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Abstract

This study aimed to evaluate the application of thermosonication for the viability of Staphylococcus aureus and the antioxidant
activity of HM. The US effect on the S. aureus was measured by counting viable cells in discarded HM immediately before and
after different treatments varying time (1, 5 and 10 minutes) and temperature (20, 30, 40, 50 and 60 °C) through surface plating
on standard agar. The antioxidant activity evaluation was carried out by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging
method. With Regarding microbiological quality, it can be concluded that treatment with US at 60 °C for 10 minutes was the
most effective in terms of reducing the viability of S. aureus, in addition to presenting a significant increase in the content of
antioxidants when compared to raw and pasteurized milk samples.

Keywords: human milk bank; food microbiology; antioxidant activity; thermosonication.

Practical Application: Thermosonication reduced the S. aureus and improved in antioxidant activity in HM.

1 Introduction

Human milk (HM) is especially suitable for infants, both with
regard to its nutritional composition and bioactive compounds.
Unlike infant formula, which is standardized within a very narrow
range of components, HM is a dynamic biofluid, the composition
of which varies according to the stage of lactation and between
term and preterm babies (Ballard & Morrow, 2013). That is
why it is considered by health professionals and breastfeeding
defense forums as the “gold standard” for its numerous benefits,
which include: savings, practicality, psycho-emotional health,
immunological protection, in addition to being ecologically
and nutritionally superior in relation to infant formula (Erick,
2018). However, some situations such as the presence of the
human immunodeficiency virus (Neves & Marin, 2013), cases
of mothers using drugs, undergoing chemotherapy, who have
hepatitis or cytomegalovirus, may make breastfeeding unsafe
(Meira et al., 2008).

Within the context described, human milk banks (HMB)
play an essential role in providing milk to children who would
otherwise not be able to receive HM (Haiden & Ziegler, 2016).
It is important to consider that HM donations are primarily
intended for premature and/or ill newborn (Agéncia Nacional
de Vigilancia Sanitaria, 2008). In this sense, the microbiological
quality of human milk distributed by HMB is a subject of wide
public health concern, since the children who will consume this
food have a low resistance to neonatal infections, and HM is an
excellent culture medium for various types of microorganisms
(Silveira et al., 2012).

The reasons of microbial growth in HM may be associated
with improper collection techniques, the inadequate hygiene

conditions of the donor and utensils and the unrefrigerated
storage of the HM. Among the contaminating microorganisms,
Staphylococcus aureus is normally found in the oropharynx, mouth
and saliva of human beings. However, its presence in HM can
be interpreted as secondary contamination from the skin and
nasal cavities, or unsatisfactory hygienic-sanitary conditions of
the utensils used during milking.

The S.aureus strain can contaminate dairy products during
processing and infect humans, so this bacterium plays a significant
role in public health (Unlu et al., 2018). In addition, diseases
caused by the presence of pathogens in dairy products due
to inadequate hygiene practices are the greatest concerns of
consumers, researchers and food regulatory agencies (Zavareh
& Ardestani, 2020). Also, the greatest concern regarding its
presence is the occurrence of strains that produce toxins resistant
to pasteurization. Therefore, this microorganism species was
selected for this study due to its potential to contaminate HM
during milking and improper handling, in addition to the fact
that it is a gram-positive bacterium, therefore, more resistant
to thermal treatments (Serafini et al., 2003).

Normally, in HMB, HM withdraw, which is accepted by
quality control tests, is pasteurized at 62.5 °C for 30 minutes
in a water bath, a process that ensures the inactivation of
pathogenic microorganisms that can contaminate it at the time
of milking, in addition to the saprophytic microbiota (Agéncia
Nacional de Vigilancia Sanitdria, 2008). It is known that slow
pasteurization is a standard technique used to inactivate
enzymes and microorganisms in human milk (Scudino et al.,
2020; Agéncia Nacional de Vigilancia Sanitéria, 2008). However,
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the effectiveness of this method requires prolonged exposure
to high temperatures, which leads to changes in the functional
properties, sensory characteristics and nutritional value of food
products, such as protein denaturation, vitamin degradation, oft-
flavor formation and lactose degradation (Scudino et al., 2020).

In addition, studies have shown that slow pasteurization
leads to reduced levels of some of the antioxidant components
present in HM such as glutathione peroxidase (Silvestre et al.,
2008), vitamin C (Molto-Puigmarti et al., 2011), total antioxidant
capacity (Nogueira et al., 2018; Silvestre et al., 2008)

In this context, innovative methods of food preservation
such as ultrasound (US), high pressure, ionizing radiation, pulsed
electric field, microfiltration and ultraviolet radiation, have been
tested as possible alternatives to conventional thermal treatments
in order to maintain microbiological safety with less impact on
nutritional, functional and sensory aspects (Monteiro et al.,
2020; Shabbir et al., 2020; Jasmi et al., 2020; Awad et al., 2012).
In this context, the treatment of food with ultrasound (US) can
offer an alternative to traditional methods (Pifion et al., 2019;
Fernandez-Barbero et al., 2019). This technology is considered
a non-thermal emerging technology and has been extensively
investigated for food processing in order to avoid the negative
effects of conventional heat treatment (Bastos et al., 2019;
Guimaraes et al., 2019).

