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ABSTRACT

Yogurt is a healthy food consumed all over the world by people of all groups. It contains bacterial
microbiota, which has positive effects on the health of its consumers. For decades yogurt has been
prepared traditionally by the method of back-slopping. Recently, it is also prepared commercially by
using bacteria in different combinations. In this study, we aimed to detect and identify bacteria present
in locally processed yogurt using the advanced next-generation sequencing (NGS) method. Yogurt
samples were collected from open-air shops located in different areas of Pakistan. All yogurt samples
were mixed to make one composite sample. DNA was extracted from yogurt using the phenol-chloroform
(organic) method. Extracted DNA was used to perform NGS/Illumina high-throughput sequencing
of hypervariable regions (V3 and V4) of the 16S rRNA gene. In the composite yogurt sample, 100%
bacteria were detected with a total count of 40423. The number of phyla was 3, of which proteobacteria
showed the highest abundance (89.9%). Four classes of bacterial microbiota were detected in which the
proportion of class Gamma proteobacteria was the highest (84.8%). The numbers of orders, families,
and genera to which bacteria belonged were 9, 10, and 15, respectively. Genus Stenotrophomonas had
the highest relative abundance (48.8%), which was followed by Citrobacter with a relative abundance of
11.2%. The lowest relative abundance (0.1%) was exhibited by 2 genera Tepidimonas and Enterobacter.
The relative abundance of 4 detected bacterial species was less than 1%. Three species (Mycobacterium
tuberculosis, Pantoea agglomerans, and Raoultella ornithinolytica) belonged to culturable bacteria and
one species (Zepidimonas spp.) belonged to nonculturable bacteria. Our data demonstrate the presence of
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wide diversity of bacterial microbiota in locally processed back-slopped yogurt.

INTRODUCTION

Yogurt is a milk-based healthy food consumed
worldwide by people of all age groups. It is produced
by the fermentation process by lactic acid bacteria (LAB),
Streptococcus thermophilus and Lactobacillus delbrueckii
bulgaricus. The aforementioned species must be present
in yogurt, however other LAB such as Leuconostoc
mesenteroides and Lactiplantibacillus plantarum can also
be present in yogurt, particularly in traditional yogurt
(Ispirli and Dertli, 2018). Streptococcus thermophilus and
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Lactobacillus  delbrueckii  bulgaricus are used as
starter cultures for the production of yogurt. They act
symbiotically and produce lactic acid rapidly. In the
dairy industry, along with the above-mentioned bacteria,
other LAB are also employed in different combinations
to produce yogurt of desirable characteristics (Ghadge et
al., 2008). The use of probiotic bacteria in dairy products
including yogurt can have a healthy impact on the health
of consumers as (1) these bacteria provide vitamins,
minerals, and proteins (Athar, 1986; McKinley, 2005), (2)
beneficial bacteria are retained in gut and stomach and thus
gastrointestinal disorders such as diarrhea and dysentery
are reduced, (3) they strengthen the immune system (Nair
et al., 2016). Moreover, yogurt consumption has also
been linked with the activity of lactase in people who are
lactose-intolerant, lower type 2 diabetes risk, improved
production of proinflammatory cytokines, and reduction in
risk for respiratory allergies and cardiovascular diseases
(Freitas et al., 2014; He et al., 2008).

For decades, milk-based products have been prepared
by spontancous fermentation and back-slopping methods
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without affecting nutritive quality (Zhong et al., 2016).
Currently, these products have gained popularity because
of an increase in awareness among people about healthy
nutrition. Naturally fermented products having diverse
bacterial fauna may provide better palatability and
extra health benefits to consumers (Zhong et al., 2016).
Microorganisms present in fermented milk products
such as yogurt contribute to flavor, taste, and nutritional
properties (Marco et al., 2017; Zhong et al., 2016).
Yogurt consumption is linked with an increase in bacteria
including Firmicutes and Bacillus lactis. Firmicutes
are associated with the reduction of inflammation and
the improvement of lipid metabolism (Chen et al.,
2019). Bacillus lactis is associated with the production
of metabolites such as 3-hydroxyoctanoic acid, which
regulates gut inflammation (Le Roy et al., 2022). Probiotic
bacteria like Limosilactobacillus reuteri present in
yogurt synthesize reuterin, which is a potent antifungal,
antibacterial, antiprotozoal, and antiviral peptide (Spinler
et al., 2008). Moreover, the lab cause the production of
lactate and acetate, which inhibit the growth of pathogenic
organisms (Tachedjian et al., 2017).

