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Development, Quality Evaluation and Storage Stability of Chicken Papad Incorporated with Spent Hen Meat Powder
Abstract
Spent hens are an underutilized poultry resource, partly because meat from older birds is generally less tender than broiler meat. Converting spent hen meat into spent hen meat powder (SHMP) and incorporating it into convenience foods may provide a practical route for value addition. This study developed chicken papad containing cooked SHMP, evaluated four formulations containing 15%, 20%, 25% and 30% SHMP, and assessed the quality and storage stability of the selected product. Cooked SHMP was prepared by pressure-cooking minced meat at 15 psi for 30 min, drying at 60 ± 1°C for 20 h, grinding, and sieving through a 500-µm mesh. Papad formulations were prepared with varying SHMP and tapioca-starch levels while the other ingredients were held constant. The dough was steam-cooked, sheeted, dried at 60 ± 1°C for 4 h, packed in aluminium foil–low-density polyethylene (LDPE) laminate pouches, and stored at 25 ± 2°C for up to 60 days. Formulation B, containing 20% SHMP, had the highest overall acceptability score (7.35 ± 0.09) and was selected for further analysis. During storage, water activity, thiobarbituric acid-reactive substances (TBARS), peroxide value, free fatty acids (FFA), yellowness, and chroma increased, whereas pH and several sensory scores showed small numerical declines. Total plate count (TPC), Staphylococcus aureus and yeast and mould count (YMC) remained relatively low; coliforms and Salmonella were not detected at the reported sampling intervals. The findings indicate that cooked SHMP can be incorporated into chicken papad at 20% with good initial sensory acceptance and that the product retained broadly acceptable measured quality attributes over the 60-day observation period. This research highlights the high potential of utilising spent hens to mitigate poultry industry co-product waste while offering a highly acceptable, novel animal-protein source for convenience food applications.
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1. Introduction
The poultry industry generates spent hens at the end of their productive laying cycle. Their meat is often less preferred than broiler meat because older birds tend to have tougher muscle, associated in part with age-related changes in connective tissue. Developing value-added products from spent hen meat may improve the utilisation of this resource and provide an additional source of animal protein. Spent hen meat can be converted into powder by drying raw, lactic-acid-treated, or cooked meat, and cooked SHMP was reported to have a high protein content (80.49%) and favourable functional, microbiological, and sensory characteristics (Gokulakrishnan & Selvamani, 2026a, 2026b). Valorisation of spent hen meat into dehydrated snack systems presents an effective approach for resource recovery and protein fortification (Fan & Wu, 2022). A recent study of canned spent hen meat also assessed its physicochemical, microbiological, and sensory properties, illustrating another processed-product application for this resource (Elkordy et al., 2026).
SHMP is a convenient ingredient for dried and ready-to-prepare foods because it can be handled and incorporated into formulations more readily than fresh meat. However, its performance in a composite product depends on its interaction with starches, seasonings, and processing conditions. Findings from starch-based fried crisps indicate that dough structure can influence oil absorption during frying (Zhang et al., 2025). Papad is a thin, dried product that expands and develops a crisp texture during frying. Incorporating SHMP may increase the meat-derived protein contribution and diversify the use of spent hen meat, but increasing meat-powder levels can also alter dough handling, colour, flavour, expansion, and crispness. Product formulation therefore requires balancing nutritional ingredient incorporation with sensory acceptance and physical quality. Recent research on spent hen meat snack sticks has also examined their quality and storage stability under ambient conditions (Choubey et al., 2024).
The stability of dried papad during storage is also important, as moisture uptake and changes in water activity may affect crispness, while lipid oxidation and hydrolysis can influence flavour, colour, and overall acceptability. A study of biscuits further showed that moisture sorption increased with relative humidity, illustrating the relevance of humidity to dried-food storage (Singh, 2025). Microbiological quality must also be monitored to ensure product safety and stability during storage. Although previous studies have investigated spent hen meat powder and other dehydrated meat products, limited information is available on the incorporation of cooked SHMP into chicken papad and the changes in its quality attributes during ambient storage. Therefore, the present study aimed to evaluate the sensory characteristics of chicken papad incorporated with 15–30% cooked SHMP, identify the preferred formulation, and assess its proximate composition, physicochemical properties, microbiological quality, and sensory characteristics during storage at 25 ± 2°C for 60 days.
2. Materials and Methods
2.1. Preparation of cooked SHMP
Spent hen meat was obtained from birds sourced through a local layer farm, dressed and deboned, after which visible fat, fascia, and connective tissue were removed. The meat was minced twice through a 4.5-mm plate. For the cooked powder used in papad, minced meat was pressure-cooked at 15 psi for 30 min and dried at 60±1°C for 20 h. The dried material was ground and passed through a 500-µm sieve. 
2.2 Formulation design
Four formulations (A to D) were prepared with cooked SHMP at 15, 20, 25, and 30%, respectively. Tapioca starch was reduced correspondingly from 65 to 50%. Rice starch (10%), potato starch (5%), salt (2%), chat masala (1.5%), garlic powder (1%), and black pepper powder (0.5%) were constant across formulations (Table 1). As detailed in Table 1, tapioca starch served as the primary structural matrix binder and was adjusted systematically from 65% down to 50% to evaluate the maximum incorporation potential of cooked SHMP while maintaining optimal dough rheology and expansion properties, consistent with starch-protein matrix dynamics (Scott & Awika, 2023).
Table 1. Formulations for preparation of chicken papad
	Ingredient
	A
	B
	C
	D

