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			Abstract | This study aims to determine the effect of using a combination of cassava (Manihot esculenta)  tuber and indigofera (Indigofera zollingeriana) leaves meal in rations on nutrient digestibility, hematological status and malondialdehyde levels in broiler chicken blood. The study was conducted experimentally with a completely randomized design, which consisted of 5 treatments and 5 replications. The treatment was the use of a combination of cassava  tuber and indigofera leaves meal (70%+30%; CCI) in the ration, namely: T0 (0% CCI in the ration), T1 (5% CCI in ration), T2 (10% CCI in ration), T3 (15% CCI in ration) and T4 (20% CCI in ration). The material used was 100 day-old broiler chick (Cobb strain), which were placed in 25 postal cage units. The feed used was commercial broiler chicken feed: a mixture of concentrate, corn, rice bran and fishmeal, and CCI according to the treatment. The observed variables were nutrient digestibility (dry matter, crude protein and crude fiber), hematological status and blood malondialdehyde levels in blood of broiler chickens. Data were analyzed by ANOVA and further tested by Duncan Multiple Range Test (DMRT). The results of this study indicated that the CCI had a significant (P<0.05) effect on nutrient digestibility, hematological status and malondialdehyde levels in blood of broiler chicken. The CCI at a level of 10% in the ration increased hemoglobin levels by 17.09% and reduces malondialdehyde levels by 14.28% in broiler blood compared to commercial feed (control group). The results suggested that combination of cassava tubers and indigofera leaves (CCI) at a level of 10% could be used in broiler production without deteriorating the health of birds.
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			Introduction

			 

			Broiler chickens have a relatively fast harvest period and can guarantee the availability of meat that meet the nutritional needs of consumers. The main objective of raising broiler chickens is to gain body weight and carcass quality which is high and safe for human consumption. The demand for broiler chickens is relatively high because the meat is safe and tender, the body size is large, the chest shape is wide, dense and filled, the efficiency of the feed is relatively high, and the body weight gain is very fast (Juniarti and Ngitung, 2019). A good broiler carcass is linked with the management of feed supply, both in quality and quantity, so it is necessary to carry out a proper feeding program according to their needs. Efforts to produce good and quality broiler carcasses require feed containing nutrients and energy  suitable for broiler chicken growth. One source of energy in the ration that can be used is cassava root.

			 

			Cassava (Manihot esculenta) is a tropical plant  suitable for  animal feed, especially for broiler chickens as an alternative energy source to replace corn. The metabolic energy content of maize and cassava tubers is  almost the same. According to Wahyudi et al. (2017) that corn contains metabolic energy of 3350 Kcal/kg, and cassava tubers have metabolic energy of 3519 Kcal/kg (Abdlebasit et al., 2021). Cassava can be used as an energy source to replace corn up to 50% without affecting growth performance of broiler chicken (Chang’a et al., 2020).  However, one of the obstacles in using cassava root is the low crude protein content which is 1.10%. This needs to be combined with protein source feed ingredients, one of the feed ingredients that can be used is Indigofera zollingeriana. According to Palupi et al. (2014) Indigofera zollingeriana shoot meal contains 28.98% crude protein, 8.49% crude fiber, and 3.30% crude fat. In addition to its high protein content, Indigofera zollingeriana has many advantages, one of which is the presence of antioxidants because it contains 507.6 mg/kg of beta-carotene, which is one of the precursors of vitamin A. 

			 

			The presence of beta-carotene in indigofera can be used as functional feed in rations. Beta-carotene is a source of antioxidants in rations that reduce malondialdehyde levels in the blood of broiler chickens. A decrease in blood malondialdehyde levels is a condition indicating that there is an increase in antioxidant levels in the blood. The high content of antioxidants in broiler chicken blood can interfere with metabolism. This can be overcome by giving functional feed containing antioxidants (Palupi et al., 2014; Palupi et al., 2018).  Based on the description above, it is necessary to research the proportion of the combination of cassava tuber and indigofera leaves (CCI) which can be used as an energy source to replace corn in rations and its effect on reducing malondialdehyde levels in broiler blood.