It is of significant value to know the composition
of microbiota present in fermented foods such as yogurt.
Advanced techniques like real-time quantitative PCR and
conventional methods like the plate count method using
selective media are employed to count bacteria (Furet
et al., 2004; Schmidt ef al., 2008). Recently, advanced
molecular techniques like random amplified polymorphic
DNA (RAPD)-polymerase chain reaction (PCR) (Skoda et
al.,2013), 16S rRNA gene sequences (Herbel ez al., 2013),
and RAPD-PCR followed by 16S rDNA gene sequencing
(Galanis et al., 2015) are used for the identification of
bacteria. Next-generation sequencing (NGS) or high-
throughput sequencing is an advanced technique, which
is employed to sequence nucleotides present in a gene
(Slatko et al., 2018). Microbial analysis of samples like
raw milk (Quigley et al., 2013), water (Chao et al., 2009),
and clinical samples (Cummings et al., 2016) can be
carried out using this technique. Methicillin-resistant strain
Staphylococcus aureus was detected using NGS (Chiu et
al., 2008). Infection in the central nervous system (Qu et
al., 2022) and acute respiratory syndrome (Wang et al.,
2022) can be detected using NGS. Psittacosis pneumonia
caused by Chlamydia psittaci was early diagnosed
using NGS (Chen et al., 2020). Besides the comparative
assessment of the relative abundance of microorganisms,
metagenomics also provides species-level identification of
the microorganisms (Cao et al., 2017).

Yogurt may have a large number of nonculturable
bacteria in addition to culturable bacteria. Thus, there
is a possibility that nonculturable bacteria present in

yogurt may have a role in the formation of yogurt or
the improvement of its quality. Thus, the attractive and
potential use of 16S rRNANGS is to identify nonculturable
bacteria and understand the profiling of microbiota (De
Filippis et al., 2016). In this study, we aim to employ the
16S rRNA gene NGS technique to provide information
about the diversity and relative abundance of bacteria
present in back-slopped yogurt sold in open-air shops in
different areas of Pakistan. To the best of our knowledge,
this is the first study conducted in Pakistan to investigate
the diversity of bacteria present in yogurt using the NGS
technique.

MATERIALS AND METHODS

Collection of samples

One hundred and thirty-five yogurt samples were
obtained in sterilized flasks from open-air shops located
in different areas of Gujranwala, Lahore, and Rawalpindi
divisions of Pakistan. They were packed with ice bags
during their transport to the laboratory. One composite
sample was prepared while mixing all collected samples
in a 50 ml falcon tube. Yogurt obtained was prepared by
shopkeepers using the back-slopping technique. In this
method, milk was boiled first and cooled to fermentation
temperature. For fermentation, it was mixed with a
previously produced yogurt, which was the starter culture.
Pots were kept in a place where they remained warm. After
7-9 h, the texture of the yogurt was checked and the process
of fermentation was stopped. This was the traditional way
of making yogurt as seen by the ancestors.