	Cooked SHMP
	15%
	20%
	25%
	30%

	Tapioca starch
	65%
	60%
	55%
	50%

	Rice starch
	10%
	10%
	10%
	10%

	Potato starch
	5%
	5%
	5%
	5%

	Salt
	2%
	2%
	2%
	2%

	Chat masala
	1.5%
	1.5%
	1.5%
	1.5%

	Garlic powder
	1%
	1%
	1%
	1%

	Black pepper powder
	0.5%
	0.5%
	0.5%
	0.5%


2.3 Preparation of chicken papad
The dough was prepared by mixing cooked SHMP, tapioca starch, rice starch, potato starch, salt, black pepper powder, chat masala, and garlic powder (Table 1), followed by kneading with water. The dough was placed in trays and steam-cooked for 10 min in a conventional steam cooker, maintaining adequate spacing between the trays. The trays were then removed and cooled to room temperature. The dough was hand-rolled into thin films (25 g each) with an approximate thickness of 1 mm and a diameter of 9 cm. The films were dried in a temperature-controlled chamber at 60 ± 1°C for 4 h. The dried chicken papads were cooled to room temperature, packed in aluminium foil–LDPE laminate pouches (15 µm aluminium foil and 40 µm LDPE), heat-sealed, and stored at ambient temperature (25 ± 2°C) until frying.
2.4 Frying of chicken papad
Refined oil was heated to 190 ± 2°C in a deep-fat fryer (Frendz®, 2-litre capacity). Once the desired temperature was reached, as indicated by the thermostat, the dried papads were immersed in the oil. After puffing adequately, the papads were removed within 10–15 s, and excess oil was absorbed using tissue paper. 
2.5 Sensory evaluation and selection of formulation
Sensory evaluation was conducted by a trained sensory panel using an 8-point descriptive scale (8 = excellent; 1 = extremely poor), following the scale attributed to Keeton (1983). Formulation B was selected for further evaluation because it recorded the highest overall acceptability and generally high scores across attributes.
2.6 Proximate composition
Moisture, protein, fat, and ash were determined for freshly prepared dried and fried papad according to the standard methods of AOAC International (1995).
2.7 Physicochemical Properties
The selected dried papad was packed in aluminium-foil/LDPE laminate pouches and stored at 25 ± 2°C. Quality was evaluated at 15-day intervals up to 60 days. Expansion was calculated as the area of fried papad divided by the area of dried papad before frying, multiplied by 100. Oil uptake was calculated as the increase in mass after frying (after wiping excess oil) relative to the mass of dried papad, multiplied by 100. Fracturability is the force at which the first significant break occurs in the curve (originally termed brittleness). Fracturability of fried chicken papad was recorded using a texturometer (TA-XT 2i/25, Texture Analyzer, Stable Microsystem Ltd, Surrey, UK). The pH was measured using a digital pH meter (Cyberscan®, pH 510, Eutech Instruments, Singapore) in a 1:5 (w/v) sample-to-distilled-water homogenate. Water activity (aw) was measured using a water activity meter (Hygrolab 3®, Rotronic, Switzerland). Colour characteristics, including redness (a) and yellowness (b), were measured using a Lovibond® tintometer (Model F, Greenwich, UK). Hue [tan-1(b/a)] and chroma [(a2+b2)1/2] were calculated according to Little (1975) and Froehlich et al. (1983), respectively. TBARS values were determined using the distillation method described by Tarladgis et al. (1960) and expressed as mg malonaldehyde (MDA) per kg of sample. Peroxide value was determined according to the method described by Koniecko (1979) and expressed as milliequivalents of peroxide per kg of fat (meq/kg fat). FFA content was determined according to the method described by Koniecko (1979) and expressed as a percentage of oleic acid.
2.8 Microbiological Analysis
Total plate count (TPC), coliform count, Staphylococcus aureus count, yeast and mould count (YMC), and Salmonella detection were performed according to the standard procedures described by Downes (2001).
2.9 Statistical Analysis
Each experiment was repeated at least three times with duplicate samples for each parameter and the data obtained were analysed using the standard statistical methods (Snedecor & Cochran, 1989) with the statistical software SPSS (Statistical Package for the Social Sciences) version 16.0, and the results were interpreted.
3. Results and Discussion
3.1 Sensory evaluation of chicken papad prepared by using different levels of SHMP.
Mean ± SE values of the sensory attributes of chicken papad with different levels of SHMP are presented in Table 2.
Table 2.Sensory evaluationof chicken papadprepared by usingdifferent levels of SHMP (mean ± SE).
	Treatment

