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ABSTRACT
This research aimed to determine the influence of stress of various etiologies in pigs caused by transportation and pre-

slaughter conditions on meat quality. For this purpose, pigs were divided into 11 groups within two meat processing
enterprises, depending on the duration of transportation (short, long without breaks and long with breaks) and the
conditions of keeping animals before slaughter. Also, within the two groups were created two subgroups with pigs of
different breeds. A total of 156 pigs were studied. Blood was collected from all pigs to determine cortisol and lactate
levels, and a sample of meat from the longest back muscle. The pH of the meat was determined at different stages of
its maturation, and the weight loss of the sample was determined. As a result of the research, it was found that the
highest quality pork was obtained from pigs that experienced lower levels of stress before slaughter. Keeping pigs for
10 — 14 hours before slaughter without access to water and food resulted in higher stress levels, which were probably
expressed in higher blood concentrations of cortisol and lactate. Pigs’ access to food and water during pre-slaughter
retention allows for high-quality meat by reducing the influence of stress. Pigs’ access to water before pre-slaughter
does not affect the stress level but positively affects the loss of meat weight during maturation. The higher the
concentration of lactate in pigs’ blood, the faster the pH of the meat decreases after slaughter, which negatively affects
its quality and moisture retention. If there is a long-term transport of pigs, there is no rest stop that can significantly
reduce stress levels in pigs. Duration of transportation of pigs does not correlate with stress levels, as the conditions
before slaughter content.
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INTRODUCTION

According to the concept of “The Only Health”, the quality of life of people depends on the safety and quality
of the food they consume. For the safety and quality of meat to meet consumer expectations, one should
relentlessly control it at all stages of production and circulation, as the final result depends on many factors. In
particular, the conditions of keeping animals, feeding, veterinary treatments, pre-slaughter [1], [2], [3], [4] and
post-mortem factors [5], [6]. Much remains unknown despite the significant amount of research on various factors
directly or indirectly affect pork quality. Today it is known that the quality of pork depends on the amount of
stress he had placed before the slaughter of pigs [7], [8], [9], [10], [11]. In particular, muscle carbohydrates
(glucose and glycogen) under anaerobic oxidation are metabolised to lactate, which lowers the pH of the meat.
Under stress, the lactate level in the blood increases significantly, and muscle glycogen content decreases. In this
case, lowering the pH of the meat during its maturation will be too fast. As a result of fast hardening, muscle
fibers are damaged in their structure. There is excessive loss of moisture and discolouration, thus decreasing the
quality and expiration date of the meat [10], [12]. Depending on the geographical location of the farm and
technologies of preparation of pigs for slaughter, various methods of transportation and pre-slaughter keeping are
practised. If the farm is located at a considerable distance from the slaughterhouse, it can be practised as
transportation without stops and with breaks (long or short) for the rest of the animals. Also, in some cases, the
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animals are transferred to a starvation diet; in others — the animals are fed and given access to water. There is also
a different approach to the pre-slaughter keeping of animals.

In some cases, the slaughter of animals is practised immediately upon arrival; in others — animals are sent to
quarantine of various durations — from several hours to one or several days. Animals are often accumulated during
the day and slaughtered in the morning. In this period, at some slaughterhouses, animals are given access to water;
on others to food and water, third animals are not watered or fed. In addition, they sometimes practise an approach
in which they try not to mix animals from different farms or even different piggeries of one farm for transportation
and pre-slaughter [13]. In others, cases are neglected, especially when forming a kept pig batch on small household
farms.

Scientific Hypothesis

Theoretically, we assume that all of these factors can affect the stress experienced by animals. The level of stress
will be different depending on the animal’s conditions. In addition, we assume that the breed of pigs will directly
influence stress. Hence the quality of pork will be different. This work includes the research results on the pig
meat quality, depending on transport conditions, before slaughter maintenance and breed, which was our goal.

