DYNAMICS AND BIOINFORMATICS OF
MICROBIAL SPOILAGE ECOLOGY OF KEFIR

A Thesis Submitted to
the Graduate School of
Izmir Institute of Technology
in Partial Fulfillment of the Requirements for the Degree of

MASTER OF SCIENCE

in Biotechnology

by
Ayse MEMON

July 2022
iZMIR



ACKNOWLEDGMENTS

I would like to express my endless thanks to my supervisor Assoc. Prof. Dr. Ayse
Handan BAYSAL for her continuous direction, support, guidance, and motivation in all
time of my master thesis and related research. I am grateful to her for her encouragement,
patience, and immense knowledge.

I would like to thank my co-supervisor Assoc. Prof. Dr. Efe SEZGIN for his
direction, sharing his knowledge and aids for explaining bioinformatics analysis results.

I’'m grateful to specialist Yekta Giinay for her valuable support and assisting
throughout FTIR experiments.

I also want to thank Res. Assis. Cagrt CAVDAROGLU for his support explaining
FTIR spectra and PCA analysis.

il



ABSTRACT

DYNAMICS AND BIOINFORMATICS OF
MICROBIAL SPOILAGE ECOLOGY OF KEFIR

In this study, it was aimed to characterize the microbiological properties, bacterial
composition, and microbial stability of 5 different commercial milk kefir beverage
products during refrigerated storage.

In order to determine the microbiological load and compositions, total mesophilic
aerobic bacteria, yeast and molds, lactic acid bacteria, Lactobacilli, Lactococci, total
coliforms, and E.coli were investigated by cultural conventional analysis for milk kefir
beverages. According to the obtained data, microbiological and hygienic characteristics
of the samples were found acceptable.

The bacterial load of the kefir beverage samples ranged between 7.086 and 8.794
logio cfu.ml™! for viable total acrobic mesophilic bacteria (TAMB), 6.792 and 8.382 ogio
cfu.ml! for lactic bacteria (LAB), <10 and 6.322 logio cfu.ml 'for Lactobacillus, 5.857
and 8.146 logio cfu.ml™ Lactococcus, 5.176 and 7.218 logio cfu.ml™! for yeasts, negative
for molds, coliform bacteria and negative for E. coli.

Principal component analysis (PCA) of the compounds separated the kefir
beverages according to the storage time and kefir brands. Strong relationship were found
between storage time and PC1 and between kefir brands and PC2.

To date, information on microbial properties, bacterial composition, and
constancy of commercial kefir is scant, and to the best of our knowledge, this is the first
research to contribute information on kefir beverages in microbial properties, bacterial
composition, and their stability during refrigerated storage by evaluating Fourier
Transform Infrared Spectroscopy (FTIR) spectra analysis and Bioinformatics besides

cultural conventional analysis.
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ABSTRACT

KEFIRIN MiKROBIiYAL BOZULMA EKOLOJISININ DINAMIKLERI
VE BIYOINFORMATIGI

Bu caligmada, 5 farkli ticari siit bazli kefir icecek iiriiniiniin buzdolabinda
depolama sirasinda mikrobiyolojik ozellikleri, bakteri bilesimi ve mikrobiyal
stabilitesinin karakterize edilmesi amaglanmistir.

Mikrobiyolojik yiik ve kompozisyonlar1 belirlemek i¢in siit kefir icecekleri i¢in
toplam mezofilik aerobik bakteri, maya ve kiifler, laktik asit bakterileri, Lactobacilli,
Lactococci, total koliformlar ve E.coli kiiltiirel konvansiyonel analizlerle incelenmistir.
Elde edilen verilere gore drneklerin mikrobiyolojik ve hijyenik 6zellikleri kabul edilebilir
bulunmustur.

Kefir igecek drneklerinin bakteri yiikii toplam canli aerobik mezofilik bakteriler
(TAMB) igin 7.086 ile 8.794 logio cfu.ml, laktik bakteriler (LAB) i¢in 6.792 ve 8.382
ogio kob.ml'!, <10 ile 6.322 logio arasinda degismektedir. Lactobacillus igin cfu.ml™,
5.857 ve 8.146 logio cfuml! Lactococcus, mayalar igin 5.176 ve 7.218 logio cfu.ml™,
kiifler, koliform bakteriler ve E. coli i¢in negatiftir.

Bilesiklerin temel bilesen analizi (PCA), kefir igeceklerini saklama siiresine ve
kefir markalarina gore ayirmistir. Depolama siiresi ile PC1 arasinda ve kefir markalari ile
PC2 arasinda giiglii bir iligki bulunmustur.

