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ABSTRACT

	Vitamin and mineral deficiencies—particularly in vitamin A, iron, and zinc—remain a significant global health issue, especially among preschool-aged children, pregnant women, and the elderly. The World Health Organization (WHO) estimates that around 50% of preschool children and 7% of women of reproductive age suffer from these micronutrient deficiencies, contributing to 19% of the approximately 10.8 million annual child deaths. One potential dietary source to address these deficiencies is liver, which is rich in protein, vitamins A, D, B2, B12, folic acid, iron, and zinc. Liver is a slaughterhouse by-product with high nutritional value and strong potential for development as a functional food. However, its distinctive aroma and strong flavor often reduce consumer preference. Processing liver into products such as sausages offers a promising solution. Sausage, one of the oldest processed foods, can improve liver acceptability through proper formulation and processing techniques. The addition of chicken, pork, and goat liver in sausage affects the physical and chemical qualities of the final product. Liver substitution up to a certain level can enhance nutritional value without compromising emulsion stability, texture, and flavor. Therefore, optimizing the liver substitution ratio is essential to produce sausages that are both nutritionally beneficial and sensorially acceptable.
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1. INTRODUCTION

[bookmark: _GoBack]Vitamin and mineral deficiencies remain a significant issue affecting various populations worldwide (WHO, 2023). Among the most common deficiencies are vitamin A and minerals such as iron and zinc, which are prevalent among the elderly, pregnant women, and children (Hofman, 2017). WHO reports estimate that deficiencies in vitamins and minerals particularly iron, vitamin A, and zinc affect approximately 50% of preschool-aged children and 7% of women of reproductive age globally. Each year, an estimated 10.8 million child deaths occur worldwide, with about 19% attributed to deficiencies in iron, zinc, and vitamin A (WHO, 2023).
A potential dietary source to help address these deficiencies is liver. Liver is a functional food rich in essential vitamins and minerals, such as iron, zinc, and vitamin A. Furthermore, liver is a by-product of slaughterhouses that can be consumed and processed into various nutritious food products (Sadakuzzaman et al., 2021). It also provides a wide range of important macro- and micronutrients comparable to lean muscle tissue (Falowo et al., 2017). Liver contains protein and is an excellent source of minerals, vitamins A, D, B2, and B12, as well as folic acid. It is a raw material with high development potential and serves as a highly effective emulsifier in processing due to its unique flavor and technical functions (Kyung Ku, 2022). The nutrient content varies among different types of liver sources, such as chicken, pork, and goat liver.
Functional foods are products that provide health benefits beyond basic nutrition, containing biologically active components that can prevent diseases and enhance well-being (Aathithya, 2024). These foods may be whole, enhanced, fortified, or modified and consumed as part of a nutrient-rich diet (Barik et al., 2022). Examples include fruits, vegetables, and foods supplemented with nutrients, dietary fiber, phytochemicals, or probiotics (Anil et al., 2022). Liver is one example of a functional food; however, its distinctive aroma and strong flavor often reduce consumer preference, necessitating processing methods, such as incorporation into sausage products.
Sausage is one of the oldest forms of processed foods and was originally partly used as a means to preserve meat. The word "sausage" derives from the Latin word salsus, meaning salted or literally preserved. Sausages were made and consumed by the ancient Babylonians and Chinese around 1500 BCE. Salami was mentioned by the Greeks around 449 BCE, and Native Americans made a sausage-like product called pemmican (Lonergan et al., 2019). Sausage is a food product made from ground meat mixed with spices and can be prepared and cooked immediately for consumption (Rosida et al., 2015). There are several types of sausages, such as raw, cooked, and fermented (Carballo, 2021). The characteristics of high-quality sausages include a chewy texture, low cooking loss, high water binding capacity (WBC) to ensure good juiciness, as well as desirable flavor and sliceability (Ismanto et al., 2020).

