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Development and physicochemical evaluation of vegan 

meat balls using composite flours of defatted soya, 

Amaranth, and jackfruit 

 
Anshul Singh and KS Gadhe 

 
Abstract 
The study examines the physical, chemical, and mineral properties of jackfruit, amaranth, and soybean, 

aiming to optimize agricultural machinery and processes. It reveals differences in color, weight, density, 

and cohesiveness. Chemical composition analysis reveals variations in moisture, protein, fat, 

carbohydrates, fiber, and ash content. The study also examines the chemical composition of jackfruit 

flour and vegan meatballs, finding higher protein content, lower fat, increased carbohydrates, and 

additional nutrients. 
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Introduction 

In recent years, there has been a notable surge in research focusing on plant-based proteins as a 

viable alternative to conventional animal-derived food sources. This trend is driven by the 

escalating challenges posed by the world's population growth, coupled with constraints on 

finite natural resources, leading to concerns about the sustainability of animal protein 

production. Environmental and ethical issues associated with animal husbandry practices, 

along with health-related concerns linked to red meat consumption, further contribute to the 

momentum towards plant-based alternatives (Yuliarti et al., 2021) [106]. The food processing 

industry has undergone a transformative evolution, characterized by the intricate interplay of 

material streams to create resilient and uniform food products. Increasing pressures on animal 

meat production have led consumers to seek alternatives, driven by concerns about efficiency, 

health consequences, environmental impact, and animal welfare (Kumar et al., 2017) [45]. 

However, changing consumer behavior is a complex task, requiring a shift in attitudes 

grounded in rationale and motivation. Environmental considerations are explored as potential 

catalysts for encouraging individuals to reduce or abstain from meat consumption (Sanchez-

Sabate & Sabate, 2019) [108]. 

Plant-based meat analogues, produced from proteins extracted from sources like wheat, 

soybeans, legumes, and oilseeds, aim to replicate the visual, gustatory, and textural 

characteristics of animal meat (Lee et al., 2020) [49]. The challenge lies in achieving the desired 

texture, particularly emulating a fibrous structure, which can be addressed through adjustments 

in processing conditions (Palanisamy et al., 2018) [62]. Wheat protein, especially gluten, is a 

widely employed plant-based protein due to its rheological and viscoelastic attributes, 

contributing to the cohesiveness and fibrous texture in meat analogues (Xiong et al., 2008) 
[104].  

Texturized vegetable proteins, predominantly derived from soy and pea protein isolates, are 

commonly used to mimic animal proteins. However, there is growing interest in exploring 

alternative sources such as lupin, hemp, mung bean, and wheat gluten (Samard et al., 2019) 
[87]. Soy proteins, in combination with wheat gluten or pectin, offer the potential to create 

diverse fibrous structures, influenced by moisture content, biopolymer proportions, and 

processing conditions (Floor et al., 2019) [109]. 

Jackfruit, an underutilized tropical fruit, has gained attention for its nutritional value, including 

protein, dietary fiber, and various phytonutrients. Jackfruit by-products, combined with vital 

wheat gluten, emerged as a favored meat analogue in sensory evaluations, displaying favorable 

characteristics and elevated nutritional content (MA, et al., 2020) [32]. Similarly, amaranth, 

recognized as a pseudo cereal, serves as a gluten-free alternative with substantial nutritional 

value, making it suitable for individuals with celiac disease (Arti et al., 2015) [110]. 
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The functional attributes of plant proteins depend on factors 

like amino acid profile, protein structure, hydrophobicity-to-

hydrophilicity ratio, pH, temperature conditions, and 

interactions with non-protein constituents (Anzani et al., 

2020) [3]. Pulse protein concentrates (PPCs) show promise in 

replacing animal proteins in various food applications, 

offering benefits such as allergen reduction and improved 

organoleptic attributes. 

To meet the global demand for plant-based food, there is 

growing interest in exploring new, inexpensive, reliable, and 

sustainable protein sources. Dry-fractionated proteins, 

including blends of soybean, amaranth, and jackfruit protein 

concentrates, are being considered for meat analogue 

production to achieve essential amino acids, flavor, texture, 

and a nutritionally valuable composition (Penchalaraju et al., 

2022) [6]. 

