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Abstract

In the present study, essential oils were used in order to reduce the nitrite in beef
Mortadella, and the red beet extract was used instead of carmine. Beef Mortadella
samples containing thymol and rosemary essential oils and red beet extract were
produced. Chemical, physical, sensorial, and microbiological analyses were per-
formed during the storage period. The antimicrobial and antioxidant effects of nitrite
can be achieved by using thymol and rosemary essential oils. Thiobarbituric acid val-
ues of nitrite-free samples were found to be higher than nitrite-containing samples.
Redness values of samples containing red beet extract and samples containing nitrite
were highest. It can be recommended to use rosemary essential oil and red beet ex-
tract in reduced-nitrite and carmine-free meat products. The rosemary essential oil
was reported to be more acceptable than thymol from sensorial aspect, although thy-
mol has high antimicrobial and antioxidant effects and high phenolic content when
compared with rosemary essential oil.

Novelty impact statement:

e To investigate the effects of nitrite-reduced and carmine-free beef Mortadella
samples at the same time with two different essential oils and red beet extract and
with different quality characteristics,

e To rank the general tastes with multiple decision-making techniques of sensory
analysis,

e To compare the quality characteristics of the samples.

formation and which pose a lower level of health risk in comparison
to nitrate and nitrite (Oztiirk et al., 2015). Since nitrate/nitrite has

The main functions of nitrite, which is the most frequently used
additive in meat products, are to develop typical taste and aroma
of cured meat, to prevent lipid oxidation, to create the typical
color of cured meat production by reacting with myoglobin, and
to produce an antimicrobial effect (Marco et al., 2006). However,
since nitrite causes the formation of carcinogenic N-nitroso com-
pounds, the studies concentrated on other additives (Zarringhalami
etal., 2009).

Studies were carried out on the alternative additives, which fulfill
various functions of nitrate and nitrite in the processed meat prod-

ucts such as antimicrobial, anti-oxidative, and colorization effects

various functions in meat, no single additive that could fulfill all these
functions could be found. Besides decreasing or preventing the use
of nitrite in meat products by making use of natural elements, or-
ganic acids, irradiation, pressure applications, and hazard technology
were also investigated in the previous studies (Turp & Sucu, 2016).
Thyme is an important herb, thanks to its high thymol con-
centration. Previous studies revealed the anti-oxidative, antimi-
crobial, expectorant, antispasmodic, and antibacterial effects of
thymol (Amiri, 2012; Hoéferl et al., 2009; Sharifi-Rad et al., 2017).
Among the volatile oils used in the food industry, rosemary

(Rosmarinus officinalis L.) oil is widely used in order to expand the
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shelf-life of foods. The studies reported the beneficial effects
of essential oil of rosemary as a natural antioxidant preventing
the color degradation and/or lipid oxidation of food (Balentine
et al., 2006; Hussain et al., 2010). With its phenolic compound
and betalain contents, red beet is considered as a good antiox-
idant source and natural colorant (Ravichandran et al.,, 2013).
Betalains, which are among the main compounds that red beet
extract contains, are more resistant to pH change in comparison
with anthocyanin used as natural pigments to obtain red-purple
color in foods (Roy et al., 2004).

Since the color is an important criterion for achieving the visual
quality in meat products, carmine is widely used as a colorant mate-
rial in the emulsified meat products. However, it was reported that
the consumers have concerns about carmine-containing meat prod-
ucts, as with nitrite-containing ones (Greenhawt & Baldwin, 2009).
In parallel with the consumer expectations, the natural colorant
materials that might be used in meat products were investigated in
many studies. Researchers emphasized that, because of its strong
phenolic content, red beet can be used as a natural colorant in low-
nitrite emulsified sausages (Jin et al., 2014).

In the present study, it was aimed to use the red beet extract and
essential oils together in low-nitrite beef Mortadella to observe the
changes in microbiological, chemical, physical, and sensorial charac-
teristics of products during 90-day shelf-life and to provide an alter-
native additive profile.

2 | MATERIAL AND METHOD
2.1 | Supplies and chemicals

The meat and animal fat used in the present study were pro-
cured from a company based in Sivas province, whereas thymol
(Thymol-T0O501) and rosemary (Rosemary Qil-W299200) essen-
tial oil were purchased from Sigma and red beet extract from TGS
Chemistry (istanbul). Thymol and rosemary essential oils were 99%
pure, certified, and fat-soluble.

The beef Mortadella samples used in the present study were pre-
pared in a local meat production facility in Sivas. The formulations
of commercially available were accepted as a model for the experi-
mental samples. Beef Mortadella paste was prepared using beef rib
meat (65%-Yildiz Meat, Sivas), animal fat (10%-Yildiz Meat, Sivas), ice
(15%), spice mixture (2%-Selay, istanbul), starch (5%-Selay, istanbul),
soy protein (2.5%-Selay, istanbul), salt (1.7%-Sivas Salt, Sivas), and

fume aroma (0.1%-Selay, istanbul).

2.2 | Preparation of beef Mortadella samples and
experimental design

Meat-fat mixture was processed using a bowl cutter (Vemag,
Denmark) at low speed (100 rpm) for 20-30 s, and then ice, spice

mixture (red pepper powder, cumin powder, black pepper powder),

HASTAOGLU kT AL.

maltodextrin, dextrose monohydrate, and polyphosphate were
added. The mixture was then processed at gradually increasing
speeds (2,000, 3,000, and 3,500 rpm) in bowl cutter (Vemag—
Denmark). Finally, the process in the cutter was continued at
maximum speed (5,500 rpm) until achieving a good emulsion con-
sistency according to emulsion formation of the study in Verma
et al. (2016). The experiment groups were established using pre-
liminary trials. According to the sensorial and instrumental color
analyses, 1% red beet extract was added into the samples in order
to compare with the commercial control group (0.02% carmine).
About 0.3% (w/w) concentration was preferred for both essential
oils. Twelve experimental groups were established using red beet
extract, thymol, and rosemary essential oils determined in prelimi-
nary trials (Table 1).

The emulsion mixtures were transferred from cutter to vac-
uum filling machine (Handtmann VF 610—Germany) and filled
into 38Q-diameter plastic casings (Fibran—Spain) with 200 g
constant portioning. The samples were cooked in an automatic
steam oven for 40 min at 100% moisture and 20 min at 60%
moisture. When the internal temperature reached 72°C, they
were rapidly cooled after resting for 10 min. Five beef Mortadella
samples were produced for each treatment for every storage pe-
riod and replication. The beef Mortadella samples were stored at
4°C for 0, 7, 14, 30, 60, and 90-day storage periods. Experiments
were performed in triplicate with different occasions and differ-
ent meat samples. Analyses were triplicated for each replicate
(h=3x3).

