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			Abstract | This study examined the effect of using locally sourced by-products (date waste and whey powder) instead of standard feed on the growth of broiler chickens over a 45-day period. Following the culling of nine chicks due to transport-related mortality, 368 one-day-old Hubbard Efficiency chicks were split into four groups: a control group fed standard feed only; a group fed a 5% whey supplement (WH); a group fed drinking water containing 100 g/L ground date waste (DW); and a group fed a combination of whey and date waste (WH+DW). Growth performance was compared using one-way ANOVA. The DW group, which received date waste, achieved the highest live weight (2,626 g/bird) and average daily gain (58.5 g/bird) by day 45, with highly significant differences (p < 0.001). Significant differences in feed intake were observed between groups, with the WH+DW group consuming the least (4,116 g per bird), followed by the DW group (4,299 g) and the WH group (4,301 g). The WH+DW and DW groups had the best feed conversion ratios (1.65 and 1.678, respectively) compared to the control group (1.76), making them more cost-effective. Combining both by-products (WH+DW) had the strongest overall effect on achieving growth targets while reducing feed intake. In terms of water-to-feed intake efficiency, the control and DW groups performed best (2.32), while the WH+DW group performed least efficiently (2.55). Growth performance and feed efficiency were both improved by the incorporation of date waste and whey powder, particularly when used together, more than the standard feed alone.
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			Introduction

			Broiler poultry farming plays a strategic role in ensuring global food security. In 2022, over 140 million tonnes of poultry meat were produced, accounting for 38.8% of global meat production and establishing poultry as the primary source of animal protein consumed worldwide (FAO, 2023). The broiler poultry sector has become an important part of Algeria’s food supply. On average, people consume more than 15 kg of poultry per year, accounting for nearly half of their dietary animal protein intake. The industry produces an average of 340,000 tonnes of white meat and 4.8 billion eggs each year. It consists of 20,000 farmers, who together employ around 500,000 people (Alloui and Bennoune, 2013). The global animal feed market is dominated by two raw materials that account for 60-70% of feed costs: corn (55-65% of the ration) and soybean meal (30-38%) (Dongare et al., 2017; Alloui et al., 2021; Beal et al., 2023). Algeria only meets 25 per cent of its own cereal requirements and relies on imports for the remaining 75 per cent. Consequently, the cost of these imports places a heavy burden on the state budget. In 1990, expenditure on cereals amounted to 824 million US dollars. This figure rose to 9.85 billion US dollars by 2011, 2.5 billion US dollars of which was spent on cereals such as maize and soya meal (Tebache, 2022; ONAB, 2022). This dependence exposes the sector to two major challenges: Reliance on foreign currency and high production costs (70%). In light of this vulnerability, utilising local by-products has become a national priority. Studies have demonstrated that maintaining acceptable levels of animal performance is possible by adjusting feed formulations, particularly with regard to amino acids and enzymes, thereby reducing the pressure on corn and soybean supplies (Acar et al., 2024; Javed et al., 2025; Szuba-Trznadel et al., 2025). Significant potential substitutes include date waste by-products and whey. Algeria produces 1.2 million tonnes of dates each year, generating 20-25% waste in the form of sorting residues and pits. The Algerian dairy industry processes 3.5 billion litres of milk each year, producing 2.8 billion litres of whey in the process. This whey can be used in various sectors, particularly for animal feed.This by-product, which is often discarded, is rich in lactose and soluble proteins. When used in liquid, dehydrated, or fermented form, whey can help to improve gut flora and feed conversion ratios (Khempaka et al., 2009). Although some studies have examined the effects of these by-products individually, such as the study by Bara et al. (2021), which recorded increases in live weight of 162 g (20%), 82 g (30%) and 31 g (40%) after 48 days in all experimental groups where maize was replaced with date by-products at various levels. Furthermore, Raza et al. (2023) investigated the impact of varying levels of date by-product meal in broiler chicken feed. They discovered that chicks fed a diet comprising 9% dried dates exhibited a notably higher increase in live weight (p < 0.05) than the control group, little research has focused on their combined use in broiler chicken feed. This study is innovative in its integrated approach to evaluating the synergistic effects of these two by-products. It tests the hypothesis that dates, rich in vitamins A and B as well as minerals such as potassium, calcium, and iodine (Seidavi et al., 2018), could complement the mineral content of whey. Furthermore, the study determines the extent to which these by-products can replace corn and soybean meal in broiler chicken feed without compromising performance (growth and feed conversion ratio) or the economic profitability of poultry farming in Algeria.

			Materials and Methods

			Animals, diet and experimental protocol

			The experiment took place in the Mesabhia region, in the Bir-Bouhouche municipality, which is located in the Souk-Ahras wilaya (Figure 1). It was conducted in a 45 m² closed poultry equipped with static ventilation. The initial flock consisted of 377 one-day-old Hubbard Efficiency chicks, both male and female, weighing an average of 52 g each. After removing the nine chicks that had died during transport, the remaining 368 were randomly divided into four groups of 92 chicks each. To maintain an optimal temperature, each starter pen covered an area of 4 m². These were then gradually expanded each week by moving the partitions between the lots, reaching an area of approximately 10 m² per lot during the finishing phase. The bedding was made of a blend of chopped wheat straw and wood shavings that was 10 cm deep. During the cool season, it was changed as needed, especially in the vicinity of the waterers. During the first week, the ambient temperature was maintained at 32 °C, then reduced by 2 °C each week until reaching 22 °C at the 45 days mark. Lighting was provided for 24 hours a day during the first three days. From the fourth to the seventh day, we provided 23 hours of light, and from the seventh day onwards, we provided 18 hours of light. Access to water and feed was unrestricted. The chicks were vaccinated against Newcastle disease, Gumboro disease and infectious bronchitis, according to the programme below:

			[image: ]

			Figure 1: The location of the experimental site in the wilaya wilaya of Souk-Ahras.

			From the first day of life at the hatchery, a vaccine against infectious bronchitis is administered via eye drops using the Massachusetts strain (H120) to establish an initial immune barrier in the upper respiratory tract. A few days later, on day six, the primary Newcastle disease vaccination is carried out using a mild lentogenic strain of the Hitchner B1 type, administered by beak dipping. On day twelve, a vaccination against infectious bursal disease (Gumboro disease) is administered using an intermediate strain. A second Gumboro vaccination is given on the twenty-first day. At the same time, a booster dose against Newcastle disease is administered using a more immunogenic La Sota-type strain via the drinking water. Finally, a second vaccination against infectious bronchitis is given on day 21 to broaden the scope of protection.

