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ABSTRACT 

	Fermented sausages are processed meat products that rely on the activity of lactic acid bacteria (LAB) to develop their characteristic flavor, texture, and extended shelf life. LAB contribute to acid production, protein modification, and water retention, which influence both physicochemical and sensory properties of the final product. This study aimed to investigate the effect of commercial yogurt starter cultures on the production of fermented sausages, focusing on physical characteristics and organoleptic properties. A Completely Randomized Design (CRD) was employed, consisting of four treatments with five replications each. Treatments applied were T0 (without yogurt starter), T1 (yogurt starter A containing L. plantarum, L. bulgaricus, L. fermentum, L. acidophilus, and S. thermophilus), T2 (yogurt starter B containing L. bulgaricus, L. acidophilus, L. plantarum, and L. casei), and T3 (yogurt starter C containing L. bulgaricus, L. acidophilus, and S. thermophilus). Results showed that differences in the number and types of lactic acid bacteria in the starters did not significantly affect (P = 0.05) Water Holding Capacity (WHC), cooking loss, and texture. However, treatment T1 produced the highest values for WHC (19.17), cooking loss (4.78%), and texture (5.22 N). The results of this study indicated that the variation in the number of lactic acid bacteria in starter B had a higher acceptance rate compared to the other treatments.
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1. INTRODUCTION 

Fermented sausages are processed meat products that have a distinctive flavor and a longer shelf life compared to fresh meat. The fermentation process involves the activity of Lactic Acid Bacteria (LAB), which convert protein and lipid components into simpler compounds, thereby shaping the product’s textural and sensory characteristics (Zheng et al., 2024). LAB produces lactic acid, which lowers the pH and affects the protein structure of the meat, thereby enhancing gel-forming ability and Water Holding Capacity (WHC) (Munekata et al., 2022). Increased WHC plays a crucial role in retaining water during processing, which directly influences cooking loss. Proteins that form a stable gel network retain water and fat more effectively, resulting in lower weight loss during cooking.
[bookmark: _GoBack]In addition to affecting physical properties, fermentation also plays a role in the formation of the organoleptic characteristics and texture of sausages. The metabolic activity of BAL produces compounds that create distinctive flavors and aromas, which are key factors in consumer acceptance (Zhang et al., 2025). Changes in pH and enzymatic activity during fermentation also form a protein gel structure that affects the product’s tenderness and firmness (Liu et al., 2024). The use of yogurt starter cultures as a source of LAB has the potential to influence WHC, cooking loss, texture, and organoleptic properties, as differences in microbial composition can result in distinct product characteristics. Therefore, this study aims to evaluate the effects of various types of yogurt starter cultures on the quality of fermented chicken sausages based on WHC, cooking loss, texture, and organoleptic parameters.

2. material and methods 

2.1. Material
This research used ingredients such as chicken meat, ice cubes, salt, full-cream milk powder, Isolated Soy Protein (ISP), sodium tripolyphosphate (STPP), tapioca flour, as well as spices consisting of garlic, pepper, ginger, nutmeg, and sugar. This research was conducted at the Animal Product Technology Laboratory, Faculty of Animal Science, Universitas Brawijaya.

2.2. Methods
2.2.1. Sample Preparation
The research procedure for making fermented sausage begins by grinding chicken meat with the addition of ice and salt until smooth, then adding full-cream powdered milk, ISP, STPP, and spices (garlic, pepper, ginger, nutmeg, and sugar). After mixing thoroughly, tapioca flour is added, followed by the addition of yogurt starter according to the treatment, then stirred thoroughly until homogeneous. The mixture is then transferred to a filling machine to be stuffed into casings. The sausages are fermented for 24 hours at 37°C. The experimental treatments are as follows:
T0: Without yogurt starter
T1: Yogurt starter A (L. plantarum, L. bulgaricus, L. fermentum, L. acidophilus, and S. thermophilus)
T2: Yogurt starter B (L. bulgaricus, L. acidophilus, L. plantarum, and L. casei)
T3: Yogurt starter C (L. bulgaricus, L. acidophilus, and S. thermophilus)
2.2.2. Water Holding Capacity (WHC)
The procedure for measuring the WHC was carried out by placing a sample of fermented chicken sausage between two filter papers (Whatman No. 42) (Apriliyani et al., 2025). The filter paper containing the sample was then placed between two glass plates and pressed with a 35 kg weight for 5 min. After pressing, the wet area was measured. The wet area was determined by outlining the moisture-marked region on a plastic sheet and transferring the outline onto graph paper for area calculation. The WHC was calculated using the following formula:

2.2.3. Cooking loss
The cooking loss test was conducted with slight modifications based on the method described by Munsu et al. (2021). The cooking loss test was conducted by first weighing the initial weight of the fermented chicken sausage sample (W1). The sausage was then cooked at a temperature of 75°C, followed by weighing the final weight of the sample (W2). Cooking loss was calculated using the following formula:

2.2.4. Texture
The texture of the fermented chicken sausage was evaluated using the Warner-Bratzler Shear (WBS) method to measure hardness or the product's resistance to cutting (Feng et al., 2016). The procedure began by cutting the fermented chicken sausage into pieces measuring 2 cm × 2 cm, or adjusted according to the size of the blade. Each sample was then placed perpendicularly to the cutting direction on the test table surface. The test was initiated by pressing the start button. The blade descended with a specific force and began cutting through the sausage sample.
2.2.5. Organoleptic evaluation
Observations were made by analyzing the organoleptic test using a hedonic scale which was applied to assess the characteristics of fermented chicken sausage (modified from Apriliyani et al., 2025). The hedonic attributes analyzed were color, texture, aroma, and taste. The hedonic scale ranged from 1 to 5, where (1) strongly dislike, (2) dislike, (3) neutral, (4) like, (5) strongly like. The panelists used in this study were semi-trained, consisting of 15 individuals.

2.3.  Data analysis
This study used a Completely Randomized Design (CRD) with 4 treatments, each consisting of 5 replicates. The data were analyzed using Analysis of Variance (ANOVA). If the results of the treatments in this study showed a significant effect (P = .05) or highly significant effect (P<0.01), further testing would be conducted using Duncan’s Multiple Range Test (DMRT).

3. results and discussion

Table 1. WHC, cooking loss, and texture of fermented sausages with yogurt starter treatments

	Sample
	WHCns
	Cooking loss (%)ns
	Texture (N)ns

	T0
	21,45±2,65
	8,22±4,30
	4,00±0,82

	T1
	19,17±3,68
	4,78±1,00
	5,22±3,06

	T2
	19,21±1,68
	6,26±1,74
	4,22±1,69

	T3
	17,41±2,99
	7,48±3,37
	3,98±0,78


ns = not significant

3.1. Water Holding Capacity
The Table 1 that the use of yogurt starter cultures in fermented sausages did not significantly affect (P = .05) the WHC value of the sausages. The lowest average WHC value was found in T3 (17.41), and the highest in T0 (21.45). As the number of Lactic Acid Bacteria (LAB) strains in the yogurt starter increased, the WHC of the fermented sausages tended to decrease. This is due to the proteolytic enzymes from the different LAB strains, which modify the protein structure, enabling better water binding (Yukalo and Krupa, 2017). However, the fermented sausages without added yogurt starter exhibited a higher WHC because they had lower proteolytic activity, resulting in less protein degradation and a more intact myofibrillar structure, which consequently increased water retention. 

3.2. Cooking Loss
The Table 1 shows that the yogurt starter cultures did not significantly affect (P = .05) the cooking loss of the fermented sausages. The lowest average cooking loss was observed in T1 (4.78), while the highest was in T0 (8.22). As the number of LAB strains used increased, the cooking loss in fermented sausages tended to decrease. Meat with lower cooking loss tends to have better quality than meat with high cooking loss, as a lower cooking loss indicates reduced water and nutrient loss during cooking. Cooking loss is also influenced by protein levels; higher protein content leads to reduced cooking loss since protein retains water, minimizing the amount of cooking loss (Ismanto and Subaihah, 2020).

3.3. Texture
The Table 1 indicates that the yogurt starter cultures did not significantly affect (P = .05) the texture of the fermented sausages. The lowest average texture was found in T3 (3.98), and the highest in T1 (5.22). Higher texture values correspond to softer or less chewy sausages (Widawati and Sari, 2019). The fermented sausages with yogurt starter A had the highest texture value, which could be attributed to the proteolytic activity of the LAB strains, leading to the degradation of myofibrillar proteins and resulting in a softer texture (Yang et al., 2016).

3.4. Organoleptic properties
The differences in the fermented sausages with yogurt starters A, B, C, and D (Table 2) are due to the microorganisms in each starter, the fermentation process, and the sausage production conditions. Starters A, B, and C produced sausages with a brown color, strong fermentation aroma, and a characteristic fermented taste. The texture varied, with starters A and B resulting in a softer and less firm sausage, while starters C and D produced a firmer and more elastic texture.