2.3 | Analyses
2.3.1 | Chemical analyses

pH levels of beef Mortadella samples were measured using Hanna
HI-2221 pH-meter, which was calibrated with its three standard
buffers (4.01-7.01-10.01) and had temperature control system (at
20-22°C; Vural & Oztan, 1996).

The number of thiobarbituric acid (TBA) was measured with the
spectrophotometric method by modifying the methods of Tarladgis
et al. (1960) and Jin et al. (2014).

Free radical scavenging effect of samples on DPPH was de-
termined by revising the method recommended by Brandwilliams
etal. (1995).

Total phenolic content was determined using the Folin-Ciocalteu
method applied by Zadernowski et al. (2009). Total phenolic content
was measured using the gallic acid calibration curve prepared with

different concentrations (Zadernowski et al., 2009).

2.3.2 | Instrumental color analyses

The instrumental color measurements of samples were performed
with Minolta Spectrophotometer CM-3600d by using Hunter-Lab
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TABLE 1 Experimental sample
formulations

Nitrite content
(ppm)

Sample code

Cco 0

c1 150

T 0

TE
RE

NT 75

NR
NE
NTE
NRE

azifst - wiLey-222

Type and concentration of essential oil

Rosemary EO %
Thymol % (w/w) (w/w) Colorant (%)
0 0 0
0 0 Carmine (0.02)
0.3 0 0?
0 0.3 0?
0 0 17
0.3 0 1°
0 0.3 12
0.3 0 0?
0 0.3 0?
0 0 1°
0.3 0 12
0 0.3 1°

Notes: CO: Contains no nitrite, essential oil, and colorant. C1: Contains 150 ppm nitrite and 0.02%
carmine. T: Contains 0.3% (w/w) thymol. R: Contains 0.3% (w/w) rosemary essential oil. E: Contains
1% red beet extract. TE: Contains 0.3% (w/w) thymol and 1% red beet extract. RE: Contains 0.3%
(w/w) rosemary essential oil and 1% red beet extract. NT: Contains 75 ppm nitrite and 0.3% (w/w)
thymol. NR: Contains 75 ppm nitrite and 0.3% (w/w) rosemary essential oil. NE: Contains 75 ppm
nitrite and 1% red beet extract. NTE: Contains 75 ppm nitrite, 0.3% (w/w) thymol, and 1% red beet
extract. NRE: Contains 75 ppm nitrite, 0.3% (w/w) rosemary essential oil, and 1% red beet extract.

?Red beet extract.

color scale and L*, a* and b* values were determined (Candogan &
Kolsarici, 2003) by its CM-A106 target mask and 10° standard ob-
server. The parameters of illuminants were primary D65—Daylight
6500 Kelvin, secondary A—Tungsten, tertiary F2—cool white fluores-
cent with 2,400 bps baud rate from three random different surfaces
of the samples. The device was calibrated prior to the measurement

by using a standardized white tile.

2.3.3 | Texture profile analyses

The texture of beef Mortadella samples was analyzed using Texture
Analyzer (Ametek Lloyd Instruments, England) device and Warner
Bratzler cutting knife set. The test speed was set to 200 mm/min,
trigger value to 0.05 N, compression rate to 50%, and sample cross-
section length to 15 mm. The changes in hardness 1, hardness 2,
cohesiveness, gumminess, flexibility, and chewiness were observed
(Cierach et al., 2009).

2.3.4 | Microbiological analyses

Numbers of total psychrophilic aerobic bacteria, lactic acid bacte-
ria (LAB), yeast/mold, and total coliform in beef Mortadella samples

were analyzed according to the method of Halkman (2005).

2.3.5 | Sensory analyses

The samples were rated by 18 trained panelists selected from
the personnel and graduate students of Food Engineering
Department at Sivas Cumhuriyet University. Beef Mortadella
samples were cut into small pieces (20 + 0.5 mm thickness) and
immediately served to the panelists. Panelists used a 5-point
hedonic scale testing the color, appearance, odor, and taste
(5 = perfect, 1 = very bad). Sensory analyses were carried out
with two repetitions. Simple additive weighting (SAW) was used
in calculating the general appreciation scores of samples with dif-
ferent weights for different criteria. SAW technique is a method
used in finding the most liked sample in cases where more than
one criterion is found according to Figure 1 (Afshari et al., 2010).
This method gives a comparison between each criterion. The first
step is construction of pairwise comparison matrix (m x n) based
on Saaty's 1-9 scale (equally preferred, equally to moderately,
..., very strongly to extremely, extremely preferred). Selection
of the important criteria for each comparison is the second step.
Construction of a decision matrix (m x n) including m alternative
and n criteria. Normalization of the decision matrix as step 3 in
AHP method. Building of the weighted normalized matrix with
the following equation:

A= Z WiX;j
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FIGURE 1 Hierarchy decision process of beef Mortedalla samples

where X; is the score of the ith alternative with respect to the jth
criteria and w; is the weight of the criteria. Calculating the sum of the
weighted normalized vectors to find out the ranking of the alterna-
tives (Dogan et al., 2016).

2.3.6 | Statistical analyses

pH, TBA, DPPH, total phenolic content, color parameters (L*, a*, b*),
texture profile parameters (hardness 1, hardness 2, cohesiveness,
gumminess, flexibility, chewiness), and microbiological results data
were analyzed separately in one-way ANOVA by using IBM SPSS
23.0 package software. The mean values of triplicated measure-
ments were taken. Fixed factors for all models included nitrite con-
centration (0-75-150 ppm), red beet concentration (0%-1%), and
essential oils (thymol 0%-0.3% and rosemary essential oil 0%-0.3%).
The statistically significant differences between groups were sub-
jected to Tukey's HSD (honestly significant difference) test (p < .05).
Moreover, the differences in sample groups between the days (0, 7,
14, 30, 60, and 90th day) were analyzed using general linear model-
repeated measures analysis. The differences obtained were deter-
mined using the Bonferroni test (Adler & Parmryd, 2010).

3 | RESULTS AND DISCUSSION
3.1 | pH values

pH values of beef Mortadella samples ranged between 6.00 and
6.24 on Oth day and between 5.79 and 6.24 on the 90th day. The

HASTAOGLU kT AL.

pH values of beef Mortadella samples did not change significantly
during the storage period (p > .05; Table 2). Similarly, in a study, pH
values were obtained during the shelf-life of Mortadella including
different concentration thymol and rosemary essential oils, and pH
values did not change statistically (Viuda-Martos, 2011). In the study,
pH values of C1, E, TE, NR, NE, and NTE were decreased compared
to the Oth and 90th days. This agrees with the observations of Dykes
et al. (1991) who suggested that the decrease in pH during the stor-
age of meat products is due to the action of LAB. For the emulsified
pork sausage samples prepared by decreasing nitrite concentration
and using different concentrations (0.5% and 1%) of red beet ex-
tract, Jin et al. (2014) reported that red beet changed the pH value.
The same authors also emphasized that pH values of all the samples
added with red beet extract were higher than that in the control
group and that pH values increased together with the increasing
amount of red beet extract addition. Turp et al. (2016) determined
that there was no significant difference between the pH values of
sausages prepared by adding red beet powder but, when compared
with the control sample, pH values of sausages added with red beet
powder were higher than the control sample.

