


Development and Quality Evaluation of Buffalo Meat Shami Kebab Incorporated with Different Levels of Cooked Mashed Elephant Foot Yam



Abstract
Buffalo meat shami kebab is a traditional comminuted meat product whose processing quality may be modified by fibre-rich plant ingredients. This study evaluated cooked mashed elephant foot yam (EFY) as a partial meat replacer in buffalo meat shami kebab. A control without EFY and treatments containing 5%, 10%, and 15% EFY were prepared in six independent batches. Physicochemical characteristics, proximate composition, and sensory attributes were evaluated. EFY incorporation increased product yield from 91.85% in the control to 94.35% at 10%, while moisture retention rose from 56.85% to 60.15%. Cooking loss, drip loss, and diameter shrinkage decreased to 7.08%, 2.82%, and 7.35%, respectively, at 10% EFY. Moisture content increased with EFY incorporation, whereas protein and fat contents declined as the replacement level increased. Crude fibre increased from 0.35% in the control to 1.12% at 15% EFY. Sensory evaluation showed that the 10% treatment recorded the highest scores for appearance and colour (8.45), flavour (8.38), juiciness (8.35), tenderness (8.40), binding (8.32), and overall acceptability (8.40). At 15% EFY, several sensory scores declined, including overall acceptability to 7.80. Under the conditions of this study, 10% cooked mashed EFY provided the most favourable balance between processing performance, composition, and sensory acceptability and was identified as the optimum incorporation level.
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1. Introduction
Buffalo meat, commonly referred to as carabeef, is an important source of animal protein and is widely used in the preparation of traditional and value-added meat products. Incorporation of functional plant ingredients into comminuted meat products can improve processing characteristics while providing opportunities for nutritional diversification. Shami kebab is a traditional comminuted meat product prepared from minced meat, Bengal gram dhal, spices and condiments. Its characteristic soft texture, flavour and binding properties are influenced by formulation and processing conditions, particularly those affecting moisture retention and structural development (Agnihotri, 2004; Pandey et al., 2014). Incorporation of suitable plant ingredients may therefore provide an approach for modifying product functionality while retaining desirable sensory characteristics.
Elephant foot yam (Amorphophallus paeoniifolius) is an underutilised tropical tuber containing carbohydrates, dietary fibre, minerals and bioactive compounds (Singh et al., 2016; Panda et al., 2026). Its starch and fibre fractions contribute to its functional properties, while processing influences its physico-functional and pasting characteristics (Srikanth et al., 2023). Widyastuti et al. (2020) reported interactions between EFY flour and beef salt-soluble proteins during heat-induced gel formation, indicating its potential to influence the structural properties of comminuted meat products. However, excessive incorporation of plant ingredients may adversely affect the characteristic flavour, texture and binding properties of meat products. Recent characterisation of underutilized tuber flours identified elephant foot yam flour as having notable thickening functionality, supporting its potential use in structured food systems (Wonglek et al., 2024). Processing conditions such as slice thickness and blanching have also been shown to affect the physical and functional properties of EFY powder during storage (Vasantha et al., 2026). Physical modification of EFY starch can alter its physicochemical, functional and structural characteristics, further indicating that its technological performance depends on processing history (Iqbal et al., 2024).
The use of fibre-rich plant ingredients in comminuted meat systems is supported by their capacity to function as binders, extenders and water-retaining components, although the technological response depends on the fibre source and incorporation level (Talukder, 2015; Han & Bertram, 2017). Recent reviews further indicate that dietary fibre enrichment can modify water-holding capacity, cooking yield, texture and sensory attributes, making optimisation of the inclusion level essential when formulating value-added meat products (Mishra et al., 2023; Marczak & Mendes, 2024). Accordingly, evaluating EFY at graded levels is relevant not only for nutritional diversification but also for establishing a formulation that balances fibre enrichment with the structural and sensory requirements of shami kebab. Evidence from another fibre-enriched meat-product formulation shows that graded incorporation of a plant-derived fibre ingredient can influence physicochemical and sensory characteristics, reinforcing the need to optimise the inclusion level for a specific meat matrix (Mandlate et al., 2024).
However, the specific use of cooked mashed EFY in buffalo meat shami kebab, including the incorporation level that best balances processing performance with sensory acceptability, remains insufficiently established.