2. NUTRITIONAL POTENTIAL OF LIVER

Edible internal organs obtained during animal slaughter are known as offal. Offal features prominently in many traditional regional cuisines worldwide, both for their nutritional value and organoleptic characteristics (Alsina and Saguer, 2023). Animal liver is one of the offal types rich in mineral sources, including iron (Fe), copper (Cu), zinc (Zn), and tin (Sn), which are readily absorbed by the body (Kabata-Pendias and Szteke, 2012). Additionally, liver contains high amounts of various vitamins such as vitamins A, B2, B12, C, folic acid, niacin, and pantothenic acid, with levels far exceeding those found in any plant-based food. Recommended liver consumption for humans varies by age and gender, generally ranging from 100 to 250 grams per week. However, to date, its utilization has been limited to liver pâté products and animal feed due to a lack of knowledge about its protein functions (Steen et al., 2016). Liver is a rich source of iron, zinc, copper, and manganese (Babicz et al., 2019). Moreover, liver is abundant in several macroelements such as calcium, sodium, and potassium (Alsina and Saguer, 2023). The texture of liver is influenced by a complex composition of muscle fibers, connective tissue, and intramuscular fat, which affect its technological and sensory properties (Listrat et al., 2016).

2.1 Chicken Liver
According to IndexBox data, global chicken liver production reached approximately 17 million tons in 2022. Chicken liver, a consumable by-product of poultry, accounts for about 2–2.5% of their live weight. It is recognized as a highly nutritious by-product rich in essential vitamins and minerals. Chicken liver contains higher amounts of iron, vitamin A, and B-complex vitamins compared to other poultry by-products. Furthermore, its fat content ranges from 0.81 to 6.5% (Wibisono et al., 2023). Chicken liver also contains protein at levels of 16–17 g/100 g (Wibisono et al., 2023). Representing approximately 1.6–2.3% of the chicken, it is one of the main poultry by-products (Nacak, 2023). Chicken liver is a nutrient-dense offal with high protein content and essential vitamins and minerals. It contains significant levels of vitamins A, B-complex, iron, zinc, and manganese compared to muscle tissue. Chicken liver also exhibits a favorable fatty acid profile, with a beneficial ratio of polyunsaturated to saturated fats (Seong et al., 2015). According to Seong et al. (2015), chicken liver can serve as a source of vitamins A, B12, and several minerals including iron. Therefore, incorporating chicken liver into meat formulations can be a promising strategy to develop new products with high nutritional quality. However, its use may affect certain quality characteristics such as emulsion stability, water-holding capacity (WHC), cooking loss, texture, and color.

2.2 Pork Liver
In pigs, offal constitutes about 17% of live weight, with liver being the most prominent part. Its nutritional value is comparable to meat, though it contains higher levels of vitamins and minerals, making liver considered a first-class meat by-product due to its richness in protein, vitamins, and mineral elements (Kakimov et al., 2018). Pork liver is a by-product of pig slaughter with high nutritional value and potential application in processed food products. It provides energy ranging from 123 to 131 kcal per 100 grams and contains protein, vitamin A, calcium, and iron at 19.3–19.8%, which is relatively higher than meat. These nutrients support growth and visual health (Choi et al., 2017). The favorable nutrient profile enables liver to possess important functional properties for food products. As a low-cost by-product from slaughterhouses, liver is rich in protein as well as essential nutrients such as amino acids, minerals, and fatty acids (Steen et al., 2016). Pork liver contains approximately 72.4% moisture, 20% protein, 4.75% fat, and 1.97% ash.

2.3 Goat Liver
Goat liver can be considered an alternative ingredient for incorporation into goat meat sausages due to its high iron content. Goat liver contains approximately 7.78 mg of iron per 100 g (Tomoviÿ et al., 2017). Its use is expected to enhance the iron content of goat meat sausages. Physically, goat liver differs from goat meat, having a higher fat content of up to 6.27 g/100 g, which may influence the final texture of the produced sausage (Triyannanto et al., 2024). This aligns with findings by Daramola (2019), who stated that goat liver is an organ of ruminant animals with high nutritional value and is often utilized as a food ingredient. According to Oluwatosin Daramola (2019), goat liver contains very good nutritional content, particularly as a source of animal protein. In 100 grams of goat liver, there is approximately 47.68% protein, 30.26% fat, and 2.35% ash (minerals), while carbohydrates and fiber were undetectable. Additionally, goat liver is rich in essential minerals such as potassium (1007.2 mg/kg), sodium (456.3 mg/kg), calcium (167.3 mg/kg), iron (13 mg/kg), as well as copper and manganese in significant amounts. This nutrient profile indicates that goat liver is not only a source of high-quality protein but also contains various essential minerals beneficial for health.