The exploration of various plant-based protein sources and the 

development of meat analogues with desirable characteristics 

present a promising avenue for addressing these concerns and 

catering to the growing global demand for sustainable and 

nutritious food alternatives. In this study physicochemical 

properties of jackfruit, soybean, and amaranth and the 

development of vegan meat balls was carried out. 

 

Materials and Methods 

Raw materials 
Jackfruit and local variety of amaranth grains were procured 

from the Parbhani city market in Maharashtra, while defatted 

soybean cake was sourced from Mathura Oil Refinery in the 

Parbhani Industrial Area, Maharashtra. Essential raw 

materials for vegan meat production, such as corn flour, spice 

mix, garam masala, ginger garlic paste, refined wheat flour 

(Maida), and salt, were obtained from the local Parbhani 

market. All the chemicals used in this study are analytical 

grade. 

 

Analysis of physical properties of jackfruit, soybean and 

amaranth 

Jackfruit, soybean and amaranth were cleaned and analysed 

for various physical properties such as colour, weight of 

1000grains, bulk density, true density, porosity and functional 

properties such as angle of repose as per according to 

respective standards procedure given by Poshadri et al. (2023) 
[76] 

 

Thousand seeds weight 

Thousand seeds weight was measured by 1000 randomly 

selected seeds and weighing them using an electronic balance 

having an accuracy measure of 0.001g and then multiplied by 

10 to give mass of 1000 seeds. 

 

Bulk Density 

Bulk density was calculated by using a container of known 

volume, the sample was taken into the container for the 

known volume and weighed. The bulk density was calculated 

with the help of following formula Poshadri et al. (2023) [76] 

 

 
 

True Density: 50 ml of toluene was taken in a measuring jar. 

A known weight of grains sample was poured to the 

measuring jar and rise in the toluene level was recorded. The 

true density of grain was calculated by using the following 

formula Poshadri et al. (2023) [76] 

 

  
 

Methods of preparation of jackfruit, defatted soybean and 

amaranth flour along with their composite blended flour  

Experimental design  

Based on review of literature and preliminary trials, the 

experimental work plan was prepared and experimental 

parameters were identified. The detailed work plan, treatment 

variables and experimental designs are given below: 

 

Jackfruit powder preparation 

The freshly harvested jackfruit (Artocarpus heterophyllus) 

were sourced from local market and processed according to 

the method previously described by MA, Hamid et al (2020) 
[32]. A ripe jackfruit was chosen, and the green, soft thorny 

portion on the skin's outer layer was taken out, keeping only 

the white portion. The rags, or flakes, which were white bands 

encircling the yellow jackfruit, were attached to the rinds. The 

rags and rinses were divided into smaller pieces. Then 

blanched for two minutes in boiling water after washing. 

Following blanching, they were submerged in running 

cold water stop the continuous cooking process. Squeezed 

water was extracted from the blanched and used their hands to 

cool down the rigs and cloths before settling down. Then 

dried those rags and rinds in a dryer at 70 °C for 5-6 hours. 

After cooling grounded in a micro pulveriser. The Jackfruit 

flour was packed in LDPE pouches until it was processed into 

wet, extruded vegan meat balls. 

 

 
 

Preparation of Jackfruit flour 
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Defatted soybean cake flour preparation 

Defatted soybean cake was processed into defatted soybean 

flour. The defatted cake was dried in a dryer to reduce beany 

odors and evaporated leftover solvents in the cake at a 

temperature of 60 °C for 30 minutes. Then it was cooled to 

room temperature and ground in the laboratory micro-

pulverizer into fine flour. The defatted soy cake flour was 

packed in LDPE pouches until it was processed into wet, 

extruded vegan meat balls. 

 

 
 

Preparation of soybean flour 

 

Amaranth Flour preparation 
The roasting of Amaranth grains was carried out by using the 

method suggested by Poshadri et al. (2023) [76] to reduce anti 

nutritional factors and improving of sensory attributes of end 

product. The best quality Amaranth was purchased from local 

store. Grains were cleaned to remove dirt. Amaranth grains 

were roasted in a shallow pan at 75+5oC temperature for 10 

min.  

