EFFECT OF DIETARY INCLUSION OF BLACK SOLDIER FLY (HERMETIA ILLUCENS) LARVAE MEAL ON NUTRIENT DIGESTIBILITY IN MEAT-TYPE DUCKS
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Highlights: 
1. Inclusion of Hermetia illucens larvae improved growth performance in ducks
2. Body weight increased by up to 23.7% compared to the control
3. Protein and fat digestibility showed the strongest improvement
4. Nutrient utilization was enhanced with increasing inclusion levels
5. The 6% inclusion level was identified as optimal

ABSTRACT
This study evaluated the effect of dietary inclusion of black soldier fly (Hermetia illucens) larvae on nutrient digestibility and growth performance in Medeo (Pekin-type) ducks. The experiment was conducted at Zhangir Khan West Kazakhstan Agrarian and Technical University. Four groups were formed: a control group and three experimental groups receiving diets with 2%, 3%, and 6% larvae inclusion. Body weight and average daily gain increased with higher inclusion levels. At 49 days, ducks in the 6% group showed the highest body weight, exceeding the control by 23.7% in males and 16.6% in females. A similar pattern was observed for average daily gain, which was higher than the control by 20.6% in males and 17.0% in females. Digestibility of major nutrients was also influenced by dietary treatment. In males, crude protein digestibility in the 6% group was 3.2% higher than in the control, while crude fat digestibility increased by 5.0%. In females, the corresponding increases were 4.0% for crude protein and 5.0% for crude fat. Changes in dry matter, crude fiber, and nitrogen-free extractives were less pronounced. The results indicate that the inclusion of Hermetia illucens larvae improves nutrient utilization and supports growth performance in ducks. Under the conditions of this study, the 6% inclusion level was the most effective.
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1. INTRODUCTION
Improving feed efficiency remains one of the key challenges in modern poultry production. Ensuring an adequate supply of high-quality protein while reducing reliance on conventional sources such as soybean meal and fish meal is of particular importance (Adeniji 2007; Dzepe et al. 2023; Nugmanova et al. 2024a; Sankara et al. 2023). Therefore, there is increasing interest in alternative feed ingredients that can provide high digestibility and nutritional value.
In recent years, black soldier fly (Hermetia illucens) larvae (BSFL) have been considered a promising protein source. This feed ingredient is characterized by high levels of protein and lipids, as well as a balanced amino acid profile (Barragan-Fonseca et al. 2017; Kawasaki et al. 2019; Salahuddin et al. 2024). Several studies have shown that the inclusion of Hermetia illucens larvae in poultry diets can improve nutrient digestibility and feed utilization efficiency (Chu et al. 2020; Do et al. 2020; Seyedalmoosavi et al. 2022; Traksele et al. 2021).
In addition to their nutritional value, the economic aspect of alternative feed ingredients is also important. Improved nutrient digestibility allows more efficient use of feed, which may reduce production costs per unit of output (Ipema et al. 2022; Novodworski et al. 2023). For this reason, insect-derived protein is considered not only a biologically sound option but also a potentially cost-effective solution, especially under conditions of increasing prices for conventional feed resources (Loponte et al. 2017; Nugmanova et al. 2024b).
Previous studies have shown that the effect of insect protein on performance depends on the level of dietary inclusion (Biasato et al. 2016; DiGiacomo 2023). Low inclusion levels may not produce a clear response, whereas higher levels can significantly improve nutrient utilization.
Despite the growing number of studies, most research has been conducted on chickens, while data on ducks remain limited. In particular, the effects of different inclusion levels of Hermetia illucens larvae on nutrient digestibility and body weight dynamics in meat-type ducks are not sufficiently studied.
Therefore, the aim of this study was to evaluate the effects of different inclusion levels of Hermetia illucens larvae in diets for meat-type ducks on nutrient digestibility and body weight dynamics, and to determine the most effective inclusion level.

