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				ABSTRACT: For suitable nutrition according to the requirements of Alabio male ducks, it is necessary to balance metabolic energy and protein. The purpose of the study was to analyze the effect of the energy and protein balance (E/CP) on the growth achievement and carcass quality of Alabio male duck. The feeding trial study was conducted in a poultry house for six weeks. The research method used a completely randomized design (CRD) with factorial pattern where is the first factor being metabolic energy+y level (E) consisting of E1: 2800 kcal/kg ME, E2: 2900 kcal/kg ME, E3: 3000 kcal/kg ME, while the second factor was crude protein level (CP) consisting of P1: 15% CP, P2: 16% CP, P3: 17% CP, with three replications, where each replication consisted of five ducks with a total of 135 male Alabio ducks. The observed variables were final body weight (BW), body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), carcass percentage, carcass fat, and abdominal fat. The data obtained have been analyzed by analysis of variance (ANOVA) method. The results showed that there was an interaction between (E) and (CP), where the best results were obtained in the combination of E2P3 treatment with an E/CP ratio of 17.1 (ME 2900 kcal/kg, 17% CP), including BW at 1185.0 g/bird, BWG at 1134.0 g/bird, FI at 3563.21 g/bird, and FCR at 3.14 and the lowest carcass quality with the highest carcass percentage reaching 67.33%, and the lowest carcass fat and abdominal fat were 0.37% and 0.75%, respectively. It was concluded that the effect of E/P ration at ratio of 17.1 gives the best result on the performance of male Alabio ducks including the achievement of BW, BWG, FI and FCR, and carcass quality through the achievement of increasing carcass percentage, decreasing carcass fat and fat abdominals.  
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	INTRODUCTION

	 

	The main obstacle for the Alabio broiler poultry industry for the purpose of producing meat is the price of feed which is still relatively expensive and the profits are not yet feasible (Biyatmoko, 2016; Rostini et al., 2021). In addition to the price of feed, another obstacle is the supply of quality feed (Biyatmoko et al., 2021). A study is needed considering that the level of consumption of ducks is strongly influenced by the nutritional content of the ration, and the energy-protein balance (E/CP) of the duck ration. Tanwiriah (2011) stated that a suitable E/CP balance for growth and income over feed cost of local male local ducks is 17.33 with an energy of 2600/kg with a protein of 15%, while Zurmiati et al. (2017) got the highest growth of Pitalah ducks of 1,037.66 g/bird and the best FCR of 4.62 at the E/CP balance of 16 (2700 kcal/kg energy and 17% CP) which can reduce the energy requirement of the ration by 3.5 % and protein of 17%. Meanwhile Wahyuni et al. (2016) reported that the increase in weight and the highest percentage of carcass and the lowest percentage of abdominal fat in Cihateup male ducks and Rambon male ducks eight weeks old was produced by feeding with an E/CP balance of 20 with an energy content of 2700 kcal/kg and protein of 13.5%. Zeng et al. (2015) reported that the best body weight gain and feed conversion ratio were obtained when the ducks were fed a high energy diet of 2700 kcal/kg (13.75 MJ/kg) and high protein (19%). These results provide a framework for further modeling of amino acids and corresponding energy inputs and outputs of growth performance and carcass components. Sritiawthai et al. (2013) obtained a ration with 18% protein and 11.29 MJ ME/kg calories was the right balance to increase feed efficiency and achieve the best body weight and feed conversion (FCR) from 1 to 14 days of age in Cherry Valley ducks.

	For carcass quality, the significant interaction between protein and energy shows the importance of E/CP balanced to achieve optimal carcass performance and  carcass characteristics in broilers. Fan et al. (2008) observed an increase in carcass fat with increasing dietary energy levels, and this fat is usually considered a waste product when 6-week Pekin ducks are further processed, indicating an economic loss for poultry producers. However, Zeng et al. (2015) reported that there is an interaction effect of feed energy and protein or amino acid density on the performance and carcass properties of Pekin ducks from 14 to 35 days of age. In addition, the optimal processing age of broiler ducks with various nutrients to provide guidelines in optimizing ration costs, livestock performance, and carcass yields. Murawska (2012) observed that lean meat weight, the most valuable component of ducks, increased by the end of rearing from 35.8 g in one week-old birds to 1047 g at eight weeks, and breast muscle weight increased 188 g up over eight weeks. A significant increase in skin weight and subcutaneous fat was observed until the 7th week. Research has shown that carcass characteristics can be changed through manipulation of the protein balance or ration energy in broilers (Niu et al., 2009). Suryana et al. (2016) expressed that efforts to increase the growth of male ducks and increase the percentage of carcass quality must consider the amount and quality of feed that is in accordance with the needs of life and meat production. 

