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ABSTRACT

This study was carried out to determine the physicochemical and microbiological quality
characteristics of some meat samples (Longissimus dorsi, LD; Longissimus lumborum, LL;
Longissimus thoracis, LT) that were cooked in sous vide method at different time combinations
(2 and 4 hours) at 70°C during the storage process. Meats used as materials in the study were
obtained from 22-24 months old Simental cattle. All experimental meat samples were cut in 2x15
cm size and salted. Salted meat samples were vacuum-packed and cooked by sous vide method.
Cooked meat samples were stored at 2 + 2°C for 7 days. Physicochemical and microbiological
analyzes were performed on the 0., 3., 7th days of storage.

It was observed that the pH values of the samples remained within acceptable limits during storage
and the pH values increased as the cooking time increased. it was observed that cooking loss rates
increased in parallel with increasing cooking time, and this increase was more clear in LL samples
In addition, it was determined that as the cooking time of LT and LD samples gets longer the
cooking loss increased and it affected the values of a * (redness) and L * (brightness). it was
observed that no living microorganism produced in any samples taken into analysis during storage.

As a result; not finding microorganisms in the samples with sous vide technique for 7 days in the
storage period, it is believed to strengthen the reliability of safe food production.
It is concluded that sous vide method can provide advantages especially in terms of long shelf life
and close to consumer preference.
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1. Introduction

Consumers now prefer products that are most similar to the
fresh product in terms of their appearance and quality and that
are treated very little. Therefore, in the last ten years, it has
gained importance in the research and implementation of
alternative technologies in food processing and preservation
both in food industry and academic field [1]. The sous vide
technique, also called vacuum cooking technique of
alternative cooking methods, first appeared in France in the
1960s and started to be used in countries such as America,
Canada, Belgium and Singapore. Sous vide technique is
recognized by the vacuum packaging process that prevents the
development of microorganisms and high organoleptic
properties, especially in meat products, and is preferred as an

alternative method [2, 3, 4]. Today, only in France, there are
87 enterprises producing by sous vide method, and they
produce about 10,000 tons of sous vide products per year. Due
to its ease, the sous vide cooking method is widely preferred
in catering sector providing services in transportation vehicles
such as trains, airplanes, etc. as well as in food and beverage
businesses such as hotels, restaurants [3].

The sous vide technique differs from the traditional cooking
methods in two respects. The first is by vacuuming the raw
product in a heat-resistant, plastic food bag; the second one is
the application of the cooking process at fully controlled
temperatures. Due to the sous vide technology, which is a kind
of pasteurization process, the foods are cooked in vacuum
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packaging. The temperature is distributed homogeneously
throughout the cooking process and thus the heterogeneous
temperature and color distribution in the traditional cooking
method is not observed in the sous vide method. Therefore, in
conventional cooking methods, processes such as turning or
mixing applied to ensure homogeneous cooking of food are
not required in this method [5].

Peiretti et al. [6] reported a decrease in the rate of carnosine
formed by the incorporation of the alanine and histidine amino
acids in the meat after heat treatment, a decrease in carnosine
loss (50%), especially in the boiled meat due to its water
soluble property. Because of the fact that the meat does not
come into contact with water in the sous vide technique, the
components with water-soluble properties remain in the food
and the nutrient loss is minimal. In sous vide technique, food
is put into heat-resistant plastic bags and vacuumed. The
vacuumed bag is cooked according to the appropriate
temperature-time parameter by placing the temperature in the
cooking pot fully controllable and in the water circulation. At
the end of cooking, the product removing from the water and
is served directly by frying on a grill or pan [5, 7]. The process
steps applied in the sous vide cooking method are shown in
Fig. 1.
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Figure 1. Processes used in sous vide cooking method [7]
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2. Materials and methods

In the preparation of the experimental specimens added salted
%0,2, 2 x 15 cm sliced tenderloin (Longissimus dorsi, LD),
loin  (Longissimus lumborum, LL) and entrecote
(Longissimus thoracis, LT) preparations were used. The meats
used as material in the study were obtained from 22-24 months
old Simental cattle. Meat samples were vacuum packed using
vacuum bags (Electrolux Sous Vide Vacuum Bags,
Polyscience, USA) with certificate of conformity to food
production. Then they were baked in the sous vide unit (Sous
Vide Professional Crative Series, PolyScience, USA) for 2
and 4 hours at 70°C. They were stored at 2 + 2° C for 7 days

following rapid cooling with the help of ice tanks. The
samples were examined in terms of physicochemical and
microbiological characteristics on the 0, 3 and 7™ days of
storage. Analyzes of the meat samples prepared 3 times were
performed in parallel. The preparation and cooking steps of
the samples are shown in Figure 2, respectively.

