muscle 

pH 24 hours 5.98 6.01 5.60 0.320 0.428 

Drip loss % 2.09 2.20 1.82 0.250 0.623 

WHC % 36.38 35.90 35.33 0.173 0.799 

Colour      

L* 37.03 38.34 37.01 0.085 0.150 

a* 16.03 15.77 16.67 0.013 0.323 

b* 2.11 2.49 1.92 0.014 0.401 

Protein g/100 g muscle 23.01a 22.55b 22.26b 0.043 0.001 

Collagen g/100 g muscle 1.33 1.28 1.29 0.078 0.289 

Salt g/100 g muscle 0.38a 0.27b 0.37a 0.605 <0.001 

IMF g/100 g muscle 1.15b 1.07b 1.50a 0.454 <0.001 

Water g/100 g muscle 74.89b 75.46a 74.80b 0.324 <0.001 

Leg muscle 

WHC % 32.04 31.27 28.73 0.232 0.061 

Colour      

L* 36.73 37.38 38.32 0.143 0.368 

a* 15.46 15.00 14.95 0.052 0.788 

b* 2.83 2.93 3.09 0.033 0.903 

Protein g/100 g muscle 20.16a 19.40b 19.38b 0.138 0.033 

Collagen g/100 g muscle 1.95a 1.71ab 1.54b 0.131 0.003 

Salt g/100 g muscle 0.82 0.69 0.65 0.141 0.085 

IMF g/100 g muscle 5.16 5.52 4.98 0.161 0.266 

Water g/100 g muscle 72.51 72.41 72.71 0.621 0.650 
 
Results are presented as mean value (n = 12 ducks per group). a,b... – when mean values have different letters in the row, statistically significant 

differences were found (P-value < 0.05); CON – control group; CSMIX – group fed with a commercial diet with corn grain silage (ratio 80 : 20); 

CD+SG – group fed with restricted commercial diet and corn grain silage ad libitum; WHC – water holding capacity; L* – lightness; a* – redness; 
b* – yellowness; IMF – intramuscular fat 

 

Fatty acids and vitamin content in pectoral 

muscles. In the pectoral muscles of ducks from the 

CD+SG group, statistically significantly different and 

the highest contents of C10:0 (P-value = 0.002), C12:0 

(P-value < 0.001), C14:0 (P-value = 0.008), C14:1  

(P-value = 0.032) and C15:0 (P-value = 0.015) were 

demonstrated. Statistically significantly lower contents 

of C:18:1n-9t were found in CON and CSMIX than in 
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CD+SG (P-value = 0.003). Compared to the other 

groups, the control group had higher contents of 

C18:2n9t (P-value = 0.003) and C18:2n6c  

(P-value = 0.001). In the pectoral muscles of CON and 

CSMIX ducks, there were significantly higher contents 

of C20:2 (P-value < 0.001), C20:3n3 (P-value = 0.001) 

and C22:2 (P-value < 0.001). This tissue from the 

CD+SG group contained significantly more 

monounsaturated fatty acids (MUFA) (P-value = 0.007) 

and trans fatty acids (TFA) (P-value = 0.003). In the 

CON and CSMIX groups, a higher content of 

polyunsaturated fatty acids (PUFA) was noted  

(P-value < 0.001). Duck muscles from the CON and 

CSMIX groups were characterised by a significantly 

higher content of α-tocopherol (P-value = 0.039) and 

those from CON by content of β+γ tocopherol  

(P-value = 0.002) compared to the other groups  

(Table 7). 
 
Table 7. Fatty acid profile and vitamin content of intramuscular fat in broiler duck pectoral muscles 

 

Fatty acid 

Group 

SEM P-value 

CON CSMIX CD+SG 

C10:0 (%) 0.10ab 0.09b 0.12a 0.004 0.002 

C12:0 (%) 0.30a 0.21b 0.35a 0.014 <0.001 

C14:0 (%) 1.33b 1.23b 1.70a 0.068 0.008 

C14:1n-5 (%)(%) 0.19ab 0.17b 0.23a 0.009 0.032 

C15:0 (%) 0.24ab 0.22b 0.29a 0.011 0.015 

C16:0 (%) 21.94 22.02 22.64 0.170 0.185 

C16:1n-7 (%) 1.23 1.19 1.41 0.044 0.089 

C17:0 (%) 0.31 0.29 0.30 0.007 0.506 

C17:1n-7 (%) 0.13 0.11 0.12 0.005 0.431 

C18:0 (%) 14.47 14.30 13.99 0.135 0.339 

C18:1n-9t (%) 19.22b 19.59b 21.93a 0.372 0.003 

C18:1n-9c (%) 2.13 2.07 2.00 0.027 0.177 

C18:2n-6t (%) 0.15a 0.12b 0.13b 0.004 0.003 

C18:2n-6c (%) 18.77a 18.51a 16.85b 0.242 0.001 

C18:3n-3 (%) 0.54 0.51 0.53 0.010 0.564 

C20:0 (%) 0.25a 0.24ab 0.22b 0.005 0.041 

C20:1n-9 (%) 0.48 0.46 0.45 0.011 0.666 

C20:2 (%) 1.25a 1.24a 0.95b 0.031 <0.001 

C20:3n-3 (%) 1.17a 1.20a 1.02b 0.022 0.001 

C20:4n-6 (%) 11.66 12.06 11.05 0.243 0.234 

C20:5n-3 (%) 0.09 0.10 0.10 0.003 0.456 

C21:0 (%) 0.12a 0.08b 0.13a 0.006 <0.001 

C22:2 (%) 0.70a 0.75a 0.50b 0.022 <0.001 

C22:6n-3 (%) 0.62 0.61 0.62 0.017 0.986 

C24:0 (%) 0.06 0.06 0.07 0.001 0.208 

C24:1n-9 (%) 2.56 2.57 2.32 0.049 0.057 

SFA (%) 39.12 38.73 39.80 0.198 0.078 

MUFA (%) 25.94b 26.16b 28.46a 0.378 0.007 

PUFA (%) 34.94a 35.11a 31.74b 0.411 <0.001 

TFA (%) 19.37b 19.71b 22.05a 0.371 0.003 

α-tocopherol µg/100g 319.09a 317.57a 274.47b 8.265 0.039 

β+γ tocopherol µg/100g 41.33a 34.91b 32.68b 1.086 0.002 

Retinol µg/100g 10.28 9.26 10.72 0.308 0.140 
 

a,b... – when mean values have different letters in the row, statistically significant differences were found (P-value < 0.05); CON – control group; 