	Based on the described problems, the purpose of the study was to analyze the effect of the energy and protein balance (E/CP) of the ration on the growth achievement, carcass fat and abdominal fat of male Alabio duck 

	 

	MATERIALS AND METHODS

	 

	Ethical approval 

	All procedures of experiment was approved by Animal Ethics and Welfare of the Research Institute of Lambung Mangkurat University Banjarmasin. Ethical clearance number LPPM.10.08.21

	 

	Experimental livestock

	This research was conducted in a poultry cage laboratory for six weeks. Treatment using ducklings (dod) from male Alabio ducks. The research method used a completely randomized design with factorial pattern where is the  first factor was metabolic energy level (E) consisting of E1: ME 2800 kcal/kg, E2: ME 2900 kcal/kg, E3: ME 3000 kcal/kg, while the second factor was crude protein level (CP) consisting of P1: 15% CP, P2: 16% CP, P3: 17% CP, with 3 replications, where each replication consisted of five ducks with a total of 135 male Alabio ducks. 

	 

	Feed ingredients and treatment rations

	The rations is made with a formula consisting of fish meal, Azolla meal, pollard, rice bran, yellow corn, and vegetable oil. The treatment ration was consisted of nine treatment combinations of treatment given from one day old ducks to get the optimal balance of giving E/CP rations for 6 weeks of rearing male Alabio ducks were as follows:

	E1P1: 2800 kcal/kg ME and 15% CP 

	E2P1: 2900 kcal/kg ME and 15% CP  

	E3P1: 3000 kcal/kg ME and 15% CP 

	E1P2: 2800 kcal/kg ME and 16% CP 

	E2P2: 2900 kcal/kg ME and 16% CP 

	E3P2: 3000 kcal/kg ME and 16% CP 

	E1P3: 2800 kcal/kg ME and 17% CP 

	E2P3: 2900 kcal/kg ME and 17% CP 

	E3P3: 3000 kcal/kg ME and 17% CP 

	The equivalent of 1% protein ration is equivalent to 10 g/kg protein ration. The treatment rations were given according to according to the required quantity of male ducks needed, which differed in the E/CP balance according to the treatment. Drinking water is given ad libitum. The following presents the nutritional content of the main feed ingredients (Table 1) and the treatment rations along with the metabolizable energy (E) and protein (CP) ratios of the given rations arranged according to the E/CP balance of each treatment ration (Table 2).

	At the end of the experiment, ducks were fasted from feed for 8-12 hours. To get the slaughter weight, then the duck was decapitated and separated from the blood, feathers, shank, head and internal organs (digestive organs), except for the giblet (gizard, heart, liver) and measured as follows:

	 

	Carcass percentage =  carcass weight  x 100%

	                                      cutting weight

	 

	While the method for measuring carcass fat, is measured as follows:

	Carcass fat percentage = carcass fat weight x 100%

	                                            carcass weight

	 

	
		
				Table 1 - The nutritional composition of feed ingredients used in treatment rations

		

		
				No

				Ingredients* 

				Protein (CP)
(%)

				Energy (ME)
(kcal.kg-1)

				Crude Fiber (%)

				Ca
(%)

				P
(%)

		

		
				1.

				Fish meal

				39.25

				2992

				4.20

				1.20

				1.49

		

		
				2.

				Azolla meal 

				21.88

				2889

				5.13

				0.70

				0.65

		

		
				3.

				Pollard

				15.50

				1700

				8.20

				0.14

				0.32

		

		
				4.

				Yellow corn

				9.12

				3400

				3.37

				0.02

				0.20

		

		
				5.

				Rice bran

				10.50

				1890

				11.60

				0.24

				1.00

		

		
				6.

