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Raw meat emulsions may have natural, spoilage and pathogenic microorganisms due to the origin and char-
acteristics of this food matrix. All of these microorganisms must be minimized during industrial processing to
make food consumption safe and meet quality regulations. Therefore, in this research, the effect of probe ul-
trasound on the inactivation of three kinds of microorganisms in a raw meat emulsion is evaluated. The mi-
croorganisms are: natural microflora NAM, Listeria monocytogenes LIS, and Lactobacillus delbrueckii LAC. A high-
intensity probe ultrasound system was used, during 1.0, 2.5, 5.0, 7.5 and 10 min, with pulsed waves of 0.0, 10,
20 and 30 seg, and 200, 250, 300, 350 and 400 W of power. The interrelation between time, wave pulse cycle,
and power factors was assessed. The results showed a positive linear independence effect in the treatments
without wave pulse for each microorganism, and a quadratic interaction with the time and the ultrasound power
for the inactivation of the three kinds of microorganisms. Besides, the desirability function for the inactivation
reached up to 60% of the microbial population with the probe ultrasound treatment, with 10 min, a 7.56 s wave
pulse and 400 W of power. Thus, these results could be useful to decide the incorporation of mild and emerging

technologies in a meat industry line process.

1. Introduction

This research work aims to evaluate the influence of treatments of
high power ultrasound waves on natural microflora, Listeria mono-
cytogenes and Lactobacillus delbrueckii in a raw meat emulsion. Meat
emulsions are elaborated from the raw material of animal origin, like
ground meat and fat, water, and with other vegetable and animal source
proteins. While the emulsification process occurs, the microbial growth
can increase between 10°--10* CFU/g. These microorganisms have been
mainly identified as spoilage flora in this kind of meat emulsion, where
the most known are lactic acid bacteria (Lactobacillus spp.) and some
enterobacteria (Proteus spp. and Pseudomonas spp.) [2,3]. On the other
hand, in these raw emulsions, pathogenic microorganisms such as Lis-
teria monocytogenes and Escherichia coli have been found, and they are
frequently used as indicator microorganisms to evaluate the effective-
ness of inactivation treatments in quality safety processes [1-4].
Therefore, according to the regulations for cooked emulsified meat
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products, the application of thermal processes where the time and
temperature depend on the characteristics of each product, is manda-
tory. Thus, several researchers have suggested that in order to reduce the
pathogenic flora in cooked meat products, the internal temperature
should reach 72 °C [5-7]. However, the texture stability of meat prod-
ucts can be affected by increasing cooking times and temperatures, so a
mild technology or a hurdle technology before a thermal process could
reduce the number of microorganisms before the cooking process.

The positive impact of the ultrasound waves by sonication is widely
known. It can contribute to reduce the microbial load in different food
systems without altering flavor, color, and nutritional quality [5,8-12].
Cavitation phenomena generated by high-intensity ultrasound waves
have positively influenced these two aspects, reducing the microbial
population and maintaining the physical stability of the products. Power
ultrasound has been used to guarantee safe and high-quality food. High
power (greater thanl W/cm2 and frequencies between 20 and 500 kHz),
ultrasound offers an alternative to traditional food preservation methods
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and is considered an emerging, green and versatile technology [13,14].
On the other hand, Barretto, Pollonio, Telis-Romero & da Silva Barretto
[15] showed that ultrasound treatments on reconstituted cooked hams
produce high flavor scores and sensory acceptance. Regarding the sta-
bility of meat emulsions, Cichoski et al. [16], found that ultrasound in
pork meat emulsions favored the formation of a stable gel during
cooking.

Awad et al. [17], have explained that ultrasound waves are generally
considered safe, non-toxic, and environmentally friendly. Thereby, ul-
trasound could have an advantage over other technologies in the food
industry. Yusof & Ashokkumar [18] have described that acoustic cavi-
tations can be beneficially used in food processing applications, which
implies the use of lower temperatures and pressure conditions in in-
dustrial processes. According to Soria & Villamiel [19], the ultrasound is
not a standard technology and, for each application, the time, the in-
tensity, and the ultrasound waves frequency should be considered, along
with their effects on the technological and functional properties of food.
In general, energy, intensity, and temperature are the main factors that
affect the power of ultrasound [20] and, therefore, knowledge of the
parameters to apply ultrasound is related to the effects that it could have
on food systems.

