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Introduction
Adipose tissue is a metabolically active organ play-

ing a key role in regulation of energy homeostasis of the 
body, including thermogenesis, takes part in the glucose 
metabolism, insulin secretion and regulation of immune 
reactions, secretes several bioactive peptides (adipo-
kines) [1,2].

Based on the physiological functions, morphology 
and visual color, mammalian adipose tissue is divided 
into two types: white (WAT) and brown (BAT) [3]. WAT 
is located mainly under the skin and around internal or-
gans. Cells contain a large unilocular lipid droplet and 
a small number of mitochondria. BAT is present in the 
embryonic period and during winter dormancy; its cells 
have many small multilocular lipid droplets and a large 

number of mitochondria. Beige adipose tissue (BeAT) is 
a result of WAT browning, when beige adipocytes appear 
between white adipocytes in response to exposure to sev-
eral factors (for example, cold, diet or physical activity) 
[4]. Beige adipocytes have many common morphological 
and biochemical characteristics with brown adipocytes, 
including multilocular lipid droplets. Both brown and 
beige adipocytes are thermogenic and dissipate energy as 
heat, while white adipocytes are responsible for energy 
storage (Figure 1) [8].

Domestic pigs are an important resource in agricul-
ture worldwide. Four main fat depots are differentiated 
in pigs: visceral, subcutaneous, intermuscular and in-
tramuscular [6]; each of them has specific morphologi-
cal and metabolic properties [7]. According to data from 
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literature sources, pigs do not have classic BAT despite 
the presence of brown adipocytes in the majority of 
mammals [8]. Thus, modern breeds are sensitive to cold, 
which is the main cause of mortality among piglets in pig 
husbandry [9]. However, there is information that beige 
adipocytes were found in axillary, inguinal subcutaneous, 
and perirenal WAT of cold-resistant Tibetan pigs and 
Min pigs [10].

The Kemerovo breed was selected in the Kemerovo 
region (Western Siberia) by crossing local pigs with sires 
of the Long-eared White, Large White, Large Black, Berk-
shire, Siberian North and Siberian Black-and-white breeds. 
The breed was approved in 1960 [11]. Nowadays, Kemerovo 
pigs are raised on the territory of Siberia and the Far East; 
however, the population is not large. It is significant that 
animals of this breed are distinguished by cold resistance 
and good adaptation to local climatic conditions, high vi-
ability and calm temper, intensive growth, sound consti-
tution and early maturation. It is expedient to use these 
qualities in pig breeding to select new breeds and crosses in 
regions with sharp climate fluctuations and seasonal feed-
ing base. Kemerovo pigs fall into the meat-and-lard (uni-
versal) direction of productivity and according to various 
literature data, a backfat size (at a level of 6th –7th thoracic 
vertebrae at a live weight of 100 kg) will be from 27–29 mm 
[12] to 35.8 ± 1.65 mm [13]. According to the data of Bek-
enev V. A. [14], backfat of Kemerovo pigs is characterized 
by an increased content of α-linolenic and docosahexae-
noic fatty acids, a high PUFA: SFA ratio (0.12), which indi-
cates its low fusibility, good palatability and high techno-
logical properties.

Several publications of both national and foreign au-
thors are devoted to the study of adipose tissue of dif-
ferent pig breeds. The main attention in them is paid 
to the technological and consumer characteristics of 
raw materials obtained from adult (5–6 months of age) 
animals. Serra et al. [15] showed differences in thick-
ness and fatty acid composition of backfat in Iberian 
and Landrace pigs with the same slaughter weight (105–
118 kg). Iberian pigs were characterized by thicker back-
fat (48.1 versus 20.7 mm) that contained more saturated 
(SFA) and monounsaturated (MUFA) fatty acids and 
low concentrations of linoleic and linolenic fatty acids. 
Similar results but for Creole and Large White pigs are 