				Vegetable oil

				0.00

				8800

				0.00

				0.00

				0.00

		

		
				*Analyzed by Laboratory Analysis of Nutrition and Animal Feed, Faculty of Agriculture (ULM, 2021).

		

	

	 

	
		
				Table 2 - The nutritional content of the treatment and the energy/crude protein balance of the treatment ration

		

		
				                 Combination of ration treatment
 
Ingredients

				E1P1

				E2P1

				E3P1

				E1P2

				E2P2

				E3P2

				E1P3

				E2P3

				E3P3

		

		
				Fish meal

				9.00

				9.00

				10.00

				11.00

				11.00

				12.00

				19.00

				19.00

				21.00

		

		
				Azolla meal 

				27.00

				25.50

				19.00

				35.00

				35.00

				29.00

				15.00

				18.00

				13.00

		

		
				Pollard

				9.00

				9.00

				8.50

				6.00

				6.00

				5.00

				11.00

				6.00

				10.00

		

		
				Yellow corn

				14.00

				14.00

				19.50

				13.00

				14.00

				20.00

				13.00

				15.00

				18.00

		

		
				Rice bran

				36.00

				36.00

				36.00

				31.00

				29.00

				29.00

				36.00

				36.00

				31.00

		

		
				Vegetable oil

				5.00

				6.50

				7.00

				4.00

				5.00

				5.00

				6.00

				6.00

				7.00

		

		
				Total

				100

				100

				100

				100

				100

				100

				100

				100

				100

		

		
				Composition of nutrient

		

		
				ME (kcal/kg)

				2800

				2900

				3000

				2800

				2900

				3000

				2800

				2900

				3000

		

		
				CP (%)

				15

				15

				15

				16

				16

				16

				17

				17

				17

		

		
				E/CP balance

				18.6

				19.3

				20.0

				17.5

				18.1

				18.7

				16.5

				17.1

				17.6

		

	

	 

	 

	Observed variables

	The observed variables were body weight (BW), body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), carcass percentage, carcass fat, and abdominal fat. The data were analyzed by ANOVA, and if it had a significant effect it was continued with the mean difference test using Duncan's multiple range test (DMRT) according to Steel and Torrie (1993).

	 

	RESULTS AND DISCUSSION 

	 

	The effect of different energy-crude protein (E/CP) balance supplemented on the growth achievement of Alabio meat ducks is presented in Table 3. Table 3 shows a significant interaction between ration energy (E) and crude protein ration (p<0.05) on the increase in growth performance of male ducks including body weight (BW), body weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR). The E2P3 combination treatment with an E/P balance of 17.05 (2900 kcal/kg ME and 17% CP) resulted in the highest performance, especially in the most efficient BW, BWG, FI and FCR parameters, while the lowest was the combination of E3P1 treatment with an E/CP balance of 20.0 (3000 kcal/kg ME and CP 15%). The response curves for the different E/CP balance effects of all treatments are presented in Figures 1 - 4.

	 

	 

	
		
				Table 3 - Performance achievement of male Alabio ducks at 6 weeks age with different E/CP rations

		

		
				Treatment

				E/CP balance

				Parameter

		

		
				BW
(g/bird)

				BWG
(g/bird)

				FI
(g/bird)

				FCR

		

		
				P1E1

				18,6

				964.17±24.2 b

				913.17±26.4 b

				3198.86±97.2 b

				3.50±0.17 ab

		

		
				P1E2

				19.3

				928.83±20.4 ab

				877.33±20.3 ab

				3190.78±117.1 b

				3.64±0.1 b

		

		
				P1E3

				20.0

				813.50±21.7 a

				762.50±20.3 a

				2843.70±97.2 b

				3.73±0.15 b

		

		
				P2E1

				17.5

				1083.33±26.7 b

				1031.83±28.8 b

				3396.44±125.5 c

				3.29±0.24 a

		

		
				P2E2

				18.1

				982.33±21.2 b

				931.33±21.4 b

				3250.04±103.3 bc

				3.49±0.36 a

		

		
				P2E3

				18.7

				932.17±25.1 ab

				881.17±21.3 ab

				3099.69±105.3 ab

				3.52±0.07 ab

		

