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Abstract: Mayonnaise has a long history as a representative of emulsified sauces. As people become
more health-conscious, salad dressings (emulsified and non-emulsified) with lower fat content
gradually appear in people’s lives. Both sauces are widely used in everyday life for meat marinades
because they contain seasonings such as spices, salt, and vinegar. Although there are many studies
on how condiments such as spices, salt, and vinegar affect meat, the effects of semi-solid /liquid
emulsions and non-emulsified marinades on meat have yet to be further discussed and analyzed.
Therefore, studying the physical and chemical effects of mayonnaise (semi-solid emulsified emulsion)
and salad dressing (liquid emulsion and non-emulsified sauce) on meat is essential for improving food
quality and safety. Thus, this paper examines the impacts of mayonnaise, emulsified salad dressing,
and non-emulsified salad dressing on the physicochemical properties and sensory evaluations of
meat. The results showed that the three sauces effectively reduced cooking losses when used
as marinades for chicken breasts. In the juiciness and firmness tests, both mayonnaise and non-
emulsified salad dressings positively affected the meat. This study also found that lower pH values
were not always effective at reducing meat hardness and that emulsification may play a key role in
reducing meat hardness.

Keywords: mayonnaise; emulsified salad dressing; non-emulsified salad dressing; physicochemical
evaluation; sensory evaluation

1. Introduction

With the acceleration of modern life, the demand for ready-to-eat, convenient foods is
growing, so processed and preserved foods have become an indispensable part of daily
life [1]. Adding marinade to food is called marinating. The salt, sour substances, edible
oil, phosphates, etc., added to a marinade can improve the flavor of the food, increase
tenderness, extend the shelf life, improve water retention [2-7], and play a vital role in
food quality and safety [8-11]. The marinades we use to marinate meat can be divided
into biological, chemical, nanoparticle, and physical marinades [12]. Although emulsified
semi-solid marinades, a mixture of biological and chemical marinades, are very common in
daily life, there are very few studies on using semi-solid emulsions as marinades for meat.
Most studies have focused on the liquid emulsion part. The emulsion and quality after
marination have yet to be thoroughly analyzed and discussed [13-16].

Mayonnaise is one of the most commonly used sauces worldwide and has long been
a favorite of consumers. According to the US Food and Drug Administration (FDA),
mayonnaise is an emulsified semi-solid sauce containing at least 65% vegetable oil, 2.5% or
more acidifiers, and egg yolk as the main ingredient; it could also include other ingredients
(salt, spices, and natural flavoring) [17]. Another sauce with a similar composition to
mayonnaise is salad dressing. According to the FDA definition of salad dressing, it is an
emulsified semi-solid food with vegetable oil, acidifier, egg yolk, and starch paste as the
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essential ingredients, with the addition of salt, spices, and thickening agents [18]. These
two semi-solid emulsion seasonings can be used in various cooking occasions, including
vegetable salad dressing, sauces, pizza, marinated meat, etc. However, the specific effects
of these two semi-solid emulsions on meat quality still need to be made clear. Therefore,
it is essential to understand how these two emulsion types affect meat because this can
help us understand how emulsions affect the efficiency and sensory quality of pickling;
this is essential for the future development of more complex composite emulsion pickled
meats (W/O/W, O/W/O), aiming to reduce pickling time and improve pickling efficiency
to improve meat quality.

This study aims to elucidate the effects of the corresponding composition and emulsi-
fication state of two semi-solid emulsions, mayonnaise and salad dressing, on meat quality.
Doing so provides a new perspective for the study of meat marination. It offers practical
insights that can be applied to the food industry, via the following;:

1.  Using mayonnaise and salad dressing as marinades to marinate chicken breast meat
and explore the effects of semi-solid emulsion marinades on their physicochemical
properties and sensory evaluation.

2. Studying the effects of emulsification and non-emulsification as marinades on the
physical and chemical properties of chicken breast meat

3. Employing the main ingredients of mayonnaise and salad dressing, vegetable oil,
acidulant, and salt, as marinades at different concentrations to marinate chicken breast
meat. The effects of the main ingredients on chicken breast meat were studied. The
results of this study were compared and analyzed with the results of the above two
studies to further explore the effects of semi-solid emulsion and emulsification on
chicken breast meat.