			The Deglet Nour date waste used in the experiment was sourced from palm groves in the Tolga region of the Biskra wilaya, in north-eastern Algeria. After sun-drying, the waste was ground using a hammer mill fitted with a 1 mm screen. A solution of water and 100 g of ground DW is prepared daily to prevent fermentation. The chemical composition of the Deglet Nour date waste is presented in Table 1.

			Table 1: Chemical composition of date waste (% per kg of dry matter) (Baa et al., 2025).

			
				
					
					
				
				
					
							
							Composition

						
							
							% 

						
					

					
							
							Dry matter

						
							
							94.7

						
					

					
							
							Crude protein

						
							
							3.69

						
					

					
							
							Fat

						
							
							0.89

						
					

					
							
							Minerals

						
							
							1.61

						
					

					
							
							Starch

						
							
							10.2

						
					

					
							
							Total sugar

						
							
							59

						
					

					
							
							Fiber

						
							
							19.2

						
					

					
							
							Feed Unit for Milk (FUM)

						
							
							1.05

						
					

					
							
							Feed Unit for Meat (FUMe)

						
							
							0.97

						
					

				
			

			Table 2: Chemical composition of whey powder (Kerry Group, 2021).

			
				
					
					
				
				
					
							
							Composition

						
							
							Content

						
					

					
							
							Fat (g/100 g)

						
							
							1.0

						
					

					
							
							Saturated fatty acids (g/100 g)

						
							
							0.7

						
					

					
							
							Total carbohydrates (g/100 g)

						
							
							76.5

						
					

					
							
							Protein (g/100 g)

						
							
							11.5

						
					

					
							
							Salt (NaCl) (g/100 g)

						
							
							2.5

						
					

					
							
							Sodium (mg/100 g)

						
							
							1 000.0

						
					

					
							
							Ash (g/100 g)

						
							
							8.0

						
					

					
							
							Energy (kcal /100 g)

						
							
							355.0

						
					

				
			

			Although Algeria has been producing whey powder on a large scale since 2015, this sector is still in its infancy. Some industrial dairies and cheese factories have installed spray dryers to process whey produced during the manufacture of pressed cheeses. Some agri-food companies collect liquid whey from cooperatives, dry it, and then sell it to animal feed manufacturers. However, total production capacity remains insufficient to meet market demand, meaning we have had to use imported whey powder from the Kerry Group for our study. The chemical composition of sweet whey powder is shown in Table 2.

			As part of this experiment, four feed formulas were developed using the WUFFDA software programme. This software uses Excel’s Solver function to solve feed formulation problems. Linear programming is employed to determine the most cost-effective solution. The diets were adapted according to the age of the animals.

			The control group received a standard concentrate containing 51%, 55% and 60% maize for the starter, growth and finishing phases, respectively.

			
					The WH experimental group received a standard concentrate containing 5 per cent whey per kg, replacing 3 per cent maize, 1 per cent soya meal and 1 per cent wheat bran.

					The DW experimental group received a standard concentrate and drinking water in which 100 g/l of crushed date waste had been soaked.

					The WH+DW experimental group received a standard concentrate containing 5 per cent whey per kg of feed, as well as drinking water enriched with date waste.

			

			The chemical composition and feed formulations are presented in Table 3.

			The animals were weighed individually using an electronic scale with an accuracy of 5 g. This was done during the start-up and growth phases every ten days and again on the 45th day, at the end of the finishing phase. The amount of feed and water consumed by each group was measured daily. Food wastage is minimised by placing trays beneath the feeders to collect, weigh and deduct any food that falls. Water wastage is minimised through regular checks of the water troughs and inspection of the litter beneath them. The general condition of the chicks, as well as any abnormal clinical signs such as diarrhea, respiratory problems or locomotor disorders, was checked every day, as were any deaths.

			Statistical analysis

			Data on animal production performance (live weight, average daily gain, feed conversion ratio, and mortality rate) were entered into and analysed using SPSS version 26.0. First, a descriptive statistical analysis was conducted for each tested diet, including calculating means and standard deviations, to characterise the general trend in performance for the four types of feed formulated from local raw materials. To compare the effect of the feed type factor on growth parameters, a one-way analysis of variance (ANOVA, Type I) was performed. The Welch test was used to check for homogeneity. When the effect of the diet was significant at the 5% level (p < 0.05), means were compared using the Student-Newman-Keuls post-hoc test. The SNK test was then used to perform pairwise multiple comparisons of means and rank the four diets according to their effectiveness. This made it possible to evaluate the variation between the different local feed sources. The threshold for statistical significance was set at p < 0.05.

			Table 3: Formulas (kg per 100 kg of feed) for starter feed (days 1-10), grower feed (days 11-40), and finisher feed (days 41-45).

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Type of feed

						
							
							Starter 

						
							
							Grower 

						
							
							Finisher 

						
					

					
							
							Groups 

						
							
							Control

						
							
							WH

						
							
							WD

						
							
							WH+ DW

						
							
							Control

						
							
							WH

						
							
							WD

						
							
							WH+ DW

						
							
							Control

						
							
							WH

						
							
							DW

						
							
							WH+ DW

						
					

					
							
							Ingredients

						
					

					
							
							Corn 

						
							
							51

						
							
							48

						
							
							51

						
							
							48

						
							
							55

						
							
							53

						
							
							55

						
							
							53

						
							
							60

						
							
							58

						
							
							60

						
							
							58

						
					

					
							
							Soybean meal

						
							
							34

						
							
							33

						
							
							34

						
							
							33

						
							
							30

						
							
							28

						
							
							30

						
							
							28

						
							
							25

						
							
							23

						
							
							25

						
							
							23

						
					

					
							
							Wheat bran

						
							
							5

						
							
							4

						
							
							5

						
							
							4

						
							
							7

						
							
							6

						
							
							7

						
							
							6

						
							
							8

						
							
							7

						
							
							8

						
							
							7

						
					

					
							
							Vegetable oil

						
							
							2

						
							
							2

						
							
							2

						
							
							2

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
					

					
							
							Whey 

						
							
							0

						
							
							5

						
							
							0

						
							
							5

						
							
							0

						
							
							5

						
							
							0

						
							
							5

						
							
							0

						
							
							5

						
							
							0

						
							
							5

						
					

					
							
							Calcium carbonate 

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							0.8

						
							
							0.8

						
							
							0.8

						
							
							0.8

						
							
							0.7

						
							
							0.7

						
							
							0.7

						
							
							0.7

						
					

					
							