		
				P3E1

				16.5

				778.83±18.9 a

				727.83±19.2 a

				3247.86±132.7 bc

				4.46±0.17 b

		

		
				P3E2

				17.1

				1185.00±23.5 d

				1134.00±27.8 d

				3563.21±135.4 d

				3.14±0.09 a

		

		
				P3E3

				17.6

				1057.00±24.3 c

				1005.50±26.1 c

				3446.32±124.6 c

				3.43±0.19 a

		

		
				a,b,c,d. Means in the same column with different letters show significant differences (p<0.05) among dietary treatments. BW: body weight, BWG: body weight gain, FI: feed intake, FCR: feed conversion ratio

		

	

	 

	 

	 

	 

	 

	


	Figure 1- Response curves for the effect of different E/CP balance on Body Weight (Y) with coefficients determination (R2) = 0.1075

	 

	

	Figure 2 - Response curves for the effect of different E/CP balance on Body Weight  Gain (Y) with coefficients determination (R2) = 0.1077    

	 

	 

	


	Figure 3 - Response curves for the effect of different E/CP balance on Feed Intake  (Y) with coefficients determination (R2) = 0.3248

	 

	

	Figure 4 - Response curves for the effect of different E/CP balance on FCR (Y) with coefficients. Determination     (R2) = 0.0001

	 

	
In the body weight variable (BW), the results of the research on the effect of the best ration E/CP balance were achieved at the E/P ratio of 17.1 produced by the E2P3 treatment (2900 kcal/kg ME and 17% CP) with a BW achievement of 1185.0 g/bird. Then in the next order are the treatment of E1P2 and E3P3. This BW result is in line with the body weight gain (BWG) achieved, where the highest result was achieved by the E2P3 treatment of 1134.0 g/bird (p<0.05). In Table 3 it can be seen that the highest BW and BWG were produced by rations with an E/CP balance between 17.1 – 17.6, namely E2P3; E1P2 and E3P3 are better than rations with other E/CP ratios in the E/CP balance range of 16.5 – 20.0. The results of this study are in accordance with reports of Tanwiriah (2011;  the best ration E/CP balance 17.33 with 2600/kg energy and 15% CP for the growth of local male duck), the results of Liu et al. (2019; E/CP balance of 17.6 with 3000 kcal/kg energy and 17% CP for pekin ducks), as well as the results obtained by Zeng et al. (2015; at BWG of male ducks with high energy ration of 3285 kcal/kg ME (13.75 MJ/kg) and high protein (19% CP) ratio of 17.03). However, the E/CP balance of the ration in this study was higher than that obtained by Zurmiati et al. (2017) at the E/CP balance of 16.0 (2700 kcal/kg ME, 17% CP) in Pitalah ducks of 1037.66 g/bird, and in Cherry Valey ducks reported by Sritiawthai et al. (2013) with an E/CP balance of 15.0 with an energy ration of 2700 kcal/kg ME (11.29 MJ/kg) and 18% CP. The E2P3 ration with an E/CP balance of around 17.1 turned out to be the most suitable E/P balance compared to other E/P ratios for male Alabio ducks that met both energy and protein needs, thus providing optimal BW and BWG growth for ducks. Low energy rations at 2800 kcal/kg (E1P1, E1P3) resulted in low body weight because these rations had a non-ideal E/CP balance. The low energy content (2800 kcal/kg ME) in this study was not able to meet the need to carry out physiological processes in the body of male ducks even though the protein was increased up to 17% (Tanwiriah, 2011). According to Zeng et al. (2015), this is because if there is a lack of energy, the protein consumed will be converted into energy, the process requires high energy. The increase in the effect of the optimal E/CP balance at the ratio of 17.1 to BW and BWG in this study was also supported by the positive role of giving 2% phytobiotic herbs in the male duck ration. Biyatmoko et al. (2021) said that giving 2% phytobiotic herbs from a combination of eight herbs was able to improve the digestibility of the ration which contributed to the growth of poultry compared to controls. The mechanism of action of these phytobiotics through the improvement of the digestibility of food substances which causes an improvement in the digestibility of protein and energy of the ration (Rajput et al., 2013), will lead to an increase in the efficiency of the use of nutrients (FCR) and have a positive impact on the growth of ducks (Cheldra et al., 2017; Vinus et al., 2018).

