Mugqile & Bayarmaa / Proc. Inst. Biol. 39 (2023) 37-50

Research Paper

https://doi.org/10.5564/pib.v39i2.3325

PROCEEDINGS OF

PIB

THE INSTITUTE OF BIOLOGY

Study on methods for the identification of cattle-derived components in milk
and dairy products

MUQILE' , Gun-Aajav BAYARMAA®

Xilin Gol Vocational College, Xilin Gol Institute of BioEngineering, Xilinhot, Inner Mongolia, 02600, China
’Department of Biology, School of Arts and Sciences, National University of Mongolia, Ulaanbaatar 14201, Mongolia
*Corresponding author: g.bayarmaa@num.edu.mn, Atips.//orcid.org/0000-0001-6550-657X

Abstract. With the increase in the adulteration and fraudulent practices involving animal-derived products, such as
agricultural products, food, and feed, and the potential risk of transmission of animal-derived diseases, the qualitative
and quantitative detection technology of animal-derived ingredients has become a research hotspot as an efficient
detection method to ensure food safety and protect the rights and interests of consumers. Comparing and analyzing
the complete mitochondrial genome sequences of ten animals, cattle specific primers and probe were designed for
the identification of cattle derived components using real-time PCR. The results showed that the pair of primers and
probe developed for the detection of cattle components were highly specific and sensitive as they were able to identify
as low as 1 picogram of DNA. The results obtained from the quantitative detection of cattle origin in beef products
demonstrate that the method exhibits a strong capability for accurate quantitative detection.
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Introduction

Dairy products, also known as cream products,
is the use of cow’s milk or sheep’s milk as the main
raw materials, adding the proper amount of vitamins,
minerals, and other auxiliary materials, and processing
them in an accordance with applicable laws, regulations
and standards [1]. Milk and dairy products are essential
basic food for humans. Consumers like them because of
their high nutritional value, pleasant flavor, and ability
to boost the immune system [2]. In recent years, sheep
milk [3], [4], goat milk [5], [6], buffalo milk [7], [8], yak
milk [9], [10], horse milk [11], [12], donkey milk [13],
[14], and camel milk [15], [16] are becoming popular
among consumers because of their high nutritional
value, distinct flavor, and wide range of useful elements.
Specialty milk, such as yak and camel milk, is more
than ten times more expensive than cow milk because
of its limited production area and output, as well as the
high consumer demand. The price difference of milk and
dairy products from different animal sources encourages
producers and illegal traders to adulterate low-priced
milk and dairy products into high-priced specialty milk

and dairy products, which not only disrupts the fair
trade market but also infringe the rights and interests
of consumers, and even poses a potential threat to the
health of consumers.

Given the prevalence of milk and dairy product fraud
and adulteration, itis crucial to have access to technologies
that accurately identify the animal species from which
milk and dairy products were produced [17], [18]. At
present, methods for detecting components derived
from animals are based on the detection and analysis of
specific proteins and DNA in samples. Enzyme-linked
immunosorbent assay (ELISA), polymerase chain
reaction (PCR), electrophoresis, chromatography and
mass spectrometry represent some of the techniques
applied. Real-time polymerase chain reaction (RT-PCR)
stands out among other technologies due to its high
throughput, high efficiency, specificity and sensitivity.
In their study, lijima et al. [19] developed a method for
identifying the source of animal and plant components
in food by sequencing the 18S rRNA gene. Girish ef al.
[20] developed a method for identifying animal-derived
components by sequencing the mitochondrial 12S rRNA
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gene. Arya et al. [21] developed a TagMan real-time
PCR-based technique for the qualitative and quantitative
detection of pig components in mixed meat samples.

In this study, comparing the complete mitochondrial
genome sequences of sheep, cattle, yak, buffalo, pig,
chicken, duck, horse, rabbit, and geese, a combination
of cattle-specific primers and probe were designed
to detect cattle derived components qualitatively
and quantitatively. A method was developed for the
identification of animal-derived ingredients, specifically
for the inspection and detection of dairy products and
beef, based on the provided primers and probe.

Materials and methods

Milk and cream samples were purchased at the local
farmer's market in Xilinhot City, and directly used for
experiments. Meat samples were purchased at the local
farmer's market in Xilinhot, and from herdsman.

Treatment of milk and dairy products

A total volume of 100 milliliters of milk and 100
milligrams of cream samples were centrifuged for 10
min at 4°C and 4800 g. Following centrifugation, the
supernatant was discarded, and the pellet was washed
with 30 milliliters of phosphate-buffered saline (PBS)
and centrifuged as described above. PBS (30ml) and
emulsifying agent OP (10 ml) were added to the precipitate
and incubated at 4°C for 10 min and centrifuged for 10
min at 4°C and 4800 g and the precipitate is stored at 4°C.

Genomic DNA extraction

The DNA from the pre-processed milk and cream
was extracted by the cetyltrimethyl ammonium bromide
(CTAB) method as follows: 800 pl of CTAB buffer
(1% CTAB, 50 mM Tris, 13.5 mM Na:EDTA, 0.7 M
NaCl, pH 8.0) was added to about 50 ul sample, mixed
by vortexing, and incubated at 65 °C for 30 min. After
centrifugation at 13000 rpm for 5 min, the supernatant
was transferred to a clean centrifuge tube, and an equal
volume of chloroform: isoamyl alcohol (24:1) was
added, mixed thoroughly, and centrifuged at 13000
rpm for 5 min. The same volume of isopropanol was
added to the supernatant, mixed well, and centrifuged at
13000 rpm for 5 min. The pellet was washed with 75%

ethanol, air-dried and redissolved in ddH20. The DNA
concentration and quality were evaluated by a 2000c
NanoDrop spectrophotometer (Thermo Fisher, USA)
and agarose gel electrophoresis. DNA was diluted to a
concentration of approximately 100 ng/ul. MagAttract
HMW DNA kit (QIAGEN) and TaKaRa MiniBest
Universal Genomic DNA isolation kit were used for
genomic DNA extraction according to the user’s guide.
Genomic DNA from meat tissue samples was isolated
using TaKaRa MiniBest Universal Genomic DNA
isolation kit. For agarose gel electrophoresis, Trans 15K
DNA Marker (Beijing Quanshi Gold Biotechnology Co,
LTD) and approximately 600 ng of each sample were
loaded to 0.8% agarose gel and stained with ethidium
bromide for 10 min, the gel was visualized with an
imaging analyzer (Thermo Fisher, USA).

Primers and probes

The oligonucleotide primers and probes applied
in this study were designed to amplify and detect the
mitochondrial rRNA gene of bovine (Bos taurus). The
selected gene sequences used for the primers and probes
were selected based on the alignments of available
sequences deposited in GenBank and the primers and
probe were designed using Primer Premier software,
synthesized by Ruibiotech Company (Beijing, China).
A software-tool BLAST (Basic Local Alignment Search
Tool) of NCBI (National Center for Biotechnology
Information) was applied to evaluate the specificity of
the primers and probes. The cattle-specific probe was
labeled with HEX at the 5’end and BHQ at the 3’end.
The cattle-derived primers and probe were designed using
the mitochondrial rRNA gene sequence of Bos taurus
(LC745718.1 and LC745515.1) as the template (Fig. 1).
The primer and probe sequences are shown in Table 1.

