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future environment. The factors that lead to this shift is due to low fat
and calorie foods intake, flexitarians, animal disease, natural resources
depletion, and to reduce greenhouse gas emission
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Aims: The aim of this study was to produce plant-based (PB) burgers
Keywords: and investigate their textural properties and fatty acid profiles, as well
Meat analogue, Soy protein | as to compare them with meat-based (MB) burgers.
isolate, Plant-based burger,
Fatty acid profile, Texture Methods: Soy protein isolate was utilized to develop the plant-based
profile. burgers. The samples were then evaluated for their physicochemical
characteristics at 30-day intervals over a 90-day storage period.

Results: The cooking loss and shrinkage were higher in MB burgers
than in PB burgers throughout the storage period. The highest and
lowest L* values were observed in raw MB burgers (145.96) in the
third month and cooked PB burgers (120.97) in the second month,
respectively. The a* and b* values showed a significant increase and
decrease, respectively, upon cooking the two burger samples (p<0.05).
No significant differences were found in the textural parameters of
hardness, adhesiveness, chewiness, and gumminess (p>0.05). The
highest proportion of unsaturated fatty acids (78.08%) in the PB
burgers was dominated by linoleic acid (omega-6, 49.83%).

Conclusion: Considering the suitable physicochemical properties of
the plant-based burgers, this product can be introduced as a suitable
alternative to conventional meat-based burgers.
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Extended Abstract

Introduction: Awareness of population health
and sustainable foods has raised the concept of
plant-based protein innovation in many
countries.  Consumption of plant-based
proteins in food products has increased over
the years due to animal diseases, high demand
for healthier foods, and economic reasons.
Therefore, the development and innovation of
a new food product that meets consumer
demand is highly challenging. Quality,
nutrition, and sensory characteristics are the
primary parameters that must be considered
before developing a plant-based protein diet.

Meat analogue products refer to the
substitution of the main ingredient with a non-
meat component. These products started in
Western markets, such as tofu (soy cheese) and
textured soy protein, in the early 1960s, and
consumer interest in meat analogues has
recently increased. The growing importance of
meat analogues in the current trend is due to
consumer awareness of health in their diet and
for a better environment in the future. Factors
leading to this change include the consumption
of low-fat and low-calorie foods, flexibility,
animal diseases, reduced natural resources,
and reduced greenhouse gas emissions.

Currently, the meat analogue products
available on the market are plant-based meats
with similar quality (i.e., texture and taste) to
conventional meats. The main ingredients used
are soy proteins. In addition to these traditional
Asian products, textured vegetable proteins
(TVPs) were the first examples of meat
analogues made from defatted soy meal, soy
protein concentrate, or wheat gluten. The
introduction of these TVVPs as meat substitutes
appeared in the mid to late 20th century. TVP
is a key plant-based protein food that has been
used to replace a portion of the meat in burger
products to increase water-holding capacity
and protein content, create a meat-like texture
(such as softness and doughy texture), and
reduce the amount of saturated fats and
product cost.

Soy protein is a cost-effective and reliable
protein source that can be used as a substitute
for animal protein in food products. Soy
protein isolate (SPI) has meat-like textural
characteristics, and is utilized in the production
of various food products. Additionally, the
fatty acid profile of SPI is healthier compared
to animal-based products.

Textured vegetable protein (TVP) also has an
elastic and spongy texture, making it a suitable
meat substitute in analog products. While
some studies have indicated that sensory
aspects, particularly aroma, can be a deterrent
for some consumers, improving the sensory
quality and similarity to meat-containing
products can make plant-based alternatives
more appealing to consumers.

Materials and Methods

The production and evaluation of both meat-
based and plant-based burger samples were
carried out at an agricultural education center.
This controlled environment allowed for
consistent manufacturing processes and
comprehensive analysis of the burger
properties.

For the meat-based burger, fresh beef was
procured and ground to a fine consistency. The
ground beef was then mixed with chopped
onions, solid vegetable oil, and a blend of
powdered seasonings and binders. Water and
ice were incorporated to create a homogeneous
dough-like mixture.

The plant-based burger relied on soy protein
isolate as the primary ingredient. The soy
protein was first soaked to hydrate, then
combined with hydrogenated soybean oil and
onions. This mixture was ground and blended
with  a similar powdered ingredient
formulation as the meat-based version.

Both burger doughs were carefully portioned,
molded into patties, and packaged for frozen
storage at -18°C. Samples from each type were
evaluated at 1, 2, and 3 months of frozen
storage to assess changes in post-cooking
properties, color, and texture over time.

Prior to analysis, the frozen burger samples
were thawed in a refrigerator for 24 hours. The
raw patties were weighed, and their diameter
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and thickness were measured. The burgers
were then pan-fried at 130°C for 7 minutes,
flipping halfway through the cooking time.
Post-cooking weight, diameter, and thickness
were recorded to calculate cooking loss and
shrinkage.

