Marinade with alkaline solutions for the improvement of pork quality
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Abstract — The objective of this work was to evaluate the effects of alkaline solution marinades on the
characteristics of pork subjected to post-mortem pH decrease in pig muscle. The pH of carcasses was measured
in a commercial slaughterhouse (n = 526), 45 min after slaughtering (pH,s) and, then, the carcasses were
divided into the groups with pHys<5.7 or pH4s>5.7. Ten samples of the longissimus dorsi muscles of each group
were collected and distributed in an entirely randomized design, in a 2x4 factorial arrangement, with two
conditions (pH4s<5.7 or pH4s>5.7), and four marinade solutions: TC, no marinade; TM1, sodium bicarbonate
and sodium chloride; TM2, sodium tripolyphosphate and sodium chloride; TM3, sodium bicarbonate, sodium
tripolyphosphate and sodium chloride. There was no interaction between pHys of the meat and the marinade
treatments. Meat with pH,s<5.7 showed higher values for lightness, and for purge loss (PL), exudate loss (EL),
cooking loss (CL) and shear force (SF). Marinating increased the pH, reduced the lightness, EL, CL and SF, and
improved tenderness, juiciness and flavor of meat. Marinades with solutions containing chloride, bicarbonate,
and sodium tripolyphosphate are effective in the improvement of pork quality, making physical characteristics
of marinated meat similar to those of fresh pork, as a consequence of accelerated postmortem glycolysis.

Index terms: Sus scrofa, meat color, PSE meat, sodium bicarbonate, sodium chloride, sodium tripolyphosphate.
Marinados com solugodes alcalinas para a melhoria da qualidade da carne suina

Resumo — O objetivo deste trabalho foi avaliar os efeitos de marinadas com solugdes alcalinas sobre
caracteristicas da carne de porco submetida a quedas do pH post-mortem, em musculo de porco. O pH das
carcagas foi medido em abatedouro comercial (n = 526), aos 45 min pos-abate (pH,s) e, em seguida, as carcagas
foram divididas em grupos com pHys<5,7 ou pHys>5,7. Dez amostras do musculo longissimus dorsi de cada
grupo foram coletadas e distribuidas em delineamento inteiramente casualizado, em arranjo fatorial 2x4, com
duas condigdes (pHy5<5,7 ou pHys>5,7) ¢ quatro solugdes de marinag¢do: TC, controle sem marinagdo; TM1,
bicarbonato de sédio e cloreto de sédio; TM2, tripolifosfato de sodio e cloreto de sddio; TM3, bicarbonato de
sodio, tripolifosfato de sddio e cloreto de s6dio. Nao houve interag@o entre o pH,s da carne e os tratamentos
marinados. As carnes com pH,s<5,7 apresentaram maior luminosidade, perda por purga (PP), perda de exsudato
(PE), perda de peso por cozimento (PC) e forca de cisalhamento (FC). A marinagdo aumentou o pH da carne,
reduziu a luminosidade, PE, PC e FC, ¢ melhorou a maciez, suculéncia ¢ palatabilidade. As marinadas com
solugdes alcalinas de cloreto, bicarbonato e tripolifosfato de sédio sdo eficazes no melhoramento da qualidade
da carne suina, o que torna as caracteristicas fisicas das carnes processadas com marinadas semelhantes as da
carne in natura, em consequéncia da acelerada glicolise post-mortem.

Termos para indexacao: Sus scrofa, cor da carne, carne PSE, bicarbonato de sodio, cloreto de sodio, tripolifosfato
de sodio.

Introduction stress, and final products with quality problems, such

as pale, soft, exudative (PSE) meat. The main cause of

The need to obtain swine (Sus scrofa L.) genetic  the increase of PSE meat is the accelerated breakdown
strains with a high percentage of lean meat brought,  of muscle glycogen following slaughter, which leads
as a consequence, animals that are more susceptible to  to an increase of lactic acid and a consequent, rapid
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decrease of the muscle pH. The combination of low pH
and excessive muscle temperature promotes a greater
denaturation of muscle proteins, reducing their capacity
and strength for water retention (Castrillon et al., 2007;
Shen et al., 2008), which influences the final product
lightness (Kuo & Chu, 2003).

