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ABSTRACT: Cuts of muscle (biceps femoris) from three crossbreeds between the Nelore, Angus
and Wagyu breeds of cattle (Crossbreed 1 (C1): ¥ Angus and %2 Nelore; Crossbreed 2 (C2): %
Angus and ¥ Nelore; Crossbreed 3 (C3): Y2 Wagyu, % Nelore and ¥ Angus) were characterized
by their chemical composition, pH, water activity and lipid oxidation. The cuts were submitted
to wet brining in a 5 % NaCl concentration at 5 °C with either static brine (SB) or brine assisted
with ultrasound (US). Samples of the treatments were taken after 30, 60, and 120 min of wet
brining for later analysis. The experimental data were adjusted using the Peleg and Page models,
and the Page template best described the experimental data. The crossbreeding did not affect
the water and ash content; however, it significantly affected the levels of lipids and proteins. C3
presented higher fat content than C2, which, in turn, was higher than C1. C1 had higher protein
content than C2, which had more protein than C3. When ultrasound was applied, crossbreeding
influenced the water content and the water absorption rate during brining, which had the highest
values for the highest protein content. The crossbreeding and ultrasound application also
affected the NaCl content of the cuts. However, only ultrasound application increased the rate
of NaCl absorption during wet brining. The results demonstrate that ultrasound accelerates the

Introduction

Salting is one of the oldest methods for processing
and storing food thus one of the key steps in the
preparation of a variety of salted meat products, many
of which consumed in different countries.

In recent years, increased demand for animal
proteins had driven beef production, due to a
concomitant increase in population (Salami et al.,
2019). Diet and breed (or crossbreeds) contribute
to meat quality (Avilés et al., 2015). In this context,
beef cattle crossbreeding is an important option for
improving meat quality (Lage et al., 2012). This quality
is related to the amount of intramuscular fat, also
called marbling, a characteristic mainly associated to
the genetic groups of certain breeds. Crosses between
breeds, like Angus and Wagyu, lead to improvements
in sensory characteristics of meat, such as juiciness
and flavor (Frank et al., 2016, Motoyama et al., 2016),
increasing acceptance by consumers. However, it is
unclear whether crossbreeding can affect mass transfer
kinetics during the salting process of meat products.

Among the salted beef products, jerked beef
and sun-dried beef are products that can be transported
and stored without refrigeration, due to the intermediate
water activity. However, manufacture of these products
is still a highly practical, experience-based process,
involvinglongsaltingand drying stages (Vidal etal., 2019).
The time factor changes processing techniques, giving
rise to so-called emerging technologies, which generally
aim to optimize these production processes (Alarcon-
Rojo et al., 2019; Chandrapala et al., 2012; Leonelli and
Mason, 2010).
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mass transfer in wet brining of the cuts of beef, regardless of the crossbreeds studied.
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Different studies have used vacuum pulsing
(Martins et al., 2019), ohmic heating (Coelho et al.,
2019), electrodialysis (Xue et al., 2018), high pressure
(Shinwari and Rao, 2018), microwave (Leonelli and
Mason, 2010), and high-power ultrasound (Polachini
et al., 2019; Goula et al., 2017), in order to accelerate
mass transfer rates. Ultrasound is a promising
emerging technology in the food processing industry,
as it is innovative, achieving important results generally
complementary to classical techniques, such as salting
(Sharma and Dash, 2019). There are no studies in the
literature that assessed the influence of crossbreeding
on mass transfer Kkinetics during the beef curing
process in static brine and in brine with ultrasound.
Thus, this study was conducted to evaluate the effect
of crossbreeding of Nelore, Angus, and Wagyu cattle
and the use of ultrasound on beef wet brining.

Materials and Methods

Raw materials

Cuts of muscle (biceps femoris] from three
genetic crossbreeds of Nelore, Angus and Wagyu were
used. The crossbreeding resulted in animals named here
as Cross 1 - C1: %2 Angus and % Nelore; Cross 2 - C2: 3%
Angus and % Nelore; Cross 3 - C3: %2 Wagyu, % Nelore
and % Angus, all produced by a company, located in
Nhandeara, Sdo Paulo, Brazil (20° 41'53" S, 50°2'33"
W, altitude of 504 m). The animals were slaughtered
at a slaughterhouse in Ipoa, Sdo Paulo, Brazil (23°31'4"
S, 46°20'38" W, altitude of 745 m). Samples from six
different animals were collected for each crossbreed:
muscle (biceps femoris) steaks 2.54 cm thick were cut
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from each animal for each crossbreed. The samples were
frozen (-18 °C) until the wet curing process started.