presented in [16]. In [17,18] characteristics of backfat for 
adult Basque and Large White pigs were compared: the 
Basque breed was characterized by earlier and higher de-
velopment of adipose tissue (backfat depth was 26 versus 
17 mm), as well as the high activity of enzymes respon-
sible for lipid synthesis compared to the Large White 
animals. Nakajima et al. [19] showed that hypertrophy of 
adipocytes makes the highest contribution to the back-
fat depth and Kojima et al. [20] established differences 
in genome-wide expression profiles in adipose tissue in 
lard-type Meishan pigs compared to Landrace pigs. In 
[21] a relationship between the mRNA signaling pathway 
with subcutaneous adipogenesis and backfat thickness 
was shown by the example of Chinese Jiaxing pigs and 
White Large pigs. However, there is little information 
about the structure of the fat depot of difference loci and 
revelation of different types of adipocytes in them, es-
pecially in young individuals. Studies of functional and 
morphological properties of adipose tissue are especially 
important to extend geography of pig husbandry and 
prevent neonatal mortality. Therefore, it was interesting 
to study adipose tissue from pigs of domestic cold-resis-
tant breeds (by  the example of the Kemerovo breed) at 
the initial (juvenile) stage of the postembryonal develop-
ment under conditions of raising in the cold season to 
reveal BeAT localization.

Objects and methods
Samples of adipose tissue of different localization 

from three-week-old Kemerovo piglets (n=3) kept un-
der free-range conditions (private farm, Kemerovo) were 
studied. The samples included backfat (B), lateral (L), ax-
illary fat (A), and internal perirenal fat (P) (Figure 2). 
The number of samples from one localization was no less 
than ten.

Animals were slaughtered according to the convention-
al techniques by cutting the jugular vein and the following 
bleeding. All manipulations were carried out according 
to the Directive 2010/63/EU of the European Parliament 
and of the Council [22], European Convention for the 
Protection of Vertebrate Animals used for Experimental 
and Other Scientific Purposes (ETS No. 123) [23], Rec-
ommendations for euthanasia of experimental animals: 
Part 1. Laboratory Animals (1996) 30, Recommendations 

Figure 1. Comparison of three types of adipocytes [8]
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for euthanasia of experimental animals: Part 2. Labora-
tory Animals (1997) 31, 1–32), as well as requirements of 
GOST 33215–2014 1

Histological studies
To study morphology of adipose tissue, samples were 

fixed in the 10% neutral buffered formalin solution (Bio-
Vitrum, Russia) for 72 hour at room temperature, washed 
with cold running water for four hours and embedded in 
gelatin (AppliChem GMBH, Germany) in an ascending 
concentration (12.5%, 25%) at a temperature of 37 °C for 
8 hours each using a thermostat ТS-1/20 SPU (Smolensk 
SKTB-SPU, Russia). Sections with a thickness of 12 µm 
were made on the cryostat «MIKROM–HM525» (Thermo 
Scientific, USA). The obtained sections were mounted on 
Menzel-Glaser slides (Thermo Scientific, USA) and stained 
with Ehrlich’s hematoxylin and 1% aqueous-alcoholic so-
lution of eosin (BioVitrum, Russia) by the conventional 
method [24]. The histological preparations were studied 
using an Axio Imager A1 light microscope (Carl Zeiss, 
Germany).

To count a diameter of adipocytes, the modified meth-
od [25] was applied: sections with a thickness of 12 µm 
were made from the samples fixed in formalin, mounted 
on slides, put in a droplet of the physiological solution 
under a cover glass and immediately analyzed using the 
image analysis system AxioVision 4.7.1.0 (Carl Zeiss, Ger-
many). No less than three sections were made from each 
piece. A diameter of adipocytes was measured for 100 cells 
in each section in the interactive mode with an accuracy 
of  ± 0.1 µm.

