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ABSTRACT

to control sample in which no hydrocolloid was being added.

The rapid population growth challenges the protein supply from livestock, making plant-based meat a viable alternative. Soybean, a
legume with various health benefits, represents a healthy substitute. Defatted soy flour (byproduct of soybeans) is used as a main
ingredient in the development of soy-based meat substitutes due to high protein content. Hydrocolloid incorporation contributes to
enhance the sensory qualities and structural characteristics of soy-based meat owing to their thickening, gelation, and stabilizing
properties. Five treatments (TO, T1, T2, T3, T4, T5) were made using different combinations of Xanthan gum and guar gum, while TO
(control sample) was prepared without adding gum. Soy patties were subjected to comprehensive technical and sensory analysis and
results showed that the treatment T3 (2% xanthan & 2% guar gum) and T5 (4% xanthan gum) showed overall best results as compared
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Introduction

Meat is an essential component of a healthy diet since it gives the body
nutrients including protein, fats, vitamins, and minerals. Even though the
world's population is predicted to reach a peak of 9 billion people by 2050,
only 8 hillion of them will have access to enough food. Specifically, the
meat industry would need to increase output by 50-73% [1]. Although
eating meat has many health benefits, the high cholesterol and saturated fat
content of meat might lead to problems for people [2]. Moreover, the use of
animal-based proteins has raised questions about moral and religious
grounds [3]. Meat substitutes are a better option for the environment than
meat since they are made of plants, have a lower environmental effect, and
may offer a comparable level of protein [4]. The intake of plant-based meat
substitutes can lower blood pressure, cholesterol, saturated fats, body
weight, and risk factors for cancer, cardiovascular disease, stroke, diabetes,
and death [5].

Soybean is an annual legume crop which is comprised of approximately 37-
42% protein, 20% fat, 35% carbohydrate, 17% dietary fiber, 5% minerals,
and other nutrients. Besides that, it also contains nutritive components like
carbohydrates, vitamins, minerals, bioactive components, flavonoids. and
free sugar [6].

The byproduct of soybeans obtained from the oil extraction process from
soybean seeds is called defatted soy flour (DSF) and is rich in protein and
nutrients [7]. The high protein concentration of this substance makes it an
excellent starting point for the production of plant-based meat substitutes
[8].

Hydrocolloids are water-soluble or water-dispersible polysaccharides with
their ability to cross-link and bind protein filaments together that can
improve textural characteristics [9]. The cross-linking agent's xanthan and
guar gum are commonly used in meat products because of their emulsifying,
solubility, and gelation capabilities. These gums contribute to strengthening
the connections between proteins and polysaccharides [9].

The study aims to develop and evaluate the functionality of different
hydrocolloids in improving the texture and sensory attributes of soy-based
meat alternatives. Also, it assesses the nutritional profile and protein content
of a formulated soy-based meat substitute incorporating these
hydrocolloids.

Materials and Methods

Treatment plan

Treatment plan was applied by using the method described by [11].

Treatments Defatted Soy Flour | Hydrocolloids
(%) Xanthan Gum (%) Guar Gum (%)

To 100 -
T, 96 4
T, 96 1 3
Ts 96 2 2
T4 96 3 1
Ts 96 4 -
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Sample preparation
Samples for the treatment were prepared by using the method described by
[10].

[ Preparing premix of DSF + Spices + Gums J

4

[ Mixing premix with water J

-

[ Homogenizing mixture in chopper J

-

[ Soreading dough on butter paper J

-

[ Shaping patties with mold J

-

[ Sample tagging & packing in zioper bags J

4

[ Samples dividing into two portions J

Storing half Steam frying of remaining
sample at -18°C samples for 10 mint.
Proximate Analysis

Proximate analysis, such as moisture, crude protein, crude fat, crude fiber,
and ash for DSF and soy patties were performed using the techniques
outlined in AOAC (2019).