MATERIAL AND METHODOLOGY

The study was performed at the Department of Veterinary and Sanitary Inspection laboratory of S. Z. Gzhytskyi
National University of Veterinary Medicine and Biotechnologies in Lviv.
Samples
The material for the research was pig blood and meat. In general, it was samples taken from 156. Blood samples
were taken during the bleeding of the carcass in sterile tubes, and the meat was up to 30 minutes after the slaughter
of pigs. One meat sample was taken from each carcass (weighing 450 — 500 g) from the longest back muscle in
the area of 9 — 12 thoracic vertebrae. Meat samples were stored in a refrigerator at 4 £2 °C. To obtain plasma, the
blood was immediately centrifuged at three thousand rpm.
Chemicals

The cortisol content was determined in blood plasma by enzyme-linked immunosorbent assay using DRG
(Germany) test kits. Hydrazine-glycine buffer pH 9.0, NAD+ (0.3 molar solution, pH 6.0) and lactate
dehydrogenase solution (protein content 2 mg.mL™") were used to determine lactate (Khimreaktiv, Ukraine).

Animals and Biological Material

Samples were taken from two slaughterhouses located in the Lviv region of Ukraine. The experiment was
performed from July — to September 2021. Before sampling, the attendants studied documents and conducted the
initial inspection and weighing of pigs. Total experimental pigs were divided into 11 groups, as shown in Table
1. In I and 8 experimental groups, the number of studied animals was twice as large as in others because, in these
groups, pigs of two breeds were included — Ukrainian Steppe White and Landrace. In the article, comparisons of
the indicators received from pigs of the Ukrainian steppe were carried out white breed except for the part where
the data of breed features are given.

Table 1 Division of pigs into groups, depending on the duration of transportation and detention conditions until
slaughter.

Transportation Breaks for

Number . . Shutter speed Diet
of time transportation
Group 0.5 .
No. SAMPIS, o ¢ 95_1 Without hours wuptol 10-14 “Vithout o~ Food
n water and and
hours hour breaks every 2 hour hours water
food water
hours
1. 24 + + + +
2. 12 + + + +
3. 12 + + + +
4. 12 + + + +
5. 12 + + + +
6. 12 + + + +
7. 12 + + + +
8. 24 + + + +
9. 12 + + + +
10. 12 + + + +
11. 12 + + + +
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Before slaughter, all animals were analogues by sex (pigs), live weight kg and clinically healthy. All animals
were kept unattended until the slaughter pig keeping system.

Transportation of pigs was carried out with the help of a specialised transport at the rate of 0.8 m? area per animal
at a temperature environment not higher than 28 °C, for unloading animals used a bridge, which was installed so
that there were no cracks and the angle of inclination to the surface did not exceed 20 °C. Upon arrival, the pigs
crossed a corridor about 8 m long to the pre-slaughter room. To increase efficiency in unloading and moving pigs
within the enterprise, employees’ meat sticks are used by meat processing companies.

Before slaughter, all experimental animals were stunned with the help of an electric current.

Instruments

Stat-Fax analyzer (model 4300 ChroMate; USA).

Electronic laboratory scales (TBE-0.5, producer (Inter-Synthesis) Limited Liability Company; Ukraine).

pH meter TESTO 205 (Germany).

Centrifuge MICROmed (China).

Spectrophotometer ULAB 102 (China).

Laboratory Methods

The cortisol content was determined in blood plasma by enzyme-linked immunosorbent assay. Whole blood
determined lactate content [14]. Meat samples were tested for pH at the first, third, and 12™ hours of storage using
a pH meter. The quality of the meat was visually inspected and palpated, dividing it into three categories: 1) NOR
(close to optimal quality indicators); 2) PSE (pale, soft, exudative); and 3) DFD (dark, solid, dry).

