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			Abstract | This study evaluated the physicochemical characteristics, antioxidant activity, and texture improvement of satay, a Southeast Asian meat product consisting of seasoned or marinated meat grilled on skewers, prepared from spent laying hens. The meat samples were marinated with ginger extract and honey at concentrations of 10%, 15%, and 20% for 4 h at approximately 4°C before being processed into satay. A single pooled meat batch was divided into sixteen 100-g portions and allocated to four treatments, with four technical processing replicates per treatment. The parameters analysed included pH, water-holding capacity (WHC), water activity (aw), maximum compression force, colour (L*, a*, b*), moisture content, fat content, and antioxidant activity. Except for antioxidant activity, the data were analysed using one-way analysis of variance (ANOVA), followed by the appropriate post-hoc test. Antioxidant activity was evaluated descriptively using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay. WHC (P<0.01), maximum compression force (P<0.001), and colour (L*, b* P<0.01; a* P<0.05) attributes were significantly affected by the treatments, whereas pH, aw, moisture content, and fat content were not significantly (P>0.05) affected. The 20% marinade (P3) showed the highest DPPH inhibition and the lowest estimated half-maximal inhibitory concentration (IC₅₀). Under the conditions of this single-batch study, the 20% marinade improved WHC, tenderness, and colour characteristics and showed the most favourable descriptive antioxidant response.
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			Introduction

			Spent laying hen meat refers to meat obtained from commercial egg-laying hens that have reached the end of their productive laying cycle, usually after approximately 95 weeks of age. Although this meat is a valuable protein source and contains relatively low fat, its utilization is often limited by its tough texture and lower consumer preference compared with broiler meat (Choe and Kim, 2020; de Souza et al., 2011; Ridwan et al., 2026). Therefore, appropriate processing strategies are required to improve its technological and eating quality, particularly when it is developed into value-added products such as satay, a Southeast Asian dish, especially common in Indonesia and Malaysia, consisting of seasoned/marinated meat grilled on skewers, usually served with a sauce.

			Marination is one of the common pre-processing techniques used to improve meat quality. This method involves soaking meat in a marinade solution to enhance tenderness, flavour, water retention, and other physicochemical characteristics (Latoch et al., 2023). In meat products, marination can modify protein structure, influence water holding capacity (WHC), and improve texture through interactions between marinade components and muscle proteins. These effects are particularly relevant for spent laying hen meat, which contains more developed connective tissue and tends to have a firmer texture than broiler meat.

			Ginger (Zingiber officinale) is a natural ingredient widely used in meat processing because it contains proteolytic enzymes, particularly zingibain. This enzyme can hydrolyse muscle proteins and connective tissue components, thereby contributing to meat tenderization (Mohd Azmi et al., 2023; Naqvi et al., 2021). In addition, ginger contains bioactive compounds such as gingerol and shogaol, which may contribute to antioxidant activity and influence the physical quality of meat products. These compounds may also support water binding through their polar functional groups, thereby affecting WHC and texture.

			Honey is another natural ingredient that can be used in marinade formulation. It contains sugars, mainly fructose and glucose, as well as phenolic compounds and flavonoids (Becerril-Sánchez et al., 2021; Bobiş et al., 2018). The hygroscopic nature of honey may help retain moisture within the meat matrix, while its sugar content can contribute to colour development during heating through browning reactions. Therefore, honey has the potential to influence moisture retention, colour characteristics, and antioxidant properties of cooked meat products.

			Previous studies have reported that ginger-based marinades can improve meat tenderness through proteolytic activity, particularly because ginger contains zingibain, a protease capable of hydrolysing muscle proteins and connective tissue components. Honey-based marinades have also been reported to contribute to water retention, colour development, and antioxidant properties due to their sugar content, humectant characteristics, phenolic compounds, and flavonoids. In addition, marination and grilling can influence physicochemical and antioxidant changes in cooked chicken meat products, including texture, colour, water retention, and antioxidant activity. However, most previous studies have focused on fresh meat, beef, broiler meat, or general cooked meat products, whereas limited information is available on the application of ginger extract and honey marinade in satay made from spent laying hen meat. Satay processing involves marination followed by grilling, which may influence texture, colour formation, water retention, and antioxidant activity. Therefore, applying ginger extract and honey to spent laying hen satay is relevant because this product requires both tenderization and quality improvement during heat processing.