2. MATERIALS AND METHODS
The animal experiments were reviewed and approved by the Local Ethics Committee on Bioethics of the NJSC “Zhangir Khan West Kazakhstan Agrarian and Technical University” (Ural’sk, Republic of Kazakhstan) on 01 November 2023. All procedures involving animals were conducted in strict accordance with the provisions of the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes and complied with generally accepted bioethical standards.
The study was carried out at the Zhangir Khan West Kazakhstan Agrarian Technical University. Medeo ducks (Pekin white) were selected for the experiment as a widely used meat-type breed. Birds were assigned to experimental groups according to the principle of analogs, considering age, sex, and initial body weight in order to ensure comparability.
Four groups were formed, including one control and three experimental treatments. Each group consisted of 100 birds, with equal numbers of males and females (Table 1). During the first week, the birds were reared in brooders. Afterward, they were transferred to a floor system with straw bedding. Environmental and management conditions were kept consistent across all groups. Temperature, lighting, ventilation, and stocking density followed standard poultry husbandry practices. Feed and water were available ad libitum.
Prior to the feeding trial, feed ingredients and black soldier fly larvae were analyzed in the university laboratory. The chemical composition of dried Hermetia illucens larvae was determined according to AOAC (2012) procedures. The analysis included dry matter, crude protein (Kjeldahl method), ether extract, crude fiber, and nitrogen-free extractives. These data were used for diet formulation, and the results are presented in Table 2.
Cereal ingredients such as corn, wheat, and barley were characterized by a high content of metabolizable energy and nitrogen-free extractives, which explains their role as the main energy sources in the diet. At the same time, their crude protein content remained relatively low.
Protein-rich feeds, including soybean meal and sunflower cake, contained higher levels of crude protein and essential amino acids, particularly lysine, confirming their importance as primary protein sources. However, their energy value was generally lower compared to cereal components.
Black soldier fly (Hermetia illucens) larvae showed the highest levels of crude protein (506.2 g/kg) and fat (91.4 g/kg), along with considerable amounts of lysine and sulfur-containing amino acids. This indicates their high biological value and their potential as a concentrated nutrient source.
Based on the observed differences in feed composition and the analytical results obtained, complete diets were formulated for two growth phases: from day 1 to 14 and from day 15 to 49, with varying inclusion levels of Hermetia illucens larvae (Table 3).
The control group received a basal diet without insect meal. In the experimental treatments, black soldier fly larvae (Hermetia illucens) were included at levels of 2%, 3%, and 6%, replacing part of the conventional protein source.
The selected inclusion levels were intended to cover a practical range of insect meal use in poultry diets. The 2% level represented minimal inclusion, while 3% reflected a moderate level. The 6% inclusion was chosen to evaluate the upper limit without compromising feed intake or nutrient balance. This approach allowed for the assessment of a possible dose-dependent response.
Body weight was recorded individually at the start of the experiment and subsequently at weekly intervals. Data for males and females were processed separately. Absolute and average daily weight gains were calculated based on these measurements.
Nutrient digestibility was evaluated at both the beginning and the end of the rearing period. In each group, 10 birds were selected, including 5 males and 5 females. Each bird was housed individually and treated as an independent replicate, resulting in five replicates per sex.
Before the collection period, birds were allowed an adaptation phase lasting 2-3 days. Feed intake and excreta were then recorded over three consecutive days. The collected samples were dried, ground, and prepared for analysis.
The chemical composition of feed and excreta samples was determined using AOAC (2012) methods. Digestibility coefficients were calculated as the proportion of nutrients retained relative to intake, expressed as a percentage.
Statistical analysis was performed using one-way analysis of variance (ANOVA) in SPSS software. Results are presented as mean ± standard error. Differences were considered statistically significant at p<0.05.

3. RESULTS
3.1. Dynamics of Live Body Weight of Young Geese in the Experimental Groups
Body weight increased steadily in all groups throughout the rearing period (Table 4).
In males, differences between treatments became noticeable from 14 days of age and became more pronounced toward the end of the experiment. By day 49, ducks fed 2% Hermetia illucens larvae reached 3311.96 g, which was 11.4% (340.00 g) higher than the control group (2971.96 g). At the 3% inclusion level, body weight increased to 3482.40 g, exceeding the control by 17.2% (510.44 g). The highest value was observed at 6%, where body weight reached 3675.42 g, corresponding to a 23.7% (703.46 g) increase over the control.
A similar pattern was observed in females. At 49 days of age, body weight in the 2% group was 3007.10 g, which was 5.9% (168.04 g) higher than in the control group (2839.06 g). In the 3% group, body weight reached 3141.90 g, representing an increase of 10.7% (302.84 g). The highest value was recorded at 6% inclusion, where body weight reached 3311.42 g, exceeding the control by 16.6% (472.36 g).
Absolute growth over the 0-49 day period followed the same trend. In males, the 2% group reached 3262.10 g, which was 11.7% (341.26 g) higher than the control (2920.84 g). In the 3% group, absolute growth was 3429.80 g, exceeding the control by 17.4% (508.96 g). At the 6% level, it reached 3624.02 g, which was 24.1% (703.18 g) higher than the control.
In females, absolute growth in the 2% group reached 2958.50 g, which was 6.1% (169.24 g) above the control (2789.26 g). In the 3% group, it increased to 3092.80 g, corresponding to a 10.9% (303.54 g) difference. The highest value was again observed at 6%, reaching 3262.42 g, which exceeded the control by 17.0% (473.16 g).
Overall, increasing the inclusion level of Hermetia illucens larvae in the diet was associated with a consistent improvement in body weight and growth performance in both sexes. The most pronounced effect was observed at the 6% inclusion level.