PSE meat is a serious quality problem for pork
industry due to its unattractive appearance and to
high-water losses during processing, which make it
inappropriate for consumers and processing industries.
It specifically affects cuts of higher commercial value,
such as loin and ham. PSE incidence has been reported
worldwide to range from 10 to 50% (Cassens, 2000;
Culau et al., 2002; Bridi et al., 2006; Maganhini et al.,
2007; Adzitey & Nurul, 2011).

Thus, both rapid detection of PSE meat and the search
for methods that can minimize it are of fundamental
importance to the pig industry. Research has confirmed
the effectiveness of some ingredients in improving
water holding capacity and flesh color. Sodium chloride
and polyphosphates are the most studied, and they are
usually combined to exploit their synergistic effects
(Sheard & Tali, 2004; Erdogdu et al., 2007). Other
studies also support the use of sodium bicarbonate to
minimize the presence of PSE in pork (Sindelar et al.,
2003; Sheard & Tali, 2004).

Since the rapid decline in postmortem muscle pH
provides pork with low-water retention capacity,
marinating seems to be an attractive alternative to
minimize this problem.

The objective of this work was to evaluate the effects
of alkaline solution marinades on the characteristics
of pork subjected to post-mortem pH decrease in pig
muscle.

Materials and Methods

The experiment was conducted at the Universidade
Federal de Grande Dourados (UFGD), Dourados,
MS, Brazil, in September 2011. Meat samples used
in this analysis were obtained from a commercial
slaughterhouse located in the same county, which has
the capacity to slaughter about 2,500 heads per day. The
animals used in this research were from Topigs genetic
strain, weighting, in average, 120 kg per head. A visit
to the slaughterhouse was made for the selection and
collection of samples, and the pH of 526 pig carcasses
was measured 45 min after slaughter (pHas).
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Assessments of pH,s were performed using a mobile
pHmeter Testo 205, (Lenzkirch, Germany) connected
to a thin probe tip, inserted in the center of the
longissimus dorsi of the left half, between the 12" and
13" thoracic vertebrae. The carcasses were separated
into two distinct groups, one with pH;<5.7, as a
possible indicative of PSE meat (Castrillon et al., 2007;
Chen et al., 2010), and the other with pHys>5.7. From
the total of evaluated carcasses, 10 with pHys<5.7 and
10 with pH4s>5.7 were selected for comparison. After
24 hours of cooling in the slaughterhouse refrigerator
at 2°C, the final pH (pHa4) of the selected carcasses
was determined. They were deboned, and 45 cm
length samples of the longissimus dorsi muscle from
the left-half of each carcass were collected, transported
in coolers to the Laboratorio de Tecnologia de Carnes
of the UFGD, and immediately processed for the
evaluations.

Samples were distributed in a completely randomized
2x4 factorial design, with two meat types (pHys<5.7
and pH4s>5.7) and four marinating treatments: CT,
nonmarinated control; TMI1, sodium bicarbonate
and sodium chloride solution; TM2, sodium
tripolyphosphate and sodium chloride solution; and
TM3, sodium bicarbonate, sodium tripolyphosphate
and sodium chloride solution. The 45 c¢cm loins were
divided into four parts of approximately 10-cm length,
discarding the ends, and each one was randomly
chosen to be one of the treatments. Each 10 ¢cm piece
was divided into four parts of approximately 2.5 cm
for physical and sensory evaluations. Thus, each loin
received the four treatments, totaling 10 replicates per
treatment.

Ingredients for the marinating solutions were mixed
in water at 4°C, and the pH of the solutions was
measured. Prepared to achieve 10% brine, the solutions
were then applied to meat (Table 1).

Immediately prior to marinating, samples were
weighed. Marinating was carried out by injection
with a hand brine injector with a salt solution of
approximately 10% of the initial weight of the samples,
trying to spread the mixture evenly.

