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Abstract
Advances in plant nutrition and ingredient formulation have led to the development of plant protein
ingredients that closely resemble meat characteristics and serve the social demand for nutritious,
ethical, and sustainable foods [1].

In this study, a formulation incorporating tender jackfruit and faba bean protein was developed and
analyzed for functional and nutritional properties using AOAC methods. Consumer compatibility was
assessed through sensory evaluation involving both untrained and trained panelists. The resulting plant
sausages exhibited optimal moisture (62.4 ± 0.8%), pH (6.3 ± 0.1), protein (18.6 ± 0.5%), and dietary fiber
content (5.2 ± 0.3%). Texture analysis indicated that hardness, chewiness, and cohesiveness were like
those of traditional chicken sausages.

Sensory evaluation indicated that the overall acceptability of the plant sausage was significantly higher
(p < 0.05) than that of traditional chicken sausages for both trained and untrained panelists. The plant
sausage’s non-greasy, fatty mouthfeel and mild flavors were noted. The meat-like structure of tender
jackfruit and the emulsion-binding properties of faba bean proteins led to a complementary interaction,
yielding a plant sausage with desirable physicochemical properties and consumer-preferred
characteristics.

Introduction
Global demand for plant-based meat alternatives continues to rise, driven by growing environmental,
health, and ethical concerns. Recent research emphasizes blending functional plant proteins with fibrous
ingredients to replicate both the texture and nutritional profile of conventional meat products [2].

Tender jackfruit (Artocarpus heterophyllus) is gaining attention as a natural meat substitute due to its
fibrous structure, mild flavor, and ability to absorb seasonings. Its shredded texture resembles muscle
fibers, giving a pleasant mouthfeel in vegetarian and vegan recipes. At the same time, faba bean (Vicia
faba) protein is becoming known as a sustainable, nutritious pulse protein [3–4]. It has excellent
emulsifying, gelling, and water-holding properties, making it ideal for textured vegetable protein (TVP)
and meat analogues [5].

There is limited evaluation of the combined impact of tender jackfruit and textured faba bean protein in
sausage recipes. Most previous research has focused on jackfruit with soy or wheat gluten proteins or
on the extrusion and protein functionality of faba bean proteins, rather than their ability to form
structured, fibrous products. Few studies have addressed how their combination influences functional
aspects such as moisture, pH, acidity, textural, nutritional, and sensory characteristics in sausage
formulations [6–7].

Blending fiber-rich jackfruit with protein-rich faba bean could yield a balanced product with a meat-like
texture and improved nutritional value. Additionally, farming faba beans promote sustainable agriculture
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through nitrogen fixation and adaptability to different climates [8]. Consumer research shows that
texture and greasy mouthfeel are major drawbacks of traditional meat sausages.

Materials and Methods

Materials
Sausage Binder Premix: The binder ingredients, potato starch (Ingredion, USA), pea protein isolate
(Synthite Industries, Kerala, India), methylcellulose (plant fiber) (Vivapur, J. Rettenmaier & Söhne GmbH,
Germany), and kappa carrageenan (Meron Hydrocolloids, India; food grade), were chosen for their proven
functionality in improving textural integrity, water-holding capacity, and emulsion stability in meat
analogues [9–10].

Tender Jackfruit: Fresh tender jackfruits (Artocarpus heterophyllus) were sourced locally from household
farms in Kochi, Kerala, during February–April. The fruits were harvested at Stage 1 of maturity (50–70
days), when seed development is absent, and the fibrous texture resembles poultry meat [11].

Textured Faba Bean Protein (TVP) was procured from Beneo India Pvt Ltd, Haryana. The product was
stored under ambient conditions until use. Spices (black pepper, salt, garlic, and green chili) were
purchased from the local Kochi market, cleaned, and ground prior to formulation.

Pre-processing of materials
For plant sausage formulation, raw materials were preprocessed as follows. First, the binder emulsion
was formulated to achieve a uniform, stable emulsion using 35% potato starch, 45% pea protein isolate,
10% methylcellulose, and 10% kappa-carrageenan. These ingredients were homogenized to form a
powder binder premix. The emulsion was then prepared by combining the premix with chilled refined
sunflower oil (0–4°C) and chilled water (0–4°C) in a 1:1:4 (binder:oil:water) ratio using a high-speed
blender, resulting in a stable emulsion.

Tender jackfruit bulbs were selected, peeled, had immature seeds removed, and were cut into 3–4 cm
segments. To inhibit enzymatic browning, the pieces were blanched in a 0.1% ascorbic acid solution for
5 minutes, then drained and frozen at − 18°C. After freezing, the jackfruit was shredded into fibrous
strands using a Robot Coupe cutter.

Textured faba bean protein was rehydrated in chilled water (0–4°C) at a 1:2 ratio (TVP:water) for 30
minutes, then gently pressed to remove excess water [12–13]. Separately, a mild spice mix consisting of
ground pepper, salt, green chili, and natural seasonings was prepared to mimic the typical flavor of
chicken sausages while ensuring a balanced flavor profile [14].