3.2. Average Daily Gain
Average daily gain followed a similar pattern to body weight, increasing with higher inclusion levels of Hermetia illucens larvae (Table 5).
In males, growth intensity was relatively uniform during the first week, with no clear differences between groups. From 7 to 14 days, variation between treatments became more noticeable, with the highest values recorded in the 6% group higher by 11.8% (6.72g) than in the control.
During the subsequent periods, differences in daily gain fluctuated rather than increased linearly. The highest gains were observed between 35 and 49 days, particularly in the 3% and 6% groups. At 42-49 days, daily gain in the 6% group reached 92.24 g, which exceeded the control group by 38.0% (25.40 g).
For the entire rearing period (0-49 days), average daily gain in males was 71.92 g in the 6% group (+20.6%; 12.31 g), compared to 59.61 g in the control.
In females, a similar pattern was observed, although the variation between periods was less pronounced. The highest growth rates were also recorded in the later stages of rearing. At 42-49 days, daily gain in the 6% group reached 79.17 g, compared to 60.33 g in the control group, corresponding to an increase of 31.2% (18.84 g).
These results indicate that differences in growth rate were most pronounced during the later stages of development, with higher inclusion levels contributing to increased growth intensity rather than uniform changes throughout the entire period.

3.3. Digestibility of Feed Nutrients by Ducklings in the Experimental Groups
The results on body weight dynamics indicate differences in growth rates depending on the inclusion level of Hermetia illucens larvae. To clarify the factors underlying these differences, a balance trial was conducted to evaluate feed utilization efficiency and the digestibility of major nutrients at different inclusion levels (Table 6).
Dry matter digestibility showed small but consistent differences. In males, values in the 3% group were higher than in the control by 2.7%, and by 3.4% at the 6% level. 
A clearer response was observed for crude protein. In males, digestibility in the 3% group exceeded the control by 4.1%, and by 3.2% at 6% (p < 0.05). In females, the increase was close to 4%, indicating improved protein utilization.
The strongest effect was recorded for crude fat. In males, digestibility at the 6% level was higher than the control by 5.0% (p < 0.05). In females, the increase also reached 5.0%, making this parameter the most responsive to dietary inclusion.
Changes in crude fiber digestibility were less consistent. In males, the 3% group exceeded the control by 4.3%, while in females the 6% group showed an increase of 4.0%.
Overall, the inclusion of Hermetia illucens larvae improved digestibility primarily for protein and fat, whereas changes in other nutrients were less pronounced.
Digestibility coefficients increased with age in all groups, indicating a gradual improvement in nutrient utilization as ducks developed (Table 7).
At 7-14 days of age, differences between treatments were already visible but remained moderate. In males, dry matter digestibility in the 6% group was higher than the control by 3.4%, and in females by 3.2%. For crude protein, the increase reached up to 4.1%, while for crude fat it was up to 5.0%, suggesting an early response to the dietary inclusion of Hermetia illucens larvae.
By 35-42 days, these differences became more pronounced. In males, dry matter digestibility in the 6% group exceeded the control by 4.8%, and in females by 6.3%. Crude protein digestibility increased by up to 4.2% in males and 3.7% in females. The strongest effect remained for crude fat, where digestibility in the 6% group was higher than the control by 6.4% in males and 6.2% in females (p<0.05).
Changes in crude fiber digestibility were less consistent, although a positive tendency was maintained. In the 6% group, values in males exceeded the control by 5.0%, and in females by 4.5%, with statistical significance observed only in some comparisons.
Digestibility of nitrogen-free extractives showed moderate increases. In the later period, values were higher than the control by up to 6.1% in males and 5.4% in females, although variability remained relatively high.
Overall, digestibility improved with age, and the inclusion of Hermetia illucens larvae had the strongest and most consistent effect on protein and fat utilization. The highest values were consistently observed at the 6% inclusion level.

