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Introduction
Today in Russia, more than 50% of pigs sent to slaugh-

ter are subjected to gas stunning. This technological opera-
tion affects the physiological conditions of animals and can 
significantly contribute to formation of slaughter product 
quality, including pork in carcasses and by-products.

From the perspective of animal welfare assurance, the 
international practice prescribes using high carbon dioxide 
concentrations (more than 80%) [1]. When pigs are placed 
in a chamber with a concentration of 80–90% СО2, the loss 
of consciousness and sensibility is not instantaneous and oc-
curs during 30 sec. At such a high СО2 concentration, the 
duration of the anesthetic effect and unconsciousness of ani-
mals increases, and as a consequence, the time interval for 
performing other slaughter manipulations can be increased.

Unconsciousness is a state of unawareness (loss of con-
sciousness), in which temporal or permanent damage of 
brain function occurs, when an animal cannot respond to 
normal stimuli including pain. An animal is considered in-
sensible when it does not show any reflexes or reactions to 
stimuli such as sound, odor, light or physical contact [1,2]. 
The use of СО2 stunning implies the unconscious condi-
tion with retention of cardiac activity in an animal from 
the moment of its unloading from a stunning chamber un-
til the end of bleeding.

However, at concentrations higher than 30%, this gas 
causes aversion in animals, irritation of the mucous mem-
branes, painful sensations, lung hyperventilation and gasp-
ing before loss of consciousness [3]. In several cases, these 
sensations can provoke the spontaneous development of 

stress in pigs up to cessation of cardiac activity. From the per-
spective of the animal slaughter technology for producing 
meat and by-products, cessation of cardiac activity can lead 
to incomplete bleeding of a carcass and consequently to a de-
crease in quality of slaughter products [4,5]. In the context 
of physiology, death is a state of an animal, when respiration 
and blood circulation have ceased. In the context of using 
stunning at slaughter, the main clinical signs of death are ab-
sence of breathing, absence of pulse and pupil dilation [2].

Despite the wide practice of using gas stunning in the 
world and international documents stipulating regular 
monitoring of the process and animal condition [1], any 
recommendations on the control of the number of ani-
mals died during stunning are absent. Nevertheless, it is 
acknowledged that meeting criteria such as absence of re-
actions in animals can be linked with complete cessation of 
cardiac activity [2].

A result of gas stunning is influenced by many factors 
including individual characteristics of animals determined 
by a breed and keeping conditions. Modern techniques 
and technologies of gas stunning used in Russian enter-
prises are foreign developments. In this connection, sci-
entific research aimed at studying an effect of gas stunning 
on quality of slaughter products from domestic production 
are of high topicality, especially regarding breeds such as 
Large White that are traditionally raised in our country. 
Although recently a reduction in the number of pig breeds 
has been observed in Russia, Large White breed remains 
to be the main (52%) part of the stock of breeding animals 
raised on an industrial scale [6].
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The aim of this study was detection of possible deviations 
in quality of slaughter products depending on the physio-
logical condition of Large White pigs after gas stunning.

Materials and methods
The experiment was carried out on Large White pigs 

(n = 37) at the age of 160 days, raised in a selection center and 
transported to the place of the experiment in one road vehi-
cle. The distance of transportation was 6.3 km. After 3 hours 
of resting in the enterprise, pigs were sent to slaughter.

Pigs were exposed to carbon dioxide in a chamber Banss 
(Germany) with five pigs per chamber. The carbon diox-
ide concentration was 90%, time of exposure was 115 sec. 
After unloading pigs from a chamber, the result of animal 
stunning was determined, recording one of the following 
variants of the physiological condition: norm, retention of 
sensibility (insufficient effect of stunning), animal death.

A stunning result was considered normal if pigs retained 
cardiac activity and at the same time did not have signs of 
sensibility, which corresponds to the requirements of the 
Technical Regulation TR CU034/2013 «On meat and meat 
product safety» and international norms. The heart rate (HR) 
was recorded using a veterinary pulse oximeter DIXION 
Storm 5000 vet (Dixion, China), attaching a sensor to the ear 
of an animal after the exit from a gas stunning chamber.

A result of stunning was considered insufficient if ani-
mals showed the sings of sensibility (including attempts to 
stand up and/or raise head, ear movements, vocalization, 
rhythmic breathing, eye movement and pupil reaction, re-
sponse to prick).

The animal death was recorded when cardiac activity 
was absent. A conclusion about absence of cardiac activ-
ity was made after triplicate pulse measurements using a 
pulse oximeter. With that, each time a sensor was fixed at 
a different point of an ear to exclude a measurement error 
due to surface contamination of skin or absence of a large 
vessel in the area of sensor fixation.