Sample preparation

Blood samples were taken during the bleeding of the carcass in sterile tubes, and the meat was up to 30 minutes
after the slaughter of pigs. One meat sample was taken from each carcass (weighing 450 — 500 g) from the longest
back muscle in the area of 9 — 12 thoracic vertebrae. Meat samples were stored in a refrigerator at 4 +2 °C. To
obtain plasma, the blood was immediately centrifuged at three thousand rpm.

Number of samples analysed: we analysed 156 blood samples and 156 samples of meat.

Number of repeated analyses: All measurements of instrument readings were performed two times.

Number of experiment replication: The number of repetitions of each experiment to determine one value was
two times.

Design of the experiment: The experiment was performed from July to September 2021. Before sampling, the
attendants studied documents and conducted the initial inspection and weighing of pigs. Research teams were
formed based on the information received from suppliers of live pigs and available in the documents. The period
of pigs’ transportation (long or short) to the meat processing plant and the transportation conditions (with breaks
for rest or without stops) were considered. In addition, we paid respect to the requirements of pre-slaughter
keeping of pigs, access to feed and water, length of stay before slaughter. To ensure the purity of the experiment,
the sex, breed and live weight of pigs were taken into account. In total, 11 experimental groups of pigs with
different transport and pre-slaughter conditions were formed, as shown in Table 1. A total of 11 experimental
groups of pigs were formed with different combinations of transport and pre-slaughter conditions, as shown in
Table 1. Blood samples and the samples of the longest back muscle were taken after slaughter. After the
preparation of the samples, studies were performed on the content of cortisol and lactate in the blood as markers
of pre-mortem stress and the pH of meat and its natural weight loss. An organoleptic assessment of the quality of
the meat was also performed.

Statistical Analysis

The ChroMate Manager software was used. The obtained digital data were processed in Excel (2010 professional
+), determining the average arithmetic value (M), statistical error of the arithmetic mean values (m), the
probability of the difference between the arithmetic means of the two variations series and correlation coefficient
(r). The difference between the comparable values was significant for p <0.05. The statistical reliability of the
research results was provided by analyzing samples with the number from 12 to 24.

RESULTS AND DISCUSSION

As can be seen from the data in Table 2, the highest concentration of cortisol in the blood plasma of slaughter
pigs was after their quarantine for 10 — 14 h at the slaughter point under starvation conditions. Thus, compared
with blood samples taken from pigs slaughtered shortly after arrival, cortisol levels were higher by 36 — 41.4%

(p <0.05).
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Table 2 The content of cortisol in pigs’ blood, depending on the pre-slaughter conditions of storage and
transportation.

Transportation
T i .
erms long without breaks long with breaks of 0.5 short
hours every 2 hours
Slaughter in Slaughter Slaughter in
Before slaughter ~ DuShter g7 4, Slaughter G 5,7 G, Slaughter T, Gy
on arrival on arrival on arrival
hours hours hours
Without M+m 2452+21.31 333.4+22.84 217.2+22.94 208.6 £13.14 2949 £14.97
Watfer gnd Min 122.1 190.4 78.6 107.9 155.2
00 Max 369.0 408.8 310.0 250.4 355.7
M +m 314.1 £23.44 252.5+16.2 247.8 £19.78
Only water ~ Min 162.3 108.2 94.5
Max 410.8 321.8 3054
Food and M +m 180.8 £17.25 170.5 £20.10 143.2 £12.27
00 tan Min 102.1 75.4 77.6
watet Max 302.1 295.4 210.4

Note: lactose concentration (mmol.L™"); n = 12.

In the group of pigs with free access to before slaughter water, the plasma cortisol concentration was slightly
lower than in the blood of pigs without such access. However, the difference was in incredible values. The lowest
hormone levels were found in the blood plasma of pigs that had access to water and food before slaughter. Yes,
compared to animals, who were without water and food, the figure was lower by 45.8 — 51.4% (p <0.05), and
compared to animals that had access only to water, by 42% (p <0.05).