DNA extraction

DNA from a composite sample of yogurt was
extracted by the phenol-chloroform (organic) method
(Kochl et al., 2005). Yogurt (200 pl) was mixed with
700 pl of lysis buffer containing 10 mM Tris (pH 7.5),
0.32 mM sucrose, 1% triton, and 5 mM MgCI2 and
incubated at 70 °C for 10 min. Centrifugation of samples
was performed at 13000 RPM for 1 min. The supernatant
was discarded and 500 pl lysis buffer was added to the
tube containing the pellet. After mixing, samples were
centrifuged at 13000 RPM for 1 min. After discarding the
supernatant, the pellet was dissolved in 500 pl lysis buffer
(10 mM Tris, 400 mM NaCl, 2 mM EDTA) and mixed.
Incubation of samples at 60 °C for 30 min was performed.
Then, 15 pl proteinase K and 75 pl 20% SDS were added
and samples were incubated at 55 °C for overnight. Next,
samples were treated with 500 pl phenol, chloroform, and
isoamyl alcohol and centrifuged at 13000 RPM for 10 min.
A layer of the aqueous solution was shifted to another 1.5
ml tube and mixed with 500 pl of chloroform and isoamyl
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alcohol. The solution was centrifuged at 13000 RPM for
10 min. The aqueous layer was transferred to another
1.5 ml Eppendorf tube and treated with 55 pl of sodium
acetate solution, then 500 pl chilled isopropanol was
added. Samples were placed at -20 °C for 45 min. Then,
centrifugation was performed at 13000 rpm for 10 min.
After discarding the supernatant, 500 pl of 70% ethanol
was added to the tube, and the pellet was mixed well.
Again centrifugation was performed at 7500 RPM for 5
min. The supernatant was discarded and the pellet was
air-dried. TE (Tris EDTA) buffer was added to the DNA
pellet. Extracted DNA was stored at -4 °C until further use.

Next-generation sequencing (NGS)

NGS/Illumina high-throughput sequencing of hy-
pervariable regions (V3 and V4) of 16S rRNA gene was
performed using universal primers; forward (F) primer,
5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGCCTACGGGNGGCWGCAG-3" and 16S reverse (R)
primer, 5-GTCTCGTGGGCTCGGAGATGTGTATAA-
GAGACAGGACTACHVGGGTATCTAATCC-3".  For
making a fragment library, the method of paired-end was
used for sequencing of paired-end. The metagenomic anal-
ysis tool, software QIIME2 V 2021.4, was employed for
raw paired-end reads (FASTQ) obtained from DNA frag-
ments. To import paired-end reads, the manifest file tech-
nique was used. The technique of DADA?2 denoising was
employed for denoising, quality filtering, and removal of
chimeric sequences. Method, read truncation, was used for
constant read length for all reads.

VSEARCH tool was used for operational taxonomic
units (OTU) clustering based on closely related references.
QIIME2 data type with the feature data (Sequence) was
used for the FASTA file with the sequences to use as
reference. SILVA (https://www.arb-silva.de/download/
archive/qiime) was taken as the reference database for
the 16S rRNA gene. The classifiers, Q2 feature and Naive
Bayes, were employed for assigning likely taxonomies
to reads obtained. Krona charts were constructed using
taxonomic data (Ondov et al., 2011).

RESULTS

For sequencing analysis and identification of
microbial community present in locally processed back-
slopped yogurt samples, NGS of V3 and V4 regions of
16S rRNA gene was carried. In our composite sample
of yogurt, no organism other than bacteria was detected
and the total count of bacteria was 40423. Three types of
phyla were identified from the composite yogurt sample.
The predominant phylum was Proteobacteria with the
highest abundance (89.9%). The other two phyla included

Actinobacteria and Firmicutes with a relative abundance
0f 0.6% and 9.5%, respectively (Fig. 1A).

The predominant taxon at the class level with the
relatively highest abundance was Gammaproteobacteria
(84.8%). The second-highest relative abundance was
of Alphaproteobacteria (9.5%). The other two classes
included Actinobacteria and Bacilli with a relative
abundance of 0.6% and 5%, respectively (Fig. 1B). The
number of orders to which bacteria belonged was 9.
Among these, Xanthomonadales had maximum relative
abundance (48.8%) and Propionibacteriales had minimum
relative abundance (0.1%) (Fig. 1C). Total 10 families
were detected from the yogurt sample. The predominant
family was Xanthomonadaceae with the highest
relative abundance (48.8%). Family Enterobacteriaceae
occupied the second position with respect to relative
abundance (33.3%). The least abundant family was
Propionibacteriaceae (0.1%) (Fig. 1D).