The pan was maintained at that temperature (by using 

laboratory scale digital thermometer) and vigorously stirred 

for the purpose of uniform roasting. After roasting the 

samples were brought to room temperature and ground to fine 

flour using laboratory grinder and the flour was passed 

through a sieve of mesh size 40. The resultant flour was 

packed in air tight plastic containers until used for analysis 

and preparation of product.  

Roasted amaranth flour was prepared meat analogues by 

using following flow chart (Flow sheet 1) 

 

Preparation of composite flour for vegan meat balls 

production 

Meat balls was prepared in the laboratory as previously 

described by Malleboina Penchalaraju & Sowriappan (2022) 

and Leelawat et al., (2023) [96]. The composite flour blend 

comprises different proportions of defatted soy flour, roasted 

amaranth flour, and Jackfruit flour chosen for the wet 

extrusion process to produce high-moisture meat analogue 

shreds as presented in Table 3.1. The moisture of composite 

flour was adjusted to 50% with hot water (70°C) to give pre-

gelatinization effect on the feed mixture. Then the different 

formulations were processed into meat analogue using 

extruder (Model No. 16009, Kent Noodle and Meat analogue 

Maker). 

 
 

Preparation of roasted amaranth flour 
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Table 1: Standardization of recipe used for preparation of vegan 

meat balls. 
 

Ingredients Control T1 T2 T3 

Minced chicken (g) 100% - - - 

Defatted soy flour (g) 0 50 50 50 

Amaranth flour (g) 0 30 20 40 

Jackfruit powder (g) 0 20 30 10 

Hot water (70°C) (ml) - 100 100 100 

 

 
 

Flow sheet 3.4: Preparation of vegan meat balls from composite 

flours 

 

Formulation of final vegan meat balls 

 
Table 2: Formulation of final vegan meat balls 

 

Ingredients Control T1 T2 T3 

Minced chicken 250 0 0 0 

Defatted soy flour 0 50 50 50 

Amaranth flour 0 30 20 40 

Jack fruit powder 0 20 30 10 

spice mix 4 4 4 4 

Garam masala 6 6 6 6 

Salt 2 2 2 2 

Corn flour 20 5 5 5 

Black pepper 1 1 1 1 

Ginger garlic paste 2 2 2 2 

Chopped onions 2.8 2.8 2.8 2.8 

Green coriander leaves 2 2 2 2 

Baking soda 0.2 0.2 0.2 0.2 

Maida 0 10 10 10 

Beet root 0 5 5 5 

 

Preparation of moist vegan meat balls 

T1, T2 and T3 samples of moist vegan meat balls samples were 

mixed with spices and other ingredients as presented in the 

Table 3.2. to make vegan meat balls. The vegan meat balls 

were fried in hot edible oil at temperature 180 °C till they turn 

into golden brown colour. Similarly, the control meat balls 

were prepared using minced chicken with spice and other 

ingredients as given in the Table 3.2. Then fried in hot edible 

oil at temperature 180 °C till they turn into golden brown 

colour. 

 

Results and Discussion 

Physical properties of jackfruit, soybean and amaranth 

The methodical assessment of the physical properties of 

legumes and pseudo cereals is crucial for optimizing 

parameters that are crucial for the creation of agricultural 

machinery utilized in the operations of handling, storing, and 

producing these crops. It is essential to build and 

acknowledge a comprehensive database that includes the 

physical attributes of various agricultural goods. These 

characteristics have a significant impact on the creation and 

design of specialized gear, which in turn affects operational 

tasks like cleaning, sorting, and separation. 

A thorough examination of the physical attributes of the 

chosen jackfruit, amaranth, and soybean was carried out in 

this regard. For soybean, amaranth, and jackfruit, these 

features were colour, thousand-grain weight, bulk density, 

actual density, porosity, and the angle of repose. Table 4.1 

provides an explanation of the findings regarding the physical 

characteristics of jackfruit, soybean, and amaranth. 

