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Selection of an effective DNA extraction method for the detection  
of Salmonella by the polymerase chain reaction 

DNA extraction is a crucial step at using molecular and biological methods, since the result of PCR analysis 
largely depends on the quality and quantity of the obtained DNA preparations. In this work, we compared the 
efficiency of DNA extraction from bacteria in various ways: the trizol method using TRizol commercial rea-
gent, the CTAB method and the sorbent method using silica particles. It has been shown that the extraction of 
DNA from Salmonella bacteria on silica particles ensures higher sensitivity than the other methods. The am-
plification of the extracted DNA on silica particles is more efficient and allows obtaining reproducible results 
with the accuracy of a high degree. In the future, this method will be used to complete the test system for 
diagnosing salmonellosis. Introduction of the methods of express diagnosis into practice is extremely important, 
as quick and early diagnosis will allow counteracting the spread of infection in a timely manner, which in turn 
will improve the epidemiological and epizootological situation in the country. 

Keywords: Salmonella bacteria, method, identification, DNA extraction, polymerase chain reaction, amplifica-
tion, silica particles. 

 

Introduction 

Salmonellosis is a widely spread human and animal infection caused by various members of the Salmo-
nella genus. Food raw material and foodstuff are the most dangerous for people of Salmonella reservoir. In 
many European countries, salmonellosis morbidity among humans has significantly increased for two recent 
decades [1]. 

Lately, methods of gene diagnosis (nucleic acid hybridization, polymerase chain reaction — PCR, and so 
on) are successfully used to detect and identify microorganisms in various objects under study. These methods 
allow indicating and identifying microorganisms at high specificity in the presence of attendant microflora and 
with sensitivity right up to single cells [2]. 

The identification of infectious agents by classical bacteriological methods is associated with the usage 
of numerous selective nutritive media and various substrates. It makes the identification process protracted 
and laborious. Moreover, growing contaminating microorganisms in various media under competition condi-
tions not always results in adequate identification. Furthermore, in vivo identification of transformed bacteria 
or of artificially genetically changed forms carrying pathogenicity genes not typical for the strain is difficult 
in the classical bacteriological assay [3]. 

Currently, there are various methods that allow extracting nucleic acids from a wide range of samples but 
only a bit of them is suitable for automation and many steps of isolation involve the risk of contamination. The 
presence of contaminants (proteins, for instance) in the complex mixtures often impedes the implementation 
of necessary reactions and techniques. Methods of DNA or RNA extraction should meet the following priority 
requirements: lysis of the biological material, selective extraction (sorption), concentration from large vol-
umes, separation of components that inhibit PCR, separation of DNA and RNA, high yield percentage, oppor-
tunity of calibration and of positive control, absence of contamination, low time expenses, automation possi-
bility [4]. 

Dynamic of development of veterinary and sanitary expert examination and of foodstuff certification is 
characterized by transfer to the most specific, sensitive and accelerated methods of bacteria identification [5]. 

Polymerase chain reaction (PCR) has a number of advantages as compared to the traditional bacteriolog-
ical method of Salmonella detection since it combines rapidness and simplicity of implementation as well as 
potentially high specificity and sensitivity in revealing pathogenic microorganisms [6]. 
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The objective of our studies was to select an effective method of DNA extraction for Salmonella detection 
by the method of polymerase chain reaction. 

Materials and Methods 

The objects of the study were eight Salmonella bacteria isolated from the foodstuff at the Microbiology 
Chair of Al-Farabi Kazakh National University. 

DNA Extraction. DNA was extracted from Salmonella bacteria by the following methods: 
1. Trizol method. The commercial reagent TRizol («Invitrogen», USA) was used in accordance with the 

manufacturer’s manual. 
2. CTAB method. CTAB (cetyl trimethyl ammonium bromide) is a classical cation detergent that is used 

in DNA extraction. СТАВ lyses the cellular membrane, effectively destroys DNA-protein [7]. 
3. Sorbent method using silica particles. DNA binds to silica particles under the effect of high concen-

trated salt [8]. 
The quality and quantity of the extracted DNA were controlled with the use of NanoDrop 2000. 
For setting PCR used the same amount of DNA (~ 30 ng/μl) obtained by different methods. 
PCR-amplification. PCR-fragments of Inv gene from Salmonella bacteria were produced with the use of 