			The combination of ginger extract and honey as a marinade may provide complementary effects on spent laying hen satay. Ginger may contribute to tenderization through proteolytic activity, while honey may support water retention and colour formation. However, the combined application of ginger extract and honey in grilled satay products, particularly those made from spent laying hen meat, has not been sufficiently evaluated. Therefore, this study aimed to evaluate the effect of different concentrations of ginger extract and honey marinade on the physicochemical properties and antioxidant activity of spent laying hen satay, including pH, WHC, water activity (aw), texture, colour, moisture content, fat content, and antioxidant activity.

			Materials and Methods

			Study location and experimental design

			The study was conducted at the Animal Product Technology Laboratory, Faculty of Animal Science and Technology, Universitas Brawijaya, Malang, Indonesia. The research activities included ginger extraction, marinade preparation, marination of spent laying hen meat, satay processing, and quality analyses. A single pooled batch of 1.6 kg spent laying hen breast meat was divided into sixteen 100-g portions. The exact number of birds contributing to the pooled meat batch was not recorded. Four portions were allocated to each treatment (P0, P1, P2, and P3) and processed separately. Therefore, the four portions per treatment were considered technical processing replicates rather than independent biological replicates.

			Raw materials and ingredients

			A total of 1.6 kg of skinless and visible-fat-trimmed breast meat from approximately 95-week-old Isa Brown spent laying hens was obtained from a traditional market in Malang City, Indonesia. The meat was pooled, cut into approximately 1 × 1 × 1 cm cubes, and divided into sixteen 100-g portions. Each portion was coded and randomly allocated using simple random allocation to one of four treatments, resulting in four technical processing replicates per treatment. The marination ingredients consisted of ginger (Zingiber officinale var. amarum) and commercial pure honey (TJ brand, Indonesia). The maturity stage of the ginger rhizomes was not recorded. Additionally, salt, soy sauce, and sesame oil were used as seasoning ingredients to enhance the flavour and overall acceptability of the satay. The botanical origin, moisture content, sugar composition, and antioxidant profile of the honey were not independently analysed in this study.

			Materials and equipment

			The equipment used for ginger extraction included knives, containers, cheesecloth, grater, dark glass bottles, and a digital balance (Taffware Digipounds I-2000, Taffware, China). The equipment used for marinade preparation included measuring cups, containers, and stirrers. The equipment used for satay preparation included bamboo skewers, a stove, a grill, and a digital thermometer (TP 101). The instruments used for quality analysis included a pH meter (ATC pH Meter), Rotronic HygroPalm water-activity meter (Rotronic, Switzerland), colorimeter (OEM CHNSPEC CS-10, CHNSPEC, China), oven (WT Binder, BINDER GmbH, Germany), Soxhlet extraction apparatus (Gerhardt Bonn, C. Gerhardt GmbH & Co. KG, Germany), analytical balance (OHAUS BC Series, OHAUS Corporation, USA), a texture analyzer equipped with a 6-mm-diameter cylindrical probe and operated using TXT 32 software, and UV-Vis spectrophotometer (UV-Vis 721).

			Ginger extract preparation

			Fresh ginger rhizomes were selected, peeled, washed under running water, and drained. A total of 200 g ginger was grated and mixed with 200 mL distilled water. The mixture was filtered using cheesecloth and stored in a dark glass bottle for 24 h at approximately 26°C to reduce exposure to light. The mixture was then filtered again to obtain approximately 300 mL ginger extract. This aqueous ginger filtrate was referred to as ginger extract in this study (El-Bahr et al., 2022; Hasanela et al., 2023; Raafat et al., 2021).