 
Table 3: Physical properties of soybean, amaranth and jackfruit 

 

Physical Parameter Soybean Amaranth Jackfruit 

Colour Pale Yellow Dull whitish Greenish Yellow 

Thousand grain weight (g) 210 4.6 - 

Bulk Density (g/ml) 0.74 0.80 0.81 

True density (g/ml) 1.33 2.73 2.16 

Porosity (%) 41.6 67.41 66.32 

Angle of repose (0) 26° 40′ 24° 2′ - 

 

A considerable fluctuation in the pale-yellow hue of 

soybeans, which is attributed to the presence of pigments such 

as carotenoids, specifically beta-carotene, was found by 

empirical analysis of the data shown in Table 4.1. One 

naturally occurring pigment known as beta-carotene is the 

source of the yellow to orange hue found in a variety of foods 

that come from plants. According to Yuan et al. (2009) [105], 

beta-carotene is the predominant carotenoid in soybeans, 

which contributes to their unique light-yellow colour. 

Research has been done on the carotenoid profile of many 

legumes, including amaranth. Carotenoids are essential 

forgiving many plant tissues their colour. Moreover, the pale-

yellow hue that may be seen in amaranth grains is owing to 

carotenoids Pinheiro et al. (2016) [72]. 

Understanding how jackfruit ripens involves understanding 

how the green pigment chlorophyll changes into the yellow 

and orange pigments called carotenoids as the fruit ages. 

The significant difference in the weight of the thousand grains 

between the soybean (Around 210g) and amaranth (4.6g) can 

be attributed to natural differences in the traits of the seeds 

and the different plant species. Similar results were also seen 

by Poshadri et al. (2023) [76] for the physical properties of 

amaranth. 

Studies concerning amaranth and soybean grains often 

highlight the diversity of traits present in their seed sizes. For 

soybeans, the higher thousand-grain weight corresponds to 

their typical seed weight, which can range from 100 to 400g 
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per thousand seeds, depending on the type of soybean and the 

surrounding conditions. 

On the other hand, amaranth grains are noticeably smaller 

than soybean grains, which leads to a lower thousand-grain 

weight. One inherent feature of this specific plant variety is 

the smaller size of amaranth seeds. 

The differences in bulk density between jackfruit (0.81g/ml), 

amaranth (0.80g/ml), and soybeans (0.74g/ml) can be 

attributed to differences in the physical properties of these 

food products. 

For soybeans (1.33g/ml), amaranth (2.73g/ml), and jackfruit 

(2.16g/ml), the real density values illustrate differences in the 

mass distribution and compactness within these food matrices. 

The mass of a solid substance per unit volume is measured by 

its true density, which depends on a number of variables such 

as porosity and the effectiveness of particle packing. The 

observed differences can be attributed to intrinsic differences 

in the physical characteristics and makeup of amaranth, 

jackfruit, and soybean. 

Regarding soybeans, the lower actual density could be 

attributed to either a higher interstitial space between particles 

or a more porous structure. On the other hand, the higher 

actual density found in jackfruit and amaranth may indicate a 

denser and more compact particle arrangement. 

A substance's bulk density can be affected by factors like 

porosity, packing arrangement, and particle size. For 

soybeans, higher seed sizes and possibly a looser packing 

arrangement could be associated with the lower bulk density. 

Soybeans are known for their somewhat larger seeds when 

compared to jackfruit and amaranth. 

For amaranth and jackfruit, the slightly higher bulk density 

may be due to smaller particle sizes and a more compact 

arrangement of their respective grains or pieces. 

Differences in porosity between soybeans (41.6%), amaranth 

(67.41%), and jackfruit (66.32%) are indicative of differences 

in the internal composition and packing arrangement of 

various food items. 

The number of empty spaces or voids in a material is known 

as its porosity, and it depends on a number of variables, such 

as the size, shape, and arrangement of the particles. The 

differences found suggest that jackfruit and amaranth have 

higher porosity than soybeans. 

The higher porosity in jackfruit and amaranth can be 

attributed to smaller particles and a more expansive or porous 

interior structure. On the other hand, soybeans' internal 

structure could be more compacted, which would result in a 

decreased porosity. 

The angles of repose of amaranth (24°2′) and soybeans 

(26°40′) provide information about the cohesiveness and flow 

characteristics of these particulate materials. The maximum 

angle at which a pile of material remains stable without 

further collapsing is known as the angle of repose. 

The differences seen in the angle of repose between amaranth 

and soybeans could indicate variations in the characteristics of 

the particle's shape, size, and surface. Materials that have a 

lower angle of repose are usually more soluble. 

