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Plant-based and hybrid meat analogues are being developed as alternatives to traditional meat
products in response to concerns about sustainability, health, and the environment. The sensory
characteristics of these products, such as taste, texture, and aroma, play a crucial role in determining
consumer acceptance. This study aimed to evaluate the sensory characteristics of heat-treated hybrid
sausage analogs enriched with mushroom powder, using the TOPSIS multi-criteria decision-making
method. Sausages were formulated with 5%, 8%, and 10% mushroom powder and cooked using air
fryer and grill techniques. Sensory evaluation was conducted based on mouthfeel, texture,
appearance, flavour, and aroma. The collected data, along with assigned criterion weights, were
analyzed using the TOPSIS method to rank product preferences. According to the results, control
samples (AC and GC) ranked highest, while hybrid sausages containing 5% and 8% mushroom
powder and grilled (GMPSS5 and GMPS8) followed with relative closeness values of 0.7389 and
0.6600, respectively. Sausage analogs with 10% mushroom powder received the lowest preference

scores across both cooking methods.
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Introduction

Meat and meat products play a crucial role in human
nutrition, serving as rich sources of high biological value
proteins, B vitamins, iron, zinc, and beneficial fatty acids
(Toldra & Reig, 2011; Dogu & Sarigoban, 2015; Kutay et
al., 2024). These nutrients are essential for physiological
processes such as growth, tissue repair, and immune
function. However, with the rise in consumer awareness
regarding health and nutrition, concerns have emerged
over the negative attributes of conventional meat products
particularly their high content of saturated fat, cholesterol,
and salt. In response, the food industry has increasingly
focused on reformulating meat products by reducing
undesirable components and enriching them with
functional ingredients (Young, 2000; Dogu & Sarigoban,
2015; Mukumbo et al., 2021).

One promising strategy that has gained momentum is
the development of hybrid foods, which combine animal-
based ingredients with plant-based components. These
products aim to lower fat and calorie content while
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maintaining acceptable flavor, texture, and consumer
appeal (Grasso, 2020). Among plant-derived ingredients,
mushrooms have emerged as a particularly suitable meat
extender or substitute, not only because of their umami
flavor and fibrous texture, but also due to their rich
nutritional profile and abundance of bioactive compounds
(Camara et al., 2024).

Sausages, a traditional and highly popular dry-
fermented sausage in Turkey, offers a versatile matrix for
incorporating functional ingredients while preserving its
cultural and sensory identity (Arslan et al., 2023; TGK,
2019). The addition of mushroom powder to sausages
could enhance its nutritional and functional value due to
the mushroom’s low-fat content and high levels of protein,
dietary fiber, essential minerals, and antioxidants
(Rodrigues et al., 2015; Atila et al., 2017). Furthermore,
mushrooms may help prevent quality deterioration, such as
lipid oxidation, by contributing natural antioxidant
compounds (Perez-Montes et al., 2021).
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Despite these advantages, consumer acceptance of
hybrid meat products depends heavily on their sensory
attributes  flavor, texture, appearance, and overall
palatability (Spencer & Guinard, 2018; Hartmann et al.,
2022). As such, it is critical to assess how different
formulations and cooking methods impact these attributes.

The main objective of this study is to determine how
the sensory properties of heat-treated hybrid sausages, with
different concentrations of mushroom powder, change
when cooked using different techniques, specifically an air
fryer and a grill. Given the complexity of sensory
evaluation involving multiple attributes such as
appearance, aroma, texture, and flavor, the Technique for
Order Preference by Similarity to an Ideal Solution
(TOPSIS) was used to analyze the sensory data. As a multi-
criteria decision-making (MCDM) tool, TOPSIS enables a
systematic and integrated comparison of alternatives based
on their closeness to an ideal product, offering a more
comprehensive understanding of consumer preference
trends.

Material and Methods

Materials

The mushroom powder used in this study was
commercially obtained in powder form from Kurucum
Gida A.S. (Tiirkiye), as well as the meat, fat, and spices
used in sausage production (Yildiz Et A.S. /Turkey), were
obtained from local producers.

Production of Heat-Treated Hybrid Sausage Analogs

The production process of heat-treated hybrid sausages
began with the preparation of meat and fat, which were first
diced and minced. Subsequently, spices including garlic,
salt, cumin, black pepper, and allspice were added to the
mixture, along with sodium nitrite, ascorbic acid, sucrose,
and various other additives (Toptanci & Ergoskun, 2017).
Mushroom powder was added in concentrations of 5%,
8%, and 10%, and then mixed and kneaded until a
homogeneous consistency was achieved. These addition
rates were established based on preliminary trials. During
these trials, concentrations exceeding 10% were deemed
unsuitable for sensory acceptability hence, this level was
set as the maximum limit.