Chemical composition of raw materials

The contents of water, protein, and ash were
determined in accordance to the methods described
by AOAC (2007). The lipid content was determined
according to the method described by Bligh and Dyer
(1959), with the removal of subcutaneous fat. The pH
of the samples was determined in triplicate using a
digital pH meter. The water activity of the samples was
determined using a digital hygrometer (Aqualab, model 3).

Preparation of samples and brine

The samples were thawed for 24 h at
4 °C, cut into slices of similar weight and size, with
approximately 50 grams each, size 30 x 100 x 20 mm,
(width, length and height) respectively. The subcutaneous
fat and connective tissue was removed before curing.

The brine was prepared using distilled water
and 50 g L' sodium chloride. The weight ratio of meat
to brine was set at 1:10 to ensure constant solution
concentration during the process.

Treatment by wet brining

The processes of static brining (SB) and salting with
ultrasound application (US) were performed in a
cylindrical stainless-steel vat (21 cm diameter, 42 cm
height) immersed in a thermostatic bath with controlled
temperature 5 + 1 °C. After 30, 60, and 120 min of
wet brining, the samples were taken for analytical
determinations. All wet brining processes were
performed separately for each sample and no significant
increase in temperature was observed during the trails.

For brining with ultrasound, we used a VCX-1500
ultrasound processor that emits waves at a frequency
of 20 kHz. The processor was equipped with a Ti-6Al-
4V titanium probe with 2.5 cm in diameter that emits
axial and radial ultrasound. The ultrasound power was
adjusted to 600 W, as described in Barretto et al. (2018a).
The probe was immersed in brine and positioned in
the center of the container. The tip of the probe was
immersed in the brine, with no direct contact between
the probe and the beef cut. The muscle fibers were
arranged parallel to the ultrasonic waves.

Analytical determination after wet brining

After wet brining in SB and US, the water content
was determined by drying at 105 °C in a constant weight
oven AOAC (2007) and the NaCl content by quantification
of chlorides according to the M6éhr method AOAC (2007)
for samples wet brined for 30, 60, and 120 min.

Mathematical modeling
Peleg model

The equation proposed by Peleg (1988) is used to
describe the kinetics of water sorption that approaches
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equilibrium. The model used in the present work was
given by Eq. (1).
t
Cy=Cxot——— 1
X x0 ki + ko *t 1)

"

In the above equation, "+" becomes "+" if the
process is hydration and "-" if the process is dehydration.
C, is the content water or NaCl (% bs) at time t, C_ is
the initial water or NaCl content (% bs), t is the process
time, k, and k, are constant in the Peleg model.

The reciprocal value of k, refers respectively to the
initial rate (t = O) of the water or salt content (Eq. (2)).
d(Cx) 1

-+
& |y (2)

The reciprocal value of k, allows to determine the
water content or the salt content in the ‘equilibrium’ (C,
) (Eq. (3)).

1
Cxow =t — 3
X " (3)
Page model

Page (1949) developed an equation to describe the
drying of corn kernels. Currently, it is one of the most
used equation to describe food hydration (Simpson et
al., 2017), described by Eq. (4).

Xe = Xe _ [Kpst") (4)
Xo - Xe

where X, is the moisture at time ¢ (% dry base - db); X is
the equilibrium moisture (% db); X, the initial moisture
(% db); ¢ is the time (h); k, is the absorption rate of the
process (h™!) and n is a dimensionless constant.

Statistical Analysis

Results were expressed as the mean and the
standard error of mean. The treatment method (MT) (i.e.
static brine - SB or brine with ultrasound - US), the cross
between the breeds (CR) and the treatment time (TT)
were defined as factors in the statistical analysis. A factor
or its interaction was considered significant when p values
were lower than 0.05. The data obtained were analyzed
statistically using the generalized linear model (GLM) and
the means compared using the Tukey test (p < 0.05).

The adjustment of the models to the experimental
data of water content and NaCl content was performed
using a non-linear estimation procedure of the Statistica
software (Statistica, version 7.0). To assess the fit of
the model to the experimental data, the percentage of
explained variance (%VAR) was calculated using Eq.
(3) (Kang et al., 2016; Sanjuan et al., 1999) and the
calculated root mean square error (RMSE) by Eq. (4)
(Schmidt et al., 2009).

