
Development and its Characteristics of Vegan Beef Seitan using Beets 
1aAshwin K., 1bBharathi S, 1cDinesh P, 1dGowasalya G and 2Antony Allwyn Sundarraj 

1Bachelor of Food Technology and 2Associate Professor 
Department of Food Technology, Sri Shakthi Institute of Engineering and Technology, 

Coimbatore – 641062, TamilNadu, India 
 

Abstract: 

High amounts of meat consumption cause cardiometabolic diseases and higher mortality rates. 
Therefore, plant-based meat analogues (beef seitan) are popular among flexitarian, vegetarian 
and vegan consumers. Similar to other meat substitutes, plant-based seitan products are 
attractive both for manufacturers and consumers who are looking for healthy and 
environmentally friendly food solutions. The aim of this work was to study the suitability of 
the application of beetroot juices (obtained from fresh beetroot, cooked beetroot, beetroot 
powder and commercial beetroot juice) as colorants in the development of meat analogues, as 
well as their antioxidant properties. Textured soy protein with cooked beetroot juice or with 
commercial juice showed the same appearance that of minced beef  meat. The attractive red 
colour of battalions and their stability at the pH value of meat analogues make beetroot juices 
ideal for their application as colorants in meat analogues. Standardized methods are required 
to quantify the changes in the quality attributes of plant-based meat analogues when they are 
cooked and to establish the similarities and differences of their physicochemical attributes to 
real meat products. We therefore proposed testing protocols to characterize important 
physicochemical attributes of beef burgers and their plant-based (PB) analogues, including 
appearance, cooking loss, water holding capacity, and textural profile. The protocols are 
relatively simple to perform and provide quantitative data for the assessment.  
Keywords: Plant based meat, beef seitan, application of beets, vegan beef and proximate 
analysis 
1.Introduction 

Over the past decades, awareness about animal welfare and sustainability has been increasing, 
leading to an exponential rise of vegetarian and vegan diets and a growing demand for plant-
based meat substitutes or analogues. This trend is expected to keep growing in the upcoming 
years (Andreani et al., 2023; Flint et.al., 2023). The popularity of plant-based diets additionally 
lies on their correlation with a lower risk of lifestyle-associated diseases, as they involve a 
lower intake of total fat, cholesterol, and sodium, as well as a higher content of polyunsaturated 
fatty acids (PUFA), antioxidants, fiber, and magnesium (Li, 2014). 
Plant-based meat alternatives, a type of artificial meat, are composed of plant protein processed 
either with or without the addition of auxiliary materials. This class of meat substitutes is 
considered similar in texture, flavor, morphology and other characteristics of animal meat 
products. In comparison to some of the other currently available meat substitutes, plant-based 
meat alternatives have gained a certain consumer base and are easily accepted by the public. 
Moreover, the production and processing of plant-based meat alternatives exert low impact on 
the environment, which is consistent with the concept of sustainable development and 
contributes to the realization of ‘carbon neutrality’ in the food industry (Eshel et al., 2019). The 
market for plant-based meat alternatives has exceeded US $5 billion and is expected to reach 
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US $6.4 billion by early 2023, with more than 400 million consumers worldwide enjoying 
plant-based meat alternative products (Bryant and Sanctorum, 2021) Thus, the plant-based 
meat alternatives market is burgeoning and has great potential for further development. One of 
the most important factors influencing the consumer acceptability of plant-based meat 
alternatives is its structural similarity to animal meat products. The reproduction of the 
hierarchical structure of known meat tissues helps to simulate their functional and sensory 
properties (Shahbazi et al., 2021). Therefore, overcoming the technological obstacles to 
mimicking the structure of meat products to meet the needs and expectations of customers is a 
key direction in the development of plant-based meat alternatives (Anzani et al., 2020). 
Meat has a highly complex structure, the texture of which comprises owns to muscle fibers, 
fat, structured connective tissue (e.g. membranes), and other structural elements of a muscle. 
Tenderness and juiciness belong to the sensory attributes associated with high quality, 
influencing the overall liking of meat products. Other attributes included hardness and 
chewiness, which were also demonstrated to be important for meat (Chen et al., 2021).  
1.1Application Of Plant Based Meat: 

