
		
			[image: 1.png]
		

	
		
			Research Article

		

		
			Porang Glucomannan as a Prebiotic and Cholesterol Reducer in Broiler Chickens: Effects on Carcass Quality, Meat Cholesterol, and Immune Response

		

		
			Desti Prestasi Zendrato1, Nevy Diana Hanafi2*, Elisa Julianti3, Ma’ruf Tafsin2

		

		
			¹Doctoral Program in Agricultural Science, Faculty of Agriculture, Universitas Sumatera Utara, Jl. Dr. A. Sofian No. 3, Padang Bulan, Medan 20155, Indonesia; ²Department of Animal Science, Faculty of Agriculture, Universitas Sumatera Utara, Jl. Dr. A. Sofian No. 3, Padang Bulan, Medan 20155, Indonesia; ³Department of Food Science and Technology, Faculty of Agriculture, Universitas Sumatera Utara, Jl. Dr. A. Sofian No. 3, Padang Bulan, Medan 20155, Indonesia.

		

		
			Abstract | This study aimed to evaluate the effectiveness of porang glucomannan extract as a prebiotic and cholesterol-lowering agent in broiler chickens. The research was conducted in three stages: (1) glucomannan extraction using methanol and ethanol solvents for 2, 4, and 6 hours, followed by in vitro prebiotic test to observe the growth of probiotic bacteria (Lactobacillus acidophilus and Lactobacillus casei) and media pH; (2) in vitro Cholesterol-lowering activity test; (3) in vivo test using a completely randomized design (CRD) with 4 treatments and 5 replicates. Treatments consisted of (T0: control, T1: 0.2%, T2: 0.4%, T3: 0.6% glucomannan extract) with parameters: Carcass quality, meat cholesterol levels, and antibody titers of Newcastle Disease (ND) and Infectious Bursal Disease (IBD). The results showed that the best extract was obtained from ethanol solvent for 6 hours with the highest glucomannan content (57.29%) with the lowest calcium oxalate and in vitro anticholesterol test showed significant cholesterol reduction. In vivo tests showed that the highest carcass percentage in T2 (74.8%), the lowest abdominal fat weight in T3 (0.83%). Meat cholesterol levels decreased significantly (P<0.05) from 76.33 mg/100 g in T0 to 66.80 mg/100 g in T3. Immune response analysis showed that ND antibody titer decreased from 6.00 log2 (T0) to 4.10 log2 (T3), IBD increased from 2,162 (T0) to 5,195 (T3). However, higher doses of glucomannan (0.6%) unexpectedly lowered ND and IBD antibody titers. This finding suggests a potential immunomodulatory effect of glucomannan that requires further investigation. In conclusion, porang glucomannan extract has the potential as a natural feed additive that functions as a prebiotic, cholesterol lowering and carcass quality enhancer for broiler chickens with special attention to its effect on immune response.
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			INTRODUCTION

			Porang tubers (Amorphophallus oncophyllus Prain), native to the Araceae family, grow abundantly in tropical regions such as Indonesia. They are known to have a high glucomannan content, accounting for approximately 45-65% of their dry weight (Perdinan et al., 2023). Glucomannan is a water-soluble polysaccharide composed of D-glucose and D-mannose monomers linked by β-1,4 bonds. It can form gels, thicken, and improve texture (Amyranti et al., 2023). Although glucomannan can be extracted from other sources, such as konjac (Amorphophallus konjac), porang has advantages, including its abundance in Indonesia, low calcium oxalate content, and high-quality extraction potential (Nurlela et al., 2021; Azhar et al., 2023). These characteristics make porang a promising yet underutilized source of functional fibre for animal feed. The glucomannan extraction process from porang tubers has been extensively studied to optimize yield and quality. Standard methods employ solvents, such as ethanol and water, in conjunction with sodium metabisulfite, to prevent oxidation. Characterization of the extracted glucomannan reveals that this compound can form gels and thicken to enhance food texture (Aryanti and Abidin, 2015).

			Broiler chickens are one of the most economically valuable poultry commodities in the livestock industry. However, the high fat content of broiler chicken meat is a major consumer concern as it can contribute to increased blood cholesterol levels, posing risks to human health (Nursinah et al., 2013; Taulescu et al., 2010). Therefore, there is a need for innovations in feed formulation that support growth performance and produce chicken meat with lower cholesterol levels. One promising approach is the use of glucomannan from porang tubers as a natural feed additive in broiler chicken feed. Glucomannan, a water-soluble polysaccharide with β-1,4 bonds, cannot be digested by chicken digestive enzymes. This allows it to reach the lower digestive tract, where it functions as a prebiotic. In the large intestine, microbiota ferment glucomannan into short-chain fatty acids (SCFAs), which play a crucial role in strengthening the intestinal barrier, enhancing nutrient absorption, and supporting growth and feed conversion efficiency (Perdinan and Larasati, 2019).

			Studies have shown that supplementing with 0.4% glucomannan can increase feed intake and body weight gain in broiler chickens, resulting in a feed conversion ratio (FCR) of 1.72 (Tafsin et al., 2024). Similar improvements were observed by Kamalzadeh et al. (2009), who reported increased body weight in broilers fed 1 g of glucomannan per kg of feed. Glucomannan contributes to maintaining a balanced gut microbiota by increasing the population of lactic acid bacteria (LAB) and suppressing the growth of pathogenic bacteria (Perdinan and Larasati, 2019). Additionally, glucomannan supplementation has been shown to increase SCFA concentrations and lower pH in the jejunum, thereby supporting a healthy gut environment (Perdinan and Larasati, 2019). These changes contribute to improved gut morphology, including an increase in villus length. This is directly linked to digestive efficiency and nutrient absorption (Chacher et al., 2017). Beyond its prebiotic function, glucomannan exhibits immunomodulatory properties. It can enhance macrophage activity and antibody production post-vaccination, thereby supporting the immune system of broiler chickens (Perdinan and Larasati, 2019). Several studies have confirmed the effectiveness of glucomannan in lowering cholesterol levels. Nugraheni et al. (2014) reported decreased total cholesterol levels in mice fed a high-fat diet supplemented with glucomannan. Khanifah et al. (2018) found that adding porang tuber to broiler feed improved protein digestibility and body weight. Annisa et al. (2021) stated that adding up to 1.2% porang tuber flour did not negatively impact the weight or length of the small intestine of broilers.

			This study presents a novel approach by optimizing the glucomannan extraction process from porang tubers using different solvents (methanol and ethanol) and varying extraction times (2, 4, and 6 hours). The study also evaluates the use of glucomannan as a natural carbon source to support probiotic growth and reduce cholesterol levels. The novelty of this study lies in its integration of in vitro testing of prebiotic activity and cholesterol reduction with in vivo testing of carcass quality, meat cholesterol, and the immune response of broiler chickens.

			MATERIALS AND METHODS

			Animal ethics

			The experimental protocol was approved by the Animal Research Ethics Committee of the Faculty of Mathematics and Natural Sciences at Universitas Sumatera Utara in Indonesia under the ethics number 0330/KEPH-FMIPA/2023. All procedures, including slaughter, were conducted by ethical standards for the humane treatment of animals.

			Glucomannan extract preparation

			Porang tubers were cut into thin slices (chips) and soaked with 5% (w/b) salt solution in the ratio of 1 kg tubers to 3 liters of water for 24 hours (Haryani and Hargono, 2008), then washed thoroughly with running water and drained and baked at 55oC for 12 hours. The dried chips were ground to powder form and sieved with an 80 mesh sieve to equalize the particle size. Extraction was carried out according to the treatment. A total of 50 grams of porang flour was put into a solution of ethanol (p.a) and methanol (p.a) with a ratio of sample and solvent (1 gram: 15 ml) then stirred constantly using a stirrer. The extraction was carried out at a constant temperature of ±25oC under stirring. The time used for extraction was 2, 4 and 6 hours. The mixture was then separated with filter paper. The remaining ethanol p.a and methanol p.a in the porang flour were evaporated using oven heating at 60 oC until the flour was dry. We included methanol as a control solvent to evaluate the effect of polarity on glucomannan yield. The glucomannan extraction method carried out in this study uses the method of Saputro et al. (2014) with modifications. This research was conducted at the USU FP Flour House, FTIP Unpad Test Services Laboratory and USU FMIPA Chemistry Laboratory from April 2023 to December 2023. The research design used to examine the effect of solvent type and extraction time on glucomannan content from porang tubers is a factorial complete randomized design. The use of factorial RAL method has 2 factors, namely, the first factor is the type of solvent with 2 levels and the second factor is the extraction time with 3 levels, each level is carried out 3 times. The treatments are S1T1 (methanol solvent with 2 hours extraction time); S1T2 (methanol solvent with 4 hours extraction time); S1T3 (methanol solvent with 6 hours extraction time); S2T1 (ethanol solvent with 2 hours extraction time); S2T2 (ethanol solvent with 4 hours extraction time) and S2T3 (ethanol solvent with 6 hours extraction time). 