3.2 | TBAvalues

The thiobarbituric acid (TBA) values of beef Mortadella samples are
presented in Figure 2. The number of TBA is the expression of fat
oxidation as malonaldehyde (MA), and it was reported that the maxi-
mum acceptable value in meat products should be 1 mgMA/kg sam-
ple (Ockerman, 1985). Among the beef Mortadella samples, only the
90th-day TBA number of CO group (containing no nitrite, essential
oil, or red beet extract; 1.079 mgMA/kg sample) exceeded that limit.
TBA numbers of samples ranged between 0.255 and 0.339 mgMA/
kg sample on the Oth day. The highest TBA number during the stor-
age period was found in CO sample, whereas the lowest values were
found in NTE and NRE sample. TBA number of C1 was found to be
higher than that of these samples (NTE and NRE). With the effect of
nitrite, the nitrite-free samples’ (T, R, E, TE, and RE) TBA numbers
on the 90th day of storage were found to be higher than those of
nitrite-containing samples (NT, NR, NE, NTE, and NRE). In a previ-
ous study, the researchers added red beet extract, ascorbic acid, and
Na-lactate to pork sausage and reported that this combination de-
creased TBA level and prolonged the shelf-life of product (Martinez
et al., 2006). In another study, 0%, 2%, 4%, and 6% red beet extracts
were added to sausage samples, and TBA numbers were examined
during the storage period. It was reported that the samples contain-
ing red beet extract had lower TBA numbers in comparison with the

control samples containing no extract (Turp et al., 2016).

3.3 | DPPH free radical scavenging activity results

During the storage period, the highest DPPH values were found to
be in NRE sample on Oth day, NRE sample on 7th day, C1 sample on
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TABLE 2 pH and DPPH radical scavenging activity (% inhibition) values changes in beef Mortedalla samples stored at 4°C

Storage period (day)
Sample 0 7 14 30 60 90
pH co 6.14 + 0.09%° 6.29 +0.09° 6.27 +0.01¢ 6.28 +0.01° 6.16 +0.12° 6.14 +0.09°
c1 6.15 + 0.09% 6.24 +0.07° 6.27 +0.00° 6.20 + 0.09° 6.24 +0.07° 5.95 +0.26°
T 6.17 + 0.04% 6.22 +0.08° 6.23+0.03°  6.24+0.01° 6.29 +0.14° 6.17 +0.07°
6.11+0.01% 6.17 +0.07° 6.22 +£0.01%°9 6,27 + 0.06 6.20 +0.04° 6.17 +0.06
E 6.24 +0.15° 6.19 +0.11° 6.24+002cd  6.27 +0.05° 6.14 +0.16° 5.98 +0.02°
TE 6.00 + 0.04° 6.14 +0.09° 6.15 + 0.03? 6.20 +0.06° 6.08 + 0.00° 5.83 +0.23°
RE 6.01 + 0.09% 6.15 + 0.06 6.16 +0.04%° 6.20 + 0.05° 6.19 +0.02° 6.17 +0.09°
NT 6.11 £ 0.06™® 6.26 +0.02° 6.19 +0.04%¢  6.29 +0.02° 6.21+0.06° 6.11 + 0.08°
NR 6.11 + 0.07%° 6.23 + 0.06 6.25+0.02cd  6.33+0.05° 6.11 + 0.09° 5.87 + 0.07°
NE 6.00 + 0.05° 6.15 + 0.07° 617 +0.01%  6.24 +0.00° 6.14 +0.09° 5.79 +0.39°
NTE 6.14 + 0.00% 6.20 + 0.11° 6.22 +£0.01° 6,22 +0.01 6.22 + 0.00° 6.08 +0.01°
NRE 6.05 +0.09* 6.17 +0.04 619 +0.01  6.24 +0.02° 6.24 +0.03° 6.24 +0.03°
DPPH radical co 51.57 +20.60°  52.83+20.51%  49.56 +15.68°  52.61 +18.43% 4508 +21.01*  41.49 + 24.36"
SENETA c1 73.99 + 4.44Y 7299 +454Y  7714+559Y  7815+711Y  7690+7.22  78.10+6.19"
actvity T 67.53 +6.01  72.560 +4.32  76.63 + 4.67" 70.96 +7.30Y  73.78 +6.50Y  73.24 + 8.63"
70.15+4.31¢  68.69 +4.28% 7147 +4.77" 77.57 +4.63Y 7479 +4.82Y  72.32+7.43Y
E 69.99 +5.05Y  75.02+4.72Y  72.29 +4.81 71.55+4.28Y  7486+511 7540+ 713"
TE 56.48 + 19.77% 7232 £5.39"  71.90 +4.77 68.01 + 15.08°  73.69 + 7.88"  71.08 +8.97"
RE 74.60 + 5.01%Y 7441+ 5059  69.25+4.23Y  7622+829Y  7577+676 6873 +4.27Y
NT 62.36 £ 4029 6920+ 6.33Y 6812+ 6.67Y  6648+4.05Y  69.70+504Y  66.58 + 4.52°
NR 74.37 + 5.03 7315+ 4731  74.09 + 4.72" 74.77 + 7.07 7895+579Y  73.36+5.85
NE 68.31+£5.25Y 7473 +4.70Y  70.64 +4.73Y 78.60 £ 4.94Y 73791921  76.69 + 571
NTE  72.77 +7.73Y 74.31 +4.879Y  7454+544  80.44+ 507" 76.35 + 9.15Y 72.67 + 4.79"
NRE  75.60 + 7.45 76.42 + 8.64 76.20 + 7.88" 76.95+8.44Y 7939 +6.86"  73.55+9.16"

Note: 2% *¥The difference between the samples represented with the different letters in the same column is significant (p < .05).

1.20
EC0 ®mCl =T mR ®mE ®mTE ®RE ®NT ®NR ®NE ®BNTE ®NRE
1.00
2 080
H
£
S pr
£ 0.60 XY r pr
k-
;5“ Y YXY XY X%Y
E b b Xy
2040 | ab ab e A Ay a22A Bt v
ab b y [l A ATATR
ab xy Xy A A X
a X X
a2 X
0.20 .
0 7 14 30 60

Storage period (day)

FIGURE 2 TBA changes of beef Mortedalla samples stored at 4°C. Measurements were taken at O, 7, 14, 30, 60, and 90th days.
Significant differences between means are denoted by superscripts. Letter differences indicate that superscripts were generated on an

individual TBA (mg malonaldehyde/kg sample) basis using model-based Tukey's HSD
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14th day, NTE sample on 30th day, NRE sample on 60th day, and C1
sample on 90th day. On all the analysis days, the lowest DPPH val-
ues were observed in CO group (Table 2). DPPH values of CO group
ranged between 41.49% and 52.83% during the storage period. It
can be stated that the reason why DPPH values in other sample
groups were higher than in CO group might be the nitrite, thymol,
rosemary oil, or red beet extract contents in other groups.