We found that the time of transportation of pigs to the slaughter point slightly affected the level of cortisol in the
blood plasma of pigs. In particular, comparing the average level of cortisol in the blood of transported pigs to the
slaughterhouse for 6 — 8 hours and scored in a short period on arrival, we found a lower (15%) content compared
to the figure obtained from pigs that were delivered to slaughter within 1 hour, but this difference was statistically
unlikely.

Our research showed (Table 2) that the transportation of animals for an extended period with the use of pauses
for rest allowed to reduce the level of cortisol in the blood of slaughter animals (by 5.7 — 19.6%), but probably a
significant result (p <0.05) was recorded only when comparing groups in which they kept the exposure for 10 —
14 h at the slaughterhouse and free access of pigs to water. Unfortunately, it was impossible to form a group of
pigs, transported for a long time with breaks for rest and kept based on pre-slaughter keeping without access to
water and food.

In general, the cortisol level in the blood plasma of slaughter animals ranged quite widely (from 75.4 to 408.8
nmol.L™"), depending on transportation conditions and before slaughter.

Studies of the lactate content in the blood of slaughter pigs showed (Table 3) that the highest concentration was
found in pigs that were quarantined for 10 — 14 hours at the slaughterhouse. Thus, the content of lactate in the
blood of such pigs was higher by 34.7 — 37.9% (p <0.05) compared with its content in the blood of pigs that were
slaughtered immediately upon arrival. Notably, in the blood of pigs that had access to water and food during
quarantine, the lactate concentration was 2 — 3 times lower (p <0.05). The access of pigs to water did not
significantly reduce the lactate level in the blood.

Analyzing the lactate level in the blood of pigs, depending on the duration of their transportation to slaughter,
we can say about the ambiguity of the results. Among the groups of pigs slaughtered immediately upon arrival at
the slaughterhouse, the highest rate was obtained in the blood of animals after short-term transportation and the
lowest among those given rest during long-term transport. However, the difference was incredible. There was also
no significant difference in the lactate level in pigs’ blood when comparing the two approaches to long-term
transportation: with rest breaks and without them.

The obtained results showed that the level of lactate in pigs’ blood ranged from 2.9 to 24.5 mmol.L", which is
above the upper limit of physiological fluctuations for this species. Statistical analysis showed a positive
correlation between medium (r = 0.4) and high (r = 0.9) levels between the concentration of cortisol and lactate
in the blood of pigs.
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Table 3 The lactate content in pigs’ blood, depending on the pre-slaughter conditions and transportation.

Terms Transportation
long without breaks long with breaks of 0.5 hours
short
every 2 hours
Slaughter Slaughter Slaughter

Before slaughter Slaughter  Slaughter in 10  Slaughter

on arrival in10-14 . . in10-14
on arrival — 14 hours on arrival
hours hours

Without M +m 12.4 £1.70 16.7 £1.09 11.4 +£1.50 13.2 £1.20 18.2 £1.04
water and min 4.3 9.5 5.5 6.5 12.4
food max 24.5 23.8 20.1 19.1 21.6

Only M%:m 16.6 £0.91 16.1 £1.08 15.8 £1.08
water Min 9.7 9.8 8.5
max 20.5 21.0 20.1

Food and M d.:m 8.3 +0.97 7.5+1.23 5.8 +0.95
water min 6.1 32 29
max 18.5 19.5 13.4

Note: lactose concentration (mmol.L™"); n = 12.

Figure 1 shows that the highest pH level of the longest back muscle was found in the group of pigs with lower
levels of cortisol and lactate in the blood immediately after slaughter. The pH of pig meat with medium and high
cortisol and lactate levels in the blood was more acidic (0.3 units; p <0.05). A similar trend persisted at other
stages of meat maturation. From the first to the twelfth hour of meat maturation, the pH of the longest back muscle
of pigs with medium and high levels of cortisol and lactate in the blood was more acidic (p <0.05), but the most
pronounced difference was (0.7 — 0.8 units) one hour after slaughter. At 12 hours of meat maturation, the
difference was 0.4 pH.