	General appearance and colour
	Flavour
	Crispness
	After-taste
	Meat flavour intensity
	Overall acceptability

	A
	7.13±0.11ab
	7.25±0.08a
	7.31±0.11a
	7.11±0.09a
	6.92±0.13
	7.13±0.10ab

	B
	7.36±0.09a
	7.26±0.10a
	7.39±0.09a
	7.27±0.09a
	6.98±0.10
	7.35±0.09a

	C
	7.11±0.10ab
	7.23±0.11a
	7.20±0.08ab
	7.02±0.10ab
	7.02±0.10
	7.13±0.12ab

	D
	6.96±0.12b
	6.88±0.12b
	7.01±0.10b
	6.80±0.12b
	7.04±0.11
	6.88±0.12b


n=21, Mean with different superscripts in the same column (a, b) differ significantly (P<0.05). Score on 8-point descriptive scale
Sensory evaluation revealed significant differences (P < 0.05) among formulations in flavour, crispness, after-taste, and overall acceptability. Formulation B recorded the highest scores for general appearance and colour (7.36±0.09), flavour (7.26±0.10), crispness (7.39±0.09), after-taste (7.27±0.09), and overall acceptability (7.35±0.09). In contrast, formulation D had the lowest scores for most of these attributes. Meat flavour intensity did not differ significantly (P > 0.05) among formulations. Overall, formulation B exhibited comparatively better sensory characteristics and was selected for further evaluation of quality and storage stability. Table 2 highlights the fundamental sensory trade-offs in meat powder incorporation: higher levels of SHMP enhanced meat flavour intensity, but formulations exceeding 20% (such as Formulation D) exhibited reduced overall crispness and general appearance, validating 20% incorporation (Formulation B) as the optimal balance for consumer acceptance.
3.2 Evaluation of quality and storage stability of the chicken papad developed from SHMP.
3.2.1 Proximate composition
Mean ± SE values of proximate composition of freshly prepared dried and fried chicken papad are presented in Table 3. 
Table 3.Proximate composition of dried and fried chicken papad(mean±SE).
	Parameter
	Dried chicken papad
	Fried chicken papad

	Moisture (%)
	7.82±0.13a
	3.14±0.16b

	Protein (%)
	20.60±0.71a
	16.29±0.47b

	Fat (%)
	4.66±0.19b
	20.16±0.43a

	Ash (%)
	3.10±0.12
	2.84±0.12


n=6, Mean with different superscripts (letters in the same row) differ significantly (P<0.05)