			 

			Materials and Methods

			 

			The research was carried out in the poultry house of the Technology and Livestock Industry Department.  The animals were cared according to the Indonesian Institute of Sciences Animal Welfare Guidelines. The approval of the experiment was granted from Universitas Sriwijaya with approval number KPPHP-2021-1.  This research was designed in 2 stages of research activities within 1 year. The first stage of the study was to measure the digestibility of food substances from a combination of cassava tuber and Indigofera zollingeriana leaves as a substitute for corn in broiler rations. The nutrient composition of cassava tubers and Indigofera leaves was made to match the nutrient content of corn, especially its energy and protein content. The composition that approaches or equals the energy and protein content of corn was 70% cassava tubers and 30% indigofera leaves.  In the second stage, measurements of broiler production performance and broiler carcass quality were carried out in vivo (Palupi et al., 2022), as well as measuring malondialdehyde levels in broiler blood.

			 

			Research Materials

			This study used 100-day-old chicks (DOC) of broiler chickens (Cobb strain). The chickens were placed in experimental cages (postal cages). The size of each postal cage unit was 100cm long x 100cm wide x 60cm high, totaling 25 units. Each cage unit was a replicate that is occupied by 4 DOC of broiler chickens. 

			 

			The study was conducted experimentally using a completely randomized design (CRD) consisting of 5 treatments and 5 replications. DOC chicks immediately after arrival at farm were given drinking water mixed with brown sugar with a concentration of 2% for the first 4 hours as a source of energy to restore the condition of DOC broiler chicks due to the stress of traveling from the hatchery to the rearing pen. Maintenance was carried out for 4 weeks. Feeding and drinking water were given ad libitum. The cages were cleaned twice a day, morning and evening. 

			 

			Before use, the cages were cleaned of dirt adhering to the cage and disinfected and liming evenly. Disinfectants were sprayed evenly throughout the cage with the aim of eliminating germs and disease-causing microorganisms. Then the cage was left for 1 or 2 weeks. Equipment for food and drinkers as well as other cage equipment were washed,  and then placed in each cage unit. Each cage was labeled with treatment and repetition to facilitate recording.

			 

			Research ration

			The feed ingredients used to prepare the ration  were ground corn, concentrate, rice bran and combination of cassava and Indigofera zollingeriana leaves 5 to 20% according to the treatment (Table 1). The rations were prepared and stirred every 1 week by stirring with a mixer. The rations were given ad libitum with a controlled frequency of administration 3 times a day, 50% in the morning, 30% in the afternoon and 20% in the afternoon (Palupi et al., 2022). The nutritional content of the rations used is listed in Table 1 and  the composition of the rations used as a mixture of treatment rations is presented in Table 2.  The ration was composed of iso protein and iso energy with an average protein content of 21% and a metabolic energy content of 2900 Kcal.

			 

			The composition of the treatment ration at T1 consisted of 40% corn and 5% CCI (a combination of cassava tubers and Indigofera zollingeriana flour), which consisted of  70%

			Table 1: Nutrient content of feed ingredients for treatment rations 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Raw material 
							Nutrient Content (%)
							Metabolic energy Kcal/kg
					

					
							
							Crude Protein

							 

						
							Crude fat
							Crude fiber
							Calcium
							phosphorus
							Lysine
							Methionine
					

					
							
							Commercial feed (BR1 comfeed)a

						
							
							21.00

						
							
							5.00

						
							
							5.00

						
							
							0.80

						
							
							0.50

						
							
							0.16

						
							
							0.10

						
							
							3000

						
					

					
							
							Rice bran b

						
							
							12.00

						
							
							13.00

						
							
							12.00

						
							
							0.20

						
							
							0.20

						
							
							0.59

						
							
							0.26

						
							
							2580.63

						
					

					
							
							Corn b

						
							
							8.60

						
							
							3.90

						
							
							2.00

						
							
							0.20

						
							
							0.10

						
							
							0.26

						
							
							0.18

						
							
							3370.00

						
					

					
							
							Concentrate (KLK super comfeed) c

						
							
							33.22

						
							
							3.37

						
							
							5.40

						
							
							2.72

						
							
							1.45

						
							