 

Chemical composition of jackfruit, soybean and amaranth 

The study emphasizes the fundamental role that chemical 

composition has in defining the nutritional quality when 

creating a meat substitute with flour and key ingredients 

including amaranth, jackfruit, and soybeans. The 

investigation's principal goal is to thoroughly examine and 

characterize these raw materials' chemical makeup, realizing 

that this has a direct impact on the final product's quality. 

Table 4.2 provides a concise summary of the collected data. 

 
Table 4: Chemical composition of jackfruit, soybean and amaranth 

 

Parameter Jackfruit (%) Soybean (%) Amaranth (%) 

Moisture 76.40 ± 0.51 7.51 ± 0.55 9.87 ± 0.63 

Protein 0.98 ± 0.33 42.8 ± 0.30 13.72 ± 0.96 

Fat 2.64 ± 0.21 1.20 ± 0.25 6.79 ± 0.45 

Carbohydrate 17.3 ± 0.56 35.6 ± 0.40 73.3 ± 0.39 

Fibre 0.53 ± 0.82 7.35 ± 0.92 7.42 ± 0.51 

Ash 0.75 ± 0.17 5.60 ± 0.15 2.60 ± 0.36 

 

From table 4.2 it can be revealed that the chemical proximate 

for soybean, jackfruit and amaranth. The moisture content 

ranged between 7.51 to 76.40 per cent, protein 0.98 to 42.8 

per cent, fat 1.20 to 6.79 per cent, carbohydrate 17.3 to 73.3 

per cent, fibre 0.53 to 7.42 per cent, ash 0.75 to 5.60 per cent.  

The data depicted in Table 4 exhibited that soybean contained 

highest protein 42.8 per cent and lowest fat 1.20 per cent. It is 

also found that soybean contains 7.51 per cent moisture, 35.6 

per cent carbohydrate, 7.35 per cent fibre and 5.60 per cent 

ash. The similar results were observed by Rosset et al. (2012). 

The observed increase in protein content and simultaneous 

decrease in fat content in soybeans can be attributed to the 

defatting procedure, which entails the mechanical or chemical 

separation of the lipid component from the soybean matrix. 

The data depicted in Table 4 exhibited that jackfruit had 

highest value for moisture 76.40 per cent and lowest fibre 

0.53 per cent. It was also found that jackfruit contains 0.98 

per cent protein, 2.64 per cent fat, 17.3 per cent carbohydrate 

and 0.75 per cent ash. The similar results were observed by C. 

go swami et al. (2011) [29]. 

The juicy tropical fruit known as jackfruit has a high-water 

content, mostly because it contains cell sap-filled vacuoles. 

The fruit's flesh is kept generally hydrated by these vacuoles. 

The plant's systems for absorbing and storing water, as well as 

external circumstances throughout development and 

maturation, all affect the moisture content. Because the edible 

components of jackfruit have a soft, pulpy feel, this may 

explain why the fruit has a comparatively low fibre level. 

Fruit structural elements like cell walls are frequently where 

Crude Fibre is found in fruits; however, in the case of 

jackfruit, the lower fibre content indicates a lower 

concentration of these structural elements. 

The data depicted in Table 4 exhibited that amaranth had 

highest value for carbohydrate 73.3 per cent and fat 6.79 per 

cent respectively. It is also found that amaranth also contained 

9.87 per cent moisture, 13.72 per cent protein, 7.42 per cent 

fibre and 2.60 per cent ash. The similar results were observed 

by Bressani et al. (1992) [9]. 

The process of roasting grains can have complex effects on 

their nutritional makeup, affecting both macro and 

micronutrients. Variations in the final nutritional profile can 

result from contributing factors like temperature, roasting 

time, and particular procedural conditions. 

Notably, these findings are consistent with previous research, 

particularly in alignment with the results of Poshadri et al. 