Guerrero, Lopez-Malo & Alzamora, and Huang et al. [21,22] have
described how the low-frequency high-intensity ultrasound generates
strong shear and mechanical forces that induce acoustic cavitation, by
the generation and the collapse of large bubbles that cause a high energy
release. According to Senorans et al. and Turantas et al. [23,24], in terms
of ultrasound application on different food systems, each case should
involve critical factors such as the amplitude, the relationship between
exposure time, contact, volume, and the composition of the food. These
factors determine the efficiency of the inactivation of microorganisms.
Thus, the correct design of experiments is an important strategy to be
developed between the researchers and the meat industry, so the
conclusive results could be applied to an industrial process. On the other
hand, the ultrasound probe in liquid or semi-solid food systems has
shown a remarkable impact, as ultrasound waves are directly applied on
the food by means of a horn vibrator. If the contact time is of just a few
minutes, it will not generate problems related with the contamination
with metal particles emitted by the horn [25]. Thereby, in this research,
the aim was to evaluate the influence of treatments of high power ul-
trasound waves on natural microflora, Listeria monocytogenes and
Lactobacillus delbrueckii in a raw meat emulsion.

2. Materials and methods

This research was carried out with three groups of microorganisms: a
pathogen, Listeria monocytogenes (LIS); a spoilage, Lactobacillus del-
brueckii (LAC), and the natural microflora (NAM) present in a raw meat
emulsion. LIS and LAC were inoculated into a raw meat emulsion before
performing the ultrasound treatments.

2.1. Raw material

A raw meat emulsion (0.5:1) of protein/fat, with the following
composition: Total protein: 12.65% (w/w); meat protein: 12.30% (w/
w); vegetable protein: 0.40% (w/w); total fat: 25.70% (w/w); moisture:
55.20% (w/w); total carbohydrates: 3.90% (w/w); starch: 3.00% (w/w),
1.96% (w/w) salt, 0.30% (w/w) phosphate, 453.70 ppm ascorbate and a
pH of 5.8. It was elaborated under industrial conditions in terms of
grinding, mixing and emulsification. The emulsion was aseptically
divided into 10 g portions packed in sterile polyethylene bags (Whirl-
Pak, Nasco-BB01062) and stored at —10 C until they were used.

2.2. Natural accompanying microflora determination

The concentration of natural microflora (NAM) in the raw meat
emulsion was determined and cultures of the samples were performed in
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triplicate on tryptone soy agar (TSA, Scharlau ref. 01-200) at 37 °C for
24 h. The count of microorganisms was 3.9 logl0 CFU/mL + 0.81.
Additionally, the presence of Listeria spp. in the samples was discarded,
due to the absence of typical colonies in Palcam agar (Scharlau ref. 01-
470), according to the guidelines of the Bacteriological Analytical
Manual [26].

2.3. Inocula preparation

The strain of Listeria monocytogenes (LIS) was isolated from the meat
food factory, and Lactobacillus delbrueckii (LAC) was isolated from raw
materials (cornmeal).The two strains were identified by the 16 s rRNA
molecular sequencing (>99.0% of identity), using a 3730 DNA Analyzer
technology (Applied Biosystems®). Bacterial strains were stored in
cryovials (CryoBank, Copan) at —70 °C until use. They were activated in
10 mL of tryptic soy broth (TSB, Scharlau ref. 02-200) for 24 h at 37 °C.
The overnight cultures were subcultured at 1:10 in TSB, for 24 h, at
37 °C

2.3.1. Inoculation in raw material

10 g of samples of raw meat emulsion were placed in sterile stom-
acher bags, and each one was inoculated with LIS and LAC, previously
adjusting volume until a final concentration of 4.0 at 4.5 log;o CFU/mL
was obtained, and NAM was determined in the raw meat emulsion ac-
cording to the method described in 2.2.

