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ABSTRACT
	
Aims: The study aims to examine the effect of adding encapsulated dahlia tuber extract as a prebiotic and Bacillus subtilis as a probiotic to the ration on the blood lipid profile and final body weight of broilers. 
Place and Duration of Study: The study was conducted from October 2023 to December 2023, at the Laboratory of Nutrition and Feed Science, Faculty of Animal and Agricultural Sciences, Diponegoro University, Semarang-Indonesia.
Methodology: 200 unsexed Ross strain broilers aged 8 days with an average body weight of 194.53 ± 3.46 g were used. The treatment feed was administered at the age of 8-35 days, containing encapsulated dahlia tuber extract as a prebiotic and Bacillus subtilis as a probiotic (EDTEBs). The study used a completely randomized design (CRD) with 4 treatments and 5 replications, each consisting of 10 broilers. The treatment given was T0:basal ration, T1: basal ration + 0.1% EDTEBs, T2: basal ration + 0.2% EDTEBs, T3: basal ration + 0.3% EDTEBs. The parameters measured were blood cholesterol, triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL) levels, and final body weight. Data were analyzed using the JASP program. 
Results: The results showed that the addition of dahlia tuber extract encapsulation and Bacillus subtilis encapsulation had a significant effect on cholesterol levels (P < .001), triglycerides (P < .001), HDL (P = .002), LDL (P = .001), and final body weight (P < .001) in broilers. The addition of EDTEB at a concentration of 0.1% yielded optimal results in reducing cholesterol, triglycerides, and LDL levels, while also increasing HDL levels and final body weight in broilers.
Conclusion: The addition of encapsulating dahlia tuber extract and Bacillus subtilis at a level of 0.1% improved the blood lipid profile of broilers by reducing cholesterol, triglyceride, and LDL levels, while increasing HDL levels and final body weight.



Keywords: Broiler, Bacillus subtilis, blood lipid profile, dahlia tuber extract


1. INTRODUCTION

Broiler chickens have the advantage of rapid growth, with a body weight of 2,296 grams at 35 days of age (1). The livestock industry is required to maintain the stability of its production. One way to maintain production stability in the poultry sector, especially broiler chickens, requires the provision of quality rations and supplements to equip broiler chickens to fight various diseases and heat stress so that the growth rate increases as the livestock age and production quality can be guaranteed (2,3).
[bookmark: _Hlk168456035]Feed additives play a significant role in reducing the risk of heat stress and attacks of various diseases(4). The roots of dahlia plants undergo modification to form tubers. Dahlia tubers contain carbohydrates, fiber, protein, essential minerals and vitamins. The main compound contained in dahlia tubers is inulin (5,6).  The inulin content in dahlia tubers is 65 - 75% (6). Dahlia tuber extract as a source of inulin can increase the population of lactic acid bacteria and reduce pH and Escherichia coli in the intestines of poultry (7). Bacillus subtilis is a gram-positive bacteria with the potential as a probiotic that can stimulate the growth of non-pathogenic microbes in the digestive tract of broiler chickens (8). Adding Bacillus subtilis to the ration expands the enzyme activity of probiotic bacteria such as bile salt hydrolase (BSH). Bile salt hydrolase can deconjugate bile salts, causing fat not to be emulsified and absorbed by the body, so it comes out through excreta (9,10). Giving a combination of Bacillus subtilis as a probiotic and dahlia tuber extract as a prebiotic can be done as an alternative effort to replace AGP and helps reduce blood cholesterol levels in broiler chickens so that good quality meat products can be obtained and are safe for consumer health.
Encapsulation is a process of coating a material with a coating material so that the bioactive substance content of a material can be protected so that it can be absorbed and work optimally in the intestine (11). The performance of the combination of dahlia tuber extract and Bacillus subtilis becomes less effective when in the digestive tract because the bioactive substances and some probiotic bacteria contained in the combination will be damaged when faced with acidic conditions of the digestive tract, so efforts are needed to protect the bioactive substances in dahlia tuber extract and Bacillus subtilis from damage through the encapsulation process.
This study aims to examine the effect of encapsulation of dahlia tuber extract (Dahlia variabillis) and Bacillus subtilis added to the ration on the blood lipid profile of broiler chickens. This study's benefits are determining the effect and level of addition of the best dahlia tuber extract and Bacillus subtilis encapsulation on the blood lipid levels of broiler chickens. This study hypothesizes that the addition of dahlia tuber extract and Bacillus subtilis encapsulation in the ration is thought to be able to reduce cholesterol, triglyceride, and low-density lipoprotein (LDL) levels and increase high-density lipoprotein (HDL) levels of broiler chickens.