			Marination and satay preparation

			The marinade solution was prepared by mixing aqueous ginger extract and honey at a ratio of 2:1 (v/v). P0, P1, P2, and P3 received 0, 10, 15, and 20 mL of marinade per 100 g of meat, respectively. Each portion was placed in a separate plastic bag and marinated at approximately 4°C for 4 h. All treatments received identical amounts of salt (1 g), soy sauce (15 g), and sesame oil (4 g). After marination, the meat was skewered and grilled at approximately 150°C for about 10 min, with turning every 1 min, until the internal temperature reached 74°C. Figure 1, shows all steps of meat marination and satay preparation. The internal temperature was measured at the centre of the meat using a digital food thermometer (TP 101). Cooking loss was not measured in this study. The experimental layout and sample formulation are presented in Table 1.

			Table 1: Experimental design and sample formulation of spent laying hen satay.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatment

						
							
							Technical processing replicates (n)

						
							
							Spent laying hen meat (g)

						
							
							Marinade solution (mL)

						
							
							Salt 

							1% (g)

						
							
							Soy sauce 

							15% (g)

						
							
							Sesame oil 

							4% (g)

						
					

					
							
							P0

						
							
							R1, R2, R3, R4

						
							
							100

						
							
							0

						
							
							1

						
							
							15

						
							
							4

						
					

					
							
							P1

						
							
							R1, R2, R3, R4

						
							
							100

						
							
							10

						
							
							1

						
							
							15

						
							
							4

						
					

					
							
							P2

						
							
							R1, R2, R3, R4

						
							
							100

						
							
							15

						
							
							1

						
							
							15

						
							
							4

						
					

					
							
							P3

						
							
							R1, R2, R3, R4

						
							
							100

						
							
							20

						
							
							1

						
							
							15

						
							
							4

						
					

				
			

			Note: P0 = no marination; P1 = marination with 10% ginger extract and honey marinade; P2 = marination with 15% ginger extract and honey marinade; P3 = marination with 20% ginger extract and honey marinade. The percentage of ingredients was calculated based on the total weight of spent laying hen meat. Each treatment consisted of four separately processed 100-g portions obtained from one pooled meat batch.
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			Figure 1: Experimental procedure for chicken satay preparation: a: Preparation of marinade solution, b: Cutting of chicken meat, c: Marination of chicken meat, d: Temperature monitoring, e: Satay grilling process, f: Chicken satay samples.

			Satay quality evaluation

			pH 

			The pH measurement followed a modified method based on Shah et al. (2025). A 10 g chicken satay sample was weighed, finely chopped, and placed in a 500 mL beaker, then diluted with 10 mL distilled water. The pH meter was calibrated sequentially using buffer solutions at pH 7, 4, and 9, with the probe rinsed and dried between each step. After calibration, the probe was immersed in the sample solution, and the pH value displayed on the digital meter was recorded.

			WHC analysis

			Water-holding capacity (WHC) was determined following Szmańko et al. (2021), with slight modifications, using the filter-paper press method. A 0.30-g sample was placed on Whatman No. 42 filter paper and pressed between two glass plates under a 35-kg load for 5 min. The total wet area and the compressed sample area were traced, and the released-water area was calculated as the difference between the total wet area and the compressed sample area and expressed in cm². The total moisture content obtained from the corresponding technical processing replicate was used in the calculation. Two independent measurements were performed for each technical processing replicate, and their mean was used for statistical analysis. Released water, free water, and WHC were calculated as follows:

			[image: ]

			[image: ]

			[image: ]

			Where; the released-water area was calculated as the total wet area minus the compressed sample area, and the sample weight was expressed in milligrams.

			aw measurement

			Water activity (aw) was measured following Tapia et al. (2020), with slight modifications, using a Rotronic HygroPalm water-activity meter equipped with a sealed sample chamber. The sample was placed in a clean, dry sample cup, inserted into the measurement chamber, and allowed to equilibrate until a stable reading was obtained. Two readings were obtained from each technical processing replicate and averaged before statistical analysis.

			Texture analysis

			Texture analysis was carried out following the method of Morey and Owens (2017) with slight modifications. Cooked satay samples were cut into uniform cubes measuring 2 × 2 × 2 cm. Each sample was placed beneath a cylindrical probe with a diameter of 6 mm and compressed twice at a probe speed of 5 mm/s to 30% of its initial height. Two measurements were performed for each technical processing replicate, and the mean value was used for statistical analysis. The data were recorded and analysed using TXT 32 software. The maximum compression force was expressed in Newtons (N), with lower values indicating a more tender product. 