immediately after slaughter 1 hour 3 hour 12 hour
10
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i B - -
= I dy I 7 ol
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Low: cortisol 142.3 — 180.8 nmol.L"';  Average: cortisol 208.6 — 247.8 nmol.L"';  High: cortisol 252.5 — 333.4 nmol.L'" ;
lactate 5.8 — 8.3 mmol.L lactate 11.4 —15.8 mmol.L lactate 16.1 — 18.2 mmol.L

Figure 1 pH of the longest back muscle during maturation, depending on the level of cortisol and lactate in the
blood. Note: n = 12. When dividing pigs into groups according to the level of cortisol and lactate into low, medium
and high, our results were taken into account, not the physiological norm of these substances.

In meat selected from pigs with lower cortisol and lactate levels, a gradual decrease in pH to 12 hours after
slaughter was observed (Figure 1). In contrast, in pig meat with medium and high levels of cortisol and lactate,
there was a sharp decrease in pH during the first hour of maturation and a gradual up to 12 hours. No significant
results were found between pigs with high and medium cortisol and lactate levels.

Table 4 shows data comparing the stress level in different breeds of pigs. The blood of Landrace pigs showed
slightly lower cortisol and lactate concentrations than Ukrainian steppe white pigs, but the difference was
unbelievable. The pH of the meat of both breeds of pigs at different stages of its maturation was also similar. Only
the probably lower pH values (p <0.05) of the meat of pigs transported to the slaughterhouse within 0.5 — 1 h
compared to those transported 6 — 8 h are noteworthy. Thus, one hour after slaughter, the meat’s pH difference
ranged from 0.6 to 0.7 units. However, the difference in performance is probably due to the peculiarities of the
delivery of pigs, not their breed.
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Table 4 The content of cortisol and lactate in the blood and pH of pig meat of different breeds.

Transportation
6 — 8 hours without breaks 0.5 -1 hour
Indicator Breed
Ul.(ramlan Landras Ul.(ramlan Landras
white steppe white steppe
M +m 2452 +21.31 207.5 £25.49 208.6 £13.14 185.9 £14.80
Cortisol nmol.L"! min 122.1 81.4 107.9 103.6
max 369.0 305.4 250.4 278.6
M +m 12.4 £1.70 11.3+1.74 13.2 £1.20 12.5 £1.57
Lactate mmol.L"! min 4.3 32 6.5 4.1
max 24.5 20.1 19.1 20.5
M +m 6.8 £0.07 6.9 £0.08 6.8 £0.10 6.8 £0.04
pH of meat after .
slaughter min 6.4 6.1 5.7 6.5
max 7.1 7.1 7.0 7.1
M +m 6.4 +0.10 6.4+0.11 5.7 £0.07 5.8 +0.08
pH of meat 1 hour min 5.9 5.9 53 5.1
max 7.0 7.0 6.0 6.2
M +m 6.0 £0.06 5.9+0.10 5.7+0.10 5.7 +0.03
pH of meat 3 hours min 5.84 54 53 53
max 6.35 6.3 6.7 5.8
M +m 5.3 +0.05 5.4 +0.09 5.5+0.06 5.5+0.07
pH of meat 12 hours min 5.1 5.0 5.2 5.1
max 5.8 6.0 5.8 5.7

Note: n=2.

Figure 2 shows the natural weight loss results of the longest back muscle sample during 12 hours of maturation.
The most pronounced decrease in the mass of the longest back muscle samples was found in the groups of pigs
that experienced the most significant pre-slaughter stress and had high cortisol and lactate levels in the blood.
Thus, during the 12-hour maturation of pig meat with a lactate level in the blood above 11 mmol.L", the samples
lost an average of 6.12 g, which was 1.15%, and samples of pig meat with a lactate level in the blood above
16 mmol.L™" — 6.44 g, which was 1.23%. Instead, a similar weight loss of the sample taken from pigs with low
blood lactate levels (up to 8.3 mmol.L™") was 0.97%, respectively. In addition, a more uniform natural weight loss
of samples taken from pigs with low cortisol and lactate levels is noteworthy.

