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ABSTRACT. The rising cost and limited availability of conventional feed 

have driven the search for sustainable and economical alternatives. Sorghum 

grain (Sorghum bicolour), with a nutritive value comparable to maize, is 

considered a suitable substitute in poultry diets. This study evaluated the effects 

of sorghum grain inclusion in duck pellets on feed intake, growth performance, 

and blood profile. Thirty unsexed ducks, approximately 21 days old, were 

assigned to two groups: one fed sorghum-based pellets (treatment) and the other 

fed commercial pellets (control). Over six weeks, feed intake, growth, and blood 

parameters were assessed. Ducks fed the sorghum-enriched pellets showed 

significantly (p<0.05) better growth, with higher body weight (1298.0 vs. 953.3 

g/bird) and daily weight gain (30.9 vs. 22.7 g/day/bird). They also had a lower, 

though not significant (p>0.05), feed conversion ratio (4.9 vs. 6.9). There were 

no significant differences and no adverse effects on blood biochemistry profiles. 

In conclusion, incorporating sorghum grain into duck pellets improves growth 

performance and positively influences blood profiles. 
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INTRODUCTION 

 

Poultry play a vital role in agriculture and food production, contributing significantly to sustainability. 

They are efficient converters of feed into meat or eggs and help recycle nutrients through soil, manure, 

and feed, supporting sustainable farming systems. Compared to ruminants, poultry emit minimal 

methane, a potent greenhouse gas, making their production relatively climate-friendly (Zisis et al., 

2023). This environmentally conscious aspect is enhanced by practices such as reducing fossil fuel use, 

improving feed production, and using poultry manure as crop fertiliser. 

 

Feed type is a critical factor in sustainable poultry production. Conventional poultry diets 

primarily rely on grains and pulses, particularly maize and soybeans. However, sustainable agricultural 

practices like no-till farming, crop rotation, and cover cropping help sequester carbon in the soil. 

Moreover, innovative feeding strategies, such as using by-products like fruit pulp, cull crops, or insects 

reared on agricultural waste, enhance sustainability by promoting nutrient recycling (Ababor et al., 

2023). 

 

Despite Malaysia’s strong self-sufficiency in broiler and egg production, the country remains 

heavily dependent on imported feed ingredients, especially maize and soybean meal, making the poultry 
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sector vulnerable to global supply disruptions and price fluctuations (Ashraf & Abd. Rahman, 2022; 

Jamaludin et al., 2023). The recent surge in feed costs, exacerbated by events such as the COVID-19 

pandemic, has further challenged the sustainability and profitability of poultry production (Elleby et al., 

2020). In response, researchers have turned to cultivating sorghum (Sorghum bicolour) domestically as 

an alternative to maize. Sorghum, a drought-resistant cereal crop in the Poaceae family, is adaptable to 

warm climates and shows high genetic and phenotypic diversity (Chakrabarty et al., 2022; Kamal et al., 

2023). It is well-suited for Malaysia’s climate and can be grown on marginal lands (Nazmi et al., 2022). 

Low-tannin varieties now available reduce anti-nutritional effects and improve digestibility in poultry 

(Selle & Ravindran, 2007). Nutritionally, sorghum is similar to maize, rich in starch, protein, lipids, and 

phenolic compounds (Stefoska-Needham et al., 2015). It also has potential uses in functional foods and 

bioethanol production (Szambelan et al., 2020). This study evaluated the inclusion of sorghum grain in 

duck pellets and its effects on feed intake, growth performance, and blood biochemistry, offering 

insights into its viability as a sustainable and cost-effective feed alternative for the poultry industry. 

 

 

MATERIALS AND METHODS 

 

Study Site 

 

The study was conducted at Pondok Al Jaafar in Gua Tempurung, 31600 Gopeng, Perak, Malaysia. The 

site experiences both wet and dry seasons, with mean temperatures ranging from a minimum of 23 °C 

to a maximum of 34 °C. The experimental animals used were locally sourced crossbred unsexed 

Muscovy ducks (Cairina moschata), approximately 7 days of age. The ducks were acclimatised to their 

new environment for 14 days and fed a commercial starter pellet diet appropriate for the early growth 

stage before the feeding trial began.  