The investigation into the effects of mayonnaise and salad dressing as marinades on
meat quality constitutes the main experiment of this paper (referred to as Experiment 1).
Experiment 2 and Experiment 3 are sub-experiments of Experiment 1. The purpose of
Experiment 2 was to delve deeper into the effects of emulsified versus non-emulsified
marinades on meat quality, and the purpose of Experiment 3 was to examine the impacts
of the base marinades (salt, vegetable 0il, and acetic acid) at different concentrations on
meat quality.

2. Materials and Methods
2.1. Experimental Design

A whole chicken breast was used to measure cooking loss and pH value. Three pieces
of the same size were taken from the middle of the chicken breast to measure juiciness,
hardness, and sensory evaluation.

In Experiment 1, 9 chicken breasts were used for cooking loss, 2 for juiciness, 3 for
firmness, 3 for pH, and 12 for sensory evaluation, for a total of 29 chicken breasts.

In Experiment 2, 3 chicken breasts were used for cooking loss, 2 for juiciness, 5 for
hardness, and 4 for pH, for a total of 14 chicken breasts.

In Experiment 3, 3 chicken breasts were used for cooking loss, 2 for juiciness, 5 for
hardness, and 4 for pH. A total of 14 chicken breasts were used in Experiment 3.

A total of 57 chicken breasts were used in the three experiments. Due to the large
amount of data to be measured, and in order to minimize the impact of climate change on
the results, the experiment was completed within three months. The experiment was di-
vided into four stages, as follows: (1) Collection of physicochemical data for Experiment 1.
(2) Sensory evaluation of Experiment 1. (3) Collection of physicochemical data for Experi-
ment 2. (4) Collection of physicochemical data for Experiment 3.

In Experiment 1, we used three different marinades (mayonnaise, emulsified salad
dressing (sesame flavor), and non-emulsified salad dressing (garlic flavor) to marinate
chicken breasts for 24 h. The chicken breasts were then subjected to three hours of low-
temperature heating at 60 °C, cooled down, and stored in a refrigerator at 4 °C for a further
24 h of marination. Physicochemical data were collected after refrigerated marination, and
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sensory evaluation tests were conducted. To eliminate pathogens in chicken breast meat,
we controlled the thickness of the chicken breasts to less than 45 mm before heating them
to ensure that the chicken meat eaten by the sensory evaluation panel was safe [19,20].

In Experiment 2, we used the same marination time and post-heating treatments as in
Experiment 1, except that we changed from three marinades (mayonnaise, emulsified salad
dressing, and non-emulsified salad dressing) to two homemade marinades (emulsified and
non-emulsified sauces), and collected data on cooking loss, juiciness, firmness, and pH.

In Experiment 3, we used the same marinating time and post-heating treatment as
in Experiment 1. Still, we changed the three marinades (mayonnaise, emulsified salad
dressing, and non-emulsified salad dressing) into marinades with different concentrations
of the three base ingredients (10, 30, 50% vegetable oil, 0.2, 0.6, 1% acetic acid, and 2, 5, 8%
salt). We collected data on cooking loss, juiciness, firmness, and pH.

2.2. Sample Preparation

We purchased the chicken breast meat from Seiyu Supermarket via their online shop-
ping site. The broiler chickens, one of Japan’s most common breeds, were raised on a
large-scale farm for 50-60 days, slaughtered, cut up, packaged at the Sendai Pack Center,
and then transported to the laboratory under rapid refrigeration at 3-5 °C. The chicken meat
was then transported to the laboratory under rapid refrigeration. Chicken breasts weighing
350 £ 50 g were selected, and the skin and excess surface fat were removed manually.

The marinade and chicken breasts were then placed in a heat-resistant plastic bag,
which was soaked in water to expel the internal air so that the marinade was in complete
contact with the chicken, and then placed in the refrigerator at 4 °C for 24 h of marination,
and then the samples were marinated for 3 h at 60 degrees Celsius, using a low-temperature
cooker (Boniq 2.0: Hayama-Colony Inc. Hayama, Japan). The samples were heated
at 60 °C for 3 h. At the end of heating, the samples were cooled with running water
(15 £ 3 °C) for 30 min and stored in the refrigerator (4 °C) for 24 h of marination to collect
physicochemical data.

2.3. Marinades Preparation

In Experiment 1, the salt content, pH, and oil content of the three marinades were
calculated from the data on the packages as follows:

1.  Mayonnaise: 2% salt, pH 4.08, and 75% fat.
2. Emulsified liquid salad dressing: 3% salt, pH 4.34, and 36% fat.
3. Non-emulsified liquid salad dressing: 3% salt, pH 4.07, and 50% fat.