The treatment of food with US induces the phenomenon of
acoustic cavitation, US waves promote rapid localized changes
in pressure and temperature causing disruption by shearing,
implosion of bubbles (cavitation), reducing the thickness of
the cell membrane, localized heating and the production of
free radicals that have a lethal effect on microorganisms. Also,
the energy released as well as the mechanical shock associated
with the cavitation affect the structure of the cells in the
microenvironment (Carrillo-Lopez et al., 2019).

As studies on the processing of HM with US on the nutritional
and microbiological aspects are still scarce, this study aimed
to collaborate with the development of new technologies for
processing HM with effectiveness in inactivating pathogenic
microorganisms and in reducing the loss of antioxidant activity
of this food compared to conventional thermal treatment with
slow pasteurization, in view of the importance of antioxidants
and microbiological safety for the health of infants. Given the
above, the objectives of this study were to evaluate different
time and temperature binomials associated with the application
of US on the viability of S. aureus and to compare the effect of
US on the best time and temperature binomials found for the
inactivation of S. aureus on the total antioxidant activity of HM.

2 Materials and methods

The experimental study was conducted at the Experimental
Nutrition (LABNEX) and Food Microbiology laboratories of the
School of Nutrition and Immunoparasitology of the Research
Center in Biological Sciences (NUPEB) of the Federal University
of Ouro Preto (UFOP). The experimental part was divided into
two stages: i) microbiological analysis; and ii) evaluation of in
vitro antioxidant activity.

The first step consisted of checking the effect of US by
assessing the binomial time and temperature on the viability of
S. aureus in HM. Fifteen treatments (20, 30, 40, 50 and 60 °C
for 1, 5 and 15 minutes respectively) were tested, in duplicate.

HM used in the first stage of the experiment was the disposal
HM obtained from the HMB of Santa Casa da Misericérdia
of Ouro Preto. The material was frozen in the HMB and was
transported in transparent glass flasks in an isothermal box with
ice to maintain a temperature close to 0 °C, according to Agéncia
Nacional de Vigilancia Sanitaria (2008), and sent immediately to
the laboratories where the analyses were carried out, remaining
under refrigeration until the time of the experiments.

S. aureus (ATCC6538P) was thawed at room temperature,
activated in BHI (Brain Heart Infusion) broth and incubated at
37 °C for 24h. This process was carried out twice to guarantee
microbial growth, as described by Viazis et al. (2008).

The disposal HM samples were thawed at room temperature
and after making the pool, the pH was measured (6.56), and the
pool was subdivided into 40 mL aliquots, which were sterilized
at 121 °C for 15 minutes. Then, the samples were heated to
different temperatures (20, 30, 40, 50 and 60 °C) and inoculated
with 1% S. aureus, representing 6.48 log CHU/mL HM. After
inoculation, the samples were treated with US at different times
and temperatures (1, 5 and 10 minutes at 20, 30, 40, and 60 °C)
under a frequency of 40 kHz and power of 110 W. The equipment
used was the bath US BRANSONIC, Emerson, model CPX3800H.

For pasteurization, samples were subjected to conventional
heat treatment used in HMB, as recommended by Brazil, which
consists of warming the milk in a water bath at 62.5 °C for
30 minutes with manual shaking of the flasks every five minutes,
without taking them out of the water bath. After 30 minutes,
the flasks were cooled in an ice bath until the milk reached a
temperature of 5 °C or less.

The effect of US on the test microorganism was assessed
by counting viable cells in HM immediately before and after
treatments. The samples treated with US were subjected to serial
dilutions in peptone water (0.1%) added with NaCL (0.85%) and
the counting was performed by plating (surface) on PCA agar
(Plate Count Agar). The dishes were incubated at 37 °C for 24h.
The results of the counts were expressed in log Colony Forming
Units (CFU) per mL (Czank et al., 2010; Viazis et al., 2008).