Bugiine kadar, ticari kefirin mikrobiyal oOzellikleri, bakteriyel bilesimi ve
stabilitesi hakkindaki bilgi yetersizdir ve bildigimiz kadariyla, bu, kefir igeceklerinin
mikrobiyal ozellikleri, bakteriyel bilesimi ve buzdolabinda depolama sirasindaki
stabiliteleri hakkinda Fourier Doniistimii Kizilotesi Spektroskopisi (FTIR) spektrum
analizi ve Biyoinformatik'i kiiltiirel konvansiyonel analizi degerlendirerek bilgi saglayan

ilk aragtirmadir.
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CHAPTER 1

INTRODUCTION

People were searching for how to protect the food long time and they found a way
called fermentation, which is the oldest method that is known in the world. To protect
food like milk from spoilage developed as fermented milk and this method was found in
the Middle East and the Balkans, 10,000 years ago. Through time some progress
developed like, people were using a small portion of the previous batch as a starter and
putting this small portion of food into large-scale production (Litopoulou-Tzanetaki and
Tzanetakis 2014). Found fermented milk products were classified into three groups as
lactic, yeast-lactic and mold-lactic fermentation products.

As known worldwide kefir is generally made from cows’ milk. Generally, kefir
grains are added directly to milk as a starter culture. It is known that kefir is fermented
differently from other milk products, which have grains to get fermented (Simova et al.
2002). The classic method of making kefir involves mixing kefir grains (2% — 10 % m/v)
directly into pasteurized milk that has been cooled to 20-25°C. The beverage is incubated
24h at room temperature. Then, the grains are filtered, and the milk kefir is ready for
consumption. If the milk kefir is fermented shortly the taste is sweeter but if it’s fermented
a long time the taste of the milk kefir is sour (Simova et al. 2002). Sequencing of 16S-
rRNA is utilized for classification, identification and quantitation of all the
microorganisms in microbiota. Classifying the microorganisms is done in genus and
species level. The 16S-rRNA gene is highly conserved and by knowing this, in thousands
of species the target gene is 16S-rRNA gene (Cox, Cookson, and Moffatt, 2013).

This study aimed to evaluate commercial kefir products in storage conditions,
characterizing their microbial properties, bacterial composition, and their steadiness
during refrigerated storage. To date, information on microbial properties, bacterial
composition, and their stability of commercial kefir is scant, and to the best of our
knowledge, this is the first preliminary research evaluating Fourier Transform Infrared
Spectroscopy (FTIR) spectrum data and Bioinformatics besides cultural conventional
analysis to provide on kefir beverages in microbial properties, bacterial composition, and

their stability during refrigerated storage by.



CHAPTER 2

LITERATURE REVIEW

2.1. History of Kefir

The 21st century's most popular yogurt is called kefir, and it resembles a blend of
thick, acidic, and slightly alcoholic, yellow and white dairy products (Enikeev 2012).
Kefir, which predates written records, is a fermented milk drink emerging from the
Caucasus. In ancient times, the nomadic sheep herders from the east realized that while
they were traveling and carrying milk in their pouches, sometimes the milk turned in to a
foamy beverage. These people called the beverage “kefir” that came from the word
“keyif” and this word in Turkish means “pleasure (Turkmen 2017). There is no
information about when the first kefir drink or kefir grains derived from. People were
adding fresh milk while they were removing the fermented milk and it is known that kefir

can be made from animal milk such as sheep, goat, cow, or vegetable milk such as soy

milk.

2.2. Kefir Grains

Since kefir's starter is comprised of grains, which are a combination of various
bacteria, yeasts, polysaccharides, and other microbial metabolic byproducts, in addition
to milk protein curds, it differs from other fermented dairy beverages. Kefir grains are
uneven in shape and has an uneven surface. These kefir grains in 2 cm in size. As shown
in Figure 1 the grains look like cauliflower in shape and they have a gelatinous, elastic
shape, a yellowish white appearance, and a distinct odor. When grains are put into the
milk for fermentation, they develop, proliferate, and pass on their traits to subsequent
generations of newly created grains and in the right conditions, kefir grains can continue

to function for years. (Farnworth 2016).



Figure 1. Kefir Grains
(Source: Turkmen, 2017)

The kefir grains generally contain 90% water, whereas the dry bulk is composed
of 57% carbohydrates, 33% proteins, and 6% ash. Kefir grains cause fermentation and
there are group of microorganisms that are stick together by a polysaccharide matrix and
this is known as kefiran and is made by Lactobacillus kefiranofaciens. A branching
polysaccharide called kefiran is composed equally of galactose and glucose. The kefir
grains consist of complex microbiological composition which are 83%-90% of lactic acid
bacteria, 10%-17% yeasts, acetic acid bacteria and possibly mold which are all together

on the matrix of the kefiran (Tamime et al. 2017; Sarkar 2007).