2. material and methods 

2.1 Experimental Location 
The research was conducted from October to December 2023, at the Poultry Cage and the Laboratory of Nutrition and Feed Science, Faculty of Animal and Agricultural Sciences, Diponegoro University, Semarang, Indonesia. The average temperatures and humidity at the research location were 29.1 °C and 56.6%, respectively, while those in the cage were 29.5 °C and 53.2%, respectively.

2.2. Materials
The materials used was 200 unsexed Ross strain broiler DOC chickens, dahlia tuber extract, Bacillus subtilis, maltodextrin, distilled water, 70% ethanol, skim milk, and basal ration. Ingredients compilerration base consists of corn yellow, rice bran, soybean meal,Meat Bone Meal (MBM), limestone, premix, lysine, and methionine. The basal ration for starter phase chickens in the study contained 21.62% crude protein (CP) and 3,036.45 kcal/kg Metabolizable energy (ME), the finisher phase contained 19.68% crude protein (CP) and 3,074.29 kcal/kg  (ME). The composition of the ration and nutritional content in starter and finisher phase broiler chicken are presented in Table 1.





Table 1. Broiler Chicken Ration Composition and Nutritional Content
	Materialfeed
	Starter (8-21)
	Finisher (22-35)

	Cornyellow (%)
	50.61
	55.61

	Rice Bran (%)
	14.54
	14.54

	Soybean meal (%)
	24.00
	19.00

	Meat Bone Meal (%)
	10.00
	10.00

	Limestone (%)
	0.30
	0.30

	Premix (%)
	0.25
	0.25

	Lysine (%)
	0.10
	0.10

	Methionine (%)
	0.20
	0.20

	Total :
	100.00
	100.00

	ContentsNutrients:
	
	

	Metabolizable energy (kcal/kg)**
	3036.45
	3074.29

	Crude Protein (%) *
	21.62
	19.68

	extract eter (%) *
	4.36
	4.43

	Crude Fiber (%) *
	4.37
	4.31

	Ca (%) *
	1.03
	1.09

	P (%) *
	0.75​
	0.72


	Note: 
	* Nutrient levels of feedstuff based on Hartadi Table (12)
**Calculation using Bolton's formula (13)



2.3. Dahlia Tuber Extraction
Dahlia tuber extraction was done using the following method (14). The manufacture of dahlia tuber extract begins with making dahlia tuber flour, which is done by washing the dahlia tubers thoroughly then cutting them thinly and drying them in the sun. Once dry, the dahlia tubers are ground into flour. Dahlia tuber flour is dissolved in 70% ethanol with a ratio of 1:10 (w/v) and then stirred until homogeneous. The dahlia tuber solution was then heated in a water bath at 80℃ for 30 minutes. After heating, the dahlia tuber solution was cooled at room temperature, After heating, the dahlia tuber solution was cooled to room temperature, followed by filtration with Whatman filter paper number 41. Then, the sample was moved to the freezer for 1 day until a white precipitate formed. The sediment (supernatant) is then dried in an oven at a temperature of 50℃ - 60℃ for 10 hours to produce dahlia tuber extract.
Dahlia tuber extract and Bacillus subtilis were mixed in a 50:50 ratio. The mixture was then encapsulated using the freeze-drying method. The encapsulation procedure refers to the method (15). Next, the maltodextrin was dissolved using distilled water with a ratio of 1:1, and the two materials were homogenized. Furthermore, the dahlia tuber extract and Bacillus subtilis (EUDBs) were mixed into the maltodextrin solution with a ratio of 1:5. Then the drying process was carried out using the freeze-drying method to produce encapsulation of dahlia tuber extract and Bacillus subtilis in the form of flour.
Cage preparation begins with cleaning the cage area, liming, spraying disinfectant, installing electrical circuits, and installing food and drink troughs. Cleaning the cage is done by washing the cage, cage partitions, food and drink containers using detergent. White washing the floor, cage walls, and partitions are assembled into a litter cage measuring 1x1 as many as 20 units. Then, the rice husks were spread, and the feeding and drinking places were installed. 