After injection, the control and marinated samples
were weighed, individually packed in plastic bags,
and stored under refrigeration at 4°C for 24 hours, for
equalization of the solution. They were reweighed after
this period. The difference (%) corresponded to the
purge loss (PL) during the equalization of the solution
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injected into meat. All samples, except for those for
exudate loss analysis, were vacuum-packed separately,
and stored under refrigeration at 4°C for 48 hours
before evaluation.

Samples for exudate loss analysis were weighed,
packed in polystyrene trays, wrapped with plastic
wrap and stored at 4+1°C for 48 hours. After these
procedures, they were reweighed, and exudation loss
(EL) determined. Results were expressed as percentage
(Garcia et al., 2010).

Before and after marinating, samples were evaluated
for color after the muscle surface exposition to
ambient air for 30 min (blooming time) (Rosa et al.,
2001). The evaluation of the discoloration was done
using a portable colorimeter Minolta CR 410, using
the CIELab scale — L* (lightness), a* (redness), and
b* (yellowness) —, with D65 illuminant (light source)
and 10° observer angle. Measurements were made at
three different points on the sample surface, taking
the average as the determined value. The samples
were weighed and baked in an electric oven at 300°C,
reaching an internal temperature of 80°C, and checked
using a calibrated hand-held digital thermometer. After
cooking, they were cooled to room temperature and
reweighed. Percentage of CL was determined by the
difference between the initial and final weights.

To determine meat tenderness (shear force, SF),
six 13 mm diameter cylinders were taken parallel
to the muscle fibers from the same samples used to
evaluate the CL. Shear force was measured using a
texture meter TA. XT21i, (Stable Micro Systems) with a
Warner-Bratzler blade moving with a descent speed of
500 mm per minute.

Sensory evaluations were performed for meat
tenderness, juiciness and flavor, based on a nine-point
hedonic scale, using a trained panel of seven tasters,
according to Kauffman et al. (1993).

Table 1. Composition and pH of brines used in the marinating
process of normal and PSE pork.

Ingredient ™ 1 ™ 2 ™ 3
(%)

Water 90.42 90.10 90.10
Sodium chloride 6.60 6.60 4.62
Sodium bicarbonate 1.98 - 1.98
Sodium tripolyphosphate - 3.30 3.30
Total 100.00 100.00 100.00
pH 8.02 10.34 8.97
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The wvariables PL, SF, CL, pH,; and color
had the model assumptions met (normality and
homoscedasticity), and were tested using Tukey’s mean.
EL values did not meet the assumptions of the model,
and the Kruskal Wallis test was applied to them. For
EL, CL and SF, the mean contrast test was applied. The
Kruskall Wallis test was applied to the nonparametric
variables (tenderness, flavor and juiciness). Pearson’s
correlation was applied to evaluate the relationship
between physical and sensory characteristics. For all
analyses, a 5% level of significance was considered.
Statistical calculations were done using the SAS 9.2
computer package, applying the general linear model
(GLM).

Results and Discussion

No interaction was found between the pHys of meat
and the marinating treatments, thus the main effects
were discussed separately.

No difference was found between the pH,, of meat
due to the different groups of pHys (Table 2). However,
the pH,, is not a reliable indicator of possible changes
in meat quality such as the PSE condition (Henckel
et al., 2002), except for extreme values (<5.3) (Bowker
et al.,, 1999). Culau et al. (2002) assessed the effect
of halothane genotype on pork quality and found
differences among genotypes as to the initial meat
pH (5.91, 5.71 and 5.68, respectively); however, this
difference did not appear after rigor mortis set in,
reaching an average pH of 5.45.

Meat with pH,s<5.7 showed significantly higher
L* (1.53 units) than meat with pH4s>5.7 before
marinating. However, this difference was not observed
after marinating, indicating that this process provided
partial recovery of meat color. The amount of free
water in meat can affect its lightness. Meat with lower
water-holding capacity looks paler (colorness) than
normal meat, since free water reflects lights in a diffuse
manner (Kuo & Chu, 2003). However, the L* values
found were lower than those reported in the literature
for the PSE pork (America Meat Science Association,
2001; Ramos & Gomide, 2007).