3. PHYSICAL QUALITY OF SAUSAGES WITH THE ADDITION OF VARIOUS TYPES OF LIVER

3.1 Chicken Liver

A study by Nacak (2023) substituted chicken liver with different ratios: 100% chicken meat + 0% chicken liver, 75% chicken meat + 25% chicken liver, 50% chicken meat + 50% chicken liver, and 25% chicken meat + 75% chicken liver. The emulsion stability and water-holding capacity (WHC) of sausages with 75% substitution showed lower emulsion stability and WHC compared to other treatments. This is because proteins provide good emulsifying ability (Tanmak et al., 2016), and the lower protein content in the 75% chicken liver substitution led to decreased emulsion stability. Sausages with 75% chicken liver substitution experienced higher cooking loss compared to others. According to Afshari et al. (2017), the greater the amount of fat and water lost, the higher the cooking loss. Therefore, the smaller amount of retained fluid and fat in the 75% substitution resulted in greater loss during cooking.
Color is a major factor influencing consumer preference. The addition of non-meat ingredients can cause undesirable color changes (Serdaroğlu et al., 2018). Increasing the proportion of chicken liver caused a decrease in L* (lightness) and b* (yellowness) values, while increasing the a* (redness) value. Higher levels of chicken liver substitution produced darker color, partly due to the presence of minerals such as iron and zinc (Permatasri et al., 2020). Sausages with higher chicken liver proportions exhibited softer texture than others. Substitution of chicken liver at 50% ratio can produce sausages with good quality, especially in protein content and emulsion stability, but substitution beyond 50% may reduce emulsion quality.
3.2 Pork Liver
Pork liver is a protein-rich by-product with potential for use in processed meat products (Feliu-Alsina & Saguer, 2023). Research by Pacheco et al. (2024) formulated frankfurter sausages with pork liver addition at 0% (control), 4%, 8%, and 12%. The addition of pork liver slightly reduced moisture content, with the highest pork liver formulations showing decreases from 70.3% (control) to 69.9% and 68.6% at 8% and 12%, respectively. This is attributed to pork liver proteins being water-soluble, particularly albumin and myofibrillar fragments (Steen et al., 2016). The high protein content, especially water-soluble proteins like albumin and myofibrillar fragments, contributes to its functional properties in food systems (Chen et al., 2017).
The addition of pork liver did not significantly affect sausage texture. However, it caused a decrease in L* value (darker appearance) and an increase in a* value (redder appearance). Lightness (L*), redness (a*), and yellowness (b*) ranged from 59.1 to 76.1, 7.4 to 12.2, and 16.2 to 17.7, respectively. Pork liver contains high levels of iron and heme iron, influencing the red color of processed meat products. In these products, nitrite binds and stabilizes, while heme iron forms nitrosyl-myoglobin complexes. After cooking, nitrosylhemochrome forms, giving the characteristic pink color (Suman and Joseph, 2013).
Pork liver addition significantly affected firmness but did not influence springiness. Samples with 8% and 12% pork liver had the lowest firmness values, and firmness increased during storage. The addition of various proteins and additives can significantly affect sausage texture properties (Petrášová et al., 2018). Storage conditions also impact texture, with firmness and hardness increasing after storage (Zajác et al., 2015). Springiness is a key indicator to differentiate sausages stored for different durations (Feng et al., 2017).
3.3 Goat Liver
A study by Triyannanto et al. (2024) substituted goat liver with goat meat at 100% goat meat, 75% goat meat + 25% goat liver, and 50% goat meat + 50% goat liver. The texture profile of sausages showed significant differences in hardness but not in springiness across substitution ratios. According to Aprianti et al. (2021), sausages that break easily during chewing have low springiness, often caused by low hardness. The springiness of goat meat sausages decreased with increasing proportions of goat liver. Aprianti et al. (2021) defined springiness as the chewing resilience of a sausage until it breaks down. Additionally, sausage elasticity is influenced by hardness and elasticity levels. Lower springiness indicates a less chewy and softer texture (Setiaboma et al., 2021).
Data indicated that goat meat sausages with 50:50 liver substitution had the highest softness. The highest softness is due to fat emulsions in goat liver. This occurs because protein compounds contain polar groups, causing the protein-water phase to form a strong matrix bond. This strong protein-water matrix bond increases the capacity of coated fat globules, enhancing the emulsification process. Sausage hardness decreased as the proportion of goat liver increased. Goat liver contains 6.27 g/100 g fat, while goat meat contains 2.6 g/100 g fat. The higher fat content in goat liver makes sausages with goat liver substitution softer.
Substitution of goat meat with goat liver at various ratios significantly affected water-holding capacity (WHC) of goat meat sausages, ranging from 41.87% to 45.20%. Increased substitution led to higher WHC. Soeparno (2015) stated WHC is also influenced by the product’s pH, especially when proteins reach their isoelectric point. The study showed that goat liver addition did not significantly affect moisture content, possibly due to a balanced combination of liver, added water, and starch. Liver has high moisture content, meaning liver tissue contains a considerable amount of water, but WHC depends on how well the water is retained under different conditions. Rompis and Londok (2022) noted water is a crucial component in sausage affecting appearance, texture, and flavor. The substitution of goat liver did not significantly affect color, aroma, taste, or sausage acceptability (p > 0.05). The lack of effect on color may be due to the relatively high amount of starch added compared to liver. Purwosari and Afifah (2016) stated that starch from tapioca and corn flour does not influence sausage color. Pork liver addition also did not affect aroma because the characteristic offal odor was masked by the spices used. Sausage aroma is influenced by the spices in the mixture. This is consistent with findings by Sofyan et al. (2018), who reported that the addition of spices like salt, pepper, nutmeg, shallots, and garlic affects the aroma of mushroom sausages, as these spices dissolve in water and during boiling produce the resulting sausage aroma.