CSMIX – group fed with commercial diet with corn grain silage (ratio 80 : 20); CD+SG – group fed with restricted commercial diet and corn grain 

silage ad libitum; C10:0 – decanoic acid; C12:0 – dodecanoic acid, C14:0 – tetradecanoic acid; C14:1n-5 – cis-9-tetradecenoic acid; C15:0 – 
pentadecanoic acid; C16:0 – hexadecanoic acid; C16:1n-7 – cis-9-hexadecenoic acid; C17:0 – heptadecanoic acid; C17:1n-7 – cis-10-heptadecenoic 

acid; C18:0 – octadecanoic acid; C18:1n-9t – trans-9-octadecenoic acid; C18:1n-9c – cis-9-octadecanoic acid; C18:2n-6t – trans-9,12-

octadecadienoate acid; C18:2n-6c – cis,cis-9,12-octadecadienoic acid; C18:3n-3 – cis,cis,cis-9,12,15-octadecatrienoic acid; C20:0 – arachidic acid; 
C20:1n-9 – cis-11-eicosenoic acid; C20:2 – cis-11,14-eicosadienoic acid; C20:3n-3 – cis-11,14,17-eicosatrienoic acid; C20:4n-6 – arachidonic 

acid; C20:5n-3 – eicosapentaenoic acid; C21:0 – heneicosanoic acid; C22:2 – docosadienoic acid; C22:6n-3 – cis-4,7,10,13,16,19-docosahexaenoic 

acid;  C24:0 – lignoceric acid; C24:1n-9c – nervonic acid; SFA – saturated fatty acids (C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, 
C21:0, C22:0, C23:0 and C24:0); MUFA – monounsaturated fatty acids (C14:1n-5, C16:1n-7, C17:1n-7, C18:1n-9t, C18:1n-9, C20:1n-9 and 

C24:1n-9); PUFA – polyunsaturated fatty acids (C18:2n-6t, C18:2n-6c, C18:3n-3, C20:2, C20:3n-3, C20:4n-6, C20:5n-3, C22:2, C22:6n-3 and 

C24:6n-3); TFA – trans fatty acids (C18:1n-9t and C18:2n-6t) 
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Table 8. Fatty acid profile and vitamin content of broiler duck leg muscles 
 

Fatty acid 

Group 

SEM P-value 
CON CSMIX CD+SG 

C10:0 (%) 0.10b 0.09b 0.16a 0.008 <0.001 

C12:0 (%) 0.31b 0.28b
 0.48a 0.018 <0.001 

C14:0 (%) 1.31b 1.26b 2.14a 0.077 <0.001 

C14:1 (%) 0.20b 0.20b 0.31a 0.011 <0.001 

C15:0 (%) 0.24b 0.21b 0.35a 0.012 <0.001 

C16:0 (%) 19.49b 19.28b 21.13a 0.209 <0.001 

C16:1n-7 (%) 1.87 1.99 2.03 0.038 0.237 

C17:0 (%) 0.28 0.26 0.31 0.008 0.073 

C17:1n-7 (%) 0.13b 0.13b 0.15a 0.004 0.005 

C18:0 (%) 13.87 13.48 13.86 0.179 0.607 

C18:1n-9t (%) 25.69 27.49 26.95 0.363 0.112 

C18:1n-9c (%) 1.97 1.90 17.15 5.057 0.377 

C18:2n-6t (%) 0.18a 0.15b 0.18a 0.004 0.005 

C18:2n-6c (%) 19.29a 17.89a 14.54b 0.451 <0.001 

C18:3n3 (%) 0.80a 0.69b 0.62b 0.017 <0.001 

C20:0 (%) 0.17 0.15 0.18 0.005 0.084 

C20:1n-9 (%) 0.46 0.46 0.45 0.008 0.777 

C20:2 (%) 0.83a 0.76ab 0.67b 0.021 0.008 

C20:3n-3 (%) 0.67 0.67 0.64 0.011 0.362 

C20:4n-6 (%) 8.52 9.02 8.74 0.168 0.489 

C20:5n-3 (%) 0.09b 0.10b 0.15a 0.006 <0.001 

C21:0 (%) 0.12 0.13 0.15 0.006 0.077 

C22:2 (%) 0.34b 0.32b 0.45a 0.013 <0.001 

C22:6n-3 (%) 0.66ab 0.64b 0.77a 0.021 0.024 

C24:0 (%) 0.05b 0.04b 0.06a 0.003 0.001 

C24:1n-9 (%) 2.36 2.42 2.41 0.045 0.842 

SFA (%) 35.95b 35.18b 38.81a 0.354 <0.001 

MUFA (%) 32.69 34.59 34.27 0.366 0.071 

PUFA (%) 31.37a 30.24a 26.74b 0.495 <0.001 

TFA (%) 25.88 27.65 27.13 0.360 0.117 

α-tocopherol µg/100g 229.91 220.82 194.28 6.558 0.066 

β+γ tocopherol µg/100g 32.94a 25.48b 28.64ab 1.310 0.049 

Retinol µg/100g 8.11 8.61 9.10 0.189 0.100 
 

a,b... – when mean values have different letters in the row, statistically significant differences were found (P-value < 0.05); CON – control group; 

CSMIX – group fed with commercial diet with corn grain silage (ratio 80 : 20); CD+SG – group fed with restricted commercial diet and corn grain 

silage ad libitum; SEM – standard error of the mean; C10:0 – decanoic acid; C12:0 – dodecanoic acid, C14:0 – tetradecanoic acid; C14:1n-5 – cis-
9-tetradecenoic acid; C15:0 – pentadecanoic acid; C16:0, hexadecanoic acid; C16:1n-7, cis-9-hexadecenoic acid; C17:0, heptadecanoic acid; 

C17:1n-7 – cis-10-heptadecenoic acid; C18:0 – octadecanoic acid; C18:1n-9t – trans-9-octadecenoic acid; C18:1n-9c – cis-9-octadecanoic acid; 