 1 GOST 33215–2014 “Guidelines for accommodation and care of animals. 
Environment, housing and management” Moscow: Standartinform, 2019. 
Retrieved from https://docs.cntd.ru/document/1200127789 Accessed Sep-
tember 16, 2022

Raman spectroscopy
Raman spectroscopy was used to assess the overall 

fatty acid profile of tested samples [26]. Collection of 
spectra was carried out on the confocal Raman dispersive 
spectrometer Renishaw (model inVia Reflex, Renishaw 
plc, Wotton-under-Edge, UK). A laser with a wavelength 
of 785 nm, power of 100 mW and exposure time of 10s 
was used. Power of laser radiation and time of integra-
tion were thoroughly optimized to prevent photodeg-
radation of fat samples. Calibration of the spectrometer 
was performed by registration of the silicon spectrum 
at 520 cm-1. Raman spectra were obtained directly from 
samples of adipose tissue with a size of 10 × 10 × 5 mm. 
For laser focusing, an objective with a magnification of 
L50× was used. Measurements were recorded in a detec-
tion range of 700–1800 cm-1. No less than six spectra were 
recorded for each sample.

All collected spectra were subjected to preliminary treat-
ment (cosmic ray removal, baseline correction, smoothing 
using the algorithm of Savitzky-Golay, normalization) and 
analysis using the software Renishaw WiRE 5.2 (Renishaw 
plc, Wotton-under-Edge, UK).

Gas chromatography
For chromatographic analysis, a sample was rendered 

on an IKA Hot Plate C–MAG HP 7 (IKA®-Werke GmbH & 
Co. KG, Germany). To obtain fatty acid methyl esters, ren-
dered fat was taken in a quantity of 200 µl and transferred 
into a 15 ml centrifuge tube, 2 ml of 2M potassium hydrox-
ide solution in methanol was added with the following ad-
dition of 4 ml of hexane; centrifugation was carried out at 
3,000–5,000 rpm for 1–3 min. After centrifugation, 200 µl 
were taken from the upper hexane layer and transferred 
into a chromatographic vial; 800 µl of pure hexane was 
added to dilute concentrations of fatty acids. The obtained 
sample was analyzed on a gas chromatograph  Agilent 

Figure 2. Graphic illustration of the performed study



268

Pchelkina et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2022, vol. 7, no. 4, pp. 265–272

7890 (Agilent Technologies, Inc., USA) with a flame ion-
ization detector using a capillary column Agilent HP 5 
30 m × 0.32 mm × 0.25 µm (carrier gas: nitrogen) (Agilent 
Technologies, Inc., USA).

Statistical processing of results
Statistical data analysis was carried out using a package 

STATISTICA, version 10.0 (StatSoft, Inc., USA). The results 
of morphometry were presented as root mean square (S), 
root-mean-square (standard) deviation ( ± SD), minimum 
and maximum values [MIN MAX] of the interquartile 
range (P 25/75). For analysis of Raman spectra, the geomet-
ric mean (GeoMean) was used. Differences were considered 
significant and a relationship between parameters was ac-
knowledged at a probability level of not higher than 0.05.

Results and discussion
In histological examination of samples taken from 

adipose tissue of different localization, it was found that 
two cell types are present in the samples of subcutaneous 
B, L and A fat: 1 — round, with one large fat droplet and 
flattened nucleus shifted to periphery, that correspond to 
white adipocytes by structure and 2 — having a polygonal 
shape and several fat droplets with different sizes (from 2 
to 15 µm in diameter) corresponding to beige adipocytes 
by their structure [5] (Figures 3A, 3B). Connective tissue 
interlayers with the large number of fibrous elements were 
located between adipocytes. In the internal perirenal fat, 
cells were characterized by more round shape; the presence 
of beige adipocytes was not revealed. However, according 
to data [9] their formation in this locus was noticed in the 
cold-resistant Tibetan and Min pig breeds.

It is known that subcutaneous WAT is especially 
prone to the BeAT development in the periods of adap-
tive thermogenesis [8]. Lin et al. [9] found beige adipo-
cytes in white adipose tissue of pigs exposed to cold. In 
our research, samples of adipose tissue were taken from 
piglets kept under free-range conditions during winter 
in the natural temperature conditions without additional 
heating, which led to the development of BeAT in WAT. 
Probably, this is linked with the fact that the mechanism of 
UCP3-dependent thermogenesis in beige adipocytes has 
been evolutionally developed in cold-resistant pigs [8,10].