							Dicalcium phosphate 

						
							
							1.5

						
							
							1.5

						
							
							1.5

						
							
							1.5

						
							
							1.2

						
							
							1.2

						
							
							1.2

						
							
							1.2

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
					

					
							
							MVS

						
							
							5

						
							
							5

						
							
							5

						
							
							5

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
							
							3

						
							
							3

						
							
							3

						
							
							3

						
					

					
							
							L-Lysine

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.18

						
							
							0.18

						
							
							0.18

						
							
							0.18

						
					

					
							
							DL-Methionine

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.12

						
							
							0.12

						
							
							0.12

						
							
							0.12

						
					

					
							
							DW* (g/liter of water)

						
							
							0

						
							
							0

						
							
							100

						
							
							100

						
							
							0

						
							
							0

						
							
							100

						
							
							100

						
							
							0

						
							
							0

						
							
							100

						
							
							100

						
					

					
							
							Nutrients content as a percentage (%) of dry matter

						
					

					
							
							ME Kcal/kg

						
							
							2 806.7

						
							
							2 831.9

						
							
							2 806.7

						
							
							2 831.9

						
							
							2 945.5

						
							
							2 981.9

						
							
							2 945.5

						
							
							2 981.9

						
							
							2 993.5

						
							
							3 029.9

						
							
							2 993.5

						
							
							3 029.9

						
					

					
							
							Crude protein 

						
							
							20.8

						
							
							20.6

						
							
							20.8

						
							
							20.6

						
							
							19.6

						
							
							18.9

						
							
							19.6

						
							
							18.9

						
							
							17.8

						
							
							17.2

						
							
							17.8

						
							
							17.2

						
					

					
							
							Fat 

						
							
							4.73

						
							
							4.61

						
							
							4.73

						
							
							4.61

						
							
							5.90

						
							
							5.81

						
							
							5.90

						
							
							5.81

						
							
							6.06

						
							
							5.97

						
							
							6.06

						
							
							5.97

						
					

					
							
							MM

						
							
							6.60

						
							
							6.80

						
							
							6.60

						
							
							6.80

						
							
							5.79

						
							
							5.94

						
							
							5.79

						
							
							5.94

						
							
							5.06

						
							
							5.21

						
							
							5.06

						
							
							5.21

						
					

					
							
							Crude fiber 

						
							
							4.20

						
							
							3.96

						
							
							4.20

						
							
							3.96

						
							
							4.17

						
							
							3.88

						
							
							4.17

						
							
							3.88

						
							
							3.98

						
							
							3.69

						
							
							3.98

						
							
							3.69

						
					

					
							
							Lysine 

						
							
							1.35

						
							
							1.36

						
							
							1.35

						
							
							1.36

						
							
							1.22

						
							
							1.19

						
							
							1.22

						
							
							1.19

						
							
							1.07

						
							
							1.05

						
							
							1.07

						
							
							1.05

						
					

					
							
							Methionine

						
							
							0.60

						
							
							0.59

						
							
							0.60

						
							
							0.59

						
							
							0.48

						
							
							0.47

						
							
							0.48

						
							
							0.47

						
							
							0.42

						
							
							0.41

						
							
							0.42

						
							
							0.41

						
					

					
							
							Calcium

						
							
							1.33

						
							
							1.37

						
							
							1.33

						
							
							1.37

						
							
							1.08

						
							
							1.11

						
							
							1.08

						
							
							1.11

						
							
							0.89

						
							
							0.92

						
							
							0.89

						
							
							0.92

						
					

					
							
							Phosphorus

						
							
							1.00

						
							
							1.01

						
							
							1.00

						
							
							1.01

						
							
							0.90

						
							
							0.90

						
							
							0.90

						
							
							0.90

						
							
							0.79

						
							
							0.80

						
							
							0.79

						
							
							0.80

						
					

				
			

			DW, Date waste powder; MVS, Mineral and vitamin supplements; ME, Metabolizable energy; WD, waste date; WH+DW, whey/ date waste; WH, whey; MM, Mineral material; DM, dry matter.

			Results

			Mortality

			Just 2.38 per cent of the chicks died before the rearing process began. This may have been due to the stress they experienced while being transported. No nutritional or health problems were observed throughout the rearing period.

			Growth trends

			Throughout the entire rearing period, the DW group demonstrated the most consistent and highest growth performance, achieving the greatest live weight at almost every stage, except at 30 days, when the WH group had the highest weight (1,175.2 g). There was also an upward trend in its average daily gain (ADG) at each phase, and the group finished with the highest growth rate (58.5 g per day) at the end of the rearing period. 

			The WH+DW group exhibited a significant slowdown in growth between days 21 and 30 (average daily gain (ADG) of 50.27 g/d vs. 57.64 g/d in the control group; p < 0.001), achieving the lowest body weight on day 30 (1,080.4 g). This was followed by the highest ADG of all the groups between days 31 and 40 (87.24 g/day), which is consistent with compensatory growth. The final body weight on day 45 was not different to that of the control group. The WH group exhibited an initial advantage (days 11–30) that diminished during the growing-finishing phase. They had the lowest ADG (75.79 g/d) between days 31 and 40, and the lowest weight on days 40 and 45. At the end of the 45-day study, overall growth had progressed as follows: During the first ten days of the experiment, the DW (187.7 g) and WH+DW (186.9 g) groups experienced faster initial growth than the Control (182.7 g) and WH (181.4 g) groups. Similarly, the DW and WH+DW groups produced the highest average daily gains (p = 0.01): 13.6 g and 13.5 g, respectively, compared to 13.1 g for the Control group and 12.9 g for the WH treatment (Table 4). 

			During the growth period, the DW group remained in the lead after 20 days, with an average weight of 605.4 g. This was followed by the WH group (593.1 g) and the WH+DW group (577.6 g). The control group had the lowest weight of 564.3 g. The same trend was observed for the average daily gain (ADG). However, at 30 days, this trend reversed: the WH group had the highest weight (1 175.2 g) and had the best ADG (58.2 g/bird/day), while the WH+DW group had the lowest body weight and feed intake and the least favourable feed conversion ratio (FCR= 1.89) of all the groups in the trial over the 21–30 day period. This critical period may correspond to a transitional phase during which the gut microbiota adapt to the new combination of fermentable substrates provided by the whey and date by-products. It is thought that this adaptation may be linked to the period of post-vaccination stress generally observed in broiler chickens.