C18:2n-6t – trans-9,12-octadecadienoate acid; C18:2n-6c – cis,cis-9,12-octadecadienoic acid; C18:3n-3 – cis,cis,cis-9,12,15-octadecatrienoic acid; 
C20:0 – arachidic acid; C20:1n9 – cis-11-eicosenoic acid; C20:2 – cis-11,14-eicosadienoic acid;; C20:3n-3 – cis-11,14,17-eicosatrienoic acid; 

C20:4n-6 – arachidonic acid; C20:5n3 – eicosapentaenoic acid; C21:0 – heneicosanoic acid; C22:2 – docosadienoic acid; C22:6n-3 – cis-

4,7,10,13,16,19-docosahexaenoic acid; C24:0 – lignoceric acid; C24:1n-9c – nervonic acid; SFA – saturated fatty acids (C10:0, C12:0, C14:0, 
C15:0, C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, C23:0 and C24:0); MUFA – monounsaturated fatty acids (C14:1n-5, C16:1n-7, C17:1n-7, 

C18:1n-9t, C18:1n-9, C20:1n9 and C24:1n-9); PUFA – polyunsaturated fatty acids (C18:2n-6t, C18:2n-6c, C18:3n-3, C20:2, C20:3n-3, C20:4n-6, 

C20:5n-3, C22:2, C22:6n-3 and C24:6n-3); TFA – trans fatty acids (C18:1n-9t and C18:2n-6t) 
 

Table 9. Estimated costs of feeding ducks 
 

Item per 1 duck (PLN) 

Group 

SEM P-value 
CON CSMIX CD+SG 

Starter costs (days 1–28) 8.54a 8.62a 6.92b 0.191 <0.001 

Grower costs (days 29–49) 15.16a 13.73b 13.00c 0.229 <0.001 

Total cost of feeding 23.70a 22.35b 19.92c 0.386 <0.001 
 

a,b... – when mean values have different letters in the row, statistically significant differences were found (P-value < 0.05); CON – control group; 

CSMIX – group fed with commercial diet with corn grain silage (ratio 80 : 20); CD+SG – group fed with restricted commercial diet and corn grain 
silage ad libitum
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Fatty acids and vitamin content in leg muscles. 

In the leg muscles of ducks from the CD+SG group, 

significantly higher contents of C10:0 (P-value < 0.001), 

C12:0 (P-value < 0.001), C14:0 (P-value < 0.001), 

C14:1 (P-value < 0.001), C15:0 (P-value < 0.001), 

C16:0 (P-value < 0.001) and C17:1 (P-value = 0.005) 

were found compared to these fatty acid contents in the 

leg muscles of ducks from the CON and CSMIX groups. 

Similar results were obtained for C20:5n-3  

(P-value < 0.001), C22:2 (P-value < 0.001) and C24:0 

(P-value =0.001). The lowest content of C18:2n-6t was 

detected in the CSMIX group (P-value = 0.005), and the 

lowest contents of C18:2n-6c (P-value < 0.001),  

C18:3n-3 (P-value < 0.001) and C20:2 (P-value = 0.008) 

in the CD+SG group. This tissue from the CON and 

CSMIX groups was characterised by a significantly 

lower saturated fatty acid (SFA) content than the same 

tissue from the CD+SG groups (P-value < 0.001). The 

opposite situation occurred in the case of PUFA  

(P-value < 0.001). In the leg muscles of the control 

group, there was a significantly higher content of β+γ 

tocopherol than in those of the 80 : 20-proportioned feed 

group (P-value = 0.049) (Table 8). 

Estimated costs of feeding. The costs of feeding 

ducks in the first rearing period in the CD+SG group 

were significantly lower than in the other groups  

(P-value < 0.001). In the second feeding period and 

throughout the whole rearing period, feeding costs were 

significantly lower in both experimental groups 

compared to the control group (P-value < 0.001)  

(Table 9). 

Discussion 

The highest BW (day 49) and BWG (days 1–49) were 

determined in the CSMIX group; however, they were not 

statistically different from the parameters in the CON 

group. Ducks from the CSMIX group were characterised 

by the highest FI, which impacted the final FCR  

at 2.99 kg/kg. Ridla et al. (48) used silage in the diet of male 

Alabio ducks, which was prepared from cassava, cassava 

leaves, and soybean. They observed a higher BWG in the 

experimental group where silage with 50% water content 

was used. In contrast, Sulaiman et al. (51) showed no 

significant changes in the production results of Pekin ducks 

fed sago pith silage at 5, 10, 15 and 20% from the 3rd to the 

8th week of rearing. In another contrast to our study, 

Zaremba et al. (64) also reported that an alternative feeding 

strategy for broiler ducks based on limited feeding with 

commercial diet and residual nutritional need met by beet 

pulp silage or maize silage did not affect the final BW or 

BWG. The same researchers fed ducks beet pulp silage 

(mixed with a commercial diet in a ratio of 30 : 70) and 

noted consumption of significantly more feed by these 

ducks than by ducks provided a commercial diet in  

a limited proportion and beet pulp silage ad libitum  (63). 

The silage production process, particularly the 

silage additives used, determines its usefulness and 

biological activity (16). Organic acids such as formic, 

propionic or acetic acid maintain the stability of the 

silage process and create a suitable environment for 

developing desirable microorganisms (16, 23). They are 

beneficial because they acidify the diet content and 

improve digestion of nutrients, affecting BW, FCR and 

FI (49). Elnagar and El-Maaty (12) confirmed that 

organic acids (formic and citric acids) are suitable 

additives for the broiler duck diet, attested to by better 

body weight gain and support of the anatine immune 

system. In addition, the effectiveness of formic, 

propionic, and lactic acids was noted in increasing the 

height of intestinal villi and reducing the occurrence of 

pathogenic bacteria such as Escherichia coli and 

Clostridium perfringens in Khaki Campbell ducks (26). 

According to Carvalho-Estrada et al. (8), the bacterial 

community of maize silage is dominated by 

Lactobacillus and Acetobacter bacteria. The former are 

frequent constituents of probiotic preparations in poultry 

nutrition (45, 47). Therefore, maize silage has probiotic 

properties. Various mechanisms of action of probiotic 

microorganisms, including adhesion to the intestinal 

epithelium, competition for the habitat, and production 

of bacteriocins and lactic acid, were stated to promote 

better BWG and robust health (1). The favourable BW 

and BWG results for the CSMIX group may be 

confirmation of these mechanisms in action. 