In a study examining the DPPH values of sausages containing
thyme, rosemary, and oregano extracts during 90-day storage pe-
riod, it was reported that the DPPH values of extract-containing
samples were higher than that in control group, and the highest
DPPH value was found in the sample containing all three extracts
(Bayrak, 2011). In another study examining the DPPH values of sau-
sage samples containing 0.1% and 0.2% thyme and rosemary during
storage at 10°C, it was reported that DPPH of samples added with
thyme and rosemary on Oth day has increased (Jin et al., 2016).
DPPH values of both sausage samples containing 0.1% and 0.2%
thyme were found to be 90%, whereas DPPH values of sausage
samples containing 0.1% and 0.2% rosemary were found to be 65%
and 89%, respectively. At the end of 6-week period, it was observed
that DPPH values of thyme-containing samples decreased from
90% to 80%, and DPPH values of samples containing 0.1% and 0.2%
rosemary were found to decrease to 58% and 88%, respectively (Jin
et al., 2016). When compared with the present study, DPPH results
were similar, and the differences might be because the materials
used were plants or the storage period was 4°C in the present study
but -18°C in the study of Jin et al. (2016).

3000 -

2500

2000 A

1500 -

mg gallic acid/mL sample

1000 -

500 -

e HASTAOGLU kT AL.

3.4 | Total phenolic content results

During the storage, the lowest total phenolic content (TPC) was
found to range between 81.05 and 278.53 mg gallic acid/ml sample.
However, the highest values were found to be between 1,767.39 and
2,313.30 mg gallic acid/ml sample (Figure 3). During the storage pe-
riod, the lowest TPC was found in the group containing low nitrite
but thymol and red beet extract (NTE). When comparing the beef
Mortadella samples by the type of essential oil they contain (T-R,
TE-RE, NT-NR, and NTE-NRE), it was found that, during the storage
period, the TPC of thymol-containing groups (T, TE, NT, and NTE)
was found to be higher than that of groups containing rosemary es-
sential oil (R, RE, NR, and NRE). Besides that, when compared with
the control group (C0) and the group-containing red beet extract (E),
it was determined that the change in TPC during the storage period
was statistically nonsignificant (p > .05).

In a previous study, mandarin peel powder extract, pomegran-
ate peel powder extract, and pomegranate seed powder extract
were added into goat-meat meatballs and the TPC were analyzed;
the TPC of samples were reported to be 900, 1,200, and 590 pg/g
(Devatkal et al., 2010). In their study, Ekici et al. (2015) measured the
TPC of experimental soujuck samples containing decreased nitrite
and different concentrations (0.5%, 1%, and 2%) of black carrot con-
centrate. According to the results obtained, they reported that the
TPC of soujuck samples containing black carrot extract was higher
than that in commercial control sample containing carmine. TPC of
samples containing 2% black carrot concentrate were reported to

Storage Duration (Days)
@C0 BC1 T BR WE ®TE @RE @NT BNR @NE @NTE BNRE

FIGURE 3 Total phenolic contents of beef Mortedalla samples stored at 4°C. Measurements were taken at 0, 7, 14, 30, 60, and 90th
days. Significant differences between means are denoted by superscripts. Letter differences indicate that superscripts were generated on an
individual total phenolic contents (mg gallic acid/ml sample) basis using model-based Tukey's HSD
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be 1,055-1,201 mg gallic acid/mL sample, and it was also deter-
mined that TPC increased with the increasing amount of black carrot
concentrate.

3.5 | Instrumental color (L*, a* b*) results

In all the storage durations, the lowest brightness values (L*) of sam-
ples were found in C1 as seen in Table 3. During the storage, L* values
C1, T, R, RE, NT, NR, and NTE samples were statistically increased
(p < .05). Similarly, in a study carried out by Bayrak (2011), the sau-
sages prepared with mechanically deboned chicken meat, rosemary,
and thyme were analyzed in terms of color values during the shelf-
life. The author concluded that the L* values of all the samples were
increased during the storage, and the highest brightness value was
found in thyme-containing samples. Moreover, it was reported that
L* values of control sausage samples on Oth day increased from
50.69 to 56.35 on the 90th day, that of rosemary-containing samples
increased from 50 to 55.49, and that of thyme-containing samples

azifst - wiLey-22

increased from 51.50 to 57.31. These findings are in parallel with
those reported in the literature.

It was reported that the most important instrumental color pa-
rameter of meat products is a* (redness), and it is related with oxy-
genation of myoglobin (Sirocchi et al., 2017). High a* values suggest
the presence of oxymyoglobin and low values suggest the formation
of metmyoglobin (Esmer et al., 2011). a* values of samples decreased
during the storage, but there was no statistically significant differ-
ence (p > .05). a* values of T and R (containing no red beet) groups
were found to be lower than a* values of TE and RE (containing red
beet extract) and NT and NR (containing nitrite) groups (Figure 4). It
can be said that red beet extract and nitrite positively effected the
a* values. It was reported that, thanks to its betalain content, the red
beet extract plays an effective role in the increase in redness values
of meat products (Ravichandran et al., 2012). Similar to the present
study, Jeong et al. (2010) reported that, during the storage period,
a* values of sausage samples containing red beet extract decreased
depending on the pigment degradation. However, the authors also
emphasized that the redness values of samples containing 75 ppm