52
VAR =1- =S (3)
exp
where §? S? _are the calculated values and the

cal and exp

experimental data values respectively.
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1 2 0.5
RMSE = | %1 (Gt ~ Cerp)' | (4)

where C_ e C , are the experimental concentrations
and those provided by the model and 7 is the number of
experimental values.

Results and Discussion

Chemical Composition

Table 1 shows the effect of crossbreeding
between three bovine breeds (Angus, Wagyu, and
Nelore) on the chemical composition of the muscle
cuts (biceps femoris) and their pH and water
activity. Crossbreeding did not influence (p > 0.05)
the water and ash content, however, it significantly
affected the contents of lipids and proteins (p < 0.05).
Rossato et al. (2010) also found no difference in water
and ash content in beef derived from a cross between
Nelore and Angus fattened on pasture.

For the fat content, C3 was greater than C2 (p < 0.05)
and C2 was greater than C1 (p < 0.05). This difference
is due to the crossbreeding with Wagyu cattle and its
intense marbling (Motoyama et al., 2016; Yamada et al.,
2014) mainly when compared to C1, which contains

Table 1 - Chemical composition, pH, and water activity in beef.

Composition (%) Cl C2 C3 SEM p value
Moisture 63.562 63.98= 63.29° 0.561 0.907
Ash 0.84° 0.842 0.86° 0.064 0.990
Protein 20.59:  19.66* 17.24¢ 0.355 <0.01
Lipid 13.89¢ 15.75* 18.572 0.709 <0.01
pH 5.682 5.722 5.712 0.011 0.467
Aw 0.984>  0.985°  0.986* 0.004 0.100

a-c Mean values in the same row not followed by the same letter differ
significantly (p < 0.05). C1 = (¥ Angus and %2 Nelore); C2 = (% Angus and
Y4 Nelore); C3 = (Y2 Wagyu, Y Nelore and Y4 Angus); SEM = standard error
of the mean.

Wet brining of beef with ultrasound

the largest contribution from the Nelore genetic
group. Dias et al., (2016) also found higher fat content
in Wagyu steaks when compared to meat from Nelore
cattle. Duarte et al. (2013) studied the intramuscular fat
content of Angus and Wagyu cattle managed under the
same conditions and concluded that the intramuscular
fat content was higher in Wagyu cattle.

For protein, C1 presented a significantly higher
content (p < 0.05) when compared to C2, and C2 showed a
significantly higher content (p < 0.05) compared to
C3. The lower protein content of C3 is probably linked to
its high lipid content, which, according to Lawrie (2005)
the lipid content is the parameter with the greatest
variation in the centesimal composition of the meat.
When it increases, other parameters decrease, such as
moisture, ash, or protein. Maggioni et al. (2010) also
found a higher percentage of protein in Nelore cattle
when compared to crossbred animals. Regarding the pH
and water activity, crossbreeding showed no significant
influence (p > 0.05). The results obtained for pH and
water activity are similar to those found by Bampi et al.
(2016) in beef samples, with the pH at 5.6 and the water
activity at 0.99.

Effect of crossbreeding and use of ultrasound on
water transport in beef wet brining

Table 2 shows the effect of crossbreeding
between three cattle breeds and the use of ultrasound
on water transport of sample cuts after different wet
brining times. Regarding the initial water content
of the samples, there was no difference (p > 0.05)
between the crossbreeds. After 30 min of wet
brining, the treatment method, the crossbreeds
and the interaction between these variables all had a
significant effect (p < 0.05), where C1-US and C2-US
had the highest water content. In contrast, C3-US and
C2-SB and C3-SB did not differ (p > 0.05) from each
other, showing the lowest water content.

Table 2 - Effect of crossbreeding and application of ultrasound in water transport (%) in beef.