It is suggested that the higher body weight of birds 

in the CSMIX group than that of birds in the CD+SG 

group elevated the EBI (despite the similar final FCR). 

In the study by Zaremba et al. (63), the highest and  

a significantly different EBI was calcualted for ducks fed 

with beet pulp silage ad libitum compared to the group 

where a mix of a commercial diet and silage (70 : 30) was 

used and to the control group. Biesek et al. (6) conducted 

research on a possible effect on production efficiency of 

alternative feeding of broiler ducks by replacing the 

commercial diet with wheat grain in 10, 20 and 40% 

proportions in the last week of rearing. The authors 

found no significant differences in the EBI between the 

groups. However, it is worth noting that the EBI in both 

cited studies did not exceed 210, whereas in our study, 

the CSMIX group attained 261.01. It indicates  

a favourable average daily gain to FCR ratio. 

The highest viscosity of jejunal and ileal contents 

was shown in the group where ducks had unlimited 

access to silage (4.21 cP and 6.33 cP, respectively). 

Fibre content in the feed is one of the main factors that 

affect viscosity, in the findings of Tejeda and Kim (53). 

The authors showed that 8% fibre in the diet 

significantly reduced BWG and villus height and crypt 

depth in the small intestine, and also increased the 

viscosity of intestinal contents compared to groups 

where 4% fibre was used. Lee et al. (28) also showed  

a negative effect of higher intestinal viscosity on BWG. 

This is due to the feed’s lower digestibility and the 

consuming organism’s inefficient use of nutrients (58). 

Higher viscosity slows the rate of digesta flow. The 

effects are lower oxygen levels and the formation of 

acetic acid (32). Increased intestinal viscosity may 
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confirm the presence of soluble fibre fractions in the 

silage (53). Ensiled corn grain contains a large amount 

of crude fibre, ADF, NDF and ADL, which would 

explain the significant differences in viscosity and BW, 

especially in the CD+SG group. 

A significantly higher slaughter yield with offal 

was achieved in the CSMIX group compared to the CON 

group. Ducks in the control group had significantly 

higher pectoral and total muscle weight than ducks in the 

group which consumed ensiled maize grain ad libitum. 

Significantly lower total fatness was demonstrated in the 

CON group than in the CD+SG group. Aslan and  

Ozturk (3) analysed the possibility of feeding indigenous 

male Turkish geese with maize silage mixed with feed  

at different levels (10 : 90, 20 : 80, 30 : 70 and 40 : 60). 

They did not find differences in slaughter yield, gizzard 

or liver weight. Similar results were presented by  

Wang et al. (57) in terms of carcass yield, pectoral 

muscle yield, leg muscle yield, liver yield and heart yield 

in Hortobágy geese fed whole-plant silage. However, 

Kokoszyński et al. (25) showed that carcasses of White 

Kołuda W31 geese fed restricted amounts of  

a commercial diet and maize silage ad libitum were 

characterised by significantly higher dressing 

percentages compared to the control group (74.7% vs 

65.0%). 

Bile is produced in the liver hepatocytes and then 

stored in the gallbladder. It contains essential 

components for body fat digestion, such as bile salts and 

phospholipids (46). Ducks in the CD+SG group 

potentially ate the most ensiled grain, which contained 

almost twice as much crude fat as the commercial starter 

and grower feed. To enhance fat breakdown and increase 

bile production, liver cells can expand. Considering the 

likely greatest fat consumption by CD+SG ducks, the 

most extensive liver cell expansion was in these ducks, 

consequently increasing their liver weight. The optimal 

dietary metabolisable-energy-to-crude-protein ratio is 

crucial in obtaining high weight gain and good meat 

quality. Low metabolisable energy in the diet limits 

abdominal fat accumulation, which high energy content 

does not (9). The CD+SG group’s lower pectoral muscle 

and total muscle weight, as well as higher skin with 

subcutaneous fat and total fatness, may be due to the low 

crude protein content of the silage and its higher fat 

content compared to the commercial diet. 

The pectoral and leg muscles of the ducks in the 

experimental groups had a significantly lower protein 

content than those of the ducks in the control group. The 

pectoral muscles of the ducks in the CD+SG group 

contained significantly more IMF . These muscles of the 

ducks from the CSMIX group had significantly higher salt 

and water content. The diet’s quality and quantity of crude 

protein affect protein metabolism and muscle content (55). 

Marcu et al. (30) reported that a feed protein and energy 

content higher than the standard by 10% enhanced the 

protein and fat content in chicken pectoral muscles 

compared to these muscles of chickens receiving feed with 

these contents lower than the standard by 10%. According 

to Infante-Rodríguez et al. (20), of four broiler chicken 

diets with the same crude protein content of 21.4% in the 

starter formulation and 18.7% in the finisher formulation, 

the diet with the highest content of apparent metabolisable 

energy (3,080 for starters and 3,160 kcal/kg for finishers) 

gave the lowest content of ether extract in the pectoral 

muscles. Moreover, no changes in the chemical composition 

of leg muscles were observed. Puchajda et al. (44) showed 

significantly higher protein contents in the pectoral muscles 

of geese fed with grass and clover silage than in the muscles 

of geese fed steamed potato silage. Wang et al. (56) 

observed that paper mulberry silage in the diet of Yangzhou 

geese improved the sensory and nutritional quality of meat 

as a result of good protein availability. 

Ensiled corn grain was characterised by a higher 

proportion of PUFA and a lower proportion of SFA than 

commercial feed (quantitatively). Significantly lower 

contents of α-tocopherol and retinol were also found. 

Lower SFA content was evident in the leg muscles of 

ducks from the CON and CSMIX groups than in these 

muscles of CD+SG-group ducks. The fatty acid profile in 

meat can be modified by nutrition (50).  