the following primers: S Inv-1F (direct) and S Inv-1R (inverse). Amplification was carried out in 25 µL of 
reaction mixture of the following composition: 10 xbuffer of DNA polymerase — 2.5 µL, 10 mM dNTP — 
1 µL, MgCl2 — 1 µL, 20–50 ng of DNA-matrix, 20 pM of direct and 20 pM of inverse primers, and 0.5 U of 
DNA polymerase (Invitrogen), DNA — 1 µL. PCR products were assayed by electrophoresis in 1.5 % agarose 
gel containing ethidium bromide (1 µg/µL) at the field strength 6 V/cm2. The PCR product sized 500 bp. 

Results and Discussion 

Comparative study of three different versions of the DNA extraction from Salmonella bacteria was carried 
out: the trizol method using TRizol commercial reagent, the CTAB method and the sorbent method using silica 
particles. 

The parameters such as quantity and quality of the obtained DNA were taken into consideration to select 
the DNA extraction method. The results of extracting genome DNA by different methods from 8 Salmonella 
isolates are shown in Figure 1. 
 

 

Figure 1. The amount of DNAs extracted from eight Salmonella isolates (ng/µL) by different methods 

The implemented studies showed the CTAB method to demonstrate the highest DNA yield. The results 
of the trizol method are slightly lower. And the lowest DNA yield was demonstrated by the sorbent method. 

PCR-assay depends significantly on the quality of the extracted DNA. PCR amplification was conducted 
with the DNA specimens of equal volume (1 µL) obtained by different extraction methods from samples of 
the materials under study: the trizol method using TRizol commercial reagent, the CTAB method and the 
sorbent method using silica particles. The results are shown in Figure 2. 
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A — TRizol method; B — CTAB method; C — sorbent method;  
1–8 — DNAs of Salmonella bacteria; M — 1 kb DNA marker (Invitrogen) 

Figure 2. Electrophoregram of the DNAs obtained from Salmonella bacteria 

Figure 2 shows that the genetic material of high quality and of concentration sufficient for PCR-assay has 
been obtained by the sorbent method with the use of silica particles (С). At the same time, it should be noted 
that the DNA concentration in these preparations is 1.61 times less than in preparations obtained by using 
TRizol (A) and 1.75 times lower versus the preparations obtained by the CTAB method. 

Insignificant PCR inhibition in the DNA specimens obtained by the trizol method using TRizol commer-
cial reagent and the CTAB method may be caused by the DNA excess, which is a PCR inhibitor. 

The same amount of DNA (50 ng/μl) was used to select an effective DNA extraction method for detecting 
Salmonella in the PCR reaction. The results are presented in Figure 3. 
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А — 50 ng/μl of DNA isolated with TRizol reagent was used in the PCR reaction; В — 50 ng/μl of DNA isolated with 
CTAB method was used in the PCR reaction; С — 50 ng/μl of DNA isolated with sorbent method was used in the PCR 

reaction; 1–8 — DNAs of Salmonella bacteria; M — 1 kb DNA marker (Invitrogen) 

Figure 3. PCR products of Salmonella bacteria on an agarose gel using 50 ng/μl of DNA 
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As can be seen in Figure 3, optimal results were obtained when PCR was performed using DNA isolated 
by the sorbent method. 

The major criterion in methods of the DNA extraction is that nucleic acid should be the utmostly purified 
from cellular DNA and protein impurities. The extracted genome DNA should be unfragmented since it is a 
matrix for the synthesis of the specific product [9]. Such a result is ensured by the sorbent method using silica 
particles. When this method has used the proteins and cellular components are removed and the utmost purified 
DNA is left. The advantages of the DNA extraction method with the help of silica particles are as follows: loss 
minimization in the course of the DNA extraction; lower risk of cross-contamination owing to the linkage of 
all nucleic acid to the sorbent; high purity of the final product [10]. In contrast to other methods, this one does 
not require the usage of toxic reagents. 