Therefore, the present study was undertaken to develop buffalo meat shami kebab incorporating different levels of cooked mashed EFY and to evaluate its physicochemical and sensory characteristics to determine an appropriate level of incorporation.
2. Materials and Methods
2.1. Buffalo meat
Fresh buffalo skeletal meat was procured from a local retail outlet. Visible surface fat and excess connective tissue were removed, and the meat was cut into small pieces and chilled before mincing. The meat was minced twice through a 5 mm plate to obtain uniform mince.
2.2. Preparation of cooked mashed elephant foot yam
Fresh EFY (Amorphophallus paeoniifolius) tubers were washed, peeled and cut into small pieces. The pieces were cooked until tender, cooled and mashed to obtain a smooth paste. Cooking was used as a pretreatment to soften the tuber and reduce the acridity associated with raw EFY.
2.3. Formulation and preparation of shami kebab
A control formulation was prepared without EFY. Cooked mashed EFY was incorporated at levels of 5%, 10% and 15% by replacing an equivalent quantity of buffalo meat. The treatments were designated as C (control), T1 (5% EFY), T2 (10% EFY) and T3 (15% EFY). The basic formulation consisted of Bengal gram dhal paste (15.0%), condiment mixture (8.0%), spice mixture (2.0%), salt (1.8%), whole egg (5.0%) and refined oil (10.0%). Bengal gram dhal was soaked overnight, cooked until tender and ground into a smooth paste. Minced buffalo meat was blended with the respective level of cooked mashed EFY, followed by addition of Bengal gram dhal paste, egg, oil, salt, spices and condiments. The mixture was thoroughly mixed, portioned and moulded into uniform circular patties. The patties were shallow-fried in refined oil over medium heat until golden brown. Six independent batches were prepared for each treatment.
2.4. Physicochemical analysis
The pH was determined using a calibrated digital pH meter. Product yield was calculated as the ratio of cooked product weight to raw product weight and expressed as a percentage. Diameter shrinkage was determined from the change in patty diameter before and after frying. Drip loss was calculated from the weight difference before and after refrigerated storage. Cooking loss and moisture retention were calculated using the respective weight-based equations. Proximate composition was determined according to AOAC International (1995). Moisture was estimated by the hot-air oven method, protein by the macro-Kjeldahl method, fat by Soxhlet extraction and crude fibre by standard analytical procedures.
2.5. Sensory evaluation
Warm samples were evaluated by a semi-trained panel consisting of university faculty members and students under standardised laboratory conditions. Appearance and colour, flavour, tenderness, juiciness, binding and overall acceptability were assessed using a 9-point hedonic scale, where 1 represented extremely undesirable and 9 represented extremely desirable.
2.6. Statistical analysis
Six independent trials were conducted for each treatment. The data were subjected to analysis of variance (ANOVA), and treatment means were compared at the 5% significance level following Snedecor and Cochran (1989).
3. Results and Discussion
3.1. Physicochemical characteristics
The physicochemical characteristics of buffalo meat shami kebab containing cooked mashed EFY are presented in Table 1. The pH increased numerically from 5.78 in the control to 5.80, 5.83 and 5.86 in T1, T2 and T3, respectively; however, the treatments were statistically comparable. The limited variation indicates that incorporation of cooked mashed EFY had little effect on the pH of the product. Similar effects of formulation and processing conditions on the physicochemical characteristics of shami kebab have been reported by Pandey et al. (2014).
Product yield increased significantly from 91.85% in the control to 93.10% in T1 and 94.35% in T2, followed by a slight decline to 93.60% in T3. The higher yield at 10% EFY might be associated with the water-retention properties of its starch and fibre fractions. Processing and particle characteristics can influence the water-holding behaviour of EFY (Srikanth et al., 2023).
Diameter shrinkage decreased from 8.35% in the control to 7.82% and 7.35% in T1 and T2, respectively, before increasing slightly to 7.68% in T3. The lower shrinkage at 10% EFY corresponded with greater moisture retention. Interactions between EFY components and meat proteins during heating might also have contributed to structural stability, as reported for EFY flour–beef protein systems (Widyastuti et al., 2020).
Drip loss decreased from 3.25% in the control to 3.05% in T1 and 2.82% in T2, followed by a slight increase to 3.00% in T3. Similarly, cooking loss declined from 8.15% in the control to 7.52% and 7.08% in T1 and T2, respectively, before increasing slightly to 7.38% in T3. The lower losses up to 10% EFY indicate improved water retention within the product matrix. At 15% incorporation, the additional EFY did not provide further improvement, suggesting that 10% represented a favourable balance between the meat matrix and the incorporated plant ingredient.
Table 1. Physicochemical characteristics of buffalo meat shami kebab incorporated with different levels of cooked mashed elephant foot yam (Mean±SE)
	Physicochemical characteristics
	Control
	T1 – 5% EFY
	T2 – 10% EFY
	T3 – 15% EFY

