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ABSTRACT

Bear garlic has a distinct pungent taste associated with the sulphur compound allin. When garlic is crushed or chopped, the enzyme alinase
is activated, which produces allicin from allin. Allicin has antimicrobial, antifungal and antiviral properties. Sausages were produced with
0.4%, 0.8%, and 1.2% of kitchen and bear garlic and analyzed twice (day 1 after production and day 14 after production). Chemical
analysis (dry matter, fat, protein and salt content), instrumental colour measurement and sensory evaluation of the sausages were
conducted. The addition of bear garlic was particularly significant in the sensory evaluation for the pleasantness of the garlic flavour,
while sausages with the addition of bear garlic scored higher than those with the addition of sausage with kitchen garlic. Sensory analyses
conducted one day after production showed that the evaluators found the sausages with 0.8% and 1.2% addition of kitchen and bear garlic
more acceptable in terms of garlic aroma intensity, garlic flavour intensity, garlic flavour pleasantness and overall impression. After 14
days of production, the sausage with 0.8% addition of kitchen's garlic and bear's garlic were the most acceptable to the panelists,
particularly for the descriptors of overall appearance, garlic aroma intensity, garlic flavour intensity, garlic flavour palatability and overall
impression. Comparing data from day 1 and day 14 after sausage production with 0.4%, 0.8% and 1.2% addition of kitchen garlic and
bear garlic, the sausage with kitchen garlic and bear garlic on day 1 was the best evaluated, especially in the descriptors of juiciness,

consistency and pleasantness of garlic flavour.
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INTRODUCTION

Meat has been with mankind for many years. The consumption of meat has many
health benefits, such as a high content of complete proteins, minerals (iron,
magnesium, calcium, zinc, potassium) and vitamins (B, A, D) (Kréova, 2019).
According to the WHO, it is recommended to include meat up to 3 times a week
in your diet. Do not consume fatty meat but choose lean meat that does not contain
large amounts of fat. People who do not consume meat should include dairy
products, eggs, pulses and others in their diet (Caha, 2021).

In 2022, total consumption of meat on the bone was 82.9 kilograms per person per
year, of which pork accounted for 43.9 kg, poultry for 28.1 kg and beef for 8.8 kg.
Meat consumption also includes meat products (CSU, 2023). Meat products are
very popular not only in the Czechia but also worldwide. They are mainly made
from meat, water and additives such as salt, spices, carbohydrates, protein additives
and others. Due to the high salt content in meat products, it is recommended to
reduce their consumption as they can cause high blood pressure, diabetes, stroke,
cardiovascular disease, and others health problems (Kamenik, 2014).

Bear garlic, Allium ursinum in Latin, is a perennial medicinal herb that is an
excellent source of vitamin C and iron when consumed in large quantities (over
100g per day). It has a similar pungent taste to garlic, as both contain the main
active sulphur compound allin (Novotny, 2021). If garlic is crushed and chopped
before consumption, the enzyme allinase is activated, which forms allicin from
allin (Bayan et al., 2014). Allicin in plants prevents seed germination and weakens
root development. It is used in medicine and in organic farming (Borlinghaus et
al., 2014). Allicin has antimicrobial, antifungal, antiviral and antiprotozoal effects
(Marchese et al., 2016). Some scientific studies have reported that allicin may also
regulate blood cholesterol levels (Liu and Yeh, 2000). Bear garlic is a valuable
source of natural compounds for example phenolic acids, flavonoids, and vitamin
C, all of which are known for their health-supporting properties. The concentration
of these bioactives, and consequently the plant's antioxidant effectiveness, are
influenced by its developmental stage and growing environment. Because of this
unique composition, bear garlic is considered a promising functional food with
potential health benefits that go beyond simple nutritional value (Voéa et al.,
2021).

Garlic (Allium sativum L.) is a plant with a long history of use for the treatment of
various diseases due to its content of beneficial substances such as polyphenols,
vitamins and minerals. These bioactive compounds include polyphenols, which are
divided into several classes and contribute to the antioxidant effects of garlic

(Bystricka et al., 2018). A study by Ceryova et al., 2018 shows that garlic (4/lium
sativum L.) is an important source of polyphenols, flavonoids and other bioactive
compounds with antioxidant effects. The content of these substances varies among
varieties, with the highest values recorded in the variety Mojmir. These results
confirm that the composition of garlic can significantly influence its antioxidant
potential. Kitchen garlic contains significantly more polyphenols and shows
stronger antioxidant effects than bear garlic (4/lium ursinum L.). Nevertheless,
bear garlic also has some antioxidant activity and due to its specific flavour, it may
be an interesting addition in food production (Kovarovi¢ et al., 2017). Garlic
(Allium sativum L.) is a rich source of essential nutrients and diverse
phytochemicals that contribute to immune support and protection against
inflammation-related conditions. Its regular consumption has been associated with
improved cardiovascular health, including better lipid balance and blood pressure
control. These effects are largely attributed to garlic’s potent antioxidant
properties, which help reduce oxidative stress and its harmful impact on the body
(Gupta et al., 2024).

The aim of the experimental part of the work was to produce sausages with 0.4%,
0.8% and 1.2% addition of kitchen garlic and bear garlic, to evaluate the sensory
properties, measure the colour and to carry out chemical analysis of all the
sausages.