Table 1. Physical quality of sausages with the addition of various types of liver
	Types of Liver Addition
	Formulation of Liver Addition
	Physical Quality of Sausages

	Effect of Addition

	Source

	Chicken Liver
	Substitution of chicken liver in chicken meat-based sausages at levels of 25%, 50%, and 75%
	WHC: 74–83.19%
Cooking loss: 3.89–7.03%
Hardness: 557,077–4,605,000 g
L *: 56.78–73.79
a: 3.64–14.83
b: 10.95–13.84
	A 50% substitution maintains WHC and achieves good emulsion stability. Increasing chicken liver substitution lowers L* values. A 75% substitution results in higher cooking loss and reduced emulsion stability.
	Nacak (2023)

	Pork Liver
	Substitution of pork liver in pork-based sausages at levels of 4%, 8%, and 12%.
	Moisture content: 68.6–69.9%
Humidity: 68.6–70%
Hardness: 56.3–58.6
Cohesiveness: 0.62–0.70
Springiness: 31.2–34.0
	Substitution at 8% and 12% slightly reduces moisture content, with 12% having the lowest. Hardness is highest at 4%, while 12% substitution results in the lowest hardness and springiness.

	(Pacheco, et al., 2024)

	Goat Liver
	Substitution of goat liver in goat meat-based sausages at ratios of 25% and 50%.
	Hardness: 11.57–14.85 g Gumminess: 9.28–11.24 Chewiness: 8.40–10.05 Springiness: 89.83–90.69%                Water Holding Capacity (WHC): 43.14–45.20% Warmth: 3.14–3.23       Aroma: 2.97–3.06 Tenderness: 3.14–3.80 Taste: 3.26–3.40

	At 50% substitution, hardness, gummines, chewiness, springiness decreased.
WHC increased at 50% addition, while color, aroma, softness, taste also increased at 50% substitution.
	(Triyanto, et al., 2024)