2.3. Probiotics as Kefir

Probiotics are foods that contain beneficial microorganisms for our wellbeing.
When ingested, some microbes can be advantageous to one's health. The beneficial
microorganism that is known as probiotics, can effect one’s health in a good various ways
like, aiding digestion, weight management and mental health. Although yogurt is the most
well-known probiotic food in the Western diet, kefir is a far more effective source. Kefir
grains are an example of probiotic symbiosis between yeast and bacteria. Kefir grains
include approximately 61 strains of bacteria and yeast that makes the grains very rich and
diverse source of probiotics, however diversity varies. Other fermented dairy products
include no yeast and are created from fewer strains (“9 Evidence-Based Health Benefits

of Kefir” n.d.).



2.4. Production of Milk Kefir

To make traditional kefir, pasteurized milk is added on kefir grains and stir and
get it incubated for 24 hours at room temperature. After the fermentation is finished
agitation of the kefir curd will make the kefir grains float because of the effect of carbon
dioxide. The traditional kefir can be used after fermentation for future use in following
kefir fermentations. Some researchers have argued that, to make traditional kefir, kefir
grains must be used. However, industrial production of kefir is different from traditional
kefir because it is not incubated with the grains. According to the same study, kefir made
by incubating milk with kefir grains cannot be utilized as a starter culture for the following

batches of kefir (Simova et al. 2002).

2.5. Storage of Kefir Grains

If you want to take a break of kefir you have to store it and there are several ways
that you can store kefir. Firstly, you can store the kefir grains in milk and put in the fridge
for 7 to 14 days and you can change the milk every 2 weeks. Secondly, you can store the
kefir grains in water/sugar solution and put it in the fridge. This can stay up to 2 months
in the fridge. Thirdly, you can dry them for few hours and put the dry grains in a jar and
put it in the freezer and it can stay up to 6 months. Fourthly, you can wash the grains with
fresh non chlorinated water and then leave them to dry few days on a paper towel until it
gets completely dry. Then put powdered milk on the dried grains and put it in a zip bag
for up to 6 months in the fridge (“How to Store Kefir Grains When You’re Taking a Break
from Kefir - KEFIRKO” n.d.).

2.6. Chemistry of Kefir Grains and Kefir Beverages

The structure of kefir differs due to the type, lipid content, the structure of grains
and the creation methods of the milk. The typical structure of kefir has 89-90% moister,
0.2% lipid, 3% protein, 6% sugar, 0.7% ash and 1% lactic acid and alcohol (Sarkar 2007).
It is reported that ethanol is present in kefir in different amounts in every product, like:

0.12-0.18% (Marshall and Cole 1985).



Traditional kefir's refreshing flavor is due to a combination of yeast and lactic acid
fermentation. Still, package swelling can occur due to the yeast's generation of carbon
dioxide. Some organizations employ starter cultures without yeast flora to prevent this
problem. Due to the lack of alcohol fermentation and little to no carbon dioxide
production, the flavor of kefir differs from that of true kefir. Researchers used a
commercial kefir as a starter culture for 168 hours incubation, microbiological and
biochemical parameters were determined. During the first 24 hours of incubation
Lactococcus spp. were the richest strain but later, Lactobacillus spp. past Lactococcus
spp. During the fermentation period, Leuconostoc strains were not detected and after 48
hours of incubation yeasts increased in number. This means that yeast populations were

reported lower than other studies (Garcia Fontan et al. 2006).

2.6.1. Kefir Flavor

Lactic acid is mostly found during kefir fermentation. There are flavor forming
compounds in kefir that are carbonyl compounds, volatile organic acids and non-volatile
acids that are secondary metabolites (Teixeira Magalhaes et al. 2011). According to the
species or strains present, the ratio and kind of flavor compounds produced by these
microorganisms varies. This variety in the LAB composition may have a important
impact on the quality of the last product (Mauriello et al. 2001).

Lactic acid, acetaldehyde, diacetyl, acetoin, acetone, ethanol, CO2, and acetic acid
are some of the major and secondary end products produced by LAB. Lactic acid, in kefir,
is a nonvolatile, odorless molecule that gives fermented foods their characteristic acidity.
Lactic acid is produced when lactose is broken down by the homo-fermentative and
hetero-fermentative LAB found in kefir grains (Otles and Cagind1 2003).

Acetaldehyde is responsible for yogurt's distinctive "fresh fruit" fragrance. With
concentrations ranging from 0.5 to 10 mg/L, this molecule is one of the main fragrance
components detected in kefir (Giizel-Seydim et al. 2000).