Kowalska et al. (27) showed a significantly higher content 

of n-3 fatty acids (P-value = 0.006) in the subcutaneous fat 

of Pekin ducks after providing feed containing 60.10% 

yellow lupin and 14.00% rapeseed meal as an alternative 

protein source to post-extraction soybean meal. In the study 

by Huo et al. (19), keeping ducks in an integrated rice-duck 

farming system positively affected the fatty acid 

composition of meat compared to the floor pen–rearing 

system. The SFA content (C12:0, C14:0, C16:0, C18:0 

and C21:0), MUFA content (C16:1, C17:1, and C18:1) 

and PUFA content (C22:2, C18:2n-6 and C22:6n-3) 

were higher. A high SFA content in the diet negatively 

impacts the circulatory system (29) and increases the 

risk of other diseases (22). Therefore, the presented 

results in the CSMIX group suggest that consumption of 

the meat of ducks so fed would be beneficial to health. 

Fats rich in unsaturated fatty acids are better digested by 

birds than fats high in saturated fatty acids (2). 

Therefore, the more suitable PUFA to SFA ratio in the 

experimental diet (CSMIX) could have contributed to 

the higher proportion of PUFA in the pectoral muscles 

of ducks from this group. The oxidation products of 

unsaturated fatty acids are hexanaldehydes and 

nonanaldehydes, which define the aroma of meat to the 

greatest extent, as stated by Wasilewski et al. (59) Their 

content may form attractive sensory characteristics in 

duck meat when it is high. 

Feed costs can constitute up to 70% of total poultry 

production costs, which indicates feed’s high 

importance as a delimiter of production profitability and 

the wisdom of accounting for it in estimating potential 

revenues (54). Unconventional methods of poultry 

feeding based on cheaper substitutes for commercial 

diets can set more favourable economic parameters for 

production. The costs of feeding ducks with ensiled 

maize grain (the CD+SG group) were significantly 

lower, and lighter budgetary burdens were borne feeding 
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both experimental groups with grower feed.  

Wu et al. (61) found a favourable net present value in  

an alternative system of duck rearing in corn fields 

compared to traditional indoor production. Reduction of 

feed costs is possible by keeping ducks in rice fields and 

using the restrictive feeding method used in this study 

(4). Biesek et al. (6) also reduced feed costs per duck 

during 49 days of rearing using partial replacement of 

feed mixture with wheat at 20% and 40% by PLN 1.98 

and 2.25, respectively, compared to costs of feed as 

commercial granulated products. 

Conclusion 

Ducks from the CSMIX group had comparable 

BWG to those in the CON group, but significantly 

higher FI and FCR. Increased dietary fibre content in 

ensiled maize grain determined the viscosity of intestinal 

content, which translated into production results. 

Characteristic features of the chemical composition of 

ensiled maize grain mainly increased energy and fat and 

decreased protein in the feed. These changes contributed 

to differences in carcass composition and 

physicochemical quality features of meat. A similar 

carcass composition to ducks from the control group 

characterised ducks provided feed mixed with ensiled 

maize grain. Reduction in the commercial feed 

proportion and giving silage ad libitum negatively 

affected the nutritional value of meat, in particular the 

content of protein and fat. Pectoral and leg muscles of 

ducks in the exclusively granulated-feed–sustained and 

80 : 20 groups revealed a more beneficial fatty acid 

profile than those of birds fed restrictively, considering 

PUFA and SFA. In the experimental groups, total 

feeding costs were lower. An alternative feeding strategy 

for broiler ducks based on a commercial diet and ensiled 

maize grain (mixed 80 : 20) may be recommended to 

achieve higher body weight gains and obtain meat with 

a beneficial fatty acid profile while reducing feed costs. 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article. 

 

Financial Disclosure Statement: The study was funded 

by “Małe Granty” (Small Grants), financially supported 

by the Minister of Science under the program "Regional 

Initiative of Excellence" (RID/SP/0017/2024/01). 

 

Animal Rights Statement: The study was carried out 

following current legislation on the protection of 

animals used for scientific or educational purposes.  

The Committee for the Care of Animals (Ethics 

Committee) at the Bydgoszcz University of Science and 

Technology in Poland approved the test procedures and 

methods (Approval No. 1/24, Bydgoszcz, Poland). All 

methods were implemented under the ARRIVE 

guidelines. 

 

Acknowledgements: The authors thank the Department 

of Animal Breeding and Nutrition team for technical 

assistance. 

 

CRediT Authorship Contribution Statement: 

Bartosz Bigorowski: research concept and design, 

collection and assembly of data, data analysis and 

interpretation, writing the article, critical revision of the 

article, final approval of the article. Sebastian Wlaźlak: 

research concept and design, collection and assembly of 

data, data analysis and interpretation, writing the article, 

critical revision of the article, final approval of the 

article. Izabela Narloch: data analysis and 

interpretation. Szymon Różański: research concept and 

design, data analysis and interpretation, critical revision 

of the article, final approval of the article. 

References 

1. Abd El‐Hack M.E., El-Saadony M.T., Shafi M.E., Qattan S.Y.A., 

Batiha G.E., Khafaga A.F., Abdel-Moneim A.E., Alagawany M.: 

Probiotics in poultry feed: a comprehensive review. J Anim 

Physiol Anim Nutr 2020, 104, 1835–1850, doi: 

10.1111/jpn.13454. 

2. Ao X., Kim I.H.: Effects of dietary lipid sources on growth 

performance and carcass traits in Pekin ducks. Poult Sci 2020, 99, 

499–504, doi: 10.3382/ps/pez558. 

3. Aslan R., Ozturk E.: Effects of maize silage feeding on growth 

performance, carcass characteristics, digestive system length, 

chemical composition, and meat quality of domestic geese. Trop 

Anim Health Prod 2022, 54, 325, doi: 10.1007/s11250-022-

03313-5. 

4. Baéza E.: Nutritional requirements and feed management of meat 

type ducks. World’s Poult Sci J 2016, 72, 5–20, doi: 

10.1017/S004393391500272X. 

5. Bannon C.D., Craske J.D., Hilliker A.E.: Analysis of fatty acid 

methyl esters with high accuracy and reliability. V. Validation of 

theoretical relative response factors of unsaturated esters in the 

flame ionization detector. J Am Chem Soc 1986, 63, 105–110, doi: 

10.1007/BF02676134. 

6. Biesek J., Banaszak M., Grabowicz M., Wlaźlak S., Adamski M.: 

Production efficiency and utility features of broiler ducks fed with 

feed thinned with wheat grain. Animals 2022, 12, 3427, doi: 

10.3390/ani12233427. 