			Colorimetry (for colour parameters L*, a*, b*)

			A 10 g chicken satay sample was placed in a petri dish and measured using a colorimeter for L*, a*, and b* values. The sensor was applied directly to the sample surface to obtain colour readings. Measurements were performed in triplicate to improve accuracy. The L* value represents lightness (0 = black, 100 = white), a* indicates green to red, and b* indicates blue to yellow. The results were recorded from the instrument display (Dissanayake et al., 2026).

			Moisture content analysis

			The gravimetric method (AOAC, 2005) was performed by drying an empty dish in an oven at 105 °C for 24 h, followed by cooling in a desiccator for 30 min and weighing. Approximately 5 g of chicken satay sample was then placed in the dish, dried under the same conditions, cooled, and reweighed until a constant weight was obtained. Moisture content was calculated from the weight differences, where A is the weight of the empty dish, B is the weight of the dish with the sample before drying, and C is the weight after drying.

			Fat content analysis

			The Soxhlet method was used to determine fat content. The Soxhlet flask was first dried in an oven at 105°C for 30 min, cooled in a desiccator, and weighed. Approximately 3 g of the sample (residue from moisture analysis) was wrapped in filter paper, placed into the extraction thimble, and inserted into the Soxhlet apparatus. Petroleum ether was added as the extraction solvent, and the sample was extracted for 3–4 h with 5–6 cycles. After extraction, the flask was dried again at 105 °C to a constant weight, cooled, and weighed. Fat content was calculated based on the weight difference between the initial and final flask weights relative to the sample weight (AOAC, 1995).

			DPPH analysis

			Antioxidant activity was determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay (Uddin et al., 2011). One gram of ground spent laying hen satay was extracted with 5 mL methanol. The extract was diluted to concentrations of 25, 50, and 100 ppm. A DPPH solution was prepared by dissolving 4 mg DPPH in 100 mL methanol. One millilitre of each diluted sample extract was mixed with 1 mL DPPH solution and 3 mL methanol, giving a final volume of 5 mL. The control contained 1 mL DPPH solution and 4 mL methanol. The antioxidant assay was conducted using one experimental sample per treatment. Each concentration was measured in duplicate, and the two absorbance readings were averaged. These duplicate readings were considered analytical repeats and were not treated as independent experimental replicates. The mixtures were homogenised, incubated in the dark for 30 min, and measured at 517 nm using a UV–Vis spectrophotometer (UV–Vis 721). The half-maximal inhibitory concentration (IC₅₀) was defined as the sample concentration required to inhibit 50% of DPPH radicals. DPPH inhibition was calculated as follows:
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			Where, A control   is the absorbance of the DPPH control and Asample is the absorbance of the sample reaction mixture. The relationship between DPPH inhibition and the natural logarithm of sample concentration was fitted using the equation y=alnC+b, where y is DPPH inhibition (%), C is the sample concentration (ppm), a is the regression coefficient, and b is the intercept. The estimated IC₅₀ was calculated as follows:
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			Statistical analysis

			Except for antioxidant activity, data are presented as mean ± standard deviation of four technical processing replicates per treatment (n = 4). Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). Each separately processed 100-g meat portion was considered the experimental unit. The normality of residuals and homogeneity of variances were assessed using the Shapiro–Wilk and Levene’s tests, respectively. Variables meeting these assumptions were analysed using one-way analysis of variance (ANOVA) according to a completely randomized design, followed by Duncan’s multiple range test when a significant treatment effect was detected. Because the residuals of pH and water activity (aw) deviated from normality, the treatment effects for these variables were additionally evaluated using the Kruskal–Wallis test. Because maximum compression force did not meet the homogeneity-of-variance assumption, it was analysed using Welch’s ANOVA followed by the Games–Howell test. Statistical significance was declared at P<0.05, while P<0.01 was considered highly significant. Because all experimental units originated from one pooled meat batch, statistical inference was restricted to within-batch processing variation. Antioxidant activity was analysed descriptively because only one experimental sample was available per treatment.