Time Treatments SEM 1 pvalue
(min) Static Brine (SB) Ultrasound brine (US)
Cl C2 C3 Cl C2 C3 MT CR MT x CR
0 62.89% 63.18% 62.72% 62.89:¢ 63.18¢ 62.72% 0.226 0.346 0.432 0.134
30 63.090c8¢ 63.04<8 62.66¢ 63.84208C 64.2126¢ 62.40c8 0.130 0.035 <0.01 0.026
60 64.52:0/8 63.7120/8 63.23% 65.03¢® 64,7 38C 63.23% 0.186 0.102 <0.01 0.405
120 65.89% 65.16% 63.17¢ 68.42 67.68% 64.64% 0.334 <0.01 <0.01 0.180
p value <0.01 0.019 0.708 < 0.01 < 0.01 < 0.01
Static Brine (SB) Ultrasound brine (US)
SEM 2 0.145 0.205
p value T <0.01 <0.01
CR <0.01 <0.01
TT x CR 0.055 <0.01

a-c Mean values in the same row not followed by the same letter differ significantly (p < 0.05); A-C Mean values in the same column not followed by the same letter
differ significantly (p < 0.05); C1 = (%2 Angus and %2 Nelore); C2 = (3% Angus and Y4 Nelore); C3 = (Y2 Wagyu, Y4 Nelore and Y4 Angus);MT = Method of treatment;
CR = Crossbreeding; TT = Time of treatment; SEM 1 = Mean standard error for method of treatment (MT) and crossbreeding (CR) at each treatment time; SEM 2 =
Mean standard error for treatment time and crossbreeding for static brine (SB) and ultrasound brine (US).
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After 60 min of treatment, there was a significant
effect (p < 0.05) from crossbreeding, where C1-US
differed (p < 0.05) from C3-US and C3-SB, but did
not differ (p < 0.05) from C2-US, C1 -SB and C2-
SB. After 120 min, only the treatment method and
crossbreeding showed significant effect (p < 0.05), where
C1-US and C2-US had the highest water content (p <
0.05); however, they did not differ from each other (p
> 0.05).

The results indicate that ultrasound use and
crossbreeding significantly affected the water content in
beef. Ultrasound increased the water content
significantly with processing time and especially when
associated with crossbreeds C1 and C2. This effect was
possibly attributed to ultrasound causing asymmetric
implosion cavitation bubbles near the solid surface
of the cuts, generating microjets, which cause
microinjections of brine to the meat surface affecting
mass transfer (Alarcon-Rojo et al., 2019; Carcel et al.,
2007b).

The cuts composition may have also influenced
these results, considering that Cl1 and C2 presented
higher water content after brining and lower lipid
content (p < 0.05) when compared to C3. The higher
intramuscular lipid content of C3 probably made water
transport difficult. Water can bind strongly to food solid
constituents and establish ionic bonds mainly with
hydrophilic molecules, such as proteins, different
from hydrophobic molecules, as is the case of fats, which
are of a nonpolar nature (Damodaran et al., 2010).

Barretto et al. (2018b) studied cooked ham sorption
isotherms and observed that ham with higher fat content
had lower equilibrium moisture content when compared
to low fat ham. As all samples from this experiment
gained water at a 5 % NaCl concentration, this fact can be
attributed to the salting-in phenomenon of proteins. In
this phenomenon, the increase of protein solubility at
low concentrations of salts in solution contributes to

Wet brining of beef with ultrasound

solubilization and hydration of muscle proteins, causing
saline ions to interact with ionic charges of proteins
increasing the available number of charges and the
amount of water molecules attached to the protein
ionosphere, causing greater water retention in beef and
consequently increased water content (Schmidt et al.,
2009).

Effect of crossbreeding and use of ultrasound on
NaCl transport in wet brining of beef

Table 3 shows the effect of crossbreeding and the
use of ultrasound on NaCl transport after different wet
brining times. Initially, there was no difference (p > 0.05)
in the contents of NaCl between the crossbreeds. After
30 min of treatment, there was a significant effect (p <
0.05) from treatment method, where C1-US and C3-US
had the highest NaCl content, differing from C3-SB.

After 60 min of wet brining, the use of ultrasound
and crossbreeding both showed significant effects,
where C1-US, C2-US and C3-US did not differ (p < 0.05)
from C3-SB while C3-SB differed (p > 0.05) only from
C1-SB. After 120 min of treatment, there was a significant
effect of ultrasound treatment, crossbreeding, and the
interaction between these two variables. C2-US and
C3-US presented the highest (p < 0.05) NaCl contents,
different from C1-SB and C2-SB, which presented the
lowest NaCl contents.