Real-time PCR

Real-time PCR was carried out in total 20 ul volume:
TransStart QPCR SU-Premix 2 pl, cow forward primer
(10 uM) 1.0 pl, cow reverse primer (10 uM) 1.0 pl,
probe (10 uM) 1.0 ul, DNA (100 ng/ul) 1.0 pl. Reaction
conditions were: pre-denaturation at 94°C for 30 sec,
denaturation at 94°C for 5 sec, extension at 60°C for 31
sec, 40 cycles.

Identity= 0.21%
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Fig. 1. The cattle-derived primers and probes position on Bos faurus mitochondrial genome.
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Table 1. Primer and probe sequences

Sequence 5° — 3’

Cattle forward CCCAGTACGAAAGGACAAGAG

primer
Cattle reverse primer | GGAGAGGATTTGAATCTCTGG

‘HEX-AGACAACCAATGATAACATCT-
CAACTG-"BHQZ

Note: "HEX, hexachloro-6-carboxyfluorescein, "BHQ,, black
hole quench group

Cattle probe

Detection limit and quantitative analysis

The milk and cream DNA extracted by three different
methods were diluted in gradient with ddH-0, 10 times
for each dilution, and 5 times in total. The diluted
concentrations were 10 ng/ul, 1 ng/ul, 0.1 ng/ul, 0.01
ng/ul, 0.001 ng/pl, respectively. Real-time fluorescent
PCR was used to amplify the DNA of six samples with
different dilution gradients. The standard curve was
established by Ct method, and the effect was enhanced
by expansion. Effective DNA quality was evaluated.

Data processing

Amplification curves and Ct values were analyzed
by using the software of 7300Plus real-time PCR
amplification (ABI, USA). Three parallel tests were
performed for each test, and the results were expressed
as mean =+ standard deviation.

Results

The concentration and purity of the sample’s DNA

The CTAB method, the TaKaRa kit method, and the
MagAttract kit method were used to extract DNA from
milk and cream. The concentration of DNA extracted
from milk and cream using the three methods can
reach 100 ng/ul (Table 2). Milk DNA extracted using
the CTAB method or the TaKaRa kit yielded an A260/
A280 ratio close to 1.8, indicating high DNA purity.
The MagAttract kit approach yields milk DNA with an
A260/A280 ratio of roughly 1.6. These three techniques
produce DNA with good concentration and purity from

Table 2. Concentration and purity of milk and cream DNA

milk and cream. Protein contamination of the DNA
extracted using the TaKaRa and the MagAttract kit
method suggests that the silica gel adsorption column
and magnetic beads can adsorb protein and fat. The
DNA of different samples (milk and cream) using the
same methodology displayed varying degrees of purity,
indicating that cream contained more protein and fat than
milk, which led to increased adsorption of the silica gel
adsorption column and magnetic beads, and decreased
A260 /A280 ratio.

Agarose gel electrophoresis was used to analyze
the DNA of the extracted samples to evaluate the
degradation of DNA extracted using the three methods.
As shown in Figure 2A, milk and cream DNA extracted
by the CTAB method had been completely degraded,
and there was no obvious genomic DNA band in the
corresponding electrophoresis lane. As shown in Figure
2B, milk and cream DNA extracted by the TaKaRa
method were partially degraded, and milk DNA
extracted by the MagAttract kit (Figure 2C) method has
good integrity (no degradation). Cream DNA extracted
by the MagAttract kit method has good integrity (a
little degradation). The milk DNA band extracted by
the MagAttract kit method is single, clear and bright,
without trailing and the degradation phenomenon,
which indicates that the DNA is of high purity and good
integrity. From the electrophoresis lane of cream, it can
be seen that cream DNA extracted by CTAB method has
no obvious band, cream DNA extracted by TaKaRa kit
method have a serious trailing phenomenon, and DNA

M 1 23 4 %56 M123 456M123 4586

Fig. 2. Electrophoretic detection pattern of milk and cream
DNA by CTAB method (A), TaKaRa kit (B), and MagAttract
kit (C). M is Trans 15K DNA Marker; Lane 1-3: milk 1-milk 3;

lane 4-6: cream 1-cream 3.

CTAB TakaRa kit MagAttract kit
Sample DNA (ng/pl) | Ay a0 DNA (ng/ul) NI DNA (ng/pl) NI
Milk 1 112.6 1.83 78.4 1.83 106.7 1.64
Milk 2 118.5 1.84 127.9 1.84 99.6 1.63
Milk 3 116.4 1.82 125.1 1.83 105.2 1.66
Creaml 122.3 2.03 115.6 1.24 118.7 1.54
Cream 2 117.4 1.95 89.5 1.27 123.6 1.50
Cream 3 120.4 1.98 120.4 1.25 120.4 1.56
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extracted by MagAttract method has an obvious band
but is accompanied by a slight degradation. According to
the above test results, among the three DNA extraction
methods for the same sample, the MagAttract kit method
has the better extraction effect.

Real-time PCR Detection of cattle--derived

components

Using cattle-specific primers and probes, the genomic
DNA of milk, cream and meat from six cattle samples
was detected by real-time fluorescence quantitative PCR
(TagMan probe method) using a diluent as the template.
Figure 3 shows that typical amplification curves were
observed in the cattle milk, cream (Figure 3A) and meat
(Figure 3B) samples, no such curves were observed in
the milk samples of the other four different animals or
the muscle tissues of seven different animal species.
The Ct values of the cow milk, cream and meat samples
detected by real-time PCR are shown in Table 3. The Ct
values of milk, cream and meat samples (six samples,
each tested three times in parallel) were all greater than 0
and less than 35, indicating that the origin of the samples
was consistent with animal origin. According to the
national animal origin testing standard (SN/ T2051-2008
“Detection of Cattle, Sheep and Pig Origin Ingredients
in Food, Cosmetics and Feed, Industry Standard for
Entry-Exit Inspection and Quarantine of the People’s
Republic of China”) and the results of previous research
[6], when the Ct value of the sample is not 0 and less
than 35 when there is a typical amplification curve, the
sample is determined to be the corresponding origin. The
Ct values for the milk DNA of the four animals (sheep,
mare, buffalo, and camel) and the muscle genomic DNA
of the seven animals (pig, sheep, horse, chicken, duck,
rabbit, and goose) were recorded as 0. This indicates
that the samples do not originate from bovine sources.
The results obtained from this study demonstrate that
the identification method utilizing the developed primers
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Table 3. The evaluation of extraction of DNA and Ct
values from samples of cattle milk, cream, beef and
samples of non-cattle origin

Sample (IngI\jﬁl) AL TA L, Ct value
Milk 1 103.7 1.64 16.19+0. 84
Milk 2 99.6 1.62 21.52+0.58
Milk 3 105.1 1.66 25.38+0.35
Cream 1 118.7 1.54 29.95+0.42

Cream 2 123.6 1.50 33.13+0.29

Cream 3 120.4 1.55 35.59+0.40
Cattle meat 1 103.2 1.87 13.23 +£0.04

Cattle meat 2 108.2 1.89 1433 +0.14
Cattle meat 3 108.2 1.87 14.33 £0.04
Cattle meat 4 106.5 1.86 13.33£0.03
Cattle meat 5 103.2 1.87 13.23+£0.04

Sheep milk 119.4 1.87 -

Mare milk 110.1 1.92 -
Buffalo milk 111.9 1.78 -
Camel milk 119.7 1.88 -

Pork 129.1 1.89 -
Mutton 116.4 1.87 -
Horse meat 121.1 1.89 -
Chicken 105.9 1.88 -

Duck meat 122.7 1.90 -
Rabbit meat 109.4 1.86 -
Goose meat 102.8 1.84 -

Note: - no detection.

and probe is highly effective in detecting bovine-derived
components in milk and cream. Furthermore, the
muscle tissue of the examined animals did not exhibit
any presence of components derived from cattle. These
findings indicate that the identification method exhibits a
high level of specificity.