Due to the limited sustainability of meat, there has been a trend of transition from meat foods 
to plant-based meat worldwide. The main raw materials for plant-based meat are plant proteins, 
of which legume proteins occupy the majority due to their affordability and excellent 
processing properties (Kyriakopoulou et al., 2019). The key to plant-based meat is the mimicry 
of meat texture, flavour, and nutrition. Among them, the fibrous structure is crucial for the 
texture of plant-based meat, and the mechanism of its formation lies in non-covalent 
interactions and disulfide bonds between proteins (Zhang et al., 2023). This fibrous structure 
mimics the texture of real meat, making plant-based meat more similar to real meat in terms of 
taste and appearance, thus increasing consumer acceptance (Zhang et al., 2021, 2022). In 
addition, for legume proteins, it may not be possible to prepare plant-based meat products with 
a rich fibre structure by relying on a single protein alone, but rather a combination of different 
proteins or other compounds, such as wheat proteins, starch, edible gums, is required (Boukid, 
2021). Also, the combination provides a more complete profile of nutrients in plant-based meat 
products. Jiang et al., (2024) prepared different blends by combining pea protein, soy protein 
isolate, chickpea protein and wheat gluten, and found that the addition of wheat gluten helped 
in the formation of fibrous structures and that the mixture of pea protein, chickpea protein, and 
wheat gluten was more suitable for the preparation of plant-based meats and provided a more 
comprehensive amino acid. Among the many preparation processes, extrusion has become the 
most commonly used method for preparing plant meat due to its high productivity, energy 
efficiency, versatility and low cost, and the process parameters of extrusion play a key role in 
the formation of textures and structures (Andreani et al., 2023; Dekkerset al., 2018). In 

particular, high-moisture extrusion is considered to be the most promising technology due to 
its unique characteristics of low energy, environmental friendliness, high efficiency, and 
excellent product quality (Zhang et al., 2021). Plant proteins processed by high-moisture 
extrusion are able to achieve a fibrous structure that is very similar to meat and retains a 
significant amount of nutrients. Moreover, the texture of high-moisture plant meat is mainly 
affected by different protein raw material formulations and extrusion parameters. It has been 
shown that the optimal process conditions for the preparation of high-moisture plant-based 
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meat based on isolated pea protein are 55per cent moisture content, a barrel temperature of 175 
◦C and a screw speed of 200 rpm (Zhang and Ryu, 2023). 
2. Materials and Methods 

2.1 Materials required: 

The formulation consisted of the following ingredients: cooked beans ( Phaseolus vulgaris 
variety,  150 g), Fresh beetroot juice (FBJ) obtained by liquefying fresh beetroots purchased in 
a local supermarket(Coimbatore)Beta vulgaris subsp. vulgaris 120 g), mushroom or vegetable 

bouillon powder ( 3 g), garlic cloves (2), maple syrup or other liquid sweetener (30 g), balsamic 

vinegar (15 g), ginger powder (2 g), poultry seasoning (1 g),Marmite(1g),onion powder (2.4 g), 

red chili flakes (1.8 g), ground coriander (1 g), black pepper (0.6 g), white pepper (0.6 g), 

ground cardamom (0.5 g), ground cumin (0.6 g), liquid smoke (1.2 g), vital wheat gluten 

(120 g), and hot water (175 ml). All ingredients were food-grade and sourced from local 
commercial suppliers. 
2.2 Methods 

2.2.1Beetroot juice extraction: 

Beetroot was hot water blanched at 90 °C for 7 min after proper peeling and cutting 
(Latorre et al., 2013). Beetroot Juice was extracted from the blanched beetroot in a single pass 
using a stainless-steel centrifugal juicer and juice was collected through the outlet. Muslin cloth 
was used to filter the juice (Tabbu et al., 2021) 
2.2.2 Beetroot juice analysis: 

The four types of beetroot juice were subjected to the following analysis: physicochemical 
properties (pH, total soluble solid content, density and color), betalain content and antioxidant 
properties. 
2.2.3 Physicochemical properties: 