Diacetyl is also a desirable component of many dairy products, and it is
responsible for the buttery aroma of milk products at extremely low concentrations up to
5 mg/L (Giizel-Seydim et al. 2000).

Acetoin, at a concentration of 9 mg/L, has been found in high-quality kefir
beverages. Acetoin is normally flavorless and odorless at amounts seen in cultured

products, therefore it would have little taste value (Giizel-Seydim et al. 2000).



Acetone is a natural component of milk and cheese, and it is found in kefir
beverages at amounts ranging from 0.6 to 4.91 mg/L. Acetone is thought to play a small
role on the organoleptic properties of kefir, with acetone concentrations less than 1 mg/L
unlikely to have a major effect on flavor. Acetone is thought to play a small role on the
organoleptic properties of kefir, with acetone concentrations less than 1 mg/L unlikely to
have a major effect on flavor (Aghlara et al. 2009).

Kefir ethanol concentrations have been observed to range from 0.01% to 2.5%
(m/v), depending on the starter and kefir preparation process (Magalhaes et al. 2011).
Alcohol dehydrogenase, an enzyme found in both yeasts and LAB, converts acetaldehyde
to ethanol and produces ethanol. Non-lactose-fermenting yeasts and lactose-fermenting
yeasts can both be found in kefir. Lactose-fermenting yeasts lack sufficient alcohol
dehydrogenase activity, resulting in a less yeast flavor in the final beverage than
beverages made with non-lactose fermenting yeasts. Kefir's mild effervescence is due to
carbon dioxide produced by alcoholic fermentation and heterofermentation (Liu, Chen,
and Lin 2002).

Acetic acid is a short-chain volatile fatty acid present in kefir with amounts
ranging from 200 to 850 mg/L (Garrote, Abraham, and De Antoni, 2001). Some other
scientists did not observed acetic acid and in kefir beverages it was found in very low
amounts and this did not influence the organoleptic nature of the beverage. Generally
acetic acid has a flavor like vinegar but in kefir this is not principal flavor (Magalhaes et

al. 2011).

2.7. Microbiology of Kefir Grains and Kefir Beverages

Kefir grains are rich in microbial content and looks like cauliflower in structure.
Lactic acid bacteria, acetic acid bacteria, and yeasts are the three types of microorganisms
that present in symbiotic interaction in kefir grains. (Magalhaes et al. 2010).

Kefir beverages microbial composition is related to the presence of kefir grains.
Kefir grains microorganisms release to the milk and begin to multiply by using the
nutrients that are inside the milk which are lactose that is used as a carbon and energy
source. It is expected that kefir grains and beverages have similar composition. But, kefir
beverage is not suitable to do inoculum to make a new batch so kefir grains are needed to
produce traditional kefir. As a starter, kefir grains should be used instead of mixture of

pure cultures. it is reported that the integrity of grains are very important to get the



effervescent character, typical yeast flavor and the creamy texture of kefir (Simova et al.

2002).

2.7.1. Lactic Acid Bacteria (LAB)

The primary LAB population, which makes about 65% to 80% of the overall
microbial population, can be homofermentative or heterofermentative. Kefir grains
generally contain lactobacilli, lactococci and Leuconostoc sp. (Gao et al. 2013).

LAB has the possibility to ferment carbohydrates to make lactic acid and are
generally used in the fermented food and beverage industry for their probiotic functions.
They can spoil macromolecular components of food by destroying indigestible
polysaccharides and changing taste components. On the other hand, they can also make
exopolysaccharides (EPS), amines, bacteriocins, and short-chain fatty acids during
metabolism. By breaking down the protein in food, LAB can create a range of tiny
molecule peptides or free amino acids. In the kefir culture one of the main group of
lactobacilli has a strong spoiling effect on milk protein in the beverage (Dallas et al.
2016).

In beverages the LAB population (especially the lactobacilli) is higher than the
yeast population according to some researchers (Ertekin and Guzel-Seydim 2010). But
some other scientist found more Lactococci than Lactobacilli (Rea et al. 1996). The
second major group was the Leuconostoc species in Irish beverage kefir. Leuconostoc are

found less in milk and are in a relationship with Lactococci (Rea et al. 1996).

2.7.2. Acetic Acid Bacteria (AAB)

In kefir grains, the microbial population of AAB is 20% (Magalhaes et al. 2011).
AAB were not present in some studies and were considered as contaminants (Angulo,
Lope, and Lema 1993). Some scientist reported, AAB can stimulate the growth of other
organisms because they can produce vitamin B12 (Rea et al. 1996). The consistency of
kefir can be improved by using a starter that contains AAB and this means the presence
of AAB can be important for good kefir consistency and is a quality product
(“Technology of Kefir and Kumys | Semantic Scholar” n.d.).