The genomic DNA of milk was diluted 10'-107 times
by a gradient of 10 for the detection sensitivity test of
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Fig. 3. The identification of cattle-derived materials in cattle milk, cream and meat samples; milk and cream (A), meat tissue (B)

samples of cattle origin inferred from TagMan real-time PCR.
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cattle derived components. As can be seen from Figure
4 cattle genomic DNA solution (100.000 00 ng), diluted
10! times (10.000 00 ng), diluted 10* times (1.000 00 ng),
diluted 10? times (0.100 00 ng), diluted 10* times (0.010
00 ng) and diluted 10° times (0.001 00 ng) showed a
typical amplification curve, and the amplification curve
shifted to the right with the increase of dilution. No
typical amplification curve was observed at 10° dilutions
(0. 000 10 ng) and 107 dilutions (0. 000 01 ng). The Ct
values of the diluted template for animal origin detection
by real-time PCR are shown in Table 4. DNA solution
(100. 000 ng), diluted 10! times (10. 000 00 ng), diluted
10% times (1. 000 00 ng), diluted 10* times (0. 100 00
ng), diluted 10* times (0 001 ng), the Ct value of 10°
times dilution (0. 00001 ng) was not 0 and less than 35,
and the Ct value gradually increased with the dilution
of the template. When the genomic DNA of cattle milk
and cream was diluted to 10° and 107 times, the Ct value
was 0. The results mentioned above indicate that the
application of self-designed primers and probes specific
to cattle DNA enables the successful detection of 0.001
ng of cattle DNA, exhibiting a high level of sensitivity

at 1 pg.
Quantitative detection of cattle derived components

Standard curves for milk and cream genomes were
used to quantify the content of cattle ingredients in dairy
products. Six cattle DNA template mass concentration
trapezoidal plots were used to detect cattle-derived
curves for quantitative detection of cattle derived
components were drawn (Table 5). According to the
corresponding Ct value and standard curve equation
of cattle creams, the quantitative detection results of
cattle derived components in milk and creams can be
calculated. Real-time PCR was used to detect processed
meat products (beef jerky), and the corresponding mass
concentration calculated from the standard curve for
quantitative detection of cattle derived components was
in good agreement with the actual mass concentration

,gnmmu 0.01000
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Fig 4. Simplex real-time PCR amplification plots for the

sensitivity of authentication of cattle milk

Table 4. Detection limit results of cattle milk and cream DNA

Ct value
Concentration MagAttract kit method
Milk Cream

100 16. 73 £0. 40 16.15+0.85
10 21.30+0. 13 21.24+0.39
1 23.81+0.17 25.38+0.24
0.1 27.73+0.29 29.95+0.32
0.01 30.21+0.13 33.23+0.19
0.001 34.45+0.30 35.47+0.40

0.0001 - -

0.00001 - -

Note: - no detection.

Table 5. Slope, amplification efficiency and correlation coeffi-
cient of cattle milk and cream standard curve (R?)

. Ct value
Test item -
Milk Cream
Cream standard curve (R?) 0.9949 0.9993
Slope coefficient -3.363 -3.55
Amplification efficiency (%) 98.31 91.16

Table 6. The quantification of beef in the meat product

Sample Ct value Detected nzgsgs/ I%?ilcentration
15.47 262.03
15.31 307.03
Beef jerky 15.92 207.93
15.74 217.78
15.39 276.42

value (50 ng/ul) (Table 6). The above results indicate
that the primers and probe that were designed could be
used for the identification of bovine origin components in
milk and dairy products, and had quantitative detection
ability.

Discussion

The application of real-time PCR technology in the
detection of animal derived components in food has
emerged as a valuable tool for food regulatory authorities.
This technology offers a scientific and efficient method
for enhancing food safety management and addressing
the issue of fraudulent practices in the milk market. This
is particularly important considering the limitations
of standard PCR, which is time-consuming, has low
throughput. The utilization of real-time polymerase
chain reaction (PCR) employing the dye technique for
the identification of animal derived components has
been widely developed. In recent years, there has been a
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gradual growth in the utilization of TagMan probe-based
technologies for the identification of animal derived
components in various applications. The functionality
of this technology is contingent upon the utilization of
samples of high-quality and relies on the use of specific
primers and probes. When comparing the dye approach
to the TagMan probe-based method in real-time PCR
technology, it is evident that the latter demonstrates a
greater level of specificity.

The study has successfully developed a real-time
fluorescence quantitative PCR method that demonstrates
rapid, accurate, and stable detection of animal
components. This method exhibits high specificity and
sensitivity. The detection limit of milk components in
goat milk was found to be 0.5% higher compared to
the study conducted by Lopez-Calleja et al. [22], which
utilized the bovine 12S rRNA gene as the target gene.
Additionally, it was observed to be 1% higher than the
detection limit reported by Ren Yijie et al. [23], who
employed primers and probes to detect bovine origin
in mixed milk. The sensitivity limit of detecting bovine
origin in meat and meat products using primers and
probes was found to be 0.035 ng higher than the limit
reported by Zhang et al. [24]. Furthermore, the primers
and probes formulated in this study effectively identified
the origin of beef in commercially accessible beef
sausages, aligning with the ingredients specified in the
product demonstrating the uniqueness, high sensitivity,
and broad applicability of the method.

Conclusion

The efficacy of real-time PCR was demonstrated by
designing cattle-specific probes through a comparative
analysis of the nucleotide sequence of the rRNA gene in
the mitochondrial genome.

The appropriate ratio of each forward and reverse
primer and specific probe used in the study sample was
1 ng to 1 ng. Based on the sensitivity test results, it was
determined that the method has the potential to detect 1
picogram (pg) of bovine DNA template.