TABLE 3 The changesin L* and b* values of beef Mortedalla samples stored at 4°C

Storage period (days)
Sample 0 7 14 30 60 90
L* values co 56.89 + 3.18° 57.78 + 2.70% 58.64 + 3.16™® 59.04 + 2.80% 59.53 + 3.43 59.90 + 3.25°
c1 51.97 + 1.67°* 52.03 + 1.44* 52.67 + 1.57°" 52.77 + 1.11% 53.31 +1.518 53.27 + 1.60°®
T 57.62 + 2.29°* 58.53 + 2.32°A 59.37 + 2.41°® 59.38 + 2.49°8 59.71 + 2.748 59.98 + 3.03°8
55.81 + 0.62%A 56.67 + 0.74%A 56,66 + 0.56°°A 57.32 + 0.69%8 57.65 + 0.168 58.26 + 0.93%8
E 54.58 + 5.47° 56.32 + 4.66™ 56.44 + 4.36™ 57.11 + 4.05% 57.44 + 4.08 59.14 + 2.60%
TE 53.86 + 1.16 54.83 + 1.25% 55.75 + 1.31%° 55.87 + 1.54% 56.16 + 2.51 5711+ 1.71%°
RE 53.67 + 1.26 54.64 + 1.06°" 5491+ 170"  5558+203® 5637 +3.07" 57.47 +2.12%°8
NT 57.41 + 1.56A 57.94 + 1.57°*" 58,07 +2.08°"" 5883+ 171  58.33+2.51" 59.34 + 1.64°°B
NR 56.96 + 2.49%7 57.24 +212°°" 5794 +234%®"  5856+292" 5841 +3.86" 59.37 + 3.00°®
NE 53.08 + 1.07° 54.08 + 1.34%° 53.47 + 1.47° 54.75 + 1.99% 56.03 +1.96 56.37 + 1.58%
NTE  54.58 +0.92% 5435+ 1.41°" 5505+ 1.58°" 5550+ 1.448 5644 +0.778 56.23 + 0.96%°B
NRE  54.10 + 2.08° 54.75 + 1.36™ 54.82 + 0.83% 55.94 + 1.27% 55.62 +2.36 56.98 + 0.94%°
b* values co 16.93 + 1.39* 18.00 + 0.917 17.57 +0.98Y 17.71 + 0.13Y 17.65 + 0.21* 17.59 + 0.46"
c1 8.24 +0.25" 8.74 +0.21" 8.95 +0.23" 9.33 +0.68" 9.69 +0.83" 9.82 +0.91"
T 16.52 + 0.79"* 16.69 +0.70"* 17.08 + 0.58" 16.69 +0.22"Y 16.74 + 0.25* 16.73 + 0.22*
15.03 £ 1.57°"" 1581 +1.58"™Y  16.25+ 1.8V 1617 + 1.39"Y  16.49 + 1.70"TY  16.50 + 1.61""Y
E 15.47 + 2.11%* 16.48 + 1.02** 1542 +1.89" 1640+ 0.34"Y 1597 +0.73" 17.45 + 0.56"
TE 14.21 + 0422 1567 + 1.04Y  15.69 + 0.59"Y  15.26 + 0.19" 16.11 + 0.68* 15.97 + 0.56"
RE 13.65 + 0.60°T  14.67 + 0.39""TV 1533+ 0.33"WTV 1583 +0.55""V 1546 +0.40"Y 1578 + 0.54""W
NT 13.40 + 0.32" 14.25+0.32"Y  14.38 + 0.61"" 14.75 + 0.47* 15.16 + 0.65" 15.49 + 0.50"%
NR 13.79 + 0.59"T 14,53 + 0.35""WTY 14.34 + 0.71*TV 1558 + 0.51°Y 1549 + 1.01"7Y  16.01 + 0.40""V
NE 12.04 +0.32" 13.02 + 0.22" 13.58 + 0.40" 14.30 + 0.05" 14.79 + 0.12" 14.77 + 0.10"
NTE 1291 +0.29" 13.15 +0.13" 13.96 + 0.18" 14.79 + 0.54% 14.68 + 0.35" 14.97 + 0.18"
NRE  12.27 +0.32" 13.64 + 0.28" 13.51 + 0.30" 14.44 + 0.41" 15.04 + 0.40" 15.24 + 0.22"

Note: *P*?The difference between the samples represented with the different letters in the same column is significant (p < .05). #8"YThe difference
between the samples represented with the different letters in the same row is significant (p < .05).
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FIGURE 4 Changesredness (a*) of beef Mortedalla samples stored at 4°C. Measurements were taken at 0, 7, 14, 30, 60, and 90th days.
Significant differences between means are denoted by superscripts. Letter differences indicate that superscripts were generated on an

individual redness (a*) basis using model-based Tukey's HSD

sodium nitrite and 0.5% red beet remained stable. In a study car-
ried out with experimental pork sausages prepared by decreasing
the nitrite concentration and adding red beet extract at different
concentrations, it was determined that a* values of sausage samples
containing 1% red beet extract were 10 times higher than those of
control group containing no red beet extract (Jin et al., 2014).

b* values of beef Mortadella samples changed during the storage
period, but the changes in b* values of groups (except for those in
R, RE, and NR group) were found to be statistically nonsignificant
(p > .05). On all the analysis days, the lowest b* values were ob-
served in C1 group (8.24-9.82), and the difference between all the
groups was found to be statistically significant (p < .05; Table 3). In
a previous study, it was determined that b* value decreased as the
amount of red beet powder in experimental sausage samples added
with red beet powder at different concentrations increased and b*
value decreased in all the sausages stored at 4°C for 60 days. In the
same study, b* values of sausage samples containing 0, 2, 4, and 6%
red beet powder on Oth day were found to be 15.21, 13.35, 11.90,
and 10.79, respectively (Turp et al., 2016). In the present study, how-
ever, b* values of samples containing 1% red beet powder extract
on Oth day were found to range between 12.04 and 15.47. These
results are in parallel with those reported by Turp et al. (2016).

3.6 | Texture profile analysis results

It was determined that the hardness 1 values of beef Mortadella

samples tended to increase during the storage period; hardness 1

value was found to range between 21.71 and 31.14 N on Oth day and
between 31.35 and 41.54 N on the 90th day (Table 4). Based on this
result, it can be stated that hardness 1 values of samples contain-
ing thymol did not change during the storage period. Examining the
hardness 2 values of beef Mortadella samples, as in hardness 1 val-
ues, the hardness 2 values of samples tended to increase (Table 4).
Examining the cohesiveness values, the differences between the
cohesiveness values of CO-NE-NTE groups and C1-T-E-NR groups
on Oth day and the differences between the cohesiveness values
of R-RE groups and E-TE-NT-NRE groups on the 90th day (p < .05;
Table 4). Examining the flexibility values of beef Mortadella samples,
it was found that the flexibility of samples increased during the stor-
age, and it can be seen statistically (p < .05). Examining the gummi-
ness characteristics of beef Mortadella samples, it was found that
the gumminess values of CO, T, R, RE, and NR samples increased
when compared with Oth and 90th days. Examining the chewiness
values of beef Mortadella samples on Oth and 90th days of stor-
age, increases were observed in all the groups, except for NT group
(Table 4). The chewiness values of samples were found to range be-
tween 80.03 and 149.98 on Oth day and between 131.19 and 192.79
on the 90th day. Examining the chewiness values of beef Mortadella
samples, it was found that the differences between chewiness val-
ues of groups other than C1, E, NE, and NTE groups were statistically
significant (p < .05).