After kneading, the mixture was minced again using a
3 mm plate to obtain a finer texture. The resulting mince
was allowed to mature at 4°C for approximately 12 hours.
The matured mixture was then stuffed into natural casings,
and the sausages were heat-treated at 65°C for 30 minutes,
ensuring that the internal temperature reached 63°C.
Following heat treatment, the sausages were pre-cooled
using a cold water spray until the core temperature dropped
below 10°C.

The detailed formulations of the sausages containing
different levels of mushroom powder are presented in
Table 1.

Application of Different Cooking Methods

The hybrid sausage analogs and control sausages were
cooked using two distinct methods: an air fryer and a grill.
For the air fryer method, the samples were cooked at 80 °C
for 3 minutes using a Kumtel fastfrayer model. For the
grilling method, the sausages were set at a temperature of
65°C and then cooked on the grill using a Salco model for
2 minutes on each side. After cooking, the samples were
immediately prepared for sensory analysis.

Sensory Analysis

The sensory properties of the experimental sausage
samples were evaluated by a panel of twenty-five trained
assessors. The panel consisted of 13 females and 12 males,
all non-smokers, who were briefed in advance on the
sensory evaluation procedures. Prior to the assessment,
participants were informed about the product composition
and screened for any potential allergies. The assessors were
selected from the academic staff and graduate students of
the Department of Food Hygiene and Technology, Faculty
of Veterinary Medicine, Sivas Cumhuriyet University.

Panelists were asked to evaluate the intensity of various
sensory attributes using a 9-point hedonic scale. The
evaluated attributes included mouthfeel, texture,
appearance, flavor, and aroma. The scale ranged from 1
(Extremely poor) to 9 (Excellent), with the following
intermediate values: 2 = Very poor, 3 = Poor, 4 = Below
average, 5 = Average, 6 = Above average, 7= Good, and 8
= Very good. Final scores for each sample were calculated
as the mean of the panelists’ ratings (Chacon et al., 2006).

TOPSIS (Technique for Order Preference by
Similarity to an Ideal Solution) Analysis Method

The TOPSIS analysis was conducted based on the
criteria evaluated in the sensory analysis (Figure 1).

The TOPSIS method is a widely used multi-criteria
decision-making (MCDM) technique and is considered a
strong alternative to other methods. The fundamental
principle of TOPSIS is to identify the alternative that is
simultaneously closest to the ideal solution and farthest
from the negative-ideal solution. The ranking of
alternatives is determined based on their Euclidean
distances from these two reference points. A key
assumption in TOPSIS is that the utility of each criterion is
monotonically increasing or decreasing, which simplifies
the identification of the ideal and negative-ideal solutions
(Pohekar & Ramachandran, 2014).

Table 1. Formulations of Hybrid Sausage Analogs Containing Different Levels of Mushroom Powder

Ingredients/ Groups Fat-containing meat (%) Mushroom Powder (%) Other ingredients (%)
C 93 0 7
MPSS5 88 5 7
MPSS8 85 8 7
MPS10 83 10 7

C: Sausages without mushroom powder; MPS5: Hybrid sausages with 5% mushroom powder; MPS8: Hybrid sausages with 8% mushroom powder;

MPS10: Hybrid sausages with 10% mushroom powder.
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Figure 1. Decision hierarchy process of the hybrid

sausage analogs and control sausages
AC: Airfrey Control, AMPSS: Airfrey Hybrid sausages with 5%
mushroom powder, AMPSS8: Airfrey Hybrid sausages with 8%
mushroom powder, AMPS10: Airfrey Hybrid sausages with 10%
mushroom powder, GC: Grill control, GMPSS5: Grill Hybrid sausages
with 5% mushroom powder, GMPSS: Grill Hybrid sausages with 8%
mushroom powder, GMPS10: Grill Hybrid sausages with 10%
mushroom powder.

The TOPSIS methodology consists of the following
steps:

1.Normalization of the Decision Matrix:

This step transforms the criteria into a non-dimensional
format, enabling comparisons across different units. The
normalized decision matrix (7;) is computed using standard
normalization formulas.
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2.Construction of the Weighted Normalized Matrix.:

Weights (wy) are assigned to each criterion to reflect
their relative importance. These weights are then applied to
the normalized decision matrix to obtain the weighted
normalized matrix (Y});
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3.Determination of Positive and Negative Ideal
Solutions:

From the weighted normalized matrix, the best
(positive ideal, A*) and worst (negative ideal, A-) values
for each criterion are identified.