1.pH was determined using a pH-meter (Laboholic LH11, Auto digital ph meter). 
2. Total soluble solid content (TSSC) in juices was determined by the refraction index, using a 
MA871 refractometer (Yatherm Scientific – Greater Noida, Uttar Pradesh) and it is referred as 
degrees Brix. 
3. Density was determined by the pycnometer method using water as working liquid with well-
known density depending on temperature. 
4. The color of juices were determined using a Minolta CM-700 spectrophotocolorimeter 
(Kingslab) with the following settings (illuminant D65, SCI mode and, observation angle 10°). 
CIELAB color coordinates (Lightness (L*), redness (a*) and yellowness (b*)) were obtained. 
From color coordinates, psychophysical magnitudes, hue (h*) and chroma (C*). The 
reflectance spectrum between 360 and 740 nm (at every 10 nm) were also obtained. All 
determinations were performed in triplicate (Juana Fernandez et al., 2023). 
2.2.4 Preparation of minced meat analogue (Seitan): 

Seitan production was adapted from Anwar and El-Chaghabi (2019). All ingredients except the 
vital wheat gluten were combined and blended using a high-speed blender until a smooth purée 
was achieved. This mixture was then transferred into a large mixing bowl, and vital wheat 
gluten was gradually added and mixed until a cohesive dough was formed. The dough was then 
kneaded by hand for 1–2 minutes to develop gluten strands, which are crucial for forming the 
fibrous texture characteristic of seitan-based products is shown in figure 1. 
2.2.4.1 Method I: Steaming 
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The prepared dough was shaped into a log and wrapped tightly in parchment paper, with the 

ends folded underneath. The wrapped dough was placed in a steamer and cooked over high 

heat for 75 minutes for the full batch or 60 minutes for a half batch. Once steaming was 

complete, the loaf was allowed to cool until just warm, followed by refrigeration to allow the 

structure to set completely before slicing or cubing. 
2.2.4.2 Method II: Baking 

Alternatively, the dough was divided into two equal parts. Each piece was placed on oiled 

aluminum foil (shiny side coated, with a small un-oiled edge for sealing), rolled tightly, and 

sealed by folding the edges. The wrapped dough was baked at 180 °C (350 °F) for 60 minutes 

on the middle oven rack, with manual rotation every 20 minutes to ensure even cooking. After 

baking, the seitan was allowed to cool at room temperature for 30 minutes, then transferred to 

a refrigerator to cool fully before unwrapping and slicing 

 

 
Fig 1: Minced Meat Analogue 
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2.2.4 Physiochemical Characterization: 

2.2.4.1. Determination of protein content 

The protein content of the plant-based products was determined by the Kjeldahl method 

adapted by Marco et al., (2002). A total of 1 g homogenized sample was placed in a 300 mL 

Kjeldahl flask along with two 5 g Kjeldahl tablets and 20 mL concentrated sulfuric acid. The 

flask was then placed in a pre-heated digestion block at 420 °C for 150 min. Subsequently, 

90 mL sodium hydroxide 32 % (w/v) were added to the digested solution after a 30 min 

cooldown period. Steam distillation was performed for 4 min. The distillate was collected in a 

titration flask containing 60 mL boric acid 4 % (v/v). Finally, 5 drops of Tashiro indicator were 

added and the sample was titrated with 0.2 mol/L hydrochloric acid. Protein content was 

calculated according to Eq. 1(Miguel Hernandez, 2023). 

             
2.2.4.2. Determination of fat content 

Lipid extractions were performed according to Folch et al., (1957) with some modifications. 

Briefly, lipids were extracted by mixing 10 g homogenized soybeans or raw soy-based product 

with 60 mL chloroform: methanol 2:1 mix (v/v) and subjecting them to magnetic stirring under 

argon atmosphere for 1 h. Afterwards, samples were filtered into a separation funnel containing 

20 mL potassium chloride 8.8 g/L. After vigorous shaking and a 10 min settling period, the 

lower organic phase was collected and dried under nitrogen. Fat content was obtained by the 

differential weighing before phase collection and after drying. Flour and seitan had insufficient 

fat content to be successfully extracted (Yusuf, 2023). 
2.2.4.3. Determination of Fiber content 

The total dietary fiber content of the plant-based meat analogue was determined using the 

AOAC 991.43 enzymatic-gravimetric method, which involves sequential enzymatic digestion 

to remove digestible components, followed by gravimetric quantification of the remaining fibre 

residue (Lopez et al., 2025). 