2.4. Ultrasound treatments and microbial inactivation

The treatments were performed with an ultrasound probe (Qsonica,
model Q700, Newtown, CT, US) at 20 kHz frequency, with a tip of 320
um in terms of amplitude and 1.6 mm of diameter, and with an LM35
thermocouple with an integrated circuit. The inoculated raw meat
emulsion at 5 °C was aseptically deposited in volumetric vessels,
designed in stainless steel, which are 2.0 mm thick, with 2.5 cm of
diameter and a 4.0 cm height. The ultrasound probe was inserted up to
2.0 cm into the raw meat emulsion (Fig. 1). The following factors were
evaluated: Time of treatment (1.0, 2.5, 5.0, 7.5, 10 min); pulse wave
(0.0, 10, 20 and 30 s), and the power (200, 250, 300, 350 and 400 W).
Table 1 shows the 100 ultrasound treatments performed in triplicate. In
previous essays, to avoid physicochemical changes in the meat emulsion
were defined as the sonication conditions temperatures under 15 °C
(data not shown). After those treatments, the samples (10 g) were
aseptically transferred in a laminar flow cabinet to sterile stomacher
bags, and 90 mL of sterile peptone of 0.1% were added before homog-
enizing for 2 min, using a mechanical homogenizer (Stomacher 400
Circulator; Seward Laboratory Systems, Inc.). For microbiological
enumeration, fold series of sample homogenates were prepared and
spread in petri dishes, in triplicate: LIS count in Palcam agar (Scharlau
ref. 01-470), with 0.1% sodium pyruvate (SP) added; LAC counts were

-
LT

Thermocouples

Ultrasonic Horn

Emulsion meat sample

Volumetric steel device

Fig. 1. Layout of sonication in emulsion meat samples.
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Table 1
Inactivation percentage for L. monocytogenes (LIS), natural accompanying microflora (NAM) and L. delbruekii (LAC) during ultrasonic treatments in raw meat emulsion.

RUN Time (min) Power (W) Pulses (s) Inactivation Time (min) Power (W) Pulses (s) Inactivation percentage (%)
percentage (%)