Dried chicken papad contained 7.82±0.13% moisture, 20.60±0.71% protein, 4.66±0.19% fat, and 3.10±0.12% ash. After frying, moisture and protein contents decreased significantly (P<0.05) to 3.14±0.16% and 16.29±0.47%, respectively, whereas fat content increased significantly (P<0.05) to 20.16±0.43%. Ash content did not differ significantly (P>0.05) between dried and fried papad. The lower moisture content of fried papad may be attributed to water evaporation during deep-fat frying. Krokida et al. (2000a, 2000b) reported that deep-fat frying involves simultaneous heat and mass transfer, resulting in water evaporation from the food and oil absorption. The lower protein percentage in fried papad may be associated with the relative increase in fat content following oil uptake. The proximate composition data in Table 3 demonstrate that incorporation of 20% SHMP significantly boosts the protein content of the dried product to 20.60%, converting traditional starch-based papad into a protein-enriched convenience food (Scott & Awika, 2023).
3.2.2 Physicochemical characteristics
Mean ± SE values of physicochemical characteristics during storage of chicken papad are presented in Table 4.
Table 4. Changes in physicochemical characteristics of chicken papad prepared from SHMP during storage at ambient temperature for 60 days (mean±SE).
	Parameter
	Storage period (days)

	
	0
	15
	30
	45
	60

	Expansion (%)
	144.33±3.24AB
	139.34±3.38AB
	147.03±2.31A
	141.67±2.35AB
	137.70±2.61B

	Oil uptake (%)
	21.32±1.05AB
	22.77±1.26A
	20.99±0.82AB
	19.05±0.76B
	21.14±0.78AB

	Fracturabiliy (N)
	5.44±0.58
	5.10±0.39
	5.78±0.45
	4.99±0.42
	5.27±0.31

	Moisture (%)
	7.81±0.33
	7.85±0.21
	7.94±0.25
	8.02±0.24
	8.08±0.28

	Water activity
	0.57±0.00C
	0.57±0.00C
	0.58±0.00B
	0.59±0.00A
	0.59±0.00A

	pH
	6.09±0.03
	6.05±0.04
	6.06±0.01
	6.03±0.03
	6.01±0.03

	TBARS value (mg malonaldehyde/kg)
	0.31±0.01E
	0.69±0.02D
	0.97±0.03C
	1.18±0.04B
	1.32±0.03A

	Peroxide value (meq/kg fat)
	2.29±0.18D
	2.52±0.23CD
	3.04±0.23BC
	3.67±0.25B
	4.43±0.22A

	FFA value (% oleic acid)
	1.24±0.09D
	1.31±0.12CD
	1.68±0.15BC
	2.05±0.16AB
	2.39±0.18A