			However, this slowdown was transient: between days 31 and 40, WH+DW achieved the best FCR (1.73) and the highest ADG (87.24 g/d) of all groups, consistent with compensatory growth, possibly linked to a digestive adaptation that was not directly assessed in this study. This recovery could be linked to a digestive and microbial adaptation to the whey–date combination, possibly with a prebiotic-like effect, but this hypothesis would require confirmation through microbiota and digestibility measurements. This continued until day 45, by which time there was no significant difference (p= 0,546) in weight between the WH+DW group (2 551.6 g) and the control group (2 566.5 g). This confirms that the initial deficit observed on day 30 had been fully compensated for. While this is a key finding, the authors do not report the p-value for this comparison. This indicates that the initial deficit observed on day 30 had been fully compensated for (Table 4).

			At the end of the final phase (day 45), the DW group achieved the best results, reaching the highest final weight (2 626.5 g) (p < 0.001). The WH group, which performed well at 30 days, had the lowest weight (2 507.7 g) at 45 days.

			 

			The analysis of variance revealed that the factor under investigation had no effect on average live weight during the finishing phase (with a value below the conventional significance threshold of p = 0.054).

			The control group (119.99 ± 31.7 g/day) and the WH+DW group (119.74 ± 38.3 g/day) showed intermediate values that were not significantly different (p = 0.054) from each other or from the two preceding groups. 

			In terms of effect size, the growth phases (ADG2, ADG3 and ADG4; days 10–40) exhibited large to very large effects (η²= 0.174, 0.246 and 0.414, respectively), indicating that diet has a strong influence on growth during these stages. The starter phase (ADG1) showed a small but significant effect (η² = 0.043).

			The finisher phase (ADG5; 41–45 days) exhibited the smallest effect size (η² = 0.021). While the overall F-test was borderline significant (p = 0.054; η² = 0.021; small effect size), multiple pairwise comparisons (SNK and Tukey HSD; concordant results) revealed a significant difference between the WH and DW groups.

			Table 4: Weight progression and weight gain according to diet (Mean ± SD). 

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Group

						
							
							Control

						
							
							WH

						
							
							DW

						
							
							WH+DW

						
							
							SEM

						
							
							P

						
							
							η²

						
					

					
							
							Starter 

						
							
					

					
							
							Initial weight (g)

						
							
							52

						
							
							52

						
							
							52

						
							
							52

						
							
							
							
					

					
							
							Weight at 10 days (g)

						
							
							182.7 ± 13.4 a

						
							
							181.4 ± 7.54 a

						
							
							187.7 ± 14.1 b

						
							
							186.9 ± 14.2 b

						
							
							0.669

						
							
							0.001

						
							
							0.043

						
					

					
							
							ADG 1-10 (g/bird/day)

						
							
							13.1 ± 1.34 a

						
							
							12.9 ± 0.75 a

						
							
							13.6 ± 1.4 b

						
							
							13.5 ± 1.41 b

						
							
							0.066

						
							
							0.001

						
							
							0.043

						
					

					
							
							Grower 

						
							
					

					
							
							Weight at 20 j (g)

						
							
							564.3 ± 16.7 a

						
							
							593.1 ± 25.6 c

						
							
							605.4± 16.3 d

						
							
							577.6 ± 46.9 b

						
							
							1.72

						
							
							<0.001

						
							
							0.218

						
					

					
							
							ADG 11-20 (g/bird/day)

						
							
							38.1 ± 2.06 a

						
							
							41.2 ± 2.49 b

						
							
							41.7 ± 2.42 b

						
							
							39.1± 4.97 a

						
							
							0.184

						
							
							<0.001

						
							
							0.174

						
					

					
							
							Weight at 30 j (g)

						
							
							1 140.7 ± 60.9 b

						
							
							1 175.2 ± 27.6 c

						
							
							1 163.6 ± 47.6 c

						
							
							1 080.4 ± 28.4 a

						
							
							2.95

						
							
							<0.001

						
							
							0.424

						
					

					
							
							ADG 21-30 (g/bird/day) 

						
							
							57.6 ± 6.66 c

						
							
							58.2 ± 4.45 c

						
							
							55.8 ± 5.27 b

						
							
							50.2± 5.62 a

						
							
							0.332

						
							
							<0.001

						
							
							0.246

						
					

					
							
							Weight at 40 j (g)

						
							
							1 966.5 ± 78.5 bc

						
							
							1 933.2 ± 76.6 a

						
							
							1 981.2 ± 75.6 c

						
							
							1 952.8 ± 66.1 ab

						
							
							3.96

						
							
							<0.001

						
							
							0.054

						
					

					
							
							ADG 31-40

						
							
							82.6± 9.86 b

						
							
							75.8± 8.46 a

						
							
							81.7 ± 8.24 b

						
							
							87.2 ± 6.49 c

						
							
							0.482

						
							
							0.001

						
							
							0.0414

						
					

					
							
							ADG 11-40 (g/bird/day)

						
							
							59.5 ± 2.49 bc

						
							
							58.4 ± 2.51 a

						
							
							59.8 ± 2.82 c

						
							
							58.9 ± 2.53 ab

						
							
							0.137

						
							
							0.001

						
							
							0.197

						
					

					
							
							Finisher 

						
							
					

					
							
							Weight at 45 j (g)

						
							
							2 566.5 ± 174.2b

						
							
							2 507.7 ± 135.5 a

						
							
							2 626.5 ± 181.5 c

						
							
							2 551.6 ± 174.5 ab

						
							
							8.96

						
							
							<0.001

						
							
							0.061

						
					

					
							
							ADG 41-45 (g/bird/day)

						
							
							119.99 ± 31.7 

						
							
							114.9 ± 27.3 

						
							
							129.06± 42.1 

						
							
							119.74 ± 38.3

						
							
							1.85

						
							
							0.054

						
							
							0.021

						
					

					
							
							ADG 1-45 (g/bird/day) 

						
							
							57.1 ± 3.95 b

						
							
							55.8 ± 3.07 a

						
							
							58.5 ± 4.12 c

						
							
							56.8 ± 3.96 ab

						
							
							0.203

						
							
							<0.001

						
							
							0.061

						
					

				
			

			ADG, average daily gain; SEM, standard error of the mean; WH+DW, Whey/ date waste; WH, whey; DW, date waste. The présence of diferent letters on the same line indicates a significant difference between the treatment groups at p < 0,05. eta-squared: η²= Intergroup sum of squares/ Total sum of squares. Interpretation grid of η² (Cohen, 1988): ≈ 0.01 = small effect; ≈ 0.06 = medium effect; ≥ 0.14 = large effect.