MATERIALS AND METHODS
Materials

Sausages with bear garlic and kitchen garlic were used for the experiment. Both
variants with 0.4%, 0.8% and 1.2% addition of garlic. All sausages were produced
at the Department of Food Technology in the Meat pilot plant of the Mendel
University in Brno. The sausages were evaluated on day 1 and day 14 after
production. The individual sausage variants were produced in order to compare the
quality parameters depending on the type of garlic (bear garlic, kitchen garlic) and
the percentage of garlic added. The sausages were made using prime production
beef (HPV), lean pork (VLII) and skinless production pork (VVbk). Other
ingredients were nitrite salt mixture (DSS), kitchen garlic granules, dried bear
garlic and the last ingredient was flake ice. The sausages were crammed into the
pork intestine. All sausage variants were made from the same ingredients, differing
only in the amount and type of garlic — kitchen garlic and bear garlic. The origin
of both garlics was from the Czech Republic.
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Methodology

The following analyses were carried out on all the sausage samples: sensory
analysis, chemical analysis and instrumental colour measurement.

Instrumental colour measurement

The colour of all variants of sausages with bear garlic and kitchen garlic was
measured in a physical laboratory at the Department of Food Technology of the
Mendel University in Brno using a Konica Minolta CM 3500d benchtop
spectrophotometer. The instrument can measure in the whole visible spectrum
from 380 to 780 nm. The measured colour is described by the reflectance spectrum
and numerical data. The values are recorded in the L* a* b* (CIELab) colour
system and then assigned. The instrument is connected to a computer where the
CMs-100w Spectramagic NX program is installed. The L* value indicates the
lightness and ranges from 0 (black) to 100 (white). The a* and b* values are the
chromatic axes, which have positive or negative values depending on their position
in the colour system.

For the colour measurements of both the bear garlic and the kitchen garlic sausage,
the reflectance mode of the instrument was used, the reflected light was measured
at an angle of 8°, the illumination mode was D65, the aperture size was 8 mm and
gloss elimination (SCE) were also applied. The colour of the sausages was
measured on the cut and surface and the results were evaluated using
STATISTICA 14 and Microsoft Office Excel.

Chemical analysis

The sausages produced were subjected to chemical analysis. The total salt content
was determined, dry matter, fat and protein. Sodium chloride (salt) was determined
by leaching the sample with water, in which all chlorides were determined and
converted to sodium chloride. The dry matter content was then determined by
weighing the homogenized sample in an aluminium dish and then moistening the
sample with ethanol-ether solution. The sample was then dried to a constant weight
and, after cooling, weighed to the nearest 0.01 g. Fat was determined by indirect
extraction from the weight of the original sample by subtracting the weight of water
and the dry weight obtained. Protein was determined by the Kjeldahl method using
a Kjeltec 8200 automatic analyser. The results of the chemical analysis were
processed using STATISTICA 14 and Microsoft Office Excel.

Sensory analysis

Sensory evaluation was carried out at the Department of Food Technology, Mendel
University in Brno. The evaluation was carried out by 6 trained evaluators using a
pre-developed method. Prior to the evaluation, the evaluators were instructed in
the sensory evaluation procedure. A total of 10 descriptors were assessed: overall
appearance, appearance on the cut, garlic aroma pleasantness, garlic aroma
intensity, colour, juiciness, consistency (texture), garlic flavour intensity, garlic
flavour pleasantness and overall impression of the product. Graphical unstructured
scales (100 mm) were used, with the extremes marked (from the left, 0 indicates
unsatisfactory, and from the right, 100 indicates satisfactory). Bread was chosen as
a flavour neutraliser. The sensory analysis was performed twice. The first
evaluation took place 1 day after production and the second evaluation 14 days
after production. All variants of sausages with bear garlic and kitchen garlic were
evaluated at all concentrations. The first evaluation of the sensory questionnaires

was carried out by measuring the values on a scale using a ruler. The values were
further evaluated using STATISTICA 14 and Microsoft Office Excel.

Statistical processing

Data from all measurements and sensory analysis were processed in Microsoft
Office Excel and charts were created. The results were analyzed using
STATISTICA 14. The Sharp-Wilk test was used to test the normality of the data.
All data sets did not meet the requirements for normal distribution, therefore the
non-parametric Kruskal-Walis test was used to test the significance of differences.
All samples were tested at the 95% confidence level (p <0.05).

RESULTS
Instrumental colour measurement

The colour of the sausages with kitchen garlic and bear garlic was measured using
an instrumental method. All sausages were measured on the surface and in the cut.
The results of the colour analysis were processed in STATISTICA 14, which
showed statistically significant differences between the sausages. The measured
values were recorded in individual tables.

Comparison of the colour of sausages with the same additions of kitchen garlic
and bear garlic between days 1 and 14

Table 1 shows the values (L*, a*, b*) of the colour measurements of the sausages
on day 1 and day 14 after the production with 0.4% addition of kitchen garlic and
bear garlic. The evaluation of the parameter L* (brightness) on the surface showed
a statistically significant (p <0.05) difference in this parameter between the sausage
with the addition of kitchen garlic on day 1 after production and the sausage with
the addition of bear garlic on day 14 after production. The lightest sausage was the
one with the addition of kitchen garlic on the day 1 after production. The darkest
sausage was the one with kitchen garlic addition on the day 14 after production.
There was also a difference in cut between the sausage with the addition of kitchen
garlic on the day 1 after production and the sausage with the addition of bear garlic
on the day 14 after production. The sausage with the addition of kitchen garlic on
the day 1 after production was the lightest on the cut and the sausage with the
addition of bear garlic on the day 14 after production was the darkest on the cut.
In the evaluation of parameter, a*, all values were in the positive range, indicating
ared spectrum. There was a statistically significant difference (p < 0.05) between
the sausage with the addition of kitchen garlic on the day 1 after production and
the sausage with the addition of bear garlic on the day 14 after production. The
sausage with the addition of kitchen garlic on the day 1 after production was the
reddest on the surface and in the cut. The sausage with the addition of bear garlic
on the day 1 after production was the least red in the cut and the sausage with the
addition of bear garlic on the day 14 after production was the least red on the
surface.