4. DISCUSSION
The present results indicate that the inclusion of Hermetia illucens larvae in duck diets was associated with improved nutrient digestibility and growth performance. The most consistent response was observed at the 6% inclusion level, which may be considered optimal under the conditions of this study.
The improvement in protein and fat digestibility observed in this experiment may be related to the chemical composition of the larvae. Insect protein is known to be highly digestible and relatively well balanced in terms of amino acid profile, which can support more efficient nutrient utilization (Makkar et al. 2014). In addition, the lipid fraction of the larvae may contribute to a higher energy value of the diet (Schiavone et al. 2017).
In general, the findings are in line with previous studies reporting beneficial effects of Hermetia illucens on nutrient utilization and poultry performance. Bovera et al. (2018) and Cullere et al. (2016) reported changes in nutrient utilization when insect-derived ingredients were included in the diet. Similar tendencies were also described by Vilela et al. (2021) and Attivi et al. (2020), where improvements in the digestibility of certain feed components were observed.
At the same time, available evidence suggests that the response to Hermetia illucens larvae may depend on the inclusion level and diet composition (Bovera et al. 2018; Cutrignelli et al. 2018; Hakim et al. 2022).
In this experiment, increasing the inclusion level up to 6% did not result in any negative effect on digestibility. On the contrary, the highest values were observed at this level, particularly for protein and fat digestibility, indicating that ducks are able to utilize this ingredient efficiently within the tested range.
From a practical perspective, these findings support the use of Hermetia illucens larvae as an alternative protein source in duck feeding. The 6% inclusion level may be considered the most appropriate in terms of feed utilization efficiency and overall performance.
At the same time, several limitations should be noted. This study focuses on nutrient digestibility, while additional data on meat productivity, blood parameters, and economic efficiency were obtained but are not included in the present analysis and require separate statistical evaluation. In addition, the relatively small number of replicates in the balance trial (n=5) may have influenced the variability of some traits.
Overall, the results highlight the potential of Hermetia illucens larvae in duck nutrition and indicate the need for further research, particularly with respect to economic efficiency and product quality at the 6% inclusion level.

5. CONCLUSIONS
The inclusion of Hermetia illucens larvae in duck diets improved nutrient digestibility and growth performance. The most pronounced effect was observed at the 6% inclusion level, which can be considered optimal under the conditions of this study. These findings support the potential use of black soldier fly larvae as an alternative protein source in duck nutrition. Further research is needed to evaluate economic efficiency and product quality at this inclusion level.
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Table 1: Experimental design at NJSC “Zhangir Khan West Kazakhstan Agrarian-Technical University” 
	Age, days
	Experimental groups
	Total number, n
	Feeding scheme

	
1 - 49 days
	Control І 
	50/50
	Basal compound feed formulation

	
	Experimental ІІ
	50/50
	Basal compound feed formulation + BSFL meal 2 %

	
	Experimental ІІІ
	50/50
	Basal compound feed formulation +
BSFL meal 3 % 

	
	Experimental ІV
	
	Basal compound feed formulation +
BSFL meal 6 %



Table 2: Chemical composition of feed in the West Kazakhstan region
	                               Feed
	Types of feed

	
	Sudan grain
	Crushed Corn
	Millet
	Rye
	Sorghum
	Barley
	Crushed wheat
	Soy
	Cake
	Soy meal
	Wheat bran
	Sunflower meal

	The larva

	Exchange energy, MJ
	9,2
	10,1
	9,5
	9,7
	9,8
	10,9
	11,2
	11,5
	10,7
	11,6
	7,3
	10,8
	16,2

	Dry matter, g/kg
	850
	847,3
	846,2
	860,7
	848,7
	886,8
	837,5
	843,8
	908
	893,8
	839,7
	890
	904,8

	Crude protein, g/kg
	108
	96,5
	105,7
	109
	101,2
	150,8
	118,6
	218,6
	356,4
	387,6
	149,6
	361,5
	506,2

	Digestible protein,g/kg
	81,6
	65,4
	67
	72,6
	69,2
	107,8
	78,9
	138,3
	213,7
	231,7
	83,6
	208,4
	303,7

	Lysine, g
	3,6
	2,9
	2,1
	3,8
	2,6
	5
	3,1
	41,7
	12,6
	22,5
	3,4
	12,1
	31,23

	Methionine+cystine, g
	3,2
	2,6
	4,5
	3,3
	2,3
	2,3
	4,6
	7,6
	14,3
	11,3
	3,8
	9,8
	14,07

	Tryptophan, g
	1,1
	0,9
	1,6
	0,9
	0,6
	0,8
	1,2
	2,7
	4,7
	2,3
	0,6
	4,6
	7,9

	Crude fat, g/kg
	16,1
	33,6
	32
	17
	26,9
	25,4
	23,9
	36,8
	56,3
	24,4
	28,4
	32,3
	91,4

	Crude fiber, g
	37
	28,2
	37
	19,7
	29,8
	27,4
	17,6
	37,9
	98,2
	59,4
	79,1
	106,7
	94,54

	NES, g
	573
	663
	562
	664,4
	649
	870,4
	672
	0
	224,5
	308,4
	511
	201,3
	430,1