Of 15 detected genera from the yogurt, 3 genera
with the relative abundance were Stenotrophomonas
(48.8%), Citrobacter (11.2%), and Streptococcus (5.1%),
respectively. Two genera, Lactobacillus and Raoultella
displayed relatively lower bacteria proportions i.e., 0.3%
each. Therelatively lowest generic abundance was exhibited
by 2 genera, Tepidimonas and Enterobacter, 0.1% each
(Fig. 1E). At the species level, 4 species were detectable.
Three species (Mycobacterium tuberculosis, Pantoea
agglomerans, and Raoultella ornithinolytica) belonged
to culturable bacteria and one species (Zepidimonas
spp.) belonged to nonculturable bacteria. Of culturable
bacterial species, Mycobacterium tuberculosis exhibited
the highest relative abundance (0.6%) followed by
Raoultella ornithinolytica (0.3%). Pantoea agglomerans
had the lowest relative abundance (0.02%). The relative
abundance of nonculturable bacteria (Tepidimonas spp.)
was 0.1% (Figs. 1F, 2, Table I).

DISCUSSION

In this study, the 16S rRNA genome was targeted for
comprehensive evaluation of the diversity of microbiota
present in locally processed back-slopped yogurt. Different
methods have been employed for the detection and
identification of microbiota present in dairy food products.
However, recently, advanced molecular techniques such
as high-throughput NGS and whole genome sequencing
are being used to identify microbial populations from
food products (Demirci et al., 2022; Mayo et al., 2014).
The latest techniques can identify both culturable and
nonculturable bacteria, thus application of culture-
independent techniques could play a significant role in the
identification ofall types of bacteria (Pasquaroliezal.,2013).
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present in yogurt determined by NGS.
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Table I. Diversity of bacteria present in yogurt Taxon Number (%)
determined by NGS. Lactobacillaceae 114 (0.28)
Streptococcaceae 3643 (9.01)
S Caulobacteraceae 150 (0.37)
I];?:‘l‘;';om Number (%) Rhizobiaceae 1875 (4.64)

. Burkholderiaceae 413 (1.02)
Bacteria 40423 (100.00) Enterobacteriaceae 13473 (33.33)
Phylum Moraxellaceae 698 (1.73)
Actinobacteria 260 (0.64) Xanthomonadaceae 19712 (48.76)
Firmicutes 3842 (9.50) Genus
Proteobacteria 36321 (89.85) Mycobacterium 237 (0.59)
Class Cutibacterium 23 (0.06)
Actinobacteria 260 (0.64) Lactobacillus 114 (0.28)
Bacilli 3842 (9.50) Lactococcus 1600 (3.96)
Alphaproteobacteria 2025 (5.01) Streptococcus 2043 (5.05)
Gammaproteobacteria 34296 (84.84) Brevundimonas 150 (0.37)
Order Rhizobium 1875 (4.64)
Corynebacteriales 237 (0.59) Achromobacter 389 (0.96)
Propionibacteriales 23 (0.06) Te e.pidimonas 24(0.06)
Lactobacillales 3842 (9.50) Citrobacter 4541 (11.23)
Caulobacterales 150 (0.37) Enterobacter 29 (0.07)
Rhizobiales 1875 (4.64) Pantoea 1767 (4.37)
Betaproteobacteriales 413 (1.02) Raoultella 127/0.31)