Texture profile analysis was conducted using a
Texture Analyzer. The burgers underwent a
two-cycle compression test, and key textural
attributes such as hardness, cohesiveness,
adhesiveness, springiness, and chewiness were
evaluated.

Color analysis was performed using a digital
camera and image analysis software. Nine
random points on the surface of each burger
sample were measured, and the mean values of
L* (lightness), a* (redness), and b*
(yellowness) color indices were reported.

To determine the fatty acid profiles, the oil was
extracted from the burger samples and
analyzed using a gas chromatograph equipped
with a flame ionization detector (GC-FID).
The fatty acid methyl esters were identified
and quantified according to the AOCS method,
providing insights into the differences in lipid
composition between the meat-based and
plant-based burgers.

This comprehensive set of analyses, conducted
at multiple timepoints during frozen storage,
allowed for a thorough evaluation and
comparison of the physical, textural, and
compositional properties of the two burger
types.Results and discussion: The study
highlights that the presence of specific bonds
has increased elasticity in the burgers, leading
to reduced cooking loss and shrinkage in the
plant-based  burger.  Additionally, the
incorporation of fish protein isolate in burgers
has been shown to decrease cooking loss and
shrinkage as well. Another study noted that
increasing the amount of acorn flour (0, 3, 6,
and 9 percent) resulted in reduced cooking loss
and shrinkage in burger samples. This was
attributed to the acorn flour's ability to retain
fat, which helped prevent the loss of meat
juices during cooking. The study examines the
impact of various factors on the color indices
(L*, a*, b*) of meat and plant-based burgers

during storage. Results show significant
influences from time, composition, and
temperature. The raw meat burger exhibited a
higher L* index compared to the raw plant-
based burger. Cooking increased the a* index
in both burger types, with the cooked meat
burger showing the highest value. The b*
index decreased upon cooking, while both raw
samples experienced an increase in storage
time, particularly in the plant-based burger,
which showed significant changes by the third
month. Color is a crucial factor influencing
consumer choice in meat products. In cooked
samples, the a* index increased for both plant-
based and meat burgers, while the L* and b*
indices decreased. These changes may result
from myoglobin state alterations, water
release, and Maillard reactions during cooking,
affecting the brightness of cooked meat
products. The lowest L* and highest a* and b*
in plant-based burgers may be attributed to the
yellow hue of soy protein isolate and fiber,
which could also explain the higher L* and b*
values in cooked plant-based burgers. Texture
profile analysis evaluated parameters such as
firmness, stickiness, elasticity, cohesiveness,
gumminess, and chewiness in meat and plant-
based burgers during storage. Statistical
analysis showed significant differences in
elasticity and cohesiveness, while other
parameters  exhibited no  significant
differences. Texture measurements are key in
determining final product quality and
ingredient selection. Parameters such as
firmness, elasticity, and chewiness tend to
increase, aligning with current findings. It was
observed that as acorn flour content increased
(0, 3, 6, and 9%), chewiness and elasticity
decreased in burger samples due to reduced
water and fat content. Gumminess, defined as
the energy required to crush a semi-solid food
until ready for swallowing, is calculated by
multiplying firmness by cohesiveness. Results
indicated a decrease in gumminess for both
plant-based and meat burgers during storage,
although this change was not statistically
significant. Notably, gumminess was lower in
plant-based burgers, possibly due to the
inclusion of carrageenan in their formulation.
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Chewability, representing the effort needed to
chew, is derived from the product of elasticity
and gumminess. Results suggested that meat
burgers required more effort to chew compared
to plant-based alternatives. Additionally, the
fatty acid profile analysis through GC-FID
revealed higher unsaturated fatty acids in
plant-based burgers, particularly linoleic acid,
compared to meat burgers, which exhibited
higher saturated fat levels. The essential fatty
acids for human health include C18:1, C18:2,
and C18:3, which were present in plant-based
burgers but only C18:1 and C18:2 was found
in meat burgers. The plant-based burger
exhibited higher levels of unsaturated fatty
acids, specifically C18:1 (22.67%), C18:2
(49.83%), and C18:3 (5.58%), amounting to a
total of 78.08%. Conversely, the meat burger
contained only 41.4% unsaturated fatty acids.
Notably, oleic acid (C18:1 ®-9) was
predominant in both types of burgers. The
difference in fatty acid profiles suggests that
plant-based burgers may provide greater health
benefits compared to meat burgers.
Conclusion: Today, the modern global
population is increasingly aware of healthy and
sustainable food options, leading to a reduction
in meat consumption. Utilizing healthier plant-
based protein sources as meat alternatives can
reduce the risk of stroke, diabetes, and cancer.
This study employed soy protein isolate in
burgers, demonstrating comparable texture
and color to meat burgers, while showing
advantageous characteristics like reduced
cooking loss and shrinkage. Additionally, the
fatty acid profile revealed that the plant-based
burger was rich in unsaturated fatty acids,
offering greater health benefits than its meat
counterpart, indicating the potential for plant-
based burgers in the industry.
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Table 1- Formulation for the production of meat
and plant-based burgers