4. 	CHEMICAL QUALITY OF SAUSAGES WITH THE ADDITION OF VARIOUS TYPES OF LIVER

4.1 Chicken Liver
The study by Nacak et al. (2023) showed that sausages with 75% chicken liver substitution had lower protein content. At a 25% substitution level, the protein content was approximately 17.29%; at 50%, it was 17.01%; and at 75%, it decreased to 16.84%. Research by Seo et al. (2015) explored various substitutions in sausage production to enhance nutritional value and quality. Replacing pork with corn starch, chicken breast, and surimi was found to increase protein content. Sausages with higher water content compared to other substitution levels also showed higher pH values, both in raw and cooked conditions. According to Dourou et al. (2021), the pH of fresh chicken liver is 6.60; therefore, an increase in the ratio of liver inclusion tends to raise the overall pH.
4.2 Pork Liver
In a study by Pacheco et al. (2024), the addition of pork liver to frankfurter sausages significantly increased key micronutrient levels, especially iron. The iron content increased progressively with liver addition: from 2.8 mg in the control group to 3.5 mg with 4% liver, 5 mg with 8% liver, and up to 20% with 12% pork liver. This is attributed to the high iron content of pork liver, which contains about 96 µg/100 g of iron and significant amounts of zinc (Alsina & Saguer, 2023). Srebernich et al. (2017) also reported an increase in iron and zinc content from 1.65 to 4.17 mg/100 g and from 1.92 to 3.80 mg/100 g, respectively.
The addition of pork liver also increased vitamin A levels in frankfurter sausages. The control group had 60 µg of vitamin A, which rose to 300 µg with 4% liver, 600 µg with 8%, and 1,188 µg with 12%. Organs like the liver are known to have far higher vitamin A content than muscle tissues, with pork liver containing approximately 57,406.68 μg RE/100 g. Pork liver also has higher vitamin A content than beef and lamb liver. Zinc content also increased with pork liver addition: from 1.6 mg in the control to 3.0 mg at 4%, 6.0 mg at 8%, and 11.1 mg at 12% substitution.
4.3 Goat Liver
According to Triyannanto et al. (2024), the iron content in goat meat sausages substituted with goat liver showed a significant increase. Goat liver contains a high level of minerals, particularly iron (Srebernich et al., 2015). The iron content in goat liver (7.78 mg/g; Tomović et al., 2017) is substantially higher than in goat meat (3.2 mg/300 g; Srebernich et al., 2015). The high iron level in the liver contributes directly to the elevated iron levels in the final sausage product.
Substitution of goat meat with goat liver at different ratios also led to significant changes in pH. A higher substitution level resulted in increased pH values of the sausages. According to Soeparno (2015), the pH of sausage ingredients significantly affects the final product. Goat liver has a pH of 6.5–6.6, which is higher than the pH of goat meat (5.3–5.8), leading to an increase in the pH of sausages as liver content rises. Laksmi (2012) also stated that the pH of raw materials influences the final sausage pH. In a study by Massingue et al. (2018), the pH of goat sausages ranged from 6.30 to 6.46.
Table 2. Chemical quality of sausages with the addition of various types of liver
	Types of Liver Addition
	Formulation of Liver Addition
	Physical Quality of Sausages

	Effect of Addition

	Source

	Chicken Liver
	Substitution of chicken liver in chicken-based sausages at levels of 25%, 50%, and 75%.
	Protein ranges from 16.48 to 17.29%
pH ranges from 6.24 to 6.61
Fat content ranges from 19.82 to 20.80%
Ash content ranges from 2.61 to 2.80%
	A 75% substitution resulted in a lower protein content of 16.48%.
The ash content at this substitution level was 2.80%.
The fat content for the 75% substitution was 20.80%.
	Nacak (2023)

	Pork Liver
	Substitution of pork liver in pork-based sausages at levels of 4%, 8%, and 12%.
	Protein: 16.6–17.8%
Ash content: 2.0–2.5%
Fat: 2.5–2.7%
Iron: 20–130.4 μg per 100 g
	The 12% substitution had the highest protein content.
Fat and ash contents were lowest at the 8% substitution level.
	(Pacheco, et al., 2024)

	Goat Liver 
	Substitution of goat liver in goat meat sausages at ratios of 25% and 50%.
	Protein 20.89–20.9%
Fat 4.59–4.79%
Collagen 2.35–2.48%
Iron content 30.51–32.89 mg/100g
	25% substitution increases fat and protein.
50% substitution increases collagen and iron content.
	(Triyananto, et al., 2024)




5. Conclusion

The addition of chicken liver, pork liver, and goat liver significantly affects the physical and chemical quality of sausages. Substituting chicken liver up to 50% maintains emulsion stability and water-holding capacity, while a 75% substitution reduces emulsion quality and protein content. In pork-based sausages, increasing pork liver proportion enhances iron, vitamin A, and zinc content but impacts texture and color. Goat liver substitution increases protein, fat, collagen, iron content, and water-holding capacity, resulting in a softer texture. Therefore, the liver substitution ratio must be optimized to balance nutritional value and physical quality of the sausages
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