As known, on early life stages, porcine adipose tis-
sue grows mainly due to hyperplasia (an  increase in the 
number) of adipocytes [6,7]. After a significant increase 
in the cell number, adipocytes begin to increase in size 
(hypertrophy) due to accumulation of triglycerides [27]. 
In our samples, an average diameter of adipocytes was as 
follows: 69.36 ± 12.98 µm in backfat, 53.25 ± 9.27 in lateral, 
45.94 ± 8.29 in axillary fat, 35.69 ± 6.96 µm in internal peri-
renal fat. Our results agree with the results of other authors 
regarding sizes of adipocytes in piglets. According to [19], 
an average diameter of adipocytes in backfat in three-week-
old piglets of the Landrace bacon breed was 53.4 ± 3.6 µm 
and of the lard-type Meishan breed 58.7 ± 7.4 µm.

It was established that a size of adipocytes of subcuta-
neous fat changes depending on the location on the ani-
mal body — larger cells were revealed in backfat fat sam-
ples compared to lateral and axillary fat (Figure 3C). It is 
linked with the most intensive development of fat in this 
locus. A wide range of adipose cell sizes and the presence 
of “small” adipocytes also noticed in other pig breeds [19] 
allow suggesting that both cell hyperplasia and hypertro-
phy are still active. Adipose tissue in all studied loci is in 
the intensive growth period and there is the potential for 
the following filling of cells with lipids and increase in the 
thickness of subcutaneous fat. A proportion of “small” adi-
pocytes was 18–20%.

Adipose tissue in pigs is the main place of lipid syn-
thesis, i.  e. lipogenesis, during which adipocytes synthe-
size and accumulate triglycerides and provide no less than 
80% of deposited fatty acids [6,28]. Today, quick and non-
destructive methods for assessing overall fatty acid profile 
that allow performing analysis directly in production are 
in demand. We used Raman spectroscopy, which belongs 
to such screening methods [29].

Raman spectra of pork fat are presented by signals con-
ditioned by vibrations of hydrocarbon chains in saturated 
and unsaturated structures [30]. The main peaks respon-
sible for unsaturated bonds were 970 cm-1 (=С-Н out-of-
plane bend), 1266/1272 cm-1 (=С-Н symmetric rock) and 
1655 cm-1 (С=С stretching); while signals at 1297/1301 cm-1 

(CH2 twisting), 1430/1460 cm-1 (CH2 symmetric deforma-
tion (scissoring)) and 1735/1746 cm-1 (С=О stretching) 
correspond to saturated bonds or ester groups [31,32]. The 
obtained spectra of adipose tissue samples are presented in 
Figure 1D. Differences between samples in the intensity of 
the main signals were revealed. To determine the relative 
content of the unsaturated bonds, an intensity ratio of the 
main signals corresponding to unsaturated bonds, and sig-
nals of saturated bonds was calculated in each sample. For 
calculation, nine intensity ratios were used: I970/I1297, I970/
I1430, I970/I1735, I1266/I1297, I1266/I1430, I1266/I1735, I1655/I1297, I1655/I1430, 
I1655/I1735 (Table 1).

Table 1. Relative content of unsaturated bonds in the tested 
adipose tissue samples

Intensity (I) 
ratio of Raman 

signals
Lateral fat Backfat Axillary fat

Internal 
perirenal 

fat
I970/I1297 0.130821 0.112026 0.159802 0.090597
I970/I1430 0.077807 0.069489 0.092581 0.062879
I970/I1735 0.546442 0. 75685 0.722015 0.471012
I1266/I1297 0.55442 0.501723 0.580229 0.40954
I1266/I1430 0.3333 0.311286 0.338914 0.284375
I1266/I1735 2.329259 2.1305 2.635744 2.129262
I1655/I1297 1.098959 1.03814 1.068285 0.82681
I1655/I1430 0.659668 0.644123 0.626257 0.573635
I1655/I1735 4.613256 4.408478 4.863001 4.29427