The b* values were only in the positive range, all in the yellow spectrum. There
was a statistically significant (p <0.05) difference between the sausages with
kitchen garlic added on the day 1 and day 14 after production, both on the surface
and in the cut. The sausage with kitchen garlic added on day 1 after production was
the most yellow on the surface and in the cut, and the sausage with kitchen garlic
added on day 14 after production was the least yellow.

Table 1 Analysis of the colour of sausages with 0.4% addition of kitchen garlic (KG) and bear garlic (BG) on

day 1 and day 14 after production

Place of Variants L*(D65) a*(D65) b*(D65)
measurement (X +£SD) (X £SD) (X =SD)
1. KG 0.4% 53.21°£0.58 13.07* £ 0.06 23.51*+£0.07
Surf: 14. KG 0.4% 31.79°+0.02 11.63*° £ 0.08 12.01°+ 0.1
rface
" 1.BG 0.4% 51.67**+0.01 10.98" + 0.01 21.95*°+0.04
14.BG 0.4% 33.54*°+£0.04 10.49° £ 0.01 15.01%° £+ 0.02
1. KG 0.4% 53.79*+£0.33 11.81*+0.02 10.58*+0.21
Cut 14. KG 0.4% 42.01**+0.06 10.9*°+0.01 6.73°+0.03
u
1.BG 0.4% 48.99*" + 0.06 7.92°+0.01 10.16*° + 0.01
14.BG 0.4% 38.39°+0.05 10.16** +0.01 8.18+° +0.03

Note: Different indices in a column indicate statistically significant differences at the p <0.05 significance level

Table 2 shows the values (L*, a*, b*) of the colour measurements of the sausages
on the day 1 and 14 after the production with 0.8% addition of kitchen garlic and
bear garlic. The evaluation of the parameter L* brightness on the surface showed
a statistically significant difference (p <0.05) between the sausage with the addition
of kitchen garlic on the day 1 after production and the sausage with the addition of
bear garlic on the day 14 after production. The lightest sausage was the one with
the addition of kitchen garlic on the day 1 after production and the darkest sausage
was the sausage with the addition of bear garlic on the day 14 after production. A

statistically significant difference (p <0.05) was found between the sausage with
the addition of kitchen garlic on the day 1 and on the day 14 after production.
The sausage with the addition of kitchen garlic was the lightest on the day 1 after
production and the darkest on the day 14 after production.

When evaluating the a* parameter, all the values were in the positive range,
indicating a red spectrum. There was a statistically significant difference on the
surface between the sausage with the addition of kitchen garlic on the day 14 after
production and the sausage with the addition of bear garlic on the day 14th after
production. The sausage with the addition of kitchen garlic on the day 14 after
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production was the reddest and the sausage with the addition of bear garlic on the
day lafter production was the least red.

All b* values were in the positive range, i.e. in the yellow spectrum. There was a
statistically significant (p <0.05) difference on the surface between the sausage
with bear garlic added on day 1 and day 14 after production. The sausage with bear
garlic added on day 1 after production was the most yellow and the sausage with

bear garlic added on day 14 after production was the least yellow. In addition, there
was a statistically significant (p <0.05) difference in cut between the sausage with
the addition of kitchen garlic on the day 14 after production and the sausage with
the addition of bear garlic on the day 1 after production. The sausage with addition
of bear garlic on day 1 after production was the most yellow. The sausage with
kitchen garlic added on day 14 after production was the least yellow.

Table 2 Analysis of the colour of sausages with 0.8% addition of kitchen garlic (KG) and bear garlic (BG) on day 1

and day 14 after production

L*(D65 a*(D65 b*(D65
Place of measurement Variants - ( ) - ( ) - ( )
(X £SD) (X£SD) (X£SD)
1. KG 0.8% 51.61*+0.02 12.422°+0.01 20.82*°+0.01
Surf 14. KG 0.8% 38.88**+0.01 13.922+0.01 18.41*+0.01
urface
1.BG 0.8% 50.52** £ 0.04 8.15°+0.01 22.13*+0.02
14.BG 0.8% 34.56°+ 0,02 9.56*° +0.02 16.05 + 0.02
1. KG 0.8% 52,56 +0.02 9.71°+0.01 9.51**+0.01
Cut 14. KG 0.8% 40.41°+0.01 12.10* £ 0.04 8.41°+0.01
u
1. BG 0.8% 51.75%° +0.01 10.14*°+0.01 10.05 £ 0.01
14.BG 0.8% 44.82*°+£0.03 9.84** £ 0.01 9.16** £ 0.01

Note: Different indices in a column indicate statistically significant differences at the p <0.05 significance level

Table 3 shows the values (L*, a*, b*) of the colour measurements of the sausages
on the day 1 and 14 after production with the addition of 1.2% kitchen and bear
garlic.

The evaluation of the brightness (parameter L*) on the surface showed a
statistically significant (p <0.05) difference between the sausages with the addition
of bear garlic on the day 1 and 14 after production. The sausage with the addition
of bear garlic on the first day of production was the lightest and the sausage with
the addition of bear garlic on the day l4after production was the darkest.
Statistically significant (p <0.05) difference in the L* parameter between the
sausage with the addition of kitchen garlic on the day lafter production and the
sausage with the addition of bear garlic on the day 14after production was shown
on the cut. The lightest sausage was the one with the addition of kitchen garlic on
the day 1 after production and the darkest was the sausage with the addition of bear
garlic on the day 14 after production.