Low: cortisol 142.3 — 180.8 nmol.L" ; Average: cortisol 208.6 —247.8 nmol.L';  High: cortisol 252.5 - 333.4 nmol L";

lactate 5.8 — 8.3 mmol.L."! lactate 11.4 — 15.8 mmol.L "' lactate 16.1 — 18.2 mmol.L "'
0.0

R
@
g;,,e\c -0.2 -
S & -
= :"'5" 0.4 . T
S & -0.6 < T
- P
S oo -0.
o B 0.8
g5 10 ’ T

=
3g-12 : T
Y O
S 2 .14
@n =
2 g
- 1 hour after slaughter 3 hour 12 hour

Figure 2 Loss of sample of the longest pig back muscle during 12 hours of storage, depending on the level of
cortisol and lactate in the blood, %. Note: when dividing pigs into groups according to the level of cortisol and
lactate into low, medium and high, our results were taken into account, and not the physiological norm of these
substances.

As shown from the data shown in Figure 3, pigs’ access to water during the quarantine period of slaughter
allowed to reduce (p <0.05) the natural weight loss of samples compared to samples obtained from animals
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without access to water and food. The difference was 0.36% after one hour of storage, 0.59 on the third and 0.23
on the twelfth. Compared to pigs that received water and food, the difference was unlikely.

Food and water Water Without food and water
0.0

Weight loss of the longest muscle
sample during storage, %
o

1
N

1 hour after slaughter 3 hour 12 hour

Figure 3 Weight loss (%) of the longest back muscle sample during 12 hours of storage, depending on the
conditions before slaughtering keeping pigs.

After 12 hours of maturation, meat obtained from pigs with high lactate levels and more acidic pH was paler,
softer, and exudative than meat obtained from lower lactate levels and less acidic pH (Table 5). Thus, most meat
samples (75 — 83%) classified as low quality (PSE) were obtained from pigs slaughtered after 10 — 14 hours in a
slaughterhouse without access to food. Meat obtained from pigs that experienced lower stress levels was pink,
soft and non-exudative (NOR). As a result, the percentage of high-quality meat samples (NOR) in the groups of
pigs that had access to water and food ranged from 67 to 75%. The quality to poor quality meat ratio in the animals
with access to water ranged from 25:75 to 33:67%. It is noteworthy that in the groups in which the pigs were
slaughtered before one o’clock on arrival, the ratio of quality to low-quality meat ranged from 58:42 to 50:50%.

Table 5 Quality of pig meat, depending on transport conditions and before slaughter; several samples.

Transportation
Mez.lt Conditions Long without breaks Long with breaks 0.5 Short
quality hour. every 2 hours
category Before Slaughter  Slaughter in  Slaughter  Slaughter in  Slaughter  Slaughter in
slaughter on arrival 10-14 hours on arrival 10—14 hours on arrival 10— 14 hours

DFD Without 1 0 0 1 0
NOR water and 6 3 6 7 2
PSE food 5 9 6 4 10
DFD 0 0 1
NOR Only water 4 3 4
PSE 8 9 7
S(F)]I){ Food and (9) é ;
PSE water 3 2 2

It should be noted that individual meat samples obtained from pigs of different groups were classified as DFD
(dark, hard, dry).

Given that cortisol is a glucocorticoid hormone, which is the trigger for the development of a chain of
biochemical stress reactions, it can be said that the most significant stress was experienced by pigs, which were
kept for 10 — 14 hours without food and water after delivery to the meat processing plant. In our opinion, this
stress factor has several components. First of all, it is a change of habitual location, transport in which the animal
can not feel at ease because in a very limited space it does not find a safe place, the use of electric sticks to keep
pigs indoors. In addition, the new model of the day adds its influence because the animal does not receive food at
the usual time in the usual place. Mixing animals from different farms also increases stress. There is evidence in
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the literature that this is also a significant stressor [13]. In particular, hungry pigs in a state of stress become
aggressive and conflict with each other. Also important is the number of animals in the same group [15].