							1.70

						
							
							0.80

						
							
							2276.99

						
					

					
							
							Fish meald

						
							
							40.53

						
							
							5.64

						
							
							2.20

						
							
							5.00

						
							
							2.50

						
							
							4.69

						
							
							1.91

						
							
							2665.58

						
					

					
							
							Cassava e

						
							
							01.10

						
							
							0.55

						
							
							2.30

						
							
							0.32

						
							
							0.71

						
							
							1.03

						
							
							0.39

						
							
							3519

						
					

					
							
							Indigofera zollingeriana f

						
							
							28.98

						
							
							3.30

						
							
							8.49

						
							
							0.52

						
							
							0.34

						
							
							1.57

						
							
							0.43

						
							
							2791.12

						
					

					
							
							CCI g

						
							
							9.41

						
							
							1.37

						
							
							4.15

						
							
							0.37

						
							
							0.59

						
							
							1.19

						
							
							0.40

						
							
							3300.6

						
					

				
			

			

			a Pt. Japfa Comfeed, b NRC (1994), c Pt. Cargill, d Utomo et al. (2013), e Abdlebasit et al. (2021), f Palupi et al. (2014), g Palupi et al., 2022.

			 

			Table 2: Composition of treatment rations during the study1

			
				
					
					
					
					
					
					
				
				
					
							Raw Material
							 
							Treatments
					

					
							T0
							T1
							T2
							T3
							T4
					

					
							
							Commercial feed (%)

							Rice brand (%)

						
							
							100

						
							
							26

						
							
							26.5

						
							
							27.5

						
							
							28

						
					

					
							
							Corn (%)

						
							
							 

						
							
							40

						
							
							35

						
							
							30

						
							
							25

						
					

					
							
							Concentrate (%)

						
							
							 

						
							
							15

						
							
							14.5

						
							
							13.5

						
							
							13

						
					

					
							
							Fish meal (%)

						
							
							 

						
							
							14

						
							
							14

						
							
							14

						
							
							14

						
					

					
							
							Combination of Cassava and Indigofera / CCI (%)

						
							
							 

						
							
							5

						
							
							10

						
							
							15

						
							
							20

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							Crude Protein (%)

						
							
							21.00

						
							
							20.70

						
							
							20.62

						
							
							20.42

						
							
							20.34

						
					

					
							
							Crude Fat (%)

						
							
							5.00

						
							
							6.40

						
							
							6.32

						
							
							6.29

						
							
							6.21

						
					

					
							
							Crude Fiber (%)

						
							
							5.00

						
							
							5.17

						
							
							5.31

						
							
							5.48

						
							
							5.62

						
					

					
							
							Calcium (%)

						
							
							0.80

						
							
							1.19

						
							
							1.21

						
							
							1.21

						
							
							1.22

						
					

					
							
							Phosphorus (%)

						
							
							0.50

						
							
							0.68

						
							
							0.68

						
							
							0.68

						
							
							0.59

						
					

					
							
							Lysine (%)

						
							
							0.16

						
							
							1.22

						
							
							1.26

						
							
							1.30

						
							
							1.34

						
					

					
							
							Methionine (%)

						
							
							0.10

						
							
							0.48

						
							
							0.55

						
							
							0.56

						
							
							0.57

						
					

					
							
							Metabolic Energy(Kcal)

						
							
							3000

						
							
							2905.63

						
							
							2903.68

						
							
							2903.25

						
							
							2901.30

						
					

				
			

			

			1 Palupi et al. (2022)

			 

			cassava tubers and 30% Indigofera zollingeriana flour. In each treatment there was a decrease in concentration in the composition of corn by 5% (T1 40%, T2 35%, T3 30%, and T4 25%), while in CCI there was an addition of 5% in each treatment (T1 5%, T2 10%, T3 15%, T4 20%) (Palupi et al., 2022).

			 

			Preparation of Cassava and indigofera Flour

			Cassava tuber flour for feed was prepared by peeling the skin of the cassava followed by the washing. While making of Indigofera zollingeriana leaf powder for feed ingredients was carried out by harvesting the Indigofera zollingeriana leaves and separating the leaves from the branches to dry the Indigofera zollingeriana leaves. These both plant parts were dried. The process of drying was done in the sun and then continuing to dry using an oven until completely dry for easy grinding. The grinding was done using a flour machine as suggested earlier (Palupi et al., 2022).