AAB are also found in kefir beverage but it is not always found in kefir beverage

and sometimes are conceived as contaminants (Angulo, Lope, and Lema 1993).



There are species of bacteria that were found in kefir grains and kefir beverages.
If you need it to put in order lactic acid bacteria found in kefir grains and beverages are
Lb. acidophilus, Lb. crispatus, Lb. helveticus, Lb. kefiranofaciens, Lb. kefiri, Lb.
otakiensis, Lc. lactis and Leu. mesenteroides. Acetic asid bacteria found in kefir grains
and beverages are A. lovaniensis, A. pasteurianus and A. syzygii. Y easts that are found in

kefir grains and beverages are, KI. marxianus and S. cerevisiae (Gao and Li, 2016).

2.7.3. Yeasts

Yeasts that are found in kefir grains can be either lactose fermanting or non-
lactose fermenting (Simova et al. 2002). Generally there few yeasts than LAB. But in
some grains there more yeasts than LAB (Zajsek and Gorsek 2010). Yeasts are also found

in kefir beverages as lactose or non-lactose fermenting beverages (Miguel et al. 2010).

2.8. Infrared Spectroscopy (IR)

Infrared spectroscopy is a method that measures wavelength and intensity of
infrared light absorption of a specimen. The infrared light is powerful enough to raise the
energy level of molecular vibrations (Putzig et al. 1994). The IR light is being used for
three different purposes and the wavelengths are different in every region such as, the far-
IR region is used for inorganic molecules at wavelength is between 400 — 30 cm™ .The
mid-IR region is used for molecular finger print studies at the wavelength 1400 — 400 cm
!. The near-IR region is used for food applications in the wavelength 4000 — 1400 cm™'.

At the far-IR region inorganic compounds are interpreted. At the mid-IR region,
the basic absorption bands provide the molecular fingerprint. This region especially
needed for simple structural analysis and detection of natural material ingredients or
additives by comparing the library. The essential bands in the mid-IR region are combined
to create absorption bands in the near-IR region. The near-IR region is very useful for

food applications, such as determining moisture, fat, and protein levels.
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2.8.1. Mid-IR Region

When mid-IR radiation is sent onto a sample, it will provide a spectral fingerprint
to identify the sample's content. The sample receives mid-IR radiation, which is absorbed
at various frequencies depending on the chemical makeup of the sample, to produce a
mid-IR spectrum. As a result, a mid-IR spectrum's peaks and troughs strongly depend on
the sample being examined. In the food and petrochemical industries, this analysis
approach can be used to detect false or impure products. The overtone and combination
bands produced with near-IR and visible light have lower intensity and more complicated
spectra than the basic bands measured with mid-IR, which is advantageous for these and
many other applications. (“Why Choose Mid-IR Spectroscopy? | Monospektra - Scientific

Equipment and Industrial Solutions” n.d.).
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2.9. Fourier Transform Infrared (FTIR) Spectroscopy

A sample is passed through by IR radiation during IR spectroscopy, which is a
form of spectroscopy used in FTIR. The sample absorbs some of the IR radiation while
transmitting some of it. The molecular absorption and transmission results in a spectrum,
and this spectrum exhibits the sample's molecular fingerprint. (Table 3)

Molecular fingerprint of a sample means that every different molecular structure
produces different infrared spectrum. A solid, liquid, or gas sample's IR absorption
spectrum can be obtained using FTIR spectroscopy. High spectral resolution data
throughout a broad spectrum range are simultaneously gathered by the FTIR
spectrometer. Therefore, it is advantageous to simultaneously measure intensity in narrow
wavelength ranges (Naumann, Helm, and Labischinski 1991).

The spectrum characteristics of cell constituents such fatty acids, membrane and
intracellular proteins, polysaccharides, and nucleic acids are revealed by the strain-
specific bacterial FTIR spectra (Mariey et al. 2001). The advantages of FTIR
spectroscopy about microorganisms are, about the materials; it is fast and easy when
compared with other methods, such as gun light screening and sequence analysis requires
less time, low cost and only a small sample is required for the measurement. For the
interpretation of the light series, multivariate statistical analysis is performed. It can be
applied to microbiology to ascertain the make-up of bacteria and their cell components,
taxonomic classification, the number of microorganisms present, process control,
microbiological quality control, epidemiological research, and hygiene control. (Mouwen

et al. 2005)
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2.10. Attenuated Total Reflection (ATR)

As known, FTIR is well established laboratory-based technique. However, in
order to generate high-quality spectra that can answer the users’ inquiries, sample
preparation can be tedious and time-consuming. ATR is a sampling technique that lets in
light onto the sample to obtain high quality data of both liquid and solids. For FTIR
Spectroscopy, ATR is one of the most commonly utilized sampling technologies. Due to
the ubiquitous use of ATR it has the feasibility for the solid and liquid samples to be
analyzed by making the measurement of virtually all substances easier. In ATR, the
spectra can be measured without needing any sample preparation or dilution (“Attenuated
Total Reflectance (ATR) | For FTIR Applications™ n.d.).