2.2.4.4. Determination of Moisture content 

To accurately estimate the moisture content in meat analogues, such as plant-based products 

like seitan, the AOAC Official Method 950.46 is widely recognized and utilized. This method 

involves drying the sample in a convection oven at 105 °C for 16–18 hours until a constant 

weight is achieved, ensuring precise moisture determination (Diaz et al., 2022). 
2.2.5. Determination of Water holding capacity 
2.2.5.1 Centrifugation Method (AACC Method 56-30.01) 

This method involves mixing a known weight of the sample with distilled water, followed by 

centrifugation to separate unbound water. The retained water is then measured to determine 

water holding capacity. 
 Procedure: 

• Weigh 5 g of the meat analogue sample. 
• Add 25 g of distilled water and mix thoroughly. 

• Centrifuge the mixture at 2000 g for 10 minutes. 

• Remove the supernatant and weigh the sediment. 
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• Calculate WHC as grams of water retained per gram of dry sample (Layla Godschalk-
Broers et al., 2022). 

2.2.6. Determination of pH 

The pH of plant-based meat analogues is typically measured using a digital pH meter 
equipped with a combined glass electrode. The procedure involves homogenizing the sample 
and immersing the electrode to obtain a stable reading. This method aligns with the protocol 
described by Troutt et al., (1992) and has been employed in recent studies (Sakai et al., 2024).  
Procedure: 

1. Sample Preparation: Homogenize the meat analogue sample to ensure uniformity. 
2. Calibration: Calibrate the pH meter using standard buffer solutions (commonly pH 4.0 

and 7.0) to ensure accuracy. 
3. Measurement: Immerse the glass electrode into the homogenized sample.  
4. Reading: Record the pH value once it stabilizes. 

      This method was utilized in the study by Mishal et al., (2022) to determine the pH of 
      plant-based meat analogue patties 
7. Result And Discussion  

7.1 Trails: 

7.1.1 Fat Content:  

To manage and enhance the fat content in vegan seitan, specific ingredient modifications were 
introduced across three trials. The first trial used the base recipe with no added fat, serving as 
a reference point. In the second trial, healthy unsaturated fats such as olive or sunflower oil 
were incorporated into the wet mix to increase lipid content. The third trial focused on adding 
ground nuts and seeds like flaxseed or sunflower seeds to further boost fat levels and improve 
texture. These ingredients were chosen for their nutritional benefits and compatibility with the 
seitan matrix. The stepwise additions showed a gradual improvement in fat content without 
negatively affecting dough consistency. This approach demonstrates how functional and 
nutritional quality can be tailored through targeted ingredient adjustments. 
7.1.2. Fibre Content: 

To enhance fibre content within the seitan formulation, functional plant-based ingredients were 
incorporated directly into the dough. The base recipe offered minimal fibre due to its wheat-
gluten concentration. In Trial 2, SOY CHUNKS (50G) was added to the wet mix, which 
increased insoluble fibre without affecting texture. In Trial 3, beet pulp residue was blended 
into the puree, boosting both soluble and insoluble fibre. These fibrous components integrated 
well within the protein matrix, enhancing total dietary fibre. The improvements helped meet 
dietary recommendations while preserving the structural cohesiveness of the final product. 
7.1.3. Protein Content: 

To optimize protein content, seitan formulations were gradually modified using high-protein 
plant sources within the dough. The base trial included vital wheat gluten and beans, offering 
a complete amino acid profile. In Trial 2, soy flour (1–2 tbsp) was incorporated into the dry 
mix, which elevated total protein levels. Trial 3 included pea protein isolate, which further 
enriched protein content and improved the firmness of the texture. All added components were 
balanced to maintain dough elasticity. These enhancements contributed to the nutritional 
density without compromising processing properties 
7.1.4. pH: 
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Managing pH within seitan is crucial for microbial stability and texture. The initial pH of the 
base formulation was slightly acidic due to the beet and vinegar content. In Trial 2, the amount 
of balsamic vinegar was reduced, slightly elevating the pH for a milder taste. Trial 3 
incorporated lemon juice in place of vinegar to maintain acidity while improving flavour 
balance. These natural acidulants were fully integrated in the wet mix, helping maintain product 
safety and taste without external pH modification. The final pH remained within safe and 
desirable levels for plant-based meat alternatives 
7.1.5. Moisture Content: 