All three marinades mentioned above were purchased from Kewpie Corporation.

In Experiment 2, the composition of the homemade emulsified marinade was rapeseed
oil, egg yolk, xanthan gum, and distilled water, corresponding to a ratio of 30:0.5:0.2:69.3.
Homemade salad dressing was prepared with a first gear kitchen mixer (Acasas, Japan),
according to the recipes. Egg yolks were mixed with xanthan gum and 1/3 of distilled
water. In the beginning, rapeseed oil was added drop-by-drop with constant stirring. After
obtaining stable consistency, rapeseed oil was added to a thin stream. The remaining
distilled water was gradually added during mixing. The prepared samples maintained
a stable consistency without phase separation. In contrast, the non-emulsified dressing,
made without stirring and with the same composition as the salad dressing, remained
separate and did not emulsify throughout the experiment.

In Experiment 3, rapeseed o0il (10, 30, 50% (w/w)), vinegar (0.2, 0.6, 1.0% (w/w)), and
salt (2,5, 8% (w/w)) were used as a marinade in a proportional mixture with distilled water.

The weight of the marinade used in all three experiments mentioned above was 10%
of the weight of the corresponding chicken breast, and the marinade used in the control
group was distilled water.
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2.4. Measurement of Cooking Loss

After cooling for 24 h, the meat was removed from the bag, wiped dry with kitchen
paper, and weighed. Cooking loss was calculated according to the following equation:

Cooking loss (%) = (weight of meat before cooking — weight of meat after cooking
for 24 h) /weight of meat before cooking x 100.

2.5. Measurement of Juiciness

The juiciness was measured using the pressure filter paper method [21,22]. The meat
was cut into 3 x 3 X 1 cm pieces parallel to the fibers in the center. Samples were taken
from the center of the meat for testing. The meat was placed on top of three pieces of paper
and underneath one piece (Filter Paper 110 mm, Advantec, Japan). Then, two 50 g vinyl
sheets were placed on both sides, and a dumbbell (2.5 kg) was placed on top of the meat for
5 min (environmental temperature: 4 °C). The meat was then weighed, and the juiciness
was calculated according to the following equation:

Juiciness (%) = (weight of meat before applying pressure — weight of meat after
applying pressure) /weight of meat before applying pressure x 100.

2.6. Measurement of Hardness

The meat was cut into 3 X 3 x 1 cm pieces parallel to the fibers in the center. Three
sub-samples were collected from each sample. Using a rheometer specialized for load
measurement (Texture Analyzer, FRTS series: Imada Co., Ltd., Toyohashi, Japan), a flat
probe (FR-HA-20] 5 N/50 N, $20 mm) was fixed to the machine, and the hamburger
(cooked meat) mode was set (force-speed, 2 mm/s; force variable, 5.0 mm; returning speed,
5 mm/s; number of times force applied, once; graph format set to load-displacement with
a start trigger at 2 digits).

After the settings were applied, the meat was placed on a platform, and the platform’s
position was adjusted until there was no gap between the meat and the flat probe. Finally,
displacement “zero” was pressed, the measurement screen returned, and the START button
was pressed to measure hardness.

2.7. Measurement of pH

A 1.5 cm slice of meat from the center portion of the chicken breast was cut as a sample,
and a pH meter (testo pH meter for food (specifically for semisolid products) model: Testo
206-pH2) was inserted 1 cm into the chicken meat to measure the pH directly. There were
three measurement positions, as follows:

1. A total of 5 mm from the surface of the chicken (later referred to as point A).
2. Midway between point A and the center point (later referred to as point B).
3. The center point (later referred to as point C).

(Refer to Figure 1.)

A point C point l

.

Smm

B point

Figure 1. Measurement of pH. A Point, 5 mm from the surface of the chicken; B Point, midway
between the A point and the center point; C Point, the center point.
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2.8. Sensory Evaluation

At Miyagi University, we randomly selected 12 untrained students for the experiment.
Before experimenting, we confirmed that the members had healthy teeth and asked whether
they had taken any medication in the last week; we prepared for the experiment after the
check was completed. To prevent the different colors of the meat from affecting the results,
we asked the group members to wear dark green glasses.