			 

			Feed digestibility 

			Excreta collection at the age of 20 days was carried out. One chicken from each experimental unit was taken randomly with a body weight close to the average weight of chickens in each treatment. Chickens were placed in individual cages and each cage was equipped with a place to feed and a place to drink water. The placement of the chickens was done randomly, then the chickens were fasted for 6 hours. After that, plastic sheets were placed under the cage as a base for excreta storage. Chickens were given rations according to treatment, then excreta were stored for 24 hours. The excreta was sprayed with 0.1 N H2SO4 periodically every 2 hours during storage so that the nitrogen in the excreta did not evaporate. After 24 hours, each broiler chicken from the cage unit was weighed for its remaining feed and excretion. Excreta samples were dried, milled and then excreta samples and rations were analyzed to determine crude fiber and crude protein content (Tillman et al., 2005).

			 

			Digestibility of Dry matter (DM), Crude Protein (CP), Crude fiber (CF) was calculated using the following equations (Tillman et al., 2005).

			 

			Measurement of Hematological Status

			Measurement of hematological status was carried out by taking blood samples from broiler chickens (n=10/group). Broiler blood samples were taken when the treatment was about to end, namely in the fifth week.  The hematological status measured in this study was the number of erythrocytes, hematocrit values, and hemoglobin levels.

			 

			Erythrocyte counts were done using a set of tools called a hemocytometer. Blood staining with a special diluent, namely Hayem’s solution, which is isotonic and functions as a dye for erythrocytes. The blood was diluted in the hemocytometer pipette and then put into the counting chamber and counted under a microscope. 

			 

			The determination of the hematocrit value in blood was carried out by the microhematocrit method. The blood mixed with the anticoagulant was centrifuged using a centrifuge machine so that it forms layers. The layer consisting of erythrocyte granules was measured and expressed as a volume % of the total blood.

			 

			Blood with 0.1 N HCl solution will form brown hematine. The color was matched to the Sahli standard color by adding distilled water as a diluent. Determination of hemoglobin (Hb) levels was carried out using the acid Hematine method with a Sahli-Hellige Hemometer (g/dL).

			 

			Measurement of malondialdehyde

			Antioxidant activity testing was carried out by observing the levels of malondialdehyde (MDA) in chicken blood plasma. Sample contains 0.25 mL of blood hemolysate was added in tube with 0.50 of 10% TCA solution. For blank 0.25 mL of distilled water was used instead of hemolysate with 0.50 mL of 10% TCA solution. Each tube was stirred (vortexed) and centrifuged using a clinical centrifuge at 4000 rpm for 1 minute. The supernatant layer from each tube was taken and put into a new tube. A total of 0.75 mL of 0.67% TBA solution was pipetted into each tube. The centrifugation tube was put into the boiling bath for 10 minutes, then cooled. The absorbance of each tube was read, namely the sample and blank on the spectrophotometer with a wavelength of 532 nm. The MDA profile was calculated by the formula: MDA profile (nm/M-1 cm-1 )= A.Ɛ-1

			 

			Information : A = Absorbance at a wavelength of 532 λ. nm = 153,000 M-1 cm -1

			 

			Data analysis

			The data obtained during the study were analyzed using a completely randomized design (CRD) according to what was used. If there is a significant difference, a Duncan’s Multiple Range Test was performed (Steel and Torrie, 1995).

			 

			Results and Discussion

			 

			Effect of treatment on the digestibility of feed substances

			The effect of the treatments on the digestibility of dry matter, crude protein, and crude fiber was calculated and results were presented in Table 3.

			 

			Dry matter digestibility

			The study’s results using a combination of CCI as a substitute for corn as an energy source in rations did not differ significantly in the digestibility of dry matter rations (Table 3). This is because the nutrient composition of the combination of cassava and Indigofera zollingeriana is not different from that of corn as an energy source. Feed ingredients’ are organic matter and inorganic matter. One of the constituent of the organic matter is carbohydrates which are the most dominant in corn feed ingredients and the combination of CCI. According to Wahyudi et al. (2017) corn contains metabolic energy of 3350 Kcal/kg and cassava tubers have metabolic energy of 3519 Kcal/kg (Abdlebasit et al., 2021).