 

Ration Formulation  

 

The diets were formulated using Winfeed 2.8 software (Table 1). The control diet consisted of 

commercial feed with maize and soybean meal as its primary ingredients. In the treatment diet, sorghum 

grain was substituted entirely for maize. All diets were balanced to meet the nutrient requirements of 

growing ducks (Hakem et al., 2025). Starter and grower pellets contained more crude fibre compared to 

commercial pellets. 

 

Table 1. Composition of experimental diets for ducks. 

 

Ingredients 
Commercial grower 

pellet+ 
Starter pellet (%) Grower pellet (%) 

Sorghum grain - 43.1 45.0 

Soybean meal - 20.0 12.2 

Fish meal - 6.5 4.1 

Rice bran - 9.0 14.0 

Palm kernel meal - 7.3 10.8 

Limestone - 0.3 0.5 

Salt - 0.3 0.5 

Palm oil - 8.5 6.0 

Molasses - 4.0 5.5 

Vitamin premix - 0.5 0.7 

Mineral premix - 0.5 0.7 

    

Nutritive value (%, dry matter basis)  

Dry matter 89.20 89.80 89.92 

Crude protein 18.97 21.6 17.99 

Crude fibre 5.68 8.07 8.67 

Ether extract 1.12 4.49 4.18 

Ash 5.46 4.97 5.27 

Metabolisable energy (kcal/kg)* 2956 2923 2767 

*calculated from secondary data (Yusoff et al., 2005); +, not given because of business privacy. 
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After sorghum grain was procured from a local supplier, it was ground using a hammer mill to 

achieve a uniform particle size suitable for pellet production. The ground sorghum was then mixed with 

other ingredients in an industrial mixer to ensure homogeneity, critical for providing balanced nutrition 

to the ducks. The feed mixture was pelletised using a pelletising machine, forming cylindrical pellets. 

These pellets were then dried in a dehydrator to reduce their moisture content, thereby enhancing their 

quality and shelf life. The prepared feed was stored in vacuum-sealed containers to maintain freshness. 

During pelletising, the temperature was maintained below 70 °C to minimise heat damage to heat-

sensitive nutrients such as lysine and vitamins. Drying was carried out at 60 °C until the moisture content 

reached about 10 – 12%, ensuring nutrient preservation while maintaining pellet durability. 

 

Experimental Design 

 

All ducks were evenly distributed into two dietary groups. The control group consisted of 15 ducks (9 

males and 6 females), while the treatment group consisted of 15 ducks (9 males and 6 females). Each 

group was divided into three replicates of five ducks per replicate (3 males and 2 females). The ducks 

were randomly allocated to the groups and replicates using a simple randomisation method, where each 

duck was assigned a number and grouped using a random number generator to avoid selection bias. The 

sample size (n = 30) was selected based on previous similar feeding trials involving Muscovy ducks, 

which demonstrated that a minimum of 10–15 birds per group provides sufficient statistical power to 

detect significant differences in growth and blood parameters (Marzoni et al., 2005; Hakem et al., 2025). 

This number also reflects practical and ethical considerations related to housing space, resource 

availability, and animal welfare. The trial lasted for six weeks, after which the ducks were slaughtered 

for further analysis.  

 

The study employed a twice-daily feeding schedule at 8:00 am and 5:00 pm. The birds were fed 

their experimental diets on an ad libitum basis. Water was provided with free access. The control group 

of ducks was fed a commercial grower pellet diet throughout the study. The treatment group was fed a 

starter pellet for the first four weeks, followed by a grower pellet for the final two weeks. The feed and 

water troughs were thoroughly cleaned to prevent contamination. 

 

Parameters Observed 

 

Ducks were weighed weekly throughout the trial to monitor growth. Daily feed intake was determined 

by weighing the daily total feed offered and subtracting the leftover feed (dry matter basis). Daily feed 

and cumulative intakes were recorded. Temperature and humidity were also documented during the 

experimental period. Average daily weight gain (ADWG) and feed conversion ratio (FCR) were 

calculated using Equations 1 and 2. 
 