			Animals, diet treatment and management

			One-day-old chickens (DOC) strain Lohman (MB 202) without sex separation amounted to 100 chickens originating from PT Japfa Comfeed Indonesia with an initial body weight of 47.35 ± 3.95 g/head were reared for 35 days. The research was conducted at the Research and Technology Laboratory of FP USU, Soil Biology Laboratory of FP USU, Medion Laboratory and Baru Village, Pancur Batu District, Deli Serdang Regency. This research took place from January 2024 to January 2025. Chickens were kept in 20 cages (1×1 m²/unit), each containing 5 chickens, and were given basal feed enriched with glucomannan extract according to the treatment after an adaptation period of 1 week. Chickens were vaccinated against Newcastle Disease (ND) (days 1 and 14) and Infection Bursal Disease (IBD) (days 10 and 21). At the end of the rearing period, 60 chickens were slaughtered after fasting for 12 hours, and breast and thigh meat samples (100 grams each) were taken for cholesterol level analysis. This study used a completely randomized design with 4 treatments and 5 replicates. T0 (Basal ration + 0% glucomannan extract); T1 (Basal ration + 0.2% glucomannan extract); T2 = Basal ration + 0.4% glucomannan extract); T3 (Basal ration + 0.6% glucomannan extract). The feed was prepared based on the nutritional needs of starter and finisher phase broilers (National Standardization Agency, 2006). The composition of the ration given to starter and finisher phase broilers can be seen in Table 1. 

			Data collection 

			Analysis of glucomannan content in glucomannan extract using the 3,5-DNS method (Chua et al., 2012). Calcium oxalate content was analyzed using the permanganometric titration method (Handayani et al., 2020). The prebiotic test was conducted by measuring the pH of the media and the number of bacterial colonies after 24 hours incubation at 37°C. A decrease in pH and media turbidity indicates 

			Table 1: Formulation of broiler chicken rations in the starter and finisher phase (%).

			
				
					
					
					
				
				
					
							
							Feed ingredients

						
							
							Starter (8-21 day)

						
							
							Finisher (22-35 day)

						
					

					
							
							Corn meal

						
							
							51.2

						
							
							53.7

						
					

					
							
							Rice bran

						
							
							10

						
							
							10

						
					

					
							
							Soybean meal

						
							
							24

						
							
							23.5

						
					

					
							
							Fish meal

						
							
							10

						
							
							8

						
					

					
							
							Crude palm oil (CPO)

						
							
							2

						
							
							2

						
					

					
							
							Calcium carbonate (CaCO3)

						
							
							1

						
							
							1

						
					

					
							
							Dicalcium phosphate (DCP)

						
							
							1

						
							
							1

						
					

					
							
							L-Lysine

						
							
							0.3

						
							
							0.3

						
					

					
							
							DL-Methionine

						
							
							0.2

						
							
							0.2

						
					

					
							
							Premix

						
							
							0.3

						
							
							0.3

						
					

					
							
							Amount (%)

						
							
							100

						
							
							100

						
					

					
							
							Nutritional composition

						
							
					

					
							
							Metabolizable energy/ ME (kcal/kg)**

						
							
							3,014.19

						
							
							3,038.06

						
					

					
							
							Dry matter / DM (%)*

						
							
							91.17

						
							
							91.17

						
					

					
							
							Crude protein (%)*

						
							
							21.01

						
							
							19.08

						
					

					
							
							Crude fat (%)*

						
							
							4.83

						
							
							3.93

						
					

					
							
							Crude fiber (%)*

						
							
							4.29

						
							
							4.67

						
					

					
							
							Calcium (%)**

						
							
							1.26

						
							
							1.21

						
					

					
							
							Phosphorus (%)**

						
							
							0.72

						
							
							0.65

						
					

					
							
							Lysine (%)**

						
							
							1.54

						
							
							1.44

						
					

					
							
							Methionine (%)**

						
							
							0.64

						
							
							0.61

						
					

				
			

			*Medion laboratory analysis results (2024); **Based on calculations.

			fermentation activity. Colony counts and pH measurements were performed in triplicate for each treatment. The number of colonies of Lactobacillus acidophilus and Lactobacillus casei was counted using the Total Plate Count (TPC) method according to the procedure of Ngatirah and Syaflan (2016). Anticholesterol activity analysis was performed using Lieberman-Burchard reagent with five different concentrations and three replications for each concentration (Noviani et al., 2021). Broiler carcass quality was measured through several parameters, namely live weight, slaughter weight, carcass weight, carcass percentage, abdominal fat weight, and abdominal fat percentage (Oktaviana et al., 2010; Subekti et al., 2012). Determination of meat cholesterol levels was carried out using the Liebermann-Burchard method (Tugiyanti and Susanti, 2020). Haemagglutination Inhibition (HI) test is one of the serological methods used to measure antibody titer against ND virus (Kitikoon et al., 2014). Enzyme-Linked Immunosorbent Assay (ELISA) test is used to detect the humoral immune response to IBD vaccination in broiler chickens (Alhajj et al., 2023). ND and IBD antibody titers were chosen as immune markers because they are commonly used in broiler studies to assess the humoral immune response following vaccination. In summary, the entire research design process, from extraction to testing, is presented in Figure 1. Data were first tested for normality using the Shapiro-Wilk test and for homogeneity of variance using Levene’s test. The data that met these assumptions were then analysed using one-way analysis of variance (ANOVA) with SPSS 27.0 software. If a significant difference was detected, Duncan’s multiple range test was used to compare the means between treatments (Loto, 2022). 
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			Figure 1: Graphical representation of the experimental workflow.

			RESULTS AND DISCUSSION

			Glucomannan 

			As shown in Table 3, the analysis results indicate that the type of solvent and extraction time have a significant effect (P < 0.01) on the glucomannan content produced from porang tubers. The highest glucomannan content (57.92%) was obtained through extraction with an ethanol solvent for six hours, while the lowest content (34.48%) was obtained through extraction with a methanol solvent for four hours. Generally, ethanol was more effective than methanol at dissolving polysaccharides, resulting in higher glucomannan yields. Interestingly, the glucomannan content from 4 hours methanol extraction was lower than that from 2 hours extraction. This decrease is likely due to the partial degradation of glucomannan caused by the tubers’ prolonged exposure to the methanol solvent at room temperature. This exposure can lead to the breaking of glycosidic bonds and damage to the polysaccharide structure. Additionally, during the intermediate extraction duration (4 hours), the release of glucomannan from the plant cell walls may not have been optimal due to diffusion barriers or incomplete structural changes in the cell walls. However, glucomannan levels increased again at the 6 hours extraction time as the cell matrix opened, allowing for maximum release of active compounds. These findings are consistent with those of previous studies. For example, Saputro et al. (2014) reported glucomannan levels ranging from 36.69% to 64.22%, depending on the solvent and extraction time. Wardani et al. (2021) obtained 38.53% glucomannan using 60% ethanol for 30 minutes, and Fatmawati et al. (2016) reported results ranging from 53.17% to 59.36%, using an isopropanol solvent with ultrasonic assistance. Additionally, the pattern of changes in glucomannan yield corresponds with the reports of Chua et al. (2012) and Verawati et al. (2021). They stated that the polysaccharide extraction process generally involves a gradual release phase followed by a temporary decrease due to compound instability. Then, it increases again when release from the cell matrix reaches optimal conditions.