In their study, Estévez et al. (2006) examined the texture values
of sausages added with rosemary essential oil at different concen-
trations (150, 300, and 600 ppm) during the storage period. They
reported that hardness groups increased in all the groups, and the
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TABLE 4 Changesinhardness 1 (N) and hardness 2 (N) values of beef Mortedalla samples stored at 4°C

Hardness 2 (N) Cohesiveness Flexibility (mm) Gumminess (N) Chewiness (Nmm)

Hardness 1 (N)

90th day

Oth day 90th day Oth day 90th day Oth day 90th day Oth day 90th day Oth day 90th day Oth day

Groups

131.192¢

80.03%F
120.822°¢F

4.3435 6.7137
7.940S
7.012°7
8.16<"
6.73255
5.73%

31.59%8 18.30%% 26.49Y 0.20? 0.22b¢d 19.0120K 19.36%¢
0.31° 0.23 cd

33.30%8

22.042bA

co

159.742°6
135.23¢

8.01¢°

1996

16.04%¢

28.83%

22.6820X

25.5820A

c1

107.392><F

0.223b<d 17.22% 19.69%- 6.18%<5
0.26¢ 16.63% 19.35?

0.25°

27.60%
28.97%Y
28.932Y

31.35% 21.963X

2469204

157,577
149.12%°6
137.46°°F
186.46°C

136.29°F

94.58%F
100.06%°F
128.22°¢F

5.9labcs

0.24%°

21.35%0X

31.87%8¢
37.13%

24.3820A
21.71%

0.18%¢ 18.192bK 22.03%t 5.892b<S
21.51°K 24.05%

0.16°

0.26°

18.972b%

6.009b°s

0.222°
0.23°

28.50%%

31.94%Y

23.83abcdx
25.32bcd)(

35.69%A
36.10%8

27.313bch

TE

116.922°F
148.33C

8.74

6‘66abc5
7.59°¢T
7.39¢S

21.612<

18.46PK

0.25¢

30.25abch

RE

5.96%

DA 29.552 0.24% 0.172° 19.71°K 23.03°t

25.98°4X

35.597A
41.54%
39.79%8
38.11%A
38.74%8

31.14%9A

NT

191.04°¢
168.16%°¢
192.79F

153.80%°F

137.76°<C
149.98C

8.71

22.932bct

19.66°K-
21.59°K
22.22°%

0‘20abcd

0.18%"¢

0.26°
0.20?
0.22°

32.82%%

30.17abch
35.05%

NR

7.25°¢S
7.99%

6.97abc5
4.90%°5
7.56°T

23.23b¢t
24.16%
23.97¢

32.30%
30.93%%

29.74%
18.79%%

NE

110.9420<C
136.84°¢F

0.21abcd
0.17°

23.22%<A

NTE
N

6.482%5

18.63%°K

31.96%% 0.25°

26.68%

30.69°¢dA

RE

Note: 2The difference between the samples represented with the different letters in the same column is significant (p < .05). ABXY-KL-ST-FGThe difference between the samples represented with the

different letters in the same row is significant (p < .05).
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hardness of samples containing rosemary essential oil were lower
than that in the control group. It was also determined in the pres-
ent study that the hardness values of samples increased during the
storage period. Various researchers reported that the increase in
hardness values of emulsion structures during the storage in a refrig-
erator is related with the emulsion destabilization process because
of the segregation of water and oil from protein matrix. Besides this,
the oxidation of protein affects the functionality and emulsification
ability of protein (Xiong, 2000). In the same study carried out by
Estévez et al. (2006), it was also reported that the cohesiveness
and flexibility values of samples containing rosemary essential oil
were lower than those of control group samples. Similarly, Jeong
et al. (2010) carried out a study with fat-reduced sausages and re-
ported that the addition of red beet did not yield a change in textural
properties of sausages. While it was reported in a study that addition
of 0-1,000 ppm nitrite into minced canned jambon did not affect
the texture (Randall & Voisey, 1977), it was also reported in another
study that tomato peel and tomato powder added into pork meatloaf
improved the texture properties (Hayes et al., 2013).

3.7 | Microbiological analysis results

Among the beef Mortadella samples, the LAB were found to be
below the detectable level (<1 log CFU/g) C1 and samples containing
essential oil during the storage at 4°C. LAB growth was observed in
CO and E (0.25 and 0.07) since 14th day, and the number of LAB in-
creased during the storage in both groups. As the storage time con-
tinues, besides CO and E, containing no nitrite and essential oil LAB
growth was also observed in NE-containing essential oil and reduced
nitrite on the 90th day. The numbers of LAB in CO, E, and NE on the
90th day were found to be 2.41, 1.80, and 1.42 log CFU/g (Table 5).

In a previous study, the crawfish meat marinated with thyme and
rosemary essential oils were stored at 4°C for 10 days, and at the
end of the storage period, the LAB numbers of samples containing
rosemary and thyme essential oils were found to be lower than that
of control sample (Duman et al., 2012). In that study, LAB numbers
of samples containing rosemary and thyme essential oils were 5.91
and 4.93 log CFU/g, respectively, and it was reported that the thyme
essential oil was found to be more effective on the inhibition of LAB
when compared with the rosemary essential oil. In the present study,
the yeast and mold (YM) levels of samples until the 90th day of beef
Mortadella samples’ storage were found to be below the detectable
level, and YM development was observed on the 90th day in the
samples other than C1, NT, NR, and NTE. The difference between
the groups, in which YM development was observed, was found to
be statistically significant (p < .05). The differences between CO and
T, R, E, and NRE were statistically significant (p < .05), whereas the
difference between CO and other groups was found to be statistically
nonsignificant (p > .05). Among the beef Mortadella samples, the
sample having the highest number of YM was CO (2.58 log CFU/g). In
a previous study, the number of YM in control sample at the end of

45-day storage of vacuumed chicken sausages containing different
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TABLE 5 Changesinthe number of LAB in beef Mortedalla samples stored at 4°C (log CFU/g)

Storage period (days)
Sample 0 7 14 30 60 90
co <1 <1 0.25+0.03** 1.80 + 0.24"° 2.28 +0.31°¢ 2.41+0.33"°
c1 <1 <1 <1 <1 <1 <1
T <1 <1 <1 <1 <1 <1
<1 <1 <1 <1 <1 <1
<1 <1 0.07 £ 0.01°* 0.23 + 0.03*® 1.32 +0.18%¢ 1.80 +0.24°°
TE <1 <1 <1 <1 <1 <1
RE <1 <1 <1 <1 <1 <1
NT <1 <1 <1 <1 <1 <1
NR <1 <1 <1 <1 <1 <1
NE <1 <1 <1 <1 <1 1.42 +0.19°
NTE <1 <1 <1 <1 <1 <1
NRE <1 <1 <1 <1 <1 <1

Note: **The difference between the samples represented with the different letters in the same column is significant (p < .05). ~"PThe difference
between the samples represented with the different letters in the same row is significant (p < .05).

essential oils (clove, thyme, basil, and cinnamon essential oils) was
found to be 1.68 log CFU/g and, among the essential oils used in that
study, the essential oil that is most effective against YM growth was
reported to be the thyme essential oil (Sharma et al., 2017). In that
study, the number of YM on 45th storage day of sausage-containing
thyme essential oil was 1.23 log CFU/g. In another study, the effect
of rosemary extract on the shelf-life of chicken meatballs was in-
vestigated, and it was reported that rosemary was effective on the
growth of YM but that effect did not change with the change in the
amount of rosemary (Can et al., 2016). In a study, in which chicken
meatballs containing 0.4% thymol were stored at 4°C for 12 days, the
number of YM at the end of storage period was reported to be 5.13
log CFU/g in control sample and 2.43 log CFU/g in samples contain-
ing 0.4% thymol (Can, 2012).