2.4. In Vivo Trial
Day oldchick (DOC) with 200 straight run chicks were weighed for their initial body weight and placed in cages with 10 chicks per cage. DOCs were given sugar water to anticipate stress during transportation to the research cage. Broiler chicken maintenance will be carried out for 35 days. Chickens aged 1-7 days were given commercial rations without feed additives. Chickens aged 8 days began to be given an adaptation period by giving 75% commercial rations and 25% basal rations. The provision of combined feed with different ratios between commercial and basal rations was carried out gradually. When the chickens were 9 days old, they would be given 50% commercial rations and 50% basal rations; at 10 days old, they would be given 25% commercial rations and 75% basal rations; and at 11 days old, the chickens would be given 100% basal rations until the age of 35 days. Feeding was carried out in the morning and evening. Drinking water is provided ad libitum.

2.5. Data Collection 
The data collection stage is in the form of final body weight, which is measured by weighing broiler chickens at the age of 35 days in grams. Blood lipid profiles are taken when the chickens are 35 days old. Blood is taken through the brachial vein using a syringe. The blood sample used is 3 ml. The blood sample is then put into a vacuum tube containing ethylene diamine tetraacetate (EDTA) as an anticoagulant. The blood sample will then be centrifuged at 3,000 rpm for 15 minutes. Serum and blood plasma in the blood sample will be separated after centrifugation. The separated blood plasma is transferred into a tube. Then, the blood plasma is analyzed for cholesterol, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) levels using the CHOD-PAP KIT method (16) with the Cholesterol FS (Kit Lot 60167093) from Dsi GmbH, Germany. While triglyceride levels in blood serum will be analyzed using the GPO-PAP method (17) with the triglycerides FS (Kit Lot 60167093)  from Dsi GmbH, Germany. 

2.6. Experimental Design
The research used a completely randomized design (CRD) with 4 treatments and 5 replications, with 10 broiler chickens in each replication. The treatment given is:
T0 = Basal ration
T1 = Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.1 %
T2 = Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.2 %
T3 = Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.3 %

2.7. Statistical Analysis
Analysis of variance using the JASP program (18)  at a significance level of 0.05. If there is a significant effect, the Tukey test is continued at a significance level of 0.05.

3. results and discussion
3.1 Effect of Treatment on Cholesterol Levels
The results in Table 2 show that adding combined encapsulation of dahlia tuber extract and Bacillus subtilis had a significant effect (P<.001) on broiler chickens' blood lipid profile and final body weight.
Cholesterol levels in this study ranged from 93.68 ̶ 117.80 mg/dl (Table 2). These cholesterol levels are still within the normal range but lower than the results of a study conducted by (19) which showed that cholesterol levels in the blood of 35-day-old broiler chickens were 236.11 ̶ 247.22 mg/dl with the addition of 1.2% Lactobacillus plantarum in a ration containing microparticle protein and high-fat content. Research by (20) found that blood cholesterol levels in 35-day-old broiler chickens ranged from 178 ̶ 208 mg/dl. Based on Table 2. shows that the addition of EDTEBs has a significant effect (P< .05) on reducing blood cholesterol levels in broiler chickens.
Table 2. Average Blood Lipid Profile of Broiler Chickens 
	
	
	
	Treatments
	
	
	

	Parameters
	T0
	T1
	T2
	T3
	SEM
	p-value

	Cholesterol
	117.80 a
	98.52 b
	97.60 b
	93.68 b
	3.68
	<0.001

	Triglycerides
	231.72 a
	196.60 b
	188.04 bc
	181.30 c
	5.41
	<0.001

	HDL
	45.82 b
	52.66 a
	57.24 a
	58.52 a
	2.91
	.002

	LDL
	63.76 a
	51.42 b
	45.96 bc
	41.48 c
	2.72
	.001

	Final Body Weight
	1,772 b
	1,875 a
	1,950 a
	2,035 a
	43.74
	<.001


Note: a,b,c Means with different superscripts across the row are significantly (P<.05), T =Basal ration, T1= Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.1 %, T2= Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.2 %, T3 = Basal ration + Encapsulation of dahlia tuber extract -  Bacillus subtilis 0.3 %, and  SEM = Standard Error of Mean.