	Redness (a)
	2.05±0.03
	2.08±0.03
	2.13±0.05
	2.15±0.06
	2.18±0.03

	Yellowness (b)
	3.53±0.04D
	3.60±0.04CD
	3.68±0.03BC
	3.77±0.02AB
	3.82±0.04A

	Hue
	53.73±0.27
	53.79±0.09
	53.75±0.31
	53.93±0.28
	53.92±0.13

	Chroma
	4.09±0.04D
	4.16±0.05CD
	4.26±0.03BC
	4.34±0.04AB
	4.40±0.05A



n=6, Means with different superscripts in the same row (A, B, C...) differ significantly (P < 0.05).
Expansion and fracturability decreased numerically from 144.33 ± 3.24% to 137.70 ± 2.61% and 5.44 ± 0.58 to 5.27 ± 0.31 N, respectively, without significant changes (P > 0.05). Oil uptake fluctuated during storage, with a significant difference between days 15 and 45 (P < 0.05). Similar changes in chicken snacks were reported by Chand (2011).
Moisture increased non-significantly from 7.81 ± 0.33% to 8.08 ± 0.28%, possibly due to moisture absorption through packaging and microbial activity (Sawaya et al., 1995; Modi et al., 2007). Water activity increased significantly from 0.57 to 0.59 (P < 0.05), consistent with the relationship between moisture and water activity reported by Ozilgen (2011). The pH decreased non-significantly from 6.09 ± 0.03 to 6.01 ± 0.03, similar to observations by Modi et al. (2007).
TBARS increased significantly from 0.31 ± 0.01 to 1.32 ± 0.03 mg malonaldehyde/kg, indicating lipid oxidation. Similar increases were reported in shelf-stable buffalo meat chunks (Malik, 1999), chicken chips (Sharma & Nanda, 2002), freeze-dried beef (Sun et al., 2002), dehydrated chicken pulav (Das & Jayaraman, 2003), dehydrated chicken kebab mix (Modi et al., 2007), hurdle-treated sausages (Thomas, 2007), and dehydrated spent hen meat mince (Kharb & Ahlawat, 2010). Peroxide value increased significantly from 2.29 ± 0.18 to 4.43 ± 0.22 meq/kg fat, consistent with findings in dehydrated chicken pulav (Das & Jayaraman, 2003) and chicken chunks (Hameed et al., 2007). FFA also increased significantly from 1.24 ± 0.09% to 2.39 ± 0.18% oleic acid, possibly due to lipid hydrolysis. However, FFA accumulation does not necessarily indicate oxidative rancidity (Modi et al., 2007) or adverse toxicological effects (Camire et al., 1990); fat hydrolysis products do not necessarily impair nutritional quality (Fritsch, 1981). Similar FFA increases were reported by Das and Jayaraman (2003) and Hameed et al. (2007).
Redness increased non-significantly from 2.05 ± 0.03 to 2.18 ± 0.03, while hue remained relatively stable, increasing from 53.73 ± 0.27 to 53.92 ± 0.13. Yellowness and chroma increased significantly from 3.53 ± 0.04 to 3.82 ± 0.04 and 4.09 ± 0.04 to 4.40 ± 0.05, respectively (P < 0.05). These changes may be associated with non-enzymatic reactions during storage, as reported by Modi et al. (2007). The storage stability trends in Table 4 indicate that while lipid oxidation markers (TBARS, peroxide value, and FFA) increased progressively due to residual fat present in spent hen meat, the levels remained within safe threshold limits throughout 60 days of ambient storage, demonstrating effective quality retention in meat-based snack foods (Bhat et al., 2023).
3.2.3 Microbiological characteristics
Mean ± SE values of microbiological characteristics during storage of chicken papad are presented in Table 5.
Table 5. Changes in microbiological characteristics (log CFU/g) of chicken papad prepared from SHMP during storage at ambient temperature for 60 days (mean±SE).
	Parameter
	Storage period (days)

	
	0
	15
	30
	45
	60

	Total plate count 
	3.31±0.23
	3.54±0.15
	3.72±0.23
	3.86±0.16
	3.79±0.21

	Coliform count 
	ND
	ND
	ND
	ND
	ND

	Staphylococcus aureus count
	1.43±0.15
	1.64±0.17
	1.57±0.10
	1.68±0.14
	1.81±0.11

	Yeast and mould count 
	1.24±0.12
	1.37±0.11
	1.62±0.14
	1.56±0.17
	1.60±0.13

	Salmonella
	ND
	ND
	ND
	ND
	ND


n=6, ND=Not Detected.

TPC increased non-significantly (P > 0.05) from 3.31 ± 0.23 to 3.79 ± 0.21 log CFU/g, remaining below the permissible limit of 5 log CFU/g for dried products (Jay et al., 2005). Similarly, S. aureus counts increased from 1.43 ± 0.15 to 1.81 ± 0.11 log CFU/g without significant differences (P > 0.05). The relatively low counts may be attributed to thermal processing, low water activity, hygienic handling, and the antimicrobial effects of spices. Similar trends were reported by Modi et al. (2007), Hameed et al. (2007), Kharb et al. (2008), and Das and Jayaraman (2003).
YMC increased non-significantly (P > 0.05) from 1.24 ± 0.12 to 1.60 ± 0.13 log CFU/g during storage. The relatively low counts may be associated with the antimycotic effects of spices. A similar increase was reported in dehydrated spent hen meat mince by Kharb et al. (2008).
Neither coliforms nor Salmonella were detected throughout the 60-day storage period, possibly reflecting effective thermal processing, hygienic practices, and the low water activity of the product. Similar absence of coliforms was reported in dehydrated chicken pulav (Das & Jayaraman, 2003) and chicken kebab mix (Modi et al., 2007). The absence of Salmonella was also reported in squid soup powder (Chacko et al., 2005) and chicken emulsion (Kala et al., 2007). As summarized in Table 5, the total plate counts and yeast and mould counts remained low, and pathogenic microorganisms (Coliforms and Salmonella) were completely absent, confirming the microbiological safety and hygienic quality of the laminate-packaged papad.
3.2.4 Sensory characteristics
Mean ± SE values of sensory characteristics during storage of chicken papad are presented in Table 6.
Table 6. Changes in sensory characteristics of chicken papad prepared from SHMP during storage at ambient temperature for 60 days (mean±SE).
	Parameter
	Storage period (days)