When evaluating the a* parameter, all values were in the positive range, indicating
a red spectrum. There was a statistically significant (p <0.05) difference between
the sausage with the addition of kitchen garlic and bear garlic on the day 14th after
production, both on surface and cut. The sausage with the addition of kitchen garlic
on the day 14 after production was the reddest and the sausage with the addition of
bear garlic on the day 14 after production was the least red.

The b* values were all in the positive range in the yellow spectrum. There was a
statistically significant (p <0.05) difference in colour on surface and cut between
the sausage with the addition of bear garlic on the day 1 and 14 after production.
The sausage with addition of bear garlic added evaluated on day 1 after production
was the most yellow and the sausage with bear garlic on the day 14 after production
was the least yellow.

Table 3 Analysis of the colour of sausages with 1.2% addition of kitchen garlic (KG) and bear garlic (BG) on day 1 and day

14 after production

L*(D65 a*(D65 b*(D65
Place of measurement Variants = (D65) = (D65) - (D65)
(X +SD) (X +SD) (X +SD)
1.KG 1.2% 49.91**+0.01 12.09**+0.01 21.71**+0.01
Surf: 14.KG 1.2% 40.48° £ 0.02 13.34*+£0.03 21.16*°+0.01
rface
" 1.BG 1.2% 51.52*+0.04 12.38**+0.02 23.31*+£0.04
14.BG 1.2% 34.36°+0.04 7.62° £ 0.02 15.25°+0.03
1.KG 1.2% 55.25*+0.01 9.57** +0.01 10.59*° +0.01
Cut 14.KG 1.2% 45.08**+£0.08 11.6*+0.03 10.58**+0.03
u
1.BG 1.2% 52.56%° £ 0.02 9.34%* +0.02 10.87* £ 0.02
14.BG 1.2% 38.74°+0.08 9.08°+ 0.02 6.75°+0.01

Note: Different indices in a column indicate statistically significant differences at the p <0.05 significance level

Chemical analysis

Chemical analysis of all sausage varieties with bear and kitchen garlic on day 1
and 14 after production. Dry matter, fat, protein and NaCl were determined (Table
4-5).

Chemical analysis of sausages with kitchen and bear garlic at different
concentrations on day 1 after production

Table 4 shows the values of the chemical analysis of the sausages with kitchen
garlic and bear garlic on the first day after production. Slight differences in the

chemical composition were observed, which could be caused by inhomogeneity of
product after the mixing process.

Statistically significant (p <0.05) differences in the dry matter and fat content of
the kitchen garlic were found between the 0.4% and the 1.2% garlic. For protein,
there was a statistically significant difference (p <0.05) between the sausage with
0.8% and 1.2% added kitchen garlic. There was no statistically significant
difference (p > 0.05) in NaCl content, dry matter, fat and protein between the
sausages with 0.8% and 1.2% addition of bear garlic. The samples did not
significantly differ (p > 0.05) in NaCl content.

Table 4 Chemical analysis (dry matter, fat, protein, NaCl) of sausages with kitchen garlic (KG) and bear garlic (BG) on

day 1 after production

L. Dry matter Fat Protein NaCl
Variation of sausages - - - -
(X +SD) (X +SD) (X +SD) (X +SD)

1. KG 0.4% 47.81*+£1.98 28.66" £ 0.40 18.60*° +0.18 2.00*+0.05
1. KG 0.8% 45.02°° £ 1.75 25.00*° & 0.47 17.47°+£0.22 2.23*+0.06
1. KG 1.2% 44.52°+1.58 22.53°+0.50 19.37°+£0.21 2.26*+0.09
1. BG 0.4% 43.77°° £ 1.48 22.62*°+£0.43 18.88*°+£0.23 2.23*+0.07
1. BG 0.8% 45.02*+1.63 24.41*+0.37 17.60°+0.20 2.11*+£0.04
1.BG 1.2% 42.44° + 1,55 21.71°+0.49 19.312£0.18 2.23*+0.06

Note: Different indices in a column indicate statistically significant differences at the p <0.05 significance level
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Chemical analysis of sausages made with kitchen and bear garlic of different
concentrations on the day 14 after production

Table 5 shows the values of the chemical analysis of the sausages with kitchen
garlic and bear garlic on the day 14 after production. The slight differences in the
chemical analysis could occurre due to the inhomogeneity of the mixing work.
Statistically significant (p <0.05) differences in dry matter and fat content were
observed between the sausages with 0.4% and 0.8% addition of kitchen garlic The
protein content was statistically (p <0.05) different between the sausages with
0.8% and 1.2% added kitchen garlic. The differences occurred mainly in dry matter

and fat content between sausages with 0.4% and 0.8% added kitchen garlic. The
difference in the content of protein was observed between the sausages with 0.4%
and 0.8% added kitchen garlic. No significant difference (p > 0.05) was reported
in NaCl content. For the sausage variant with bear garlic, the statistically
significant difference (p <0.05) in dry matter content was between the sausage with
0.4% and 0.8% addition. The fat content was significantly (p <0.05) different
between sausages with 0.8% and 1.2% addition of bear garlic. The significant
difference (p <0.05) was observed in protein content of sausages with 0.4% and
0.8% of bear garlic, but no difference was shown (p > 0.05) in the content of NaClL.