      Moisture levels were adjusted through ingredient composition and hydration control during 
dough preparation. The base trial used ¾ cup of hot water (175 mL) for hydration. In Trial 2, 
the water amount was reduced slightly to prevent excess softness, and aquafaba (chickpea 
cooking liquid) was partially used to retain moisture. Trial 3 included grated zucchini or beet 
pulp, which contributed moisture-retaining fibre while preventing dryness. These components 
blended seamlessly into the dough and helped regulate internal moisture for improved shelf 
stability and mouthfeel post-steaming or baking 
7.1.6. Water Holding Capacity – (WHC): 

WHC was improved by introducing hydrophilic ingredients into the seitan structure. The base 
trial relied on wheat gluten alone, which had limited WHC. In Trial 2, chia seed gel was added, 
known for its high-water absorption, improving the dough’s water retention during steaming. 
In Trial 3, soy flour and flaxseed meal were combined into the mix to further improve WHC 
through their fibre and protein content. These ingredients absorbed and retained more water 
during cooking, resulting in a juicier texture. All changes were kept within the original 
formulation to maintain processing uniformity. 
7.2 Individual Property Comparison: 

The individual property of seitan trails comparison is shown in figure 2. 
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Figure 2: Seitan Trials: Individual Property Comparisons 

7.3 Nutritional and Functional Property Trends: 

The nutritional and functional property trends of various seitan trials is shown in figure 3. 

 
Figure 3: Seitan Trials: Nutritional and Functional Property Trends 
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7.3.1. pH Estimation: 

Observed pH Values (Three Trials) 

Trial pH Value 

1 6.15 

2 6.20 

3 6.18 

Average pH = 6.18 

Discussion: pH Analysis: 

pH plays a crucial role in the physicochemical and microbial stability of food products. It 
influences taste, shelf-life, protein solubility, water-holding capacity, and enzymatic activity, 
making it a vital parameter for evaluating the quality and safety of plant-based meat analogues 
like seitan. 
In the current study, the beet-based vegan seitan demonstrated a mean pH of 6.18, with 
individual trials ranging from 6.15 to 6.20. This indicates that the product is slightly acidic to 

near-neutral, a favourable range for most high-moisture meat analogues. Such pH levels are 
beneficial for protein functionality, helping maintain the integrity and elasticity of the gluten 
network during cooking and storage. 
Several ingredients in the formulation may have contributed to this near-neutral pH: 

• Cooked beans tend to have a pH close to neutrality (pH 6.0–6.5), acting as a buffering 
agent in the formulation. 

• Beetroot, although slightly acidic in nature due to natural organic acids (e.g., oxalic 
acid), did not significantly lower the pH due to its low quantity relative to the overall 
dough mass. 

• Balsamic vinegar and maple syrup are both mildly acidic ingredients; however, they 

are present in small quantities and diluted within the formulation. 
• The inclusion of alkaline protein sources such as vital wheat gluten helps stabilize the 

pH toward neutrality. 
Maintaining a pH around 6.2 ensures a favourable environment for flavour retention, 

textural stability, and microbial safety. Products with too low a pH (<5.0) may have off-
Flavors and protein denaturation, while high pH values (>7.0) can encourage rapid microbial 
spoilage. The results from this study therefore suggest that the product is both organoleptically 

pleasant and microbiologically stable for short- to medium-term storage under refrigeration. 
Additionally, the pH affects colour retention, especially given the use of beetroot in the 
formulation. The slightly acidic environment helped maintain the vibrant reddish-pink hue 
of the beet pigments (betalains), enhancing the aesthetic appeal of the final seitan product. 
In conclusion, the average pH of 6.18 observed in the beet-based vegan seitan formulation 
supports functional stability, microbial safety, and sensory acceptability, making it a 
suitable candidate for both fresh and processed plant-based meat applications. 
7.3.2 Protein Estimation: 

The crude protein content of the developed beet-based vegan seitan was evaluated using the 
Kjeldahl method, a globally recognized and AOAC-approved technique for determining 
nitrogen and, by extension, total protein in food matrices. This method is especially suitable 
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for plant-based products due to its accuracy in quantifying organic nitrogen, which is then 
converted to protein using a nitrogen-to-protein conversion factor. 
In this analysis, the percentage of nitrogen was first determined by digesting the sample in 
sulfuric acid with a catalyst, distilling the ammonia released, and titrating it with standard acid. 
The resulting nitrogen content was then multiplied by the conventional conversion factor of 
6.25—commonly used for mixed plant protein sources—to estimate protein content. 
The experiment was conducted in triplicate using 1 g samples of steamed vegan seitan per trial. 
The individual and calculated results were as follows: 