GeoMean 0.584857 0.535684 0.639995 0.480101
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The average intensity of peaks responsible for unsatu-
rated bonds was lower in internal perirenal fat than in 
subcutaneous fat and was equal to 0.480101. This indi-
cates that it contains lower amounts of unsaturated fatty 
acids and higher amounts of saturated fatty acids. Among 
samples of subcutaneous adipose tissue, backfat con-
tained more saturated bonds compared to lateral and ax-
illary fat. The highest average intensity of peaks respon-
sible for unsaturated bonds (0.639995) was in axillary fat. 
As the difference between certain fatty acids resides in the 
length of carbon chains as well as the number and posi-
tion of double bonds, they have similar Raman spectra 
[33,34]. Therefore, a problem of overlapping peaks from 
different fatty acids arises in analysis of adipose tissue 
samples [35]. In this connection, detection of certain fatty 
acids presents difficulties.

By the results of gas chromatographic analysis of the 
fatty acid composition, ΣSFA in all samples did not show 
significant differences and was 35.161 in internal perire-
nal fat and 35.144 in subcutaneous fat. The main detected 
saturated fatty acids were palmitic, stearic, margaric and 
myristic acids. The sum of UFA, the most important of 
which were oleic, palmitoleic, linoleic and linolenic ac-
ids, was 60.923 in the samples of internal perirenal fat 
and 61.095 in backfat. With that, the highest amounts of 
polyunsaturated fatty acids were found in the samples of 
subcutaneous fat: 20.199 in backfat, 21.749 in lateral and 
20.436 in axillary fat compared to 18.636 in internal peri-
renal fat.

It is known that the fatty acid composition depends on 
fat localization in the animal body [7]. The results on the 
fatty acid composition in the fatty tissue samples of dif-
ferent localization that we have obtained are in agreement 
with the results of other authors. It is shown in [36] that 
the unsaturated fatty acid content in pigs changes accord-
ing to the gradient: the highest content is in the external 
layer of subcutaneous adipose tissue, where less mature 
adipocytes are located followed by the internal layer, in-

termuscular and internal fat, where adipocytes are more 
mature. According to the opinion of Jiang et al. [37], this 
fact is linked with a higher Δ-9-desaturase activity index 
in external fat depots compared to internal and replace-
ment of stearic fatty acid with oleic in them. Lee et  al. 
[38] obtained similar results for three steer breeds and 
concluded that mature fat is more saturated than imma-
ture; therefore, a degree of unsaturation can be an index 
of its maturity.

Conclusion
The Kemerovo breed of pigs was selected in Siberia and, 

consequently, is adapted to local cold climate conditions. 
Histological analysis of adipose tissue of different localiza-
tion taken from three-week-old piglets exposed to cold 
showed the presence of two types of adipocytes in subcu-
taneous fat (backfat, lateral and axillary): white having one 
large fat droplet and beige having several fat droplets with 
various sizes (multilocular). Larger cells were revealed in 
backfat samples compared to lateral and axillary fat. Only 
white adipocytes were found in the internal perirenal fat. 
In comparison of the fatty acid profile in the samples by the 
results of Raman spectroscopy, a larger quantity of satu-
rated bonds was noticed in internal fat, while in subcuta-
neous fat, especially axillary, a larger quantity of unsatu-
rated bonds was found. This finding was confirmed by the 
results of gas chromatography. Polyunsaturated fatty acids, 
linoleic and linolenic, dominated in the samples of subcu-
taneous fat.

Activation of beige cells in Kemerovo pigs on exposure 
to cold can play an important role in the heat balance al-
lowing them to tolerate cold without severe shivering. 
Studying the development of beige adipocytes as well as 
mechanisms and factors inducing it can be of great impor-
tance for increasing thermogenesis in newborn piglets by 
genome editing. Beige adipogenesis in cold-resistant pigs 
opens a possibility of changing energy metabolism and im-
proving quality of porcine adipose tissue.
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