The second stage of the study consisted of evaluating the
effect of US on the in vitro antioxidant activity of HM by the
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging method.
For that, the treatments that showed the best efficiency in
inactivating S. aureus were applied and the following treatments
were used with controls: raw HM and HM pasteurized by the
conventional method (62.5 °C for 30 minutes). In order to
determine the effect of US on the in vitro antioxidant activity of
HM, participants in the study, by donating 40 mL HM, were all
woman who donate HM on a continuous basis to the HMB of
Santa Casa da Misericérdia of Ouro Preto (n = 10), which were
registered in the period from July to October. As an exclusion
criterion, age below 20 years was adopted.
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The evaluation of DPPH free radical scavenging activity
was carried out according to the method presented by Brand-
Williams et al. (1995), with modifications by Zarban et al. (2009).
Initially, 50 uL of each HM sample was added with 1 mL DPPH
in ethanol solution (0.06 mM). Subsequently, the mixture was
homogenized and left to stand for 30 minutes in a water bath
at 37 °C. Then, 0.5 mL chloroform was added, at 30 second
intervals and then centrifuged at 8,000 rpm for 5 minutes.
The reading was done on a FEMTO 700 S spectrophotometer
at a wavelength of 517 nm.

The DPPH solution in ethanol (0.06 mM) was used as a
control and the percentage of activity that scavenges the DPPH
radical was calculated according to Equation 1:

absorbance of the control — absorbanceof the sample

Scavenging activity %= { absorbanceaf the control }‘ 100 M

Mean values, standard deviations and coefficients of variation
of two repetitions were calculated for S. aureus counts found at
different times (1, 5 and 10 minutes) and temperatures (20, 30,
40, 50 and 60 °C) (Table 1) and the results were expressed in
log CFU/mL. The microbial reduction in relation to the initial
count was also calculated.

The Kolmogorov-Smirnov and Shapiro-Wilk tests were
applied to test data normality. The antioxidant results were
analyzed using analysis of variance (ANOVA) followed by
Tukey’s test using a 5% significance level. Statistical analyses
were run with the aid of the Statistical Package for the Social
Science (SPSS) version 17.0.

The project was approved on February 19, 2018 by the Ethics
Committee of the Federal University of Ouro Preto under the
number CAAE 824118181.0000.5150.

3 Results

According to Table 1, there was a decrease in the count of
S. aureus in samples treated with US at 50 °C for 5 minutes under
a frequency of 40 kHz and Power of 110 W; this reduction was
more accentuated in samples treated at 60 °C for 10 minutes
(4.58 log CFU/mL). No significant reduction of S. aureus was
verified in samples treated at 20, 30 and 40 °C. This emphasizes
the importance of ensuring the microbiological quality of HM
distributed by HMB, since the children who will consume this
food have a low resistance to neonatal infections.

In view of the benefits of antioxidants present in HM for
newborns and the importance of innovating the processing
techniques of this food to preserve more these compounds in
relation to conventional treatments, in the present study, the in
vitro antioxidant activity of HM was assessed by the DPPH free
radical scavenging. The results are shown in Figure 1. The effect
of US treatment on the antioxidant activity of HM at 60 °C in
the three times (1, 5 and 10 minutes) was evaluated to analyze
the interference of the treatment time in relation to the content
of these compounds. It was observed that pasteurization did not
significantly reduce (p> 0.05) the antioxidant activity of HM,
when evaluated by this method. However, thermosonication ata
frequency of 40 khz and power of 110 W increased its antioxidant
activity, especially when applied in the times of 1 (56.43%) and
5 minutes (57.27%).

4 Discussion

D’Amico et al. (2006) despite evaluating the effect of US on
different parameters (frequency of 20 kHz, power of 150 W),
reported a reduction of 3.47 log CFU/mL after 6 minutes at 57 °C
in the UHT cow’s milk inoculated with Listeria monocytogenes.
Similar results were found in samples treated at 60 °C for 5 minutes,

Table 1. Count of Staphylococcus aureus in human milk treated with bath ultrasound at different times and temperatures under the frequency

of 40 kHz and power of 110 W.

Temperature/ time (minutes) Count (log CFU/mL)
Mean*/standard deviation Coefficient of variation Reduction***
TO** (control) 6.48 +0.04 0.63 -
20°C/1’ 6.51 £0.18 2.74 0.03
20°C/5 6.34 £ 0.06 0.88 0.14
20 °C/10° 6.63 £0.39 5.91 0.15
30°C/1 6.54 £ 0.11 1.63 0.06
30°C/5’ 6.43 £0.16 2.54 0.05
30 °C/10° 6.41 +0.19 291 0.07
40 °C/T’ 6.60 + 0.10 1.55 0.12
40 °C/5 6.35+0.04 0.65 0.13
40 °C/10° 6.35+0.21 3.36 0.13
50 °C/1 6.16 + 0.06 1.04 0.32
50 °C/5’ 5.92+0.13 2.24 0.56
50 °C/10° 5.74 + 0.00 0.00 0.74
60 °C/T’ 4.86 + 1.02 23.14 1.62
60 °C/5’ 3.43 +0.02 0.66 3.05
60 °C/10° 1.9+ 0.08 4.06 4.58