(v)

Figure 2. Preparation steps of experimental meat samples
(I: grouping, IlI: salting and vacuuming) and sous vide
process (I11: cooking, IV: rapid cooling)
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2.1.

Four different analyzes including pH, cooking loss,
reflectance color analysis and Warner Bratzler shear force
analysis were performed within the scope of physicochemical
analyzes. The pH values of the prepared meat samples were
determined at 25 + 1°C by electronic pH meter (Inolap-Series
Wtw 7310) [8]. Cooking loss was weighed with precision
scales at the end of the cooking process and were calculated
with the help of the following formula [9].

Physicochmical Analysis

Weight Before Cooking — Weight After Cooking
X

Weight Before Cooking 100

Cooking loss (%) =

Reflectance color analysis was performed with the help of a
Minolta chrome meter (CR-400 model, Konica Minolta). For
this purpose, the color measurements on the surface of each
sample using a colorimeter with diffusion range of 8 mmin D
Diffuse / O mode with D65 illumination, 2° observer, are
expressed as brightness (L *), redness (a *) and yellowness (b
*) [10].

Samples for shear force analysis were removed from their
packs on the specified days of storage and brought to room
temperature. Samples with a diameter of 1.27 cm and a
diameter of 2 cm were taken from the samples reaching room
temperature with a special probe.The shear force values of the
samples were determined with the help of the Warner Bratzler
Share (WBS) V Slot Blade probe of the double sleeve texture
device of TA.HDPIlus (TA, Stable Mycrosystems Godalming,
Surrey, UK) in Selcuk University Food Engineering
laboratory [11].

2.2. General count of live microorganisms

he analysis was performed according to the Food and Drug
Administration Bacteriological Analytical Manual (FDA
BAM) [12]. 1 ml each of the dilution tubes was taken and plate
count agar (Merck 1.12535) was applied to the medium by
casting plate. Following incubation at 37 °C for 48 hours,
colonies between 30 and 300 were counted and evaluated by
taking the dilution coefficient into account.

2.3. Statistical Analysis

SPSS 21.00 package program was used for statistical
evaluation of the data obtained from the study. Variance
analysis was applied to statistical data; differences between

significant variance sources were also determined by applying
the Tukey test [13].

3. Results and discussion

Because of its quality characteristics and vacuum pack, sous
vide cooking is more recognizable due to the advantages in
terms of making the product more durable against storage
conditions.

Especially in the last years, for food and tourism sectors, food
prepared with sous vide technique - an alternative cooking
method- is storaged for a long time without breaking the cold
chain food.. In order to detect changes in meat that may occur
meat during the cold chain and which may affect consumer
preference, pH, cooking loss, color, (Warner Bratzler Share
Force WBSF) and microbial properties are important in the
one week storage period.

In the study, the pH values were found to be acceptable level
(5.74 - 6.01) on the 0, 3 and 7 days of storage. The pH values
of the experimental samples increased during the storage
period and the pH values of the LD were similar on the 0 and
3 days of storage and on the 7th day it was found to
significantly increased (p <0.05) (Table 1). Similar studies
[14, 15] have reported that an increase in pH values during
storage is observed, while the increase in pH observed during
rest may be related to alkaline metabolic products resulting
from protease activity [16].
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Figure 3. pH values of samples during storage
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Table 1. pH, cooking loss, color and WBSF analysis findings of the samples prepared by sous vide method

during storage.