			The total ADG (ADG 1-45) reflects a moderate effect size (η² = 0.061), resulting from the combination of the previous phases (Table 4).

			The smaller treatment effect observed during the finishing phase compared to the growing phase may reflect a convergence in performance towards the end of the rearing period. This is because the transient differences recorded earlier, notably the slowdown of the WH+DW group between days 21 and 30, were progressively attenuated. The high individual variability of ADG between days 41 and 45 likely contributed to this attenuation as well. The control and WH+DW groups occupied intermediate positions, not differing from either extreme (WH and DW). This reduces the between-group variance explained by the treatment but does not remove the difference between the two extreme groups. 

			The improvement in ADG observed in the DW group could be explained by the energy provided by the simple sugars contained in the date waste, as well as its mineral and antioxidant content, which are likely to improve health and digestive efficiency during the finishing phase. Total ADG (ADGT) reflects an average effect (η²= 0.061) resulting from the combination of preceding phases.

			Feed intake and feed conversion ratio

			Although the WH+DW group had the lowest feed intake across all rearing phases, this did not result in impaired growth. The final weight of this group (2 551.6 ± 174.5 g) was not significantly different to that of the control group. The overall feed conversion ratio (1.65 ± 0.119) was the most favourable in the trial and was statistically equivalent to that of the DW group. This combination of low feed intake and good feed conversion efficiency suggests that the reduction in feed intake observed in this group is more likely to be the result of compensatory energy regulation linked to the additional calorie intake provided by the drinking water enriched with sugars from dates and lactose from whey. This is in contrast to a reduction in appetite or food rejection, which would have resulted in a deterioration in the feed conversion ratio. The improvement in feed conversion ratio in the WH+DW group over the whole rearing period (1.65 vs 1.76 in the control), and particularly between days 31 and 40 (1.73 vs 1.99), followed a period of reduced efficiency between days 21 and 30 (1.89), consistent with a phase of digestive adaptation followed by compensatory growth. However, the DW group alone showed a comparable cumulative FCR (1.678), whereas WH did not differ from the control (1.75). These results suggest that the improved feed efficiency is mainly attributable to dates rather than to a synergistic effect of the combination, which cannot be claimed without testing the whey × dates interaction. Possible mechanisms (changes in caecal microbiota, lactose fermentation, effects of date fibre and polyphenols on digestibility) remain hypotheses requiring digestibility, caecal pH and volatile fatty acid measurements. A significant hierarchy in cumulative feed consumption emerged (p < 0.001): Control (4 412.78 g) > WH (4 301.46 g) > DW (4 299.81 g) > WH+DW (4 116.51 g). The DW and WH+DW groups were the most efficient at converting feed into body weight (Table 5).

			However, the whey (WH) treatment resulted in a low feed conversion ratio (FCR) of 1.6 during the finishing phase, with no significant difference. At the end of the rearing cycle, the FCR was statistically similar to that of the control treatment (1.76), at 1.75. This suggests that an overall efficiency improvement is not significantly greater with a whey-containing diet than with a maize-containing diet.

			The diet clearly influences the feed conversion ratio throughout the cycle (days 1–40), with the strongest effect observed between days 11 and 40 (η² = 0.300). However, this effect disappears completely towards the end of the rearing period (days 41–45), when the four groups converge towards a comparable feed conversion ratio. This is consistent with the diet’s effect already being attenuated for average daily gain (ADG) during the finishing phase.

			Water consumption

			Water consumption has followed three main trends. First, it increases with age, in parallel with body weight and food consumption. It also depends on the watering system and how well it is maintained. Finally, it varies according to diet and treatment. As the subjects age, the volume of water ingested increases steadily and significantly. For example, in the Control group, consumption increased from 759.92 ml during the starter phase (days 1-10) to 3 425.8 ml by the end of the growth phase (days 31–40). Although the total volume increases, the ratio of water consumed to food intake (FI) decreases overall, indicating more efficient water use in relation to solid food intake. This trend can be broken down into three phases : During the starter phase (days 1-10), efficiency is at its lowest, with high ratios (between 2.91 and 3.78), as a large amount of water is consumed relative to the small amount of food ingested. During the growth phase (days 11-40), efficiency improves steadily, with the water/feed ratio gradually decreasing (for example, from 2.53 to 2.11 for the Control group) (Table 6). This trend then reverses slightly or stabilises during the final five days of the cycle, with a slight increase in the ratio (returning to 2.27 for the control group).

			Table 5: Changes in feed intake and conversion index according to diet (Mean ± SD).

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Group 

						
							
							Control

						
							
							WH

						
							
							DW

						
							
							WH+DW

						
							
							SEM

						
							
							P

						
							
							η²

						
					

					
							
							Feed intake (g)

						
							
							
							
							
							
							
							
					

					
							
							Starter 

						
							
							
							
							
							
							
							
					

					
							
							01-10 days 

						
							
							246.46 c

						
							
							236.45 b

						
							
							247.50 d

						
							
							226.42 a

						
							
							0.447

						
							
							<0.001

						
							
					

					
							
							Grower 

						
							
							
							
							
							
							
							
					

					
							
							11-20 days

						
							
							607.14 b

						
							
							680.28 d

						
							
							638.32 c

						
							
							576.10 a

						
							
							2.02

						
							
							<0.001

						
							
					

					
							
							21-30 days

						
							
							1 043.65 d

						
							
							1 016.93 c

						
							
							985.02 b

						
							
							939.37 a

						
							
							2.03

						
							
							<0.001

						
							
					

					
							
							31-40 days

						
							
							1 620.87 d

						
							
							1 499.12 b

						
							
							1 541.36 c

						
							
							1 498.16 a

						
							
							2.59

						
							
							<0.001

						
							
					

					
							
							11-40 days

						
							
							3 271.66 d

						
							
							3 196.33 a

						
							
							3 164.71 b

						
							
							3 013.63 a

						
							
							4.91

						
							
							<0.001

						
							
					

					
							
							Finisher 

						
							
							
							
							
							
							
							
					

					
							
							41-45 days

						
							
							894.65 d

						
							
							868.67 a

						
							
							887.59 c

						
							
							876.46 b

						
							
							0.52

						
							
							<0.001

						
							
					

					
							
							01-45 days

						
							
							4 412.78 d

						
							
							4 301.46 c

						
							
							4 299.81b

						
							
							4 116.51 a

						
							
							5.56

						
							
							<0.001

						
							
					

					
							
							Consumption index 

						
					

					
							
							Starter 

						
							
							
							
							
							
							
							
					

					
							
							01-10 days

						
							