	
	0
	15
	30
	45
	60

	General appearance and colour
	7.23±0.07
	7.19±0.12
	7.26±0.11
	7.20±0.12
	7.22±0.10

	Flavour
	7.22±0.09
	7.24±0.13
	7.17±0.11
	7.12±0.15
	7.09±0.15

	Crispness
	7.44±0.11
	7.43±0.09
	7.41±0.07
	7.39±0.09
	7.38±0.06

	After-taste
	7.09±0.09
	7.11±0.13
	7.06±0.11
	6.98±0.14
	6.95±0.13

	Meat flavour intensity
	6.92±0.10
	6.87±0.13
	6.95±0.11
	6.84±0.15
	6.77±0.17

	Overall acceptability
	7.25±0.10
	7.21±0.11
	7.22±0.08
	7.14±0.13
	7.11±0.13


n=21, Score on 8-point descriptive scale

General appearance and colour scores decreased non-significantly (P > 0.05) from 7.23 ± 0.07 to 7.22 ± 0.10, possibly due to pigment and lipid oxidation. Similar declines were reported in chicken meat chips (Sharma and Nanda, 2002; Singh et al., 2002). Crispness scores also decreased non-significantly from 7.44 ± 0.11 to 7.38 ± 0.06, possibly due to moisture absorption during storage, consistent with findings in chicken snacks (Singh et al., 2002).
Flavour, after-taste, and meat flavour intensity scores decreased non-significantly (P > 0.05) from 7.22 ± 0.09 to 7.09 ± 0.15, 7.09 ± 0.09 to 6.95 ± 0.13, and 6.92 ± 0.10 to 6.77 ± 0.17, respectively. These changes may be associated with lipid oxidation, fatty acid release, microbial activity, loss of volatile flavour compounds, and dilution of meaty flavour (Sahoo and Anjaneyulu, 1997; Tarladgis et al., 1960). Similar declines in flavour and meat flavour intensity were reported by Singh et al. (2002) and Sharma and Nanda (2002), respectively.
Overall acceptability decreased non-significantly (P > 0.05) from 7.25 ± 0.10 to 7.11 ± 0.13 during storage, possibly reflecting changes in other sensory attributes. Similar declines were reported in dehydrated chicken pulav (Das & Jayaraman, 2003) and chicken kebab mix (Modi et al., 2007).
4. Conclusion
Cooked SHMP was successfully incorporated into chicken papad at inclusion levels of 15–30%. Among the tested formulations, the papad containing 20% SHMP (formulation B) recorded the highest overall acceptability score and was selected for quality and storage evaluation. During 60 days at 25 ± 2 °C, moisture changed only slightly, while water activity and indices of lipid oxidation/hydrolysis increased. Sensory scores declined modestly, and coliforms and Salmonella were not detected in the reported samples. These results support the feasibility of using cooked SHMP as an ingredient in a fried, shelf-stable snack.
5. Future Perspectives and Recommendations
Future research should focus on scaling up the industrial production of cooked SHMP and evaluating automated sheeting and extrusion techniques for large-scale papad manufacture (Toldrá et al., 2021; Scott & Awika, 2023). Additionally, studying advanced modified atmosphere packaging (MAP) or vacuum packaging could further suppress lipid oxidation (TBARS and peroxide value accumulation), thereby extending the product's shelf life beyond 60 days (Bhat et al., 2023). Further consumer testing across broader demographic segments and commercial cost-benefit analyses will facilitate successful market adoption and value addition for the poultry industry (Fan & Wu., 2022). 

Limitations 
The study evaluated four SHMP inclusion levels and followed the selected formulation for 60 days at a single ambient temperature (25 ± 2°C) in one laminate packaging system. Sensory evaluation relied on a trained panel rather than a broader consumer sample. The findings therefore apply to the tested formulation and storage conditions. Longer-term stability, alternative packaging materials, other temperatures and commercial-scale processing were not investigated. Microbiological non-detection at the sampled intervals should not be interpreted as a comprehensive assessment of product safety.
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