It is difficult to classify pork based only on color
factors. There is wide a variation in the L* value
criteria used to separate normal and PSE pork. The
American Meat Science Association (America Meat
Science Association, 2001) considers the L* values
between 49 and 60 within the normal standards of
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pork quality; whereas, for Ramos & Gomide (2007),
the L* values of normal meat range between 45 and
53. This difference may be attributed to intrinsic
factors, such as the genetic strain of the animals,
or operational factors, such as equipment used for
measurement, calibration of the equipment, angle
and light sources, standardization of the samples and
differences in methodology.

No differences in the L* or b* intensities were
found in meat after marinating, regardless of their
pH.s, although some studies report that increasing pH
implies in a decrease in meat L* (Brewer et al., 2006;
Chen et al., 2010). Regardless of the treatment and
pH,s, meat pH,, before injection with the solutions
remained below 5.5. No difference in meat pH after
marination was found between treatments, although
marinating promoted an increase of up to 9% in meat
pH. Similar increases in meat pH after marinating with
polyphosphates and sodium bicarbonate have been
reported in the literature (Sindelar et al., 2003; Sheard
& Tali, 2004; Sheard et al., 2005).

Marinating with TM3 reduced a* of pork loin
samples. This effect was not observed when TMI1
and TM2 salts were used separately, which led to the
inference that the results were promoted by a synergistic
action between them, with an indication that the
presence of sodium tripolyphosphate in the marinade

Table 2. Acidity, lightness (L*), redness (a*) and yellowness
(b*) of pork with different pHys (<5.7 and >5.7), before and
after marinating with different solutions®.

Evaluation Treatment pHus (O\Y
TC T™1 ™2 T™M3 >5.7 <57 (%)
sz4
Before S47A 546B 545B  5.44B 5.47 544 1.68
After 547Ab 5.81Aa 5.88Aa 5.98Aa 5.88 5.87 4.13
L*
Before 47.28  47.03 48.30 48.69 47.06Ab48.59Aa 6.25
After 46.02  46.04  45.63 4545 4537Ba46.20Ba 7.34
a*
Before 13.08A 12.98A 1291A 12.92A 13.14 12.81 5.66
After 12.67Aa 12.27Ba 12.03Bab 11.94Bb 1240 12.05 6.69
b*
Before 2.01 2.05 2.16 2.25 2.06 2.18 32.28
After 3.14 3.07 2.71 2.61 2.83 293 4254

(MMeans followed by equal letters, lowercase in the same line and upper-
case in the same column, do not differ by Tukey’s test, at 5% probability.
TC, control, no marinating; TM1, sodium bicarbonate and sodium chloride;
TM2, sodium tripolyphosphate and sodium chloride; TM3, sodium bicar-
bonate, sodium tripolyphosphate and sodium chloride.
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mixture may have influenced some variables in the
tested meat. Most additives used in processing meat
products may cause changes in color by modifying
the pH and the state of myoglobin (Fernandez-Lopez
et al., 2004). Decrease in the a* intensity of pig loins
injected with tripolyphosphate and sodium chloride
was observed by Daguer (2010).

pH,,meatwasnegatively correlated with the lightness
and yellowness before (r = -0.39 r = -0.42) and after
(r=-0.31 and r = -0.26) marinating, indicating that the
lower the pH, the higher the lightness and yellowness
of meat, and that this condition is maintained even after
the injection of brines containing bicarbonate, sodium
chloride and polyphosphate. Lightness and yellowness
were positively correlated before (r = 0.77) and after
(r = 0.90) marinating, which indicates that paler meat
is also yellower.

Meat with pHy<5.7 showed a lower retention
capacity of the injected solutions, losing 63% more
liquid by purging (PL) than meat of the other group
(Table 3). No difference was found in purge loss
between the injected solutions, and the values are close
to those found by Daguer (2010).