	Sugar, g
	15
	22
	13
	12
	39
	12,4
	18,6
	0
	56,4
	86,4
	33
	51,4
	0

	Calcium, g
	1,5
	0,4
	0,8
	0,6
	0,9
	0,8
	0,5
	3,9
	6,3
	1,9
	1,1
	2,7
	15,1

	Phosphorus, g
	3,4
	3,8
	5,3
	2,3
	3,2
	2,8
	3,2
	6,8
	15,1
	9,8
	9,8
	10,8
	6,5

	Magnesium, g
	1,2
	2,8
	0,8
	0,6
	0,8
	1,9
	1,6
	2,1
	3,7
	2,7
	3,3
	2,60
	0

	Potassium, g
	5,4
	4,2
	3,6
	4,3
	2,7
	4,7
	5
	19,7
	8,4
	16,9
	7,8
	5,6
	0

	Sulfur, g
	1,4
	1,1
	0,2
	0,2
	0,2
	0
	0,1
	0,1
	4,7
	2,5
	1,1
	1,9
	0

	Iron, mg
	31,8
	7,6
	33,7
	62,5
	45,1
	1,1
	43,9
	112
	118
	203,4
	131
	282,5
	23,7

	Copper, mg
	4,9
	6
	13,4
	6,2
	8,6
	7,5
	6,2
	13,1
	15,1
	14,1
	8,5
	21,5
	90

	Zinc, mg
	22,5
	24,2
	27,8
	18,9
	11,6
	28,7
	22,6
	26
	46,6
	37,4
	53
	37,4
	19,4

	Manganese, mg
	20,5
	10,7
	15,7
	29,6
	14,5
	36,8
	47,6
	18,6
	40,1
	31
	101,2
	16,8
	0,06

	Cobalt, mg
	0,07
	0,4
	0,01
	0,05
	0,1
	0,4
	0,3
	0,02
	0,14
	0,09
	0,3
	0,21
	0

	Carotene, mg
	1,3
	2,1
	1,2
	0,3
	0,9
	0
	2,4
	1,1
	2,4
	0,08
	1,7
	0
	0



Table 3: Feeding ration of ducks in the experimental groups
	Indicators, %
	Experimental groups 

	
	1-14 days
	15-49 days

	
	І 
	ІІ 
	ІІІ 
	IV
	І  
	ІІ 
	ІІІ 
	IV

	Sudan grass
	5
	5
	5
	5
	3
	3
	3
	3

	Corn
	16
	14
	12
	10
	9
	7
	5
	3

	Millet
	5
	5
	5
	5
	3
	3
	3
	3

	Rye
	3
	3
	3
	3
	3
	3
	3
	3

	Sorghum
	3
	3
	3
	3
	3
	3
	3
	3

	Barley
	10
	10
	10
	10
	7
	7
	7
	7

	Wheat
	25
	25
	25
	25
	41
	41
	41
	41

	Soybeans
	5
	5
	5
	5
	2
	2
	2
	2

	Oilcake
	4
	4
	4
	4
	8
	8
	8
	8

	Soybean meal
	12
	12
	12
	12
	13
	13
	13
	13

	Wheat bran
	5
	5
	5
	5
	3
	3
	3
	3

	Sunflower meal
	5
	5
	5
	5
	3
	3
	3
	3

	BSFL meal
	-
	2
	4
	6
	-
	2
	4
	6

	Seashell
	2
	2
	2
	2
	2
	2
	2
	2

	Per 100 g of compound feed contains, %:
	
	
	
	
	