The results suggest that wultrasound wuse,
crossbreeding, and interaction between these factors can
significantly influence the NaCl content in beef. In brine
with ultrasound application, there was also interaction
between the treatment time (TT) and crossbreeding. The
NaCl content in meat increased with treatment time,
both in static brine and brine with ultrasound. Looking at
the same treatment times, ultrasound samples presented
higher NaCl content when compared to static brining. In
this case, the effect of ultrasound can also be explained
based on induced cavitation in the liquid medium,

Table 3 - Effect of crossbreeding and use of ultrasound in NaCl (%) transport in beef.

Time Treatments

(min) Static Brine (SB) Ultrasound brine (US) SEM 1 pvalue

Cl C2 C3 Cl C2 C3 MT CR MT x CR
0 0.0312P 0.0222P 0.0222° 0.0312P 0.0222P 0.0222°  0.002 0.461 0.422 0.164
30 0.398°¢ 0.359v¢ 0.396%°¢ 0.4512¢ 0.409%¢ 0.4332¢ 0.007 <0.01 0.110 0.418
60 0.531¢8 0.541b¢8 0.591208 0.62428 0.60028 0.64228  0.008 <0.01 <0.01 0.301
120 0.832¢A 0.821¢A 0.8600cA 0.875bA 0.929204 0.9852* 0.012 <0.01 <0.01 0.039
p value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Static Brine (SB) Ultrasound brine (US)

SEM 2 0.030 0.032
p value T <0.01 <0.01

CR <0.01 <0.01

TT x CR 0.133 <0.01

a-c Mean values in the same row not followed by the same letter differ significantly (p < 0.05); AD Mean values in the same column not followed by the same letter
differ significantly (p < 0.05); C1 = (%2 Angus and Y2 Nelore); C2 = (34 Angus and ¥ Nelore); C3 = (Y2 Wagyu, Y4 Nelore and Y4 Angus); MT = Method of treatment;
CR = Crossbreeding; TT = Time of treatment; SEM 1 = Mean standard error for method of treatment (MT) and crossbreeding (CR) at each treatment time;SEM 2 =
Mean standard error for treatment time and crossbreeding for static brine (SB) and ultrasound brine (US).
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which leads to the formation of micro-jets that
cause brine microinjection into the meat surface (Cércel
et al., 2007b; Kang et al., 2016).

The results of the effect of crossbreeding for
the three crossbreeds treated in static brine did not
differ. However, when ultrasound is used, samples
from the C3-US differ from all three crossbreeds treated
with static brine and C1-US. One possibility is that
crossbreeding can provide differences to the diameter of
muscle fibers. Arrigoni et al. (2004) studied performance,
muscle fibers, and meat from three crossbreeds of cattle
(Angus x Nelore; Canchim x Nelore; and Simental x
Nelore) and concluded that Angus x Nelore crossbreed
cattle had smaller diameter muscle fiber when compared
to the other two groups. Duarte et al. (2013) reported that
muscle fiber diameter was larger in Wagyu cattle than
in Angus cattle. According to Joo et al. (2013), muscle
fiber characteristics depend on several factors, such as
gender (Ozawa et al., 2000), diet (Ha et al., 2012}, growth
performance (Kim et al., 2013), muscle location (Hwang
et al., 2010) and breed (Ryu et al., 2008).

In addition, treatment with wultrasound may
be causing mechanical effects resulting from the

Wet brining of beef with ultrasound

cavitation process, which, in turn, can increase gaps
between the muscle fibers of C2-US and C3-US samples,
increasing the transfer of NaCl. Sir6 et al. (2009) reported
a greater distance between muscle fibers of samples
treated with sonicated brine when compared to samples
treated with static brine and that this distance increased
with increasing treatment time and ultrasound intensity.
Therefore, there was possibly interaction between
crossbreeds C2-US and C3-US, increasing the mass
transfer rate.

Mathematical modeling

Peleg model

Table 4 presents the results of the Peleg model
adjusted by non-linear regression for the water and
NaCl contents during beef wet salting. Based on the
Peleg model, the water and NaCl contents, respectively,
presented a coefficient of determination (R? ranging
from 0.967 to 0.999 and from 0.981 to 0.986 and RMSE
from 0.0002 to 0.0124 and from 0.0208 to 0.0212, a low
error rate RMSE (0.0008 - 0.0048) and low residues, as
shown in Figure 1 for the water and NaCl contents.

Table 4 - The Peleg model constants for the water and NaCl contents during beef wet salting.