At the following stage of the experiment, the internal 
organs (heart, lung, liver) were examined by assessing a 
degree of blood filling of tissues and vessels, presence of 
blood clots in the cardiac chambers and for lungs, addi-
tionally, hemoaspiration.

A degree of blood filling of the internal organs was clas-
sified as follows:
—	 normal or insignificant: when pressing a tissue cut, 

blood does not appear, blood filling is visually observed 
on a tissue cut only in the individual areas;

—	 medium: blood filling is visually detected on a tissue 
cut; when pressing a tissue cut, blood appears; blood 
vessels are filled with blood;

—	 high: significant blood filling is visually detected on a 
tissue cut; blood runs out without pressing; blood ves-
sels are significantly filled with blood.
After primary processing, carcasses were chilled to a 

temperature not higher than 4 °C for 24 hours using the 
classical chilling technology.

Pork pH and temperature were measured in the hot 
and chilled state 45 min. and 24 hours after slaughter in 
m. longissimus dorsi between the 5th and 6th thoracic ver-
tebrae in a half-carcass using a pH‑meter Testo 205 (Testo, 
Germany). During measurements, an electrode was placed 
into muscle tissue at a depth of not less than 3 cm. Arith-
metic mean of three single measurements was taken as the 
final result, divergence between ultimate values of three 
measurement results was not higher than 0.15 pH units.

Samples of m. L. dorsi (about 300 g) were taken from 
chilled half-carcasses 24 hours after slaughter for further 
laboratory analyses.

Drip losses were determined as weight reduction in 
pork samples during storage in a hermetically sealed con-
tainer at a temperature of 8 °C for 24 hours. The moisture 
holding capacity was measured by the Grau and Hamm 
method in modification of VNIIMP. Arithmetic mean of 
three single measurements was taken as the final result.

The color of muscle tissue was determined in the 
CIELab color space using a spectrophotometer Konica Mi-
nolta CM‑2300d. The color was measured at three points 
on the sample surface. Arithmetic mean of three single 
measurements was taken as the final result.

Statistical processing of the experimental data was car-
ried out using Microsoft Excel 2010 and Statistica 10.0. Sig-
nificance of differences between means that satisfied the 
conditions of normal distribution and equality of dispersion 
was assessed by one-way analysis of variance (ANOVA). The 
results were presented as Mmean (weighted average of mea-
sured values) ± s (standard error of the mean).

Results and discussion
Hartung J. et al. [7] reported that the use of gas stunning at 

90% СО2 led to death of most animals before the beginning 
of bleeding. In our experiment, assessment of the condition 
of Large White pigs after gas stunning (Table 1) showed that 
24 animals (65% of total number) were stunned normally; 
that is, they did not demonstrated the signs of sensibility, 
but retained cardiac activity. In 11 pigs (30%), the death was 
diagnosed as a result of absence of heart beat recorded by a 
pulse oximeter. In two animals (5%), retention of sensibility 
was observed indicating an insufficient effect of CO2 stun-
ning. Nevertheless, our results showed quite a high propor-
tion of dead animals, which consequently can create prob-
lems regarding meat hygiene [7].

There is another approach to studying the physiological 
conditions of animals during gas stunning, which consists 
in registration and recording electroencephalograms (EEG) 
using special devices attached to animals. Special sensors 
register changes in brain activity including the onset of un-
consciousness or death. However, implementation of this 
approach in the production conditions faces significant dif-
ficulties. It is necessary to shave animal heads beforehand in 
the areas of electrode fixation (the forehead part), attach belts 
with devices and wires to electrodes to animals and to train 
animals to wear them for several days [7,8]. Our approach 
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based on measuring heart rate probably is less informative 
but simpler for implementation in production conditions. It 
is also necessary to note that in the experiment with EEG reg-
istration, which was carried out at 95% СО2, all animals were 
dead over 5 min. due to irreversibility of unconsciousness [8].

Based on the assessment results regarding the physio-
logical conditions of 37 animals (Table 1), ten of them were 
selected by the method of random sampling including five 
pigs from normally stunned animals and five from dead 
animals. The results of the examination of the internal or-
gans obtained as a result of evisceration of the carcasses 
from these animals are presented in Table 2. 

As can be seen from Table 2, the internal organs from car-
casses of normally stunned animals were filled with blood to 
the same (and even to a slightly higher) degree as the organs 
from the carcasses of the dead animals. This result was some-
what unexpected, as it was assumed that bleeding was more 
complete when cardiac activity was retained. However, the 
obtained data still give little grounds to state that cardiac ar-
rest at stunning does not affect a degree of carcass bleeding.