			Calcium oxalate 

			The results of the analysis in Table 2 show that the type of solvent and extraction time have a very significant effect (P < 0.01) on the calcium oxalate content in glucomannan extract from porang tubers. average calcium oxalate

			Table 2: Analysis results of glucomannan content (%) and calcium oxalate content (%).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							S1T1

						
							
							S1T2

						
							
							S1T3

						
							
							S2T1

						
							
							S2T2

						
							
							S2T3

						
					

					
							
							Glucomannan (%)

						
							
							41.17±1.09

						
							
							34.48±1.61

						
							
							50.84±2.37

						
							
							49.45±1.25

						
							
							45.71±3.41

						
							
							57.29±5.09

						
					

					
							
							Calcium oxalate (%)

						
							
							7.53±0.27A

						
							
							7.91±0.03A

						
							
							7.98±0.05A

						
							
							6.60±0.30C

						
							
							7.08±0.16B

						
							
							4.98±0.09D

						
					

				
			

			AB: Different superscripts on the same line indicate significant differences (P<0.01). 

			Table 3: Results of media pH values and colony growth of Lactobacillus achidophilus and Lactobacillus casei (CFU/mL).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							S1T1

						
							
							S1T2

						
							
							S1T3

						
							
							S2T1

						
							
							S2T2

						
							
							S2T3

						
					

					
							
							pH of L. achidophilus media 

						
							
							4.75±0.03D

						
							
							4.82±0.03E

						
							
							4.45±0.01B

						
							
							4.40±0.02B

						
							
							4.60±0.03C

						
							
							4.30±0.01A

						
					

					
							
							L. achidophilus colony count (CFU/mL) 

						
							
							7.70×108±4.00B

						
							
							5.63×108±4.10A

						
							
							1.85×109±7.81E

						
							
							1.53×109±7.55D

						
							
							9.73×108±5.66C

						
							
							2.25×109±6.24F

						
					

					
							
							pH of L. casei media 

						
							
							4.78±0.02D

						
							
							4.89±0.01E

						
							
							4.55±0.02B

						
							
							4.50±0.02A

						
							
							4.70±0.02C

						
							
							4.48±0.01A

						
					

					
							
							L. casei colony count (CFU/mL) 

						
							
							7.17×108±5.56B

						
							
							4.87×108±3.90A

						
							
							9.53×108±3.56C

						
							
							9.77×108±5.70C

						
							
							8.53×108±4.68C

						
							
							1.31×109±6.00D

						
					

				
			

			AB: Different superscripts on the same line indicate significant differences (P<0.01).

			Table 4: Average live weight (g/head), slaughter weight (g/head), carcass weight (g/head), carcass percentage (%), abdominal fat weight (g/head) and abdominal fat weight percentage (%) in broiler chickens. 

			
				
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
					

					
							
							Live weight (g/head)

						
							
							1,388.53±77.86A 

						
							
							1,542.40±75.23B

						
							
							1,516.53±36.79B

						
							
							1,489.20±37.77AB

						
					

					
							
							Slaughter weight (g/head)

						
							
							1,336.13±81.02a

						
							
							1,471.60±73.68b

						
							
							1,456.67±38.82b

						
							
							1,419.73±33.05b

						
					

					
							
							Carcass weight (g/head)

						
							
							946.15±56.65a

						
							
							1,038.18±57.67b

						
							
							1,024.99±36.69b 

						
							
							1,004.68±28.94ab

						
					

					
							
							Carcass percentage (%)

						
							
							70.82±0.60

						
							
							70.54±0.74

						
							
							70.35±0.92

						
							
							70.76±0.78

						
					

					
							
							Abdominal fat (g/head)

						
							
							9.03±1.22

						
							
							8.93±0.78

						
							
							8.83±0.51

						
							
							8.87±0.62

						
					

					
							
							Abdominal fat percentage (%)

						
							
							0.68±0.08

						
							
							0.61±0.06

						
							
							0.61±0.05

						
							
							0.62±0.03

						
					

				
			

			AB: Different superscripts on the same line indicate significant differences (P<0.01); ab: Different superscripts on the same line indicate significant differences (P<0.05) 

			Table 5: Cholesterol content of broiler meat (mg/100 g).

			
				
					
					
					
					
					
				
				
					
							
							Parameters 

						
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
					

					
							
							Breast

						
							
							76.33±1.00C

						
							
							70.93±0.24B

						
							
							68.77±0.92AB

						
							
							66.80±1.16A

						
					

					
							
							Thighs

						
							
							93.36±1.14C

						
							
							87.77±0.67B

						
							
							85.54±1.23AB

						
							
							83.55±0.60A

						
					

				
			

			AB: Different superscripts on the same line indicate significant differences (P<0.01).

			content in methanol solvent is 6.22%, while in ethanol it is lower, namely 4.98% at 6 hours extraction time, which is the lowest value of all treatments. The decrease in calcium oxalate levels compared to the initial content in porang flour was 22.72% (Widjanarko et al, 2024), reaching 65.6% in methanol and 72.6% in ethanol. This decrease is better than the wet fermentation method (62.28%) according to Ferdian and Perdana (2021). Extraction time affects calcium oxalate levels, especially in ethanol solvent, where the highest levels appeared at 4 hours and decreased again at 6 hours, possibly due to precipitation or complex formation with glucomannan. Meanwhile, calcium oxalate levels in methanol extraction were relatively stable at all extraction times, suggesting that this solvent has been effective in dissolving calcium oxalate since the first 2 hours, with no significant increase at 4 and 6 hours. This is supported by the nature of methanol which is more polar and efficient in dissolving polar compounds in a short time (Riyadi et al., 2023). In contrast, ethanol acts more selectively on glucomannan and affects the dissolution and precipitation of calcium oxalate gradually (Nurlela et al., 2021; Salgado et al., 2023). 

			Prebiotic test

			Media pH value 

			As shown in Table 5, the type of solvent and the duration of glucomannan extraction significantly affect (P < 0.01) changes in the pH of the fermentation medium used for Lactobacillus acidophilus and Lactobacillus casei. These pH differences correlate with bacterial metabolic activity and glucomannan levels in the medium, both of which affect acid production during fermentation. In glucomannan extract using methanol, the pH of Lactobacillus acidophilus media ranged from 4.45-4.82, and Lactobacillus casei between 4.55-4.89, with the lowest pH occurring at 6 hours extraction. Extraction using ethanol resulted in a lower pH of 4.30-4.60 (Lactobacillus acidophilus) and 4.48-4.70 (Lactobacillus casei), indicating increased acid production as glucomannan levels and colony growth increased. Several studies support this, such as Daysita et al. (2024) who reported that porang flour is suitable for Lactobacillus acidophilus growth, and Azhari et al. (2021) which showed that Lactobacillus casei can grow on porang media even though the pH decreases more slowly than standard media. Other studies by Ngatirah and Syaflan (2016) and Satiti et al. (2024) emphasized the importance of pH and physicochemical properties of glucomannan (such as polymerization level and molecular weight) in supporting optimal fermentation by probiotic bacteria. 

			Total plate count (TPC) 

			According to Table 5, the results of this study suggest that glucomannan produced from porang tubers significantly affects (P < 0.01) the number of Lactobacillus acidophilus and Lactobacillus casei colonies. Extraction using ethanol for 6 hours produced the highest glucomannan content (57.29%) and consistently promoted the highest colony growth, namely 2.25 × 109CFU/mL (Lactobacillus acidophilus) and 1.31 × 109CFU/mL (Lactobacillus casei). Meanwhile, extractions with lower glucomannan content showed smaller colony counts. This positive correlation between high glucomannan content and colony growth confirms that glucomannan is a potential carbon source to support lactic acid bacteria fermentation. Several studies support this finding, such as Azhari et al. (2021) and Ngatirah and Syaflan (2016) who reported the effectiveness of porang media in increasing Lactobacillus casei growth. Hydrolysed glucomannan has also been shown to support Lactobacillus acidophilus growth, as it contains oligosaccharides that are easily fermented (Satiti et al., 2024; Helmi and Karsiningsih, 2024; Daysita et al., 2024). Another important factor is the degree of polymerization (DP) and molecular weight (MW) of glucomannan, where the hydrolyzed form with lower DP and MW has higher solubility and lower viscosity, making it more easily utilized by probiotic bacteria (Ariestanti et al., 2019). 

			Cholesterol-lowering activity test 

			The data in Figure 2 shows that the absorbance value of cholesterol increases as the cholesterol concentration increases, with values from 0.134 (100 µg/mL) to 0.363 (500 µg/mL). The cholesterol standard curve at a wavelength of 675 nm shows a linear relationship with the regression equation y = 0.0006x + 0.0782 and a value of R² = 0.9997, which indicates the very high accuracy and reliability of the UV-Vis spectrophotometric method in cholesterol analysis. This curve was used to determine the residual cholesterol levels after treatment with glucomannan extract from porang tubers, thus allowing accurate calculation of percent cholesterol reduction. The principle of this analysis follows the Lambert-Beer law, where absorbance is directly proportional to the concentration of the substance (Nurjayadi et al., 2021; Gui et al., 2016). The absorbance value of standard cholesterol used as reference is 0.308.

