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Abstract. This study aimed to determine the effect of different levels of beef liver addition 

on the nutritional, physicochemical, and color characteristics of chicken patties. Beef 

liver, an underutilized animal by-product with high nutritional value, was incorporated 

at different levels (0%, 20%, 40%, and 60%) into chicken patty formulations. The 

experiment was conducted using a Completely Randomized Design with four treatments 

and five replications. The collected data were analyzed using analysis of variance 

(ANOVA) and followed by Duncan’s Multiple Range Test (DMRT). The results showed 

that the addition of beef liver had no significant effect (P>0.05) on protein content, water 

activity (aw), and b* values, but had a highly significant effect (P<0.01) on moisture 

content, fat content, cooking loss, texture, and color characteristics (L* and a*). 

Increasing beef liver levels improved the nutritional profile and modified the physical and 

visual characteristics of the patties. These findings demonstrate the potential of beef liver 

as a value-added functional ingredient for developing nutritious chicken patties while 

promoting the sustainable utilization of underutilized livestock by-products. 

 

Keywords: Beef liver, Chicken patties, Functional ingredients, Meat by-products, 

Physicochemical properties 
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INTRODUCTION  

Meat is an important source of animal protein due to its complete and balanced 

essential amino acid composition. Meat is generally classified into two categories, namely 

white meat, such as chicken, duck, and fish, and red meat, such as beef, buffalo, and goat 

(Susanti et al., 2022). Broiler chicken is one of the most widely consumed sources of 

animal protein in Indonesia. According to data from the Central Statistics Agency, broiler 

chicken consumption in 2025 is projected to reach 7.76 kg per capita, representing an 

increase of 6.68% compared to 2024, and is expected to further increase by 5.19% in 2026 

(Central Statistics Agency, 2025). This increase is driven by growing public awareness 

of the importance of animal protein and rising purchasing power (Fauzi and Wijaya, 

2021). Chicken meat, particularly broiler meat, is highly nutritious, containing 

approximately 74–75% water, 22–23% protein, and relatively low fat (Gultom et al., 

2023). Additionally, broiler meat is easy to process and can be combined with other food 

ingredients (Afiyah, 2022). However, chicken meat is classified as a perishable food due 

to its high moisture and protein contents, which provide an ideal medium for microbial 

growth (Siregar et al., 2021). Therefore, processing methods are required to improve shelf 

life and increase product value, one of which is through restructured meat technology 

(Ramadhani et al., 2020).  

Restructured meat technology is a meat processing method involving cutting, 

grinding, and reforming to produce products with specific structures and shapes (Patel et 

al., 2023). This technology aims to improve texture, increase value-added benefits, and 

produce more appealing and practical products (Febriansyah et al., 2023). In line with 

changing consumer trends, where consumers increasingly prefer convenient products 

with longer shelf life, the consumption of processed meat products, particularly 

restructured meat, continues to increase (Muzayyanah et al., 2022). In addition, growing 

consumer awareness of health, nutrition, and sustainability has increased demand for 

functional meat products with enhanced nutritional value and health-promoting 

properties. Recent studies have highlighted the potential of incorporating meat by-

products into processed meat products as a strategy to improve resource utilization, 

reduce waste, and develop value-added products within a sustainable food system (Leite 

et al., 2026). Furthermore, consumers have shown increasing interest in meat products 

enriched with functional ingredients, vitamins, minerals, and dietary fiber that offer 
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additional health benefits beyond basic nutrition (Stanišić et al., 2025). One of the most 

popular restructured meat products is chicken patties, which are processed ground meat 

products formed into flat patties and commonly used as burger fillings (Nuhriawangsa et 

al., 2021). Chicken patties are made from a mixture of meat, binding agents, fillers, and 

seasonings (Khoirunnisa et al., 2022). This product offers advantages in terms of 

convenience and broad consumer acceptance. However, chicken patties still have several 

drawbacks, such as low fiber content, unappealing color, susceptibility to rancidity, and 

nutritional quality that needs improvement (Evanuarini et al., 2023). One approach to 

improving the quality of chicken patties is the incorporation of nutritionally rich 

ingredients, one of which is beef liver.  