Marinated chicken breasts were cut into 2 x 2 x 1 cm cubes. The cubes were offered
to the team members on white plates; each plate was labeled with a random number and
arranged in a random order for each team member, and the team members were instructed
to chew with their molars during the test. The test material was kept at a room temperature
of 20 °C. Each panelist was given a cup of water between the two plates to rinse the mouth
between samples. The evaluation form was designed on a seven-point scale (—3 to +3),
with juiciness as the criterion; [+3] indicated very juicy compared to the control group,
“0” indicated no difference compared to the control group, and [—3] indicated very dry
compared to the control group.

The researcher explained the procedure and sequence of the experiment to all pan-
elists, and after obtaining their consent, conducted the experiment. This study was con-
ducted with the approval of the Research Ethics Committee of Miyagi University (approval
no. 2022-261).

2.9. Statistical Analysis

In Experiment 1, significant differences among the physicochemical evaluation proper-
ties were calculated using the Tukey test via Kaleida Graph software (Hulinks Inc. Tpkyo,
Japan); p < 0.05. The sensory evaluation (1 = 12) of juiciness and firmness was performed
using the Tukey test, and the data were analyzed to determine significant differences
between mayonnaise, emulsified liquid salad dressing, and non-emulsified liquid salad
dressing across different chewing intervals (3 chews, 10 chews, and before swallowing)
(p < 0.05).

In Experiment 2, the f-test, a two-sample test assuming equal variances was used
to determine if there were significant differences between the physicochemical effects of
emulsified and non-emulsified marinades on meat quality (p < 0.05).

In Experiment 3, the Tukey test was used to determine if there were significant differ-
ences in the physicochemical effects of different concentrations of rapeseed oil, salt, and
vinegar on meat quality (p < 0.05).

The above data were analyzed for differences between means using two-way analysis
of variance (ANOVA) with the SPSS statistical package (SPSS IBM, Urayasu, Chiba, Japan).

3. Results
3.1. Cooking Loss

In Experiment 1 (Table 1), the cooking losses of mayonnaise, salad dressing, and
non-emulsified salad dressing significantly differed from the control (p < 0.001). All three
marinades significantly reduced the moisture loss of the meat during heating, but there
was no significant difference between the three marinades.

Table 1. Effects of mayonnaise, salad dressing, and non-emulsified salad dressing on the physico-
chemical properties of chicken breast meat (Experiment 1).

Control Mayonnaise Salad Dressing Non-Emulsified Salad Dressing
Cooking loss (%) 14.88 +1.60 2 6.25+192° 6.70 £ 0.74° 719 +£0.99°
Juiciness (%) 17.45+£1.942 1798 £1.162 19.05 +1.77% 15.60 + 1.16 ®
Hardness (N) 16.53 +3.49 11.54 +3.80° 12.49 £2.392 15.61 £2.002
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Table 1. Cont.

Control

Mayonnaise

Salad Dressing

Non-Emulsified Salad Dressing

pH values
A point
B point
C point

6.43 +0.103/A
6.39 + 0.08 a/A
6.38 £ 0.03 3/A

5.89 &+ 0.07 b/B
6.30 £ 0.09 a/A
6.21 &+ 0.02 /A

6.27 4+ 0.08 /A
6.36 &+ 0.07 2/A
6.40 £ 0.03 a/A

6.45 4 0.053/A
6.47 4+ 0.023/A
6.45 + 0.06 3/A

ab: Different letters within the same row indicate significant differences at p < 0.05. A B: Different letters within
the same column indicate significant differences at p < 0.05. Number of repetitions: cooking loss (1 = 9), juiciness
(n = 6), hardness (n =7), and pH (n = 3). All experimental data results are reported as mean =+ standard deviation.

In Experiment 2 (Table 2), no significant difference was observed between meat treated
with homemade emulsified salad dressing and non-emulsified salad dressing as a marinade.

Table 2. Effects of homemade emulsified versus non-emulsified salad dressing on the physicochemical
properties of chicken breast meat (Experiment 2).

Salad Dressing Non-Emulsified Salad Dressing

Cooking loss (%) 13.51 £0.23 13.35 £ 0.77
Juiciness (%) 11.76 + 0.51 11.05 + 0.63
Hardness (N) 12.81 +1.85 14.46 & 0.67 **
pH values

A point 6.13 £ 0.09 6.15 £ 0.07

B point 6.11 £0.11 6.04 & 0.05

C point 6.12 +0.12 6.18 +0.03

**: Significant difference from non-emulsified salad dressing p < 0.01 (Student’s t-test). Number of repetitions:
cooking loss (1 = 3), juiciness (1 = 5), hardness (n = 15), and pH (1 = 4). All experimental data results are reported
as mean = standard deviation.