Exudation and cooking losses were also higher for
meat with pH,s<5.7 than meat from the other group (30
and 13%, respectively). Meat with pHys>5.7 showed
18.37% lower shear force (Table 3).

Kuo & Chu (2003) reported 50% higher exudate
loss in PSE pork. The highest water losses from PSE
meat are related to rate and extent of postmortem
pH decrease, which has a substantial impact on meat
quality, especially in water-holding capacity, affecting
sensory and technological properties (Toldra, 2003).
According to researchers, meat with pHys lower than
5.8 (Kauffman et al., 1993; Culau et al., 2002), L *
values greater than 50, and water loss greater than 6%
can be considered as PSE meat (Warner et al., 1997,
Bridi et al., 2006). Considering this classification, the
meat from the pHys<5.7 treatment of this experiment
would not fulfill the PSE conditions, although it is
clear that its physical properties, particularly its ability
to retain water, have been harmed by the higher drop
rate of postmortem pH.

TM3 marinade caused 37.9% decrease of meat
exudation loss in comparison with the nonmarinated
treatment. However, CT, TM1, and TM2 did not differ
fromeach other. These data confirm the synergistic effect
of TM3, with positive results on pork characteristics,
as evidenced by Bertram et al. (2008). Phosphate salts
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and brines are used in depolymerized muscle fiber
myosin filaments, and help dissociating the act-myosin
complex, increasing the dissolved protein (Bertram
et al., 2008). In addition, they capture the negatively
charged metal ions, leaving the actual charges free to
bind water molecules, thereby increasing the capacity
of meat to retain water (Xiong, 2005).

Cooking loss was reduced by 13 to 21% by
marinating, with no difference between the solutions.
Higher values were reported by Szerman et al. (2007)
and Daguer et al. (2010), who found a reduction from
23 to 26% in cooking loss after marinating with sodium
tripolyphosphate. The reduction in CL may be partially
explained by the chemical interaction between water
and proteins which occurs with marinating (Xiong,
2005). Phosphates increase the ionic strength of
meat, decreasing weight loss by cooking, leading the
exudative pork to achieve a similar performance as the
normal raw meat.

Meat with pH4s<5.7 showed a higher shear force
than the others, probably due to the higher percentage
of moisture lost, from slaughter to cooking. However,
considering the values obtained for both conditions of
the pHas, the pork loins may be considered tender. For
the National Pork Producers Council (1999), whose
methodology was used in this study, the maximum
value of shear force for pork to be considered tender
is 31.4 N.

Marinating decreased meat shear force by
approximately 41%. Sheard & Tali (2004) found
50% reduction in shear force, indicating a significant
improvement in tenderness of pork marinated
with alkaline brines. The values obtained in the
present study are close to the range reported in the
literature (14.31 to 28.34 N) for pork marinated with
tripolyphosphate and sodium chloride (Sindelar et al.,
2003; Daguer, 2010).
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Marinating with sodium tripolyphosphate and
sodium chloride improves the texture of meat fibers,
making them softer (Szerman et al., 2012). In general,
one of the most obvious mechanisms to reduce shear
force after application of the brine is the swelling and
relaxation of the muscle fibers. This is enhanced with
the use of brines derived from alkaline salts, especially
when in association (Sheard & Tali, 2004; Szerman
et al., 2007; Xu et al., 2009).

Sodium chloride plays a decisive role in meat
tenderness, by acting in the extraction and solubilization
of muscle proteins and fat emulsification, contributing
to increased water-retention capacity, improving
meat softness and texture (Baublits et al., 2006). The
weakening of myofibrils by use of sodium bicarbonate
is not well understood, although it is clear that the
reduction in shear force is similar to that achieved by
the use of sodium phosphate (Bertram et al., 2008), as
evidenced in the present study. Solutions of sodium
tripolyphosphate act in the muscle fiber, and increase
meat pH, providing more efficient water absorption by
the muscle, reducing exudation loss during storage,
and improving various properties of meat (Lemos
et al., 1999).