When the sample meet a crystal, the light is sent into the crystal below a certain
angle and this angle is known as the critical angle. The light passes through the crystal at
an angle and collects on the other side (Figure 4). Information about the sample is
revealed by an evanescent wave's contact with it. The inflection points of the light's
propagation are where this standing wave known as the evanescent wave appears. It
interacts with the sample and sends the chemical data to the detector along with it. The
ability of ATR to give the user vibrational or chemical information about the target
sample depends on this evanescent wave. This wave is controlled by a number of factors
and enters the sample to a specific depth. Due of its connection to path length, penetration
of depth is significant. Two factors influence the depth of penetration; (“Attenuated Total

Reflectance (ATR) | For FTIR Applications” n.d.).

1. Wave number affects both penetration of depth and wave number. Throughout the
entire spectrum that is being gathered, it is not constant. The lower your
wavenumber, the greater the depth of penetration. Accordingly, when compared
to the transmission experiment, peaks 400 wavenumbers lower will have a larger
peak intensity than peaks at 4000 wavenumbers.

2. The difference between the refractive index of the crystal and the sample. A
crystal like germanium with a higher refractive index will have a lower depth of

penetration than something like diamond.
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2.11. Microbiome and Microbiota Studies

Single celled microorganisms are the first live micoroorganisms that were formed
at least 3 billion years ago. When one says microorganism, firstly bacteria comes to ones
mind but it is known that virus, fungi, alga, archaca and protozoa are also
microorganisms. Some microorganisms can become dependant to multicellular
organisms and they can live on or inside the host organism and these organisms are called
microbiota. The microbiota that possesses the genetic material is called microbiome
(“Microbiome” n.d.).

Microscopes and culture techniques have been the equipment of choice for
scientists studying microbes in the laboratory for over a century. Researchers used
microscopes to identify a microbe’s shape and used culturing techniques to what microbes
ate and what were the waste products they made. In these days it is known that the big
majority of the Earth’s microbiome is not able to be grown in a laboratory. In 1990s the
gene sequencing technology emerged that read the microbial DNA. Scientists may now

1

investigate and identify the "uncultured majority" of microorganisms in their natural
settings. Sequencing a marker, that researchers can identify a microbe without sequencing
its full genome, is a common technique. This technique shows the researchers that they
can identify all the species in a short time that are present in a large number of samples.
Gene sequencing technologies still have some limitations like they tell us which microbe
is in the sample but doesn’t always tell what they are doing. To learn the biological
function, a study emerged called metagenomics. Metagenome means that the whole
genome of every microbe in a sample that was taken from the habitat. 10,000 microbial

genomes can be sequenced in a single experiment and when all the genes are analyzed in

a taken sample researchers can learn what biological jobs these microbes do (“The
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Science Behind The Microbiome | Kavli Foundation” n.d.). 16S ribosmal RNA (rRNA)

gene is the preferred gene for the microbiota studies.

2.12. 16S rRNA

As known, ribosomes are found in all live cells and plays an important role in
protein synthesis. Ribosomes contain two subunits, and both subunits contain proteins
and ribosomal RNA (rRNA). Prokaryotes have a 70S ribosome, which is divided into two
subunits: a small one known as the 30S subunit and a larger one known as the 50S subunit.
While the 50S subunit has 23S and 5S rRNAs, the 30S subunit only possesses 16S rRNA.
(Table 4) (“16S Ribosomal RNA Sequencing (Theory) : Microbiology Virtual Lab II:
Biotechnology and Biomedical Engineering : Amrita Vishwa Vidyapeetham Virtual Lab”
n.d.).

16S rRNA contain hypervariable regions that is useful to identify bacteria because
that region is specific to each specie. Sequencing of 16S Ribosomal RNA is used for

diversity identification in microorganisms to investigate phylogenetic studies.

Table 2. Ribosome of a Bacterium (Source: “Ribosome” n.d.)

Ribosome Subunit rRNAs
508 23S
70S 58
30S 16S

There are some of the benefits of employing ribosomal RNA in molecular
techniques such as, there are ribosomes and rRNAs in all type of cells, in nature, RNA
genes are remarkably conserved, and the sequencing approaches do not include microbial
cell culture (“16S Ribosomal RNA Sequencing (Theory) : Microbiology Virtual Lab II :
Biotechnology and Biomedical Engineering : Amrita Vishwa Vidyapeetham Virtual Lab”
n.d.).