			[image: ]

			Figure 2: Cholesterol standard curve.

			Glucomannan extract from porang tubers showed significant ability to reduce cholesterol levels in vitro as shown in Figure 3. The percentage of cholesterol reduction increased as the concentration of the extract increased, from 13.42% at 150 µg/mL to 45.56% at 750 µg/mL. This relationship followed the linear regression equation y = 0.0533x + 3.171 with R² = 0.9701, indicating that 97.01% of the variation in cholesterol reduction was explained by glucomannan concentration. The mechanism involves glucomannan’s ability as a water-soluble fiber to form a viscous gel that inhibits bile acid reabsorption, increases bile acid excretion, and reduces cholesterol absorption through binding with lipids (Gallaher et al., 2000; Gunness and Gidley, 2010; Jin et al., 2025). These results are in line with previous research (Pasaribu et al., 2020) and support the potential of glucomannan as a raw material for cholesterol-lowering supplements or functional foods.

			[image: ]

			Figure 3: Relationship curve between the concentration of glucomannan extract from porang tubers with cholesterol.

			Broiler carcass quality 

			Live weight 

			As shown in Table 4, the results of the analysis of variance indicate that administering glucomannan extract as a feed additive significantly affects (P<0.05) the live weight of broiler chickens. The highest average live weight (1,542.40 g/bird) was found in treatment T1 (0.2%), followed by treatments T2 and T3. The lowest weight (1,388.53 g/bird) was found in the control group, T0. This increase in live weight suggests that glucomannan extract enhances the efficiency of nutrient utilisation and body metabolism. This improvement may be related to a healthier gut environment and increased production of short-chain fatty acids (SCFAs). However, the highest dose (T3, 0.6%) resulted in a decrease in live weight compared to previous treatments. This suggests a dose-dependent effect: High fibre content in the diet can increase intestinal viscosity and disrupt optimal nutrient absorption. This phenomenon aligns with Joshua’s (2017) findings, which describe a curvilinear relationship between feed additive levels and broiler chicken growth: optimal doses yield the best performance, while excessive doses produce counterproductive effects. These results are supported by those of Khanifah et al. (2018) and Perdinan and Larasati (2019), who reported improved digestibility and broiler performance at moderate glucomannan levels.

			Slaughter weight

			The results of the analysis of variance in Table 4 show that the provision of glucomannan extract from porang tubers as a feed additive showed a significant effect (P < 0.05) on broiler slaughter weight, with values ranging from 1,336.13 to 1,471.60 g/head. The highest slaughter weight was obtained in treatment T1, while T0 showed the lowest value. Although there was no significant difference between the T1-T3 groups, all three were significantly higher than the control. The increase in broiler slaughter weight is in line with the increase in glucomannan level, thanks to its prebiotic role in improving nutrient absorption and metabolism (Leone and Ferrante, 2023). Factors such as age, sex and feed quality also affect slaughter weight (Nikolova and Pavlovski, 2009). Despite a slight decrease at the highest level, glucomannan still supports growth efficiency (Barekatain et al., 2024). In addition, glucomannan maintains the stability of post-slaughter meat moisture content, keeping.

			Carcass weight

			The results of the analysis of variance in Table 4 show that the provision of glucomannan extract from porang tubers as a feed additive into broiler rations significantly affects the carcass weight of broilers (P<0.05), with a range of 946.15 to 1,038.18 g/head. The T1 treatment produced the highest carcass weight, with a decreasing trend in T2 and T3. The results of this study were higher compared to Purba’s Research (2023) which obtained carcass weights in the range of 782.87-914.53 g/head. Research by Haroen and Budiansyah (2019) also reported that the carcass weight obtained was in the range of 674.12-809.87 g/head. This study shows that cutting weight is directly proportional to carcass weight, in line with Mir et al. (2017) who stated that carcass production is influenced by live weight and factors such as age, genetics, feed, and health. The addition of glucomannan as a prebiotic improves digestive and metabolic efficiency through stimulation of gut microflora (Khanifah et al., 2018) and increases the size of intestinal villi that support nutrient absorption and carcass weight growth (Dev et al., 2022). 

			Carcass percentage

			Based on the results of the analysis of variance in Table 4, it shows that the provision of glucomannan extract from porang tubers as a feed additive is not significant (P>0.05) to the percentage of broiler carcasses. with a range of 70.35%-70.82%. These results indicate that the increase in live weight and carcass weight is proportional, so it does not change the proportion of carcass to live weight. Subekti et al. (2012) states that the percentage of carcass tends to remain when the increase in live weight and carcass is balanced. These results are consistent with Bell and Weaver (2002) who reported that the percentage of broiler carcasses ranged from 65-75%. Reported by Daud et al. (2007) that the percentage of broilers varied from 65,35-68,04%. Research by Haroen and Budiansyah (2019) also reported that the percentage of carcasses obtained was in the range of 63.06-69.82%. A high carcass percentage indicates good growth and feed efficiency in broilers. An increase in slaughter weight correlates with a greater carcass percentage due to muscle growth (Sitanggang, 2020). Glucomannan increases production efficiency without changing carcass composition, in accordance with the findings of De Antonio et al. (2017) and Askri et al. (2020) on the role of management and feed quality. 

			Abdominal fat

			According to Table 4, administering glucomannan extract did not have a significant impact on the abdominal fat weight of broiler chickens (P > 0.05). However, there was a numerical trend toward decreased fat weight with increasing doses, with the lowest value observed at the 0.4% dose (T2). While not statistically significant, this decrease is valuable in supporting the production of low-fat carcasses, which consumers prefer. This effect is likely related to glucomannan’s mechanism of action as a soluble fibre that increases intestinal viscosity, slows nutrient absorption, and improves blood lipid profiles (Giuntini et al., 2022; Nie et al., 2024). Additionally, maintaining an appropriate balance of energy and protein in the diet helps prevent fat accumulation, as emphasised by Tumova and Teimouri (2010). The effectiveness of fibre is also influenced by the appropriate dose and duration of administration (Londok and Rompis, 2020). The fat content in this study remained within the physiological range, consistent with Gunawan et al.’s (2022) results of 6.94–8.20 g/head. 

			Abdominal fat percentage

			Based on Table 4, the results of statistical analysis showed that glucomannan extract supplementation in feed did not have a significant effect (P>0.05) on the percentage of abdominal fat weight, with values ranging from 0.61% to 0.68%. The results of this study are not much different from the results of research reported by Mahata et al., (2008), the percentage of abdominal fat is 0.50-0.61%. Supported by research by Dewanti et al. (2013) using fermented water hyacinth, the percentage of abdominal fat ranged from 0.59-0.66%. Research by Pratiwi et al. (2017) also reported that the percentage of carcasses in Lohmann strain broilers with their own feed formulation was 0.57%. The effectiveness of glucomannan as a soluble fiber that can increase intestinal viscosity and bind lipids (Brockman et al., 2014) may not have been optimal at the dose used in this study. In addition, modern broilers have a genetic tendency to store fat to support rapid growth and feed efficiency (Boyle, 2022), and the proportion of body fat tends to remain stable if the energy-protein ratio in the diet is balanced (Tumova and Teimouri, 2010). This is in line with the findings of Kras et al. (2013) who emphasized that energy balance affects fat accumulation more than fiber addition alone. 

			Administering glucomannan extract from porang tubers has been shown to increase the number of Lactobacillus acidophilus and Lactobacillus casei colonies and significantly lower the pH of the fermentation medium. This indicates vigorous prebiotic activity. This activity is associated with the increased production of short-chain fatty acids (SCFAs), including acetate, propionate, and butyrate. These SCFAs play a role in maintaining gut health and improving nutrient absorption (Perdinan and Larasati, 2019; Dev et al., 2022). SCFAs also support intestinal villi regeneration and increase the absorption surface area, impacting feed efficiency and muscle tissue growth. These effects account for the significant increase in live weight and carcass percentage observed in treatments T1 and T2.