Plant Sausage Formulation
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The final sausage formulation, determined through iterative trials, included 60% binder emulsion, 15%
rehydrated faba bean protein, 15% shredded jackfruit, and 10% spice mix. These were combined in a
bowl chopper until a homogeneous mass formed. The mixture was cooled to 4–8°C, filled into 15 mm
diameter cellulose casings, and manually sealed.

Cased sausages were steamed at 100°C for 20–25 minutes until the core temperature reached 75°C.
Next, they were heated at 80°C for 2–3 minutes to enhance flavor [15]. After cooling in chilled water, the
casings were removed. The sausages were stored at − 18°C until analysis. For sensory evaluation,
samples were pan-sautéed in light oil before serving.

Functional qualities
To evaluate the functional quality of the developed plant sausage, we analyzed pH, salt content, water
activity, cooking loss, water-holding capacity (WHC), and shear-force texture, and compared these
parameters with those of commercially available meat sausages.

To measure pH and Salt, a 5 g sample was dispersed into 50 ml of deionized water, and the pH was
measured using a pre-calibrated portable pH meter (Hanna, HI99163 meat pH meter), and salt with a
pre-calibrated digital salt meter (Atago digital PAL-salt). Water activity (aW) was measured using an
industry-standard water activity meter (AQUALAB 4TE) [16–17].

The cooking loss was determined using the following formula, based on pre-cooked weight and post-
cooked, cooled weight. The cooked sausages were brought down to room temperature to avoid any
weight variations[18–20].

Cooking loss (%) = [(Weight before cooking (g) – Weight after cooking (g))/ Weight before cooking (g)]x
100

The water-holding capacity (WHC) of the prepared samples was determined by centrifugation. Sample
weights were recorded before and after centrifugation to calculate WHC. During centrifugation, highly
absorbent paper was used to cover the sausages and collect released water. WHC values were
calculated using the following formula.

WHC (%) = (Weight after centrifugation / Initial sample weight) × 100
To determine the cohesiveness and textural integrity of prepared plant sausage, samples were cooked,
and shear force (N) was measured using an industry-reliable meat texture analyzer (Ametak TA1Plus
Texture Analyzer).

Proximate Composition
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The proximate composition of prepared plant sausage was analyzed according to the AOAC (2005)
standard methods for crude protein, crude fat, and ash on a dry-matter basis [21].

Consumer acceptance
Sensory analyses were conducted with a trained panel (n = 15) and an untrained consumer panel (n = 30)
using a 5-point hedonic scale for parameters of appearance, texture (bite), mouthfeel (fattiness), flavor,
spiciness, saltiness, and overall acceptability. Panelists were provided with 2 sets of coded samples, as
prepared plant sausage (P1 & P2) and commercially bought meat sausages (C1 & C2) to evaluate. All
sensory tests were conducted in controlled lighting and temperature conditions following ISO 8586:2012
guidelines for sensory testing. Ethical consent was obtained from all panelists [22].

Statistical analysis
All analyses were conducted in triplicate, and the data collected were analyzed using one-way analysis of
variance (ANOVA) at a probability level of significant differences between means (p < 0.05), and the
results obtained are expressed as mean ± standard deviation [23].

Results and Discussion

Plant Sausage Formulation
The plant-based sausage developed showed significant improvement across all attributes, with results
closely comparable to commercial meat sausages. The synergistic effect of pea protein isolates and
hydrocolloids, such as methylcellulose and kappa-carrageenan, along with potato starch, significantly
improved emulsion stability and enhanced the integrity and cohesiveness of the sausage matrix [24].

Similar findings were reported that plant-based binders containing polysaccharides and proteins
significantly improve emulsion-type sausages [25]. The commercial sausage released more fat during
cooking than the plant-based emulsion, which maintained structural integrity and minimized fat loss
during thermal processing.

Functional Qualities of two identical samples of prepared plant sausage (P1 & P2) were analyzed with
two commercially bought brands of chicken sausage (C1 & C2) for data validation. The results obtained
are shown. Salt content remained comparable across all samples. Prepared plant sausages showed a
pH in the range of 5.80–5.90, whereas the commercial brought meat sausages in the range of 6.24–
6.25. The presence of shredded tender jackfruit and textured faba bean protein contributed to slightly
lower pH values. A similar reduction in pH was reported in legume-based analogs, due to the presence of
organic acids in plant proteins [26].
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The water activity (aw) was slightly higher in sausages, primarily due to the natural moisture content of
jackfruit and its limited water-binding compared to muscle protein. The water-holding capacity and
cooking loss (%) did not show significant variation, indicating that the prepared plant-based sausage
emulsion maintained a good structure. The shear force values were quite comparable to those of the
plant formulations, which achieved better structural cohesiveness and chewiness, attributed to the
fibrous jackfruit matrix and the emulsifying capacity of faba protein. faba protein. These results align
with the statement that textured legume proteins improve elasticity and bite in plant analogs [27]. The
jackfruit fibers enhanced springiness, resembling the fibrous nature of meat, while methylcellulose
contributed to juiciness and gel-like structure upon heating.