			RESULTS AND DISCUSSION

			Physical properties of chicken satay

			The Shapiro–Wilk and Levene’s tests indicated that the ANOVA assumptions were not fully met for pH, aw, and maximum compression force. The supplementary Kruskal–Wallis test confirmed that pH (P=0.133) and aw (P=0.860) did not differ significantly among treatments. Welch’s ANOVA confirmed a highly significant treatment effect on maximum compression force (P<0.001), and the Games–Howell test showed significant differences among all treatment pairs (P<0.05).

			Marination with ginger extract and honey did not significantly affect pH (P>0.05), with values ranging from 5.83 to 5.90 (Table 2). The marinade may not have provided sufficient acidifying capacity to alter the pH of the cooked product. Although ginger contains bioactive compounds and honey contains organic acids, their combined effect at the concentrations used may have been insufficient to produce a measurable pH change. Ginger proteases primarily influence protein structure and tenderness rather than directly determining meat acidity (Liburdi et al., 2026; Moon, 2018; Thompson et al., 1973).

			Marination with ginger extract and honey significantly increased the water holding capacity (WHC) of spent laying hen satay (P<0.01). WHC increased from 12.75% in the control treatment to 29.74% in the P3 treatment. This improvement may be explained by three separate mechanisms. First, ginger contains proteolytic enzymes, particularly zingibain, which can hydrolyse muscle proteins and weaken connective tissue, thereby improving the ability of the meat matrix to retain water (Mohd Azmi et al., 2023; Thompson et al., 1973). Second, ginger phenolic compounds such as gingerol and shogaol contain polar functional groups that may interact with water through hydrogen bonding (Li et al., 2024). Third, honey contains sugars, mainly fructose and glucose, which have humectant properties and may help retain moisture in the meat matrix (Becerril-Sánchez et al., 2021). Therefore, the increase in WHC was likely caused by the combined effects of ginger protease activity, phenolic-water interaction, honey sugar humectancy, and the aqueous marinade system.

			Water activity (aw) was not significantly affected by marinade concentration. The aw values ranged narrowly from 0.87 to 0.88 (Table 2). This indicates that although WHC increased, the amount of free water in the product did not substantially change. The stable aw values may be related to the ability of honey sugars and meat proteins to bind water, thereby limiting changes in free water availability. Thus, the marinade may have improved bound water retention rather than increasing free water. However, because microbial quality was not directly evaluated, the aw result should not be interpreted as direct evidence of shelf-life extension or microbial stability.

			Maximum compression force decreased significantly with increasing ginger and honey marinade concentration, indicating improved tenderness. The control treatment showed the highest maximum compression force of 31.53 N, whereas P3 showed the lowest value of 14.53 N. Lower compression-force values indicate that less force was required to compress the sample, reflecting a more tender texture. This reduction may be mainly attributed to the proteolytic activity of ginger, especially zingibain, which can degrade muscle proteins and connective tissue components (Mohd Azmi et al., 2023; Thompson et al., 1973). The increase in WHC may also have contributed to a softer texture because higher water retention can improve juiciness and reduce toughness.

			Table 2: Physical properties of spent laying hen sata under different treatments.

			
				
					
					
					
					
					
				
				
					
							
							Treatment

						
							
							pH 

						
							
							WHC (%) 

						
							
							aw 

						
							
							Maximum compression force (N)

						
					

					
							
							P0

						
							
							5.90 ± 0.02

						
							
							12.75 ± 4.08a 

						
							
							0.87 ± 0.04 

						
							
							31.53 ± 2.31d 

						
					

					
							
							P1

						
							
							5.90 ± 0.01 

						
							
							15.29 ± 2.12b 

						
							
							0.88 ± 0.02 

						
							
							23.38 ± 1.03c 

						
					

					
							
							P2

						
							
							5.89 ± 0.01 

						
							
							21.44 ± 5.50c 

						
							
							0.87 ± 0.01 

						
							
							20.43 ± 0.68b 

						
					

					
							
							P3

						
							
							5.83 ± 0.04 

						
							
							29.74 ± 3.52d 

						
							
							0.88 ± 0.01 

						
							
							14.53 ± 1.63a 

						
					

				
			

			P0 (no marination), P1 (marination with 10% ginger extract and honey), P2 (15% ginger extract and honey), and P3 (20% ginger extract and honey). Values are presented as mean ± standard deviation of four technical processing replicates obtained from one pooled meat batch (n = 4). Different superscript letters within the WHC column indicate highly significant differences according to Duncan’s multiple range test (P<0.01). Different superscript letters within the maximum compression force column indicate significant differences according to the Games–Howell test following Welch’s ANOVA (P<0.05). No superscripts are presented for pH and aw because the treatment effects were not significant (P>0.05).