: Heat / Time Storage Days
Quality  Samples =~y 1y 0. 3 7. p
LD 70:C/2 5.83+0.00° 5.83+0.04° 5.99+0.00? 0.027*
70°Cl/4 5.84+0.03° 5.94+0.02° 6.00+0.02? 0.049*
pH LT 70:C/2 5.81+0.05 5.87+0.07 5.91+0.03 0.494
70°C/4 5.84+0.10 5.86+0.01 5.90+0.03 0.827
LL 70°C/2 5.74+0.02 5.77+0.05 5.79+0.00 0.592
70°C/4 5.81+0.10 5.83+0.20 5.85+0.25 0.381
LD 70°C/2 29.24+0.32 31.65+4.12 34.68+2.44 0.474
70°C/4 31.11+0.20 32.16+1.90 32.99+3.79 0.869
Cooking LT 70°C/2 24.32+0.66 28.70+2.10 23.2240.86 0.148
loss (%) 70°C/4 30.70+0.07 31.70+2.12 26.43+2.68 0.279
LL 70 :C/2 31.4040.97 34.72+1.79 29.58+3.47 0.401
70 °C/4 39.98+2.13 37.99+10.93  29.95+0.41 0.570
LD 70 :C/2 33.45£1.19 37.02+1.91 33.71+1.70 0.143
70 Cl/4 36.00+£3.47 39.75+4.87 30.59+3.49 0.310
L LT 70°C/2 35.79+1.59 35.24+1.19 35.74+1.46 0.962
70°Cl4 32.28+0.98° 35.23+1.64%  39.44+1.26° 0.003**
LL 70°C/2 37.97+0.71° 42.16+0.78° 40.19+1.54% 0.048*
70°Cl4 37.74+1.05 39.83+1.89 38.85+0.92 0.518
LD 70°C/2 14.77+£0.172 12.77+0.39°  14.39+0.41° 0.002**
70°Cl4 13.60+0.362 9.93+1.21° 14.12+0.522 0.002**
a* LT 70 :C/2 12.92+0.38 11.77+0.54 12.28+0.81 0.429
70 °C/4 13.13+0.62 13.43+1.68 10.57+0.57 0.051
LL 70°C/2 12.08+1.69% 10.00+£1.14°  10.66+1.06% 0.046*
70°Cl4 12.73+0.392 10.11+0.50°  11.19+0.62% 0.024*
LD 70°C/2 18.68+0.31 17.44+0.38 16.66+0.81 0.059
70°Cl4 17.98+0.66 16.64+0.69 16.50+0.19 0.085
b* LT 70 :C/2 15.73+0.26 16.78+0.45 16.33+0.79 0.425
70 °C/4 15.90+0.58 17.94+0.84 17.74+0.64 0.093
LL 70°C/2 15.83+0.50 15.98+0.31 16.98+0.24 0.090
70°Cl4 17.54+0.40 18.16+0.65 18.16+0.82 0.602
LD 70 :C/2 29.14+0.412 25.02+0.37° 30.63+0.99° 0.019*
70 °C/4 29.84+2.44 24.13+0.00 25.82+2.61 0.279
WBSE LT 70 :C/2 27.08+2.04 33.7743.08 30.79+1.11 0.255
70 Cl/4 25.20£2.32 29.97+£3.21 36.11+0.84 0.100
LL 70 :C/2 36.54+2.09 33.68+2.58 36.18+0.13 0.582
70 C/4 30.36+0.61 36.84+2.21 34.33+£3.00 0.254

(Longissimus dorsi, LD; Longissimus lumborum, LL; Longissimus thoracis, LT)
a, b, c: Differences between days with different letters in the same line are important.
(*: p<0,05, **:p<0,01, ***: p<0,001)

During the storage period, it was observed that the cooking
loss values in the samples varied between 23.20 - 39.98%. A
parallel increase was observed in the loss of cooking values
during the storage period in LD (Table 1). Cicgek et al. [17]
showed that the cooking loss rates of the meat samples kept in
the vacuum package increased during the storage period; they
emphasize that the rate of 21.32% on the first day of storage

increased to 27.44% on the last day of storage. Belibagli and
Ersan [18] stated that there was an increase in cooking losses
in parallel with the storage time that samples with sous vide
method. Most of the cooking loss in the meat occurs as a loss
of water in the meat. As many researchers [19, 20, 21, 22]
have stated, when the temperature of the meat reaches to 45 -
60 ° C, the fibers begin to shorten, and in 60 - 90°C, the
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shortening takes place parallel to the axis of the muscle fibers
and water between the muscle fibers leaks out. In this context,
it is seen in Figure 4 that the cooking losses increase
depending on the cooking time. The fact that the meat samples
cooked for longer periods of time had higher cooking loss
values than the samples cooked for 2 hours supports this view.
There are similar studies [23, 24, 25, 26, 27] indicating that
cooking losses are directly related to cooking time and
cooking temperature. Zikirov [28] suggested that the cooking
loss increased as the cooking time increased, and the cooking
loss rates of samples cooked with sous vide method at 2°C and
4 hours at 75°C were 39.15% and 41.98%, respectively.
Christensen et al. [24], who stated that the rate of cooking loss
increased when they prolong the cooking time by keeping the
temperature constant, supports the findings we obtained.
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Figure 4. Cooking loss values of samples during storage

One of the important quality criteria for the consumer.
Myoglobin, which gives the color of the meat, consists of the
protein containing globulin and the non-protein part to which
the iron element is attached. The color of the meat is due to
the oxidation state of iron and the fact that this pigment
absorbs and reflects the light of a particular wavelength [29].
In particular, it is known that the surface color of the meat in
the storage process varies according to the reaction of
myoglobin [30]. However, in this technique, cooking meat in
a vacuum bag and stored in the same bag until consumption
limits the contact with oxygen. Figure 5 shows that the L *
levels of the samples vary between 32, 28 and 42,16 during
storage and these values are limited. On the other hand, in
respect of statistical, it was found that the differences in the 0,
3 and 7 days of storage of 2 hours of heat treated LL with 4
hours of cooked LT were significant (p <0.05, p <0.01) (Table
1). It is seen that L * values decrease as the cooking time
increases in the samples (Figure 5). This may be related to the
denaturation levels of meat proteins. Similar results were
found by Zikirov [28]. The researcher stated that the L *
values (47,18 and 43,09) decreased as the cooking time
increased with the sous vide technique for 2 and 4 hours.