A rapid, accurate, and stable real-time PCR method
was developed for the detection of bovine components
using a single bovine-specific probe.
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XypaaHryil. Maibin rapanraii XyHc, TOHKIOIMHH OYTIOMIPXYYHUHT Xyypamuaap YiIIox, 3aluian MoxJox Bl
rapd4, MaJIbIH rapajirail @BUMH JaM)KHX 3PCIIIT HIMITIMK Oaliraarail x0ia00r1yysiaH MablH rapanTtaid OyTasradXyyHuir
YaHapblH OOJIOH TOOH WIPYYJI?X TEXHOJIOTM Hb XYHCHUH aroynryi OaiJuibll XaHrax, X3p3nIdrYuifH 3pX aIiruir
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Xapbllyy/DK, IIHHKIPH, YXPHHH eBepMmell mpaiimMepyyn O0JO0H HpOOBIT COHrOH, OOIUT XyralaaHbl MOJUMEpa3blH
runkuH ypBan (I1I'Y) ammmrnan yxpuitH rapantait cyyHHI OpIIBIT TOJOPXOMIIOX 30pHIITOTON HY CyJaaraaHbl axiIbIl
XUAI?. Yp AYHI Hb YXPUIH CYYHHI rapairail OpLbIr WIPYYIIXII 30pHYIDK O0IOBCpyyIIcaH X0ocC Ipaiimep 00JI0H pod
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YXpuifH cyyH, MaxaH OyTa3I3XYYH YXPHIH rapai yyCIuiT TOOH apraap MIPYYJIC3H Yp AYHID3C Y39X3] TyC apra Hb
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Opurua

CyyH OYTI3IIPXYYH Hb YHIIHHH CYY, XOHHHBI
CYY B39pTHHr YHICOH TYYXUH 31 OONTOH X3PITIIK,
BUTaMUH, 3piad3c Ooamc, Oycan Tyciaax MaTepHaIbIT
30XHX X3MXKDIII93p HAMXK, Xyyldb TOTTOOMXK, 30XHX
JKYPMBIH J1aryy OoJoBcpyyncaH OyTIdrmdxyyH fom [1].
Cyy, maraad M3 Hb XYHJ 3alUIUIyH 1oaapJuiararai
XYHCHHIA OYTI3IIPXYYH oM. ToHKI3IUIdT YaHap caiTaii,
TaajaM>KTal aMTTal, JapxJjaa caibkpyylax yaaBapTail
TYJ X3pAIIArau L fyprai 6aiinar [2]. CyynuitH Ky yasn
XOHMHEI cYY [3], [4], amaans! cyy [5], [6], onoc yxpuitn
cyy [7], [8], capmaruitn cyy [9], [10], ryyauit caam
[11], [12], woxurauit cyy [13], [14], ToMd23HUE cyy
[15], [16] Hb THKIAWIAT yaHap calTall, ©BOPMOI] aMT,
OJIOH TOPJIMHH alUIUITal 3JEMEHTYYH aryyijar ydpaac
XOPIMIBTYIUHH JyH I TYT9M3I1 00K OaifHa.

Capmar, TOMd9HHMI CYY 33p3r Hb OOJIOBCpyyaax
YHIABAp 1106H, CYYHUH rapant xs3raapiaraMan 00JoBY
XOPIMIBTYIUIH 3PANIT UXTIH yupaac YHIIHHH CYYH?IIC
apaB rapyi JaxuH WIyy YHITI# Oaiinar. Tepen Oypuiin
MaJiblH rapaiTail cyy, laraad U3 HUI YHUIH 36pYYy Hb
YinABIpIaTYH g 00JI0H XyyiIh OyC Xyaaniaa SpXIIdraanir

XSAMJI YHITOHM cyy LaraaH MJ93r OHIep YHIT3H Cyy,
LaraaH UJ33r33p OpIIyylaxaj Xyprak Oaifraa Hb mrygapra
XyZlaJlJaaHsl 3aX 393JIMHT ajiarmyymnaajs 30rCoXryi, 3px
alruir 3epumk OailHa. MeH X3paNIdryauiiH 3pyyi
MDPH/I3]1 aI0YJT YUPYYIDK OON30IITYH.

Cyy, maraan a3 HMAN rapan yycai, Opil Halpiarsir
Oypyy MomdadxX Oaiijylaap 3ajlMiIaH  MAXJIDX  SIBIAJ
TYr29MaN Oaifraa Tynm cyy, llaraal WP HUA rapai
YYCJIUHTI YHOH 36B TOAOPXOWJIOX apra TEXHOJIOIMMTr
Ouii 6onrox He HAH uyxan oM [17], [18]. Omoorwuiin
Oaiinnmaap ambTHBI rapanTail OyTIIIIPXYYHUH Tapa
YYCHUHIT MIpYYIIdX apryyn Hb 39K 15X TOIOPXOH yypar,
JAHX-uir unpyyJinx, MHHKIKY YHAICIOIAT GepMeHT
x0n600T 3cpar Oueniin ypsan (PXOBY), monumepasbH
rumkuH ypeaa (III'Y), Goqut Xyramaansl moIuMepasbiH
rurkuH ypBan (BX-III'Y), anexkrpodopes, xpomarorpad,
Macc CHEKTPOMETp 39p3r oM. bOoauT Xyraraassl
MoJIMMepa3blH THHXHWH YpBajl Hb WIPYYJIdX 4ajBap, yp
allUr, MAIPAT YaHap OHIep, 6BOPMeI] IIMHXK YaHapaap
Oycan apryymaac aaByy rom. lijima uap [19] 18S pPHX,
Girish map [20] mutoxonapwuita 12S pPHX rennita JTHX-
WIH Jlapaajuibll TOJOPXOMIDK, XYHCHHH OYTI3TIPXYYH

44 I'enetnk & Mornekyn 6uonoru


https://orcid.org/0000-0001-6550-657X
https://orcid.org/0000-0003-3262-9383
https://orcid.org/0000-0001-6550-657X
https://orcid.org/0000-0001-6550-657X

Meunp & basipmaa / Proc. Inst. Biol. 39 (2023) 37-50

OYpP3IIdXYYH
X3CTYYIUHIT TOAOPXOMIOX apThIr OONOBCpyyicaH. Arya

JIPX ~aMbTaH, YypramyiblH rapanrtai
Hap [21] xomuMor MaxHbl I39K J3X TaxallH MaXHbI
OpIl HaWpjarell YaHApbIH OOJOH TOOH Oalijaap
wipyymx TagMan 6onut xyranaanst [1I'Y -1 cyypuican
TEXHOJIOTHHT OOJIOBCPYYIICAH.

DHOXYY CydairaaHj XoHb, YXdp, capiar, 0J0C
YX3p, raxail, Taxua, Hyrac, amnyy, Tyyjail, ramyyHbl
MUTOXOHPHUITH TEHOMBIH OYpAH JapaauibIl XapbIlyyIaH
YXpUiH Tapantail opl Ha#piarsll 4aHapblH OOJIOH
TOOH Oalraap MIPYYJdX ©BOPMeI] mpaiimep, mpoObIH
XOCJIONIBIT  COHTOXK, OIr3dp Tpaiimep, mpod m33p
YVH/IOCIIDH CYY, 1laraaH U3, MaxHbl DMK JOX YXPUIH
rapaj YYCIMWr MIajrax, WIPYYJIdX3 TOXHUPOMKTOU

aproir 00JIOBCPYYIICaH.

