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Quality Characteristics of Fibre-Enriched Chicken Sausages Incorporated with Cooked Plantain
Abstract
Incorporation of dietary fibre into chicken sausages may improve their nutritional composition and processing characteristics while influencing sensory acceptability. Although banana-derived ingredients have been investigated in various meat products, limited information is available on the effects of cooked shredded unripe plantain, particularly with peel, on the physicochemical, proximate and sensory characteristics of chicken sausages. This study evaluated the effects of cooked shredded unripe plantain, incorporated with and without peel, on the quality characteristics of chicken sausages. Three formulations were prepared: a control without plantain (C), a formulation containing 5% cooked shredded unripe plantain without peel (T1) and a formulation containing 5% cooked shredded unripe plantain with peel (T2). In the plantain formulations, an equivalent proportion of chicken meat was replaced, while other ingredients remained unchanged. Data from six trials were analysed for physicochemical characteristics, proximate composition and sensory attributes. Relative to the control, plantain incorporation reduced emulsion and product pH and increased emulsion stability, cooking yield, moisture retention and fat retention. Cooking yield was 94.46% in C, 95.92% in T1 and 96.48% in T2. Crude fibre content increased from 0.48% in C to 4.42% in T1 and 4.56% in T2. Moisture and ash contents also increased, whereas protein and fat contents decreased. Flavour, juiciness, texture and overall acceptability scores were lower in both plantain formulations than in the control, while tenderness did not differ significantly. Overall acceptability scores were 8.34, 7.96 and 7.92 for C, T1 and T2, respectively, with no significant difference between T1 and T2. These findings indicate that adding 5% cooked unripe plantain improved processing characteristics and crude fibre content but was associated with some reductions in sensory scores. Retaining the peel gave slightly higher processing and fibre values without a significant additional decrease in overall acceptability.
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1. Introduction
Chicken meat is widely used in processed meat products because of its high protein content, relatively low fat content and versatility in product formulation. Incorporating dietary fibre into comminuted meat products has been explored as a means of improving nutritional composition and modifying technological and sensory properties (Álvarez & Barbut, 2013; Kim & Paik, 2012; Petracci et al., 2013; Talukder & Sharma, 2010). Yadav et al. (2018), for example, investigated the effects of wheat bran and dried carrot pomace on the quality characteristics of chicken sausages. In chicken sausages, incorporation of ground peanut seed has been associated with changes in cooking yield, emulsion stability and crude fibre content (Indumathi et al., 2020). The addition of inulin and κ-carrageenan has also been examined in Bologna-type chicken sausages in relation to water and fat retention, texture and sensory acceptability (Çelebi and Erge, 2024).
Banana and plantain (Musa spp.) are potential sources of dietary fibre, resistant starch and other non-digestible carbohydrates. Unripe fruits generally contain more resistant starch than ripe fruits, making them useful ingredients for fibre enrichment (Li et al., 2020). Green banana-derived ingredients have been investigated in several comminuted meat products. Kumar et al. (2013) evaluated green banana flour and soybean hulls in chicken nuggets, while Alves et al. (2016) examined green banana flour as a fat replacer in Bologna-type sausages. Pereira et al. (2020) investigated unripe banana by-products in reduced-fat frankfurters, and Salazar et al. (2021) evaluated green banana and banana peel flours in Frankfurter-type sausages. Comparative analyses of green banana pulp, peel and mixed flours have identified differences in resistant starch content and technological characteristics (Viana et al., 2024). A separate study of unripe plantain peel and pulp preparations reported variation in crude fibre content and water- and oil-absorption properties (Ayorinde et al., 2026).
Banana peel has also received attention as a fibre-rich ingredient in poultry products. Zaini et al. (2020, 2021) examined the effects of banana peel powder or flour on the technological, nutritional and sensory characteristics of chicken sausages. Akram et al. (2022) similarly investigated banana peel powder in broiler nuggets and reported changes in product quality. More recently, Chappalwar et al. (2026) evaluated green banana pulp powder in chicken patties, reporting reductions in emulsion and product pH and increases in cooking yield, moisture, ash and total dietary fibre, alongside decreases in protein and fat contents. Sensory scores were comparable to those of the control at the lower inclusion level but declined at higher levels. Studies on cooked unripe plantain in chicken nuggets and meat cutlets have also documented changes in physicochemical properties, proximate composition and sensory characteristics (Anandh et al., 2026; Selvakumar et al., 2024, 2025). Although banana-derived ingredients have been investigated in meat products, studies on cooked shredded unripe plantain in chicken sausages, particularly the effects of peel inclusion, remain limited. Therefore, this study evaluated the effects of incorporating 5% cooked shredded unripe plantain, with and without peel, on the physicochemical properties, proximate composition and sensory attributes of chicken sausages.
2. Materials and Methods
2.1. Meat
Live broiler chickens were procured from a local market and slaughtered under standard hygienic conditions at the Department of Livestock Products Technology, Veterinary College and Research Institute, Orathanadu. The carcasses were dressed and deboned, and visible fat and connective tissue were removed. The meat was washed, stored at −20°C until use, thawed under refrigeration and minced using a meat mincer (Primus MEW 713, Mado GmbH, Germany).
2.2. Preparation of cooked unripe plantain
Mature, unripe plantains of the Monthan variety, selected for uniform size and maturity, were procured from a local market. Surface contaminants were removed by scraping and the plantains were thoroughly washed under running water. They were then steamed for 30 min until an internal temperature of 80°C was reached. For treatment T2, the cooked plantains were shredded with the peel using a vegetable shredder. For treatment T1, the peel was removed after cooking, and the pulp was shredded under the same conditions. The required quantities of shredded plantain were subsequently incorporated into the respective chicken sausage formulations.
2.3. Experimental design
Three chicken sausage formulations were prepared: a control without plantain (C), a formulation containing 5% cooked shredded unripe plantain without peel (T1), and a formulation containing 5% cooked shredded unripe plantain with peel (T2). The 5% inclusion level was selected based on preliminary trials assessing processing characteristics and product acceptability. In T1 and T2, plantain replaced an equivalent proportion of chicken meat, while the levels of all other ingredients were kept constant. The formulations are presented in Table 1.
Table 1. Formulation of chicken sausages incorporated with cooked unripe plantain
	Ingredients (%)
	Control (C)
	T1: 5% cooked unripe plantain without peel
	T2: 5% cooked unripe plantain with peel