			Colour characteristics (CIELab) of chicken satay

			The L* value, which represents lightness, was significantly affected by ginger and honey marination (P<0.01). The L* value increased from 34.81 in P0 to 46.61 in P3, indicating that marination improved the brightness of spent laying hen satay (Table 3). This increase may be associated with improved water retention, which can influence light reflection on the meat surface. In addition, honey sugars may contribute to colour development during grilling. Becerril-Sánchez et al. (2021) reported that honey contains phenolic compounds and flavonoids that may help preserve colour stability by reducing oxidative deterioration.

			The a* value, which represents redness, was also significantly affected by treatment. The highest a* value was found in P2, while the control treatment had the lowest value. This increase in redness may be associated with antioxidant compounds in ginger and honey, which may help limit pigment oxidation during processing (Ayustaningwarno et al., 2024). However, myoglobin oxidation and lipid oxidation were not directly measured in this study; therefore, this mechanism should be interpreted as a possible explanation rather than a confirmed effect. The b* value, which represents yellowness, increased significantly after marination. 

			The b* values ranged from 18.04 to 23.48, with the highest value observed in P1 (Table 3). This increase may be related to the natural yellow colour of ginger components, the yellow-brown colour of honey, and browning reactions during grilling. Essential oils in ginger and the Maillard reaction, a non-enzymatic browning reaction between reducing sugars and amino groups during heating, may have contributed to the increased yellowness of the satay (Liu et al., 2022).

			Table 3: Colour characteristics (CIELab) of spent laying hen satay.

			
				
					
					
					
					
				
				
					
							
							Treatment 

						
							
							L*

						
							
							a*

						
							
							b*

						
					

					
							
							P0

						
							
							34.81 ± 2.95a 

						
							
							6.38 ± 0.52a 

						
							
							18.04 ± 0.52a 

						
					

					
							
							P1

						
							
							45.42 ± 2.21b 

						
							
							7.80 ± 1.20ab

						
							
							23.48 ± 1.20b

						
					

					
							
							P2

						
							
							43.75 ± 1.67b 

						
							
							8.72 ± 1.06b 

						
							
							22.54 ± 1.06b 

						
					

					
							
							P3

						
							
							46.61 ± 4.59b 

						
							
							8.30 ± 1.18b

						
							
							23.17 ± 1.18b 

						
					

				
			

			P0 (no marination), P1 (marination with 10% ginger extract and honey), P2 (15% ginger extract and honey), and P3 (20% ginger extract and honey). Values are presented as mean ± standard deviation of four technical processing replicates obtained from one pooled meat batch (n = 4). Within the same column, means with different superscript letters differ according to Duncan’s multiple range test. Treatment effects were highly significant for L* and b* (P<0.01) and significant for a* (P<0.05). 

			Chemical composition of chicken satay

			Moisture content was not significantly different among treatments, ranging from 56.58% to 60.48% (Table 4). This result indicates that marinade concentration did not substantially alter total water content in the product. Interestingly, WHC increased significantly, while moisture content remained statistically unchanged. This suggests that marination improved the ability of the meat matrix to retain water rather than increasing total water content. In other words, the marinade may have changed the distribution and binding state of water in the meat, shifting water into a more retained form without significantly increasing total moisture. Samota et al. (2024) reported that hydrophilic compounds in ginger and honey may enhance water retention, although this does not always result in a significant increase in total moisture content.