	Metabolizable energy
	MJ
	1.03
	1.04
	1.06
	1.07
	1.05
	1.07
	1.08
	1.09

	
	kcal
	246.01
	248.40
	253.18
	255.57
	250.79
	255.57
	257.95
	260.34

	Dry matter, g
	84.20
	84.31
	84.43
	84,54
	84.15
	84.26
	84.38
	84.49

	Crude protein, g
	17.44
	18.26
	19.08
	19.90
	17.92
	18.74
	19.56
	20.38

	Digestible protein, g
	11.05
	11.53
	12.01
	12.48
	11.32
	11.80
	12.28
	12.75

	Lysine, g
	0.83
	0.88
	0.94
	1.00
	0.75
	0.80
	0.86
	0.92

	Methionine + cystine, g
	0.53
	0.56
	0.58
	0.60
	0.59
	0.61
	0.63
	0.65

	Tryptophan, g
	0.16
	0.17
	0.18
	0.20
	0.16
	0.18
	0.19
	0.21

	Crude fat, g
	2.77
	2.88
	3.00
	3.11
	2.76
	2.88
	2.99
	3.11

	Crude fiber, g
	3.91
	4.04
	4.17
	4.31
	3.73
	3.86
	3.99
	4.13

	NFE, g
	53.89
	53.42
	52.96
	52.49
	54.90
	54.43
	53.97
	53.50

	Sugar, g
	2.92
	2.87
	2.83
	2.79
	3.11
	3.07
	3.02
	2.98

	Calcium, g
	0.93
	0.96
	0.99
	1.02
	0.94
	0.96
	0.99
	1.02

	Phosphorus, g
	0.54
	0.55
	0.55
	0.56
	0.55
	0.56
	0.56
	0.57

	Magnesium, g
	0.29
	0.28
	0.27
	0.27
	0.28
	0.28
	0.27
	0.26

	Potassium, g
	0.71
	0.70
	0.69
	0,68
	0.69
	0.68
	0.67
	0.67

	Sulfur, g
	0.09
	0.09
	0.09
	0.09
	0.10
	0.10
	0.09
	0.09

	Iron, mg
	7.42
	7.45
	7.49
	7.52
	7.45
	7.48
	7.51
	7.54

	Copper, mg
	0.91
	1.08
	1.24
	1.41
	0.88
	1.05
	1.22
	1.38

	Zinc, mg
	2.80
	2.79
	2.78
	2.77
	2.77
	2.76
	2.75
	2.74

	Manganese, mg
	3.26
	3.24
	3.22
	3.19
	3.66
	3.64
	3.62
	3.60

	Cobalt, mg
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	Carotene, mg
	0.13
	0.13
	0.13
	0.12
	0.16
	0.15
	0.15
	0.14



Table 4: Dynamics of live body weight of ducks in the experimental groups, g (mean ± SE, n = 50)
	Age, days
	Experimental groups

	
	I
	II
	III
	IV

	Male

	
	± SE
	σ
	Cv
	±Sx
	σ
	Cv
	±SE
	σ
	Cv
	±SE
	σ
	Cv

	1
	51.12±0.27
	1.90
	3.72
	49.86±0.40
	2.83
	5.67
	52.6±0.51
	3.57
	6.80
	51.40±0.35
	2.46
	4.78

	7 
	201.40±0.82
	5.79
	2.88
	198.50±0.79
	5.57
	2.81
	201.5±1.09
	7.69
	3.82
	209.60±1.19
	8.39
	4.00

	14
	599.56±1.53
	10.80
	1.80
	536.20±2.09
	14.76
	2.75
	612.72±2.34
	16.56
	2.70
	654.82±3.42
	24.17
	3.69

	21
	1031.70±3.71
	26.27
	2.55
	1096.88±4.66
	32.97
	3.01
	1174.48±5.56
	39.29
	3.34
	1163.28±6.18
	43.67
	3.75

	28
	1458.48±5.41
	38.25
	2.62
	1653.56±6.80
	48.08
	2.91
	1740.84±7.32
	51.77
	2.97
	1709.64±9.21
	65.10
	3.81

	35
	1967.24±6.91
	48.84
	2.48
	2205.44±7.25
	51.24
	2.32
	2309.32±8.60
	60.81
	2.63
	2281.10±9.08
	64.18
	2.81

	42
	2504.10±8.57
	60.61
	2.42
	2763.02±8.81
	62.30
	2.25
	2890.94±10.40
	73.51
	2.54
	2909.72±11.47
	81.08
	2.79

	49
	2971.96±12.95
	91.59
	3.08
	3311.96±14.04
	99.26
	3.00
	3482.4±16.48
	116.56
	3.35
	3675.42±18.03
	127.50
	3.47

	Absolute  growth,
0-49 days
	2920.84±12.90
	91.20
	3.12
	3262.1±14.12
	99.86
	3.06
	3429.8±16.48
	116.51
	3.40
	3624.02±18.02
	127.44
	3.52

	Female

	
	± SE
	σ
	Cv
	± SE
	σ
	Cv
	± SE
	σ
	Cv
	±SE
	σ
	Cv

	1
	49.80±0.23
	1.60
	3.22
	48.6±0.37
	2.62
	5.39
	49.1±0.41
	2.89
	5.88
	49.00±0.25
	1.80
	3.66

	7 
	189.52±0.73
	5.20
	2.74
	193.46±0.85
	5.99
	3.10
	199.64±1.06
	7.49
	3.75
	204.68±1.80
	12.71
	6.21

	14
	487.60±1.44
	10.15
	2.08
	515.46±1.99
	14.10
	2.74
	578.9±2.02
	14.26
	2.46
	619.48±3.27
	23.09
	3.73

	21
	986.50±3.40
	24.05
	2.44
	982.26±3.68
	26.03
	2.65
	1004.76±4.64
	32.84
	3.27
	1126.34±5.12
	36.19
	3.21

	28
	1425.64±4.96
	35.04
	2.46
	1478.24±5.42
	38.35
	2.59
	1509.36±6.33
	44.79
	2.97
	1663.06±7.31
	51.69
	3.11