Table 5 Chemical analysis (dry matter, fat, protein, NaCl) of sausages with kitchen garlic (KG) and bear garlic

(BG) on day 14 after production

Variation of sausages Dr}' matter _ Fat Iirotein _NaCl
(X+SD) (X SD) (X+SD) (X SD)
14. KG 0.4% 70.11** £ 1.61 37.17**+0.33 28.74**+£0.23 3.24*+0.05
14. KG 0.8% 68.87°+ 1.54 37.07°+0.36 26.44°+0.25 3.39°+0.03
14. KG 1.2% 71.73*+1.59 38.00°+0.41 29.022+£0.15 3.56*+0.07
14. BG 0.4% 68.66+1.37 35.31*°+£0.49 29.85*+£0.21 3.47*+0.05
14. BG 0.8% 65.87°+1.43 33.54°+0.41 25.76°+0.23 3.25*+0.06
14. BG 1.2% 67.28*° £ 1.41 35.53*+£0.51 26.63* +0.23 3.30*+0.03

Note: Different indices in a column indicate statistically significant differences at the p <0.05 significance level

Sensory analysis

Samples of sausages with bear and kitchen garlic on days 1 and 14 after production
were evaluated by 6 trained tasters. A total of 10 descriptors were assessed: overall
appearance, appearance on the cut, pleasantness of garlic aroma, intensity of garlic
aroma, colour, juiciness, consistency, intensity of garlic flavour, pleasantness of
garlic flavour and overall impression. The resulting values from the sensory
analysis are shown in the individual figures (Figures 1-3).

Comparison of sensory characteristics of sausages with the same addition of
kitchen and bear garlic between days 1 and 14

When comparing the sausages with 0.4% addition of kitchen and bear garlic
between days 1 and 14 after production, a statistically significant difference (p
<0.05) was in the descriptor of the pleasantness of garlic aroma in the sausage with
added bear garlic. The highest mean value (95 + 5) was measured for the sausage
with the addition of bear garlic on day 1 after production. The lowest mean value
(89 £ 6) was measured for the sausage with the addition of kitchen garlic on day 1
after production. Furthermore, there was a statistically significant difference (p
<0.05) in the juiciness between the sausage with the addition of kitchen garlic on
the day 1 after production, the sausage with the addition of kitchen garlic on the
day 14 after production and the sausage with the addition of bear garlic on the day
14 after production. There was also a statistically significant difference (p <0.05)
between sausage with the addition of kitchen garlic on the day 14 after production

and the sausage with the addition of bear garlic on the day 1 after production. A
statistically significant difference (p <0.05) was found between the sausages with
the addition of bear garlic on the day 1 and 14 after production. The highest mean
value (97 £ 6, 97 + 3) was measured for the sausages with the addition of kitchen
garlic on day 1 after production and the sausage with the addition of bear garlic on
day 1 after production. The lowest mean value (65 + 30) was measured for the
sausage with the addition of bear garlic on the day 14 after production. There was
a statistically significant difference (p <0.05) in the consistency between the
sausage with bear garlic on the day 14 after production and the sausage with
kitchen garlic on the day 1 after production. The highest mean value (95 + 7,93 +
8) was measured for the sausage with the addition of kitchen garlic on the day 1
after production and for the sausage with the addition of bear garlic on the day 1
after production. The lowest mean value (68 + 28) was measured for the sausage
with the addition of bear garlic on the day 14 after production. Another statistically
significant (p <0.05) descriptor was the pleasantness of garlic flavour between the
sausage with the addition of kitchen garlic on the day 14 after and the sausage with
the addition of bear garlic on the day 1 after production. The highest mean value
(93 + 10) was measured for the sausage with the addition of bear garlic on the day
1 after production. The lowest mean value (76 + 7) was measured for the sausage
with the addition of kitchen garlic on the day 1 after production. The results of the
evaluation are shown in Figure 1. The other descriptors did not show statistically
significant differences. It can therefore be concluded that the concentration of
0.4%, the different type of garlic and the storage time did not have a significant
effect on the evaluation of the other descriptors.

Sausage with kitchen garlic and bear garlic 0.4% 1st day and 14th day after production

Overall appearance
100 PP

Overall impression

\ cut

Pleasantness of
garlic flavour

Intensity of garlic
flavour

Consistency - Colour

Juiciness

Apperance on the

Plesantness of
garlic aroma

Intensity of garlic
aroma

=== | st day of production of kitchen
garlic 0.4%

e | 4th day of production of kitchen
garlic 0.4%

1st day of production of bear garlic
0.4%

e | 4th day of production of bear garlic
0.4%

Figure 1 Sensory evaluation of sausages with 0.4% added kitchen garlic and bear garlic on days 1 and 14 after production

When comparing sausages with 0.8% addition of kitchen and bear garlic between
day 1 and day 14, there was a statistically significant difference (p <0.05) for the
descriptor overall appearance between the sausage with the addition of bear garlic
on the day 14 after production and on day 1 after production. The highest mean
value (94 + 6) was measured for the sausage with bear garlic added on the day 1
after production. The lowest mean value (83 + 7) was measured for the sausage

with the addition of bear garlic on the day 14 after production. A statistically
significant difference (p <0.05) was found in the juiciness between the sausage
with the addition of kitchen garlic on the day 1 after production, the sausage with
the addition of kitchen garlic on the day 14 after production and the sausage with
the addition of bear garlic on the day 14 after production. The highest mean value
(96 + 7, 96 £ 3) was measured for the sausage with the addition of kitchen garlic
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on the day 1 after production and for the sausage with the addition of bear garlic
on the day 1 after production. The lowest mean value (64 + 29) was measured for
the sausage with the addition of bear garlic on the day 14 after production. There
was a statistically significant difference (p < 0.05) in the descriptor pleasantness of
kitchen garlic flavour between the sausage with the addition of kitchen garlic on
the day 1 of production and the sausage with the addition of bear garlic on the day
1 after production. There was a statistically significant difference (p <0.05)
between the sausage with the addition of kitchen garlic on the day 14 after
production and the sausage with the addition of bear garlic on the day 1 after