							1.91 ± 0.19 c

						
							
							1.83± 0.109 b

						
							
							1.84 ± 0.209 b

						
							
							1.69 ± 0.16 a

						
							
							0.009

						
							
							<0.001

						
							
							0.1616

						
					

					
							
							Grower 

						
							
							
							
							
							
							
							
					

					
							
							11-20 days

						
							
							1.59 ± 0.086 c

						
							
							1.66 ± 0.099 d

						
							
							1.53 ± 0.087 b

						
							
							1.49 ± 0.179 a

						
							
							0.007

						
							
							<0.001

						
							
							0.2119

						
					

					
							
							21-30 days

						
							
							1.84 ± 0.217 b

						
							
							1.76± 0.138 a

						
							
							1.78 ± 0.159 a

						
							
							1.89 ± 0.214 c

						
							
							0.01

						
							
							<0.001

						
							
							0.0750

						
					

					
							
							31-40 days

						
							
							1.99 ± 0.233 c

						
							
							2.0 ± 0.230 c

						
							
							1.90 ± 0.189 b

						
							
							1.73 ± 0.13 a

						
							
							0.011

						
							
							<0.001

						
							
							0.2372

						
					

					
							
							11-40 days

						
							
							1.83 c

						
							
							1.82 c

						
							
							1.76 b

						
							
							1.71 a

						
							
							0.004

						
							
							<0.001

						
							
							0.3001

						
					

					
							
							Finisher 

						
							
							
							
							
							
							
							
					

					
							
							41-45 days

						
							
							1.61 ± 0.48

						
							
							1.60 ± 0.4

						
							
							1.68 ± 1.18

						
							
							1.67 ± 0.72

						
							
							0.039

						
							
							0.846

						
							
							0.0022

						
					

					
							
							01-45 days

						
							
							1.76 ± 0.124 b

						
							
							1.75 ± 0.09 b

						
							
							1.678 ± 0.121 a

						
							
							1.65 ± 0.119 a

						
							
							0.006

						
							
							<0.001

						
							
							0.1443

						
					

				
			

			WH+DW, whey/ date waste; SEM, standard error of the mean; WH, whey; DW, Date waste. The présence of diferent letters on the same line indicates a significant difference between the treatment groups at p < 0,05. eta-squared: η² = Intergroup sum of squares/ Total sum of squares. Interpretation grid of η² (Cohen, 1988): ≈ 0.01 = small effect; ≈ 0.06 = medium effect; ≥ 0.14 = large effect.

			The physiological decrease in the water-to-feed ratio in broiler chickens as they age is a well-established phenomenon. This is due to the gradual maturation of thermoregulation, which reduces dependence on evaporative cooling, and to the maturation of the kidneys’ ability to concentrate urine, which reduces the volume of urine required to excrete nitrogenous waste. Changes in weight composition also play a role. During the finishing phase, the proportion of adipose tissue in body weight increases while body water content decreases (Caldas et al., 2019). As fat contains less water than the muscle and viscera formed during the starter phase, water requirement per unit of body weight tends to decline with age, which may contribute to the lower water intake relative to body weight in this phase.

			Unlike the WH+DW group, the DW-only group exhibited a water-to-feed ratio of 2.328. This was comparable to the control group’s ratio (2.326), despite the high content of simple sugars in the date waste. The absence of excessive water intake in this group can be explained by the type of sugars provided by the dates, mainly glucose and fructose. These sugars are absorbed by specific intestinal transporters, namely SGLT1 for glucose and galactose and GLUT5 for fructose (Garriga et al., 2004; Hussar et al., 2020), although fructose uptake is less efficient than glucose uptake in chicks. This limits their residual osmotic load. Lactose in whey is poorly digestible in chickens because of the very low lactase activity of the small intestine (Mozdziak et al., 2003); undigested lactose is fermented in the caeca by the microbiota, which may give it a prebiotic effect at low inclusion levels but increase excreta moisture at high levels (Tsiouris et al., 2020). It remains in the intestinal lumen for longer, exerting a prolonged osmotic effect and potentially being fermented by the caecal microbiota. This can account for the higher water intake and water-to-feed ratio observed in groups receiving whey (WH and WH+DW). These results suggest that the increase in the water-to-feed ratio in the WH+DW group is primarily due to the whey fraction in the mixture rather than the date waste.

			Table 6: Water intake (ml) and water/feed intake ratio according to diet.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Groups 

						
							
							Control 

						
							
							WH

						
							
							DW

						
							
							WH+DW

						
							
							SEM

						
							
							P

						
					

					
							
							Water intake

						
							
							
							
							
							
							
					

					
							
							Starter 

						
							
							
							
							
							
							
					

					
							
							01-10 days 

						
							
							759.92 b

						
							
							843.29 c

						
							
							720.29 a

						
							
							856.48 d

						
							
							2.97

						
							
							<0.001

						
					

					
							
							Grower 

						
							
							
							
							
							
							
					

					
							
							11-20 days

						
							
							1 540.62 a

						
							
							1 644.89 c

						
							
							1 590.62 b

						
							
							1 759.79d

						
							
							4.26

						
							
							<0.001

						
					

					
							
							21-30 days

						
							
							2 502.54 c

						
							
							2 492.86 b

						
							
							2 412.50 a

						
							
							2 553.41d

						
							
							2.64

						
							
							<0.001

						
					

					
							
							31-40 days

						
							
							3 425.80 d

						
							
							3 403.91 c

						
							
							3 307.42 a

						
							
							3 389.58 b

						
							
							2.32

						
							
							<0.001

						
					

					
							
							11-40 days

						
							
							7 468.97 b

						
							
							7 541.66 c

						
							
							7 310.54 a

						
							
							7 702.79 d

						
							
							7.38

						
							
							<0.001

						
					

					
							
							Finisher 

						
							
							
							
							
							
							
					

					
							
							41-45 days

						
							
							2 037.40 d

						
							
							2 000.18 c

						
							
							1 982.66 b

						
							
							1 981.71 a

						
							
							1.17

						
							
							<0.001

						
					

					
							
							01-45 days

						
							
							10 266.29 b

						
							
							10 385.14 c

						
							
							10 013.50 a

						
							
							10 540.98 d

						
							
							10.1

						
							
							<0.001

						
					

					
							
							Drinking efficiency index = Water/feed intake (ml/g)

						
					

					
							
							Starter 

						
							
							
							
							
							
							
					

					
							
							01-10 days

						
							
							3.083 b

						
							
							3.566 c

						
							
							2.91 a

						
							
							3.78 d

						
							