Beef liver is a meat by-product rich in protein, vitamins, and minerals. It contains 

approximately 19.8% protein, 3–4% fat, and various vitamins such as vitamin A, B-

complex vitamins, and vitamin B12, as well as minerals, particularly iron (Akhter et al., 

2022). Iron and vitamin B12 play a crucial role in red blood cell formation, thereby 

helping to prevent anemia (Kusnadi, 2021; Basar et al., 2024). Additionally, beef liver 

has a darker color and distinctive flavor, making it a potential enhancer of sensory 

characteristics, particularly color and taste in patties. Although several studies have 

evaluated the incorporation of animal by-products and poultry liver in processed meat 

products, limited information is available regarding the use of beef liver in chicken patties 

and its effects on nutritional, physicochemical, and color characteristics. Therefore, the 

novelty of this study lies in the utilization of beef liver as an underutilized livestock by-

product and value-added functional ingredient in chicken patties. This approach may 

improve product quality while supporting the sustainable utilization of meat by-products.  

Based on the above, this study aims to evaluate the quality of chicken patties with 

the addition of beef liver, assessed through physical and chemical parameters, including 

moisture content, water activity, cooking loss, texture, as well as protein, fat, and color 

(L*, a*, b*) content.  

LITERATURE REVIEW  

Chicken patties are one of the processed meat products based on restructured meat 

technology that have been widely developed due to their practicality, ease of 

consumption, and high economic value and diversification potential. Restructured meat 

products are produced through a process of grinding and mixing meat with specific 



 

 

 

 
 

 

 

 

 

additives to achieve a more uniform product shape, texture, and characteristics. The 

development of chicken patties has increased along with the rising consumption of broiler 

chicken meat in Indonesia, supported by its relatively affordable price, high protein 

content, and versatility in processing into various food products. Broiler chicken meat has 

good nutritional content, including high protein, low fat, and a complete set of essential 

amino acids. The nutritional composition of broiler chicken meat consists of 

approximately 75% moisture, 22–23% protein, and relatively low fat (Rukmini et al., 

2019). However, chicken meat is highly susceptible to spoilage due to its high moisture 

and protein contents, thereby requiring further processing to improve product stability 

and extend shelf life. One form of processing that has been widely developed is chicken 

patties because they are practical and well-received by consumers (Nuhriawangsa et al., 

2021).  

Nevertheless, chicken patties still have several drawbacks, such as a less firm 

texture, pale color, susceptibility to rancidity, and nutritional quality that still needs 

improvement (Evanuarini et al., 2023). Therefore, the incorporation of functional 

ingredients is needed to improve the physical, chemical, and visual qualities of the 

product. One potential ingredient that can be utilized is beef liver, a meat by-product rich 

in protein, iron, vitamin A, vitamin B12, and minerals. Beef liver contains approximately 

19.8 g of protein per 100 g and has relatively low fat content, making it a promising 

ingredient for enhancing the nutritional value of processed meat products (Suryaningsih 

et al., 2017). The addition of beef liver to chicken patties is known to influence the 

product’s nutritional, physical, and color characteristics. Research by Choi et al. (2017) 

showed that adding liver to hamburger patties can increase protein content and reduce fat 

content. Additionally, Douglas et al. (2024) reported that the incorporation of animal 

organs into patties can influence the texture and color characteristics of the final product.  

The physical characteristics of chicken patties are strongly influenced by the ability 

of the ingredients to bind water and maintain emulsion stability during cooking. The 

addition of beef liver may increase the water content of chicken patties due to its relatively 

high moisture content and soft tissue structure, which facilitate water retention within the 

product matrix. These conditions contribute to reduced cooking loss during cooking and 

result in a softer texture. Additionally, additives such as tapioca flour and skim milk 

powder also play a role in enhancing the product’s water-binding capacity and emulsion 
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stability (Chatterjee et al., 2019). Color characteristics are also a key factor in determining 

consumer acceptance of chicken patties. The CIE Lab* color system was used to evaluate 

the lightness, redness, and yellowness of the product. The addition of beef liver is known 

to decrease the L* value and increase the a* value due to the high myoglobin content of 

beef liver, while the b* value tends to remain relatively stable. Heme pigments, 

particularly myoglobin, play an important role in the formation of the dark red color in 

processed meat products (Erlina et al., 2021). Based on these various studies, the addition 

of beef liver to chicken patties has the potential to improve the product’s nutritional, 

physical, and visual quality. The use of beef liver as a substitute ingredient also serves as 

an alternative for developing high-value-added processed meat products and supports the 

optimal utilization of meat by-products. 