			Broiler meat cholesterol

			According to Table 5, administering glucomannan extract from porang tubers had a highly significant effect (p < 0.01) on reducing cholesterol levels in broiler chicken meat, in both the breast and thigh. The control group (T0) without glucomannan had the highest cholesterol levels: 76.33 mg/100 g in the breast and 93.36 mg/100 g in the thigh. In contrast, treatments with graded doses of glucomannan (T1–T3) significantly reduced cholesterol levels, achieving the lowest values in T3: 66.80 mg/100 g in the breast and 83.55 mg/100 g in the thigh. These results are consistent with previous findings by Imran et al. (2021), who reported cholesterol levels in broiler chicken meat ranging from 78.96 to 90.51 mg/100 g, and by Oktarina et al. (2013), who found levels ranging from 60.14 to 86.50 mg/100 g in the breast. Suciani et al. (2011) also reported cholesterol levels ranging from 73.26 to 81.27 mg/100 g. The higher cholesterol levels in the thigh compared to the breast are likely due to the thigh having higher intramuscular fat content (Giampietro-Ganeco et al., 2021). This study’s results indicate that the highest dose of glucomannan extract treatment can reduce chicken breast meat’s cholesterol levels to 66.80 mg/100 g, which is substantially lower than the 85 mg/100 g reported by the USDA FoodData Central for skinless roasted broiler chicken breast meat (USDA, 2019). Thus, porang glucomannan shows great promise in producing healthier, low-cholesterol broiler chicken meat that aligns with consumer preferences. Glucomannan may lowers cholesterol by binding bile acids and forming a gel in the gastrointestinal tract (Gallaher et al., 2000; Sato, 2020) and supports lactic acid bacteria that assimilate cholesterol (Fakruddin et al., 2024). These results are supported by the findings of Khanifah et al. (2018), who reported that adding porang tubers to broiler feed improves nutrient digestibility and reduces cholesterol levels in the birds. Nugraheni et al. (2014) demonstrated that glucomannan effectively reduces blood cholesterol levels in rats fed a high-fat diet. Furthermore, Elrayeh and Yildiz (2012) demonstrated that beta-glucan, another type of soluble fibre, can lower cholesterol in broilers through a similar mechanism.

			Blood antibody titer 

			Newcastle disease (ND) 

			Based on Table 6, the results showed that the provision of glucomannan extract in broiler diets had a significant effect (P<0.05) on ND antibody titer. The control treatment (T0) had an average titer of 6.00 log₂, which decreased to 4.30 log₂ at T2 and 4.10 log₂ at T3. These decreases contradict the assumption that prebiotics act as immunostimulants and conflict with the findings of Mohaghegh et al. (2017), who reported an increase in ND titer with the administration of esterified glucomannan at low to moderate doses. This phenomenon is likely the result of a dose-dependent immunosuppressive effect. One primary mechanism is glucomannan’s high viscosity, which forms a gel in the digestive tract. This gel binds and reduces the availability of essential nutrients for the immune system, such as vitamins A and E, zinc, and selenium. These nutrients are involved in antibody synthesis and lymphocyte proliferation (Tester and Al-Ghazzewi, 2016; Dai et al., 2021). Deficiencies in these micronutrients can lead to subclinical malnutrition, which suppresses the adaptive immune response. Additionally, high fibre levels can increase the digestive system’s workload, trigger physiological stress, and divert metabolic energy from the immune system to the digestive tract (Kim, 2017). The combination of nutrient absorption disorders and metabolic stress may explain the decrease in ND antibody titers at high doses. Although technical artefacts cannot be entirely ruled out, the consistent pattern of decline suggests that biological effects are dominant. Therefore, caution is required when using high-dose glucomannan, particularly in the context of active vaccination.

			Infection bursal disease (IBD)

			Based on the results of the IBD antibody titer test presented in Table 6, it can be seen that the average antibody titer of broiler chickens after IBD vaccination on the 10th and 21st days, and examined at 35 days of age. Unlike ND, antibody titers against the infectious bursal disease (IBD) vaccine exhibit a biphasic dose-response pattern. With this pattern, the highest antibody titer (5195.60 units) occurs with low doses (T1: 0.2%), but the positive effect decreases dramatically with higher doses (T2 and T3), falling below the control level. A typical biological phenomenon can

			Table 6: Results of ND (log2) and IBD antibody titer analysis.
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			explain this inconsistency. At low doses, glucomannan acts as an immunostimulant, increasing the activity of phagocytic and antigen-presenting cells in the intestinal mucosa (Mohaghegh et al., 2017; Nidaullah et al., 2010). However, at high doses, two mechanisms may explain the opposite effect. First, excessive stimulation of the immune system may trigger a negative feedback loop that maintains homeostasis and prevents excessive inflammation. Second, the increased adsorption capacity of glucomannan at high doses may impair the absorption of immunocritical nutrients, leading to immunosuppressive effects (Tester and Al-Ghazzewi, 2016; Dai et al., 2021). These findings confirm that the immunological effects of glucomannan are highly dose-dependent. There is a narrow “therapeutic window” in which glucomannan provides optimal benefits; adverse effects emerge when doses exceed a certain threshold. A dose of 0.2% has been shown to most effectively support antibody responses to IBD, and high doses should be avoided to minimise the risk of immunosuppression.

			However, this study has several limitations that need to be acknowledged to ensure a more balanced interpretation of the results. First, claims regarding improved gut health based on performance parameters, such as live weight, have not been supported by histopathological data that confirm changes in intestinal villi morphology. Second, no correlation analysis has been conducted to statistically link the ability of glucomannan to lower cholesterol in vitro with actual cholesterol reduction in chicken meat in vivo. This limitation opens the door for more comprehensive future research designs, which could include intestinal histological analysis and correlation studies to strengthen the validity of the proposed mechanism.

			CONCLUSION AND RECOMMENDATIONS

			The best glucomannan extract was obtained from ethanol for 6 hours with high glucomannan content and low calcium oxalate. This extract showed prebiotic activity, improved carcass quality, reduced abdominal fat and cholesterol levels of broiler meat. However, administration at the highest dose (0.6%) caused a significant decrease in ND and IBD antibody titers, indicating potential suppression of the immune response. These findings suggest a dose-dependent trade-off: A 0.4% dose is optimal for improving carcass parameters, while a 0.2% dose is more effective in supporting immune function. Therefore, selecting the appropriate dose is crucial when applying glucomannan as a feed additive. Further research is needed to explore the underlying mechanisms, evaluate long-term safety, and confirm these results on a larger scale.

			ACKNOWLEDGEMENT

			The authors would like to express their gratitude and appreciation to TALENTA University of North Sumatra (Medan, Indonesia) for funding this research through a research grant in 2023.

			Novelty Statement

			The novelty of this study is an integrated approach that optimises the extraction of glucomannan from porang tubers by varying solvents and extraction times. Then it validates the results through in vitro (prebiotic activity and cholesterol reduction) and in vivo (carcass quality, meat cholesterol content, and immune response of broiler chickens) tests. This combination of extraction optimisation with both in vitro and in vivo validation has not been previously reported for porang glucomannan.

			AUTHOR’s CONTRIBUTION

			Desti Prestasi Zendrato: Carrying out experiments, conducting laboratory analysis, analyzing data, and drafting manuscripts. Nevy Diana Hanafi: Supervised the execution of the experiments and revised the manuscript. Elisa Julianti: Supervised the execution of the experiments. Ma’ruf Tafsin: Designed and supervised the experiment. All authors are responsible for reading and approval of the final manuscript. 

			Conflict of interest

			The authors have declared no conflict of interest.

			REFERENCES

			Alhajj M, Zubair M, Farhana A (2023). Enzyme linked immunosorbent assay. StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK555922/ 

			Amyranti M, Nurlatifah I, Chairunisa (2023). Extraction and characterization of glucomannan from porang tuber (Amorphophallus muelleri Blume) from Perum Perhutani. J. Ilmiah Fakultas Teknik, 4(1): 1-7. https://doi.org/10.33592/jimtek.v4i1.4776

			Annisa A, Mujnisa, Daryatmo (2021). Effect of adding porang (Amorphophallus oncophyllus) tuber flour as a prebiotic in broiler rations on the weight and length of the small intestine. J. Unhas., 15(2): 41-52. https://journal.unhas.ac.id/index.php/bnmt/article/view/19464/7682 

			Ariestanti CA, Seechamnanturakit V, Harmayani E, Wichienchot S (2019). Optimization on production of konjac oligo-glucomannan and their effect on the gut microbiota. Food Sci. Nutr., 7(2): 788-796. https://doi.org/10.1002/fsn3.927

			Aryanti N, Abidin KY (2015). Extraction of glucomannan from local porang (Amorphophallus oncophyllus and Amorphophallus muerelli Blume). Metana, 11(1).