Trial Nitrogen (%) Protein (%) = N × 6.25 

1      2.50              15.63% 

2      2.46               15.38% 

3      2.52               15.75% 

 
The mean crude protein content across the three replicates was 15.59%, with minimal variation 
(±0.19), indicating a consistent and reproducible protein profile for the developed formulation. 
This level of protein reflects the composition of the product, which is predominantly made up 
of vital wheat gluten—a highly concentrated protein source derived from wheat—and cooked 
beans, which also contribute to the amino acid and nitrogen content. The inclusion of beetroot, 
although primarily a source of fibre and phytochemicals, does not significantly dilute the 
protein concentration due to its relatively low nitrogen content. 
It is important to note that the Kjeldahl method determines total nitrogen, not exclusively 
protein-derived nitrogen. Hence, the values reported here may include small contributions from 
non-protein nitrogen compounds such as free amino acids, nucleic acids, and other nitrogenous 
substances, which are often naturally present in plant-based ingredients. However, these 
contributions are typically minor and do not significantly distort the final result. 
The protein content of 15.59% situates this beetroot-based vegan seitan as a moderate-protein 
meat analogue, suitable for vegetarians, vegans, and health-conscious consumers seeking 
alternative protein sources. While not as high as seitan made purely from wheat gluten (which 
can range from 25–30%), this formulation offers a balanced nutritional profile by incorporating 
legumes and vegetables, resulting in a more diverse amino acid profile and improved dietary 
fibre content is shown in figure 4. 
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Figure 4: Protein value 

 7.3.3 Fat Content 

The fat content of the formulated vegan seitan product incorporating beetroot was analysed 

using the Folch et al., (1957) lipid extraction method. This method involves solvent extraction 

using a chloroform: methanol (2:1 v/v) mixture, followed by phase separation with an aqueous 

solution and gravimetric quantification of the lipid residue after solvent evaporation. The Folch 

method is widely regarded as a gold standard in lipid research due to its high efficiency in 

extracting both polar and non-polar lipids from biological samples. 
The experimental analysis was conducted in triplicate, with each trial involving a 100 g sample 

of the seitan product. The resulting fat content values were as follows: 

Trial 1: 0.38% 

Trial 2: 0.37% 

Trial 3: 0.38% 

 
The mean crude fat content across the three trials was 0.377%, with minimal variation between 

replicates, indicating a high level of repeatability and consistency in the fat estimation method. 

This low-fat value is expected and consistent with the composition of the formulation, which 

primarily consists of vital wheat gluten, legumes (beans), and beetroot—all of which are 

naturally low in lipid content. Additionally, the recipe did not include any significant lipid 

sources such as vegetable oils or nuts, further contributing to the minimal fat presence. 
These findings are in agreement with prior studies that report low lipid concentrations in plant-

based meat analogues that are primarily gluten- or legume-based. Furthermore, the low-fat 
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content offers a nutritional advantage for health-conscious consumers and individuals 
managing dietary fat intake, especially when compared to traditional meat products or higher-
fat plant-based alternatives that incorporate oils or coconut-based ingredients. 
It is important to note that, due to the extremely low-fat nature of the sample, the efficiency of 
lipid recovery may be slightly influenced by handling losses or solvent evaporation errors, 
though these were minimized by using nitrogen drying and careful gravimetric procedures. 
Despite this, the precision across trials suggests the values are reliable is shown in figure 5. 