			 

			Crude protein digestibility

			The results exhibited that corn substitution with a combination of cassava and Indigofera (CCI) had a significant effect on the protein digestibility (Table 3). Significant decrease in digestibility was recorded in T3 and T4 groups. This is due to the presence of anti-nutritional substances in the combination of cassava and indigofera which can inhibit the absorption of protein in the digestive tract of broiler chickens. The decrease in the digestibility of crude protein in the digestive tract of broiler chickens was due to an increase in the content of anti-nutritional substances, namely tannins, saponins and hydrogen cyanide (HCN) at T3 and T4 diets. Indigofera zollingeriana leaf flour contained 0.13 – 0.17 g/kg of tannins, 0.0016 – 0.0021 mg/kg of saponins and 0.42 – 0.56 mg/kg of HCN (Jayanegara et al., 2019). The tannins are known to bind with proteins, resulting in a decrease in the digestibility of amino acids 

			Table 3: Average digestibility of dry matter, crude protein and crude fiber of treatment rations

			
				
					
					
					
					
				
				
					
							
							Treatments1

						
							Dry matter Digestibility (%)
							Crude protein digestibility (%)*
							Crude fiber digestibility (%)
					

					
							
							T0

						
							
							89.14 ± 2.45 

						
							
							78.38 ± 3.12 a

						
							
							76.89 ± 0.22

						
					

					
							
							T1

						
							
							88.68 ± 2.22

						
							
							78.31 ± 2.56 a

						
							
							77.74 ± 0.47

						
					

					
							
							T2

						
							
							88.93 ± 1.93

						
							
							77.19 ± 3.14 a

						
							
							76.55 ± 0.11

						
					

					
							
							T3

						
							
							88.57 ± 2.69

						
							
							74.86 ± 2.33 b

						
							
							77.08 ± 0.27

						
					

					
							
							T4

						
							
							87.61 ± 2.61

						
							
							75.30 ± 2.24 b

						
							
							75.93 ± 0.31

						
					

				
			

			

			1 T0(Control), T1(Combination of cassava tuber and Indigofera leaf meal at the rate of 5%), T2(Combination of cassava tuber and Indigofera leaf meal at the rate of 10%), T3(Combination of cassava tuber and Indigofera leaf meal at the rate of 15%) and T4(Combination of cassava tuber and Indigofera leaf meal at the rate of 20%). 

			*Different letters in the same column indicate significant difference (P<0.05).

			 

			Table 4: Erythrocyte, hematocrit, hemoglobin and MDA levels of broiler chickens

			
				
					
					
					
					
					
				
				
					
							
							Treatments1

						
							erythrocyte level (million/mL)
							Hematocrit value (%)
							Hemoglobin level (g/dL)*
							MDA level (nmol/mL)*
					

					
							
							T0

						
							
							2.01  ±  0.40

						
							
							19.60  ± 2.61

						
							
							7.37 ± 0.61a

						
							
							3.22 ± 0.36a

						
					

					
							
							T1

						
							
							2.18  ±  0.39

						
							
							21.17 ± 1.10

						
							
							8.38 ± 0.36b

						
							
							2.86 ± 0.46b

						
					

					
							
							T2

						
							
							2.09  ±  0.66

						
							
							20.71 ± 3.43

						
							
							8.63 ± 0.25 b

						
							
							2.76 ± 0.27 b

						
					

					
							
							T3

						
							
							2.24  ±  0.45

						
							
							20.22  ± 2.19

						
							
							9.78 ± 0.57 b

						
							
							2.16 ± 0.17 b

						
					

					
							
							T4

						
							
							2.16   ±  0.64

						
							
							20.90  ± 2.61

						
							
							9.92 ± 0.02 b

						
							
							2.29 ± 0.30 b

						
					

				
			

			

			1 T0(Control), T1(Combination of cassava tuber and Indigofera leaf meal at the rate of 5%), T2(Combination of cassava tuber and Indigofera leaf meal at the rate of 10%), T3(Combination of cassava tuber and Indigofera leaf meal at the rate of 15%) and T4(Combination of cassava tuber and Indigofera leaf meal at the rate of 20%). 