	35
	1884.12±6.02
	42.55
	2.26
	1978.88±6.34
	44.85
	2.27
	2031.02±7.22
	51.03
	2.51
	2211.52±8.23
	58.18
	2.63

	42
	2416.74±7.62
	53.85
	2.23
	2494.52±7.80
	55.16
	2.21
	2557.7±9.68
	68.42
	2.68
	2757.2±10.25
	72.51
	2.63

	49
	2839.06±12.43
	87.86
	3.09
	3007.1±13.17
	93.15
	3.10
	3141.9±14.61
	103.30
	3.29
	3311.42±16.52
	116.82
	3.53

	Absolute  growth,
0-49 days
	2789.26±12.47
	88.21
	3.16
	2958.50±13.16
	93.06
	3.15
	3092.80±14.57
	103.05
	3.33
	3262.42±16.48
	116.54
	3.57



Table 5: Average daily growth (±Sx, n=5)
	Period, days
	Experimental groups

	
	І
	ІІ
	ІІІ
	IV

	Male

	0-7
	21.47±0.11
	21.23±0.13
	21.27±0.19
	22.60±0.18

	7-14
	56.88±0.27
	48.24±0.31
	58.75±0.36
	63.60±0.53

	14-21
	61.73±0.60
	72.95±0.71
	73.11±0.81
	75.49±0.97

	21-28
	60.97±0.92
	79.53±1.14
	69.48±1.41
	75.19±1.67

	28-35
	72.68±1.44
	71.70±1.54
	82.64±1.60
	81.64±1.70

	35-42
	76.69±1.60
	75.37±1.62
	88.80±1.98
	92.66±2.09

	42-49
	66.84±2.05
	78.42±2.08
	81.64±2.84
	92.24±2.81

	0-49
	59.61±0.26
	63.92±0.29
	67.96±0.34
	71.92±0.37

	Female

	0-7
	19.96±0.12
	20.69±0.13
	21.51±0.14
	22.24±0.26

	7-14
	42.58±0.23
	46.00±0.32
	54.18±0.33
	59.26±0.54

	14-21
	71.27±0.51
	73.83±0.55
	67.98±0.69
	72.41±0.91

	21-28
	62.73±0.83
	70.85±0.93
	74.94±1.25
	76.67±1.14

	28-35
	65.50±1.08
	71.52±1.15
	71.67±1.52
	81.21±1.72

	35-42
	76.09±1.52
	73.66±1.37
	72.38±1.65
	75.10±1.91

	42-49
	60.33±1.83
	73.23±2.07
	79.17±2.59
	79.17±2.88

	0-49
	56.92±0.25
	61.40±0.27
	63.12±0.30
	66.58±0.34



[bookmark: _Hlk221271792]Table 6: Balance experiment in ducklings of the experimental groups, (mean ± SE, n=5)
	Indicators
	Indicators / Experimental groups

	
	Dry matter
	Crude protein
	Crude fat
	Crude fiber
	NFE

	
	♂
	♀
	♂
	♀
	♂
	♀
	♂
	♀
	♂
	♀

	І  Control

	Intake with feed, g
	63.15±0.25
	58.94±0.41
	13.08±0.16
	12.21±0.22
	2.08±0.06
	1.94±0.04
	2.93±0.01
	2.74±0.004
	40.42±1.74
	37.72±1.61

	Excreted with droppings, g
	25.64±0.23
	24.34±0.17
	3.65±0.01
	3.64±0.09
	0.50±0.01
	0.48±0.01
	2.34±0.01
	2.22±0.01
	7.68±0.77
	7.43±1.15

	Digested, g
	37.51±0.35
	34.60±0.53
	9.43±0.16
	8.57±0.16
	1.58±0.05
	1.46±0.04
	0.59±0.01
	0.52±0.01
	32.74±1.55
	30.29±1.75

	Digestibility coefficient, %
	59.4±0.41
	58.7±0.52
	72.1±0.33
	70.2±0.50
	76.1±0.48
	75.4±0.55
	20.2±0.15
	19.1±0.25
	81.0±3.92
	80.3±4.02

	ІІ Experimental

	Intake with feed, g
	63.23±0.49
	59.02±0.27
	13.70±0.16
	12.78±0.24
	2.16±0.02
	2.02±0.07
	3.03±0.01
	2.83±0.01
	40.07±0.21
	37.39±0.19

	Excreted with droppings, g
	25.17±0.34
	23.73±0.21
	3.52±0.02
	3.44±0.09
	0.49±0.01
	0.47±0.01
	2.39±0.01
	2.25±0.002
	6.69±1.57
	6.84±1.39

	Digested, g
	38.06±0.43
	35.29±0.32
	10.18±0.18
	9.34±0.20
	1.67±0.02
	1.55±0.06
	0.64±0.01
	0.58±0.009
	33.38±1.65
	30.55±1.41