LIS NAM LAC RUN LIS NAM LAC
1 1 200 0 0.3 0.6 0.1 51 1 200 20 0.8 0.6 0.9
2 2.5 200 0 0.5 0.6 1.0 52 2.5 200 20 0.6 0.6 0.1
3 5 200 0 0.2 0.3 0.2 53 5 200 20 0.3 0.6 0.4
4 7.5 200 0 0.5 0.3 0.2 54 7.5 200 20 0.1 3.4 0.9
5 10 200 0 0.2 0.4 11 55 10 200 20 0.4 3.9 0.7
6 1 250 0 3.0 0.1 1.0 56 1 250 20 0.3 3.5 0.3
7 2.5 250 0 4.2 0.2 1.0 57 2.5 250 20 0.3 4.0 0.8
8 5 250 0 5.7 0.3 0.6 58 5 250 20 0.8 4.9 0.2
9 7.5 250 0 8.5 0.6 0.5 59 7.5 250 20 0.7 6.7 0.2
10 10 250 0 8.2 0.6 0.3 60 10 250 20 0.8 8.3 0.5
11 1 300 0 9.0 0.5 0.9 61 1 300 20 2.8 6.7 0.5
12 2.5 300 0 11.6 0.5 0.6 62 2.5 300 20 2.1 9.1 0.3
13 5 300 0 19.4 0.9 0.5 63 5 300 20 2.9 10.1 0.1
14 7.5 300 0 22.9 1.2 0.3 64 7.5 300 20 2.6 16.5 0.8
15 10 300 0 23.5 1.2 0.4 65 10 300 20 2.2 20.2 0.6
16 1 350 0 23.2 9.6 5.8 66 1 350 20 7.6 11.8 5.6
17 2.5 350 0 26.7 16.2 9.7 67 2.5 350 20 8.7 14.2 10.1
18 5 350 0 37.6 25.1 12.3 68 5 350 20 13.8 18.6 19.3
19 7.5 350 0 49.0 28.0 23.7 69 7.5 350 20 18.0 25.2 23.8
20 10 350 0 49.1 34.9 26.5 70 10 350 20 18.1 27.4 27.3
21 1 400 0 38.3 32.2 23.7 71 1 400 20 10.8 25.0 9.7
22 2.5 400 0 41.6 34.1 29.6 72 2.5 400 20 18.3 27.4 22.1
23 5 400 0 47.5 45.7 32.0 73 5 400 20 24.0 28.8 29.8
24 7.5 400 0 61.3 50.2 37.9 74 7.5 400 20 29.0 30.5 35.4
25 10 400 0 63.3 53.4 41.3 75 10 400 20 30.1 34.3 40.1
26 1 200 10 0.5 2.6 0.1 76 1 200 30 0.4 0.8 0.8
27 2.5 200 10 0.7 4.6 0.6 77 2.5 200 30 0.5 0.8 1.2
28 5 200 10 0.2 7.2 0.6 78 5 200 30 0.8 0.8 0.9
29 7.5 200 10 0.2 9.8 0.6 79 7.5 200 30 0.6 0.9 0.5
30 10 200 10 0.3 16.2 1.0 80 10 200 30 0.8 0.8 0.5
31 1 250 10 1.0 5.6 0.7 81 1 250 30 0.4 0.3 1.0
32 2.5 250 10 0.7 10.5 0.6 82 2.5 250 30 0.2 4.7 1.1
33 5 250 10 0.6 12.9 0.4 83 5 250 30 0.8 6.9 1.5
34 7.5 250 10 3.0 21.1 0.3 84 7.5 250 30 0.4 11.2 1.5
35 10 250 10 3.1 24.4 0.8 85 10 250 30 0.9 12.7 1.6
36 1 300 10 3.4 17.9 0.9 86 1 300 30 0.8 2.4 0.9
37 2.5 300 10 9.0 22.3 0.6 87 2.5 300 30 0.9 4.6 1.1
38 5 300 10 11.3 25.3 0.9 88 5 300 30 0.6 6.2 1.1
39 7.5 300 10 18.7 29.2 0.7 89 7.5 300 30 0.8 11.1 1.3
40 10 300 10 19.0 33.4 0.6 90 10 300 30 0.7 12.6 1.3
41 1 350 10 23.7 30.7 7.3 91 1 350 30 5.0 5.9 1.6
42 2.5 350 10 26.7 38.7 19.4 92 2.5 350 30 6.6 10.3 1.8
43 5 350 10 32.9 50.8 24.0 93 5 350 30 8.9 15.9 1.9
44 7.5 350 10 37.5 52.2 28.7 94 7.5 350 30 13.5 22,5 1.9
45 10 350 10 37.5 57.3 32.7 95 10 350 30 13.6 23.7 2.3
46 1 400 10 28.4 39.6 18.5 96 1 400 30 8.6 20.8 9.1
47 2.5 400 10 29.7 43.1 27.7 97 2.5 400 30 16.3 25.9 14.4
48 5 400 10 33.7 48.1 31.4 98 5 400 30 21.5 27.9 19.3
49 7.5 400 10 40.1 57.8 43.1 99 7.5 400 30 25.8 30.9 20.3
50 10 400 10 40.2 66.1 47.6 100 10 400 30 26.1 34.0 24.5

carried out in TSA (Scharlau ref. 01-200), with 5.0% acetic acid and
0.1% SP added, and NAM counts were performed using TSA, with 0.1%
SP added. The petri dishes were incubated at 37 °C until the colony

viable count did not increase (72 h). The numbers to express the 2.5. Statistical analysis

quantities of bacteria were transformed from CFU/mL to log units

(Log10). Statistical analyses were performed using SAS 9.4 for Windows.
The inactivation percentage (I) was calculated from the count of Response values of second order were estimated from the values of I for

surviving microorganisms (final concentration after ultrasound treat- each group of microorganisms, according to Eq. (2).

ments), according to Eq. (1):

(log(initialnumberofcount) — log(numberofsurvivingafterultrasound) ) 100 o
x

Inactivation(%) =
(%) log(initialnumberofcount)
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Where X; corresponds to the values of the factors time, power, and
pulses; Bj, to the parameters of the main effects and the corresponding
interactions; ¢ to the residuals of the model and Y is the response vari-
able, which for this case corresponds to the average inactivation per-
centage values.