Water content

Static Brine (SB) Ultrasound brine (US) SEM pvalue
c1 2 c3 cl1 c2 c3 MT CR MT x CR
K, 11.19° 30.91° 27.03° 7.55¢ 7.24¢ 33.76° 0.071 <001 <001 0.216
k, 142 9.21 14.05 -1.67 113 -15.02 - - - -
R? 0.967 0.999 0.986 0.999 0.988 0.981
%VAR 09809 09994  0.9984 09994 0983  0.9974
RMSE 00124 00002  0.0012 0.0003 00105  0.0013
NaCl content
k, (x10%) 9.32° 9.94¢ 9.44¢ 9.24¢ 1170 1.11° 0002  <0.01 0.023 0.245
k, (x10-) 9.66° 9.39 9.13° 8.89° 8.66° 8.44° 0.001 <001 0.203 0.371
R? 0.982 0.981 0.983 0.982 0.986 0.982
%VAR 08601  0.8600  0.8599 0.8603  0.8603  0.8602
RMSE 00211 00211 00212 0.0208  0.0209  0.0210

values in the same row not followed by the same letter differ significantly (p < 0.05); C1 = (Y2 Angus and %2 Nelore); C2 = (34 Angus and Y4 Nelore); C3 = (Y2 Wagyu,
Y4 Nelore and ¥ Angus); MT = Method of treatment; CR = Crossbreeding; SEM = Mean standard error for method of treatment (MT) and crossbreeding (CR) at each
treatment time; %VAR = Percentage of explained variance; RMSE = root mean square error.

Figure 1 - Residue between the predicted and experimental values of the Peleg model for the water (A) and NaCl (B) contents in samples treated

with static brine (SB) and brine by ultrasound (US).

Sci. Agric. v.78, n.5, e20190335, 2021
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The constant k, is related to the equilibrium of
water or NaCl contents (1/k,). As a result, lower k,
values indicate higher initial mass transfer rates and
lower k, values indicate a higher equilibrium moisture
content. The Peleg model showed higher initial rates
(p £ 0.05) of the water content in treatments C1-US
and C2-US. Treatment C3-US showed the same (p 2
0.05) initial mass transfer rate as treatments C2-SB
and C3-SB. The capacity constant (k,) for the water
content showed negative values. The change in signal
observed in this study is unexpected and it produces
paradoxical results. Piergiovanni (2011) also reported
negative values for parameter k, in their study on water
adsorption kinetics in beans, which also reported no
physical significance. Schmidt et al. (2009) reported in
their study on wet chicken breast salting that the Peleg
model tends to overestimate the equilibrium moisture
content.

As for the NaCl content, the Peleg model showed
higher NaCl absorption rates (p < 0.05) in the samples
of treatments C2-US and C3-US. Treatment C1-US
showed the same (p > 0.05) rates of NaCl absorption
as treatments C1-SB, C2-SB and C3-SB. As for the
equilibrium content (1/k2) for the NaCl content, the

Wet brining of beef with ultrasound

Peleg model showed a higher equilibrium content (p
< 0.05) for all treatments with the use of ultrasound
when comparing to the samples treated in static brine.

Page model

Table 5 presents the results of the Page model
adjusted by non-linear regression for the water and
NaCl contents during beef wet salting. Based on
this model, the water and NaCl contents showed a
determination coefficient (R? ranging from 0.974 to
0.999 and from 0.990 to 0.999 and RMSE from 0.0001
to 0.0100 and from 0.0011 to 0.0092 respectively, and
low residues as shown in Figure 2 for the water and
NaCl contents.

Regarding the water content, parameter k, which
represents the process rate, showed higher (p < 0.05)
values for samples C1 - US and C2 - US, associated to
ultrasound treatment. Considering only the treatments
in static brine, C1-SB obtained the highest (p <
0.05) value of parameter k. The trend of k values is
consistent with the results of the water content (Table
2), where samples of treatments C1-US and C2-US
showed the highest (p < 0.05) water content. Regarding
parameter n for water content, no evident relationship

Table 5 — The Page model constants for the water and NaCl contents during beef wet salting.