	In the feed intake (FI) variable, it can be seen that the interaction of energy factor (E) with protein (CP) showed a significant effect on FI in male Alabio ducks, where the highest FI was achieved by the combination of E2P3 treatment of 3563.21 g/bird, while the lowest FI was treatment P1E3 with a ratio of E /CP balance 20 (energy 3000 kcal/kg ME and 15% CP) with an FI of 2843.70 g/bird (p<0.05). Higher energy consumption in the treatment E2 (2900 kcal/kg ME) and E3 (3000 kcal/kg ME) was required for high protein metabolism. Energy consumption tends to be high if protein consumption is high, such as in P2 treatment (16% CP) and P3 treatment (17% CP), and if protein consumption is excessive it will be degraded to uric acid which requires high energy (Chen et al., 2016). In addition to high energy consumption, another factor that increased FI in male Alabio ducks was thought to be due to the addition of 2% phytobiotic herbs supplementation in the treatment ration which was able to increase saliva production and add better feed flavor (Windisch and Kroismayr, 2007). Although the effect of E/CP treatment was significantly different on FI, but all of them showed an increase in FI above 3099 g/bird positive impact of phytobiotic herbs supplementation. As a result of the supplementation of these phytobiotic herbs, there was an increase in saliva levels in the mouth of the poultry so that there was an improvement in the palatability of the ration which triggered a higher appetite (Park et al., 2013). These results are in line with the opinion of Steiner and Syed (2015) that supplementation of phytobiotic herbs is able to stimulate the appetite and consumption of livestock without changing the smell and taste of feed so it is good to be added to animal feed.

	In the feed conversion ratio (FCR), the analysis of variance showed a significant effect of interaction of level of energy (E) with protein ration (CP) (p<0.05), where the best effect was also achieved at the E/CP balance of 17.05 in the combination of E2P3 treatment with an FCR value of 3.14. The worst FCR results were produced by the combination of E3P1 treatment with an E/CP balance of 20.0 (3000 kcal/kg ME and 15% CP) with an FCR value of 3.73. This result is still within the FCR tolerance for male ducks at the age of six weeks with an FCR range of 2.04 – 4.22 (Saputra et al., 2014). Jamroz et al. (2006) said that one of the indicators to measure the success of increasing growth, one of which is determined by an efficient level of feed consumption and a smaller feed conversion value. However, the determination of a good FCR of male ducks depends on the resulting BWG which can be seen in Table 3 that the treatment that received nutrition with an E/CP balance ranging from 17 (17.1 – 17.6) showed that the average FCR was better in obtaining BW and BWG (E2 and E3) because they are optimally used for growth (Sritiawthai et al., 2013). This is in accordance with the opinion of Wen et al. (2017) imparted that the energy content of the feed determines the feed intake of ducks, and high energy feed will require a higher concentration of amino acids to compensate for the lower feed intake to produce a good FCR of male ducks in Pekin ducks. Wu et al. (2019) said that the optimal feed E/CP balance is very important not only for performance and carcass percentage but also for improving FCR in increasing economic benefits in ducks through duck feed efficiency. On the other hand, supplementation of 2% phytobiotic herbs helps improve the balance of the duck gut microflora from pathogenic bacteria such as Escericia coli (Dhama et al., 2014), improves the absorption of nutrients in the small intestine (Samarasinghe at al., 2003), as well as a growth promoter growth thereby improving the FCR of ducks (Wiryawan et al., 2005).

	The effect of different energy-crude protein (E/CP) balance supplemented on carcass quality of male Alabio ducks is presented in Table 4. Table 4 shows the effect of E/CP balance on carcass percentage, carcass fat and abdominal fat. The results showed that the three variables were significantly influenced by the ratio of the energy-protein balance of the ration (p<0.05). Based on Table 4 it can be seen that the E2P3 treatment with an E/CP balance of 17.05 (2900 kcal/kg ME and 17% CP) resulted in significantly higher carcass percentage and less carcass fat and abdominal fat content (p<0.05) than all treatments. The response curves for the different E/CP balance effects of all treatments are presented in Figures 5-7.