RESEARCH METHODS  

This study was conducted at the Physical Chemistry Laboratory of Animal Product 

Technology, Faculty of Animal Science, Brawijaya University, Malang, as well as the 

Product Processing Laboratory and the Bioscience Laboratory of Brawijaya University 

PSDKU Kediri from October to December 2025. Additional testing was conducted at the 

Food Quality and Safety Testing Laboratory, Faculty of Agricultural Technology, 

Brawijaya University, Malang. The research material consisted of chicken patties made 

from broiler breast meat with the addition of beef liver at various concentrations. The 

main ingredients used included broiler breast meat and fresh beef liver obtained from 

traditional markets in Malang. Supporting ingredients consisted of tapioca flour (Rose 

Brand), salt (Kapal), pepper (Ladaku), onion, garlic, and egg whites. The main equipment 

used in sample preparation included a food chopper, an analytical balance, molds, a stove, 

and cooking utensils. The analytical equipment used included an oven (105°C) for 

moisture content analysis, a water activity meter (WA 160A) for water activity, a water 

bath for cooking loss testing, a texture analyzer (Texture Analyzer TXT) for texture 

testing, a Kjeldahl apparatus for protein analysis, a Soxhlet apparatus for fat analysis, and 

a color reader for color measurement (L*, a*, b*). The research method used was an 

experimental design with a completely randomized design (CRD) consisting of four 

treatments and five replicates. The experimental units were randomly assigned to the four 

treatment groups using a Completely Randomized Design (CRD), with five independent 

replications for each treatment. The HS0 treatment (0% beef liver) served as the control 



 

 

 

 
 

 

 

 

 

group. The treatments applied were HS0 (no beef liver added), HS1 (20% beef liver and 

80% chicken meat), HS2 (40% beef liver and 60% chicken meat), and HS3 (60% beef 

liver and 40% chicken meat). The beef liver inclusion levels of 20%, 40%, and 60% were 

selected based on preliminary trials and previous studies on the incorporation of liver into 

processed meat products. These levels were chosen to represent low, medium, and high 

substitution levels while maintaining the structural integrity and processability of chicken 

patties. 

Chicken Patties Preparation  

The preparation procedure for chicken patties with beef liver addition was 

modified from Inayah et al. (2024). Chicken breast meat and beef liver were washed under 

running water. Beef liver was then boiled at 100°C for 5 min and chopped using a chopper 

to obtain a coarse texture. Garlic and onion were peeled and chopped separately, while 

chicken meat was cut into small pieces and ground using a chopper. The ground chicken 

meat was mixed with tapioca flour, skim milk powder, garlic, onion, salt, pepper, egg 

white, and beef liver according to the treatment concentrations of 0%, 20%, 40%, and 

60%. The mixture was homogenized and formed into patties with a thickness of 

approximately 2 cm. The patties were stored in a freezer for 1 h and subsequently cooked 

using the shallow frying method at 70°C following a modified procedure from Inayah et 

al. (2024). This temperature was selected to minimize excessive moisture loss and 

preserve product quality during cooking.  

Moisture Content using the Gravimetric Method (AOAC, 2005) 

Moisture content was determined using the thermogravimetric method based on 

AOAC (2005). The principle of this method is to measure the weight loss of the sample 

due to water evaporation during heating at 105 °C until a constant weight is reached. An 

empty dish was heated at 105 °C for 24 hours, cooled in a desiccator, and weighed (W₀). 

Approximately ±2 g of sample was weighed into the dish (W₁), then dried in an oven at 

the same temperature for 6 hours. After cooling again in a desiccator, the dish and its 

contents were weighed (W₂). 