(2023) [76]. This concurrence in results substantiates the 

reliability and consistency of the chemical composition of 

amaranth flour were observed in Deshpande and Poshadri 

(2011) [19] thereby providing valuable insights into its 

nutritional characteristics and quality. 
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Mineral composition of soybean, jackfruit and amaranth 

The examination of mineral composition in jackfruit, soybean 

and amaranth is crucial for establishing their nutritional 

significance. The minerals scrutinized in the current study 

include calcium, zinc, iron, magnesium, phosphorus 

potassium. Minerals play a pivotal role in numerous 

physiological functions within the human body, specifically in 

processes associated with growth, structural development, and 

regulatory mechanisms. The detailed data on specific mineral 

content is presented in Table 5. for reference and analysis. 

 
Table 5: Minerals composition of soybean, jackfruit and amaranth 

 

Parameter 
Soybean 

(mg/100gm) 

Jackfruit 

(mg/100gm) 

Amaranth 

(mg/100gm) 

Calcium 65.16 ± 0.7 44.70 ± 0.2 68.5 ± 0.6 

Zinc 2.83 ± 0.3 1.67 ± 0.4 3.21 ± 0.3 

Iron 8.75 ± 0.5 1.21 ± 0.6 13.80 ± 0.2 

Magnesium 690.5 ± 02 130.3 ± 0.2 236.8 ± 0.5 

Phosphorous 924.5 ± 0.1 134.2 ± 0.5 529.4 ± 0.4 

Potassium 379.4 ± 0.4 296.8 ± 0.8 508.6 ± 0.6 

 

The data presented in Table 5. disclosed the mineral 

composition of soybean, encompassing calcium (265.16 

mg/100g), zinc (2.73mg/100g), iron (18.75mg/100g), 

magnesium (258.24mg/100g), phosphorus (624.5mg/100g), 

and potassium (579.4mg/100g). These outcomes closely 

correspond to the observations documented by Rani Varsha et 

al. (2008). Particularly noteworthy is the discernible 

indication that soybean manifested a substantial content of 

both calcium and phosphorus. 

 The data presented in Table 4.3 disclosed the mineral 

composition of jackfruit, encompassing calcium (44.70 

mg/100g), zinc (1.67mg/100g), iron (1.21mg/100g), 

magnesium (130.3mg/100g), phosphorus (134.2mg/100g), 

and potassium (296.8mg/100g). These outcomes closely 

correspond to the findings documented by MS Abedin et al. 

(2012) and Goswami C. et al. (2016). Particularly noteworthy 

is the discernible indication that jackfruit was reported to 

demonstrate a substantial content of calcium, phosphorus, 

magnesium, phosphorus, and potassium. 

 The data presented in Table 4.3 indicated the mineral 

composition of amaranth, including calcium (22.5mg/100g), 

zinc (2.10mg/100g), iron (13.80mg/100g), magnesium (536.8 

mg/100g), phosphorus (529mg/100g), and potassium 

(523.1mg/100g). These results are in good agreement with 

those that Shimelis Admassu Emire et al. (2012) published. 

Of particular significance is the apparent suggestion that 

amaranth had a significant iron and potassium content. 

 

Chemical composition of jack fruit flour 

The chemical composition of jack fruit flour is presented in 

Table 6  

 
Table 6: Chemical composition of jack fruit flour 

 

Parameter Jack Fruit Flour (Amount/100g) 

Moisture 6.53 ± 0.3 

Protein 4.19 ± 0.4 

Fat 1.91 ± 0.2 

Carbohydrate 77.52 ± 0.8 

Fibre 8.02 ± 0.3 

Ash 1.70 ± 0.1 

 

The data presented in Table 6 provides the chemical 

composition of jack fruit flour. The analysis revealed that the 

moisture content of jack fruit flour was measured at 6.53 per 

cent. Additionally, the protein content in jack fruit flour was 

determined to be 4.19 per cent. The ash content was found to 

be 1.70 per cent, while the fat content was 1.91 per cent. The 

carbohydrate content was noted at 77.52 per cent, and the 

fibre content was measured at 8.02 per cent. These numbers 

represent the exact chemical makeup of jackfruit flour. These 

findings closely match the information provided by Christy 

Paul and Colleagues (2017). 

Table 4.5 presents a comprehensive dataset that pertains to the 

impact of the roasting process on the functional attributes of 

the composite flour. The data within this table provides a 

detailed account of the precise modifications in functional 

characteristics that arise as a direct consequence of subjecting 

the composite flour to the roasting treatment. 