production, and between the sausage with the addition of bear garlic on the days 1
and 14 after production. The highest mean value (97 + 4) was measured for the
sausage with the addition of bear garlic on the day 1 after production. The lowest
mean value (77 £ 15) was measured for the sausage with kitchen garlic on the day
14 after production. The results of the evaluation are shown in Figure 2. The other
descriptors did not show statistically significant differences. It can therefore be
concluded that the concentration of 0.8%, the different type of garlic and the
storage time did not have a significant effect on the evaluation of the other
descriptors.

Sausage with kitchen garlic and bear garlic 0.8% 1st day and 14th day after production

Overall appearance
100 PP

Overall impression
cut

Pleasantness of

garlic flavour

Intensity of garlic
flavour

Consistency Colour

Juiciness

Apperance on the

Plesantness of
garlic aroma

Intensity of garlic
aroma

e | st day of production of kitchen
garlic 0.8%

=== | 4th day of production of kitchen
garlic 0.8%

1st day of production of bear garlic
0.8%

e | 4th day of production of bear
garlic 0.8%

Figure 2 Sensory evaluation of sausages with 0.8% added kitchen garlic and bear garlic on days 1 and 14 after production

When comparing sausages with 1.2% addition of kitchen and bear garlic between
day 1 and day 14 after production, there was a statistically significant difference (p
< 0.05) in the juiciness descriptor between the sausage with added kitchen garlic
on the day 1 and day 14 after production. In addition, the statistically significant
difference (p < 0.05) was found between the sausage with added kitchen garlic on
day 14 after production and the sausage with added bear garlic on the day 1 after
production. There was also a statistically significant difference (p < 0.05) between
the sausage with bear garlic added on the day 1 after production and the sausage
with bear garlic added on the day 14 after production. The highest mean value (93
+ 6) was obtained for the sausage with the addition of kitchen garlic on the day 1
after production. The lowest mean value (66 + 28) was measured for the sausage
with the addition of bear garlic on the day 14 after production. There was a

statistically significant difference (p <0.05) in the descriptor garlic flavour
pleasantness between the sausage with the addition of kitchen garlic on the day 14
of production and the sausage with the addition of bear garlic on the day 1 after
production. The highest mean value (95 + 6) was measured for the sausage with
the addition of bear garlic on the day 1 after production. The lowest mean value
(70 + 17) was measured for the sausage with the addition of kitchen garlic on the
day 14 after production. The results of the evaluation are shown in Figure 3. The
other descriptors did not show statistically significant differences. It can therefore
be concluded that the concentration of 1.2%, the different type of garlic and the
time of evaluation did not have a significant effect on the evaluation of the other
descriptors.

Sausage with kitchen garlic and bear garlic 1.2% 1st day and 14th day after production

Overall appearance
100 PP

Overall impression

Pleasantness of.{
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Figure 3 Sensory evaluation of sausages with 1.2% added kitchen garlic and bear garlic on days 1 and 14 after production

DISCUSSION
Instrumental colour measurement

Consumers consider the appearance and colour of a meat product as a key criteria
when choosing a product. Consumers associate colour with the freshness of the
meat. A study by Tapp ef al. (2011) investigated the relationship between
instrumental measurements of fresh meat colour and the palatability of cooked
meat. Several factors influence the individual measured colour values of meat
samples, such as the light source and the instrument used to measure the colour.

A study by Holman et al. (2016) investigated the relationship between colour
acceptability and instrumental assessment of beef colour. Previous research has
demonstrated that consumers are willing to pay a higher price for cherry red beef.
If the colour does not meet consumer requirements and expectations, discounting

often occurs or the meat is added to mince. The study concluded that L* and b*
values reflect differences in consumer acceptance of beef colour.

According to the study by Holman ef al. (2017), the value a* indicates the
acceptability of the meat colour by the consumer. If a* values were less than 14.5,
the colour of the meat was considered unacceptable. The optimum value for the
acceptability of meat colour is 14.5 and above. The results of this study can be
compared with a study that evaluated the relationship between consumer ratings of
lamb colour and objective measures of colour (Khliji ez al., 2010). In this study
(Khliji ef al., 2010), the a* was considered acceptable if it was greater than 14.5.
Values of a* close to 14.5 (considered acceptable) were also measured on the
surface of sausages in our work. It can be concluded that the a* values in our work
were not higher than 14.5, which could be due to the fact that this is a meat product
made from both beef and pork.
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Our results can be compared with the study of Smieciniska et al. (2022), where
were investigated the effects of garlic (Allium sativum L.) and bear garlic (Allium
ursinum L.) on the physicochemical and sensory properties of rabbit meat burgers.
Variant with the addition of garlic (0.35 g/100 g) in the oven-roasted burger had
the following values: L* = 70.06, a*=3.98, b*= 19.79. For raw burgers, the results
from the colour analysis were different (L*=55.35, a*= 11.50, b* = 17.32).
Variant with the addition of bear garlic (0.35 g/100 g) in the oven baked burger
had the following values: L*= 71.04, a*= 3.14, b* = 20,19. For raw burgers, the
results from the colour analysis were different, (L* =56.77, a* =8.12, b* = 18.64).
The results of our work can be compared rather with the variant raw burgers, whose
values were closer to the sausages with the addition of bear and garlic than the
roasted burger variant. It can be assumed that the different values with this study
were due to the different type of meat and the different concentration of and bear
garlic.