*

A* { * *
=W, Vs seen,V .
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4.Calculation of the Distances from the Ideal Solutions:

The Euclidean distance of each alternative from the
positive ideal solution (D;*) and from the negative ideal
solution (D;") is calculated.

5.Computation of the Relative Closeness Coefficient;
The relative closeness of each alternative to the ideal
solution is determined by the formula:

* D;

R =———=
D; + D,
6.Ranking of Alternatives:
Finally, the alternatives are ranked in descending order
based on their R;* values. The alternative with the highest

R/ is considered the most preferable (Sadeghzadeh K,
Salehi, 2011; Thibault et al. 1990).

Result and Discussions

Sensory Analysis Results

As shown in Figure 2, the radar plots illustrate the raw
average scores of the sausage samples across five sensory
attributes: appearance, aroma, mouthfeel, flavour, and
texture. The control samples, particularly AC and GC,
consistently received higher scores across most attributes,
notably in flavour and mouthfeel, which suggests that the
panelists found the traditional formulation more appealing.
Among the hybrid samples, GMPS5 and GMPSS also
showed relatively high scores, especially in flavour and
aroma, indicating that grilling and moderate mushroom
powder concentration produced a favorable sensory
profile. Conversely, samples with 10% mushroom powder
(AMPS10 and GMPS10) generally scored lower,
particularly in mouthfeel and texture, which may be
attributed to the high concentration of the additive
impacting the product's structure.

In a study where cheese powder obtained by spray
drying and lyophilization techniques was added to
sausages, sensory evaluation revealed that the addition of
cheese powder had a positive effect on the liking scores
(Yalgmgiray et al., 2022). In a study examining the effects
of purple and orange sweet potato dietary fiber
concentrates on heat-treated sausages, it was observed that
the ingredients added to the sausage formulation affected
the sensory properties (Goksel Sarag et al., 2021). It was
observed that adding salep in the range of 2.5-10% did not
cause any changes in the sensory properties of sausage,
such as taste, aroma, color, and smell, but had a negative
effect on chewability (Gok et al., 2018).

Topsis Application

Prior to the TOPSIS analysis, the evaluation criteria
were assessed by a panel of experts. For the sausage
samples, the criteria weights were determined using the
Saaty Scale— a fundamental scale used within the Analytic
Hierarchy Process (AHP).
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Figure 2. Sensory evaluation of hybrid sausage analogs and control sausages
AC: Airfrey Control, AMPSS: Airfrey Hybrid sausages with 5% mushroom powder, AMPSS: Airfrey Hybrid sausages with 8% mushroom powder,
AMPS10: Airfrey Hybrid sausages with 10% mushroom powder, GC: Grill control, GMPSS: Grill Hybrid sausages with 5% mushroom powder,
GMPSS: Grill Hybrid sausages with 8% mushroom powder, GMPS10: Grill Hybrid sausages with 10% mushroom powder.

Table 2. Pairwise comparison scale for AHP preferences (Saaty, 1980)

Ratings of Samples

Verbal Description

1 Equally preferred
3 Moderately preferred
5 Strong importance
7 Very strong importance
9 Extreme importance
Table 3. Normalization matrix of the TOPSIS application

Samples Mouthfeel Texture Appearance Flavour Aroma
AC 0.3180 0.3177 0.3223 0.3197 0.3323
AMPS5 0.3689 0.3772 0.3617 0.3499 0.3511
AMPSS 0.3480 0.3482 0.3939 0.3499 0.3511
AMPS10 0.4099 0.3936 0.3939 0.3946 0.3877
GC 0.3294 0.3353 0.3110 0.3372 0.3265
GMPSS5 0.3354 0.3233 0.3475 0.3434 0.3511
GMPSS 0.3416 0.3482 0.3344 0.3499 0.3446
GMPS10 0.3689 0.3772 0.3545 0.3785 0.3797

AC: Airfrey Control, AMPSS5: Airfrey Hybrid sausages with 5% mushroom powder, AMPS8: Airfrey Hybrid sausages with 8% mushroom powder,
AMPSI10: Airfrey Hybrid sausages with 10% mushroom powder, GC: Grill control, GMPSS5: Grill Hybrid sausages with 5% mushroom powder,
GMPSS: Grill Hybrid sausages with 8% mushroom powder, GMPS10: Grill Hybrid sausages with 10% mushroom powder.