			Askri A, Raach-Moujahed A, M’hamdi N, Maalaoui Z, Debbabi H (2020). Broiler’s performance and carcass characteristics improvement by prebiotic supplementation. Large Anim. Rev., 26(5): 249-256. https://www.largeanimalreview.com/index.php/lar/article/view/173 

			Azhar B, Gunawan S, Setyadi ERF, Majidah L, Taufany F, Atmaja L, Aparamarta HW (2023). Purification and separation of glucomannan from porang tuber flour (Amorphophallus muelleri) using microwave assisted extraction as an innovative gelatine substituent. Heliyon, 9(11): 1-10. https://doi.org/10.1016/j.heliyon.2023.e21972

			Azhari F, Winarsa R, Siswanto S, Muzakhar K, Utarti E, Sutoyo S, Arimurti S (2021). Growth of Lactobacillus casei FNCC0900 in media based on porang plant (Amorphophallus muelleri Bl.). Berkala Saintek, 9(2): 86-94. https://doi.org/10.19184/bst.v9i2.19034

			Barekatain R, Hall L, Chrystal PV, Fickler A (2024). Nutrient utilisation and growth performance of broiler chickens fed standard or moderately reduced dietary protein diets with and without β-mannanase supplementation. Anim. Nutr., 19: 131-138. https://doi.org/10.1016/j.aninu.2024.05.008

			Bell DD, Weaver WD (2002). Commercial chicken meat and egg production (5th ed.). Springer Science and Business Media. https://doi.org/10.1007/978-1-4615-0811-3

			Boyle A (2022). Production systems. Poultry. Elsevier eBooks.

			Brockman DA, Chen X, Gallaher DD (2014). High-viscosity dietary fibers reduce adiposity and decrease hepatic steatosis in rats fed a high-fat diet. J. Nutr., 144(9): 1415-1422. https://doi.org/10.3945/jn.114.191577

			Chacher MFA., Kamran Z, Ahsan U, Ahmad S, Koutoulis KC, Qutab Ud Din HG, Cengiz Ö (2017). Use of mannan oligosaccharide in broiler diets: an overview of underlying mechanisms. World’s Poult. Sci. J., 73(4): 831-844. https://doi.org/10.1017/S0043933917000757

			Chua M, Chan K, Hocking TJ, Williams PA, Perry CJ, Baldwin TC (2012). Methodologies for the extraction and analysis of konjac glucomannan from corms of Amorphophallus konjac K. Koch. Carbohyd. Polym.., 87(3): 2202-2210. https://doi.org/10.1016/j.carbpol.2011.10.053

			Dai J, Chen J, Qi J, Ding M, Liu W, Shao T, Han J, Wang G (2021). Konjac glucomannan from Amorphophallus konjac enhances immunocompetence of the cyclophosphamide-induced immunosuppressed mice. Food Sci. Nutr., 9(2): 728-735. https://doi.org/10.1002/fsn3.2038

			Daud M, Piliang WG, Kompiang P (2007). Percentage and carcass quality of broilers fed probiotics and prebiotics in the diet. J. Ilmu Ternak Vet., 12(3): 167-174. https://doi.org/10.14334/jitv.v12i3.481

			Daysita L, Aulia H, Pradiva M, Gebrina A, Nandyawati D, Illaningtyas F, Mustafawi W (2024). Potential porang tuber flour as prebiotic on synbiotic powder. AIP Conf. Proc. 2957: 060012. https://doi.org/10.1063/5.0183930

			De Antonio J, Fernandez-Alarcon MF, Lunedo R, Squassoni GH, Ferraz A, Macari M, Furlan RL, Furlan LR (2017). Chronic heat stress and feed restriction affects carcass composition and the expression of genes involved in the control of fat deposition in broilers. J. Agric. Sci., 155(9): 1487-1496. https://doi.org/10.1017/S0021859617000624

			Dev K, Singh J, Mir NA, Biswas A, Sonowal J, Kant R, Ahlawat N, Tiwari AK (2022). Inflection in nutrient transporter genes leads to potential changes in small intestine histomorphology with improved nutrient retention in chicken under dietary synbiotic supplementation. Lett. Anim. Biol., 2(1): 23-31. https://doi.org/10.62310/liab.v2i1.75

			Dewanti R, Irham M, Sudiyono (2013). The effect of fermented eichornia crassipes supplementation in the diet on the percentage of carcass, non-carcass and abdominal fat of eight week old local male duck. Bulet. Anim. Sci., 37(1): 19-25. https://doi.org/10.21059/buletinpeternak.v37i1.1955

			Elrayeh AS, Yildiz G (2012). Effects of inulin and \beta-glucan supplementation in broiler diets on growth performance, serum cholesterol, intestinal length, and immune system. Turk. J. Vet. Anim. Sci., 36(4): 388-394. https://doi.org/10.3906/vet-1010-504

			Fakruddin M, Nafsi NN, Rahman MA, Jime JS, Bulbul N, Shishir MA, Arefin MS, Safa A (2024). Unleashing the potential of gut microbiota: Cholesterol reduction through microbial bile acid metabolism. Curr. Biotechnol., 13(1): 6-14. https://doi.org/10.2174/0122115501282536240301055402

			Fatmawati S, Nugraheni B, Setyani DK (2016). Ultrasonic-assisted extraction and determination of glucomannan content in porang tubers (Amorphophallus oncophyllus Prain ex Hook.f.). Media Farmasi Indonesia, 11(2): 1075-1083.

			Ferdian MA, Perdana RG (2021). Processing technology of porang flour modi fied with the variations of milling methods and long fermentation. J. Agroind., 11(1): 23-31. https://doi.org/10.31186/j.agroindustri.11.1.23-31

			Gallaher CM, Munion J, Hesslink RL, Wise J, Gallaher DD (2000). Cholesterol reduction by glucomannan and chitosan is mediated by changes in cholesterol absorption and bile acid and fat excretion in rats. J. Nutr., 130(11): 2753-2759. https://doi.org/10.1093/jn/130.11.2753

			Giampietro-Ganeco A, Boiago MM, Malagoli de Mello JL, de Souza RA, Ferrari F, de Souza PA, Borba H (2021). Lipid assessment, cholesterol and fatty acid profile of meat from broilers raised in four different rearing systems. Agrarian Sciences. An. Acad. Bras. Ciênc., 92(suppl 1): 1-14. https://doi.org/10.1590/0001-3765202020190649

			Giuntini EB, Sardá FAH, de Menezes EW (2022). The effects of soluble dietary fibers on glycemic response: An overview and future perspectives. Foods, 11(23): 3934. https://doi.org/10.3390/foods11233934

			Gui M, Zhu W, Zhu F, Geng Y, Hua W, Tang CM, Zhao Z (2016). The determination of serum cholesterol concentration with improved differential evolution algorithm based on ultraviolet-visible absorption spectrum. Proceedings of the 2016 4th International Conference on Machinery, Materials and Information Technology Applications. https://doi.org/10.2991/icmmita-16.2016.57

			Gunawan AH, Sugiarto, Marfuah N (2022). Substitution of fishmeal using chicken head on carcass quality, carcass components and abdominal fat of broilers. Proceedings of the National Seminar on Agricultural Vocational Education and Development, Manokwari Agricultural Development Polytechnic., pp. 413-423.

			Gunness P, Gidley MJ (2010). Mechanisms underlying the cholesterol-lowering properties of soluble dietary fibre polysaccharides. Food Funct., 1(2): 149-155. https://doi.org/10.1039/c0fo00080a

			Handayani T, Aziz Y, Herlinasari D (2020). Making and testing the quality of porang (Amorphophallus oncophyllus Prain) tuber in Ngrayun Regency. J. Farmasi Kesehatan., 9(1): 13-21. https://doi.org/10.48191/medfarm.v9i1.27

			Haroen U, Budiansyah A (2019). The use of garlic (Allium sativum) methanol extract as a feed additive on broiler carcass quality. J. Petern. Indonesia, 21(2): 108-120. https://doi.org/10.25077/jpi.21.2.109-121.2019

			Haryani K, Hargono (2008). Processing iles-iles (Amorphophallus sp.) into glucomannan as a gelling agent to replace borax. Momentum, 4(2): 38-41.