CynanraaHsl MaTepuaJi, apra 3y

3eoxuiH mgo¥kuur [lumuiiH  XoT 1Jaxb

Cyy.
(depmepuiiH 3axaac XygaJiaH aBd TYPIIMITAJ LIYY[
amuracad. Maxubel Jo»kuur IuauiH XOT Jaxb
(hepMmepuiiH 3axaac OOIOH MaTYHAAC XyNAIIAXK aBCaH.

Cyy, naraan uJ»3Hui 6OJIOBCPYYIaIT

[urxuIrdHL XaMmparaax cyyHud gk 100 mo,
3eexuiH 139k 100 Mr xamkun a4, 4°C-t 4800 g, 10
MUH Xyparail nentpudyruacsd. IMHrsHWHAT acrax,
tyHanceir PBS (30 mi)-aap yycrax, 4°C, 4800 g xyparait
10 mun neaTpudyruacsH. apaa b TyHamac a33p PBS
(30 mur) 6a OP smynerarop (emulsifier) 10 mMa HIMI397
4°C TtemneparypTt 10 MHHYTBIH TypII yraacHbI jJapaa
TIPOPXUATIN amun MeHTpudyrndK, maxuH 2 ymgaa PBS
(30 mi) -aap yraax (4°C, 4800 g, 10 mMuH), TyHaICHIT

XaJrajiHa.
TI'enombin JIHX siirax

Cyy, 300XUIH JIIMKIC CTAB
(HeTUNTPUMETIIIAMMOHUITH OpPOMUJI) aprbIl XIPIIIISH
renombiH JIHX suracan. Tymagceir 1,5 mu TioOen
xuiirasn, 800 mxa JIHX nusuc Oydep (1% CTAB, 50
MM tpuc, 13.5 MM Na EDTA, 0.7 M NaC, pH 8.0)
HAMXK XonmH, 65°C temmneparypr 30 MuHYT Oaiiiras,
ye ye carcapu xosbcoH. 13000 3pr/MHH-I 5 MHHYTHIH
TypII UEHTPUQPYTIAMK, IO AaBXaprbIl IPBIP TIOOE
pYy LIMJDKYYJIDH, WKW XOMXKIOHUH  Xsopodopm/

W30aMIIMHAH cnupT (24:1) HAOMI3A calfTap XONmbX, 5

i .

MUHYTBIH Typur 13000 spr/mMuH-1 UHeHTpUDYT XHHXK,
J33]1 1aBXaprbil aBd, WKW 33II3XYYHTIH HU30MPONAHOI
HAMK, caiTap Xoubx, 13000 3pr/MUH-I1 5 MUHYTHIH Ty pIII
HEHTPUQYT XUIDK, T3] JaBXAPTHIT XasK, 75% STHITHITH
CIIMPTI3p HOT yjaaa yraax, araapt xaraax, ddH,O-n
yycrax, -20°C xamn xaarancad. JJHX-uiiH koHLIeHTpal
6a mBypumtaiir 2000c NanoDrop criektpodoromerp
(Thermo Fisher, USA) 6a arapo3s reins 31exTpodope300p
wanrax, JHX-uir naamjaplH MUHKXWITHI 30PHYIK
100 ur/ mxn OGaiixaap mwmHrIMB. MagAttract HMW
DNA kit (QTAGEN) 6oson TaKaRa MiniBest Universal
Genomic DNA isolation Kkit-uiir yinaBspiarYuiiH
3aaBpelH naryy reHoMmblH JIHX snraxan ammrias.
TaKaRa MiniBest Universal Genomic DNA isolation
kit-wiir amwrIaH MaxHbl SIUHH I3PKIIC TCHOMBIH
JHX suracan. I'enpb anexrpodopesuiir Trans 15K JTHX
mapkep (Beijing Quanshi Gold Biotechnology Co,
LTD), na3x Tyc 6ypaac oitponmooroop 600 ar JHX-uiir
0.8%-nitH arapo3 reipj IyinrsH, 10 MUHYT 3THIUYM
6pomumoop Oymax, 3ypruir (imaging analyzer, Thermo
Fisher, USA) aBcaH.

paiimep, npod

Cynmanraann yxpuiH (Bos taurus) MHTOXOHIPUIH
pPHX renuiin napaaanj 30XMOCOH HpaiiMep, IpoObIr
ammniaB. GenBank-uiiH eroruiniiH canz XaArajiargax
Oyt mutoxornpuitH JJTHX-uitH napaaiang XapbIyylanT
xuixk, Primer Premier nporpamwm ammiian pPHX renuiin
napaajaji nmpaiimep 00JI0H MPoObIT COHrokK, Ruibiotech
xommanun (BowkuH, Xsram) HumKyyrncoH. NCBI
(PrOTEXHONOTMITH  M3IPAUIMIH  YHAICHUH TOB)-MHH
BLAST (Local Alignment Search Basic Tool) mporpamm
allUIIaH  TpaiiMep, TPOOBIH eBepMel  OailuIbir
mairacad. YXpuitH eBepmelt npo0Osir 5’ rercresn HEX,
3’ tercresim BHQ ¢urtopeciieHT Oyaraap TIMIITIACIH.
Yxpuita mutoxouapuita pPHX renwita (LC745718.1 6a
1-p xycHIrT. YXpuiin eBepmer npaiimep 0a mpoObIH
Japaana

Japaamnan 5* — 3’

lyyn npaiimep CCCAGTACGAAAGGACAAGAG
VYpByy npaiimep GGAGAGGATTTGAATCTCTGG
Ipo6 ‘HEX-AGACAACCAATGATAACATCT-

CAACTG—"BHQZ

Taiin6ap: *“HEX, hexachloro-6-carboxyfluorescein, bBHQz,
black hole quench group

Identity= 0.21% S

lefr

x
cattle_prol

AF492351.1 Bos_taurus

Consensus

1-p 3ypar. Bos taurus MUTOXOHAPUITH TEHOM JI9X YXPUIH eBepMell IpaiimMep 6a mpoOsIH Oaiipalt.
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LC745515.1) npaiimep 6a mpoObIH xdcruiir 1-p 3ypar,
JapaauIbIl 1-p XYCHAITI Y3YYIIIB.

Boaur xyranaans! III'Y

Bbonut xyraraanst [1I'Y -bir HUAT 20 MKJT 333X YYHI9D
xmitcoH: TransStart qPCR SU-Premix 2 Mk, yXpuita
myyn mpaiimep (10 MxM) 1.0 mkn, yxpuilH ypByy
npaitmep (10 MmxM) 1.0 mxu1, mpo6 (10 MxM) 1.0 mxuI,
JIHX (100 ar/mxr) 1.0 mxo. IIT'Y-p1a HOX1IOT HB: 94°C-
T 30 cek nenarypauu xuiicHuil gapaa 94°C-t 5 cek,
60°C-n1 31 cex, 40 1uxn

Mapyymax xs3raap 6a TOOH HIMHKHIIT?