The following results were obtained for ten carcasses se-
lected for assessing the condition of the internal organs: 70% 
of hearts and 70% of lungs were characterized by the high de-
gree of blood filling. With that, the high degree of blood fill-
ing was noted only for 30% of the liver samples. These results 
allow suggesting that cardiac arrest in animals could occur af-
ter pulse measurement but before the beginning of bleeding.

The hot carcass weight, pH value after 45 min (pH1) 
and 24 hours (pH24) were measured for each of 37 carcass-
es (Table 3). By the results of pH1 measurement, PSE pork 
carcasses were selected, in which a pH value 45 min. after 
slaughter was lower than 6.0, and pH24 was lower than 5.5. 
Carcasses that had only one low pH value (рН1 or рН24) 
were classified as meat with signs of PSE.

As can be seen from Table 3, pork from animals without 
cardiac activity and pork from normally stunned animals 
practically did not differ by the mean values of pH after 
45 min. and 24 hours. However, carcasses of dead animals 
demonstrated higher inclination to the development of the 
PSE defect (36% carcasses versus 25%).

Table 2. Assessment of the condition of the internal organs
No. of 

animal
Assessment of the condition of the internal organs:

heart lung liver
Carcasses from normally stunned animals

1 Blood filling + Blood filling + Blood filling +
3 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++
5 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling ++

18 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +
27 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++

Carcasses of animals, in which death was observed after gas stunning
2 Blood filling +++, blood clots in cardiac Blood filling ++, hemoaspiration Blood filling +
4 Blood filling ++ Blood filling +, hemoaspiration Blood filling +

20 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +
21 Blood filling + Blood filling +++, hemoaspiration Blood filling +
25 Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++

Designations:	 Blood filling +:	 norm or insignificant degree of blood filling of tissues of the internal organ;
	 Blood filling ++:	 medium degree of blood filling of tissues of the internal organ;
	 Blood filling +++:	 medium degree of blood filling of tissues of the internal organ.

Table 1. Assessment of the animal condition after gas stunning

No
. o

f 
an

im
al

Assessment of the animal condition after stunning
Presence (+) /

absence (–)
of heart beat

Presence (+) /
absence (–)

of sensibility signs
General conclusion 

about animal condition

1 + – Norm
2 – – Death
3 + – Norm
4 – – Death
5 + – Norm
6 + – Norm
7 + – Norm
8 + – Norm
9 – – Death

10 – – Death
11 + – Norm
12 + – Norm
13 + – Norm
14 + – Norm
15 + – Norm
16 + – Norm
17 + – Norm
18 + – Norm
19 – – Death
20 – – Death
21 – – Death
22 + – Norm
23 + – Norm
24 + – Norm
25 – – Death
26 – – Death
27 + – Norm
28 – – Death
29 + – Norm
30 + – Norm
31 – – Death
32 + – Norm
33 + – Norm
34 + – Norm
35 + – Norm
36 + + Retention of sensibility
37 + + Retention of sensibility



42

THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 2

Table 3. Hot carcass weight and pork pH value
No of 

animal
Hot carcass 

weight
pH value

Quality group
рН1 рН24

Carcasses from normally stunned animals
1 69.8 6.10 5.62 NOR
3 60.0 5.75 5.45 PSE
5 66.4 6.16 5.43 with signs of PSE
6 66.8 6.11 5.49 with signs of PSE
7 70.2 6.12 5.53 NOR
8 57.2 5.68 5.57 PSE

11 58.8 5.87 5.54 PSE
12 68.8 6.36 5.55 NOR
13 61.8 5.97 5.43 PSE
14 61.6 6.03 5.54 NOR
15 68.6 6.07 5.90 NOR
16 60.6 6.82 5.53 NOR
17 56.6 6.02 5.74 NOR
18 77.4 6.04 5.52 NOR
22 75.8 6.01 5.57 NOR
23 62,2 6,37 5.69 NOR
24 56.0 6.49 5,59 NOR
27 63.2 6.00 5.60 NOR
29 63.8 6.24 5.55 NOR
30 69.2 6.45 5.52 NOR
32 56.6 6.15 5.64 NOR
33 77.2 6.28 5.64 NOR
34 63.8 6.32 5.65 NOR
35 59.8 6.12 5.62 NOR

Mean value 64.68±6.41 6.15±0.25 5.58±0.10
Carcasses of animals, in which death was observed after gas stunning

2 63.2 6.34 5.52 NOR
4 57.2 5.92 5.45 PSE
9 77.6 5.31 5.49 PSE

10 53.4 5.42 5.53 PSE
19 66.2 6.15 5.52 NOR
20 74.2 6.07 5.63 NOR
21 74.4 6.30 5.48 with signs of PSE
25 68.8 6.22 5.75 NOR
26 88.4 6.05 5.62 NOR
28 61.0 6.38 5.60 NOR
31 53.2 6.44 5.68 NOR

Mean value 67.05±10.97 6.05±0.38 5.57±0.09

There is an opinion regarding pork that СО2-stunning 
does not provoke glycogen breakdown and consequently 
pH drop [9]. Other studies allowed making a opposite 
conclusions. For instance, it was shown by the example of 
turkey that СО2- stunning can lead to meat with lower pH 
compared to electrical stunning [10].