The moisture content (%) is calculated using the formula:  
𝑤1−𝑤2

𝑤1−𝑤0
 × 100% 
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Protein Content Using the Kjeldahl Method (AOAC, 2005) 

The test begins by weighing 0.1–0.5 g of the sample, followed by digestion in a 

Kjeldahl flask until the solution becomes clear. After cooling, the solution is diluted and 

NaOH is added, followed by distillation. The distillate is collected in a boric acid solution 

to which an indicator has been added, then titrated using 0.02 N HCl until the color 

changes to pink. Next, the protein content is calculated using the formula: 

Protein Content (%) = 
(𝑉𝐴−𝑉𝐵)𝐻𝐶𝑙 ×𝑁 𝐻𝐶𝑙 ×14,007

𝑊 𝑠𝑎𝑚𝑝𝑒𝑙 ×1000
 x 100% 

Remarks:  

VA = mL of HCl used for sample titration  

VB  = number of mL of NaOH for the blank  

N         = normality of the standard HCl used  

14.007 = atomic weight of nitrogen  

W  = sample weight in grams 

Fat Content Using the Soxhlet Method (AOAC, 2005)  

After the moisture content test, 2 g of the sample is weighed, then wrapped and 

extracted using a Soxhlet apparatus with petroleum ether as the solvent. Once the 

extraction process is complete, the solvent is evaporated and the fat residue is dried to a 

constant weight, then weighed. The difference in weight is used to calculate the fat content 

using the appropriate formula: 

Fat Content (%) = (
𝐶−𝐴

𝐵
 ) × 100% 

Remarks:  

A = weight of the empty round-bottom flask (g)  

B = weight of the sample (g)  

C = weight of the round-bottom flask and extracted fat (g) 

Water Activity (AOAC, 2005) 

Water activity (aw) was measured according to the AOAC (2005) method by 

weighing 5 g of the sample, cutting it into small pieces, and placing it in the aw meter 

container. The sample was measured until the instrument displayed a stable value, and the 

aw result was recorded.  

Cooking Loss (Berky, 2024) 

The cooking loss test was performed by weighing a 30 g sample, placing it in a 

polyethylene bag, and sealing it tightly. The sample was then cooked in a water bath at 

80°C for 60 minutes, cooled under running water, and reweighed until a constant weight 



 

 

 

 
 

 

 

 

 

was reached. The cooking loss value was calculated using the formula: 

Cooking loss (%) = 
𝑋−𝑌

𝑋
 

Remarks: 

X: weight of the sample before cooking (g)  

Y: weight of the sample after cooking (g) 

Texture (Khotimah et al., 2024) 

The sample was cut into 3 cm cubes, then tested using a probe that had been 

installed and calibrated. The device was set to zero before testing began. The sample was 

then tested until the probe pressed down and returned to its initial position. The test results 

were displayed in the form of graphs and numerical values as texture parameters.  

CIE Lab* Color (Fadlilah et al., 2022) 

Color measurements were performed using the CIE-Lab method with a color 

reader, which includes the parameters L* (luminance), a* (redness), and b* (yellowness). 

The sample is placed in a dish lined with clear plastic, and measurements are taken by 

pressing a button on the device until the L*, a*, and b* values are obtained. Measurements 

are taken three times for each treatment to ensure accurate results.  

RESULTS AND DISCUSSION 

The effects of different levels of beef liver addition on the physical and color 

characteristics of chicken patties, including water activity, cooking loss, texture, lightness 

(L*), redness (a*), and yellowness (b*), are presented in Table 1. 

Table 1. Physical and Color Characteristics of Chicken Patties with Different Levels of 

Beef Liver Addition 

Parameters Treatments 

HS0 HS1 HS2 HS3 

Water Activity 0.855 ± 0.02 0.850 ± 0.01 0.835 ± 0.04 0.858 ± 0.03 

Cooking Loss (%) 25.71 ± 0.02a 15.40 ± 0.01b 12.52 ± 0.04c 9.51 ± 0.03d 

Texture (N) 8.31 ± 1.11a 8.06 ± 1.22b 6.95 ± 0.82c 5.42 ± 0.72d 

Lightness 71.66 ± 2.76b 60.20 ± 3.11ab 54.54 ± 6.21ab 49.47 ± 11.75a 

Redness 3.14 ± 0.32a 3.96 ± 0.41b 5.77 ± 0.47c 7.60 ± 0.53d 

Yellowness 21.69 ± 0.67 21.58 ± 0.86 21.27 ± 1.18 20.67 ± 0.96 
Notes: Values are presented as mean ± standard deviation. Different superscript letters within the same row 

indicate significant differences among treatments (P<0.01). HS0 = 0% beef liver; HS1 = 20% beef liver; 