The experts assigned the following importance scores:
Flavour (9), Mouthfeel (7), Aroma (5), Texture (3), and
Appearance (1). These weights were then incorporated into
the TOPSIS method to rank the alternatives. In Multi-
Criteria Decision Making (MCDM) methods, particularly
the AHP, the 1-9 scale used for comparing criteria or
alternatives is known as the Saaty Scale, or Saaty's
Fundamental Scale. Developed by Thomas L. Saaty, this
scale allows decision-makers to express the relative
importance of one criterion over another, forming the basis
for pair-wise comparisons (Saaty, 1980; Saaty, 1994).

The sensory data obtained from the panel was analyzed
using the TOPSIS multi-criteria decision-making method.
Table 3 presents the normalized decision matrix, where the raw
sensory scores were converted into a dimensionless format to
allow for a direct comparison across different criteria.

The weighted normalized decision matrix, as shown in
Table 4, was then constructed by applying the
predetermined Saaty scale weights (Flavour: 9, Mouthfeel:
7, Aroma: 5, Texture: 3, Appearance: 1) to the normalized
matrix. This weighted matrix is a crucial intermediate step
in the TOPSIS methodology, as it incorporates the relative
importance of each sensory criterion as perceived by the
panelists. It is important to note that the values within this
matrix should not be interpreted independently as a
measure of a sample's superiority in a single attribute.
Instead, this matrix serves as the basis for calculating the
Euclidean distances from the ideal and anti-ideal solutions
in the subsequent analytical steps, which will ultimately
determine the final preference ranking of the sausage
samples.
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Table 4. Weighted normalization matrix of TOPSIS application

Samples Mouthfeel Texture Appearance Flavour Aroma
AC 0.0876 0.0500 0.0126 0.1134 0.0576
AMPS5 0.1016 0.0594 0.0142 0.1241 0.0608
AMPSS8 0.0959 0.0548 0.0154 0.1241 0.0608
AMPS10 0.1129 0.0619 0.0154 0.1399 0.0672
GC 0.0907 0.0528 0.0122 0.1196 0.0566
GMPSS5 0.0924 0.0509 0.0136 0.1218 0.0608
GMPS8 0.0941 0.0548 0.0131 0.1241 0.0597
GMPS10 0.1016 0.0594 0.0139 0.1342 0.0658

AC: Airfrey Control, AMPSS: Airfrey Hybrid sausages with 5% mushroom powder, AMPSS: Airfrey Hybrid sausages with 8% mushroom powder,
AMPS10: Airfrey Hybrid sausages with 10% mushroom powder, GC: Grill control, GMPSS5: Grill Hybrid sausages with 5% mushroom powder,
GMPSS: Grill Hybrid sausages with 8% mushroom powder, GMPS10: Grill Hybrid sausages with 10% mushroom powder.

Table 5. Evaluation of Hybrid Sausage Analogs Using TOPSIS: Distances from Ideal Solutions and Final Ranking

Samples Di* Di R/ Preference Order
AC 0.0398 0.0011 0.9731 1
AMPS5 0.0207 0.0205 0.5017 6
AMPSS 0.0252 0.0153 0.6215 5
AMPS10 0.0000 0.0401 0.0000 8
GC 0.0334 0.0075 0.8172 2
GMPSS5 0.0303 0.0107 0.7389 3
GMPSS 0.0268 0.0138 0.6600 4
GMPS10 0.0131 0.0284 0.3154 7

AC: Airfrey Control, AMPSS5: Airfrey Hybrid sausages with 5% mushroom powder, AMPS8: Airfrey Hybrid sausages with 8% mushroom powder,
AMPSI10: Airfrey Hybrid sausages with 10% mushroom powder, GC: Grill control, GMPSS5: Grill Hybrid sausages with 5% mushroom powder,

GMPSS: Grill Hybrid sausages with 8% mushroom powder, GMPS10: Grill Hybrid sausages with 10% mushroom powder.

The final ranking of the hybrid sausage analogs, based
on their sensory attributes, was determined using the
TOPSIS method. As shown in Table 5, the distances of
each sample from the positive ideal solution (D;") and the
negative ideal solution (D;”) were calculated, which were
then used to compute the relative closeness coefficient (R;”)
for each alternative.

The control samples, AC (Air Fryer) and GC (Grill),
achieved the highest relative closeness coefficients (R;") of
0.9731 and 0.8172, respectively, securing the first and
second ranks. This indicates that the panelists showed a
strong preference for the sensory profile of the control
sausages, regardless of the cooking method.