Mota-Rojas D. et al. rightly indicate that when CO2 is 
respired, it combines with water with the development of 
H2CO3 (carbonic acid), which generates high concentra-
tions of H+ ions resulting in the state of acidosis on the 
cellular level. Inhalation of high CO2 concentrations can 

cause distress in animals (a negative form of stress) before 
they become unconscious. Pigs exposed to CO2 experience 
respiratory and metabolic acidosis. The blood level of lac-
tate, which is an indicator of stress, increases. An increase 
in the lactate level can be linked with stress factors before 
slaughter (for example, aggressive handling immediately 
before stunning) and negatively affect pork quality [11].

In our experiment, animal death upon stunning can 
be explained by their individual characteristics and higher 
susceptibility to stress. This, in turn, can provoke an ap-
pearance of a higher number of PSE carcasses from ani-
mals with cessation of cardiac activity.

A result of pig stunning can depend on their weight. In 
our experiment, there was no possibility to measure the 
animal live weight and/or weight after stunning; there-
fore, we compared two animal groups by the hot carcass 
weight. The mean value of the hot carcass weight from 
dead animals was slightly higher than those from nor-
mally stunned animals (67.05 kg and 64.68 kg, respec-
tively). However, the result of Student’s t-test calculation 
showed that differences of the mean values of the carcass 
weight were not statistically significant (t = 0.17, p = 0.853, 
the critical value of Student’s t-test = 2.035 at the signifi-
cance level α = 0.05).

There were only two animals in the experiment that 
retained sensibility. An average weight of hot carcasses 
of these animals was 79.5±2.4 kg. A test of the hypothesis 
about the difference in the carcass weight between these 
animals and animals that were normally stunned showed 
that the differences were statistically significant (t = 2.14, 
p = 0.043, the critical value of Student’s t-test = 2.064, at 
the significance level α = 0.05). However, due to insignifi-
cance of sampling (n = 2), conclusions about an effect of 
increased weight of Large White pigs on retention of sensi-
bility upon gas stunning would be premature and require a 
set of larger volumes of experimental data.

Statistical data analysis did not reveal correlation be-
tween the hot carcass weight and pH values.

Functional-technological indicators of meat quality 
and color characteristics (Table 4) were investigated ran-
domly on the samples from ten carcasses selected in a ran-
dom manner. Statistical analysis using Student’s t-test did 
not reveal significant differences between pork obtained 
from normally stunned and dead animals. The mean val-
ues of moisture holding capacity (MHC) were 74.75% and 
74.71%, drip losses were 6.50% and 6.19%, respectively, for 
the samples from the carcasses of normally stunned and 
dead animals. The samples also did not differ by the mean 
values of moisture mass fraction (74.75% and 74.71%, re-
spectively).

By color characteristics, pork from Large White pigs 
was characterized by quite high values of lightness (L*) 
and low values of redness (a*); although when using СО2-
stunning, pork usually has darker color [9]. The differences 
in color between pork samples from normally stunned and 
dead animals were also not established.
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Conclusion
By the results of the performed work, the further 

study on an effect of CO2-stunning on quality of pork 
from Russian pig breeds is considered an important 
task, including the aspects of animal welfare monitor-
ing in national enterprises. The results of the research 
show that regarding Large White pigs, up to 5% of ani-
mals (especially larger animals) can retain signs of sen-
sibility at 90% gas concentration and exposure duration 
of 115 sec. Five percent of animals is a good result. For 
example, studies carried out in different German en-
terprises demonstrated that 6.2–17.1% of pigs retained 
corneal reflex [12].

Detection of presence/ absence of cardiac activity using 
a pulse oximeter is a convenient method for controlling an 
animal condition upon unloading from a stunning cham-
ber, which is feasible for using in the work of a production 
line. Using a pulse oximeter, cessation of cardiac activity 
was recorded in 30% of animals. However, cardiac arrest 
practically did not influence either a degree of the internal 
organ bleeding or meat quality including meat color char-
acteristics. Obviously, it is necessary to control presence/
absence of the pulse and signs of sensibility immediately 
before bleeding to obtain more objective picture of physi-
ological conditions of animals.
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