I'ypBan eep apraap surak aBcaH CYY, 306XHUIH
HHX-niir  ddH,0-20p
Hunarspyyment tyc Oypr 10 maxun, HHHT 5 ynaa

TPAAMEHTIIP  IIHHTAICHH.
umHrB (10 Hr/™MKi, 1 ar/Mia, 0.1 wr/mion, 0.01 =/
MK, 0.001 HI/MKIT). ©Oep eep MUHTIPYYIIITHHH 33PAT
Oyxuii 3ypraan md»kuitH JIHX-uiir 6oauT XyramaaHsl
[I'Y-aap
Crannmapt mypyiir Ct apraap TOIOpXOHIICOH.

¢uropeceHT OJIIIpYyJaxaJ AalluIiacaH.

Mb33.13J1 00J10BCpyYyIax

OmmpyynanteiH Mypyit 6omor Ct ytremr 7300Plus
6omut xyranaans! [1I'Y-piu (ABI, USA) ommpyynantsia
NPOrPaMMBIT allUIVIaH IKUHKIIB. TypmiT OypT rypBaH
39PATIPA TYPLIMIT ABYYJICaH 06reej yp AyHI TyHIax +
CTaHAAPT Xa3aliTaap WIIPXHUIHIIB.

Yp ayn

Joykmiin JHX-uiin KoHIeHTpAaIl 62 BIPUIIHIT

CTAB apra,

X3PAMIK CYY, 300XUIH I32K33C oiponuooroop 100

TaKaRa ©6omon MagAttract Kut

HI/MKJI KoHUeHTpan Oyxumit JIHX surax ascan (2-p
xycHarT). Cyynwmii 1px33¢ CTAB apra 6omon TaKaRa
kuT3p strax aBcaH JHX-witH A260/A280 ytra Hb
1.8-tait oiiponmoo Oaiican Hb JIHX-uitH 13BIpUIIMIT
eHNep Oaifraar xapyymk OaiftHa. MagAttract KuT?I3p

2-p xyemarT. Cyy, 3eexuiin IHX-niiH koHIIeHTpar 6a [PBIPIIUIT

srak aBcan cyynuit JIHX-uitn A260/A280 xapsraa
1.6 opunm OaitHa. DAr33p rypBaH apra Hb CYY, 300XHIH
JI3KIC KOHUEHTpALl eHAep, IPB3pmuaT cantal JJHX
srax  OoJoMKTOWT Xapyymk OailiHa. TaKaRa Gonon
MagAttract xut ammriad surad aBcad JIHX Hb yypar
39P3Tr XOJIBI0OP OOXHMPJICOH Oaiiraa Hb CHIIMKA MEMOpaH,
COPOH30H 06MOONTYY Hb Yypar, 00X TOCHIT HIMHIIMK
Oaiiraa OOMOXBIT Xapyy/mok OaifHa. VDkxwmi apraap eep
eep mIMKIC (cyy, 3eexuit) suracad JJHX Hb suraatait
IPBIPIIMITTIN OalicaH Hb 306XUl Hb CYYHI3C WIYY
yypar, eex ToC aryyngar Oereej 5H? Hb CHIHKa
MeMOpaH, COpPOH30H OemOeyler Hb yypar, ©eX TOCHIT
wityy mmHrYK, A260/A280 yTreir GaracracaH Oaibix
MarajyiainTaid. Arapo3bIH Teib MIeKTPoPOope300p TypBaH
eep apraap suirax ascad JJHX-uitn 3agpansir manracas.
2A-p 3ypart y3yyicuap CTAB apraap raprax aBcan
cyy, 3eexuiin JIHX 3anapu, Tonopxoit JIHX-uniin 3ypBac
xaparmaxryi OaiiB. TaKaRa xut ammrian cyy, 300XuitH
JpYKIIC sutral aBcan JJHX xarac 3amapcan (2B-p 3ypar)
Oaiiraa 6on cyyHUIl D133K33¢ MagAttract KUT39p suraxk
aBcan JIHX (2C-p 3ypar) O0ypaH OyTaH Oaiigan caifrait
(3ampaaryit), xapus 3eexuita [IHX Gara 33par 3amapcan
OaitHa. [[P3pX yp IYHID3C Y39XdI HOT Qauil JI3KH]
JHX snrax rypeaH aprblH 1oTpooc MagAttract kuT
alMriacaH apra Hb WIYY CaliH yp IYHTDH OaiiHa.

M 1 23 4 %6 M123 456 M123 458%¢6

2-p 3ypar. Cyy, 3eexuitnuii 133x33¢ JIHX-uiir CTAB apraap
(A), TaKaRa xur (B), MagAttract kut (C) alurias surax
aBcad J{HX-uitH anextpodoperpamm. M:Tpanc 15K JJTHX
Mmapkep; 1-3: cyynuit 133k 1-3, 4-6: 3eexuitnuit 1ok 1-3.

YXpuiiH rapaaraii opu HaiipJjareir 60JUT XyrauaaHbl
NI'Y-aap napyysnx

YxpuitH eBepmerl mpaiiMep OOJOH MPoO amuriIaH

CTAB TakaRa kit MagAttract kit
Tk JIHX xoHnenrtparg AZGO/280 JIHX xoHuenrparg Am,280 JIHX xoHnenrparg Azwm
(HT/™MKIT) (Hr/™MKIT) (HT/™MKIT)
Cyy 1 112.6 1.83 78.4 1.83 106.7 1.64
Cyy 2 118.5 1.84 127.9 1.84 99.6 1.63
Cyy 3 116.4 1.82 125.1 1.83 105.2 1.66
3eexuii 1 122.3 2.03 115.6 1.24 118.7 1.54
3eexwuii 2 117.4 1.95 89.5 1.27 123.6 1.50
3eexuii 3 120.4 1.98 120.4 1.25 120.4 1.56
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3ypraaH yXpHHH JI93KI3C aBCaH CYY, 300XHH, MaxXHBI
reHoMbIH JIHX-WHT mMHTIpYYIdrauidr 3areap OOJITOH
ammniaH OouT XyramaaHsl QuropecteHT TooH [ITY-
aap (TagMan npoObIH apra) WIpPYYJICOH. YXpPUHH CYY,
meuruii (3A-p 3ypar), maxuel (3B-p 3ypar) m3axuzg
OJIIPYYTAITBIH MypyH aXuriargax, Oycal 1epBeH
©6p MaJIbIH CYY, J0JIOOH 0P aMbTHBI OyITYHMHTHIH 37191
OJIIIPYYNANTBIH MypyHdl axwuriargaaryd (3-p 3ypar).
boaur xyrauaansl III'Y-aap wipyysicsH yHI9HUH CYYy,
300XUil, MaxHbI 13WKUiH Ct yTrBIT 3-p XYCHAIT Y3YYII3B.
Cyy, 3eexuiin my»xuita Ct yTryyn (3ypraan a93xK, TyC
OYypuiir TypBaH yIaardiiH JaBTaJNTTail TypricaH) Oyrx
0-33¢ ux 0a 35-aac OGara OalicaH Hb JIPXKHIH rapa yycal
Hb aMBTHBI Tapajl YYCOITIH HUHIK Oaiiraar xapyymk
OaifHa. AMBTHBI Tapall YYCIHAH [IHHXHAITIHAN
YHIDCHUI ctanaapTeiH naryy (SN/ T2051-2008 “XywHc,
TO0 caixaH, THKIINMUH OYTIITAIXYYH JI3X YXOP, XOHb,
raxaiiH rapanrtail opi, Haipnarsir uiapyynx; BHXAVY-
BIH OKCIIOPT, HWMIIOPTBIH XSHANT, XOPUO IPIPUIH
cTa"mapt’) OOJOH 6MHOX CyJalraaHbl Yp IYHTHHH [6]
Jlaryy OJNMIPYYJIAITBIH Mypy# Oaiiraa yen maakuiin Ct
yrra 0-T3¥ T3HIYYy Ouir, 35-aac Oara OaifBan JA39KUIT
Xaprajzax 39X YYCBIp 'K TOJIOPXOMSIHO. JlepBeH MasbiH
(xoHB, TYy, omoc yxdp, TaM33) cyyuuii JJHX OGomon
JIOJIOOH aMbTHBI (raxai, XOHb, ajayy, Taxua, Hyrac,
Tyyaai, ramxyy) OymumuruiiH reHombiH JHX-witH Ct
yrra 0 Gaiiraa Hb SAT33p AIVKUAUT YXPHUIH TapanTai
OuIr OOJIOXBIT Xapyy/K OaifHa. DHIXYY CyJalraaHbl yp
IYH Hb OuaHUH 00I0BCpyyIIcaH npaitmep 60JI0H MPOObIT
allMmIaH Cyy, UOLUrud IpX YXpUHH rapairaid opil
HaMpIarelr WIPYYJIdXdA Yp AYHTIH OOJOXBIT XapyyinkK
GaiiHa.