			Fat content was also not significantly affected by ginger–honey marination (Table 4). The fat content ranged from 10.97% to 11.67%. This result indicates that the marinade concentration did not substantially change the lipid content of spent laying hen satay (Dwiloka et al., 2024; Karpińska-Tymoszczyk et al., 2022). The slight variation among treatments may be associated with additional ingredients used in the formulation, especially sesame oil and soy sauce. Sesame oil contains unsaturated fatty acids, lignans, and natural antioxidant compounds that may contribute to lipid stability during heating (Langyan et al., 2022). Although ginger and honey contain antioxidant compounds that may reduce oxidative reactions during grilling, lipid oxidation was not directly measured using indicators such as TBARS, peroxide value, or carbonyl content. Therefore, the role of antioxidant compounds in reducing lipid oxidation during grilling remains a possible explanation and should be confirmed in future studies.

			Table 4: Chemical composition of spent laying hen satay.

			
				
					
					
					
				
				
					
							
							Treatment 

						
							
							Moisture content (%)

						
							
							Fat content (%)

						
					

					
							
							P0

						
							
							58.43 ± 2.35 

						
							
							10.97 ± 0.67

						
					

					
							
							P1

						
							
							56.58 ± 2.61 

						
							
							11.54 ± 1.13

						
					

					
							
							P2

						
							
							58.77 ± 4.35 

						
							
							11.67 ± 1.09

						
					

					
							
							P3

						
							
							60.48 ± 1.69 

						
							
							11.25 ± 2.50

						
					

				
			

			P0 (no marination), P1 (marination with 10% ginger extract and honey), P2 (15% ginger extract and honey), and P3 (20% ginger extract and honey). Values are mean ± SD of four technical processing replicates obtained from one pooled meat batch (n=4).

			Antioxidant activity of chicken satay

			Increasing marinade concentration was descriptively associated with lower estimated IC₅₀ values (Table 5). The estimated IC₅₀ decreased from 7.07 ppm in P0 to 0.81 ppm in P3. At the lowest tested concentration of 25 ppm, DPPH inhibition ranged from 65.06% in P0 to 79.16% in P3. Because only one experimental sample was analysed per treatment, these results were interpreted descriptively and were not subjected to inferential statistical analysis. These observations suggest a possible increase in radical-scavenging capacity with increasing marinade concentration.

			The increase in antioxidant activity may be attributed to bioactive compounds from ginger and honey, including gingerol, shogaol, zingerone, paradol, phenolic compounds, and flavonoids. These compounds can contribute to antioxidant activity by donating hydrogen atoms or electrons to neutralize free radicals (Ayustaningwarno et al., 2024; Latoch et al., 2023). However, this study only measured antioxidant activity using the DPPH method. Lipid oxidation during grilling was not directly evaluated. Therefore, further studies using lipid oxidation markers such as TBARS, peroxide value, or carbonyl content are needed to confirm whether ginger–honey marinade can reduce oxidative deterioration during cooking.

			Table 5: Regression equations and estimated IC₅₀ values of spent laying hen satay marinated with different concentrations of ginger extract and honey.

			
				
					
					
					
					
				
				
					
							
							Treatment

						
							
							Regression equation

						
							
							R²

						
							
							Estimated IC₅₀ (ppm)

						
					

					
							
							P0

						
							
							(y=11.716\ln C+27.087)

						
							
							0.9968

						
							
							7.07

						
					

					
							
							P1

						
							
							(y=13.218\ln C+34.789)

						
							
							0.8911

						
							
							3.16

						
					

					
							
							P2

						
							
							(y=11.212\ln C+40.972)

						
							
							0.9992

						
							
							2.24

						
					

					
							
							P3

						
							
							(y=8.4957\ln C+51.773)

						
							
							0.9763

						
							
							0.81

						
					

				
			

			Results were obtained from one experimental sample per treatment (n = 1). Each concentration was measured in duplicate, and the duplicate absorbance readings were averaged as analytical repeats. Therefore, SD, SE, statistical superscripts, and significance values were not reported. The IC₅₀ values were estimated by extrapolation because DPPH inhibition at the lowest tested concentration of 25 ppm was already above 50% in all treatments. The estimates were below the tested concentration range and should therefore be interpreted cautiously.

			Within each treatment, DPPH inhibition increased across the tested concentrations. The regression equations yielded R² values ranging from 0.8911 to 0.9992 (Figure 2). However, because the estimated IC₅₀ values were extrapolated below the tested concentration range and only one experimental sample was analysed per treatment, comparisons among treatments should be interpreted descriptively and cautiously.