 
Figure 5: Fat Estimation value 

7.3.4 Fibre Content 

The total dietary fiber (TDF) of the beet-infused vegan seitan was determined using the AOAC 
991.43 enzymatic–gravimetric method, which is an internationally recognized standard for 
fiber quantification in food matrices. This method simulates the human digestive process by 
sequentially digesting the sample with α-amylase, protease, and amyl glucosidase to remove 
starch and protein. The remaining non-digestible fraction, composed primarily of dietary fiber, 
is then collected, dried, and weighed. Corrections for residual protein and ash content are made 
to ensure that only true dietary fiber is reported. 
In this study, the analysis was conducted in triplicate to assess reproducibility. The following 
values were obtained for 100 g samples of the final steamed seitan product: 

Trial 1: 14.3% 

Trial 2: 14.4% 

Trial 3: 14.7% 

 
The mean total dietary fiber content was calculated as 14.47%, with only slight variation across 
the three trials, reflecting the consistency of both the product composition and analytical 
methodology. These results suggest that the seitan is a significant source of dietary fiber, 
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particularly when compared to conventional animal-based meat products, which typically 
contain negligible or no dietary fiber. 
The relatively high fiber content in this product can be attributed to the inclusion of whole 
cooked beans and beetroot, both of which are rich in both soluble and insoluble fibers. Though 
vital wheat gluten itself contributes negligible fiber, its use in combination with legumes and 
vegetables enhances the functional and nutritional profile of the final product. Moreover, the 
steaming process likely helped retain fiber integrity, as opposed to other cooking methods such 
as frying or pressure cooking which may degrade some fibrous components. 
Dietary fiber is known to confer numerous health benefits, including improved digestive 
function, better glycemic control, and reduced risk of cardiovascular disease. Thus, the 
presence of nearly 14.5% fiber in this plant-based seitan formulation not only contributes to its 
functional food potential but also aligns with dietary recommendations for fiber intake in 
modern nutrition guidelines. 
7.3.5 Moisture Content Analysis 

The moisture content of the formulated beetroot-based vegan seitan was determined using the 
oven drying method, where samples are dried at 105°C until a constant weight is achieved. 
This method is based on gravimetric analysis and is widely accepted for determining the water 
content in food products. 
Procedure Overview: 

Each sample (approximately 5 g) was weighed, dried in a hot air oven at 105°C for 4–6 hours, 
then cooled in a desiccator and reweighed. Moisture content was calculated using the formula: 
   Moisture Content (%) = Initial Weight – Dry Weight×100 
                                                  Initial weight 
Observed Values: 

Trial Initial Weight (g) Dry Weight (g) Moisture Content (%) 

1 5.00 2.18 56.40% 

2 5.00 2.14 57.20% 

3 5.00 2.22 55.60% 

The average moisture content was calculated to be 56.40%. 

 
Figure 6: Moisture content  
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The moisture content of food products is a critical quality parameter that directly influences 
texture, shelf-life, microbial stability, and sensory attributes. In the current study, the beet-based 
vegan seitan exhibited an average moisture content of 56.40%, which is relatively high for a 
plant-based meat analogue is shown in figure 6. 
This elevated moisture level can be attributed to the composition and cooking method of the 
product. The inclusion of cooked beans and raw beetroot introduces substantial inherent water 
content, while the kneading of vital wheat gluten with added hot water facilitates strong 
hydration and binding. Moreover, the final steaming process ensures water is trapped within 
the protein matrix, enhancing both volume and softness. 
A moisture content in the range of 55–57% aligns with what is typically found in ready-to-eat 
or steamed plant-based meat products, where a juicy, tender mouthfeel is desired. Unlike dry 
or baked versions of seitan or textured vegetable protein, steamed seitan tends to mimic the 
succulence of traditional meat, making it more palatable and acceptable to consumers seeking 
meat alternatives. 
From a functional and technological standpoint, moisture plays a significant role in: 
Texture formation – contributing to chewiness and bite. 
Mouthfeel – enhancing sensory perception and product juiciness. 
Binding properties – ensuring structural integrity of the final product. 
However, the high-water content also raises concerns for microbiological stability. Without 
preservatives or low-temperature storage, products with >50% moisture content are prone to 
microbial spoilage and reduced shelf life. Therefore, appropriate packaging (e.g., vacuum 
sealing or modified atmosphere packaging) and refrigeration are essential to maintain quality 
and safety. 
Additionally, from a nutritional labelling and formulation perspective, the moisture value 
inversely affects the concentration of other nutrients (e.g., protein, fat, and fiber per 100 g). A 
higher moisture level dilutes the apparent concentration of dry nutrients, which must be 
accounted for during formulation and consumer communication. 
7.3.6 Water Holding Capacity: 

The Water Holding Capacity (WHC) of the developed beet-based vegan seitan was evaluated 
using the AACC Method 56-30.01 (Centrifugation Method) as described by Layla 