Meat burger Plant-based burger
Ingredients Amount Ingredients Amount
(%) (%)
Meat 30 Soy protein 20
isolate
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Toasted 10 Hydrogenat_ed 12
flour Soybean oil
Soy 12 Toasted flour 3.2
Onion 15 Gluten 5
spice 1 White flour 3
Salt 1 Onion 16
\I/t:/Zti 26 Sweet pepper 2
Spice 1.1
Salt 1.3
Carrageenan 07
gum
Potato fiber 1
Egg 7
Ice & water 26
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Table 2- Investigating the characteristics of after cooking in plant-based and meat burgers during the storage

Parameter (%)

product Storage during (Month) Cook loss Shrinkage
1 19.13+1.92%  5.42+2.02¢
Plant-based burger 2 15.71+1.95¢  9.39+1.97°¢
3 8.48+2.187  2.86+1.94°
1 23.74+1.72%  19.39+2°2
Meat burger 2 16.69+1.9%  14.45+1.96°
3 21.36+£1.94%° 9.13+2.03°

* Data are reported in two replications in terms of (Mean + SD value).
" The similar small letters (a-f) in each column indicate no significant difference (p>0.05) based on the Duncan test

between the means.
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Table 3- Evaluation of color indices (L", a", b") of plant-based and meat burgers during the storage period

Storage

Product (month) L* a* b*

1 27.77+1.99¢™ 7.88+2.00%¢ 23.22+1.99%

Non-Cooked 2 31.00+2.02% 5.44+1 9% 27.66+2.02°

3 44.1142.00% 1.11+1.89f 36.55+2.00?

P"’g‘l};g:fed 1 2555+1.91¢  12.11+1.89%  11.2242.03°

Cooked 2 20.55+1.97f 11.11+1.96%¢ 9.88+2.00¢
3 38.11+2.01% 8.88+2.02°« 25.00£1.97%
1 39.33+2.023c 7.2242.00¢ 23.00+2.02°¢
Non-Cooked 2 41.22+2.00%c 6.33+2.03¢ 22.77+0.65
3 45.44+1.962 2.22+1.95¢f 24.44+2.00°°

Meat burger

1 35.11+2.01« 13.77+1.89°2 19.33+2.00%
Cooked 2 25.77+1.95¢f 12.55+1.99% 20.88+2.03%
3 28.22+1.89¢ 14.33+1.97¢ 13.55+1.96¢%

*Data are reported in two replications in terms of (Mean + SD value).
" The similar small letters (a-f) in each column indicate no significant difference (p>0.05) based on the Duncan test

between the means.
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Table 4- Investigating the texture profile of plant base burger and meat burgers during the storage period

Plant-based burger

Meat burger

Parameter Day 30 Day 60 Day 30 Day 60 Day 90
Hardness (g) 9241615 09.66+17.34° 99.66+18.64° 100.5£12.00° 111.5421.01° 115.65+22.54°
Ad?geii]";';ess 0.016£0.006° 0.0280.11* 0.07+0.036°  0.04£0.02*  0.023:0.008° 0.043+0.014°
Spr(ir?]%:;ess 053+0.11°  0.54%0.21%  0.54+0.21°  0.5540.038®  0.61+0.15®  0.63+0.88?
Cohesiveness  1.0040.51°  0.406+0.008° 0.406+0.007°  1.00£0.19°  05240.2°  0.46+0.15

Gumminess (g)  67.7+12.33*  42.53+6.21*  42.53+6.21* 112.83+17.58* 92.86+38.98*  65.4+30.75%

Chewiness (mJ) 0.22+0.332 0.22+0.332

0.36+0.075%

0.36+0.182 0.58+0.242 0.68+0.112

"Data are reported in two replications in terms of (Mean + SD value).
**The similar small letters (a-c) in each row indicate no significant difference (p>0.05) based on the Duncan test between

the means.
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Table 5- Profile of fatty acids in plant-based and meat burgers

Type of fatty acid Fatty acid name Plant-based burger Meat burger
C14:.0 Myristic acid 0.55 3.61
C16:0 Palmitic acid 12.53 26.95
C17:.0 Margaric acid - 1.28
C18:0 Stearic acid 3.62 16.79
C18:1 Oleic acid (®-9) 22.67 36.2
C18:2 Linoleic acid (»-6) 49.83 5.2
C18:3 a-Linolenic acid (»-3) 5.58 -
C20:0 Arachidic acid 2.96 0.39
C22:0 Behenic acid 0.29 0.46

Other fatty acids - 1.97 9.12
Total saturated fatty acid 19.95 49.48
Total unsaturated fatty acid 78.08 41.4
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