Color Analysis

The color analysis of the soy patties was done using a colorimeter using the
technique described by [12].

Water Holding Capacity

WHC was calculated using the method of [13].

Cooking Yield and Cooking Loss

All cooking measures were performed on samples from each treatment
using the method of [14].

Texture Analysis

The texture analysis of soy patties was performed by texture analyzer using
a procedure described by [13].

Sensory Analysis

The soy patties were evaluated by panel of students in UAF, using 9-point
hedonic scale following the methods described by [15].

Statistical analysis
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A statistical analysis was performed on the obtained data findings. Under
completely randomized design (CDR), one-way analysis of variance was
employed. The data was analyzed using Statistix 8.1 [16].

Results and Discussion

Proximate analysis

Moisture content

The analysis of moisture content showed that there existed a significant
effect in moisture content among the different combinations of soy patties.
A study by [17] shows similar results.

Crude Protein content

The analysis of crude protein showed that there existed a highly significant
effect (p<0.01) in protein content among the different combinations of soy
patties.

A study conducted by [10] is in correspondence to our study.

Crude Fat content

The results indicated a non-significant difference in the fat content across
the various combinations of soy patties.

The present findings were in conformity with the results of [18].

Crude fiber content

The result indicates that the impact was not statistically significant. A study
conducted by [15] is in correspondence to our study.

Ash content

Result indicates a minor decrease in ash content from T, to Ts, but the
impact was not statistically significant (p>0.05).

Results obtained from [10] were similar with the current study.

Result showed that there existed a highly significant difference (p<0.01) in
percent cooking loss and percent cooking yield. A study conducted by [10]

was in correspondence to our study.

Treatments WHC (%) Cooking Loss (%) Cooking Yield (%)
To 135.63 + 1.15¢ 12.26 +0.58* 76.51 +1.12¢
Ti 161.95 + 1.70¢ 10.81 +0.33% 83.42 £0.43¢
T2 165.62 + 1.03¢ 9.32 +0.47 86.38 + 0.69°
T3 175.51 +1.23* 5.96 +0.75%¢ 94.93 +0.58*
Ty 168.44 + 1.00% 6.92 + 0.894% 89.33 £0.42°
Ts 171.69 + 1.06° 7.91+0.61° 91.23 £0.33"

Texture Analysis
Texture measurements were carried out through Texture Analyzer TA-700.
The current study showed correspondence with the findings of [21].

Treatments Moisture Crude Crude Fat | Crude Ash

(%) Protein (%) (%) Fiber (%) Content
(%)

To 62.25 31.22 + 2.02+0.33* 2.78 + 7.71+1.012
0.304 0.60* 0.25°

Ti 65.25 + 22.95 + 1.97+0.17* 1.87 + 6.14 +0.89*
0.50° 0.79¢ 0.11?

T2 64.15 + 23.88 + 1.67 £0.42° 2.14 + 6.20 +0.37*
0.15¢ 0.68% 0.73

Ts 67.15 + 28.59 + 1.66 +0.51* 1.72 + 6.22 +£0.222
0.30° 0.60° 0.47

Ta 65.10 + 25.38 + 1.88 £0.99* 1.92 + 6.41 £0.56*
0.30% 0.63¢¢ 0.38*

Ts 64.75 + 26.51 + 1.91+0.36* 1.94 + 5.97 £ 0.46*
0.58b¢ 0.70¢ 0.28*

Color

A tool known as a colorimeter, which measures transmittances and
reflectance, is routinely used to objectively quantify color [19].Samples
were evaluated for color analysis using a colorimeter. L, a, and b were noted
as the intensity values used in the evaluation of color.

L"value:

The L value represents the sample's lightness. The variance analyses for L
value demonstrates a highly significant influence (p<0.01) across various
combinations of soy patties.