. ’ Acinetobacter 698 (1.73)
Enterobacteriales 13473 (33.33) Stenotrophomonas 19712 (48.76)
Pseudomonadales 698 (1.73) Remainder 7094 (17.55)
Xanthomonadales 19712 (48.76) Species
Family Mycobacterium tuberculosis 237(0.59)
Mycobacteriaceae 237 (0.59) Tepidimonas spp. 24 (0.06)
Propionibacteriaceae 23 (006) Pantoea agglomerans 7 (002)
Enterococcaceae 85(0.21) Raoultella ornithinolytica 127 (0.31)
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Although the Sanger sequencing method is used for the
molecularidentification of bacteria, however, nonculturable
bacteria are not identified by this method (Winand e? al.,
2020). We employed a high-throughput NGS technique for
the identification of bacteria, which had the advantage that
not only culturable but also nonculturable bacteria could be
detected from complex samples. In our study, in addition
to culturable bacteria, nonculturable bacteria (Tepidimonas
spp.) were detected from locally processed yogurt. In an
evaluation of human milk biota using the 16S rRNA NGS
method, 3 phyla including Firmicutes, Proteobacteria, and
Actinobacteria and 14 genera were detected (Treven ef al.,
2019). High-throughput sequencing revealed the presence
of Firmicutes and Proteobacteria phyla and Lactococcus
lactis and Lactobacillus helveticus species in milk-related
products (Shangpliang et al., 2018). In another study, a
wide diversity of bacteria including pathogenic bacteria
was demonstrated in fermented mare’s milk using NGS
(Jatmiko et al., 2019).

In this study, only bacteria, which belonged to 3 phyla
(Proteobacteria, Actinobacteria, and Firmicutes) were
detected from the yogurt sample. The predominant taxon at
the level of phylum was Proteobacteria, which accounted
for 89.9% relative abundance. The detection of 3 phyla
from yogurt is partially in accordance with the previous
studies. In a recent study (Demirci et al., 2022) conducted
in Turkey, 3 phyla including Bacteriodetes (3.94—
11.64%), Firmicutes (79.08-94.96%), and Proteobacteria
(0.91-8.79%) were reported. Two phyla were similar to
our study, however, Proteobacteria exhibited the least
abundance. Moreover, the Firmicutes phylum has a
much higher proportion (79.08-94.96%) as compared to
our study (9.5%), which is not in line with our study. In
another study (Xu et al., 2015) conducted in Xinjiang, 4
phyla including Firmicutes, Proteobacteria, Bacteriodetes,
and Actinobacteria were reported from homemade
yogurts. Firmicutes phylum was found relatively abundant
followed by Proteobacteria and Bacteriodetes. Phylum
Actinobacteria had the least relative abundance. In another
study (Zhong et al., 2016) in which artisanal yogurts were
collected from different areas of three countries, which
included Russia, Mongolia, and China, and analyzed for
bacterial microbiota. Four major phyla were demonstrated
in that study. Among these, Firmicutes, Bacteroidetes,
Proteobacteria, and Actinobacteria represent 99% relevant
abundance together.

In our study, of 15 detected genera, genus
Stenotrophomonas ~ exhibited the highest relative
abundance (48.8%) followed by Citrobacter (11.2%)
and Streptococcus (5.1%), respectively. A recent study
(Demirci et al., 2022) in which back-slopped homemade
yogurt was used to investigate the diversity of bacterial

microbiota employing NGS demonstrated the highest
relative abundance (78.25%) of genus Lactobacillus
followed by Streptococcus with a relative abundance of
7.86%. Our results concerning the abundance of genera are
contradictory to this study (Demirci ef al., 2022), however,
4 genera Acinetobacter, Lactobacillus, Citrobacter, and
Streptococcus were commonly detected in both studies.
In another study (Zhong ef al., 2016) conducted by using
yogurt, the prevalent genus was Lactobacillus with a
relative abundance of 64.69% followed by Lactococcus,
Streptococcus, Acetobacter, and Acinetobacter with
a relative abundance of 14.62%, 10.29%, 4.78%, and
1.36%, respectively. Some of the genera reported in
this previous study such as Lactobacillus, Lactococcus,
Streptococcus, and Acinetobacter were similar to
the genera detected in our research work. However,
their relative abundance contradicted with the relative
abundance of genera as reported by our study. Similarly,
another recent study (Suh and Kim, 2021) demonstrated
the presence of genera Streptococcus, Lactobacillus, and
Lactococcus with a relative abundance of 67-98%, 1-8%,
and 0-27%, respectively in drinkable yogurts. All the
aforementioned genera were also detected in our study,
however, their relative abundance varied. Xu et al. (2015)
also detected two genera Lactobacillus and Streptococcus
with the highest relative abundance from homemade
yogurts collected from Xinjiang (China), which was in
line with our study as the presence of the same genera
was also indicated in our study. According to our data,
Stenotrophomonas showed the highest relative abundance
followed by Citrobacter. The genus Stenotrophomonas
was first reported as the predominant genus amongst
genera detected in locally processed back-slopped yogurt
using the NGS technique in our present study. Variations
regarding the relative abundance of genera in different
locally processed yogurts across the world can be attributed
to different geographical areas, sanitation, the microbiota
of milk, environmental conditions such as altitude and
temperature, and differences in the traditional methods of
preparing yogurt (Zhong et al., 2016).