	 

	
		
				Table 4 - Carcass quality of male Alabio ducks at 6 weeks age with different E/CP rations

		

		
				Treatment

				E/CP balance

				Parameter

		

		
				Carcass Percentage (%)

				Carcass fat (%)

				Abdominal fat (%)

		

		
				P1E1

				18.6

				64.73± 2.4 a

				0.44± 0.02 a

				1.09± 0.04 ab

		

		
				P1E2

				19.3

				63.78± 2.3 a

				0.64± 0.01 ab

				1.37± 0.06 b

		

		
				P1E3

				20.0

				65.25± 2.5 ab

				0.66± 0.03 ab

				1.49± 0.06 b

		

		
				P2E1

				17.5

				64.58± 2.3 a

				0.50± 0.02 a

				0.87± 0.02 a

		

		
				P2E2

				18,1

				64.35± 2.2 a

				0.67± 0.01 b

				1.17± 0.02 ab

		

		
				P2E3

				18.7

				64.68± 2.1 a

				0.72± 0.01 c

				1.26± 0.01b

		

		
				P3E1

				16.5

				62.82± 2.1 a

				0.56± 0.01 a

				0.83± 0.03 a

		

		
				P3E2

				17.1

				67.33± 2.2 b

				0.37± 0.01 a

				0.75± 0.03 a

		

		
				P3E3

				17.6

				64.73± 2.2 a

				0.45± 0.01 a

				0.84± 0.02 a

		

		
				a,b,c, Means in the same column with different letters show significant differences (p<0.05) among dietary treatments

		

	

	 

	 

	 

	


	Figure 5 - Response curves for the effect of different E/CP balance on Carcass Percentage (Y) with coefficients determination (R2) = 0.0493

	 

	

	Figure 6 - Response curves for the effect of different E/CP balance on Carcass Fat (Y) with coefficients determination (R2) = 0.078

	 

	


	Figure 7 - Response curves for the effect of different E/CP balance on Abdominal Fat (Y) with coefficients determination (R2) = 0.4233

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	
 

	In the male Alabio duck carcass quality variable as shown in Table 4, there was a significant interaction between energy level (E) and protein level (CP) on carcass percentage, carcass fat and abdominal fat (p<0.05). The best interaction on the three variables was produced by a combination of E2P3 treatment with an E/CP balance of 17.1 (2900 kcal/kg ME, 17 % CP), with the highest carcass percentage achievement of 67.33%, carcass fat and the lowest abdominal fat respectively with the achievement of 0.37% and 0.75%. Achievements it can be seen that the E/CP balance in the range of 17 (E3P3, E1P2, E3P3) is better than the other E/CP ratios, both the E/CP balance of 16; 18; 19 and 20 in this study. For the carcass percentage achievement of 67.33%, this result is higher than the research of Wahyuni et al. (2016) with an E/CP balance of 17 (2716 kcal/kg ME, 16.01% CP) in male Cihateup duck and Rambon ducks were 51.29% and 51.66%, respectively. Likewise for abdominal fat, this result was lower and better than the results for Cihateup ducks of 0.89% and Rambon ducks of 0.95%. Based on the results of this study, it was found that the ration with metabolic energy (ME) of 2,900 kcal/kg and 17% CP was in accordance with the needs of male Alabio ducks which produced high carcass, carcass fat and relatively low abdominal fat. The nutrient density of this feed not only has a significant effect on growth performance (BW, BWG, FI, FCR) and input-output ratio (Xie et al., 2017), but also greatly affects the quality of carcass and carcass fat and abdominal fat (Wang et al., 2010; Wen et al., 2017) but the energy density of feed is different according to different production goals (Zeng et al., 2015; Zhao et al., 2017).

	 

	CONCLUSION

	 

	The conclusion showed that there was an interaction between ration metabolizable energy (E) and protein ration (CP), where the best results were obtained in the combination of E2P3 treatment with an E/CP balance of 17.1 (2,900 kcal/kg ME with 17% CP), with high performance the best at BW at 1185.0 g/bird, BWG at 1134.0 g/bird, FI at 3563.21 g/bird, and FCR at 3.14 and the best carcass quality with the highest carcass percentage reaching 67.33%, and carcass fat and the lowest abdominal fat were 0.37% and 0.75%, respectively. 
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