	Chicken meat
	73.0
	68.0
	68.0

	Cooked shredded unripe plantain
	–
	5.0
	5.0

	Salt
	1.5
	1.5
	1.5

	Sodium tripolyphosphate
	0.5
	0.5
	0.5

	Dry spice mix
	1.5
	1.5
	1.5

	Wet condiments
	3.0
	3.0
	3.0

	Vegetable oil
	7.5
	7.5
	7.5

	Refined wheat flour
	3.0
	3.0
	3.0

	Ice flakes
	10.0
	10.0
	10.0

	Total
	100.0
	100.0
	100.0



2.4. Preparation of chicken sausages
Chicken meat was minced through 6- and 4-mm grinder plates and emulsified in a bowl chopper (TC 11, Schaefen, Germany). Salt and sodium tripolyphosphate were added first, followed by crushed ice. Refined vegetable oil was gradually incorporated, followed by the spice mix, condiment mix and refined wheat flour. For T1 and T2, the respective quantities of cooked shredded unripe plantain, without or with peel, were added during emulsification. Chopping was continued while maintaining the emulsion temperature below 18°C.
The emulsion was stuffed into cellulose casings using a sausage filler (SF-260, Dadaux, France), linked at approximately 12-cm intervals and cooked in a steam cooker (ALS, Chennai, India) until the internal temperature reached 75°C. The temperature was monitored using a digital probe thermometer (DTM-993, Winner, India). After cooking, the sausages were cooled to room temperature, aerobically packaged in low-density polyethylene (LDPE) pouches and stored at 4 ± 1°C overnight before analysis.
2.5. Physicochemical analysis
Emulsion and cooked-product pH were measured using a calibrated digital pH meter. For product pH determination, sausage samples were homogenized with distilled water before measurement. Emulsion stability was determined from the amount of fluid separated after heating and expressed as a percentage of the initial emulsion weight, following Baliga and Madaiah (1971). Cooking yield was calculated as the percentage ratio of cooked sausage weight to the corresponding uncooked weight. Moisture retention was calculated from cooking yield and the moisture content of the cooked product. Fat retention was calculated using cooking yield and the fat contents of the cooked product and uncooked formulation, following Murphy et al. (1975).
2.6. Proximate composition
Moisture, crude protein, fat, ash and crude fibre contents were determined according to AOAC International (1995).
2.7. Sensory evaluation
Chicken sausages were evaluated for appearance and colour, flavour, juiciness, tenderness, texture and overall acceptability using a nine-point hedonic scale, with scores ranging from 1 (extremely undesirable) to 9 (extremely desirable).
2.8. Statistical analysis
Data from six trials were analysed using SPSS software, version 20.0. Analysis of variance (ANOVA) was performed following Snedecor and Cochran (1989).
3. Results and Discussion
3.1. Physicochemical characteristics
The physicochemical characteristics of the chicken sausages are presented in Table 2. Emulsion pH decreased from 6.18 in the control (C) to 6.09 in T1 and 6.06 in T2. Similarly, product pH declined from 6.28 in C to 6.17 and 6.13 in T1 and T2, respectively. Comparable reductions in pH following the incorporation of cooked unripe plantain have been reported in chicken products (Anandh et al., 2026; Selvakumar et al., 2024, 2025).
Plantain incorporation was accompanied by increases in emulsion stability, cooking yield, moisture retention and fat retention. Emulsion stability increased from 94.38% in C to 96.25% in T2, while cooking yield rose from 94.46% to 96.48%. Moisture retention increased from 58.24% to 62.86%, and fat retention from 90.56% to 92.51%. These trends are consistent with findings in chicken products containing cooked unripe plantain (Anandh et al., 2026; Selvakumar et al., 2025) and with reports on the use of banana-derived ingredients in comminuted meat products (Álvarez & Barbut, 2013; Carballo et al., 2021; Pereira et al., 2020).
Among the plantain-containing formulations, T2 exhibited higher values for all four processing parameters than T1. The numerical differences between T1 and T2 were smaller than those between the control and T2. Overall, the results indicate that replacing 5% of the chicken meat with cooked shredded unripe plantain was associated with improved processing yields and retention characteristics, with slightly higher values when the peel was retained.
Table 2. Physicochemical characteristics of fibre-enriched chicken sausages incorporated with cooked unripe plantain
	Physicochemical characteristics *
	Control
	5% plantain without peel (T1)
	5% plantain with peel (T2)