ADWG =  (Total Weight) / 7                                                                    (1) 

 

 

                 (2) 

 

 

Blood samples were collected during the slaughtering session at the end of the trial. The blood 

was immediately sent to Medi-Vance Healthcare, Ipoh, Malaysia, for biochemical analysis. Key 

parameters assessed included haemoglobin levels, red blood cell count, mean corpuscular haemoglobin, 

white blood cell (WBC) count (neutrophils, lymphocytes, monocytes, and eosinophils), and platelets. 

These markers provided insights into the ducks' overall health, immune response, and oxygen-carrying 

capacity. Reference ranges for duck haematological parameters, including WBCs (typically 10–30 × 

10⁹/L), were used to evaluate abnormalities in the results (Olayemi et al., 2003). 

 

 

 

 

Daily body weight gain (g) 

Daily feed intake (g) 
FCR  = 
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Statistical Analysis 

 

Data were analysed using one-way ANOVA with SPSS statistical software (version 23.0). Post hoc 

comparisons between treatment means were performed, and differences were considered statistically 

significant at p < 0.05. Results are reported as mean ± standard deviation. 

 

 

RESULTS AND DISCUSSION 

 

Feed Intake 

 

The weekly feed intake of ducks fed experimental diets varied over the six weeks (Figure 1). In Week 

1, the control group consumed significantly (p<0.05) more feed (813.3 g/duck) than the treatment group 

(724.7 g/duck). A similar trend was observed in Week 2, where the control group (838.3 g/duck) again 

consumed more than the treatment group (795.7 g/duck). In Week 3, feed intake remained significantly 

higher in the control group (1033 g/duck) than in the treatment group (982 g/duck). However, in Week 

4, the treatment group (1049.3 g/duck) surpassed (p<0.05) the control group (1008 g/duck). In Weeks 5 

and 6, intake differences were not statistically significant (p>0.05), with the treatment group slightly 

ahead. Overall, average feed intake across the six weeks was not significantly affected by the dietary 

treatment (p>0.05), indicating that inclusion of the experimental diet did not adversely affect voluntary 

feed intake in ducks. On average, the control group consumed 958.4 g/duck, while the treatment group 

consumed 937.6 g/duck, with no significant difference. 

 

 
Figure 1. Weekly feed intake (g/bird/week) by ducks during the experimental period. 

 

These results indicate notable variations in feed intake, particularly during the initial weeks. The 

higher early intake observed in the control group may be related to greater palatability and a more 

familiar nutrient profile, whereas the experimental diet may have initially reduced acceptance due to 

differences in flavour, texture, or nutrient composition, such as fibre and energy density. As the trial 

progressed, the treatment group gradually adapted and achieved comparable intake levels, suggesting 

improved palatability and physiological adjustment to the diet. This pattern is consistent with Arroyo et 

al. (2016), who highlighted the importance of early digestive and behavioural adaptation when novel 

feed ingredients are introduced. However, physical feed characteristics such as pellet durability and 

stability, which can further influence palatability and intake, were not evaluated and should be 

considered in future research. 

 

Growth Performance 

 

The growth performance data are presented in Table 2. Initial body weights were comparable between 

groups (control: 346.7 g/duck; treatment: 345.4 g/duck; p>0.05). This indicates a uniform starting 

condition across treatments. By Week 6, ducks fed the treatment diet achieved a significantly (p<0.05) 

higher final body weight (1643.3 g/duck) than those fed the control diet (1300.0 g/duck). Total weight 

gain and average daily gain were numerically higher in the treatment group (1298.0 g/duck and 30.9 

g/day, respectively) than in the control group (953.3 g/duck and 22.7 g/day); however, these differences 

were not statistically significant (p>0.05). Feed conversion ratio (FCR) was numerically lower in the 
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treatment group (4.9) compared with the control group (6.9), but the difference was not statistically 

significant (p = 0.144), indicating that the treatment diet did not significantly alter feed efficiency under 

the present experimental conditions. 

 

Table 2. Growth performance of ducks fed experimental diets. 
 