The study's findings and the color analysis were in agreement with [20].
a“value

There was a modest variation among the various combinations of soy
patties, although the effects were not statistically significant (p>0.05). The
results were well matched with [15].

b* value

Result indicates that there were minor variations across the soy patty
combinations, but the effects were not statistically significant (p>0.05).
The results were well matched with [15].

Treatments L" value a’ value b’ value

To 50.96 +0.67¢ 4.90 +0.31* 33.25+0.60°
Ti 52.84 +0.88¢ 5.19 £ 0.64° 33.31+0.79°
T, 54.25 £0.36¢ 4.92 +0.24° 32.65 +0.68°
Ts 56.21+0.70¢ 4.45 +0.45° 34.08 + 0.60°
Ts 58.20 + 0.40° 5.18+£0.37° 33.41+£0.63°
Ts 61.03 +0.64° 5.25+0.66" 34.21 +£0.70°

Water holding capacity

The result demonstrated a very significant impact (p<0.01) among the

various soy patty combinations.
The WHC analysis's findings agreed with [9].

Cooking loss and cooking yield
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Treatments Hardness (N) Springi G N) Cohesiveness
()
To 14.86 +0.79¢ 0.58 £0.07¢ 0.51 £0.01° 7.51 +£10.50¢
T1 23.93 £0.35° 0.76 +0.03% 0.57+£0.01* 13.29 +0.35
Tz 26.20 £ 0.51* 0.83 +£0.06* 0.58 £0.01* 14.81 +0.58*
Ts 21.29 £0.74¢ 0.73 £0.02% 0.56 £0.01° 11.97 £ 0.25°
Ta 19.73 £ 0.42¢ 0.69 +0.01% 0.53+0.01° 10.63 = 0.42¢
Ts 17.84 +0.55¢ 0.65 + 0.04" 0.52+0.01° 9.48 +0.62¢
Sensory Analysis
Color

Result showed significant effect among different combinations of soy
patties. A study conducted by [10] showed correspondence with the current.
Flavor

Result showed that there was a slight difference in the scores for flavor of
soy patties among six treatments and the effect observed was significant.
A study conducted by [22] showed correspondence with the current result.
Texture

Result showed significant effect among different combinations of soy
patties. A study conducted by [23] showed correspondence with the current
results.

Taste

The table shows the statistical analysis of soy patties made with varying
amounts of xanthan and guar gum.

A study conducted by [23] showed correspondence with the current results.
Overall acceptability

Result showed significant effect among different combinations of soy
patties. A study conducted by [22] showed correspondence with the current
results.

Conclusion

In conclusion, the overall assessment of the current study revealed that
hydrocolloids incorporation, especially xanthan gum and guar gum in soy
patties not only impacted its nutritional value but also enhanced the cooking
properties, textural characteristics and sensory attributes. Defatted soy
flour, high in protein content and other essential nutrients, is a potential
source for plant-based meat. Treatment T that contained 2%XG and 2%GG
and Ts having 4% XG showed overall best results as compared to control
sample in which no hydrocolloid was being added

Overall

Treatments Color Flavor Texture Taste Acceptability

To 6.31 + 5.04 + 6.51 + 7.40 + 5.51+0.25¢
0.4 0.29% 0.50¢ 0.46°

Ti 6.43 + | 5.11 + | 6.59 + | 5.57 + | 6.29+0.35¢
0.4 0.25% 0.35% 0.13"

Tz 7.5 + 6.25 + 7.41 + 4.73 + 7.01 £0.15°
0.25% 0.24% 0.49° 0.21°

Ts 7.95 + 7.02 £0.25% 7.79 + 533 + 7.60 +0.38%
0.51* 0.39* 0.85"

Ty 6.91 +0.42° 7.12 +0.42°
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7.42 + 7.35 + 6.01 +
0.54° 0.423° 0.62°
Ts 7.11 + 6.31 £0.25¢ 7.25 + 8.35 + 7.17 £0.320
0.62° 0.62%° 0.77*
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