The number of coliform bacteria in the beef Mortadella samples
stored at 4°C for 90 days was found to be below the detectable level.
Since the psychrophilic microorganisms can develop between 0 and
10°C, it was reported that they are important for fresh or processed
meat and meat products stored at cold (Halkman, 2005).

Since the beef Mortadella samples were subjected to the pas-
teurization process, the total aerobic psychrophilic bacteria (TAPB)
values were found to be below the detection threshold on the first
days of storage (Oth and 7th days; Figure 5). However, on 14th and
30th days, bacterial development was observed in CO, E, and NE; the
numbers of TAPB in these groups were found to be 1.49, 1.16, and
0.84 log CFU/g, and the difference between the groups was found to
be statistically significant (p < .05). On the 90th day, bacteria devel-
opment was observed in all the samples, and examining the differ-
ences between the groups, it was found that the difference between
CO and E groups was statistically nonsignificant (p > .05), whereas
the differences between other groups were found to be significant
(p < .05). The highest number of TAPB on the 90th day was found

to be 5.69 log CFU/g in CO group, while the lowest number of TAPB
was 2.02 log CFU/g in NTE group. The difference between C1 group
and groups containing essential oil was found to be statistically non-
significant (p > .05). Based on this result, it can be said that the ef-
fects of essential oils used in the present study and that of nitrite on
psychrophilic bacteria are similar.

Besides that, it was also determined that the numbers of TAPB of
T and R groups on the 90th day were higher than those of NT and NR
groups. Similarly, the numbers of TAPB in NT and NR groups were
found to be lower than that in NTE and NRE groups. When com-
pared with the sole use of essential oils in beef Mortadella samples,
the combination with 75 ppm nitrite and 1% red beet extract was
found to be more effective in terms of the inhibition of psychrophilic
bacteria. The differences between the beef Mortadella samples con-
taining essential oil in terms of TAPB were found to be statistically
nonsignificant (p > .05). Thymol and rosemary essential oils showed
similar effects on the TAPB in beef Mortadella samples.

Liu et al. (2009) carried out a study on chicken sausages con-
taining different concentrations of rosemary extract and stored at
4°C for 14 days and reported that the numbers of TAPB were 6 log
CFU/g in the group containing no rosemary extract, and 6.0, 5.5,
and 5.0 log CFU/g in groups containing 500, 1,000, and 1,500 ppm
rosemary extract, respectively. In their study, these authors stated
that the increase in the concentration of rosemary extract played
an effective role in decreasing the number of TAPB. In a different
study, it was reported that the numbers of psychrophilic bacteria
in experimental chicken sausage samples containing different spice
(thyme, rosemary, and oregano) extracts during the storage period
have increased (Bayrak, 2011). The number of psychrophilic bacteria
in sausages containing thyme extract was lower than in the sam-
ples containing other spice extracts (Bayrak, 2011). In that study, it

was determined that the number of psychrophilic bacteria increased
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FIGURE 5 Changesinthe number of total aerobic psychrophilic bacteria in beef Mortedalla samples stored at 4°C (log CFU/g).
Measurements were taken at 0, 7, 14, 30, 60, and 90th days. Significant differences between means are denoted by superscripts. Letter
differences indicate that superscripts were generated on an individual total aerobic psychrophilic bacteria (log CFU/g) basis using model-

based Tukey's HSD

from 2.38 to 12.04 log CFU/g in the control group, from 1.67 to 9.19
log CFU/g in the group containing thyme extract, and from 2.22 to
10.59 log CFU/g in the group containing rosemary extract. These
values are higher than those obtained on the Oth and 90th days of
storage in the present study. This is thought to be likely because
of raw material difference (beef meat—chicken meat) or difference
in forms of thyme and rosemary additives (essential oil—extract). In
another study on the effects of rosemary extract on storage quality
of chicken meat, it was reported that, when compared with the con-
trol group, the number of psychrophilic bacteria in samples contain-
ing rosemary extract was lower than that in control group, and the
lowest number of psychrophilic bacteria on 7th day of storage was
found in meatball samples containing 1% rosemary (4.14 log CFU/g;
Can et al., 2016).

3.8 | Sensory analysis results

It is clear that, while developing a new meat product or improving
an existing meat product, the data are very important, and even if
the meat product is acceptable from instrumental or microbiological
aspect but not from the sensorial aspect, this product cannot be rec-
ommended (Toldra et al., 2014). It was reported by various authors
that the compounds such as aldehyde and ketone emerging due to
the lipid oxidation during storage of meat products altered the taste
and odor scores (Flores et al., 2004).

Multiple criteria decision-making methods were used in sensory

analyses. In the SAW method, sensory scores of the alternatives

were directly used, and those values were normalized by using
Equation 1. Overall score obtained on all the analysis days was ob-
tained by calculating the sum of the weighted-normalized value of
each criterion of the alternatives (Tables 6 and 7). According to the
SAW technique, NRE sample had the highest value. It suggests that
NRE is the best sample on all the analysis days. At storage period, the
best four samples were NRE, NTE, NE, and C1 as ranking the groups
with SAW. Comparing general appreciation scores of the samples
containing rosemary essential oil and thymol (T—R, TE—RE, NT—NR,
NTE—NRE), it was determined that the samples containing rosemary
essential oil had higher scores than the samples.