7. Borowiec F., Karpowicz A., Cembrzyńska M., Pyś J.B.: Effect of 

feeding dry maize grain and high-moisture maize grain silage on 

fatty acid profile and cholesterol content in lambs meat (in Polish). 

Zesz Nauk Uniw Przyr Wroc Biol Anim Breed 2011, 62, 111–

121. 

8. Carvalho-Estrada P.A., Fernandes J., Silva É.M. da, Tizioto P., 

Paziani S.F., Duarte A.P., Coutinho L.L., Verdi M.C.Q., Nussio 

L.G.: Effects of hybrid, kernel maturity, and storage period on the 

bacterial community in high-moisture and rehydrated corn grain 

silages. Syst Appl Microbiol 2020, 43, 126131, doi: 

10.1016/j.syapm.2020.126131. 

9. Chang C., Zhang Q.Q., Wang H.H., Zhang J., Yan Z.X., Liu H.G., 

Geng A.L.: Dietary metabolizable energy and crude protein levels 

affect pectoral muscle composition and gut microbiota in native 

growing chickens. Poult Sci 2023, 102, 102353, doi: 

10.1016/j.psj.2022.102353. 

10. Commission of the European Communities: Commission 

Regulation (EC) No. 152/2009 of 27 January 2009 laying down 



 B. Bigorowski et al./J Vet Res/70 (2026) 279-292 291 

 

 

the methods of sampling and analysis for the official control of 

feed, OJEU L 2009, 52, 54, 26/02/2009, 1. 

11. Commission Internationale de l'Éclairage: CIE 15.2 Technical 

Report – Colorimetry, second edition. CIE Central Bureau, 

Vienna, Austria, 1986. 

12. Elnagar A., El-Maaty H.M.A.: Impact of using organic acids on 

growth performance, blood biochemical and hematological traits 

and immune response of ducks (Cairina moschata). Egypt Poult 

Sci J 2017, 37, 907–925, di:10.21608/epsj.2017.7740. 

13. European Parliament and the Council of the European Union: 

Directive 2010/63/EU of the European Parliament and of  

the Council of 22 September 2010 on the protection of animals 

used for scientific purposes. OJ EU L 2010, 53, 276, 20/10/2010, 

33–79. 

14. Folch J., Lees M., Stanley G.S.: A simple method for the isolation 

and purification of total lipides from animal tissues. J Biol Chem 

1957, 226, 497–509. 

15. Gach S., Korpysz K., Polańczyk M.: Expenditure on harvest and 

ensiling of corn grain in a plastic bags (in Polish). J Res Appl 

Agric Eng 2011, 56, 44–48. 

16. Gheller L.S., Ghizzi L.G., Takiya C.S., Grigoletto N.T.S., 

Silva T.B.P., Marques J.A., Dias M.S.S., Freu G., Rennó F.P.: 

Different organic acid preparations on fermentation and 

microbiological profile, chemical composition, and aerobic 

stability of whole-plant corn silage. Anim Feed Sci Technol 2021, 

281, 115083, doi: 10.1016/j.anifeedsci.2021.115083. 

17. Government of the Republic of Poland: Ustawa z dnia 15 stycznia 

2015 o ochronie zwierząt wykorzystywanych do celów 

naukowych lub edukacyjnych (Act of 15 January 2015 on the 

protection of animals used for scientific or educational purposes) 

Dz U 2015, poz 266 (Official Journal of Laws 2015, item 266). 

18. Grau R., Hamm R.: Eine einfache Methode der Bestimmung der 

Wasserbindung in Fleisch (A simple method for determining 

water binding in meat – in German). Fleischwirtschaft 1952, 4, 

295–297. 

19. Huo W., Weng K., Gu T., Luo X., Zhang Y., Zhang Y., Xu Q., 

Chen G.: Effects of integrated rice-duck farming system on duck 

carcass traits, meat quality, amino acid, and fatty acid 

composition. Poult Sci 2021, 100, 101107, doi: 

10.1016/j.psj.2021.101107. 

20. Infante-Rodríguez F., Salinas-Chavira J., Montaño-Gómez M.F., 

Manríquez-Nuñez O.M., González-Vizcarra V.M.,  

Guevera-Florentino O.F., Ramírez De León J.A.: Effect of diets 

with different energy concentrations on growth performance, 

carcass characteristics and meat chemical composition of broiler 

chickens in dry tropics. SpringerPlus 2016, 5, 1937, doi: 

10.1186/s40064-016-3608-0. 

21. Jacovaci F.A., Salvo P.A.R., Jobim C.C., Daniel J.L.P.: Effect of 

ensiling on the feeding value of flint corn grain for feedlot beef 

cattle: A meta-analysis. Rev Bras Zootec 2021, 50, e20200111, 

doi: 10.37496/rbz5020200111. 

22. Janiszewski P., Lisiak D., Borzuta K., Grześkowiak E.,  

Schwarz T., Siekierko U., Andres K., Świątkiewicz S.: The effect 

of feeding chicken and geese broilers with different cereals on the 

fatty acids profile in meat. Foods 2021, 10, 2879, doi: 

10.3390/foods10112879. 

23. Jiang F.-G., Cheng H.-J., Liu D., Wei C., An W.-J., Wang Y.-F., 

Sun H.-T., Song E.-L.: Treatment of whole-plant corn silage with 

lactic acid bacteria and organic acid enhances quality by elevating 

acid content, reducing pH, and inhibiting undesirable 

microorganisms. Front Microbiol 2020, 11, 593088, doi: 

10.3389/fmicb.2020.593088. 

24. Kierończyk B., Rawski M., Mikołajczak Z., Wachowiak R., 

Homska N., Józefiak D.: A preliminary study of chemically 

preserved and high-moisture whole maize (Zea mays L.) usage in 

Pekin duck nutrition: effect on growth performance and selected 

internal organ traits. Animals 2021, 11, 1018, doi: 

10.3390/ani11041018. 

25. Kokoszyński D., Bernacki Z., Grabowicz M., Stańczak K.: Effect 

of corn silage and quantitative feed restriction on growth 

performance, body measurements, and carcass tissue composition 

in White Kołuda W31 geese. Poult Sci 2014, 93, 1993–1999, doi: 

10.3382/ps.2013-03833. 