	Emulsion pH
	6.18 ± 0.01ᵃ
	6.09 ± 0.01ᵇ
	6.06 ± 0.01ᶜ

	Product pH
	6.28 ± 0.01ᵃ
	6.17 ± 0.01ᵇ
	6.13 ± 0.01ᶜ

	Emulsion stability (%)
	94.38 ± 0.42ᵃ
	95.76 ± 0.38ᵇ
	96.25 ± 0.35ᶜ

	Cooking yield (%)
	94.46 ± 0.51ᵃ
	95.92 ± 0.42ᵇ
	96.48 ± 0.38ᶜ

	Moisture retention (%)
	58.24 ± 0.64ᵃ
	61.48 ± 0.52ᵇ
	62.86 ± 0.48ᶜ

	Fat retention (%)
	90.56 ± 1.21ᵃ
	92.18 ± 0.63ᵇ
	92.51 ± 0.72ᶜ


Number of observations: * = 6 
Means bearing different superscripts row-wise differ significantly (P<0.05).
3.2. Proximate composition
The proximate composition of the chicken sausages is presented in Table 3. Moisture content increased from 62.08% in the control (C) to 64.18% in T1 and 65.46% in T2. In contrast, protein content decreased from 17.02% to 16.08% and 15.72%, respectively. Fat content declined from 19.86% in C to 18.12% in T1 and 18.08% in T2, whereas ash content increased from 2.58% to 2.91% and 2.98%, respectively. Similar changes in proximate composition have been reported in poultry products formulated with plantain- and banana-derived ingredients (Anandh et al., 2026; Kumar et al., 2013; Pereira et al., 2020; Selvakumar et al., 2024, 2025).
Crude fibre content increased substantially following plantain incorporation, from 0.48% in C to 4.42% in T1 and 4.56% in T2. This finding is consistent with reports of increased fibre content in chicken products containing cooked unripe plantain or banana peel powder (Selvakumar et al., 2024, 2025; Zaini et al., 2020). T2 had a slightly higher crude fibre content than T1, consistent with the contribution of peel-derived material to the formulation. A similar increase in crude fibre was reported in chicken meat cutlets prepared with cooked unripe plantain containing peel (Anandh et al., 2026).
Table 3. Proximate composition of fibre-enriched chicken sausages incorporated with cooked unripe plantain
	Proximate composition*
	Control
	5% plantain without peel (T1)
	5% plantain with peel (T2)

	Moisture (%)
	62.08 ± 0.42ᵃ
	64.18 ± 0.51ᵇ
	65.46 ± 0.43ᶜ

	Protein (%)
	17.02 ± 0.38ᵃ
	16.08 ± 0.21ᵇ
	15.72 ± 0.18ᶜ

	Fat (%)
	19.86 ± 0.18ᵃ
	18.12 ± 0.16ᵇ
	18.08 ± 0.17ᵇ

	Total ash (%)
	2.58 ± 0.04ᵃ
	2.91 ± 0.05ᵇ
	2.98 ± 0.04ᶜ

	Fibre (%)
	0.48 ± 0.02ᵃ
	4.42 ± 0.03ᵇ
	4.56 ± 0.03ᶜ


Number of observations: * = 6 
Means bearing different superscripts row-wise differ significantly (P<0.05).