In Experiment 3 (Table 3), there was no significant difference in cooking losses between
medium and high concentrations of acetic acid (0.6 and 1%) and the control. Still, there
was a significant difference with the 0.2% concentration of acetic acid. Vegetable oil at a
50% concentration was not significantly different from the control in terms of cooking loss,
but there was a significant reduction (p < 0.05) in cooking loss with decreasing concentra-
tions (30% and 10%). Compared to vegetable oil with acetic acid, salt at concentrations of 2,
5, and 8% were significantly different from the control in terms of cooking losses; (p < 0.05).

Analyzed from the three different marinades, the efficiency in reducing cooking losses
ranked in descending order as salt, 0il, and vinegar. Analyzed from various concentra-
tions of marinades, salt reduced cooking losses at all three different concentrations, but a
lower concentration (2%) had better results than a higher concentration (8%) compared
to a 5% concentration. When vegetable oil was used as a marinade, lower and medium
concentrations (30% and 10%) were more effective in reducing cooking losses than a high
concentration (50%). When acetic acid was used as a marinade, the cooking losses of
chicken breasts treated with the three different concentrations of acetic acid were not signif-
icantly different from those of the control group, but low (0.2%) concentrations of acetic
acid resulted in less cooking losses than meat cured with medium to high (0.6 and 1%)
concentrations of acetic acid (p < 0.05).
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Table 3. Effects of different marinade ingredients and solution concentrations on the physicochemical properties of chicken breast meat (Experiment 3).
Oil (%) Vinegar (%) Salt (%)
Control
10 30 50 0.2 0.6 1 2 5 8
Cooking loss (%) 19.09 4 0.89 abc 14.60 4 0.78 4 13.45 4 0.20 de 17.59 + 0.11 be 17.25 +£1.02 ¢ 19.64 + 0.03 2P 2092 £0.312 11.81 +0.64°¢ 14.21 +0.82 4 8224093 f
Juiciness (%) 11.84 £ 085> 1074+ 0364 1093 +0.94Pd 1060 £ 0.77Pd  11.02+056Pd  10.15 + 0.31 <4 9.90 +1.014 12.29 + 0.89 P 16.00 +1.37 2 14.56 +1.242
Hardness (N) 1291 +£2.342b 12.78 +£2.252b 10.82 +£2.02° 12.63 +3.152b 11.25 +2.84° 1134 +£191° 14.79 £3.372 11.83 +£2.422b 12.95 +3.142b 11.17 £ 2.05°

pH values
A point
B point
C point

6.11 +0.052/A
6.11 +0.03 /4
6.05 4 0.04 3/A

6.13 +0.133/A
6.09 + 0.08 2/A
6.09 & 0.04 2/A

6.19 +0.04 2/A
6.10 & 0.07 a/A
6.10 & 0.07 2/A

6.16 + 0.01 2/A
6.12 4+ 0.023/A
6.11 4 0.042/A

5.99 + 0.042/A
6.07 +0.04 /A
6.02 + 0.06 2/A

5.99 + 0.09 */B
6.13 4+ 0.04 2/A
6.12 +0.03 274

5.70 + 0.06 */B
5.93 4+ 0.01 /A
5.94 + 0.03b/A

6.24 +0.702/A
6.18 £ 0.06 2/A
6.16 + 0.06 2/A

6.16 £ 0.123/A
6.10 + 0.12 /A
6.11 4+ 0.12/A

6.18 + 0.01 &/A
6.13 + 0.03 2/A
6.08 + 0.022/B

af; Different letters within the same row indicate significant differences at p < 0.05. - B: Different letters within the same column indicate significant differences at p < 0.05. Number of
repetitions: cooking loss (1 = 3), juiciness (1 = 5), hardness (1 = 15), and pH (1 = 4). All experimental data results are reported as mean = standard deviation.
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3.2. Juiciness

In Experiment 1 (Table 1), there was a significant group difference between the juiciness
of the control, mayonnaise, emulsified salad dressing, and non-emulsified salad dressing;
marinating meat in non-emulsified salad dressing significantly reduced the juiciness of the
meat (p < 0.05).

In Experiment 2 (Table 2), there was no significant difference between meat treated
with homemade emulsified salad dressing and non-emulsified salad dressing as marinade.