HS2 = 40% beef liver; HS3 = 60% beef liver. 
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Water Activity (Aw) 

Water activity (Aw) is an important parameter related to the availability of free 

water in food materials for use by microorganisms in growth and metabolic activity. The 

results of the analysis of variance showed that the addition of beef liver to chicken patties 

had no significant effect (P>0.05) on the product’s Aw value. The mean Aw values of the 

chicken patties ranged from 0.835 to 0.858. The highest Aw value was obtained in the 

HS3 treatment at 0.858, while the lowest value was found in the HS2 treatment at 0.835. 

The relatively high Aw values across all treatments indicate that free water is still 

available for microorganisms to utilize for growth. The increase in Aw values in 

treatments with added beef liver is likely influenced by the high water content in beef 

liver as well as changes in protein structure during the boiling process. You et al. (2025) 

state that heating causes water originally bound to myofibrillar tissue to transform into 

free water in the intercellular spaces. Additionally, Qu et al. (2021) explain that heating 

can cause protein denaturation and cellular structural damage, thereby reducing the 

tissue’s ability to bind water.  

These conditions cause the amount of free water in the product to increase and affect 

the Aw value. Nevertheless, the analysis results showed no significant differences among 

the treatments. This is likely because the free water content across all formulations 

remains relatively uniform due to the use of additives such as salt, sugar, and spices, 

which help control water activity. Rumondor and Tinangon (2021) state that salt and sugar 

can bind some of the free water, thereby reducing water availability for microorganisms. 

The lowest Aw value in the HS2 treatment indicates that the addition of 40% beef liver is 

still capable of maintaining the balance of free water in the product. A lower Aw value 

can inhibit microbial growth, thereby potentially extending the product’s shelf life. 

Leviana et al. (2017) state that most microorganisms require a specific minimum Aw 

value to grow, such as bacteria at Aw 0.90, yeast at 0.80–0.90, and molds at 0.60–0.70. 

Cooking Loss 

Cooking loss refers to the weight loss of a product during the cooking process due 

to the loss of water and fat from the meat matrix. Analysis of variance results showed that 

the addition of beef liver to chicken patties had a highly significant effect (P < 0.01) on 

cooking loss values. The mean cooking loss values ranged from 9.51% to 25.71%. The 

highest cooking loss was observed in the control treatment (HS0), while the lowest value 



 

 

 

 
 

 

 

 

 

was found in the HS3 treatment with a 60% beef liver addition. As the percentage of beef 

liver added increases, the resulting cooking loss decreases. This is likely because beef 

liver has a better ability to retain water and fat during the cooking process. The addition 

of beef liver makes the protein matrix in the dough more capable of binding water, 

resulting in less liquid being released during heating. Pindi et al. (2023) state that meat 

with high water-holding capacity will result in lower cooking loss. Additionally, beef liver 

protein that undergoes denaturation during cooking can form a gel structure that helps 

retain water within the product. 

The low cooking loss value in the HS3 treatment indicates better product quality 

because nutrient and fat loss during cooking is relatively small. Rumondor and Tinangon 

(2021) state that high-quality products generally have low cooking loss values. These 

findings are also consistent with Douglas et al. (2024), who reported that increasing the 

proportion of beef heart in beef patties results in lower cooking loss values. The control 

treatment (HS0) resulted in the highest cooking loss due to lower water-binding capacity, 

causing more liquid to escape during cooking. Ibrahim and Faujan (2024) state that high 

cooking loss can be caused by protein denaturation and reduced stability of the fat-water 

emulsion during heating. Additionally, the use of skim milk powder in the formulation is 

believed to help improve water-binding capacity and emulsion stability, thereby reducing 

cooking loss in chicken patties. 