							0.018

						
							
							<0.001

						
					

					
							
							Grower 

						
							
							
							
							
							
							
					

					
							
							11-20 days

						
							
							2.53 c

						
							
							2.42 a

						
							
							2.491 b

						
							
							3.05 d

						
							
							0.013

						
							
							<0.001

						
					

					
							
							21-30 days

						
							
							2.38 a

						
							
							2.45 c

						
							
							2.45 b

						
							
							2.72 d

						
							
							0.006

						
							
							<0.001

						
					

					
							
							31-40 days

						
							
							2.11 a

						
							
							2.27 d

						
							
							2.15 b

						
							
							2.26 c

						
							
							0.003

						
							
							<0.001

						
					

					
							
							11-40 days

						
							
							2.27 a

						
							
							2.35 c

						
							
							2.31 b

						
							
							2.55 d

						
							
							0.005

						
							
							<0.001

						
					

					
							
							Finisher 

						
							
							
							
							
							
							
					

					
							
							41-45 days

						
							
							2.28 c

						
							
							2.30 d

						
							
							2.23 a

						
							
							2.26 b

						
							
							0.001

						
							
							<0.001

						
					

					
							
							01-45 days

						
							
							2.326 a

						
							
							2.41 c

						
							
							2.328 b

						
							
							2.56 d

						
							
							0.005

						
							
							<0.001

						
					

				
			

			WH+DW, whey/date waste; SEM, standard error of the mean; WH, whey; DW, date waste. The présence of diferent letters on the same line indicates a significant difference between the treatment groups at p < 0.05.

			The WH+DW group had the highest water intake (10,540.98 ml) and water-to-feed ratio (2.56) of all the groups in the trial, which were both higher than the values usually reported for broiler chickens under thermoneutral conditions (1.6–2.0). This increase could be attributed to the high osmotic load resulting from date by-products being soaked in the drinking water, which caused the chickens to drink more water to compensate. However, the absence of any adverse effects on final body weight, coupled with the most favourable feed conversion ratio in the trial for this group, suggests that this increase in water intake is a physiological adaptation mechanism rather than indicating a harmful osmotic imbalance.

			Discussion

			The steady growth of the DW Group’s chickens, which are fed dates soaked in their drinking water, demonstrates accelerated weight gain and a high yield.These results are broadly consistent with those of Kadhim et al. (2019), who reported significant improvements in the growth performance of broiler chickens that received date molasses and/or ascorbic acid, and with those of Goharrizi et al. (2020), who demonstrated significant improvements in weight gain over time in chickens that received date waste vinegar in their drinking water. However, there was no significant effect on the feed conversion ratio.

			While these studies reported the beneficial effects of processed date by-products (molasses and vinegar) on the growth performance of broiler chickens, it is important to emphasise that these forms differ fundamentally from the raw date waste used in the present study. Molasses, which is concentrated in simple sugars (50–60%), is mainly regarded as a source of rapid energy (Abdelgader et al., 2019), whereas vinegar, a fermentation product rich in acetic acid, is generally considered to act by acidifying the digestive tract and limiting the growth of pathogenic bacteria (Tasharofi et al., 2017; Goharrizi et al., 2020), although results in drinking water are not consistent across studies. Conversely, raw date waste retains the entire fibrous and polyphenolic matrix of the fruit, suggesting a mode of action oriented more towards prebiotic effects through colonic fermentation and antioxidant activity. Despite their potentially distinct mechanisms, the convergence of positive effects observed across these different forms of date valorisation nevertheless reinforces the overall relevance of date by-products as promising natural additives in poultry feed. However, direct comparative studies between raw and processed forms are needed to identify the most effective valorisation method.

			Although our study did not directly measure the composition of the gut microbiota or short-chain fatty acids, the improvement in growth performance and feed conversion ratio observed with date by-products is consistent with a potential prebiotic effect. The studies by Alhomsi and Kılıç Bayraktar (2025) and Bamigbade et al. (2022, 2024) collectively demonstrate that date by-products-specifically their polysaccharides- exert prebiotic effects by selectively stimulating beneficial gut bacteria and increasing the production of health-promoting metabolites, particularly short-chain fatty acids (SCFAs). In broiler chickens, the addition of degraded date stones reduced total bacterial populations and those of several pathogens (Alyileili et al., 2020), but these effects have yet to be confirmed for date waste added to drinking water. However, this mechanistic hypothesis would benefit from being confirmed through further microbiological and biochemical analyses (e.g. caecal bacterial count, short-chain fatty acid assay and intestinal histomorphology) in future studies.

			Adding date waste to the drinking water of broiler chickens is an effective way to optimise their feed intake. Al-Ramamneh and Alanzi (2022) found that adding 1% date syrup to the drinking water of broiler chickens during the first three weeks of life increased their feed intake. Increasing the amount of date syrup to 4% improves feed conversion efficiency, resulting in higher body weights at six weeks of age.

			The WH group demonstrated optimal growth performance during the starter and grower phases (days 20–30), but the poorest performance during the late grower and finisher phases (days 40–45). This reversal could be explained by a physiological decline in intestinal lactase activity in ageing chickens, leading to progressive lactose malabsorption from whey. This results in excessive intestinal fermentation and an adverse osmotic effect on digestion, limiting nutrient absorption at the end of the growth cycle. Interestingly, adding date waste (the WH+DW group) mitigated this negative effect. Animals in this group showed intermediate performance at 45 days, suggesting that the prebiotic and antioxidant compounds in dates may protect against or compensate for the negative effects of whey on digestive tolerance.

			Several studies have confirmed that the effect of whey on broiler chickens is both dose-dependent and non-linear, reaching a tipping point beyond a certain threshold. Tsiouris et al. (2020) demonstrated that supplementing the diet with 1% or 2% whey significantly increased body weight, whereas supplementing the diet with 5% whey significantly decreased it.

			The DW treatment also had the highest drinking efficiency index (Water/feed intake (ml/g)) (2.328), which explains why dates alone do not stimulate thirst as much as whey alone (WH : 2.41) or in whey in combination with date waste (WH+DW: 2.56). Aggrey et al. (2023) report that chickens consume approximately 1.6 to 2.0 times more water than feed. However, these values vary depending on several factors, such as the composition of the water and feed, according to Ebrahimi et al. (2024) and Raut et al. (2025). Higher water intake and a higher water-to-feed ratio are generally associated with excess salts in both the feed (Borges et al., 1998) and the water, as well as ambient heat. These factors may explain the lower water efficiency observed in the WH+DW group. Higher nitrogen intake leads to increased excretion of nitrogen in the form of uric acid, consequently raising water requirements (Alfonso-Avila et al., 2022; Hernández et al., 2012). This could explain the higher water-to-feed ratio observed in the WH+DW group. When combined with date waste, simple sugars such as glucose and fructose are rapidly absorbed, causing a spike in blood glucose levels that results in moderate thirst, while soluble fibers (pectins, β-glucans, arabinoxylans) significantly increase the viscosity of intestinal contents by retaining water and slowing transit, which induces a sensation of thirst (Vivares et al., 2025; Dorado-Montenegro et al., 2024).