Meat shear force was inversely proportional to its
pH 48 hours after marinating. These results agree with
those of other researchers, showing that alkaline brines
improve the physical characteristics of beef by raising
its pH (Sheard & Tali, 2004; Baublits et al., 2006;
Szerman et al., 2007; Bertram et al., 2008).

Comparing the physical characteristics from
marinated meat of the group with pHys<5.7 with those
of fresh normal meat (pH>5.7) (nonmarinated — CT),
it was observed that marinating recovered their quality
(SF, EL and CL), making them similar or better than
normal, nonmarinated meat (Table 4). Marinating
of meat with low pHys (pH4s<5.7) caused up to 37%

Table 3. Purge loss (PL), exudate loss (EL), cooking loss (CL) and shear force (SF) of pork with different pHys (<5.7 and

>5.7) and marinating solutions.

Character Treatment pHas

TC T™1 ™2 T™M3 >5.7 <5.7
PL (%) - 2.26£1.0 2.26+0.8 2.27+0.9 1.71+0.8b 2.79+0.7a
EL (%) 3.77£2.1a 3.44+2.0ba 3.66+2.0a 2.34+1.6 b 2.87+£2.0B 3.74+£2.0A
CL (%) 29.51+2.9a 25.52+4.3b 25.75+4.8b 23.15£5.6 b 24.39+5.0B 27.58+4.4A
SF (N) 42.75+9.8a 24.12+6.9b 28.54+9.8b 22.65+£29Db 26.58+9.8B 32.56+12.7A

(OMeans followed by equal letters, lowercase for treatment and uppercase for pHys, in the same line, do not differ by Tukey’s test, at 5% probability. TC,
control, nonmarinated pork. Marinated pork: TM1, sodium bicarbonate and sodium chloride; TM2, sodium tripolyphosphate and sodium chloride; TM3,

sodium bicarbonate, sodium tripolyphosphate and sodium chloride.
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decrease in shear force. No differences were found
for the exudate and cooking losses between meat with
differentinitial pH, showing that the injection of alkaline
solutions containing bicarbonate, tripolyphosphate
and sodium chloride, individually and in association
approached the physical characteristics of meat with
low, initial pH (pHas) to approach the quality standards
of normal meat.

No significant effect was found either for meat
tenderness, juiciness, or flavor between meat samples
with different pHys in the evaluation done by the sensory
panel (Table 5). Since the water-retention capacity
directly influences the sensory characteristics of meat,
differences between them had been expected, especially
for tenderness and juiciness, since meat with pHys<5.7
had higher exudate and cooking losses. Although the
instrumental analysis of tenderness detected a difference
of shear force between meat samples with different pH,s,
this was not evident to the sensory panel, who found no
differences. Moelich et al. (2003) found lower scores for
meat of animals susceptible to stress, when evaluating
juiciness; however, in the same study the meat flavor
was not influenced by stressful conditions.

Table 4. Comparison of the shear force (SF), exudate loss
(EL) and cooking loss (CL) between pHys>5.7 fresh pork
(nonmarinated) and pH,s<5.7 marinated pork with different
salt combinations".

p value

Character pHus>5.7 pH<S5.7 marinated pork

nonmarinated pork  TM1 T™M2 ™3

SF (N) 37.85+8.2a 26.97+8.1b 31.58+9.2a 23.83+6.7b  0.006
EL (%) 3.74+1.3 4.19+1.6  3.84x1.8 2.76+1.3 0.837
CL (%) 28.43+£2.2 25.95+6.6 27.38+6.8 25.03+4.5 0.246

(WMeans followed by equal letters, in the same line, do not differ statistically
by Tukey’s test, at 5% probability. TC, control, nonmarinated pork.
Marinated pork: TMI1, sodium bicarbonate and sodium chloride; TM2,
sodium tripolyphosphate and sodium chloride; TM3, sodium bicarbonate,
sodium tripolyphosphate and sodium chloride.
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TM3 promoted better tenderness, whereas according
to scores attributed by the tasters, meat treated with this
solution was classified as tender to very tender, showing
once again the synergistic effects of salts. Pork loins
marinated with sodium chloride, and polyphosphates
were considered even tenderer than the nonmarinated
ones (Baublits et al., 2006). Marinating improved
meat flavor, regardless of the solution used, and it was
classified by the panelists as tasty to very tasty.