In a study investigating the sensorial effect of tomato powder
on the sausage samples, it was reported that the color score and
the general acceptability score increased as the tomato powder con-
centration of samples increased (Eyiler & Oztan, 2011). In a study
carried out by Jin et al. (2016), it was reported that the sensorial
character, especially the aroma and general appreciation scores, of
sausage samples containing thyme and rosemary were negatively
affected during the storage period, but no difference was found be-
tween the sensorial values of sausage samples at the end of storage
period. In a study, in which the authors used red beet powder in sau-
sage samples at different concentrations, Turp et al. (2016) reported
that the red beet powder improved the taste of sausage formulation,
and the highest sensorial score was obtained with sausage samples
containing 4% red beet powder. Similarly, it can be stated that the
red beet extract improved the taste score of beef Mortadella sam-
ples in the present study. In a different study, it was reported that,

among the chicken sausage samples containing thymol at different
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TABLE 6 Pair-wise comparison matrix of alternatives based on criteria and general scores of alternatives obtained from SAW technique

Normalized comparison matrix Weighted normalized matrix
Group Taste Appearance  Odor Color Taste Appearance  Odor Color
Oth day Cco 0.109 0.069 0.110 0.064 0.041 0.020 0.023 0.008
C1 0.158 0.148 0.137 0.183 0.059 0.043 0.029 0.023
T 0.104 0.085 0.110 0.082 0.039 0.025 0.023 0.010
0.119 0.112 0.127 0.108 0.045 0.033 0.026 0.013
E 0.093 0.115 0.105 0.112 0.035 0.034 0.022 0.014
TE 0.096 0.106 0.100 0.071 0.036 0.031 0.021 0.009
RE 0.113 0.121 0.122 0.105 0.042 0.035 0.025 0.013
NT 0.096 0.119 0.094 0.135 0.036 0.035 0.020 0.017
NR 0.112 0.124 0.094 0.140 0.042 0.036 0.020 0.018
NE 0.135 0.090 0.092 0.134 0.051 0.026 0.027 0.039
NTE 0.139 0.134 0.136 0.133 0.052 0.039 0.040 0.039
NRE 0.151 0.141 0.138 0.148 0.057 0.041 0.040 0.043
90th day Cco 0.099 0.054 0.108 0.063 0.037 0.016 0.022 0.008
C1 0.146 0.155 0.147 0.175 0.055 0.045 0.031 0.022
0.096 0.081 0.113 0.085 0.036 0.024 0.024 0.011
0.117 0.127 0.123 0.112 0.044 0.037 0.026 0.014
E 0.107 0.110 0.097 0.117 0.040 0.032 0.020 0.015
TE 0.095 0.106 0.117 0.074 0.036 0.031 0.024 0.009
RE 0.121 0.119 0.112 0.108 0.045 0.035 0.023 0.013
NT 0.101 0.122 0.090 0.132 0.038 0.036 0.019 0.016
NR 0.118 0.126 0.094 0.134 0.044 0.037 0.020 0.017
NE 0.134 0.097 0.090 0.129 0.050 0.028 0.026 0.038
NTE 0.122 0.127 0.124 0.127 0.046 0.037 0.036 0.037
NRE 0.144 0.143 0.131 0.146 0.054 0.042 0.038 0.043

TABLE 7 Evaluation scores of the samples on the sensory alternatives with SAW

Stroage period (days)

0 7 14 30 60 90
Ranking Group Score Group Score Group Score Group Score Group Score Group Score
1 NRE 0.1808  NRE 0.1685 NRE 0.1745 NRE 0.1808  NRE 0.1709  NRE 0.1765
2 NTE 0.1696 C1 0.1546 C1 0.1614 NTE 0.1619 NTE 0.1521 NTE 0.1558
3 C1 0.1541 NTE 0.1490  NE 0.1429 C1 0.1518 C1 0.1512 C1 0.1524
4 NE 0.1429 NE 0.1450 NTE 0.1416 NE 0.1360 NE 0.1429 NE 0.1424
5 R 0.1172 NR 0.1207 R 0.1187 RE 0.1298 R 0.1252 R 0.1205
6 RE 0.1164 R 0.1142 NT 0.1137 R 0.1263 RE 0.1184 NR 0.1174
7 NR 0.1153 E 0.1123 NR 0.1099 NR 0.1231 NR 0.1169 RE 0.1167
8 NT 0.1070 NT 0.1102 RE 0.1095 NT 0.1080 E 0.1136 NT 0.1087
9 0.1045 RE 0.1074 T 0.1027 E 0.1015 NT 0.1028 E 0.1070
10 T 0.0972 TE 0.0998 E 0.1011 TE 0.0952 TE 0.1028 TE 0.1003
11 TE 0.0964 T 0.0964 TE 0.1001  CO 0.0823 T 0.0897 T 0.0938
12 co 0.0919 CO 0.0844 CO 0.0829 T 0.0820 CO 0.0795 CO 0.0831
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TABLE 8 Comparingthe samplesin
terms of quality characteristics

TBA (mg malonaldehyde)

DPPH free radical scaventing

activity (%)

Total phenolic content (mg gallic

acid/ml)

Instrumental color (a*)

Total aerobic psychrophilic
bacteria (log CFU/g)

Sensorial (general appreciation)

Quality characteristics
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Analysis day Cc1 NTE NRE

Oth day 260.9333 2,065.6140 265.8700
90th day 201.4143 1,767.3983 266.0113
Oth day 73.99 72.77 75.60
90th day 78.10 72.67 73.55
Oth day 260.9333 2,065.6140 799.9373
90th day 201.4143 1,767.3983 616.1277
Oth day 22.75 18.69 18.55
90th day 23.20 17.68 1791

Oth day <1 <1 <1

90th day 2.15 2.02 2.14

Oth day 4.41 3.93 4.14
90th day 4.37 3.67 4.12

Note: C1: Commercial control; NTE: 75 ppm nitrite + 0.3% thymol + %1 red beet extract; NRE:
75 ppm nitrite + 0.3% Rosemary EO + 1% red beet extract.

concentrations, the sensorial scores of sausages containing thymol
were higher than that of the thymol-free control group (Chouliara &
Kontominas, 2007).

3.9 | Comparing the quality
characteristics of samples

Many parameters are used in determining the quality characteris-
tics of meat products. These parameters include oxidation stability,
color stability, sensorial findings, texture profile, and microbiologi-
cal findings. Given the analyses carried out within the scope of the
present study, it can be stated that the parameters found to have
statistically significant difference were TBA, DPPH free radical
scavenging activity, number of TAPB, redness value measured in-
strumentally, general sensorial appreciation score, and total phe-
nolic content. The samples yielding the best results in terms of these
quality characteristics were C1, NRE, and NTE samples (Table 8).
Among the essential oils that can be used by decreasing the nitrite,
it can be recommended to use rosemary essential oil and red beet
extract in reduced-nitrite and carmine-free meat products because
the rosemary essential oil was reported to be more acceptable than
thymol from sensorial aspect although thymol has high antimicrobial
and antioxidant effects and high phenolic content when compared

with rosemary essential oil.

4 | CONCLUSION

Besides the literature, also the results obtained here suggest that
the antioxidant, antimicrobial, and coloring effects of nitrite can be
achieved by substituting it with essential oils and natural extracts. It
is thought that the red beet extract could be a good natural colorant
that can be used in meat products instead of carmine. Among the

essential oils, it can be recommended to use rosemary essential oil

and red beet extract in low-nitrite and carmine-free meat products
because the rosemary essential oil was reported to be more accept-
able than thymol from sensorial aspect. However, when compared
with rosemary essential oil, thymol has high antimicrobial and an-
tioxidant effects and high phenolic content in Mortadella samples.
The present study can be further expanded by using these essential
oils in different meat products, and these effects can be investigated
by using different essential oils as well.
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