			From an economic standpoint, the diet combining 5% whey powder and 100 g of date waste per liter offers the best growth performance. Feed intake is lowest (4 116 g) and the feed conversion ratio is optimal (1.65) throughout the entire rearing period. The whey/date waste combination was therefore advantageous after 45 days. Pineda-Quiroga et al. (2018) found that adding 60 g of dehydrated whey powder per kilogram of feed promoted growth and feed efficiency in broiler chickens from the earliest stages of their development. They also found that these dietary supplements improve the digestibility of calcium and phosphorus in the ileum, positively affecting intestinal health. These findings corroborate those of Tsiouris et al. (2019), who reported a beneficial effect of whey on growth at low doses (generally between 1% and 2%) but a decrease in its effectiveness at higher doses. The group that received both whey and date waste (WH+DW) had the best feed conversion ratio (1.65) and consumed the least amount of feed (4 116.51 g per bird). Meanwhile, the group that received only date waste achieved the highest live weight (2 626.5 g) and average daily weight gain (58.5 g per day). This feed efficiency may reflect a complementary relationship between the two by-products. Administering date waste in drinking water provides rapidly available sugars and fibre, which may exert a prebiotic effect. This is consistent with the effects of date-based sugar water on feed efficiency reported by Al-Ramamneh and Alanzi (2022). Whey powder provides easily digestible protein and may improve the ileal digestibility of calcium and modulate the caecal microbiota (Pineda-Quiroga et al., 2018). However, the WH+DW group had the least favourable water-to-feed ratio (2.55), reflecting the mineral content of the whey, and this represents a trade-off that should be considered.

			The results of this study confirm those of Ashour et al. (2019), Pineda-Quiroga et al. (2018), and Fallah (2016). These studies demonstrated that improving the feed conversion ratio in broiler chickens is possible by incorporating whey into their diets in a controlled manner. This dairy by-product is a source of nutrients, including lactose, minerals and protein (Tsiouris et al., 2020; Paraskeuas et al., 2023), and its inclusion at moderate levels has been associated with improved weight gain and feed conversion ratio in broiler chickens (Sugiharto et al., 2025), which could reduce feed costs and optimise the use of local agricultural resources. However, its use remains limited due to by its high lactose and mineral content (Tsiouris et al., 2020). Furthermore, Gulsen et al. (2002) demonstrated that adding 38.5 g/kg of whey powder as a lactose source to diets for the growth and finishing phases of broiler chickens increased body weight. Additionally, Shariatmadari and Forbes (2005) emphasised that the impact of whey depends heavily on its method of administration.

			Conclusion

			This study examined the impact of adding date waste and whey to the diet of broiler chickens on their growth performance. Our results showed that combining these two by-products in the WH+DW diet reduced total feed intake by approximately 4 116 g, achieving an optimal feed conversion ratio of 1.65 with a significance level of p ˂ 0.001. This diet is therefore the most effective and promising from an economic perspective. Furthermore, using dates alone in the DW treatment was effective, as evidenced by the highest final live weight (2 626 g) and average daily weight gain (58.5 g per bird per day) recorded, with a significance level of p ˂ 0.001. This study has demonstrated that combining these two by-products strategically yields very satisfactory results. The whey inclusion (WH+DW) rate was 5 per cent, contrasting with previous studies’ recommendations for whey alone, which suggested an inclusion threshold of 1–2 per cent. In light of these results, various alternative, local, and inexpensive food sources could be prioritised within the national economy by disseminating information and encouraging their production and/or recycling. This would promote the ‘livestock production’ sector and reduce import costs to some extent. Based on the findings of this study, we recommend further investigating the effectiveness of administering whey to monogastric animals in wet form or as a drink.
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Date Waste and Whey in Broiler Diets: Effects on Growth, Feed
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Abstract | This study examined the effect of using locally sourced by-products (date waste and whey powder) instead
of standard feed on the growth of broiler chickens over a 45-day period. Following the culling of nine chicks due to
transport-related mortality, 368 one-day-old Hubbard Efficiency chicks were split into four groups: a control group
fed standard feed only; a group fed a 5% whey supplement (WH); a group fed drinking water containing 100 g/L.
ground date waste (DW); and a group fed a combination of whey and date waste (WH+DW). Growth performance
was compared using one-way ANOVA. The DW group, which received date waste, achieved the highest live weight
(2,626 g/bird) and average daily gain (58.5 g/bird) by day 45, with highly significant differences (p < 0.001). Significant
differences in feed intake were observed between groups, with the WH+DW group consuming the least (4,116 g per
bird), followed by the DW group (4,299 g) and the WH group (4,301 g). The WH+DW and DW groups had the
best feed conversion ratios (1.65 and 1.678, respectively) compared to the control group (1.76), making them more
cost-effective. Combining both by-products (WH+DW) had the strongest overall effect on achieving growth targets
while reducing feed intake. In terms of water-to-feed intake efficiency, the control and DW groups performed best
(2.32), while the WH+DW group performed least efficiently (2.55). Growth performance and feed efficiency were
both improved by the incorporation of date waste and whey powder, particularly when used together, more than the
standard feed alone.
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INTRODUCTION consume more than 15 kg of poultry per year, accounting
for nearly half of their dietary animal protein intake. The

B roiler poultry farming plays a strategic role in ensuring industry produces an average of 340,000 tonnes of white
global food security. In 2022, over 140 million tonnes meat and 4.8 billion eggs each year. It consists of 20,000
of poultry meat were produced, accounting for 38.8% of farmers, who together employ around 500,000 people
global meat production and establishing poultry as the (Alloui and Bennoune, 2013). The global animal feed
primary source of animal protein consumed worldwide —market is dominated by two raw materials that account
(FAO, 2023). The broiler poultry sector has become an  for 60-70% of feed costs: corn (55-65% of the ration) and
important part of Algeria’s food supply. On average, people  soybean meal (30-38%) (Dongare ez al., 2017; Alloui et al.,
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