2.13. 16S rRNA Sequencing

16S rRNA sequencing is used for classification, identification and quantitation of

all the microorganisms in a microbiota. Classification of the microorganisms are done in
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the genus and species level. The 16S rRNA gene is form of all living creature’s
transcription mechanisms highly conserved component and therefore sequencing DNA
samples that have thousands of different species are appropriate to be a target gene.
Universal primers are designed to amplify the target conserved region of the 16S rRNA
gene, enabling the gene to be amplified in numerous bacteria from a single sample. In
figure 5, it is shown that the 16S rRNA gene has both conserved and variable sections.
While the conserved region allows for universal amplification, sequencing the variable
portions enables for differentiation across microorganisms like bacteria, archaea, and
microbial eukarya. To identify a virus, metagenomics sequencing must be done because,

in viruses there are no 16S marker gene (Cox, Cookson, and Moffatt 2013).

Lerng® m bp

Figure 5. The E.coli 16S rRNA gene is approximately 1.5 kb in length, with nine
variable regions that make it a good target for use as a phylogenetic marker
gene

(Source: Cox, Cookson, and Moffatt, 2013).

2.14. 16s rRNA Next Generation Sequencing and Microbiota

Composition Determination

In microbiota studies based on 16S rRNA gene the specific regions such as V1-
V2 and V3-V4 are targeted by specific primers. For example, the forward primer Y1 (5°-
TGGCTCAGGACGAACGCTGGCGGC-3’), the reverse primer Y2 (5°-
CCTACTGCTGCCTCCCGTAGGAGT-3’), are used for V1-V2 region (Nalbantoglu et
al. 2014). On the other hand, the forward primer Y3 (5’-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-
3’) and the reverse primer Y4 (5°-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTA
ATCC-3’) are generally used for the V3-V4 region (Castellanos-Rozo et al. 2020). For
microbiota studies Next Generation Sequencing is usually performed by Illumina MiSeq,

Illumina HiSeq, 454 (Roche) GS FLX+, 454 (Roche) GS Junior, SOLiD 5500x1, SOLID
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5500, Ion Torrent Ion Proton, Ion Torrent lon PGM and Pacific Biosciences sequencer
platforms (Song et al. 2016). The comparison of the sequencing platforms are like the
following; the most commonly used sequencing platforms are Ion Torrent, SOLID, 454
(Roche), Illumina and Pacific Biosciences. Maximum read length ranges from 60 bp
(SOLID) to 40 kbp (Pacific Bioscience). Run time ranges from a few hours to several
days. The highest read accuracy is of 99.9 is reported for SOLID, 454 (Roche) and
[llumina (Song et al. 2016).

After Sequencing is performed, the data in FASTQ format is obtained. The
biological sequence is presented here together with the matching quality scores in text
format. After obtaining the FASTQ files from the sequencer the quality of the reads is
checked. There might be different reasons why the quality of the reads is bad. For
instance, maybe good primer was not used, or the polymerase was expired or something
else happened during the sequencing, the sequencing machine did some mistakes. So,
there can be different reasons why the quality of the bases is not very good. The
information is in the FASTQ files. To look and visualize the files there is a software called
FASTQC. This software aims to do quality control checks on raw sequence data coming
from the sequencer. Then QIIME2 (Bolyen et al. 2019) or Mothur (Schloss et al. 2009)
is used to do quality trimming or data cleaning. After the data cleaning step taxonomic
assignment of targeted 16S rRNA amplicon sequences is performed by QIIME2.
Taxonomic assignment is the process of determining which taxa belong to the cleaned
raw sequence data obtained. At the taxonomic determination stage, the experimentally
obtained sequences are compared with the sequences of the taxa found in the databases,
in the three most used reference databases which are GreenGenes (Mcdonald et al. 2012)
Ribosomal Database Project (RDP) (Cole et al. 2008) and Silva (Quast et al. 2013).