In pigs slaughtered immediately upon arrival, cortisol levels were significantly lower, indicating that the
magnitude of the stress factor that occurs during ante-mortem maintenance without food is higher than the level
of “transport” stress. The lowest cortisol level was found in the blood plasma of pigs that had access to water and
food during their stay at the slaughterhouse. This suggests that food is a calming factor for pigs. It can be assumed
that releasing endorphins from meeting physiological needs can slow down the cascade of stressful biochemical
reactions. It should be noted that cortisol was high in pigs with access to water while kept at the slaughterhouse—
watering the animals before slaughter did not significantly reduce stress. Data in the literature indicate the optimal
pre-slaughter time of pigs in reducing stress and improving the quality of meat. In particular, according to
researchers [16] — it is three hours.

Significant fluctuations in the concentration of cortisol in the blood plasma of pigs in one experimental group
indicate the individual characteristics of the response to the stress factor. In particular, there are data in the
literature on the dependence of the amount of stress, and therefore the quality of meat, on the nature of the animal,
its age and sex [10], [17].

Under stress, the activity of metabolic processes in the body increases significantly. Carbohydrates are used to

meet the needs of energy metabolism. Muscle carbohydrates (primarily glucose and glycogen) are metabolized to
lactate by anaerobic oxidation. Accordingly, the greater the amount of stress, the higher the lactate level in the
body and the lower the level of muscle carbohydrates. Our studies have shown a moderate to strong positive
correlation between cortisol and lactate levels in pig blood. Thus, the lactate concentration was the highest in the
blood of pigs kept for 10 — 14 hours in the slaughterhouse without access to water and food.
In contrast, the lowest lactate levels were in pigs’ blood with lower cortisol levels. These were pigs that had access
to water and food. The lactate level in the blood of pigs that were slaughtered immediately upon arrival had an
intermediate position. These patterns support the assumption of researchers that measuring the lactate content in
the blood of slaughter pigs can predict the quality of the meat obtained [18], [19]. We are also inclined to think
about the high informativeness of this indicator. Other researchers point to the high diagnostic value of lactate
dehydrogenase [20] and glucose [21] as prognostic markers of meat quality.

The pH of meat is one of the main indicators of its quality. In the case of high concentrations of lactate in pigs,
the pH of the meat will shift to the acidic side. However, if the pH of the meat decreases too quickly during
maturation, the quality of the pork will decrease. Rapid hardening of muscle fibers damages their structure causes
excessive moisture loss and discolouration, and thus reduces the quality and shelf life of meat [17], [22]. We
found that when the lactate concentration in the blood of slaughter pigs is above 11 mmol.L", there is a sharp
decrease in the pH of the longest back muscle during the first hour after slaughter. In addition, the higher the
blood lactate content, the more acidic the starting pH of the meat. The lower the content of cortisol and lactate in
the blood, the more evenly the pH of the meat decreases as it matures. Similar results have been established by
other researchers [23].

As aresult of a sharp decrease in the pH of the meat of pigs, which, judging by the high concentration of cortisol
in the blood, experienced a high level of stress before slaughter, the products were of low quality. The review
showed that the meat obtained can mainly be classified as PSE (pale, soft, exudative) with some exceptions when
individual meat samples corresponded to the NOR category (close to the optimal quality indicators). In contrast,
the predominant number of meat samples (9 — 11 samples) obtained from pigs with blood concentrations of
cortisol and lactate in the range of 142.3 — 180.8 nmol.L™! and 5.8 — 8.3 mmol.L"', respectively, corresponded to
the NOR quality category, and fewer samples (2 — 3 samples) of PSE category. In this case, single samples of
meat in different groups of pigs were classified by us as DFD (dark, hard, dry). In our opinion, the main reason
for this is the chronic stress experienced by pigs in the place of rearing. Accordingly, with low amounts of muscle
carbohydrates, the pH of meat during maturation will be high, protein denaturation is inactive, water is tightly
bound, and there is little or no exudate formation, which leads to dry, hard and dark meat (DFD) [10], [24], [25].