Among the hybrid sausage analogs, the GMPSS5 sample
(Grilled, 5% mushroom powder) and GMPS8 sample
(Grilled, 8% mushroom powder) were the most preferred,
ranking third and fourth with R;" values of 0.7389 and
0.6600. This suggests that the grilling technique, combined
with moderate concentrations of mushroom powder,
produced a sensory profile that was well-received by the
panelists.

Conversely, the samples containing the highest
concentration of mushroom powder (10%) and cooked
with the air fryer (AMPS10) and grill (GMPS10) ranked
the lowest, with R;" values of 0.0000 and 0.3154,
respectively. The extremely low R;* value of the AMPS10
sample indicates that it was perceived as the least favorable
option, being the farthest from the ideal solution and
closest to the anti-ideal solution. These results collectively
suggest that while moderate mushroom powder inclusion
can yield acceptable sensory characteristics, a 10%
concentration negatively impacts overall consumer
preference, potentially due to an overpowering flavor or
textural changes.

Multi-Criteria Decision Making (MCDM) techniques,
such as the Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS), have been widely utilized in
the literature for the sensory evaluation of food products.
For instance, in studies focusing on instant hot chocolate
beverages, a high fat content is often identified as a highly
preferred characteristic among consumers. In this context,
TOPSIS can be used to evaluate the effects of varying
cocoa butter ratios and to assist in selecting the optimum
fat content (Dogan et al., 2016). In another study, also
utilizing Multi-Criteria Decision Making (MCDM)
techniques, the TOPSIS method was applied to determine
the most suitable strawberry flavor for the production of
prebiotic pudding (Gurmeric et al., 2013). A study
investigating the optimal frying conditions for fish utilized
the Analytical Hierarchy Process (AHP) to evaluate
sensory data, which led to the determination of the most
favorable frying parameters. This research demonstrates
that Multi-Criteria Decision Making (MCDM) techniques
can be applied not only for product formulation but also for
the optimization of production conditions (Sadhu et al.,
2022). Multi-criteria decision-making techniques, such as
WASPAS-SWARA, have been applied in the sensory
evaluation of food products. For instance, in a study
investigating the sensory properties of vegan muffins with
scarlet runner bean flour, the WASPAS-SWARA method
was used to determine the most preferred formulation
(Goksel Sarag et al., 2022). Using the ELECTRE
(Elimination and Choice Expressing Reality) method for
sensory analysis, researchers investigated the effects of
non-starchy dietary fibers on Turkish noodle samples. The
results indicated that the inulin-based noodle was the most
preferred product after the control sample (Goksel Sarag,
2021). Similarly, in a study investigating the effects of
various plant-based (soy, pea, and wheat) and animal-
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based (whey protein and egg white) proteins on noodle
production, the TOPSIS method was applied for sensory
evaluation. The findings of this study revealed that noodles
produced with whey protein were the most preferred, while
those made with egg white were the firmest (Goksel Sarag,
2021). In a study that investigated some properties of
vacuum-marinated beef with different aromatic plants, the
SAW (Simple Additive Weighting) technique was applied
to determine the most preferred products during storage
(Seker et al., 2021). Similarly, the SAW (Simple Additive
Weighting) technique was utilized for sensory evaluation
in a study where lokum samples were enriched with
albedos (Goksel Sarag &Dedebas, 2019). These findings,
consistent with various studies in the literature that apply
MCDM techniques for product optimization, collectively
demonstrate the efficacy of the TOPSIS method in
objectively ranking sensory attributes, thereby providing a
robust framework for future food formulation and process
development studies.

Conclusion

This study successfully investigated the effects of
mushroom powder fortification and different cooking
methods (air fryer and grill) on the sensory characteristics
of hybrid sausage analogs, utilizing the TOPSIS method
for objective evaluation. The findings demonstrate that
while the control samples without mushroom powder were
the most preferred by the sensory panel, hybrid
formulations with moderate concentrations of mushroom
powder (5% and 8%), particularly when grilled, also
received high preference scores. This suggests that the
inclusion of mushroom powder at these levels can be a
viable strategy for developing functional meat products
with acceptable sensory properties. Conversely, the 10%
mushroom powder concentration was found to be
detrimental to overall sensory quality, indicating a
threshold beyond which the negative effects on taste,
aroma, or texture become significant. The application of
the TOPSIS method proved to be an effective tool for
objectively ranking the complex sensory data, providing
clear guidance for product optimization. Future research
should focus on exploring lower concentrations of
mushroom powder, combining it with other functional
ingredients, or utilizing different mushroom varieties to
further enhance the sensory profile of hybrid meat
products.
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