26. Koley S., Samanta G.: Effect of dietary organic acids on feed 

quality, performance, gut milieu and blood profile of starter Khaki 

Campbell ducks. Indian J Anim Nutr 2011, 28, 325–330. 

27. Kowalska E., Kucharska-Gaca J., Kuźniacka J., Biesek J., 

Banaszak M., Adamski M.: Effects of legume-diet and sex of 

ducks on the growth performance, physicochemical traits of meat 

and fatty acid composition in fat. Sci Rep 2020, 10, 13465, doi: 

10.1038/s41598-020-70508-x. 

28. Lee J.T., Bailey C.A., Cartwright A.L.: Guar meal, germ and hull 

fractions differently affect growth, performance and intestinal 

viscosity of broiler chickens. Poult Sci 2003, 82, 1589–1595, doi: 

10.1093/ps/82.10.1589. 

29. Liu Y., Li Y., Feng X., Wang Z., Xia Z.: Dietary supplementation 

with Clostridium butyricum modulates serum lipid metabolism, 

meat quality, and the amino acid and fatty acid composition of 

Peking ducks. Poult Sci 2018, 97, 3218–3229, doi: 

10.3382/ps/pey162. 

30. Marcu A., Vacaru-Opriş I., Dumitrescu G., Marcu A.,  

Petculescu Ciochină L., Nicula M., Dronca D., Kelciov B.: Effect 

of diets with different energy and protein levels on breast muscle 

characteristics of broiler chickens. Anim Sci Biotechnol 2013, 46, 

333–340. 

31. Mateos G.G., Cámara L., Fondevila G., Lázaro R.P.: Critical 

review of the procedures used for estimation of the energy content 

of diets and ingredients in poultry. J Appl Poult Res 2019, 28, 

506–525, doi: 10.3382/japr/pfy025. 

32. Park J., Knape K.D., Carey J.B.: Effects of a commercial beta-

mannanase product on the performance, intestinal pH, and digesta 

viscosity of Pekin ducks. J Appl Poult Res 2019, 28, 447–453, doi: 

10.3382/japr/pfz009. 

33. Percie du Sert N., Hurst V., Ahluwalia A., Alam S., Avey M.T., 

Baker M., Browne W.J., Clark A., Cuthill I.C., Dirnagl U., 

Emerson M., Garner P., Holgate S.T., Howells D.W., Karp N.A., 

Lazic S.E., Lidster K., MacCullum C.J., Macleod M., Pearl E.J., 

Petersen O.H., Rawle F., Reynolds P., Rooney K., Sena E.S., 

Silberberg S.D., Steckler T., Würbel H.: The ARRIVE guidelines 

2.0: Updated guidelines for reporting animal research. PLoS Biol 

2020, 18, e3000410, doi: 10.1371/journal.pbio.3000410. 

34. Pestana J.M., Puerta B., Santos H., Madeira M.S., Alfaia C.M., 

Lopes P.A., Pinto R.M.A., Lemos J.P.C., Fontes C.M.G.A., 

Lordelo M.M., Prates J.A.M.: Impact of dietary incorporation of 

Spirulina (Arthrospira platensis) and exogenous enzymes on 

broiler performance, carcass traits, and meat quality. Poult Sci 

2020, 99, 2519–2532, doi: 10.1016/j.psj.2019.11.069. 

35. Polish Committee for Standardization: PN-ISO 6496:2002, 

Animal feeding stuffs - determination of moisture and other 

volatile substances. PKN, Warsaw, Poland, 2002, 

https://sklep.pkn.pl/pn-iso-6496-2002p.html?options=cart. 

36. Polish Committee for Standardization: PN-EN ISO 14565:2002, 

Animal feeding stuffs -determination of vitamin A content - method 

using high-performance liquid chromatography. PKN, Warsaw, 

Poland, 2002, https://sklep.pkn.pl/pn-en-iso-14565-

2002e.html?options=cart. 

37. Polish Committee for Standardization: PN-ISO 6492:2005, 

Animal feeding stuffs – determination of fat content. PKN, 

Warsaw, Poland, 2005, https://sklep.pkn.pl/pn-iso-6492-

2005p.html?options=cart. 

38. Polish Committee for Standardization: PN-EN ISO 9831:2005, 

Animal feeding stuffs, animal products, and faeces and urine - 

determination of gross energy – bomb calorimetric method. PKN, 

Warsaw, Poland, 2005, https://sklep.pkn.pl/pn-en-iso-9831-

2005p.html?options=cart. 

39. Polish Committee for Standardization: PN-EN ISO 16472:2007, 

Animal feeding stuffs - determination of amylase-treated neutral 

detergent fibre content (aNDF). PKN, Warsaw, Poland, 2007, 

https://sklep.pkn.pl/pn-en-iso-16472-2007p.html?options=cart. 

40. Polish Committee for Standardization: PN-EN ISO 13906:2009, 

Animal feeding stuffs - determination of acid detergent fibre 

(ADF) and acid detergent lignin (ADL) contents. PKN, Warsaw 



292 B. Bigorowski et al./J Vet Res/70 (2026) 279-292 

 

Poland, 2009, https://sklep.pkn.pl/pn-en-iso-13906-

2009p.html?options=cart. 

41. Polish Committee for Standardization: PN-A-82109:2010, Meat 

and meat preparations - determination of fat, protein, and water 

content - Near Infrared Transmission Spectrometry (NIT) using 

Artificial Neural Network calibration. PKN, Warsaw, Poland, 

2010, https://sklep.pkn.pl/pn-a-82109-2010p.html?options=cart. 

42. Polish Committee for Standardization: PN-EN 12822:2014, 

Foodstuffs- determination of vitamin E by high-performance 

liquid chromatography - measurement of α-, β-, γ- and  

δ-tocopherol. PKN, Warsaw, Poland, 2014, 

https://sklep.pkn.pl/pn-en-12822-2014-08e.html?options=cart. 

43. Polish Committee for Standardization: PN-EN ISO 20483:2014-

02, Cereal grains and pulses - determination of the nitrogen 

content and conversion to protein content - Kjeldahl method. 

PKN, Warsaw, Poland, 2014, https://sklep.pkn.pl/pn-en-iso-

20483-2014-02p.html?options=cart. 