Table 2. Organoleptic of fermented sausages with yogurt starter treatments

	Sample
	Color
	Aroma
	Texture
	Taste

	T0
	[image: ]
	Light brown
	Slightly aroma of fermented sausage
	Slightly no chewy and slightly no compact
	Taste of fermented sausage

	T1
	[image: ]
	Light brown
	Slightly aroma of fermented sausage
	Slightly no chewy and slightly no compact
	Taste of fermented sausage

	T2
	[image: ]
	Light brown
	Slightly aroma of fermented sausage
	Slightly chewy and slightly compact
	 Slightly taste of fermented sausage

	T3
	[image: ]
	Yellowish brown
	Slightly aroma of fermented sausage
	Slightly chewy and slightly compact
	Taste of fermented sausage



3.4.1. Color
Panelists’ evaluation of the color of the fermented sausages with yogurt starter cultures ranged from 3.07 to 3.80 (Fig 1-a). The most preferred color was found in T2, with a score of 3.80, while the least preferred color was observed in T3, with a score of 3.07. The color of the fermented sausages varied from light brownish to cream, influenced by the fermentation process and the ingredients used. This color change may be attributed to the Maillard reaction and pigment degradation during fermentation. Prijambodo et al. (2014) suggested that the color of fermented sausages is affected by the type and concentration of lactic acid bacteria used. Additionally, Sari et al. (2019) reported that adding starter cultures to fermented sausages can influence the color intensity of the final product. 
3.4.2. Aroma
	The panelists’ evaluation of the aroma of the fermented sausages with yogurt starter cultures ranged from 2.87 to 3.47 (Fig 1-b). The most preferred aroma was observed in T2, with a score of 3.47, while the least preferred aromas were found in T0 and T1, with a score of 2.87. The aroma of the fermented sausages had a distinct sharp characteristic resulting from the fermentation process. This aroma is generated by volatile compounds formed during fermentation, such as aldehydes and organic acids. Deviartha et al. (2018) stated that the use of lactic acid bacteria in fermented sausage production contributes to the formation of its characteristic aroma. Additionally, Sumarmono et al. (2018) noted that fermentation with lactic acid bacteria produces volatile compounds that give a specific aroma to fermented sausages. 
3.4.3. Texture 
	Panelists’ evaluation of the texture of the fermented sausages with yogurt starter cultures ranged from 2.87 to 3.13 (Fig 1-c). The most preferred texture was found in T2, with a score of 3.13, while the least preferred texture was in T1, with a score of 2.87. The texture of the fermented sausages ranged from slightly chewy to somewhat firm, depending on the formulation and fermentation process applied. Fermentation affects the protein structure in the meat, which impacts the chewiness and firmness of the product. Deviartha et al. (2020) mentioned that the use of lactic acid bacteria in sausage fermentation can influence the texture of the final product. Moreover, Sumarmono et al. (2018) highlighted that adding starter cultures to fermented sausages impacts the texture, making it firmer and chewier. 
3.4.4. Taste 
	The panelists’ evaluation of the taste of the fermented sausages with yogurt starter cultures ranged from 2.33 to 3.00 (Fig 1-d). The most preferred taste was found in T2, with a score of 3.00, while the least preferred taste was in T1, with a score of 2.33. The taste of the fermented sausages was characterized by a distinct sourness produced during the fermentation process. This sourness comes from the activity of lactic acid bacteria, which convert sugars into lactic acid, giving the product its characteristic sour flavor. Pratama et al. (2020) indicated that fermented sausages made with lactic acid bacteria produce a distinctive sour taste. Furthermore, Suryati et al. (2014) found that adding lactic acid bacteria to fermented sausages increases their acidity. Panelists generally preferred the sausages with a more balanced level of acidity rather than those that were too sour. 


Fig 1. Organoleptic properties charts of fermented sausages with yogurt starter treatments (a) color, (b) aroma, (c) texture, and (d) taste

4. Conclusion

The results of this study indicate that differences in the composition of lactic acid bacteria in commercial yogurt starters do not have a significant effect on Water Holding Capacity (WHC), cooking loss, and the texture of fermented sausages. However, the results of the organoleptic test show that the treatment using yogurt starter B had a higher acceptance rate compared to the other treatments.
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(a) Color
Warna	P0	P1	P2	P3	3.6	3.53	3.8	3.07	


(b) Aroma
Aroma	P0	P1	P2	P3	2.87	2.87	3.47	3.07	


(c) Texture
Tekstur	P0	P1	P2	P3	3	2.87	3.13	3.07	


(d) Taste
Rasa	P0	P1	P2	P3	2.67	2.33	3	2.93	
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