In Experiment 3 (Table 3), analyzed from the three different marinades, brine sig-
nificantly increased the juiciness content in the meat. In contrast, using cooking oil as a
marinade did not significantly affect the juice content in the meat, and a high concentra-
tion of acetic acid (1%) decreased the juice content in the meat (p < 0.05). Analyzing the
different concentrations of marinade, the medium and high concentrations (5 and 8%) of
brine significantly (p < 0.05) increased the juice in the meat compared to the control group.
In comparison, there was no significant difference with the 2% brine. Low and medium
concentrations (0.6 and 0.2%) of acetic acid were not significantly different from the control,
but high acetic acid concentrations significantly decreased the meat’s juiciness. (p < 0.05).
There was no significant difference between different concentrations of vegetable oil on the
juiciness in the meat compared to the control.

3.3. Hardness

In Experiment 1 (Table 1), the hardness of the control, emulsified salad dressing, and
non-emulsified salad dressing differed significantly from mayonnaise (p < 0.05). Mayon-
naise significantly reduced the hardness of the meat, but there was no significant difference
between the other three marinades.

In Experiment 2 (Table 2), the hardness of meat treated with emulsified salad dress-
ing as a marinade was significantly reduced compared to non-emulsified salad dressing
(p <0.01).

In Experiment 3 (Table 3), there was no significant difference between meats marinated
with different marinades and different marinade concentrations compared to the control.
Meat marinated with 1% acetic acid was the hardest, and meat marinated with 0.6 and. 0.2%
acetic acid, 8% brine, and 30% vegetable oil was softer. Although there was no significant
difference when compared to the control, there was a significant difference between the
meat marinated with 1% acetic acid (p < 0.05).

3.4. pH

In Experiment 1 (Table 1), the pH of mayonnaise-marinated meats was lower than
that of the control, emulsified salad dressing, and non-emulsified salad dressing at point
A (p <0.01). There was no significant difference in pH between the control, mayonnaise,
emulsified salad dressing, and non-emulsified salad dressing marinated meats at point B
versus point C.

In Experiment 2 (Table 2), at points A, B, and C, there was no significant difference
between meat treated with homemade emulsified salad dressing and meat treated with
non-emulsified salad dressing as a marinade.

In Experiment 3 (Table 3), at points A, B, and C, only the meat marinated with 1%
acetic acid had a lower pH than the meat marinated with the other marinades (p < 0.05), and
there was no significant difference between the other marinades (except 1% acetic acid).

3.5. Sensory Evaluation

In Experiment 1, there was no significant difference in juiciness and firmness across
different chewing intervals (3 chews, 10 chews, and before swallowing) of chicken breasts
marinated with the same marinade (mayonnaise, emulsified salad dressing versus non-
emulsified salad dressing). There was no significant difference in juiciness and firmness
between chicken breasts marinated in three marinades (mayonnaise, emulsified salad
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dressing versus non-emulsified salad dressing) with the same number of chews (3 chews,
10 chews, and before swallowing).
Experiments 2 and 3 were not subjected to sensory evaluation.

4, Discussion
4.1. Cooking Loss

From the analysis of cooking loss and water retention in Table 1, the three marinades
showed a significant increase in water retention compared to the control (p < 0.001). How-
ever, the effects of different concentrations of oil, salt, and acetic acid on meat cooking
losses are presented in Table 3. The factors that may have a greater impact on the cooking
losses of meat marinated with mayonnaise and salad dressings are salt and the medium
concentration (30%) of vegetable oil. The lateral expansion of tendon fibers during brine
curing allows more water to enter the meat [23]; moreover, salt also dissolves myofibrillar
proteins, resulting in the formation of viscous secretions on the surface of the meat. These
secretions combine during cooking to form a thermo-coagulant protein matrix, encapsulat-
ing the free water, resulting in a decrease in cooking losses and an increase in the juiciness
of the meat [24].