After 12 hours of maturation of the meat, the highest percentage of weight loss was found in those samples in
which there was a sharp decrease in pH and assigned to low-quality categories.

Interestingly, the pigs’ access to water did not reduce the stress level but prevented significant weight loss of the
sample during 12 hours and obtained products of slightly higher quality than on a completely starving diet—
watering pigs during quarantine at the slaughterhouse. Similar results have been established by other researchers
[26].

The highest levels of stress and, consequently, the lowest quality of meat are characteristic of pigs kept in
quarantine before slaughter without access to water and food. Feeding and watering pigs before slaughter
positively affects the quality of the meat, but the positives of this scheme have their negatives. In particular, the
animal’s intestines filled with food can adversely affect the safety of the meat, as careless handling can
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contaminate the contents of the intestines. The more filled the gastrointestinal tract during slaughter, the higher
the risk of rupturing these tissues during ingestion and contamination of the carcass. It is known that the rate of
salmonella secretion in animals increases both with the time of food withdrawal and with stress [27], [28], [29].
Equally important is that after ingestion, the food will be absorbed in the small intestine in four to eight hours,
and most of the nutrients will be absorbed into the bloodstream in nine hours [29]. In addition to the above, it
should be borne in mind that the filled intestine creates problems for the technological processing of the intestine
itself. For example, for its picking and making a natural sausage casing. In addition to contaminating the product’s
contents, such intestines will be well filled with blood, not allowing us to obtain high-quality products. Lower
levels of stress are experienced by pigs slaughtered immediately upon arrival. Still, such a scheme makes it
impossible to observe animals before slaughter for clinical signs of infectious or non-infectious diseases.

Our research results indicate no dependence of stress levels on the breed of pigs. However, in our research, we
selected material only from pigs of two breeds: Ukrainian steppe white and landrace. Perhaps other breeds of pigs
have more pronounced stress resistance. In particular, some researchers point to this, associating it with the
presence of a specific genotype that exhibits a high sensitivity to halothane [7], [30], [31].

The duration of transporting pigs to the slaughterhouse probably did not affect the stress level. It also did not
significantly reduce the stress level of alternating rest and transportation during long trips. During transport, the
main stress factor for pigs is not the feeling of “road”, but being in an unusual and limited space where the animal
does not find a safe place. However, convincing evidence can be found in the literature that the amount of stress
during pig transport depends on the season [11], [32].

In conclusion, feeding pigs before slaughter reduces the negative impact of stress on meat quality. To date, there
are no clear time limits for a starvation diet for pigs before slaughter. But pork must be safe first and foremost, so
the logistics of determining the duration of a starvation diet for pigs should consider many factors: the remoteness
of the farm from the meat processing plant, feed digestion time, technical capacity of the enterprise; season and
many others.

CONCLUSION

The highest quality pork was obtained from pigs that experienced lower stress levels before slaughter. Keeping
pigs before slaughter without access to water and food caused higher stress levels, probably expressed in higher
blood concentrations of cortisol and lactate. The higher the lactate concentration in pigs’ blood, the faster the pH
level of meat after slaughter, which adversely affects its quality and moisture retention. Access to pigs to food
and water during pre-slaughter keeping allows them to obtain high-quality meat by reducing the impact of stress
factors. Pigs’ access to water during pre-slaughter ageing does not affect the stress level but positively affects the
weight loss of meat during maturation. For the needs of long-term transportation of pigs, rest stops do not
significantly reduce the level of stress in pigs. The duration of transportation of pigs does not correlate with the
level of stress, as the conditions of pre-slaughter keeping have a decisive influence.
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