Chemical analysis

The results of our work can be compared with the study of Kurcéubié et al. (2023),
which added bear garlic to burgers. In this study, bear garlic was used in the form
of freshly squeezed bear garlic extract. The average protein content of each sample
in the study was 20 g, which is comparable to our work, where protein values
ranged at the same level around 19 g. The fat values in our work differed slightly
from this study, were higher than 17 g. The average fat content determined in the
study was 17 g. We assume, that when comparing our work with this study, the
values may be different, for example, by using different form of bear garlic,
quantity and type of meat product.

This study also found that bear garlic was very effective in preserving hamburgers
when stored in the refrigerator.

The optimum concentration of bear garlic extract was found to be 10% w/vol. The
highest antioxidant activity was observed at this concentration.

The result shows that the storage time of the sausages had an effect on dry matter,
fat content, protein and salt. For the variants of sausages with kitchen and bear
garlic, which were evaluated on the day 14 after production, all chemical analysis
results increased compared to the results of analyses conducted on the day 1 after
production. The increase in values could be due to evaporation of water or because
the sausages were not wrapped. Slight differences in the chemical analysis could
also be due to inhomogeneity of the product in the mixing process.

Sensory analysis

Our results can be compared with the study of Kuréubié ez al. (2023), where the
properties of burgers enriched with bear garlic extract. Variant with the addition of
bear garlic, the burger with the bear garlic extract was higher rating in colour,
texture and overall acceptability than the control without the addition of bear garlic.
From the sensory evaluation of our results, it can be concluded that the sausage
with the addition of bear garlic achieved higher ratings than the sausage with the
addition of kitchen garlic.

The results can also be compared with the study of Smiecinska et al. (2022), where
the effects of kitchen and bear garlic on the physicochemical properties of and
sensory properties of rabbit meat burgers were investigated. For roasted burgers,
the variant with bear garlic had higher values for appearance, juiciness, texture and
overall acceptability than the bear garlic variant. In our work, the sausages with the
addition of bear garlic scored higher on these descriptors than the sausages with
added garlic, especially on the day 1 after production.

CONCLUSION

The aim of this study was to investigate the effect of the addition of bear garlic on
the sensory quality of meat product in comparison with kitchen garlic. By
instrumental colour measurements, it was found that in the vast majority of trials,
sausages with the addition of kitchen garlic were lighter on the surface and cut and
also redder than sausages with the addition of bear garlic. On the other hand, the
sausages with the addition of bear garlic were more yellow than the sausages with
the addition of kitchen garlic in most of the evaluations, which could be due to, for
example, the pigments contained in the bear garlic.

Based on the results of the chemical analysis can be concluded that the differences
between day 1 and 14 after the production of the sausages with bear garlic and
kitchen garlic were insignificant. The small differences in chemical composition
could be due to inhomogeneity of the product during mixing. There was no
statistically significant (p > 0.05) difference in salt content between samples in any
variant. There was an increase in dry matter, fat, protein and salt values between
day 1 and day 14 after production of the sausages with the addition of both bear
and kitchen garlic. The results from the day 14after production were relatively
higher than the values from the day lafter production. The increase in the values
may have been caused by evaporation of water.

From the results of the sensory analysis can be concluded that the most significant
difference was in the descriptor pleasantness of garlic flavour, where the sausage
with the addition of bear garlic was rated better. The sausage with the addition of
bear garlic on the day 14 after production had a lower score in the descriptor of
juiciness and consistency compared to the other variants, which was probably due

to the fact that bear garlic has more water and fiber. The sausages with the addition
of bear garlic on the day 1 after production had predominantly higher score in the
descriptors of juiciness, pleasantness of garlic aroma, pleasantness of garlic flavour
and overall impression than the sausages with the addition of kitchen garlic.

REFERENCES

Bayan, L., Koulivand, P. H., Gorji, A. (2014). Garlic: a review of

potential therapeutic effects: a review of potential therapeutic effects. Avicenna J
Phytomed. (4), 1-14. ISSN PMID: 25050296 PMCID: PMC4103721.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4103721/

Borlinghaus, J., Albrecht, F., Gruhlke, M., Nwachukwu, 1., & Slusarenko, A.
(2014). Allicin: Chemistry and Biological Properties. Molecules, 19(8), 12591—
12618. https://doi.org/10.3390/molecules 190812591

Bystricka, J., Kovarovi¢, J., Lenkova, M., Horvathova, J., Konéekova, L.,
Halmova, D., & Lidikova, A. (2018). The content of polyphenols, antioxidant
activity and macroelements in selected garlic varieties. The Journal of
Microbiology, Biotechnology and Food Sciences, 8(1), 738-740. ISSN 1338-5178.
https://doi.org/10.15414/jmbfs.2018.8.1.738-740

Caha, J. (2021). Sam sob¢& vyzivovym poradcem. CPRESS. ISBN 978-80-264-
3618-8.

Ceryové, N., Cicova, 1., Lidikova, J, Snirc, M., Horvathova, J. ef al. The content
of bioactive compounds and antioxidant activity of garlic (Allium sativum L.).
Online. Potravinarstvo Slovak Journal of Food Sciences. 2021, ro¢. 15, s. 1104-
1111. ISSN 1337-0960. https://doi.org/10.5219/1694

Gupta, A. J., Mainkar, P., Mahajan, V. (2024). Exploring the Nutritional-
Nutraceutical Composition and Phytochemical Potential of Garlic Agents in
Preclinical and Clinical Studies With a Focus on Drug Likeness. Online. Journal
of Herbal Medicine, vol. 46, s. 100911. ISSN  2210-8033.
https://doi.org/10.1016/j.hermed.2024.100911.