	pH
	5.78 ± 0.05ᵃ
	5.80 ± 0.04ᵃ
	5.83 ± 0.04ᵃ
	5.86 ± 0.05ᵃ

	Product yield (%)
	91.85 ± 0.18ᶜ
	93.10 ± 0.16ᵇ
	94.35 ± 0.15ᵃ
	93.60 ± 0.17ᵃᵇ

	Diameter shrinkage (%)
	8.35 ± 0.14ᵃ
	7.82 ± 0.13ᵃᵇ
	7.35 ± 0.12ᵇ
	7.68 ± 0.14ᵃᵇ

	Drip loss (%)
	3.25 ± 0.11ᵃ
	3.05 ± 0.10ᵃᵇ
	2.82 ± 0.09ᵇ
	3.00 ± 0.10ᵃᵇ

	Cooking loss (%)
	8.15 ± 0.16ᵃ
	7.52 ± 0.15ᵃᵇ
	7.08 ± 0.14ᵇ
	7.38 ± 0.15ᵃᵇ

	Moisture retention (%)
	56.85 ± 0.15ᶜ
	58.40 ± 0.14ᵇ
	60.15 ± 0.13ᵃ
	59.10 ± 0.14ᵃᵇ

	Moisture (%)
	61.25 ± 0.16ᶜ
	62.40 ± 0.15ᵇ
	63.65 ± 0.15ᵃ
	63.05 ± 0.15ᵃᵇ

	Protein (%)
	18.55 ± 0.13ᵃ
	18.20 ± 0.12ᵃᵇ
	17.85 ± 0.13ᵇ
	17.50 ± 0.12ᶜ

	Fat (%)
	10.65 ± 0.11ᵃ
	10.25 ± 0.10ᵃᵇ
	9.90 ± 0.11ᵇ
	9.55 ± 0.10ᶜ

	Crude fibre (%)
	0.35 ± 0.03ᶜ
	0.62 ± 0.04ᵇ
	0.88 ± 0.04ᵃ
	1.12 ± 0.05ᵃ


(Control – buffalo meat shami kebab without EFY; T1 – 5% cooked mashed EFY; T2 – 10% cooked mashed EFY; T3 – 15% cooked mashed EFY)
Means bearing the same superscripts row-wise do not differ significantly (P<0.05).