			*Different letters in the same column indicate significant difference (P<0.05).

			 

			which should be absorbed by the intestinal villi and utilized for growth and development of tissues in the animal’s body, however, the complex bonds of tannins with proteins can be released at low pH in the digestive tract. so that protein is degraded by digestive enzymes and the content of amino acids can be utilized by livestock. Furthermore, the inhibitory activity of saponins on livestock growth is suspected because these compounds inhibit the activity of a number of digestive enzymes such as trypsin and chymotrypsin. In addition, the HCN in the ration can inhibit the production of ATP, so that livestock can experience a lack of energy (Jayanegara et al., 2019). Furthermore, cassava root starch has a relatively high amylopectin content, making it difficult for broilers to digest. This is in line with Rahmadani et al. (2021) those stated that the high concentration of amylopectin in rations can make the starch found in cassava difficult to digest because it has a relatively long chain. The molecular weight of amylopectin can reach 104-106 kDa, this value is quite high when compared to amylose compounds which are only around 100 kDa (Rakshit and Wang, 2016). Amylose involves 10–30 glucose units having α-1,4-linkages enabling self-association into a helix. Amylopectin is assembled from a large number of helices interconnected by α-1,6-branching to dominate each granule. Granule digestion by α-amylase depends on attachment along the helix length with release of maltose and maltotriose which includes α-limit dextrins from amylopectin (Moran Jr. 2019).  This causes amylopectin to have a long branchedchain and is less soluble in water so that it will result in limited digestibility of cassava starch by poultry. As for citric acid supplementation with a dose of 0.2% in substitution of 15-20% of corn is also not able to work well because of an increase in anti-nutrients so that the absorption of nutrients in the digestive tract is less than optimal.

			 

			Digestibility of crude fiber

			The results of analysis of variance of corn substitution as an energy source with a combination of cassava and Indigofera had no significant effect (P>0.05) on the digestibility of crude fiber (Table 3). This is because the crude fiber component of the combination of cassava and indigofera is the same as corn, so the ability of broiler chickens to digest the crude fiber component of the research rations is the same in all treatments. In line with the results of  Moningkey et al. (2019) that the presence of pumpkin waste components in the ration did not affect the digestibility of the ration in the digestive tract of broiler chickens with various components of pumpkin waste in the ration. Prawitasari et al. (2012) also reported that the digestibility of crude fiber rations of Arabic chickens had no significant effect with the addition of Azzolla microphilla up to 9% in the ration.

			Crude fiber consists of cellulose, hemicellulose and lignin, most of which cannot be digested by poultry and are bulky (Wahyu, 2004). Crude fiber can help intestinal peristalsis, prevent clumping of rations and speed up the rate of digestion (Anggorodi, 1994).  Crude fiber levels high more than 7%, will take longer time for digestion and the value of productive energy will be lower (Tillman et al., 1991). High crude fiber causes poultry to feel full, so it can reduce consumption because crude fiber is voluminous (Amrullah, 2003). Rations with high crude fiber content make them less palatable, resulting in lower consumption (North and Bell, 1990). Digestion of crude fiber in poultry occurs in the caecum with the help of microorganisms because birds do not have cellulose enzymes that can break down crude fiber (Wahyu, 2004). Digestion of crude fiber in poultry that occurs in the cecum reaches 20-30% (Suprijatna, 2010).

			 

			Effect of treatment on hematological status and antioxidant levels of broilers

			The effect of substituting corn as an energy source with a combination of cassava (Manihot esculenta) and indigofera on the hematological status and antioxidant levels in broiler can be seen in Table 4.

			 

			Erythrocyte levels of broiler chickens

			Based on the results of analysis of variance, the erythrocyte level of broiler chickens of various groups at the end of the study, had no significant difference (P>0.05; Table 4). This indicates that the replacement of corn up to 40% in the broiler ration does not have a negative impact on the formation of red blood cells of broiler chickens.