Parameter Control group Treatment group p - value 

Initial body weight, g/bird 346.70 ± 88.51 345.40 ± 56.18 0.984 

Final body weight, g/bird 1300.00 ± 166.67 1643.30 ± 128.97 0.048 

Total body weight gain, g/bird 953.30 ± 236.39 1298.00 ± 82.83 0.076 

Daily body weight gain, g/bird 22.70 ± 5.63 30.90 ± 1.97 0.076 

Feed conversion ratio 6.90 ± 1.95 4.90 ± 0.32 0.144 

 

 

Weekly Body Weight 

 

Body weight increased steadily in both groups over six weeks (Figure 2). Week 1 weights were nearly 

identical. In Week 2, the treatment group (589.4 g/bird) tended to exceed the control (361.2 g/bird), but 

it was not found to be significantly (p>0.05) different. In Week 3, the control group recorded a slightly 

higher weight (587.1 g/bird). From Week 4 onwards, the treatment group consistently outperformed, 

culminating in a significantly (p=0.048) higher final weight in Week 6. These results align with overall 

growth trends, suggesting that ducks fed the treatment diet adapted over time and improved nutrient 

utilisation, as supported by Arroyo et al. (2016). 

 

  
 

Figure 2. Weekly body weight of ducks fed experimental diets. 

 

 

Blood Metabolic Profile 

 

The blood metabolic profile (Table 3) revealed no statistically significant (p>0.05) differences between 

the control and treatment groups. Overall, the results indicate that the treatment diet did not alter blood 

metabolic profiles and did not exert any adverse physiological effects on the ducks. Although the 

treatment group showed slightly higher haemoglobin levels, red and white blood cell counts, neutrophils, 

and lymphocytes, these were not significant (p>0.05). Both groups had WBC counts above the reference 

range reported by Olayemi et al. (2003), which could reflect breed-specific traits, environmental factors, 

or subclinical responses unrelated to diet. Platelet counts were lower in the treatment group, though not 

significantly. These findings should be interpreted cautiously, as trends in immune-related values 

suggest a physiological response, but no definitive conclusions can be drawn. Despite minor numerical 

variations in some haematological parameters, all measured values remained within physiologically 

acceptable limits, indicating normal health status. Jerabek et al. (2018) similarly reported that dietary 
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changes did not always impact blood biochemistry significantly. The elevated WBC count in the 

treatment group may indicate subclinical infection, individual variability, or breed-related differences. 

The high standard deviation in platelet counts, particularly in the control group, may reflect sampling 

variability or outliers, warranting further investigation. Collectively, these findings confirm that partial 

replacement of maize with sorghum did not compromise haematological health. This study helps fill a 

knowledge gap by evaluating sorghum as a maize substitute in duck diets, an area less explored 

compared to chicken studies. Given ducks’ unique digestive systems, such evaluations are essential. 

Based on the present results, inclusion of sorghum at 43–45% can be considered safe, supporting normal 

physiological function, growth performance, and feed intake.  
 

Table 3. Blood metabolic profile of ducks fed experimental diets. 

 

Parameter Control Group Treatment Group p - value 

Haemoglobin (g/dL) 10.40 ± 0.81 11.20 ± 0.95 0.314 

Red blood cell (×101²/L) 2.20 ± 0.12 2.30 ± 0.20 0.521 

Mean corpuscular haemoglobin (pg) 49.30 ± 1.53 49.70 ± 1.53 0.802 

White cell count (×10⁹/L) 69.10 ± 63.57 111.40 ± 49.59 0.415 

Neutrophils (×10⁹/L) 41.90 ± 39.05 68.10 ± 28.35 0.400 

Lymphocytes (×10⁹/L) 22.60 ± 19.89 35.80 ± 17.32 0.435 

Monocytes (×10⁹/L) 3.80 ± 4.10 6.80 ± 3.98 0.421 

Eosinophils (×10⁹/L) 0.80 ± 0.56 0.70 ± 0.74 0.842 

Platelets (×10⁹/L) 131.30 ± 175.62 33.30 ± 14.36 0.390 

 

 

CONCLUSION 

 

This study highlighted the significant positive effects of incorporating sorghum grain into duck feed 

pellets, improving growth performance, feed efficiency, and overall health. Sorghum grain proved to be 

a suitable ingredient for duck diets without compromising nutritional needs. However, further research 

is needed to determine optimal sorghum grain levels across different duck breeds, ages, and production 

stages. Future studies should explore long-term impacts, nutrient digestibility, and additional health 

indicators to enhance our understanding of sorghum grain's role in sustainable duck production systems. 
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