3.3. Sensory characteristics
The sensory characteristics of the chicken sausages are presented in Table 4. Appearance and colour scores decreased from 8.42 in the control (C) to 8.12 in T1 and 7.86 in T2. The score for T2 was significantly lower than that of the control, whereas T1 did not differ significantly from C. Flavour scores were 8.18, 7.84 and 7.96 for C, T1 and T2, respectively. Juiciness scores declined from 8.24 in C to 7.82 in T1 and 7.76 in T2, while texture scores decreased from 8.30 to 7.94 and 7.88, respectively. Tenderness did not differ significantly among the formulations.
Similar variations in sensory characteristics have been reported in meat products containing banana-derived ingredients. Zaini et al. (2020, 2021) documented sensory changes in chicken sausages formulated with banana peel powder or flour. Differences in sensory responses have also been reported in chicken nuggets containing cooked unripe plantain (Selvakumar et al., 2024) and chicken meat cutlets formulated with cooked unripe plantain containing peel (Anandh et al., 2026).
Overall acceptability scores were 8.34, 7.96 and 7.92 for C, T1 and T2, respectively. Both plantain-containing formulations received significantly lower scores than the control, but the difference between T1 and T2 was not significant. Thus, incorporating 5% cooked unripe plantain was associated with lower overall acceptability, although the sausages retained relatively high sensory scores. Retaining the peel did not result in a significant additional reduction in overall acceptability compared with T1. 
Table 4. Sensory characteristics of fibre-enriched chicken sausages incorporated with cooked unripe plantain
	Sensory characteristics**
	Control
	5% plantain without peel (T1)
	5% plantain with peel (T2)

	Appearance and colour
	8.42 ± 0.24ᵃ
	8.12 ± 0.28ᵃ
	7.86 ± 0.32ᵇ

	Flavour
	8.18 ± 0.27ᵃ
	7.84 ± 0.35ᵇ
	7.96 ± 0.31ᵇ

	Juiciness
	8.24 ± 0.25ᵃ
	7.82 ± 0.30ᵇ
	7.76 ± 0.28ᵇ

	Tenderness
	8.02 ± 0.32ᵃ
	8.08 ± 0.29ᵃ
	8.12 ± 0.27ᵃ

	Texture
	8.30 ± 0.24ᵃ
	7.94 ± 0.32ᵇ
	7.88 ± 0.29ᵇ

	Overall acceptability
	8.34 ± 0.23ᵃ
	7.96 ± 0.30ᵇ
	7.92 ± 0.27ᵇ


Number of observations: ** = 36 
Means bearing different superscripts row-wise differ significantly (P<0.05).
Sensory attributes were evaluated on a 9-point hedonic scale (wherein 1 = extremely undesirable; 9 = extremely desirable);
4. Conclusion
Chicken sausages formulated with 5% cooked shredded unripe plantain showed changes in physicochemical, proximate and sensory characteristics compared with the control. Both formulations, prepared with and without peel, exhibited lower emulsion and product pH and higher emulsion stability, cooking yield, moisture retention and fat retention. Plantain incorporation also increased moisture, ash and crude fibre contents, accompanied by decreases in protein and fat contents. The crude fibre content increased from 0.48% in the control to 4.42% for sausages containing plantain without peel and 4.56% for those containing plantain with peel. Retaining the peel produced numerically higher processing values and crude fibre content than the peel-free formulation. However, flavour, juiciness, texture and overall acceptability scores were lower than those of the control. Tenderness did not differ significantly across the formulations, and the overall acceptability scores of the two plantain treatments were not significantly different. These findings suggest that cooked unripe plantain can be incorporated at the evaluated level to increase crude fibre content and improve processing characteristics, while recognising a reduction in certain sensory scores. The findings apply to the specific formulations and assessment conditions examined.

Limitations
Only one plantain inclusion level (5%) was evaluated, limiting assessment of dose-dependent responses. The cooked sausages were assessed after overnight refrigerated storage, and the study does not report longer-term storage stability. Although six trials and 36 sensory observations are reported, the sensory assessment procedures are not described in sufficient detail to assess panel composition. Consequently, the findings should be interpreted within the formulation and evaluation conditions examined.
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