			 

			Amino acids are precursors to the formation of erythrocytes (erythropoiesis). Indigofera as part of CCI has a complex amino acid composition (Palupi et al., 2014). Indigofera’s amino acids are components of protein. Indigofera’s protein is dominated by pure protein with low NPN, making it easy to digest and absorb. This condition led to a smooth process of formation of broiler chicken erythrocytes in all treatments.

			 

			Blood hematocrit levels of broiler chickens

			Corn substitution with a combination of cassava and indigofera up to 40% in the broiler ration did not affect (P>0.05) the hematocrit level of the broiler chickens (Table 4). Hematocrit is the percentage of blood volume containing red blood cells; the hematocrit value is influenced by the number and size of red blood cells. Factors that affect the hematocrit value are erythrocyte damage (erythrocytosis); decreased erythrocyte production are influenced by the number and size of erythrocytes (Gordeuk et al., 2019). The greater the number of blood erythrocytes, the hematocrit value will also increase. This is in accordance with Winarsih’s statement (2005), that the hematocrit level is highly dependent on the number of erythrocyte cells, because erythrocytes are the largest mass of cells in the blood.

			 

			Hemoglobin level of broiler chickens

			Substitution of corn as an energy source with a combination of cassava and indigofera had a significant effect (P<0.05) on broiler blood hemoglobin levels. As compared to control group, all CCI treated groups have a significant enhancement in the blood hemoglobin level. Protein is a source of amino acids needed by broiler chickens, especially the amino acid glycine and the mineral Fe which is a vital component for hemoglobin formation, so that the combination of protein and Fe minerals can maintain the amount of hemoglobin in the blood (Sriwati et al., 2014).  In recent days, cassava peel was recognized as a most effective agent to increase the Fe level of ground water (Wahdini et al., 2022). The average hemoglobin value of broilers under natural light-dark cycle ranges from 7.26 - 10.03 g/100mL (Makeri et al., 2017).  The average hemoglobin level of broilers consuming various commercial feeds ranged from 6.85 to 7.27 g/100 mL (Sufirianto et al., 2018) and Ilo et al. (2019) reported the hemoglobin level of broilers consuming different forms of commercial feed was 10.00 to 10.43 g/100mL.

			 

			MDA levels of broiler chickens

			Lipid peroxidation can produce single oxygen, hydroperoxides and lipid epoxides. Aldehydes that can be formed in lipid peroxidation are MDA (Franco, 2004) and 4-hydroxynonenal (4-HNE) (Domingues et al., 2013). MDA is the main metabolite of arachidonic acid (20:4). This event can cause livestock metabolism to be disrupted and the overhaul of fatty acids (lipid peroxidation) as a result of increased production of free radicals, especially in the oxidative phosphorylation pathway when ATP synthesis increases. Free radicals can increase lipid peroxidation which will then undergo decomposition into malondialdehyde (MDA) in the blood. The MDA test can be used to measure peroxidation that occurs in lipid membranes.

			 

			Table 4 shows that the substitution of corn with a combination of cassava and indigofera had a significant effect (P<0.05) on MDA levels in broiler chickens. This is because the indigofera contained ration also acts as an antioxidant that can counteract the free radicals formed during rearing. Palupi et al. (2014) reported that Indigofera zollingeriana flour contains beta-carotene of 506.7 mg/kg where beta-carotene can function as an antioxidant that can ward off free radicals during chicken rearing.

			 

			Based on Table 4 it can be seen that the MDA levels in the treatment groups had lower MDA levels in the blood as compared to CCI untreated group (control). All broiler chickens were subjected to heat and humidity stress with the same Temperature Humidity Index (THI) values during the rearing period, but these broiler chickens did not experience the same metabolic stress, so the MDA levels in blood were different in chickens. This is in accordance with the research of  Mushawwir and Latipuddin (2018) that an increase in THI will lead to an increase in ROS which has an impact on the formation of MDA, even though broiler chickens can still maintain normal body temperature because they can be homeostatic. ROS are oxygen-derived compounds that are more reactive than oxygen in basic conditions. These ROS can enter the bloodstream due to the influence of temperature and humidity. The condition of excess ROS compounds will cause oxidative stress. According to  Anthonymuthu et al. (2016), ROS cause peroxidation of fatty acids with proteins, cellular nucleic acids and fats, resulting in lipid peroxidation. The main target in lipid peroxidation by ROS is poly unsaturated fatty acid (PUFA) in the lipid membrane.  The interest has been focused on phospholipase A2 (PLA2), cyclooxygenase, and lipoxygenases which are enzymes involved in the formation of lipid peroxidation.