The 30% vegetable oil improved water retention capacity, consistent with Shtonda’s
findings. Fats and oils reduce the free water content of the meat and are more effective
at encapsulating and sealing in moisture during marination, thus preventing water loss
during cooking [25]. When fats were mixed with spices as a marinade for meat, the spices
could dissolve into the fats and the spices could penetrate the meat [26].

pH can directly affect the negative charges on proteins that bind to water molecules.
So, pH values below or above the isoelectric point can expand the space in the muscle
filaments by enhancing hydrophilic properties, resulting in increased water retention [27].
However, according to the results of cooking loss in Table 3, the increase in acetic acid
concentration did not lead to a decrease in cooking loss of the meat, and there was no
significant difference compared to the control. The pH values of Table 3 also showed a
significant difference (p < 0.05) in the pH values of meat marinated with a 1% concentration
of acetic acid at points A, B, and C compared to other marinades, which means that even
though the acetic acid penetrated the interior of the meat, it did not improve the water
retention of the meat, which may be due to the insufficient concentration of acetic acid. As
mentioned above, moving away from the isoelectric point improves water retention. Still,
from the actual pH measured in the acetic acid marinated meat, the absolute difference
was only about 0.2 compared to the pH measured in the control group. Although there
is a statistically significant difference in the pH between the control group and the meat
marinated in the 1% acetic acid, when the difference is less than 0.2, it may not result in a
significant difference in cooking loss.

4.2. Juiciness

Cooking losses involve water [28], and higher cooking losses mean more water escapes
from the meat during cooking and less water content in the meat. However, in Table 1,
the cooking loss of the control group was two times higher than that of the experimental
group (p < 0.001). At the same time, the juiciness was not significantly different from
that of mayonnaise and non-emulsified salad dressings. The juiciness of emulsified salad
dressings was higher than the control, mayonnaise, and non-emulsified salad dressings
(p < 0.05), which, when combined with the non-significant difference in juiciness between
homemade emulsified and non-emulsified salad dressings measured in Table 2, suggests
that the difference in juiciness between emulsified and non-emulsified salad dressings may
be independent of the emulsification status. From the juiciness data in Table 3, brine was
effective at increasing juiciness, but the juiciness of meat marinated in oil (10, 30, 50%) and
acetic acid (0.2, 0.6%) was not significantly different from that of the control group, whereas
1% acetic acid decreased juiciness (p < 0.05). Therefore, the inconsistency between cooking
losses and juiciness that led to the control and experimental groups may be due to the
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different contents of free and immobilized water in meat, where the reduction in free water
leads to an increase in the water-binding capacity, which in turn increases the proportion of
immobilized water [29]. Meat is classified into three types, based on water content:

1.  Held water, which usually cannot be removed during food processing and is tightly
bound to proteins.

2. Immobilized water, which constitutes 80% of meat, is weakly bound to proteins and
can be lost during food processing.

3. Free water, which exists in the part of the water between capillaries and between the
capillaries and proteins, which is more easily lost in food processing.

It inhibits protein denaturation and changes the pH value to make its principal iso-
electric point. Low-temperature preservation and other methods can make the free water
converted to immobilized water to immobilized water retention capacity [30]. Due to the
interaction of salt, acidifiers, and spices contained in the three marinades (mayonnaise,
emulsified salad dressing, and non-emulsified salad dressing), which converted the free
water that was easily lost to immobilized water, the water retention capacity of the meat in-
creased. The meat could retain water even when a certain amount of pressure was applied.
Although the control group lost twice as much water to cooking as the experimental group,
this may have resulted in no significant difference in the number of meat juices released
from the control and experimental groups when the same pressure was applied, as more of
the bound water was converted to easily lost free water in the control group under heating
conditions. The conversion of a portion of the free water into immobilized water during
marination improved water retention in the experimental group, resulting in twice as much
cooking loss in the control group as in the experimental group.

4.3. Hardness and pH

The results of the hardness test are in Table 1. We can see that mayonnaise significantly
improved the tenderness of the meat (p < 0.05). Still, there was no significant difference
between the emulsified and non-emulsified salad dressing and the control group. In
contrast, regarding pH, the meat marinated with mayonnaise as a marinade differed
significantly from the other two experimental groups at point A, while there was no
significant difference between the meat marinated with mayonnaise at points B and C.
The hardness test results in Table 1 show that the meat marinated with mayonnaise as
a marinade significantly differed from the other two experimental groups. The acidic
substances of the mayonnaise only penetrated 5 mm of the meat. Still, they did not
penetrate the inside of the meat, so the internal pH value was not significantly different
from the other two experimental groups and the control group. For the hardness test, we
cut the meat in the center (points B and C), so the hardness of the meat at the center was
less affected by the pH value. The decrease in pH at point A alone does not explain why
the meat at the center also became less firm.