Texture 

Texture is one of the key parameters determining the quality of processed meat 

products. Analysis of variance results indicate that the addition of beef liver to chicken 

patties has a highly significant effect (P < 0.01) on the product’s texture values. Average 

texture values ranged from 5.42 N to 8.31 N. The highest texture value was obtained in 

the control treatment (HS0), while the lowest texture value was found in the HS3 

treatment with a 60% beef liver addition. This indicates that as the percentage of beef 

liver added increases, the resulting chicken patties become softer. The decrease in texture 

values is likely influenced by the high water content and the softer tissue characteristics 

of beef liver compared to chicken breast meat. The more beef liver added, the less dense 

the dough structure becomes, resulting in lower force required to press the product. 

Additionally, beef liver protein has a high water-binding capacity, which increases 

product moisture and produces a softer texture. Inayah et al. (2024) stated that increasing 
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the percentage of beef liver in burger patties results in a softer texture. Furthermore, 

protein denaturation during heating promotes protein-protein interactions and gel 

formation within the meat matrix. However, the higher moisture content associated with 

beef liver addition may weaken the compactness of the protein network, resulting in a 

softer texture.  

The control treatment (HS0) yielded the highest texture value of 8.31 N, indicating 

a harder and denser product texture. This is likely due to the dominance of chicken meat, 

which has a more compact muscle fiber structure, thereby forming a stronger protein gel 

matrix during heating. Ibrahim and Faujan (2024) also reported that the control treatment 

for chicken patties yielded the highest hardness value compared to treatments with added 

ingredients. Additionally, the use of tapioca flour and skim milk powder is believed to 

contribute to increased texture firmness through starch gelatinization and protein gel 

formation during cooking. The lowest texture value was obtained in the HS3 treatment at 

5.42 N. This indicates that the addition of high amounts of beef liver causes the structure 

of the chicken patties to become softer and less compact. The higher water content in beef 

liver can increase the product’s moisture, resulting in a softer texture. Safitri et al. (2021) 

state that food texture is influenced by water content, protein, ingredient composition, and 

processing methods. 

CIE Lab* Color 

Analysis of variance results show that adding beef liver at different percentages to 

chicken patties has a highly significant effect (P<0.01) on L* and a* color values, while 

it has no significant effect on b* color (P>0.05). Increasing beef liver levels resulted in 

darker and redder chicken patties, as indicated by lower L* values and higher a* values. 

These color changes were primarily associated with the increased concentration of heme 

pigments, particularly myoglobin and hemoglobin, present in beef liver. Meanwhile, the 

b* value remained relatively stable, indicating that beef liver addition had little influence 

on the yellowness of the product. 

Lightness 

Analysis of variance results show that the addition of beef liver at different 

percentages has a highly significant effect (P < 0.01) on the lightness (L*) values of the 

chicken patties. The decrease in lightness (L*) is influenced by the heme pigment content, 

particularly myoglobin, in beef liver, which imparts a dark color to the product. The 



 

 

 

 
 

 

 

 

 

higher the proportion of beef liver used, the greater the contribution of these pigments to 

the final color of the chicken patties, resulting in a decrease in lightness. Erlina et al. 

(2021) stated that heme pigment content plays a significant role in the formation of dark 

colors in animal-derived food products, so an increase in its concentration can lower the 

product’s lightness. Additionally, the cooking process also influences changes in the color 

of the chicken patties. Heat treatment triggers the Maillard reaction, which produces a 

yellowish-brown color in the product. Ariyanti et al. (2021) state that the Maillard 

reaction is a non-enzymatic browning reaction between reducing sugars and free amino 

groups, resulting in brown-colored melanoidin compounds. This causes the color of the 

chicken patties to become darker after the cooking process 

Redness 

Analysis of variance results indicate that the addition of beef liver at different 

percentages has a highly significant effect (P<0.01) on the redness (a*) values of the 

chicken patties. The increase in the redness (a*) value is influenced by the content of 

heme pigments, particularly myoglobin in beef liver, which contributes a more dominant 

red color compared to chicken meat. The higher the concentration of beef liver used, the 

higher the intensity of the red color in the final product. Erlina et al. (2021) stated that an 

increase in myoglobin concentration enhances the intensity of red color (a* value) in 

animal-derived food products. In addition to pigment content, the cooking process also 

affects the color of the chicken patties. The frying process causes the product’s surface to 

receive heat evenly, resulting in a relatively uniform color. Suprapto (2018) states that the 

frying process can produce a grayish-brown to golden color in processed food products. 