*Mean of two repetitions; **Data refer to the count of S. aureus at time zero (immediately after inoculation of the microorganism in HM); ***Modulus of the difference between the

count of S. aureus at time zero and after treatment.
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Figure 1. Mean in vitro antioxidant activity and standard deviation
of human milk, raw, pasteurized and processed by thermosonication
at 60 °C and different times. Different letters above the bars indicate
significant differences by Tukey’s test (p <0.05).

where a reduction of 3.05 log CFU/mL was observed. According
to these authors, ultrasonic liquid processing is more effective
when combined with moderate heating due to a synergistic
relationship, which has already been reported by several other
(Baumann et al., 2005; Villamiel & De Jong, 2000; Sala et al.,
1995; Ordofiez et al., 1987).

Herceg et al. (2012) evaluated the effect of US treatment on
the count of S. aureus and E. coli in cow milk containing 4% fat
with different parameters of temperature, amplitude and time of
treatment. These authors observed that gram-negative bacteria
were more susceptible to ultrasonic treatment compared to
gram-positive bacteria. In addition, it was clear that the effect of
combining US with heat treatment resulted in better inactivation
of both bacteria, when applied in isolation. The authors concluded
that the three parameters evaluated substantially affected the
inactivation of E. coli and S. aureus, since the results indicated
an increase in the inactivation of these microorganisms in
longer exposure times, higher temperatures and broader
amplitudes. Despite not evaluating the amplitude, the present
study showed more pronounced reductions in treatments with
higher temperatures and longer exposure times, where samples
treated at 60 °C for 1, 5 and 10 minutes showed reductions of
1.62, 3.05, 4.58 log CFU/mL, respectively.

The mechanisms by which sonication leads to microbial
reduction have been elucidated by Tiwari & Mason (2012).
According to these authors, US promotes damage to the bacterial
cell wall due to mechanical effects induced by pressure gradients
generated during the collapse of cavitation bubbles, by shear force
and also by chemical attack due to the formation of free radicals
during cavitation that lead to disintegration of the cell wall.
In addition, during the treatment, a small amount of hydrogen
peroxide is formed via sonication, which is bactericidal, further
contributing to the reduction of the microbial population as
observed in this study.

Serafini et al. (2003) evaluated the microbiological quality
of HM withdraw samples collected in HMB from a maternal

and child hospital in Goinia, State of Goids. Of the 194 samples
of unpasteurized HM, 136 strains (70.4%) of indicator and/
or potentially pathogenic microorganisms were isolated, and
of 144 samples of pasteurized milk, 73 (50.7%) presented
contamination. In the samples of raw HM, 10 strains (7.35%)
of S. aureus were isolated and of the samples of pasteurized
HM, five strains (6.9%) of S. aureus were found. According to
these authors, the higher the microbial load of the product,
the less effective pasteurization, which can be applied to any
processing, considering that if the initial contamination is high,
the more difficult it will be to control it. Thus, it emphasizes the
importance of proper hygiene practices during milking and
handling HM for better treatment efficiency with US, as well
as other types of processing that can be applied to contribute
to microbiological quality.

Regarding antioxidant activity, our results corroborate the
hypothesis that treatment with US improves this parameter
in comparison to the conventional pasteurization process, as
demonstrated in other studies (Nadeem et al., 2018; Aadil et al.,
2013; Cameron et al., 2009). Aadil et al. (2013) observed a
significant increase in DPPH free radical scavenging activity
and total antioxidant activity in sonicated grapefruit juice. This
finding was explained by the increased exposure to phenolic free
radicals as a result of the cavitation produced during sonication
(Patist & Bates, 2008). Nadeem et al. (2018) observed an increase
in the antioxidant activity in sonicated grape and carrot juice and
attributed this increase to the release of phenolic compounds and
ascorbic acid by sonication. The cavitation generated by sonication
can cause the release of these compounds from the collapse of
the cell wall and, thus, cause an increase in antioxidant activity as
observed in this study. Tiirken & Erge (2017) evaluated the effect of
sonication in cherry juice using the ABTS method, and attributed
the increased antioxidant activity in these samples to increased
exposure to free radicals of total phenolics, anthocyanins and
other antioxidant molecules that can be extracted by sonication
from food materials (Ashokkumar et al., 2008).

5 Conclusion

With Regarding microbiological quality, it can be concluded
that treatment with US at 60 °C for 10 minutes was the most
effective in terms of reducing the viability of S. aureus, in
addition to presenting a significant increase in the content
of antioxidants when compared to raw and pasteurized milk
samples. In summary, thermosonication is an effective process
to reduce the viability of the microorganism evaluated in this
study, in addition to promoting an improvement in antioxidant
activity compared to the slow pasteurization process.
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