Boaut xyranaans! [II'Y-bIH M3ap3r YyaHap

Yxpuiin cyyHuii reHombiH JIHX-uiir rpaaueHTnp
10'-107
HaWpiarblH MOIPAT YaHApPLIl MIPYYJdX  TYPIIMIT

JaxvH INIUHTDK, YXPUHH Trapantaid  opi

¥ prei- oy Ba beaxad

12 16 0 ™4 T 52 B4 4
Mmea

3-p xycnart. Cyy, 3eexuii, MaxHbl onuite 1oxkuitn JJHX 6a
Ct-uifH XaHaJITBIH YHIII33

JHX A/
Ik KOHLIEHTpAILl A26° Ctytra
(ar/™MKIT) 280
Cyy 1 103.7 1.64 |16.19+0.84
Cyy 2 99.6 1.62 | 21.52+0.58
Cyy3 105.1 1.66 | 25.38+0.35
3eexuii 1 118.7 1.54 |129.95+0.42
3eexuii 2 123.6 1.50 | 33.13+0.29
3eexwuif 3 120.4 1.55 | 35.59+0.40
Yxpuiin max 1 103.2 1.87 13.23 £0.04
Yxpwuiin max 2 108.2 1.89 | 1433+0.14
YxpuiiH max 3 108.2 1.87 14.33 £ 0.04
Yxpuiin max 4 106.5 1.86 | 13.33+£0.03
Yxpwuiin max 5 103.2 1.87 | 13.23+0.04
XOHHHBI CYY 119.4 1.87 -
I'yynwuii cyy 110.1 1.92 -
Onoc yxpuiis 111.9 1.78 -
°Yy
Muronumii cyy 119.7 1.88 -
I'axaitn max 129.1 1.89 -
XOHUHBI MaX 116.4 1.87 -
AnlyyHbI Max 121.1 1.89 -
Taxuanbl Max 105.9 1.88 -
Hyracusr max 122.7 1.90 -
Tyynaiin max 109.4 1.86 -
lNanyyn max 102.8 1.84 -
Kunua: “-” napasryi.

xuiixon yxpuitH resomberH JIHX (100.000 00 wr), 101
(10.000 00 ur), 10* (1.000 00 =r), 10° (0.100 00 =r), 10*
(0.0100 00 Hr), 10° naxun (0.001 00 Hr) WHUHIPYYICIH
YeI ONMIPYYJIaNThIH MypyH YYCC3H 0a MIMHIAPYYJIIT
WXCOX TycaM OapyyH THHIN OIUDKIK Oaiican (3ypar
4). 10° (0. 000 10 ur) 6a 107 (0. 000 01 ©r) maxux
LMIUHIPYYIRATURH  yen Mypyi#

OJILIPYYTaIThIH

200 009 —4—3
Mmxca

3-p 3ypar. YXpuiiH cyy, 360XUIH J39K A3X YXPHUIH TapaiTail opl HalipiIarer TOOOPX0iox; (A) cyy 00m0H 30eXuiiH 199K, (B)

MaxXHbI dAUNH JIHK
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5“‘”“‘" 0.010 00

o 1 500,000 010000 | 8001 00

£ 1.000 00

5 1000.000 10,000 00

- 100,000 00 p—
£ 500000 | | g
E i -

§ ¢ = —

i = 0.000'i ! |
5 00T 16 90 M 3 3 38 40

Number ol cycle:
4-p 3ypar. YXpuiiH rapantail opl HaWpiarelr HWIPyYIdX

Xs3raap

4-p xycHarT. YXpuils cyy, 3eexuiin JJHX-uiin unpyyinx
XsI3raapblH YP AYH

Ctyrtra
Konuentpan MagAttract kut
Cyy 3eexuit
100 16. 73 £0. 40 16.15+0.85
10 21.30+0.13 21.24+0.39
1 23.81+0.17 25.38+0.24
0.1 27.73£0.29 29.95+0.32
0.01 30.21+0.13 33.23+0.19
0.001 34.45+0.30 3547+0.40
0.0001 - -
0.00001 - -
Kia: “-” unpaaryi.

5-p xycenart. Cyy, 300Xuil cCTaHAAapT MypyHH Hajlyy, Yp allur
6a xoppessiuuiiH KodhduuueHr (r?)

. Ctyrra
Test item
Cyy 3eexuit
3eexuitn CT(:I:I)L[&]C)T Mypy# 0.9949 0.9993
Hanyyruita koa¢dunnent -3.363 -3.55
MI'Y-bu yp ammmr (%) 98.31 91.16

6-p xycHArT. Maxan OyT33I19XYYH 13X YXpUIH TOOH
Y3YYJI3I1T

Wnspcon MaccebiH
ook Ctyrra KOHIGHTPAIT (HI/MKIT)
15.47 262.03
1531 307.03
Yxpuiin 15.92 207.93
6opu
15.74 217.78
15.39 276.42

axurargaaryid. bogut xyraumaanst [1I'Y-aap nazxuiin
rapan YYCIUHT WIPYYIdX MIHHTIPYYICIH MakuiH Ct
y1reir XycHort 4-1 y3yymB. JJHX-niiH xoHneHTtparn
100.000 00 nr-aac 10° maxuu wmmHrwc’H (0.001 00

HT) yTrbeiH XoopoHa Ct yTra TorTdoi ToHIyy Owmm, 35-
aac Oara Oaibx, Ct yrra JAHX-wifH KOHIIEHTpAIBIH
IIMHTIPYYJDITHAT JaraH aakMaap HIMATOYK OaifHa.
YxpuiiH cyy, 3eexuiin reHombiH JIHX-uiir 10° 6a 107
JaXWH MAHTIDK Y39x91 Ct-uite ytra 0 6atican. J[»3px yp
IYHT33C Y39X31 YXPHUH ©BepMell Ipaimep, Ipod a33p
yHIccoH yxpuitn JJHX-uitr mipyymax apra us 0.001
Hr yxpuiH JHX-ulr amkunrrail wipyysk, 30puiToOT
JHX-uiir TaHrXa M3IPIT YaHAp OHIOPTIH OaifHa.