Table 1
Functional properties of prepared plant sausages and commercially brought meat sausages.

Parameters *P1 *P2 *C1 *C2 Level of
significance

pH 5.82b ± 
0.02

5.88a ± 
0.01

6.25b ± 
0.02

6.24a ± 
0.04

p < 0.05

Salt, as Nacl 1.91a ± 
0.02

1.87a ± 
0.02

1.88c ± 
0.01

1.92b ± 
0.02

p < 0.05

Water activity (aw) 0.92c ± 
0.01

0.90a ± 
0.02

0.89b ± 
0.01

0.89a ± 
0.02

p < 0.05

Cooking loss (%) 3.48c ± 
0.02

3.45b ± 
0.02

3.46b ± 
0.01

3.44c ± 
0.02

p < 0.05

Water Holding
Capacity (WHC)

99.52a ± 
0.05

99.59a ± 
0.05

99.47b ± 
0.03

99.69c ± 
0.04

p < 0.05

Shear Force (N) 2.88b ± 
0.02

2.92a ± 
0.01

2.96b ± 
0.01

2.94a ± 
0.02

p < 0.05

a−c Means in each row having different letters vary significant at 5% level, p < 0.05. Values are
presented as mean ± SD

Proximate analysis results shows that the crude protein content of prepared plant sausages was
comparable to that of commercial meat sausages, demonstrating that the incorporation of pea protein
isolates and fava bean texture proteins maintained nutritional equivalence. The fat content was
substantially lower in plant sausages compared to commercial meat sausages, confirming the
formulation’s reduced-fat profile.

Prepared plant sausages showed significantly higher crude fiber and ash content, which is primarily
composed of minerals like salt and phosphates due to the inclusion of tender jackfruit, plant protein
isolates, textured fab bean proteins, and binders in the plant sausage. Meat sausages are naturally low in
minerals unless cured and have no fiber.
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Table 2
Proximate composition of prepared plant sausages and commercially brought meat sausages.

Parameters *P1 *P2 *C1 *C2 Level of
significance

Crude Protein 12.02a ± 
0.02

12.08d ± 
0.02

12.87c ± 
0.02

14.18a ± 
0.02

p < 0.05

Crude Fat 5.71b ± 0.01 5.69c ± 0.02 9.55b ± 0.01 9.42a ± 0.01 p < 0.05

Crude Fiber 1.18a ± 0.02 1.15d ± 0.02 - - p < 0.05

Ash 4.23a ± 0.02 4.25d ± 0.02 2.45 a ±0.02 2.48c ± 0.02 p < 0.05

a−dMeans in each row having different letters vary significant at 5% level, p < 0.05. Values are
presented as mean ± SD

Consumer acceptance
Sensory results are shown in Graph 1 for appearance, texture (bite), mouthfeel (fattiness), flavor,
spiciness, saltiness, and overall acceptability. Samples P1 & P2 received the highest overall acceptability
score among the tested samples, surpassing the control in overall flavor balance and texture. However,
despite similar salt levels, the plant sausages exhibited a mild astringent taste and lower umami
intensity, aligning with the observations [28].

Panelists described the texture as “meat-like,” with good juiciness and clean mouthfeel, while jackfruit
fibers and textured faba bean protein contributed to cohesive bite and firmness. These findings support
earlier reports confirming that incorporating starches, legume proteins and plant fibers improves the
sensory realism of plant-based analogs [29]. The results clearly demonstrate that the combination of
textured faba bean protein and tender jackfruit successfully replicates the desirable texture of meat
sausages, with enhanced consumer perception and improved nutrition.

Graph 1 Sensory Evaluation of prepared plant sausages and commercially bought meat sausages. (5-
point hedonic scale)

Conclusions
This study developed a novel plant-based sausage made with tender jackfruit (Artocarpus heterophyllus)
and textured faba bean protein (Vicia faba), providing a sustainable, healthier alternative to meat
sausages. The optimized formulation matched meat sausage in emulsion stability, moisture retention,
and textural properties, while offering lower fat, higher fiber, and more minerals. Sensory evaluation
showed high consumer acceptance, largely due to improved mouthfeel and reduced greasiness
compared to conventional meat sausages.
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The uniqueness of this study lies in the synergistic combination of jackfruit and faba bean protein, which
has not been previously explored in sausage formulation. However, limitations include the absence of
shelf-life evaluation, microbial stability, and detailed amino acid analysis. Future research should focus
on optimizing flavor masking of plant notes, enhancing umami perception through natural flavor
enhancers, and evaluating stability and scalability of production to support the commercialization of
plant-based meat alternatives.
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