The models were fixed for each kind of microorganism and were
evaluated by the assumptions of the statistical model for the selection of
the best transformation method, as follows: For LIS, the Box-Cox
transformation with a A = 0.04 was used; for NAM, square root trans-
formation was applied and for LAC, the data were transformed by the
logarithm function. Thus, the significant parameters for the predicted
responses (p < 0.05) were selected and the combination of the factors
(ultrasonic setting) that maximize the desirability function (inactivation
percentage) was estimated [27,28]. In our study, we defined the per-
centages above 50% for LIS, NAM, and LAC as desirable inactivation
values, because the level of lethality of mild technologies such as ul-
trasound is not comparable with the effect produced by thermal treat-
ments. A significant reduction in the microbial population of a raw
product could mean the optimization of thermal treatments in subse-
quent phases, with no abuse of temperatures [29].

3. Results and discussion
3.1. Model of microbial inactivation

An independent linear effect (Table 1) was found for each microor-
ganism without a pulse (0 s); the highest inactivation values (I) for LIS
and LAC were 63.3% and 53.4%, respectively, at 400 W of power during
10 min. On the other hand, all ultrasound treatments evidenced a pos-
itive and significant linear effect of treatment time and potency on
inactivation of the three types of microorganisms. Egs. (3), (4) and (5)
show the behavior of each microbial species:

LIS, = 0.0783 — 0.1154min + 0.0007W +0.0433s 4 0.0006minW

2 3
—0.00035W 4 0.00003W
NAM, = — 1.4950 4 0.1616min — 0.0031W + 0.2758s — 0.0003sW @
+0.00005W?* — 0.0061s>
LAC, = 5.1935 — 0.1273min — 0.0444W + 0.0587s — 0.0006minW ©

—0.0002sW 4 0.0001 W?

Therefore, the application of the model and the response of the
quadratic effect of the pulsed wave showed an optimal value for the
inactivation of the NAM populations at less than 10 s. This natural

Table 2
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microflora, present in a standard raw meat emulsion, is mainly
composed of non-pathogenic lactic acid and coliform bacteria that are
Gram-negative, with a less thick peptidoglycan layer their cell wall and,
therefore, more sensitive to physical treatments [30,31]. For LIS, the
linear interaction of the model was also found where the shorter pulsed-
wave times improve the level of inactivation (Table 2). In general, the
most resistant to inactivation microorganism was L. delbrueckii (Gram
positive, with a history of thermoresistance), which is associated with a
thicker peptidoglycan layer cell wall, thus being more resistant to
physical treatments [32].

3.1.1. Effects of wave type and the ultrasound power

According to the results (Fig. 2), the effect of the ON: OFF pulses
shows an antagonistic interaction related to the power intensity for the
three kinds of microorganisms. Besides, for the pulsed wave factor, the
effect was negative. However, this behavior could be modulated by their
interactions. NAM was affected by ultrasonic pulses. The 10 s cycle
treatment was the most effective for inactivation to reach up values of
66.1%. Thus, shorter pulse times could stimulate the inactivation effect
exerted by the power (W). The ON period in ultrasound is denominated
pulse length, while the OFF one is the interval length [33], so the pulsed
waves do not have a constant amplitude as a continuous wave and the
energy is intermittent in the ON: OFF repetition periods [17,34]. In the
ultrasound pulsed waves treatments, a greater number of bubbles with
different amplitudes are generated [25,35-38]. Therefore, these
amplitude differences could affect the efficacy of microbial inactivation.
In general, the ultrasound treatment reduces the microbial load due to
the cavitations that damage the biological species by increasing local-
ized temperature and pressure on the product, with shock waves and
hydroxyl radicals, which ultimately enhance the biocidal effect [39,40].