			 

			The presence of indigofera combined with cassava has an impact as an antioxidant in the body of broiler chickens, so that the levels of free radicals (MDA) become low in the blood of the broiler chickens. Low levels of free radicals can improve the performance of digestive enzymes produced by pancreas in broiler chickens, one of which is the protease enzyme. The more protease enzyme activity that converts protein into amino acids in the digestive tract, the faster the synthesis of hemoglobin. The more body iron, vitamins, amino acids, the faster the synthesis of hemoglobin and the formation of erythrocytes. This is in accordance with the opinion of Hoffbrand and Petit (1996) stating that substances needed for the formation of erythrocytes include iron, manganese, cobalt, vitamins, amino acids and the hormone erythropoietin.

			 

			Conclusion

			 

			The conclusion of this study is that the use of a combination of cassava tubers and indigofera leaves at a level of 10% in the ration has the same protein digestibility value as commercial feed. This inclusion is beneficial to increase the hemoglobin levels by 17.09% and reduces malondialdehyde levels by 14.28% in broiler chickens.
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Analysis of Nutrient Digestibility, Hematological Status, and Blood
Malondialdehyde Levels in Broiler Chickens Given a Combination of
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Abstract | This study aims to determine the effect of using a combination of cassava (Manihot esculenta) tuber and in-
digofera (Indigofera zollingeriana) leaves meal in rations on nutrient digestibility, hematological status and malondial-
dehyde levels in broiler chicken blood. The study was conducted experimentally with a completely randomized design,
which consisted of 5 treatments and 5 replications. The treatment was the use of a combination of cassava tuber and
indigofera leaves meal (70%+30%; CCI) in the ration, namely: T0 (0% CCl in the ration), T1 (5% CCI in ration), T2
(10% CCT in ration), T3 (15% CCI in ration) and T4 (20% CCI in ration). The material used was 100 day-old broiler
chick (Cobb strain), which were placed in 25 postal cage units. The feed used was commercial broiler chicken feed: a
mixture of concentrate, corn, rice bran and fishmeal, and CCI according to the treatment. The observed variables were
nutrient digestibility (dry matter, crude protein and crude fiber), hematological status and blood malondialdehyde
levels in blood of broiler chickens. Data were analyzed by ANOVA and further tested by Duncan Multiple Range Test
(DMRT). The results of this study indicated that the CCI had a significant (P<0.05) effect on nutrient digestibility,
hematological status and malondialdehyde levels in blood of broiler chicken. The CCI at a level of 10% in the ration
increased hemoglobin levels by 17.09% and reduces malondialdehyde levels by 14.28% in broiler blood compared to
commercial feed (control group). The results suggested that combination of cassava tubers and indigofera leaves (CCI)
at a level of 10% could be used in broiler production without deteriorating the health of birds.
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INTRODUCTION the meat is safe and tender, the body size is large, the chest
shape is wide, dense and filled, the efficiency of the feed is
B roiler chickens have a relatively fast harvest period relatively high, and the body weight gain is very fast (Jun-

and can guarantee the availability of meat that meet iarti and Ngitung, 2019). A good broiler carcass is linked

the nutritional needs of consumers. The main objective of ~with the management of feed supply, both in quality and

raising broiler chickens is to gain body weight and carcass ~ quantity, so it is necessary to carry out a proper feeding
quality which is high and safe for human consumption. program according to their needs. Efforts to produce good

‘The demand for broiler chickens is relatively high because and quality broiler carcasses require feed containing nutri-
ents and energy suitable for broiler chicken growth. One

o
9ut
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