Moreover, the pH values of the three seasonings from low to high are 4.07 for non-
emulsified salad dressing, 4.08 for mayonnaise, and 4.34 for emulsified salad dressing. The
pH of non-emulsified salad dressing is nearly the same as that of mayonnaise, as shown in
Table 1. According to the results, the pH values of meat marinated in non-emulsified salad
dressing at points A, B, and C after heating are not significantly different from the control
group. Therefore, the change in pH value in the meat is not only related to the pH value of
the marinade but may also be related to other factors, requiring further research.

Numerous studies also show that low-pH marinades can improve meat tenderness [31-34].
Still, there is no significant difference in the pH values of the three marinades. Thus, it is
impossible to explain why only mayonnaise could reduce the pH at point A and improve
the tenderness of meat from the pH value alone. Combining the relationship between pH
and hardness of homemade emulsified and non-emulsified salad dressings in Table 2, we
can see that—although there is no significant difference in pH between the two marinades
at points A, B, and C—after heating, there is a substantial improvement in the tenderness of
meat marinated in emulsified salad dressing (p < 0.01). The three marinated raw materials
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from Table 3 were analyzed; there were no significant differences between the hardness
values of all experimental and the control groups.

In contrast to Experiment 1, where the acidity of mayonnaise penetrated only to point
A of the meat, the high concentration (1%) of acetic acid marinated meat in Experiment
3 had significantly lower (p < 0.05) pH values than the other marinades at points A, B,
and C. This proves that the high concentration of acetic acid penetrated the internal part
of the meat but did not positively affect its softness, which is the same as the results of
Seuss’s study [35]. This suggests that mayonnaise as a marinade may have a positive
effect on the softening of the meat, with emulsification playing a more significant role, but
the mechanism of how the emulsified marinade affected the meat is unclear and requires
further research and discussion.

4.4. Sensory Evaluation

In sensory evaluation, there are two stages of juiciness assessment: The early stage of
chewing (3-10 chews) is used to determine the water content of the meat, and the latter
stage of chewing (between 10 chews and swallowing) is used to determine the water
content of the meat, the fat, and the saliva secreted during chewing [36]. In experiments
where a similar measurement (TI method) was used to measure the change in hardness over
time during chewing, the toughness of meat decreased with increasing chewing times [37].

In the sensory evaluation, we tested the juiciness and hardness of meat marinated
in three marinades at the same number of chewing times. We found no significant differ-
ence between the three marinades. However, in Experiment 1, there was no considerable
difference in the cooking loss of meat marinated in the three marinades, but in the physic-
ochemical evaluation of juiciness, the meat marinated in non-emulsified salad dressing
was significantly less juicy than the other two marinades (p < 0.05). In the physicochemical
evaluation, the hardness of meat marinated in mayonnaise was substantially lower than
the other two marinades (p < 0.05). This illustrates that sensory, physical, and chemical
evaluations will produce inconsistencies under specific conditions. Although the chemical
evaluation shows significant differences between meats, ordinary people cannot test the
differences between samples as accurately as machines can, so when testers taste a sample
below their perception threshold, they cannot accurately tell the difference between the
two samples.

The juiciness and firmness of meat marinated in the same marinade tested at different
chewing times were not significantly different. The pre-chewing stage may influence the
evaluation of the meat texture and hardness by ordinary individuals, overlooking the
secretion of saliva and changes in meat texture hardness during chewing. Consequently,
they may need to accurately perceive changes in juiciness and hardness while tasting
samples. Therefore, significant differences in the physicochemical evaluation of meat
occurred, which may not necessarily reflect mirror differences in sensory evaluation [38].

5. Conclusions

In Experiment 1, the use of mayonnaise and emulsified versus non-emulsified salad
dressing was influential in the physicochemical evaluation to reduce cooking losses and
increase the moisture in the meat after cooking. In many papers, salt and acidifiers as
marinade for marinating meat play a crucial role in juiciness and firmness. Still, according to
the physicochemical evaluation in Experiment 1, salt content and acidifiers did not explain
the inconsistency between cooking loss and juiciness, pH and moisture content, and pH and
firmness. Therefore, we combined the data from Experiments 2 and 3 to demonstrate that it
is not only cooking loss that affects juiciness but also the ratio of free water to immobilized
water. A lower pH does not necessarily positively affect meat tenderness and moisture
content, and the type and concentration of acidifiers should be considered. Emulsifying
marinades have a positive impact on the tenderization of meat.
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