			Helmi H, Karsiningsih E (2024). The physical, chemical, microbiological, antibacterial, and prebiotic characteristics of fermented porang flour with addition of bacteria and yeast. Biosaintifika: J. Biol. Biol. Educ., 16(1): 116-127. https://doi.org/10.15294/biosaintifika.v15i1.1545

			Imran S, Wajizah, Samandi (2021). Influence of liquid probiotic inclusion as feed additives on lipid profiles and meat cholesterol content of commercial broiler chickens. IOP Conf. Ser.: Earth Environ. Sci., 667: 012075. https://doi.org/10.1088/1755-1315/667/1/012075

			Jin H, Wang S, Sheng J, Yang X, Li J, Li B (2025). Konjac glucomannan and its degradation products inhibit intestinal lipid absorption by regulating gut microbiota and the production of short-chain fatty acids. J. Agric. Food Chem., 73(2). https://doi.org/10.1021/acs.jafc.4c06280

			Joshua AO (2017). Growth promoters as feed additives in poultry production. J. Stud. Manage. Plann., 3(2): 1-13. 

			Kamalzadeh A, Hosseini AZ, Moradi S (2009). Effects of yeast glucomannan on performance of broiler chickens. Int. J. Agric. Biol., 11(1): 49-53. https://www.cabdirect.org/cabdirect/abstract/20093063819

			Khanifah N, Suthama, Wahyuni HI (2018). The effect of glukomanan inclusion derived from porang tuber extract (Amorphophallus oncophyllus) on dietary protein utilization in broiler chicken. J. Ilmu Ternak Vet., 33(2): 77-81. https://doi.org/10.14334/jitv.v23i2.1834

			Kim YG (2017). Microbiota influences vaccine and mucosal adjuvant efficacy. Immune Netw., 17(1): 20-24. https://doi.org/10.4110/in.2017.17.1.20

			Kitikoon P, Gauger PC, Vincent AL (2014). Hemagglutinin inhibition assay with swine sera. Methods Mol. Biol. Humana Press, 1161: 295-301. https://doi.org/10.1007/978-1-4939-0758-8_24

			Krás RV, Kessler AM, Ribeiro AML, Henn Jdi, Santos II dos, Halfen DP, Bockor L (2013). Effect of dietary fiber and genetic strain on the performance and energy balance of broiler chickens. Braz. J. Poult. Sci., 15(1): 15-19. https://doi.org/10.1590/S1516-635X2013000100003

			Leone F, Ferrante V (2023). Effects of prebiotics and precision biotics on performance, animal welfare and environmental impact: A review. Sci. Total Environ., pp. 165951. https://doi.org/10.1016/j.scitotenv.2023.165951

			Londok JJMR, Rompis JEG (2020). Serum lipid profile of broiler consuming ration containing lauric acid and feed fiber. J. Ilmu-ilmu Petern., 63(1): 209-213. https://www.cabdirect.org/cabdirect/abstract/20203496355

			Loto RT (2022). Data and statistical analysis on the corrosion inhibition effect of four organic chemical compounds on carbon steel in dilute H₂SO₄ and HCl solutions. Nucleation and atmospheric aerosols. AIP Conf. Proc., 2437: 020122. https://doi.org/10.1063/5.0092604

			Mahata ME, Dharma A, Ryanto I, Rizal Y (2008). Effect of substituting shrimp waste hydrolysate of Penaeus merguensis for fish meat in broiler performance. Pak. J. Nutr., 7(6): 806-810. https://doi.org/10.3923/pjn.2008.806.810

			Mir NA, Rafiq A, Kumar F, Singh VK, Shukla V (2017). Determinants of broiler chicken meat quality and factors affecting them: A review. J. Food Sci. Technol. Mysore, 54(10): 2997-3009. https://doi.org/10.1007/s13197-017-2789-z

			Mohaghegh A, Chamani M, Shivazad M, Sadeghi AA, Afzali N (2017). Effect of esterified glucomannan on broilers exposed to natural mycotoxin-contaminated diets. J. Appl. Anim. Res., 45(1): 285-291. https://doi.org/10.1080/09712119.2016.1174122

			National Standardization Agency (2006). Broiler starter and finisher feed (SNI 01-3930-2006).

			Ngatirah, Syaflan M (2016). Supplementation of prebiotic Iles-Iles as a source of carbon in the MRS media for growth of Lactobacillus casei. Proceedings of the 2nd International Conference on Sustainable Global Agriculture and Food (ICSAF). pp. 102-107. 

			Nidaullah H, Durrani FR, Ahmad S, Jan IU, Gul S (2010). Aqueous extract from different medicinal plants as anticoccidial, growth promotive and immunostimulant in broilers. ARPN J. Agric. Biol. Sci., 5(1): 53-59. 

			Nie Q, Sun Y, Hu W, Chen C, Lin Q, Nie S (2024). Glucomannan promotes Bacteroides ovatus to improve intestinal barrier function and ameliorate insulin resistance. iMeta. https://doi.org/10.1002/imt2.163

			Nikolova N, Pavlovski Z (2009). Major carcass parts of broiler chicken from different genotype, sex, age and nutrition system. Biotechnol. Anim. Husband., 25: 1045–1054. https://www.cabdirect.org/cabdirect/abstract/20103274353

			Noviani M, Slamet S, Wirasti W, Waznah U (2021). Cholesterol-lowering activity test of ethanol extract of water guava leaves (Syzygium aqueum (Burm.f.) Alston) in vitro. Prosid. Semin. Nasional Kesehatan, Univ. Muhammadiyah Pekajangan Pekalongan, 1: 839-849. https://doi.org/10.48144/prosiding.v1i.761

			Nugraheni B, Cahyani IM, Herlyanti K (2014). The effect of porang tuber glucomannan (Amorphophallus oncophyllus) on total blood cholesterol levels in rats fed a high-fat diet. J. Ilmiah Fakultas Farmasi, Univ. Wahid Hasyim Semarang, 11(2): 32-36.

			Nurjayadi M, Romundza F, Moersilah M (2021). Application of the Lambert-Beer legal concept in learning spectroscopy UV-Vis with simple spectrophotometers. AIP Conf. Proc., 2331: 040009. https://doi.org/10.1063/5.0041895

			Nurlela N, Ariesta N, Laksono DS, Santosa E, Muhandri T (2021). Characterization of glucomannan extracted from fresh porang tubers using ethanol technical grade. J. Makanan, 16(1): 1-8. https://doi.org/10.20884/1.jm.2021.16.1.632

			Nursinah IZ, Lutfiadi R, Mustaiem M (2013). Financial analysis of broiler chickens (Case of broiler breeding in West Bekasi District). J. Peternakan Indonesia, 3(2): 36-45. 

			Oktarina PW, Hamid IS, Santoso KP, Lamid M (2013). Male broiler meat cholesterol levels with a combination of seligi leaf flour (Phyllanthus buxifolius) and turmeric flour (Curcuma domestica) in feed. J. Basic Vet., 2(1): 18-22. 

			Oktaviana D, Zuprizal and Suryanto E (2010). The effect of adding virgin coconut oil meal in the diet on the performance and carcass production of broiler chickens. Bulet. Petern., 34(3): 159-164. https://doi.org/10.21059/buletinpeternak.v34i3.85

			Pasaribu G, Waluyo TK, Pari G, Hastuti N (2020). The effectiveness of glucomannan and nano activated-carbon as hypercholesterol-lowering agents. Indonesian J. For. Res., 7(2): 155-164. https://doi.org/10.59465/ijfr.2020.7.2.155-164

			Perdinan A, Larasati YN (2019). Concentration of short chain fatty acids and potential hydrogen in jejunum of broiler chicken supplemented with porang (Amorphophallus oncophyllus) glucomannan. J. Pengembangan Penyuluhan Peternakan, 16(29): 62–69. https://doi.org/10.36626/jppp.v16i29.69

			Perdinan A, Larasati YN, Listyowati AA (2023). Effect of porang glucomannan and Bacillus subtilis on intestinal morphology and productivity of broilers. J. Scientech Res. Dev., 5(1): 136-142. https://doi.org/10.56670/jsrd.v5i1.106

			Pratiwi H, Atmomarsono U, Sunarti D (2017). Effect of feeding with different protein sources on the percentage of carcass cuts and meat protein mass of local chicken crosses. J. Petern. Indonesia, 19(1): 23-29. https://doi.org/10.25077/jpi.19.1.23-29.2017

			Purba FF (2023). The effect of papaya leaf powder supplementation in feed on broiler carcass quality (Undergraduate thesis). Animal Science Study Program, Faculty of Animal Husbandry, Universitas Sumatera Utara, Medan.