Yxpuiin rapajaraii opu HalpJarbiH TOOH UJIPYYJIJIT

Cyy, 3eexwuita reHomMbIH JJHX-uitH cTanmapT Mypyur
allUIIaH CYYH OYTI3IMOXYYH JdX YXpUHH CYYHHEH
OPIBIH XAMJKIIT TOAOPXOHMIDK OomHO. YxpuitH JIHX-
WIH KOHIIEHTPAIbIH 3ypraaH IyBpaJl ITHH3PYYIITHHH
rpaUKMUAT YXpUIH rapaiTail opi HalpiIarblH XOMMKIIT
TOJOPXOMIIOX MYpPYHT 3ypaxaj ammriacad (XyCHIIT 5).
Xapramax Ct ytra OOJOH YXpHUIH 300XWIH CTaHIApPT
MypyHH Jaryy cyy, 3eexuil A3X YXpuilH rapantaii
OYP3IIPXYYH XOCTYYAUNRH TOOH YTTBIT TOOIIOOJIK OOJTHO.
BomoBcpyyncan MaxaH OyT rmdxyyH (YXpuitH Oopir)
JPX YXpUHH MaxHbl opublr Ooaut Xyrauaansl [1I'Y-
aap TOOH YTTBIT XAM)KHUX3 YXPHUHH MaxHBI CTaHAAPT
Mypy#raac TOOIIOOJICOH Xapraja3ax MacChlH KOHIIEHTpPaIl
Hb 0OJJUT MacChlH KOHIIEHTPALbIH yTraTaid caiH TOXUpY
0aiiB (6-p XYCHIIT). J[93pX Yp AYHIIIC Y33X31 OUgHUN
COHTOCOH IpaiimMep, Nmpo0 Hb Cyy, LaraaH Hadd A9X
YXpHUHH rapanTail opl Hafpiarsil TOAOPXOMJIOX, TOOH
yTraap WiIpyYJdX dajgBapTail 00JI0XBIT Xapyy/nk OaiiHa.

Xy yJasr

XYHCHUH OYTITIPXYYH 19X aMBTHBI 0PIl HAHpIIarsir
wipyy/mxon  Oomut maruitH IITY-bBIH TEXHOIOTHIT
alUIIax Hb XSHAITBIH  Oalryymiaryymaa — dgyxai
mraapuiaratail. QHaXyy TEXHOJIOTH Hb XYHCHUH aloyaryi
O0aliJUTbIH MEHEeKMEHTHHUT caibkpyyilnax, CYYHHH 3ax
3931 JIPX XyypaM4 CYYH OYTIIIIdXYYHHH acyymsbIr
UIMHIBAIPIAX MIHHXKIDX YXaaH[ YHASCIICIH, YP AYHTIH
apra oM.

OmoormiiH  Oaiiymaap aMbTHBI — TapaiTail  opiIf
HaMpIarslr WIPYYIdX Hb UX3BWIRH cTaHaapt [1I'Y 6onon
JHX-13#1 xomboramor QIopecueHT Oyhar ammriax
6omur xyramaansl [II'Y g39p cyypungar. CyyiauiiH
JKAJTYYI3 rapajiTal oply Halpiarsil TOAOPXOHIOXO.
TagMan npo0 193p CyypHiICaH TEXHOIOTHHT amIuriax
Hb HAMOIDIMK OaitHa. TagMan mpo0 ammriax Oomut
xyrauaassl III'Y ub mpBapwit cairaid JHX-uitH 199K,
TyXaifH JP%KHA] ©BOPMOI IpaiiMmep, POOBIT XIPATIIAT.
Bonut xyranaans! [II'Y-bIH x0€p apreir Xapblyyaaxasn

TagMan npo0 apra Hb HIPYYJI3X YaaBap HIYY OHIEp
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Oaiinar.

OH> cymanraaraap Cyy, CYYH OYT?3TAdXYYH 39X
YXpUHH CYYHHMI OplLl HaWpiarbll XypJaH, YHH 3B,
TOT'TBOPTOW MIIPYYJLIAT ©BepMeI] Oaiiian 60I0H MIIPAT
YaHap OHAOPTIU OOJUT MAaruiH (UIIOPECICHIINHH TOOH
[I'V-pin apreir Oumit Gomrocon. Lopez-Calleja [22]
CYYHA
aryyiaargax CYYHMH OpHBIT HIPYYJI9X XsA3raap Hb

HapblH cyJairaatail Xxappllyyjaaxaj sMaaHbl

0.5%-map enpmep Oaiina. Yijie [23] HapblH XOJIMMOT
CYYHZ YXPHHH rapajn YYyCIUII TOJOPXOMIIOX Ipaimep,
MIPOOBIH WIPYYIATHIH Xs3raapaac 1%-nap nx Oaiican.
Max, MaxaH OyTITIXYYH JA3X YXpUIH rapan YyCIuir
WIPYYJdX Xsi3raap Hb Zhang [24] HapblH ammniacaH
mpaiiMep, mpoOToil xapeiyyrtaxan 0.035 Hr-aap ux
Men

npaiimep, nMpod Hb XynajijgaaHz Oaiiraa yXpuilH MaxaH

OaifHa. 9HIXYY CymairaaHn OOIOBCpYYICaH
XUaMHbl OpL HaWlpJyarell yp AYHTIU TOHOPXOWIDK, Yr
aprelH ©BOPMOIl YaHap, OHIep MOAIPAIMKTIH, epreH

XIPATIIIHUH OOTOMKTOHT XapyyricaH.

Jdyrnaaar
MuToXoHApHIH TCHOMBIH pPHX TeHUIH
HYKICOTUABIH  Jlapaajulbll  XapbllyylaH COHIOCOH

YXpUuitH eBepmel] mpoO HH Oomur xyramaanel [IT'Y
sIByyJ1axajl yp XYHTAH OaiicaH.

Cymanraanpl JO9KUA aIIAIIAcaH IIyy,

YPBYY
mpaiiMep OOJIOH TMPOOBIH 30XMCTOH Xapblaa Hb | Hr:l
Hr OaiiB. Moapar YaHapblH MIMHKWITIHUE Yp IOYHI
YHIACIOH yT apra Hb | nukorpamm yxpuitH JITHX-uiir
WIIPYYIIX YaBapTaid OOIOXBIT TOTTOOCOH.

YXpuiiH eBepMell Po0 aluIIaH YXpUAH rapanTtai
Op11 HalpJIarsIr WIPYYIdX XypllaH, YHIH 36B, TOTTBOPTOM

6omut maruiiH [1I'Y-b1H apreIT 00IOBCpPYYIICaH.
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