Marinating improved meat juiciness in comparison
to the control, with no differences between solutions.
Juiciness of marinated pork loins can be partly
explained by the reduction of water loss through
exudate and cooking, promoted by alkaline brines,
which positively affected the sensory characteristics
(Baublits et al., 2006; Smith & Young, 2007; Sultana
et al., 2008; Xu et al., 2009).

Negative correlations were observed (p<0.01)
between pH and EL (-0.41), SF (-0.38) and CL
(-0.35), indicating that lower meat pH decreases the
water-retention capacity and increases the SF force
required to break the fibers. Positive correlations
(p<0.01) were found between meat pH and tenderness
(0.30), juiciness (0.36), and flavor (0.39). However,
despite significant, these correlations were low. Other
studies have shown higher correlations between
pH and tenderness (0.83) and juiciness (0.78) of
marinated pork, as assessed by sensory panels (Sheard
et al., 2005). The exudate loss and cooking loss were
negatively correlated with tenderness (-0.44 and
-0.54, respectively) and juiciness (-0.41 and -0.49,
respectively), showing that the capacity of meat to
retain exudate during processing has a significant effect
on the sensory parameters.

The positive correlation between shear force and
the exudate and cooking losses explains the lower
water-holding capacity reflected in tougher loins.
According to Moelich etal. (2003), as more water is lost

Table 5. Sensory characteristics of pork with different pHys (<5.7 and >5.7), with or without marination in different

solutions,
Character Treatment PpHus

TC T™MI T™M2 T™M3 >5.7 <5.7
Tenderness 6.28+0.5¢ 7.76+0.7b 7.90+0.6ab 8.23+0.5a 7.66+0.9 7.42+0.9
Flavor 6.24+0.4b 7.66+0.4a 7.64+0.4a 7.87+0.4a 7.33+0.7 7.38+0.8
Juiciness 5.73+£0.6b 7.31+0.5a 7.40+0.5a 7.63+0.4a 7.00+1.0 7.04+0.8

(OMeans followed by equal letters, lowercase for treatment and uppercase for pHys, in the same line, do not differ by Tukey’s test, at 5% probability.
Treatment: TC, control, nonmarinated pork. Marinated pork: TM1, sodium bicarbonate and sodium chloride solution; TM2, sodium tripolyphosphate and
sodium chloride solution; TM3, sodium bicarbonate, sodium tripolyphosphate and sodium chloride solutions.
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during meat processing, more cut-resistant it becomes.
These authors found a correlation of r = 0.58 between
weight loss by cooking and shear force.

Tenderness (-0.68), juiciness (-0.57) and flavor
(-0.50) of meat were high and negatively correlated
with shear force. Similar results were found by Moelich
et al. (2003), who observed a negative correlation
between shear force and tenderness when evaluated by
a sensorial panel.

Juiciness, tenderness, and flavor were positively
correlated. Together with tenderness, juiciness is one
of the most desirable attributes for consumers (Xu
et al., 2009). Meat with a higher degree of juiciness
has a better acceptance by consumers, because it
is tastier. Sheard et al. (2005), however, found a
high and negative correlation between flavor and
tenderness (-0.62) of pork loins marinated with sodium
bicarbonate and sodium polyphosphate. These authors
used commercial solutions (Kip and Kip vers), with
the potential to improve the physical characteristics
of meat, which proved to leave a residual unpleasant
aftertaste. There were negative correlations between
physical and sensory characteristics, showing the
high efficiency of the sensory panel to evaluate pork
quality.

Conclusions

1. Pork meat had its technological and sensory
characteristics improved after marinating with alkaline
solutions containing sodium bicarbonate, sodium
tripolyphosphate, and sodium chloride, and this may
be an efficient strategy for improving meat quality.

2. The association of salts promotes a synergistic
effect, boosting the results.

3. A sensory panel is efficient in evaluating pork
meat quality.
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