45
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Figure 5. L values of samples during storage

a* values of the samples were determined between 9.93 and
14.77. While the values in days 0 and 7 were similar in LD
during the storage period, on the 3rd day, a * values were
lower than the other days and this difference was significant
(p <0.01). Furthermore, it was found that there was a
significant difference (p <0,05) on the 0 and 3 days of storage
at the a * values of the LL samples; a * value obtained on the
7th day of storage was similar with the other days (Figure 6,
Table 1). The decrease observed in the a * values of the
samples during the storage process was also determined by
many researchers [25, 31, 32].

17
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Figure 6. A values of samples during storage

It has been stated that the different heat time parameter is most
affected by combinations applied in meat samples cooked
with sous vide method [27]. While in our study, the cooking
time of LT and LL samples cooked in sous vide method can
be correlated with the increase in a * values and loss of
cooking values, it may be associated with an increase in light
absorbing properties with less water and a darker red color
meat[33].

b* values, which were reported to be less effective on meat
sensory characteristics and consumers' preference for meat
[34], were determined between 15.73 and 18.68. While the b
* value in other samples except LD was in an increase trend
during storage, it was observed that this situation developed
in the opposite direction in LD (Table 1). Cicek et al. [31]
also stated that they observed a decrease in the b * values of
the meat samples (13,26 to 6,39) they kept in the vacuum
package for a week during their studies. The b* increase
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observed in LT and LL samples can be explained by the
different amount of oil acting on the chemical composition
of these preparations and the chemical and enzymatic
changes in the oil [35].

The WBSF values of the samples ranged from 24.13 to 36.84
N, the lowest was LD, and the highest WBSF values were
determined as LL samples (Figure 7). It is seen that the
firmness ratios in the meat samples during storage are higher
in LL and lower in LD. It is thought that the fat content they
contain in determining the WBSF values of meat is effective.
Thus. LD is softer than other meat because of its minimum
meat content. It was determined that the storage time did not
have a very determining effect on the WBSF values of meat
samples (Figure 7).
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Figure 7. WBSF values of samples during storage

As a result of the analysis carried out during the storage, no
live organisms were detected in any sample. This situation can
be explained by cooking the meat samples prepared according
to the hygienic conditions in accordance with the technique
and then with rapid cooling and in suitable storage conditions
(2 £ 2 °C). Some researchers [5, 30] reported that 70 °C heat
treatment for microbiological safety in sous vide products is
effective in the destruction of microorganisms, and rapid
cooling after cooking provides protection of microbiological
quality. It is further emphasized that the heat time combination
applied to the meat and the failure of the cold chain after it are
important for the microbiological quality of the product [4,
37]. However, it is also stated by many researchers [4, 15, 38,
39, 40, 41] that the use of vacuum packaging in the sous vide
method further restricts the growth of microorganisms in the
product and thus longer shelf life is obtained.

In fact, Ozdemir and Sireli [42] emphasize that while vacuum
packaging decreases the microbiological burden of the
products, while Brochothrix thermosphacta is detected in only
28% of the vacuumed raw meat products, in majority of the
non-vacuumed meat products participated in the study (48%)
B. thermosphacta bacterium was found.

4, Conclusion

In the samples prepared with sous vide technique and stored
for 7 days in the absence of general living microorganisms,
sous vide technique is believed to strengthen the reliability of
safe food production. However, the heat time combination to
be applied should be determined according to the type of meat
and hygienic production initial cost of microorganism need to
be taken in to account.

During the storage period, the general live microorganism was
not detected in the samples, and there was no significant
difference between the cooking loss rates and the L * values
between 0 and day 7th days of the storage is related to their
remainng in the vacuum package during storage. It is thought
that the more widespread use of this technique will provide
food enterprises with advantages in terms of food safety and
fast serviceability.

Note:

This paper is produced from “Comparative Implemetation Of
Traditional Cooking Methods and Sous Vide Cooking
Methods in Different Beef Preparates” PhD thesis titled
16202044, which is supported by SU BAP
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