Treatments T1, T2, and T3 were significantly different (P< .05) from T0; this can be seen from the treatments T1, T2, and T3 being more responsive in reducing cholesterol levels in broiler chickens than treatment T0. Blood cholesterol levels decreased with the increase in EDTEBs added to the ration. This condition is due to the inulin content in dahlia tubers that interact with Bacillus subtilis in the digestive tract of poultry, producing SCFA (short-chain fatty acids) and lactic acid. Acording to (21), that the higher the production of SCFA and lactic acid, the lower the pH value of the small intestine. This condition causes the LAB population in the intestine to increase. (9) stated that increasing the population of lactic acid bacteria causes an increase in the production of bile salt hydrolase enzymes. 
Bile salt hydrolase enzymes can suppress fat mobilization by separating glycine or taurine from steroids to produce deconjugated bile salts (22) stated that the mechanism of bile acid deconjugation occurs during the enterohepatic cycle by the presence of bile salt hydrolase (BSH) enzyme produced by BAL hydrolyzing glycodeoxycholic acid and conjugated taurodeoxycholic acid. Deconjugation of bile acids with glycodeoxycholic acid and taurodeoxycholic acid produces some bile salts that cannot be absorbed by the intestinal lumen, so they are excreted through the excreta. Bile salts excreted through excreta cause the amount of bile salts returning to the liver to decrease, thus triggering the liver to synthesize new bile salts with cholesterol as a precursor (23–25). The enterohepatic cycle connecting the liver and intestines helps digestion by inhibiting the LDL oxidation reaction so that cholesterol levels decrease. A decrease in cholesterol absorption from the digestive system causes cholesterol levels in the blood to decrease (26,27).

3.2 Effect of Treatment on Triglyceride Levels
Triglyceride levels in this study ranged from 181.30 ̶ 231.72 mg/dl (Table 2). Triglyceride levels in 35-day-old broiler chickens ranged from 186 ̶ 200 mg/dl(20). Based on Table 2. shows that the addition of EDTEBs has a significant effect (P<.001) on reducing blood triglyceride levels in broiler chickens.
Treatment T0 was significantly different (P<.05 ) with T1, T2, and T3; this can be seen from the unresponsive T0 treatment giving an effect on reducing triglyceride levels in broiler chickens compared to treatments T1, T2, and T3, while in treatment T2 it was not significantly different (P>.05) with treatments T1 and T3. Blood triglyceride levels decreased with the addition of EDTEBs in the ration. This condition is caused by the inulin contained in EDTEBs, which Bacillus subtilis will ferment as a probiotic to produce SCFA. Short-chain fatty acids in the liver will experience a decrease in fatty acid synthesis caused by a decrease in the activity of the acetyl-CoA carboxylase enzyme. According to (28), Bacillus subtilis have been shown to decrease the expression of sterol regulatory element binding protein (SREBP) and its target gene fatty acid synthase (FAS) in the liver, which are critical for lipid synthesis. This suggests that probiotic may reduce lipid synthesis by downregulating key genes involved in the process.
Inulin is fermented by gut bacteria, including  Bacillus subtilis, to produce SCFAs essential for various metabolic processes (29,30). SCFAs, have been shown to decrease the expression of genes involved in lipogenesis, such as acetyl-CoA carboxylase, thereby reducing fatty acid synthesis in the liver (31,32). Acetyl-CoA carboxylase (ACC) is a key enzyme in the conversion of acetyl-CoA to malonyl-CoA, a critical step in de novo lipogenesis (33). Downregulation of acetyl-CoA carboxylase and fatty acid synthase in the liver contribute to decreased fatty acid synthesis (34). Decreased fatty acid synthesis in the liver causes triglyceride synthesis to decrease, which ultimately causes a decrease in triglyceride concentrations in the blood (28,35,36).