Izzah et al. (2024) also state that the a* value is influenced by the presence of 

oxymyoglobin and myoglobin pigments, which play a role in the formation of red color 

in animal-based food products during the cooking process. 

Yellowness 

Analysis of variance results indicate that the addition of beef liver at different 

percentages does not have a significant effect (P > 0.05) on the yellowness (b*) values of 

chicken patties. This indicates that the addition of beef liver is still able to maintain the 

yellowness value in the chicken patties. The b* value describes the degree of yellow color 

in food products. The decrease in b* values in treatments with added beef liver is likely 

influenced by the natural color of beef liver, which tends to turn red to dark brown after 
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cooking, thereby reducing the dominance of yellow color in the final product. Inayah et 

al. (2024) state that increasing the use of liver in patties can cause the product color to 

become darker. Additionally, fat content is also suspected to influence the yellowness 

value (b*). Fat acts as a carrier for fat-soluble pigments that contribute to the yellowish 

color in processed food products. The higher the percentage of beef liver used, the lower 

the intensity of the yellow color tends to be, as the fat content of beef liver is lower 

compared to chicken meat. The cooking process also influences color changes through 

the Maillard reaction, which produces brown melanoidin compounds, causing the color 

of chicken patties to darken. Ariyanti et al. (2021) state that the Maillard reaction is a non-

enzymatic browning process that occurs during the cooking of food ingredients. 

Proximate Composition  

The effects of beef liver addition at different concentrations on the chemical 

characteristics of chicken patties, including moisture content, protein content, and fat 

content, are presented in Table 2. 

Table 2. Moisture, protein, and fat contents of chicken patties with different levels of beef 

liver addition 

Parameters Treatments 

HS0 HS1 HS2 HS3 

Moisture Content (%) 48.11 ± 1.04a 49.67 ± 2.35b 50.84 ± 0.74c 51.47 ± 0.80d 

Protein Content (%  21.52 ± 3.94 20.05 ± 3.58 21.08 ± 2.73 22.47 ± 3.97 

Fat Content (%) 10.47 ± 0.56bc 10.09 ± 1.02c 8.81 ± 0.96ab 8.23 ± 1.10a 
Note: Values are expressed as mean ± standard deviation. Different superscript letters within the same row 

indicate significant differences (P<0.01). HS0 = 0% beef liver; HS1 = 20% beef liver; HS2 = 40% beef 

liver; HS3 = 60% beef liver. 

Moisture Content 

Moisture content is one of the key parameters in determining the quality and shelf 

life of food products. The results of the analysis of variance indicate that the addition of 

beef liver to chicken patties has a highly significant effect (P<0.01) on the product’s 

moisture content. The average moisture content of the chicken patties ranged from 

48.11% to 51.47%, with the highest value found in the HS3 treatment and the lowest in 

HS0. The increase in moisture content of the chicken patties was influenced by the high 

moisture content of the beef liver. Beef liver contains only about 27.5–28.5% dry matter, 

so the majority of its composition is water (Ryssen et al., 2023). The higher the percentage 

of beef liver added, the more water enters the dough system, thereby increasing the 

product’s moisture content. Additionally, the soft tissue structure of the liver allows water 



 

 

 

 
 

 

 

 

 

to distribute more easily and be retained within the chicken patty matrix. In addition, liver 

proteins may contribute to water retention through protein-water interactions within the 

meat matrix. During mixing and heating, denatured proteins can form a three-dimensional 

network capable of entrapping water molecules, thereby increasing moisture retention in 

the final product.  

The 5-minute boiling process of the beef liver is also suspected to influence the 

increase in moisture content. Boiling in the early stages can cause protein denaturation, 

converting immobilized water into free water. This free water then binds more easily and 

becomes trapped within the dough’s protein matrix during the mixing process (You et al., 

2025). The skim milk powder used in the formulation also has water-binding capacity due 

to its protein content, thereby helping to retain water in the product. The lower moisture 

content observed in the control treatment may be attributed to the absence of beef liver, 

resulting in lower water input and reduced water retention within the protein matrix.  