In this study, we detected both culturable species
(Mycobacterium tuberculosis, Pantoea agglomerans,
and Raoultella ornithinolytica) and nonculturable species
(Tepidimonas spp.) of bacteria. The relative abundance
of all detected bacterial species was less than 1%. In the
latest research work (Demirci et al., 2022) carried out
using yogurt, L. delbrueckii was reported as a predominant
species with a relative abundance of 52.45-93.66%. The
same species was also found to be relatively abundant
in Bulgarian yogurt (Ivanov et al., 2021). In addition,
other relevant abundant bacterial species found in yogurt
were L. helveticus, Prevotella copri, Faecalibacterium
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prausnitzii, Bacteroides vulgatus, and Bacteroides dorei
(Demirci et al., 2022). Thus, our findings are contradictory
to the results of the above-mentioned studies. In our study,
bacteria were detected and identified remarkably to the
level of the genus. However, at the species level, only 4
bacteria were identified as the difference between species
with respect to their identification was not significant. In
previous studies, it has been demonstrated that if bacteria
belong to closely related genera their identification at the
species level will be difficult (Ozen and Ussery, 2012;
Alnajar and Gupta, 2017). In this research work, we aimed
to explore the diversity of microbiota present in yogurt
available in Pakistan. Thus, we collected yogurt samples
from different regions of Pakistan and mixed them to
make one composite sample and analyzed the diversity of
bacteria. This was the reason that we did not perform NGS
separately with yogurt samples collected from different
areas.

Unfortunately, in our study, instead of yogurt forming
LAB, pathogenic bacterial species were detectable. For
instance, Mycobacterium tuberculosis is associated with
tuberculosis (Assam et al., 2013), Pantoea agglomerans
is an opportunistic causative agent of human infections
(Biiyiikcam et al., 2018), and Raoultella ornithinolytica
can also cause infections in immunocompromised children
(De Petris and Ruffini, 2018). In other studies, pathogenic/
spoilage bacteria had also been reported in milk products
including yogurt. For example, Acinetobacter spp. and
Chryseobacterium spp., food spoilage species, were found
in yogurt (Demirci et al., 2022; Ivanov et al., 2021).
The presence of food spoilage bacteria in yogurt can be
attributed to several factors including storage, processing
conditions of raw milk, and farming. In addition, soil,
forage, pasture, storage tanks, milking equipment, and
transportation could also be the source of contamination
of milk by bacterial microbiota. All these conditions could
be considered responsible for differences in the bacterial
composition of milk and dairy products (Parente et al.,
2020). Moreover, our yogurt sample was obtained from
open-air shops, where the same vendor dealt with currency
notes and yogurt selling. Thus, currency notes could also
be a source of bacterial contamination (Akoachere et al.,
2014).

CONCLUSION

To the best of our knowledge, this is the first study
conducted in Pakistan to explore bacterial microbiota in
locally processed back-slopped yogurt sold in open-air
shops. Phylum Proteobacteria was found to be relatively
abundant and among genera, Stenotrophomonas exhibited
the highest relative abundance. This study demonstrated

the presence of a significant number of genera in yogurt.
Moreover, nonculturable bacteria were also detected.
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