	Digestibility coefficient, %
	60.2±0.47
	59.8±0.38
	74.3±0.43
	73.1±0.59
	77.2±0.55
	76.6±0.72
	21.2±0.18
	20.4±0.24
	83.3±3.95
	81.7±3.71

	ІІІ Experimental

	Intake with feed, g
	63.32±0.21
	59.10±0.20
	14.31±0.23
	13.36±0.11
	2.25±0.06
	2.10±0.03
	3.13±0.003
	2.92±0.01
	39.72±0.50
	37.07±1.03

	Excreted with droppings, g
	24.00±0.22
	22.69±0.33
	3.41±0.09
	3.43±0.08
	0.47±0.02
	0.45±0.02
	2.36±0.004
	2.27±0.01
	6.39±1.19
	6.52±1.10

	Digested, g
	39.32±0.39
	36.41±0.46
	10.90±0.17
	9.93±0.13
	1.78±0.05
	1.65±0.04
	0.77±0.01
	0.65±0.01
	33.33±1.27
	30.55±1.38

	Digestibility coefficient, %
	62.1±0.44
	61.6±0.63
	76.2±0.41
	74.3±0.60
	79.0±0.85
	78.8±0.78
	24.5±0.17
	22.1±0.21
	83.9±2.98
	82.4±3.03

	ІV Experimental

	Intake with feed, g
	40.91±0.54
	59.18±0.75
	14.93±0.17
	13.93±0.25
	2.33±0.05
	2.18±0.08
	3.23±0.003
	3.02±0.003
	39.37±0.19
	36.74±0.26

	Excreted with droppings, g
	15.22±0.07
	22.55±0.15
	3.69±0.06
	3.59±0.07
	0.44±0.003
	0.43±0.02
	2.47±0.01
	2.32±0.01
	6.22±0.85
	6.39±0.56

	Digested, g
	25.69±0.55
	36.63±0.69
	11.240.15
	10.34±0.21
	1.89±0.05
	1.75±0.08
	0.76±0.01
	0.70±0.01
	33.15±0.78
	30.35±0.66

	Digestibility coefficient, %
	62.8±0.55
	61.9±0.42
	75.3±0.37
	74.2±0.45
	81.1±0.47
	80.4±1.01
	23.6±0.34
	23.1±0.17
	84.2±2.11
	82.6±1.56



Table 7: The coefficient of digestibility of nutrients (mean ± SE, n=5)
	Indicators, %
	Experimental groups

	
	І
	ІІ
	ІІІ
	IV

	
	♂
	♀
	♂
	♀
	♂
	♀
	♂
	♀

	7-14 days

	Dry matter
	59.4±0.41
	58.7±0.52
	60.2±0.47
	59.8±0.38
	62.1±0.44
	61.6±0.63
	62.8±0.55
	61.9±0.42

	Crude protein
	72.1±0.33
	70.2±0.50
	74.3±0.43
	73.1±0.59
	76.2±0.41
	74.3±0.60
	75.3±0.37
	74.2±0.45

	Crude fat
	76.1±0.48
	75.4±0.55
	77.2±0.55
	76.6±0.72
	79.0±0.85
	78.8±0.78
	81.1±0.47
	80.4±1.01

	Crude fiber
	20.2±0.15
	19.1±0.25
	21.2±0.18
	20.4±0.24
	24.5±0.17
	22.1±0.21
	23.6±0.34
	23.1±0.17

	NES
	81.0±3.92
	80.3±4.02
	83.3±3.95
	81.7±3.71
	83.9±2.98
	82.4±3.03
	84.2±2.11
	82.6±1.56

	35-42 days

	Dry matter
	62.7±0.35
	60.3±0.41
	62.9±0.28
	61.5±0.30
	65.3±0.29
	63.1±0.43
	67.5±0.32
	66.6±0.25

	Crude protein
	76.2±1.19
	75.9±2.13
	77.7±1.55
	76.3±1.38
	79.2±0.88
	78.8±0.92
	80.4±0.56
	79.6±0.77

	Crude fat
	80.2±1.23
	79.5±0.98
	83.5±0.85
	82.4±0.77
	84.8±0.55
	83.3±0.61
	86.6±0.44
	85.7±0.36

	Crude fiber
	20.5±0.29
	19.8±0.41
	22.3±0.35
	21.3±0.24
	25.1±0.51
	23.7±0.35
	25.5±0.25
	24.3±0.19

	NES
	80.0±1.89
	79.9±1.61
	83.8±1.56
	82.1±1.44
	84.2±1.24
	83.8±1.32
	86.1±1.01
	85.3±1.20
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