 

Nutritional Composition of jackfruit, soybean and 

amaranth based vegan meat 

The chemical composition of meat is a pivotal determinant of 

the nutritional quality of a plant meat balls product. The 

overall quality of the final product is intimately associated 

with the quality of the raw materials utilized. In the specific 

context of vegan meat production, the foundational 

ingredients encompass jackfruit powder, amaranth flour, and 

soybean flour. The nutritional composition of vegan meat 

balls and control chicken meat balls are presented in the Table 

7  

 
Table 7: Nutritional composition of vegan meat balls v/s control per 

100g. 
 

Nutrients C T1 T2 T3 

Energy (Kcal) 199.1 340.4 341.1 339.6 

Moisture (g) 8.3 8.4 8.2 8.3 

Protein (g) 19.3 26.0 25.5 26.5 

Total Carbohydrates (g) 20.8 52.3 53.6 51.1 

Sugar (g) 0.1 0.1 0.1 0.1 

Total Fat (g) 4.3 3.0 2.8 3.2 

Crude Fibre 4.1 9.0 9.4 8.7 

Total Ash (g) 1.2 3.4 3.3 3.5 

Calcium (mg) 73.8 154.3 161.4 147.1 

Iron (mg) 3.3 4.3 4.1 4.5 

 

The protein content in the composite flour samples, as 

presented in Table 7, reveals that Vegan meat balls T3 

exhibited the highest protein content at 26.5g, surpassing T1 

(26.0g) and T2 (25.5g). This increase is attributed to the 40 

percent inclusion of amaranth flour in T3. Notably, chicken 

meat balls had significantly lower protein content than plant-

based vegan balls. 

Vegan meat analogue sample - T2 exhibited the lowest at 

2.82g, followed by T1 (3.0g) and T3 (3.2g). Increased jackfruit 

flour in T2 correlated with decreased fat content. Control 

chicken balls had significantly higher fat content, consistent, 

attributing it to the inherently lower fat in plant protein 

sources compared to chicken. 

Total carbohydrates content in vegan meat balls was 

significantly higher than the control, with T2 (53.6g) having 

more than T1 (52.3g) and T3 (51.1g). This difference may be 

linked to the greater proportion of roasted amaranth flour in 

T2. Crude fibre content was absent in raw chicken but present 

in chicken meat balls due to added ingredients. Vegan meat 

balls exhibited the highest crude fibre in T2 (9.4g), potentially 
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attributed to 30 percent jackfruit powder.  

Ash content showed no significant difference among vegan 

meat balls, though T3 (3.5g) contained more ash than the other 

two samples. Energy content in vegan meat balls was higher 

in T3 (341.1 Kcal) than T1 (340.4 Kcal) and T2 (339.6 Kcal) 

due to higher fat and protein. Chicken energy was 44% lower 

than vegan meat balls. Calcium content in vegan meat balls 

was double that of the control, with higher quantities in T1 

and T2. Increasing jackfruit powder correlated with higher 

calcium. Iron content in vegan meat balls was higher than 

chicken, with no significant difference among vegan samples. 

The results suggest the potential nutritional superiority of 

plant-based vegan meat alternatives. 

 

Conclusion 

The study meticulously assessed the physical properties of 

jackfruit, amaranth, and soybean, crucial for optimizing 

agricultural machinery. Further analysis delved into the 

chemical composition of jackfruit, soybean, and amaranth, 

including moisture, protein, fat, carbohydrates, fiber, and ash. 

Soybean exhibited the highest protein, while amaranth 

showed high carbohydrate and fat content. Jackfruit's high 

moisture and low fiber indicated its juicy nature. The mineral 

composition, encompassing calcium, zinc, iron, magnesium, 

phosphorus, and potassium, highlighted significant variations 

among the three. Additionally, the chemical composition of 

jackfruit flour and its impact after roasting were examined. 

The study also investigated the nutritional composition of 

vegan meatballs made from jackfruit powder, amaranth flour, 

and soybean flour, comparing them to control chicken 

meatballs. Vegan meatballs, particularly T3 with increased 

amaranth flour, exhibited higher protein content, lower fat, 

increased carbohydrates, and additional nutrients, indicating 

their potential nutritional superiority over traditional meat-

based counterparts. 
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