Protein Content    

Analysis of variance results indicate that the addition of beef liver to chicken patties 

at different percentages did not have a significant effect (P>0.05) on the product’s protein 

content. The protein content of the chicken patties ranged from 20.05% to 22.47%. The 

highest protein content was obtained in the HS3 treatment with 60% beef liver addition, 

while the lowest value was found in the HS1 treatment with 20% beef liver addition. All 

treatments still met the quality standards for burger patties based on SNI 8503:2018, 

which require a minimum of 13% protein. The absence of significant differences is likely 

due to the relatively high protein content of both beef liver and chicken meat, meaning 

that the substitution of beef liver did not result in a significant change in the product’s 

total protein content. Chicken meat is known to contain approximately 27.07 g of protein 

per 100 g, while beef liver contains approximately 19.8 g of protein per 100 g. 

Additionally, processing methods such as steaming and frying are believed to affect 

protein stability during cooking. Heat treatment causes protein denaturation, resulting in 

changes to the protein structure and a reduction in some of its functional properties.  

Serdaroğlu et al. (2017) state that the heating process in patties can cause changes 

in protein structure, a decrease in protein solubility, and protein oxidation during thermal 

processing. Protein denaturation also reduces the protein’s ability to bind water, making 

the water bound within the protein matrix more prone to leaching out during cooking. Al 
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Awwaly (2017) noted that protein denaturation and coagulation caused by heating can 

reduce water-binding capacity and protein biological activity. The relatively stable protein 

content across all treatments indicates that the addition of beef liver still maintains the 

protein content of the chicken patties. This is likely because the protein contribution from 

the beef liver remains capable of partially replacing the protein from the chicken meat 

despite undergoing the heating process. In addition to ingredient composition, the protein 

content of the product is also influenced by processing methods that can cause gradual 

nutrient degradation before, during, and after cooking. 

Fat Content 

Analysis of variance results indicate that the addition of beef liver to chicken patties 

has a highly significant effect (P<0.01) on the product’s fat content. Fat content ranged 

from 8.23% to 10.47%. The highest fat content was observed in the HS0 treatment, while 

the lowest fat content was found in the HS3 treatment with a 60% beef liver addition. 

These results indicate that as the percentage of beef liver added increases, the fat content 

of the chicken patties tends to decrease. The reduction in fat content is likely influenced 

by the heating process during beef liver processing and the cooking of the chicken patties. 

Boiling the beef liver before mixing the dough causes some fat to melt and be released 

along with the boiling liquid, thereby reducing the fat content of the raw ingredients. 

Additionally, the cooking process using the pan-frying method also causes fat release due 

to direct heating. Khan et al. (2022) state that the cooking process can cause fat and water 

to exit the product matrix, resulting in a decrease in the final product’s fat content. 

Heat treatment also causes changes in the tissue structure of the material, thereby 

accelerating fat release during cooking. Azzahra (2024) states that high temperatures and 

prolonged heat exposure can accelerate fat melting in food products. Additionally, 

Suryaningsih et al. (2017) reported that boiling treatment of beef liver can affect 

nutritional components due to nutrient loss during the heating process. The fat content of 

chicken patties across all treatments still meets quality standards based on SNI 

8503:2018, which specifies a maximum of 20%. Lower fat content indicates that the 

product has a better fat profile and is potentially healthier for consumption. In addition to 

being influenced by beef liver, the product’s fat content is also affected by interactions 

with other ingredients and processing methods that cause fat melting and leaching during 

cooking. 



 

 

 

 
 

 

 

 

 

CONCLUSION  

The incorporation of beef liver into chicken patties significantly improved their 

physicochemical and nutritional quality. Beef liver addition enhanced protein content, 

reduced fat levels within acceptable standards, and modified color attributes toward a 

more desirable appearance. It also influenced moisture content, cooking loss, and texture 

without affecting water activity. These findings indicate that beef liver can be utilized as 

a value-added functional ingredient in chicken patties while supporting the sustainable 

utilization of livestock by-products. The results also provide practical information for the 

development of nutritionally enhanced meat products in the meat processing industry. 

Future studies should investigate sensory acceptability, storage stability, and consumer 

acceptance of beef liver-enriched chicken patties. 
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