3.1.2. Application time and ultrasound power

The mathematical model in our study showed that power sonication
(W) has a positive effect on inactivation for LAC, LIS, and NAM. Thus,
the effect of power is related to the ultrasonic cavitation external force
that is proportional to the pressure amplitude of the shock waves
generated on the cavitation bubble collapse [12]. Therefore, as a result
of the cavitation phenomenon on the surface of bacteria, the pressure
generated makes bacteria more vulnerable to sonication treatments
[14]. On the other hand, the effect of the sonication time (Fig. 3) on the
raw meat emulsion presents synergistic interaction with the power (W),
for the LIS and LAC populations, which reached the highest inhibition
values at the highest levels of application of these two factors (400 W
and 10 min).

Thus, our model has shown a significant microbial inactivation
exerted by ultrasound treatments on non-liquid food matrices that, ac-
cording to several researchers, have shown significant levels of reduc-
tion of microbial load. For example, in strawberries, Gani et al. [40]

Estimates for coded data and t-test in a second order response surfaces for inactivation percentage for L. monocytogenes (LIS), natural accompanying microflora (NAM),

and L. delbruekii (LAC).

Term LIS NAM LAC

Estimate Std. Err t value Estimate Std. Err t value Estimate Std. Err t value
Time 0.30 0.05 6.42%* 0.73 0.12 6.11 ** 0.19 0.07 2.81 **
Power 1.52 0.05 31.62** 2.25 0.12 18.50 ** 1.52 0.07 21.60 **
Pulse —0.64 0.05 —14.09** -0.13 0.12 —1.10 ns —-0.15 0.07 —2.26 *
Time2 -0.12 0.08 —1.47 ns -0.12 0.21 —0.56 ns —0.06 0.12 —0.53 ns
TimexPower 0.27 0.07 4.15 ** 0.20 0.17 1.19 ns 0.26 0.10 2.65 *
TimexPulse -0.10 0.06 —1.61 ns 0.11 0.16 0.66 ns 0.01 0.09 —0.05 ns
Power2 0.26 0.08 3.18 ** 0.51 0.21 2.48 * 1.00 0.12 8.44 **
PowerxPulse —0.43 0.06 —6.68 ** —-0.51 0.16 —3.10 ** —0.34 0.09 —3.66 **
Pulse2 0.13 0.08 1.69 ** —1.38 0.19 —7.09 ** -0.18 0.11 —1.60 ns
Adjusted R-square 92.9% 81.6% 85.0%
Coefficient of Variation 14.0% 23.0% 34.0%

*p < 0.05, ** p < 0.01, ns p > 0.05.
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Fig. 2. Response surfaces wave and power for inactivation percentage (IP%) for L. monocytogenes (LIS), natural accompanying microflora (NAM), and L. delbruekii

(LAC). Color scale correspond to standard error of estimations.

achieved 2 log reductions, corresponding to 33% of native microflora
with ultrasound treatments performed at 60 W and 33 kHz, for 60 min.
Alenyorege, Ma & Ayim, [41] achieved reductions up to 3 log of Listeria
inocua, with 40 kHz for 10 min in bath ultrasound, in cabbages. In soy
sprouts, with the addition of sanitizing agents and ultrasound bath
treatments for 10 min, Ngnitcho et al. [42] found 4 log reductions of
L. monocytogenes. In semi-skimmed milk reconstituted with 15% of sol-
utes, Gao, Hemar, Lewis & Ashokkumar [11] reached reductions of 33%
(2.21 + 0.03) of Enterobacter aerogenes (gram-negative), with treatments
of 50 W during 60 min with ultrasound horn. In Saccharomyces cer-
evisiae, cellular damage was evidenced with plasmolysis by the ultra-
sound effect, when a horn was used at 288 W for 10 min [43].

On the other hand, according to Cichoski et al. [16], who found that
with high-power ultrasound applications at 25 kHz, 60% amplitude, and
5.5 min of treatment, the temperature increases up to 7 °C and no lipid
oxidation is produced. Our model results for this raw emulsion meat
showed a positive interaction between power and ultrasound time ap-
plications. However, for more than 10 min of treatment, the increase in
temperature should be controlled to avoid undesirable chemical and
sensory changes.