Water content

Static Brine (SB) Ultrasound brine (US) SEM pvalue
Cl C2 C3 Cl c2 C3 MT CR MT x CR

K 0.063° 0.025° 0.014¢ 0.1112 0.0902 0.022v 0.044 < 0.01 <0.01 0.182
N 1.320° 1.9490 0.644¢ 1.598° 1.5350 2.028¢ 0.021 0.024 <0.01 0.344
R2 0.974 0.999 0.976 0.998 0.998 0.999

%VAR 0.9890 0.9989 0.9988 0.9956 0.9890 0.9998

RMSE 0.0094 0.0011 0.0007 0.0040 0.0100 0.0001

NaCl content

K 0.4430 0.434> 0.482° 0.5192 0.5102 0.5582 0.015 <0.01 0.321 0.282
N 0.761° 0.775° 0.760° 0.8012 0.8402 0.8602 0.002 <0.01 0.140 0.311
R? 0.990 0.999 0.999 0.999 0.997 0.997

%VAR 0.9840 0.9958 0.9980 0.9952 0.9898 0.9901

RMSE 0.0092 0.0024 0.0011 0.0026 0.0058 0.0056

values in the same row not followed by the same letter differ significantly (p < 0.05); C1 = (Y2 Angus and %2 Nelore); C2 = (3 Angus and ¥ Nelore); C3 = (V2 Wagyu,
Y4 Nelore and ¥ Angus); MT = Method of treatment; CR - Crossbreeding; SEM = Mean standard error for method of treatment (MT) and crossbreeding (CR) at each
treatment time; %VAR = Percentage of explained variance; RMSE = root mean square error.

Figure 2 - Residue between the predicted and experimental values of the Page model for the water (A) and NaCl (B) contents in samples treated

with static brine (SB) and brine by ultrasound (US).
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was found between this parameter and the results of
water content. In phenomenological terms, n depends
on food microstructure (Simpson et al., 2017).

The increase of the process rates for water in
brining with ultrasound is consistent with findings in
other studies (Carcel et al., 2007; Kang et al., 2016). The
influence of crossbreeding may be related to differences
in the chemical composition of the crossbreed samples,
in which raw material with a higher lipid content like
C3, which presented lower water absorption rates.
The higher C3 lipid content probably hampered the
water diffusion process. The use of ultrasound, when
associated to raw material with higher protein content,
seems to favor the water diffusion process. The effects
of ultrasound on beef microstructure has already been
reported by several authors (Cércel et al., 2007a; Kang et
al., 2016; Ozuna et al., 2013; Sir6 et al., 2009), showing
increase in gaps between muscle fibers, which may have
contributed to increasing muscle protein solubility and
hydration.

For the NaCl content, parameter k presented the
highest (p < 0.05) values for samples C1-US, C2-US,
and C3-US, which did not differ from each other (p >
0.05), but differed from samples in static conditions SB.
Treatments C1-SB, C2-SB, and C3-SB did not differ (p
> 0.05) from each other. In relation to parameter n for
NaCl content, the highest (p < 0.05) values of n were
predicted for treatments C1-US, C2-US, and C3-US with
ultrasound application, when compared to treatments in
static brine SB.

The application of ultrasound may have increased
the gap between muscle fibers allowing greater mass
transfer of brine in beef. Some authors have proposed
several mechanisms to explain these effects, such as
implosions of cavitation bubbles near the product
surface (Carcel et al., 2007a; Knorr et al., 2004; Sir6 et
al., 2009), the creation of microchannel, and the sponge
effect, which can influence the mass transfer process
(Sir6 et al., 2009).

For the NaCl absorption rate predicted by the
Page model, only the treatment method had significant
effect, in which all treatments with ultrasound showed
the greatest NaCl absorption rate and differed (p < 0.05)
from all the treatments in static brine. The differences
found in the NaCl content (Table 3) are a significant
(p < 0.05) consequence of crossbreeding; however, at
chloride levels, they did not cause significant changes
(p > 0.05) to the NaCl absorption rate predicted by the
model.

Conclusion

Crossbreeding between different breeds of
cattle (Nelore, Angus, and Wagyu) provided different
levels of lipids and proteins in the muscle cuts (biceps
femoris). The Page model was more suitable to describe
the mass transfer kinetics. The use of ultrasound and
crossbreeding affected the mass transfer rate. For
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the water content, the Page model showed higher
water absorption rates for cuts with higher protein
content. Crossbreeding and the use of ultrasound also
influenced the NaCl content; however, only the use of
ultrasound increased the NaCl absorption rate during
brining. The results demonstrate that ultrasound
accelerates the mass transfer brining process for cuts
beef, regardless of the crossbreeds investigated here.
This fact can be used to as an advantage in situations
where cuts are processed, resulting from the genetic
improvement.
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