			Conclusion and Recommendations

			Under the conditions of this single-batch study, the 20% ginger extract and honey marinade produced the highest WHC and the lowest maximum compression force. The treatments significantly affected WHC, maximum compression force, and colour characteristics but did not significantly affect pH, water activity, moisture content, or fat content. Descriptively, P3 showed the lowest estimated IC₅₀ value of 0.81 ppm; however, this value was obtained by extrapolation below the tested concentration range. These findings require validation using independent biological replicates. Although the endpoint internal temperature was standardised at 74°C, cooking loss was not measured, which limited the evaluation of weight changes during grilling.

			Sustainable development goals (SDGs)

			This study supports several Sustainable Development Goals. It contributes to SDG 2 (Zero Hunger) by improving the utilization of spent laying hen meat as an alternative protein source. The use of ginger extract and honey, which contain antioxidant compounds, is also

			[image: ]

			Figure 2: Regression relationships between the natural logarithm of sample concentration and DPPH inhibition of spent laying hen satay under treatments P0–P3. Samples were evaluated at concentrations of 25, 50, and 100 ppm. The x-axis represents the natural logarithm of sample concentration, and the y-axis represents DPPH inhibition (%). P0 = no marination; P1 = marination with 10% ginger extract and honey; P2 = marination with 15% ginger extract and honey; and P3 = marination with 20% ginger extract and honey. Results are descriptive and were obtained from one experimental sample per treatment (n = 1). Duplicate absorbance readings at each concentration were averaged, and no inferential statistical comparison was performed.

			in line with SDG 3 (Good Health and Well-being) by supporting the development of meat products with improved antioxidant properties. In addition, transforming low-value spent laying hen meat into a higher-quality satay product supports SDG 12 (Responsible Consumption and Production) by reducing potential food loss and increasing the value of underutilized poultry meat (Ridwan, Luni, et al., 2026). This approach also reflects SDG 9 (Industry, Innovation and Infrastructure) through simple innovation in meat processing.
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Abstract | This study evaluated the physicochemical characteristics, antioxidant activity, and texture improvement of
satay, a Southeast Asian meat product consisting of seasoned or marinated meat grilled on skewers, prepared from
spent laying hens. The meat samples were marinated with ginger extract and honey at concentrations of 10%, 15%,
and 20% for 4 h at approximately 4°C before being processed into satay. A single pooled meat batch was divided into
sixteen 100-g portions and allocated to four treatments, with four technical processing replicates per treatment. The
parameters analysed included pH, water-holding capacity (WHC), water activity (a ), maximum compression force,
colour (L a* b*), moisture content, fat content, and antioxidant activity. Except for antioxidant activity, the data
were analysed using one-way analysis of variance (ANOVA), followed by the appropriate post-hoc test. Antioxidant
activity was evaluated descriptively using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay. WHC
(P<0.01), maximum compression force (P<0.001), and colour (L* b* P<0.01; a* P<0.05) attributes were significantly
affected by the treatments, whereas pH, a_, moisture content, and fat content were not significantly (P>0.05) affected.
The 20% marinade (P3) showed the highest DPPH inhibition and the lowest estimated half-maximal inhibitory
concentration (ICsp). Under the conditions of this single-batch study, the 20% marinade improved WHC, tenderness,
and colour characteristics and showed the most favourable descriptive antioxidant response.

Keywords | Ginger extract, Honey marination, Spent laying hen meat, Physicochemical characteristics, Poultry by-
products, Satay
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INTRODUCTION

pent laying hen meat refers to meat obtained from
commercial egg-laying hens that have reached the end
of their productive laying cycle, usually after approximately
95 weeks of age. Although this meat is a valuable protein
source and contains relatively low fat, its utilization is
often limited by its tough texture and lower consumer

preference compared with broiler meat (Choe and Kim,
2020; de Souza e al.,2011; Ridwan e al., 2026). Therefore,
appropriate processing strategies are required to improve
its technological and eating quality, particularly when it
is developed into value-added products such as satay, a
Southeast Asian dish, especially common in Indonesia and
Malaysia, consisting of seasoned/marinated meat grilled
on skewers, usually served with a sauce.
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