3.3 Effect of Treatment on High-Density Lipoprotein Levels
HDL levels in this study ranged from 45.82 ̶ 58.52 mg/dl (Table 2). These HDL levels were lower than the results of the study reported by (37), which showed that HDL levels in the blood of broiler chickens were 83.4 mg/dl and 79.1 mg/dl with the provision of 0.05% and 0.1% inulin in the ration. (20) stated that HDL levels in 35-day-old broiler chickens ranged from 39 ̶ 59 mg/dl. Based on Table 2. shows that the addition of EDTEBs has a significant effect (P=.002) on increasing blood HDL levels in broiler chickens.
Treatments T1, T2, and T3 were significantly different (P<.05 ) from treatment T0; this can be seen from the treatments T1, T2, and T3 being more responsive in giving an effect on increasing HDL levels in broiler chickens compared to treatment T0. The decrease in triglyceride levels in the blood of broiler chickens in this study (Table 2) caused the body to respond by increasing the production of bile salts so that the level of fat emulsion and its absorption in the intestine increased. The formation of bile salts that require cholesterol as a precursor causes the body to increase HDL production to carry cholesterol from peripheral tissues to the liver (23,38). HDL molecules are relatively small, so they can pass through vascular endothelial cells and enter the intima to transport cholesterol accumulated in macrophages back to the liver (39). This process causes an increase in HDL levels in the blood of broiler chickens.

3.4 Effect of Treatment on Low-Density Lipoprotein Levels
LDL levels in this study ranged from 41.48 ̶ 63.76 mg/dl (Table 2). These LDL levels were higher than the results of the study reported by (37), which showed LDL levels in the blood of broiler chickens were 26.5 mg/dl and 25.4 mg/dl with the provision of 0.05% and 0.1% inulin in the ration. Reported by (20), that LDL levels in 35-day-old broiler chickens ranged from 82 ̶ 128 mg/dl. Based on Table 2. shows that the addition of EDTEBs has a significant effect (P=.001) on reducing LDL levels in broiler chickens.
Treatment T0 was significantly different (P<.05 ) with T1, T2, and T3; this can be seen from the unresponsive T0 treatment giving an effect on reducing LDL levels in broiler chickens compared to treatments T1, T2, and T3, while treatment T2 was not significantly different (P>.05) with treatments T1 and T3. The cholesterol levels in blood plasma that decreased in this study (Table 2) were due to the use of liver cholesterol for the synthesis of new bile acids, which caused a decrease in LDL concentration. Decreasing LDL concentration begins with bile acid absorption in the small intestine through the enterohepatic pathway. Some bile acids that are not absorbed by the intestinal lumen will be excreted through excreta, resulting in increased use of cholesterol in the liver for the synthesis of new bile acids and increased uptake of cholesterol in the blood as a precursor. This condition will cause cholesterol levels in blood plasma to decrease, thereby reducing circulating LDL concentration. Along with a decrease in cholesterol levels, LDL, which functions as a facilitator of lipid transport in the blood, will also decrease(40–42).

Effect of Treatment on Final Body Weight
Table 2 shows that the addition of EDTEBs has a significant effect (P <0.001) on increasing the final body weight of broiler chickens. Treatments T1, T2, and T3 were significantly different (P < .05) from treatment T0; this can be seen in the fact that treatments T1, T2, and T3 were more effective in increasing the final body weight of broiler chickens compared to treatment T0. It is suspected that prebiotics in the form of inulin will undergo selective fermentation by Bacillus subtilis in the small intestine. Bacillus subtilis can attach to the receptor part of the small intestine mucosa to ferment the substrate (inulin). It produces metabolite compounds, such as short-chain fatty acids (SCFA) and lactic acid, which decrease the intestinal pH (43). Acidic environmental conditions can increase the population of non-pathogenic bacteria, leading to the elimination of pathogenic bacteria attached to the intestinal villi (44). The process of eliminating pathogenic bacteria will expand the surface area of the intestinal villi, making the absorption of essential nutrients more efficient and contributing to increased livestock body weight (45).In addition, developing the Bacillus subtilis population can create healthy digestive tract conditions. It has an impact on slowing down the rate of digesta, which ultimately affects nutrient absorption and the development of digestive organs so that it can increase the final weight in broiler chickens. Improving digestive tract health causes more protein to be digested and absorbed, which in turn stores more protein in meat. (46-48)


4. Conclusion

The addition of encapsulating dahlia tuber extract and Bacillus subtilis at a level of 0.1% improved the blood lipid profile of broiler chickens by reducing cholesterol, triglyceride, and LDL levels, while increasing HDL levels and final body weight, compared to levels of 0.2% and 0.3%.
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