Moisture retention increased from 56.85% in the control to 58.40% in T1 and 60.15% in T2, followed by a decline to 59.10% in T3. Moisture content increased from 61.25% in the control to 62.40, 63.65 and 63.05% in T1, T2 and T3, respectively. The higher moisture retention at 10% EFY was consistent with the reduced cooking and drip losses and might be attributed to the water-binding contribution of its starch and fibre fractions. Thus, the improved cooking characteristics observed with EFY might be related to the functional contribution of its starch and fibre fractions rather than simply the replacement level. Protein content decreased progressively from 18.55% in the control to 18.20, 17.85 and 17.50% in T1, T2 and T3, respectively. Fat content also declined from 10.65% in the control to 10.25, 9.90 and 9.55%, respectively. These reductions were primarily associated with the replacement of buffalo meat, a relatively protein- and fat-rich component, with cooked EFY containing lower amounts of these constituents. In contrast, crude fibre increased progressively from 0.35% in the control to 0.62, 0.88 and 1.12% in T1, T2 and T3, respectively. The increase reflected the contribution of EFY fibre and indicated the potential of EFY for increasing the crude fibre content of value-added meat products (Singh et al., 2016).
The pattern of higher yield and moisture retention together with lower cooking and drip losses at moderate EFY incorporation is consistent with the general behaviour of hydrated dietary fibres in comminuted meat matrices. Han and Bertram (2017) reported that fibre enrichment improved water-binding capacity and reduced cooking loss in a fat-reduced meat model, while Younis et al. (2022) emphasised that soluble dietary fibres can alter meat-product texture through their hydration and matrix-forming properties. Mishra et al. (2023) similarly summarised that the water-retaining, fat-binding and gel-forming functions of dietary fibres can improve yield and reduce processing losses, although the magnitude of these effects depends on fibre composition, particle characteristics and formulation. These observations support the present interpretation that the 10% EFY treatment provided a favourable functional balance, whereas increasing the replacement to 15% may have reduced the relative contribution of meat proteins sufficiently to limit further improvement.
3.2. Sensory characteristics
The sensory characteristics of buffalo meat shami kebab are presented in Table 2. Appearance and colour scores increased from 8.25 in the control to 8.35 and 8.45 in T1 and T2, respectively, but decreased significantly to 7.95 in T3. The higher score at 10% EFY might be associated with acceptable surface characteristics and colour development during frying, whereas greater incorporation might have altered the characteristic appearance of the product.
Flavour scores increased from 8.20 in the control to 8.28 in T1 and 8.38 in T2, followed by a decline to 7.75 in T3. The lower score at 15% might be associated with greater replacement of meat and an increased contribution of the yam component, thereby modifying the characteristic flavour of buffalo meat shami kebab.
Juiciness and tenderness were highest in T2, with scores of 8.35 and 8.40, respectively. These responses corresponded with the higher moisture retention observed at this level and might also be related to the soft texture of cooked mashed EFY. Improved moisture retention could therefore have contributed to the favourable juiciness and tenderness scores. Binding scores increased from 8.00 in the control to 8.18 in T1 and 8.32 in T2, followed by a decline to 7.82 in T3. Moderate EFY incorporation might have contributed to matrix cohesiveness, whereas higher replacement of meat at 15% might have reduced the contribution of meat proteins to binding. Protein functionality is an important determinant of structure and binding in comminuted meat products (Tsai et al., 1998).
Table 2. Sensory characteristics of buffalo meat shami kebab incorporated with different levels of cooked mashed elephant foot yam (Mean±SE)
	Physicochemical characteristics
	Control
	T1 – 5% EFY
	T2 – 10% EFY
	T3 – 15% EFY