			Riyadi PH, Susanto E, Anggo AD, Arifin MH, Rizki L (2023). Effect of methanol solvent concentration on the extraction of bioactive compounds using ultrasonic-assisted extraction (UAE) from Spirulina platensis. Food Res., 7(Suppl. 3): 59-66. https://doi.org/10.26656/fr.2017.7(S3).9

			Salgado N, Silva MA, Figueira ME, Costa HS, Albuquerque TG (2023). Oxalate in foods: Extraction conditions, analytical methods, occurrence, and health implications. Foods, 12(17). https://doi.org/10.3390/foods12173201

			Saputro EA, Olim L, Endang M (2014). Purification of glucomannan flour from porang tubers (Amorphophallus muelleri Blume) using extraction/leaching process with ethanol solution. Simposium Nasional RAPI XII-2014 FT UMS. 

			Satiti R, Utami T, Widada J, Harmayani E (2024). Characterization and prebiotic activity in vitro of hydrolyzed glucomannan extracted from fresh porang tuber (Amorphophallus oncophyllus). Trends Sci., 22(1): 8617. https://doi.org/10.48048/tis.2024.8617

			Sato R (2020). Recent advances in regulating cholesterol and bile acid metabolism. Biosci. Biotechnol. Biochem., 84(11): 2185-2192. https://doi.org/10.1080/09168451.2020.1793658

			Sitanggang RDP (2020). Effect of adding papaya leaf flour and turmeric flour as feed additives on broiler carcasses. Thesis, Faculty of Agriculture, Universitas Sumatera Utara.

			Subekti K, Abbas H, Zura KA. (2012). Carcass quality (carcass weight, carcass percentage and abdominal fat) of broiler chickens fed a combination of CPO and vitamin C as anti-stress. J. Petern. Indonesia, 14(3): 447-453. https://doi.org/10.25077/jpi.14.3.447-453.2012

			Suciani KW, Parimartha NLG, Sumardani NLG, Bidura IGN, Kayana IGN, Lindawati SA (2011). Addition of multi-enzyme and yeast tape in high fiber (cocoa pod) ration to reduce broiler meat cholesterol. J. Vet., 12(1): 69-76.

			Tafsin M, Hanafi ND, Zendrato DP (2024). Glucomannan extract from porang tubers (Amorphophallus oncophyllus Prain) as prebiotic on broiler performance. IOP Conf. Ser. Earth Environ. Sci., 1413(1): 012053. https://doi.org/10.1088/1755-1315/1413/1/012053

			Taulescu C, Mihaiu M, Bele C, Matea C, Dan SD, Mehaiu R, Lapusan A, Ciupa A (2010). Manipulating the fatty acid composition of poultry meat for improving consumer’s health. Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca: Vet. Med., 67(2): 220-225. https://www.cabdirect.org/cabdirect/abstract/20103355817

			Tester RF, Al-Ghazzewi FH (2016). Beneficial health characteristics of native and hydrolysed konjac (Amorphophallus konjac) glucomannan. J. Sci. Food Agric., 96(10): 3283-3291. https://doi.org/10.1002/jsfa.7571

			Tugiyanti E, Susanti E (2020). The effect of non-AGP feed on blood cholesterol and profile of meat fat of broiler chickens reared in different regions. J. Ilmu-Ilmu Petern., 31(3): 219-227. 

			Tumova E, Teimouri A (2010). Fat deposition in the broiler chicken: A review. Sci. Agric. Bohem., 41(2): 121-128. https://www.cabdirect.org/cabdirect/abstract/20103209224

			U.S. Department of Agriculture, Agricultural Research Service (2019). FoodData Central. https://fdc.nal.usda.gov/fdc-app.html#/food-details/171477/nutrients

			Verawati B, Yanto N, Widawati (2021). Preparation and quality test of porang flour. Nutrition Study Program, Faculty of Health Sciences, University of Pahlawan Tuanku Tambusai, Riau.

			Wardani TS, Permatasari DAI, Rahmasari I, Dewi KPM (2021). Extraction and Determination of Glucomannan Contents from Porang Tuber (Amorphophallus muelleri Blume) using DNS method. J. Sains. Kes., 3(3): 383-391. https://doi.org/10.25026/jsk.v3i3.574

			Widjanarko SB, Mubarok AZ, Hermanto MB, Nuriyanto AFP, Sianturi MT (2024). Comparative analysis of glucomannan properties from wet and dry extractions of porang (Amorphophallus muelleri Blume) and commercial konjac glucomannan. Trends Sci., 22(2). https://doi.org/10.48048/tis.2025.8278

		

	OEBPS/image/1550073252_R2_-_Figure_2._Cholesterol_standard_curve.jpg
0400

0300

0250

0.150

0.100

0050

Cholesterol Standard Absorbance

0000

100

200 300
Cholesterol Concentration (ug/mL)

400

0363

0006x +0.0782
=0.9997

500





OEBPS/image/2090935210_R2_-_Figure_1._Graphical_representation_of_the_experimental_workflow.jpg
Porang

I

PEDE—=— Fenm [ e
prer—r— e I E—
ey e - B
Dusion st | | |- Lsrmanpueton i@y
| Choesemscue | | slisons,  birdsiep
I g s | [ VD e,
i s
pe—— 2 et s
el iyt
(e | | Seaion
it
TPC) Parameters:

- Catcas quliy (v weight,
slavghier weight, carcass
weigh,carcas percentage,
abdonial ot weight, and
abdoninal ft percentage)

- Meatcholstrol (breastand
thigh)

- Autibody iters (ND and
1BD)






OEBPS/image/1.png
OPEN a ACCESS Advances in Animal and Veterinary Sciences
Research Article

Gheck for
updates.

Porang Glucomannan as a Prebiotic and Cholesterol Reducer in
Broiler Chickens: Effects on Carcass Quality, Meat Cholesterol, and

Immune Response
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Abstract | This study aimed to evaluate the effectiveness of porang glucomannan extract as a prebiotic and cholesterol-
lowering agent in broiler chickens. The research was conducted in three stages: (1) glucomannan extraction using
methanol and ethanol solvents for 2,4, and 6 hours, followed by in vitro prebiotic test to observe the growth of probiotic
bacteria (Lactobacillus acidophilus and Lactobacillus casei) and media pH; (2) in vitro Cholesterol-lowering activity test;
(3) in wivo test using a completely randomized design (CRD) with 4 treatments and 5 replicates. Treatments consisted
of (T0: control, T1: 0.2%, T2: 0.4%, T3: 0.6% glucomannan extract) with parameters: Carcass quality, meat cholesterol
levels, and antibody titers of Newcastle Disease (ND) and Infectious Bursal Disease (IBD). The results showed that the
best extract was obtained from ethanol solvent for 6 hours with the highest glucomannan content (57.29%) with the
lowest calcium oxalate and in vitro anticholesterol test showed significant cholesterol reduction. In vivo tests showed
that the highest carcass percentage in T2 (74.8%), the lowest abdominal fat weight in T3 (0.83%). Meat cholesterol
levels decreased significantly (P<0.05) from 76.33 mg/100 g in TO to 66.80 mg/100 g in T3. Immune response analysis
showed that ND antibody titer decreased from 6.00 log2 (T0) to 4.10 log2 (T3), IBD increased from 2,162 (T0)
to 5,195 (T3). However, higher doses of glucomannan (0.6%) unexpectedly lowered ND and IBD antibody titers.
This finding suggests a potential immunomodulatory effect of glucomannan that requires further investigation. In
conclusion, porang glucomannan extract has the potential as a natural feed additive that functions as a prebiotic,
cholesterol lowering and carcass quality enhancer for broiler chickens with special attention to its effect on immune
response.
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INTRODUCTION 45-65% of their dry weight (Perdinan ez al, 2023).

Glucomannan is a water-soluble polysaccharide composed

Porang tubers (Amorphophallus oncophyllus Prain), native  of D-glucose and D-mannose monomers linked by p-1,4
to the Araceae family, grow abundantly in tropical bonds. It can form gels, thicken, and improve texture
regions such as Indonesia. They are known to have a high (Amyranti et al, 2023). Although glucomannan can be
glucomannan content, accounting for approximately —extracted fromothersources,suchas konjac (Amorphophallus
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