Godschalk-Broers et al. (2022). This method quantifies the ability of a food matrix to retain 
water against centrifugal force — an important functional parameter that affects both the 
texture and yield of plant-based meat analogues is shown in figure 7. 
Procedure Summary: 

1. 5 g of the cooked seitan sample was weighed and placed in a centrifuge tube. 
2. 25 g of distilled water was added and mixed thoroughly. 
3. The mixture was centrifuged at 2000 × g for 10 minutes at room temperature. 
4. The supernatant (unbound water) was decanted, and the sediment (hydrated matrix) 

was weighed. 
5. WHC was calculated as grams of water retained per gram of dry sample. 

WHC (g water/g dry sample) = (Weight of sediment – Weight of dry sample) 
                                                                    Weight of dry sample 
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 Observed Values: 

Trial Initial Sample (g) Sediment Weight (g) Water Retained (g) WHC (g/g) 

1 5.00 8.35 3.35 0.67 

2 5.00 8.40 3.40 0.68 

3 5.00 8.30 3.30 0.66 

Average WHC = 0.67 g water/g dry sample 

 
Figure 7: Water holding capacity of Seitan 

Water Holding Capacity (WHC) is a critical functional property in plant-based meat analogues, 
reflecting the ability of a product to retain water when subjected to external forces such as 
centrifugation, heating, or mechanical compression. A high WHC is often correlated with 
improved textural integrity, moisture retention during cooking, and enhanced sensory quality, 
including juiciness and mouthfeel. 
In the present study, the beet-based vegan seitan exhibited an average WHC of 0.67 g water 
per gram of dry sample, as determined by the centrifugation method (AACC 56-30.01). This 
indicates that the product was able to retain a substantial amount of water relative to its dry 
mass, even after being subjected to centrifugal force at 2000 g. This outcome is particularly 
significant considering that seitan, a gluten-based product, can sometimes suffer from low 
moisture retention if improperly formulated or overcooked. 
The hydrophilic nature of several ingredients used in the formulation contributed to this 
favourable result. The vital wheat gluten — the base protein source — provides a fibrous, 
elastic matrix that traps water during kneading and steaming. This network forms through 
disulfide bonds and hydrogen interactions among gliadin and glutenin fractions, which are 
further strengthened during heat processing (e.g., steaming), locking in moisture. 
Moreover, the addition of cooked beans played an important synergistic role. Legumes are 
naturally high in soluble and insoluble fibres, along with resistant starch, all of which exhibit 
high water absorption and retention capabilities. This combination likely enhanced the overall 
water-binding matrix of the product. Beetroot, another key ingredient, contributed natural 
pectin’s and complex polysaccharides, which are known to interact favourably with water 
molecules and expand in hydrated environments. These components not only increased water 
retention but also likely improved the cohesiveness and mouthfeel of the final product. 
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From a sensory and functional perspective, a WHC of 0.67 g/g lies within the desirable range 
for meat analogues, which typically falls between 0.60 and 0.80 g/g depending on the target 
application (e.g., burger patties, sausages, nuggets). Products with a WHC lower than 0.5 g/g 
often exhibit a dry and brittle texture, whereas very high WHC values (>0.8 g/g) may lead to 
sogginess or textural breakdown during storage and reheating. Thus, the result obtained here 
positions the developed seitan favourably for both cooking performance and consumer 
acceptability. 
Furthermore, high WHC has a positive impact on storage stability, as products that retain 
moisture well are less prone to weight loss and drying during refrigeration or freezing. This 
also implies better freeze–thaw stability, an important factor in the shelf-life of frozen ready-
to-eat or ready-to-cook products. 
Comparative analysis with literature shows that the WHC of traditional steamed seitan (without 
added legumes or vegetables) typically ranges from 0.50 to 0.60 g/g. Therefore, the 
incorporation of hydration-enhancing plant ingredients such as beetroot and beans has 
demonstrably improved the WHC of the formulation. 
In conclusion, the optimized WHC of the developed beetroot-based seitan formulation signifies 
excellent water retention ability, contributing to improved texture, processing yield, and 
consumer satisfaction. These findings underline the suitability of the product for commercial 
applications in plant-based meat alternatives, with desirable techno-functional properties and 
promising market potential. 
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