Holman, B. W. B., Mao, Y., Coombs, C. E. O., van de Ven, R. J., & Hopkins, D.
L. (2016). Relationship between colorimetric (instrumental) evaluation and
consumer-defined beef colour acceptability. Meat Science, 121, 104-106.
https://doi.org/10.1016/j.meatsci.2016.05.002

Holman, B. W. B., van de Ven, R. J., Mao, Y., Coombs, C. E. O., & Hopkins, D.
L. (2017). Using instrumental (CIE and reflectance) measures to predict
consumers’ acceptance of beef colour. Meat Science, 127, 57-62.
https://doi.org/10.1016/j.meatsci.2017.01.005

Kamenik, J. (2014). Maso jako potravina: produkce, sloZzeni a vlastnosti masa.
Brno: Veterinarni a farmaceuticka univerzita. ISBN 978-80-7305-673-5.

Khliji, S., van de Ven, R., Lamb, T. A., Lanza, M., & Hopkins, D. L. (2010).
Relationship between consumer ranking of lamb colour and objective measures of
colour. Meat Science, 85(2), 224-229.
https://doi.org/10.1016/j.meatsci.2010.01.002

Kovarovi¢, J., Bystricka, J., Fehér, A., Lenkova, M.. Evaluation and comparison
of bioactive substances in selected species of the genus Allium. Online.
Potravinarstvo Slovak Journal of Food Sciences. 2017, ro¢. 11, ¢. 1, s. 702-708.
ISSN 1337-0960. https://doi.org/10.5219/833

Kréova, D. (2019). Sportovni vyziva na miru. Praha: Erasport.

ISBN 978-80-905685-6-3.

Kuréubi¢, V. S., Staji¢, S. B., Mileti¢, N. M., Petkovi¢, M. M., Dmitri¢, M. P.,
Purovi¢, V. M., Heinz, V., & Tomasevic, I. B. (2023). Techno-Functional
Properties of Burgers Fortified by Wild Garlic Extract: A Reconsideration. Foods,
12(11), 2100. https://doi.org/10.3390/foods12112100

Liu, L., & Yeh, Y. (2000). Inhibition of cholesterol biosynthesis by organosulfur
compounds derived from garlic. Lipids, 35(2), 197-203. Portico.
https://doi.org/10.1007/bf02664770

Marchese, A., Barbieri, R., Sanches-Silva, A., Daglia, M., Nabavi, S. F., Jafari, N.
J., Izadi, M., Ajami, M., & Nabavi, S. M. (2016). Antifungal and antibacterial
activities of allicin: A review. Trends in Food Science &amp; Technology, 52, 49—
56. https://doi.org/10.1016/].tifs.2016.03.010

Novotny, T. (2021). Medvédi ¢esnek: k cemu je dobry a jak ho pouzit? K cemu
je dobry a jak ho pouzit? Aktin. https://aktin.cz/medvedi-cesnek-k-cemu-je-dobry-
a-jak-ho-pouzit

Oficialni stranky Ceského statistického tfadu. Online. CSU. (2023). Available:
https://www.czso.cz/csu/czso/spotreba-potravin-2022

Voéa, S., Sic Zlabur, J., FAbek Uher, S.,Pesa, M., Opaci¢, N., Radman, S. (2021).
Neglected Potential of Wild Garlic (Allium ursinum L.)—Specialized Metabolites
Content and Antioxidant Capacity of Wild Populations in Relation to Location and
Plant Phenophase. Online. Horticulturae, vol. 8, no. 1, s. 24. ISSN 2311-7524.
https://doi.org/10.3390/horticulturaec8010024.

Smiecifiska, K., Gugotek, A., & Kowalska, D. (2022). Effects of Garlic (Allium
sativum L.) and Ramsons (Allium ursinum L.) on Lipid Oxidation and the
Microbiological Quality, Physicochemical Properties and Sensory Attributes of
Rabbit Meat Burgers. Animals, 12(15), 1905. https://doi.org/10.3390/ani12151905
Tapp, W. N., Yancey, J. W. S., & Apple, J. K. (2011). How is the instrumental
color of meat measured? Meat Science, 89(1), 1-5.
https://doi.org/10.1016/j.meatsci.2010.11.021



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4103721/
https://doi.org/10.3390/molecules190812591
https://doi.org/10.15414/jmbfs.2018.8.1.738-740
https://doi.org/10.5219/1694
https://doi.org/10.1016/j.hermed.2024.100911
https://doi.org/10.1016/j.meatsci.2016.05.002
https://doi.org/10.1016/j.meatsci.2017.01.005
https://doi.org/10.1016/j.meatsci.2010.01.002
https://doi.org/10.5219/833
https://doi.org/10.3390/foods12112100
https://doi.org/10.1007/bf02664770
https://doi.org/10.1016/j.tifs.2016.03.010
https://aktin.cz/medvedi-cesnek-k-cemu-je-dobry-a-jak-ho-pouzit
https://aktin.cz/medvedi-cesnek-k-cemu-je-dobry-a-jak-ho-pouzit
https://www.czso.cz/csu/czso/spotreba-potravin-2022
https://doi.org/10.3390/horticulturae8010024
https://doi.org/10.3390/ani12151905
https://doi.org/10.1016/j.meatsci.2010.11.021