44. Puchajda H., Faruga A., Pudyszak K.: Effect of silages on the 

yield and quality of meat from two lines of goose. Pol J Food Nutr 

Sci 1997, 6, 141–147. 

45. Raja M.M.M., Raja A., Imran M.M.: Lactobacillus as a probiotic 

feed for chickens. Int J Poult Sci 2009, 8, 763–767, 

doi:10.3923/ijps.2009.763.767. 

46. Ravindran V., Tancharoenrat P., Zaefarian F., Ravindran G.: Fats 

in poultry nutrition: digestive physiology and factors influencing 

their utilisation. Anim Feed Sci Technol 2016, 213, 1–21, doi: 

10.1016/j.anifeedsci.2016.01.012. 

47. Reuben R.C., Roy P.C., Sarkar S.L., Rubayet Ul Alam A.S.M., 

Jahid I.K.: Isolation, characterization, and assessment of lactic 

acid bacteria toward their selection as poultry probiotics. BMC 

Microbiol 2019, 19, 253, doi: 10.1186/s12866-019-1626-0. 

48. Ridla M., Allaily A., Nikmah F.K., Ramli N.: Performance of 

Mojosari Alabio males ducks fed complete ration silage. Anim 

Prod 2014, 16, 176–182, doi: 10.20884/1.jap.2014.16.3.465. 

49. Rocha J.J., Archer G.S.: The effect of supplementation with 

organic acid and oregano oils in drinking water on Pekin duck 

growth and welfare. Poultry 2024, 3, 95–106, doi: 

10.3390/poultry3020009. 

50. Schiavone A., Romboli I., Chiarini R., Marzoni M.: Influence of 

dietary lipid source and strain on fatty acid composition of 

Muscovy duck meat. J Anim Physiol Anim Nutr 2004, 88, 88–93, 

doi: 10.1111/j.1439-0396.2003.00463.x. 

51. Sulaiman A., Wijayanto H., Anwar K., Sumantri E.,  

Biyatmoko D.: Performance and carcases percentage of Pekin 

duck supplied with sago pith silage as an energy source. Trop Wetl 

J 2022, 8, 22–28. doi: 10.20527/twj.v8i1.108. 

52. Suwignyo B., Suryanto E., Samur S.I.N., Hanim, C.: The effect of 

hay alfalfa (Medicago sativa L.) supplementation in different 

basal feed on the feed intake (FI), body weight, and feed 

conversion ratio of hybrid ducks. IOP Conf Ser Earth Environ Sci 

2021, 686, 012039, doi: 10.1088/1755-1315/686/1/01239. 

53. Tejeda O.J., Kim W.K.: Effects of fiber type, particle size, and 

inclusion level on the growth performance, digestive organ 

growth, intestinal morphology, intestinal viscosity, and gene 

expression of broilers. Poult Sci 2021, 100, 101397, doi: 

10.1016/j.psj.2021.101397. 

54. Thirumalaisamy G., Muralidharan J., Senthilkumar S.,  

Hema Sayee R., Priyadharsini M.: Cost-effective feeding of 

poultry. Int J Sci Environ Technol 2016, 5, 3997–4005. 

55. Urdaneta-Rincon M., Leeson S.: Muscle (pectoralis major) 

protein turnover in young broiler chickens fed graded levels of 

lysine and crude protein. Poult Sci 2004, 83, 1897–1903, doi: 

10.1093/ps/83.11.1897. 

56. Wang R., Wang X., Xiong Y., Cao J., Nussio L.G., Ni K., Lin Y., 

Wang X., Yang F.: Dietary paper mulberry silage supplementation 

improves the growth performance, carcass characteristics, and 

meat quality of Yangzhou goose. Animals 2024, 14, 359, doi: 

10.3390/ani14030359. 

57. Wang X., Li G., Wang H., Liu Y., Yang Y., Wang C., Gong S., 

He D.: Feeding whole-plant ensiled corn stover affects growth 

performance, blood parameters, and cecal microbiota of 

Holdobagy goose. Front Vet Sci 2023, 10, 1210706, doi: 

10.3389/fvets.2023.1210706. 

58. Ward N.E.: Intestinal viscosity, broiler performance. Poult Digest 

1996, 55, 12–16. 

59. Wasilewski R., Kokoszyński D., Włodarczyk K.: Fatty acid 

profile, health lipid indices, and sensory properties of meat from 

Pekin ducks of different origins. Animals 2023, 13, 2066, doi: 

10.3390/ani13132066. 

60. Willems O.W., Miller S.P., Wood B.J.: Aspects of selection for 

feed efficiency in meat producing poultry. World’s Poult Sci J 

2013, 69, 77–88, doi: 10.1017/S004393391300007X. 

61. Wu K., Pan Ch., Zhou S., Zhou F., Long G., Wu B.: Farming 

ducks in a maize field: a new and potential crop-livestock system 

from China. Agron Sustain Dev 2021, 41, 76, doi: 

10.1007/s13593-021-00732-w. 

62. Zanin E., Horst E.H., Dario J.G.N., Krzezanovski C.K.B.,  

Ruiz G., Fregonesi J.A., Silva C.A. da, Bumbieris Junior V.H.: 

Performance and feed preference of weaned piglets fed with corn 

grain silage subjected to different rehydration sources. Arq Bras 

Med Vet Zootec 2023, 75, 485–499, doi: 10.1590/1678-4162-

12812. 

63. Zaremba I., Grabowicz M., Biesek J.: Effect of beet pulp silage 

and various feeding methods on the performance and meat quality 

of broiler ducks. Anim Feed Sci Technol 2024, 308, 115879, doi: 

10.1016/j.anifeedsci.2024.115879. 

64. Zaremba I., Grabowicz M., Biesek J.: Effects of feeding silage of 

beet pulp or maize on the growth performance, meat quality, and 

production economics of broiler ducks. Poult Sci 2024, 103, 

103441, doi: 10.1016/j.psj.2024.103441. 

65. Ziołecki J., Doruchowski W.: Metody oceny wartości rzeźnej 

drobiu (Methods of evaluation of poultry slaughter value – in 

Polish). COBRD Publishing, Zakrzewo k. Poznań, Poland, 1989. 

  

 