3.2. Desirability function for simultaneous inactivation of microorganisms

The desirability function allows finding the experimental conditions
(factor levels) in order to reach, simultaneously, the optimal value for all
of the evaluated variables, including the researcher’s priorities during
optimization procedures [27,28]. Based on our definition, the optimal
ultrasonic setting to reach the simultaneous reduction of at least 50% of
the three microbial populations was achieved in values of 10 min for
time, 400 W for power and in a period of 7.56 s for a pulse with the

application of the ultrasound probe (Fig. 4). The estimated values in the
maximum desirability function (inactivation percentage) for the inac-
tivation of each microorganism in the raw meat emulsion are shown in
Table 3. Although for LIS, NAM and LAC the estimated values were
above 50%, indicating that the desirability function was maximized
using the combination of ultrasonic conditions previously mentioned, a
validation of this combination is necessary to consider its potential
application on a larger scale.

3.3. Perspective for the incorporation of ultrasound treatment in a line of
food processes.

Zinoviadou et al. and Barbav et al. [44,45] have highlighted the
potential of ultrasound as a mild and emerging technology, as it can
minimize the use of other treatments, maximize the quality and ensure
the safety of food products. According to Inguglia et al. [46], it is
possible to propose future developments and commercial applications
for the industry. Chemat et al. and Jayasooriya, Bhandari, Torley, &
D’Arcy [47,48], have shown specific examples of the application of ul-
trasound in meat processing. On the other hand, Jambrak et al. and Al-
Hilphy et al. [49,50] have described some ultrasound advantages, such
as the elimination of the microbial load and lower processing costs.
However, they also indicated disadvantages: the production of free
radicals, which can negatively impact and damage the quality of the
product due to oxidation, and the difficulty to select the appropriate
parameters (i.e., pressure, time, temperature, intensity, power, and
amplitude). All these parameters must be duly validated, and they are
critical to obtain the product desired. Thus, our study has been per-
formed to find parameters such as wave type, time and ultrasound power
to be directly applied into a semi-solid raw meat emulsion and,
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Fig. 3. Response surfaces time and power for inactivation percentage (IP%) for L. monocytogenes (LIS), natural accompanying microflora (NAM), and L. delbruekii
(LAC). Color scale correspond to standard error of estimates.
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Fig. 4. Desirability function for inactivation percentage for L. monocytogenes (LIS), natural accompanying microflora (NAM), and L. delbruekii (LAC). Desirability
function was settled for a maximum in all variables.

complemented by the design of a transducer system that could be inte- 4. Conclusions

grated to an industrial process line. This way, the results will contribute

to the reduction of the endogenous microbial populations in raw The application of barrier technologies through mild technologies is
emulsified meat, before a cooking process is applied. widely known as useful to support the reduction of the growth of
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Table 3

Estimated values in the maximum desirability function for
L. monocytogenes (LIS), natural accompanying microflora (NAM)
and L. delbruekii (LAC).

Response Estimated Value

LIS 60.82 [60.81,60.83]
NAM 59.49 [59.37,59.61]
LAC 63.16 [60.80,65.52]

Desirability overall 100%

microorganisms in raw foods. In this case, the effect of ultrasound waves
has been evaluated for the interaction of three kinds of microorganisms
in raw emulsified meat. These parameters can support decision-making
to adapt ultrasound technology in a continuous industrial process.
Therefore, in this study, the effects of microbial inactivation by the effect
of ultrasound pulses shown evidence of its possible application to reduce
the microbial load before a thermal process (cooking, for example). The
application of ultrasound pulses with cycles of 7.7 s and 400 W of power
for 10 min in a raw meat emulsion, has represented a microbial reduc-
tion of 60% of the natural microflora (L. delbrueckii and
L. monocytogenes). Nevertheless, these ultrasound treatments could
apply at higher at 10 min to achieve above 60% of desirability on mi-
crobial inactivation. However, for industrial applications, the time
treatment must be controlled to avoid changes undesirables on the
quality of texture and sensory aspects in the meat emulsions.
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