	Appearance and colour
	8.25 ± 0.10ᵃ
	8.35 ± 0.09ᵃ
	8.45 ± 0.08ᵃ
	7.95 ± 0.11ᵇ

	Flavour
	8.20 ± 0.11ᵃ
	8.28 ± 0.10ᵃ
	8.38 ± 0.09ᵃ
	7.75 ± 0.12ᵇ

	Juiciness
	8.05 ± 0.12ᵃ
	8.20 ± 0.10ᵃ
	8.35 ± 0.09ᵃ
	7.90 ± 0.11ᵃ

	Tenderness
	8.15 ± 0.10ᵃ
	8.28 ± 0.09ᵃ
	8.40 ± 0.08ᵃ
	7.95 ± 0.10ᵇ

	Binding
	8.00 ± 0.11ᵃ
	8.18 ± 0.10ᵃ
	8.32 ± 0.09ᵃ
	7.82 ± 0.11ᵇ

	Overall acceptability
	8.15 ± 0.10ᵃ
	8.28 ± 0.10ᵃ
	8.40 ± 0.08ᵃ
	7.80 ± 0.11ᵇ


(Control – buffalo meat shami kebab without EFY; T1 – 5% cooked mashed EFY; T2 – 10% cooked mashed EFY; T3 – 15% cooked mashed EFY)
Means bearing the same superscripts row-wise do not differ significantly (P<0.05).
Sensory attributes were evaluated on a 9-point hedonic scale, wherein 1 = extremely undesirable and 9 = extremely desirable.

Overall acceptability increased from 8.15 in the control to 8.28 in T1 and 8.40 in T2, whereas T3 recorded 7.80. Thus, 10% EFY provided the most favourable combination of appearance, flavour, juiciness, tenderness and binding. Similar effects of ingredient incorporation on sensory characteristics have been reported in other shami kebab formulations. In goat meat shami kebab, incorporation of goat tripe at moderate levels maintained sensory acceptability, whereas higher incorporation reduced flavour, tenderness, binding and overall acceptability (Anna Anandh, 2026). The present findings similarly indicate that a moderate level of ingredient incorporation can be advantageous, although the optimum level depends on the ingredient and meat matrix. The improvement observed with cooked EFY up to 10% might be related to its starch and fibre fractions, which contributed to moisture retention and product structure. At 15%, the decline in several sensory attributes suggests that further replacement was not beneficial and may have altered the characteristic sensory properties of the product.
The sensory response also illustrates the importance of optimising fibre-rich ingredient inclusion rather than assuming that higher incorporation will produce proportionally greater benefits. Reviews of dietary fibre use in comminuted meat products show that fibre type and level can influence tenderness, juiciness, colour, flavour and overall texture, with excessive addition sometimes producing less desirable sensory changes (Talukder, 2015; Younis et al., 2022). Marczak and Mendes (2024) likewise noted that dietary fibres can improve moisture-related texture but may alter sensory perception when their structural contribution becomes excessive relative to the meat-protein matrix. Therefore, the higher acceptability of T2 and the decline observed in T3 are compatible with a formulation-dependent optimum in which improved moisture retention and cohesiveness are achieved without masking the characteristic sensory profile of the product.
4. Conclusion
Cooked mashed elephant foot yam was suitable for incorporation into buffalo meat shami kebab. Incorporation at 10% produced the highest product yield and moisture retention and was associated with lower cooking loss, drip loss and diameter shrinkage. EFY incorporation increased crude fibre content, whereas protein and fat contents decreased with increasing replacement level. Sensory evaluation showed that the 10% formulation had the highest scores for appearance and colour, flavour, juiciness, tenderness, binding and overall acceptability. The 15% formulation showed comparatively lower sensory scores. Therefore, 10% cooked mashed elephant foot yam was identified as the optimum incorporation level for buffalo meat shami kebab under the conditions of the present study.


Limitations 
This study evaluated buffalo meat obtained from a local retail outlet and a single preparation method for cooked mashed EFY. Only three incorporation levels (5%, 10%, and 15%) plus the control and six independent trials were examined. Sensory evaluation was performed by a semi-trained university panel, and the panel size was not reported. Findings therefore apply primarily to the tested laboratory formulation and shallow-frying conditions. Storage stability, microbiological quality, and broader consumer acceptance were not evaluated. Future studies should assess additional EFY levels, larger and more diverse sensory panels, storage behaviour, and commercial-scale processing.
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