Effectiveness of the process of the DNA extraction is a determining factor in the course of work with a 
small amount of the material or with the specimens containing a considerable quantity of inhibitors that may 
result in lower diagnostic sensitivity of the test and inhibition of the amplification process [11]. The properly 
selected method of the DNA extraction allows achieving the most accurate result of the polymerase chain 
reaction. 

Conclusion 

On the basis of the implemented study, one can conclude that the sorbent method using silica particles is 
the most suitable method for DNA extraction from Salmonella. In the future, this method may be used to kit 
up the test system for Salmonella identification and genotyping. 

The work was carried out within the project of grant financing «Genotyping pathogenic microorganisms 
in the food raw material and foodstuff realized in the markets and supermarkets of the Republic of Kazakhstan, 
development of recommendations aimed at reducing the risk of morbidity among the children of preschool and 
school age», years 2018–2020, No. AP05131147. 
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С.М. Бармақ, Ю.А. Синявский, А.Б. Бердығалиев, 
И.С. Савицкая, Т.Ш. Шарманов, И.Х. Менденхалл, Е.В. Жолдыбаева 

Полимеразды тізбекті реакция көмегімен сальмонелланы  
айқындау үшін ДНҚ бөлудің тиімді әдісін таңдау 

Молекулярлық-биологиялық әдістерін қолданған кезде ДНҚ бөлу шешуші қадам болып табылады, се-
бебі ПТР-талдауының нәтижесі алынған ДНҚ препараттарының сапасына және санына байланысты бо-
лады. Мақалада Salmonella бактерияларының ДНҚ бөлу тиімділігі түрлі әдістермен салыстырды: TRizol 
коммерциялық реагентін қолданатын тризол әдісі, CTAБ әдісі және кремнезем бөлшектерін қолданатын 
сорбентті әдіс. ДНҚ кремнезем бөлшектерінде оқшауланған кезде, басқа әдістермен салыстырғанда, 
Salmonella бактерияларының ДНҚ-ын анықтау сезімталдығы қамтамасыз етілген. Бөлініп алынған ДНҚ 
амплификациялануы кремнеземдік бөлшектерді қолданғанда күшейтілуі тиімдірек және жоғары дәл-
діктің қайталанатын нәтижелерін алуға мүмкіндік береді. Болашақта бұл әдіс Salmonella диагностика-
сының сынақ жүйесін жасау үшін қолданылды. Жедел диагностикалау әдістерін енгізу практикада өте 
маңызды, өйткені инфекцияны тез және ерте диагностика жасау оның таралуына уақытылы қарсы тұ-
руға мүмкіндік береді, бұл, өз кезегінде, елдегі эпидемиологиялық және эпизоотологиялық жағдайдың 
деңгейін арттырды. 

Кілт сөздер: Salmonella бактериялары, әдіс, айқындау, ДНҚ бөлу, полимеразды тізбекті реакция, ам-
плификация, кремнезем бөлшектері. 
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Подбор эффективного метода выделения ДНК для выявления сальмонелл 
методом полимеразной цепной реакции 

При использовании молекулярно-биологических методов выделение ДНК является определяющим эта-
пом, так как от качества и количества полученных препаратов ДНК во многом зависит результат ПЦР-
анализа. В статье сравнили эффективность выделения ДНК бактерии рода Salmonella различными спо-
собами, а именно: тризольный метод с использованием коммерческого реагента TRizol, СТАБ метод и 
сорбентный метод с использованием частиц кремнезема. Показано, что при выделении ДНК на части-
цах кремнезема обеспечивается высокая чувствительность выявления ДНК бактерии рода Salmonella 
по сравнению с другими методами. Амплификация экстрагированной ДНК на частицах кремнезема яв-
ляется более эффективной и позволяет получать воспроизводимые результаты высокой степени точно-
сти. В перспективе данный метод будет использован для комплектации тест-системы для диагностики 
сальмонелл. Внедрение методов экспресс-диагностики в практику чрезвычайно важно, так как быстрая 
и ранняя диагностика позволит своевременно противодействовать распространению инфекции, что, в 
свою очередь, повысит уровень эпидемиологической и эпизоотологической ситуации в стране. 

Ключевые слова: бактерии Salmonella, метод, идентификация, выделение ДНК, полимеразная цепная 
реакция, амплификация, частицы кремнезема. 
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