After obtaining taxonomic assignments in microbiota studies, alpha and beta diversity
index calculations are used to compare the samples with each other in terms of taxonomic
content. Alpha diversity tries to determine what species are present in a particular
environment. So, this measure of diversity is within one sample indicating how diverse
one sample is. Beta diversity is how different are two communities. So, this diversity
measurement is used for between sample comparisons. There are some common alpha
diversity indices (“The Use and Types of Alpha-Diversity Metrics in Microbial NGS -

CD Genomics” n.d.) which are,
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1. Chao Index: There are two types of Chao Index which are Chao 1 and Chao
2. Chao 1 is an estimator based on abundance. Chao 2 is an estimator based

on the incidence. Chao 1's index equation is given below:

Ff
S1= Sobs T geesseees e 2.1

Sobs=number of observed species
F1= Number of Singletons (are species that were seen once in the sample)
F2= Number of Doubletons (the number of species that are exactly seen twice in the

sample)

2. Simpson Index: Takes into account that the species richness and evenness of
an ecosystem and assigning a number to represent the biodiversity. Simpsons

Reciprocal Index equation:

_ N(N-1)
D o 2.2

N= Total number of organisms
n= Population of each individual species

D= Diversity Index (Higher means more diverse)

3. Shannon Index: The Shannon index is used in ecological literature as one of
the most widely used diversity indices. This metric is based on the idea that it
becomes harder to predict which letter will come next the more varied the
letters are within a string of interest and the more uniformly their proportionate

abundances are dispersed. The following equation is used to calculate it:

Shannon Index (H) = — X7 pilnpi....coooiiiiiiii 2.3

H= Value for Diversity

s= The total number of species in community

p= is the proportion (n/N) of individuals of one particular species found (n)
divided by the total number of individuals found (N)
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4. ACE Index: The Abundance-based coverage estimators (ACE) index, which
uses an arbitrary abundance threshold to designate S abun as the number of
abundant taxa and Srare as the number of rare taxa, is a diversity metric. The

following equation is used to calculate it:

R=SO+a0 ............................................................................... 24

Essentially, this equation inflates the number of rare taxa while also inflating the

number of taxa using abundance 1.

5. Good's Coverage Index: Another alpha diversity estimator is Good's Coverage

Index, which is calculated using the following equation:

Lo 2.5
N

N= The total number of individuals or the sum of abundances for all OTUs

F1=The number of singleton OTUs

18



CHAPTER 3.

MATERIALS AND METHODS

3.1. Materials

3.1.1. Kefir

5 different milk kefir commercial beverage samples were purchased. Milk kefir
samples were used subsequently for microbial enumeration, FTIR analysis, and molecular
microbial analysis.

Chemical and nutritional properties such as protein, fat, saturated fat,
carbohydrate, sugar, salt, vitamin (B2, B12) and mineral (calcium, phosphor) content
measured are given in Table 6.

As seen in table 6, Kefir 1 has the highest carbohydrate and protein content
compared to all samples but has the lowest sugar content. Kefir 2 and Kefir 3 samples
have almost the same nutritional and chemical properties. Kefir samples Kefir 1, Kefir 2
and Kefir 3 contain significantly more fat and saturated fat than the samples Kefir 4 and
Kefir 5. Kefir 5 has the highest sugar content compared to all samples, and higher

carbohydrate content in comparison with the Kefir 2, Kefir 3 and Kefir 4.

Table 3. Some nutritional and chemical properties of commercial milk kefir samples.

Kefir Samples

Kefir 1 Kefir 2 Kefir 3 Kefir 4 Kefir 5
Energy and Nutrients | For 100g | For 100 ml | For 100 ml | For 100 ml | 100 ml
Energy (kJ/kcal) 263/63 217/52 185/44 181/43 188/45
Fat (g) 3.2 3.2 2.3 2.5 1.7
Saturated Fat (g) 2.2 2.1 1.3 1.6 1.0
Carbohydrates (g) 5.2 3.2 3.2 2.4 4.7
Sugar (g) 2.3% 3.2 3.2 2.4 4.7*
Protein (g) 33 2.7 2.7 2.8 2.8
Salt (g) 0.2 0 0 0 0
Calcium (mg) 120 ND ND 97 120
B12 (mg) 0.4 ND ND ND ND
B2 (mg) 0.2 ND ND ND ND
Phosphorus 106 ND ND ND ND

* Sugar is due to the inherent factor of the product. It does not contain added sugar.

19



** Not determined.
*kx (Kefir-1, KB), (Kefir-2, KE), (Kefir-3, KD), (Kefir-4, KC), (Kefir-5, KA)

3.2. Methods

3.2.1. Cultural Microbial Analysis

Commercial milk kefir samples of 5 different brands were microbiologically analyzed on
the first day when opened and the seventh days of refrigeration storage according to the

standard methods given in the following sections.

3.2.1.1. Total Bacteria, Coliform, and E. coli Count

Total aerobic mesophilic bacteria are count on plate count agar (PCA). According
to aseptic conditions, 1 ml of the sample was taken and homogenized in 9 ml of sterile
distilled water and decimal serial dilutions was done up to 1077. 0.1 ml of inoculum was
inoculated onto the PCA medium and was spread and incubated at 30 °C for 2-3 days.
Colonies that were count and were multiplied by the dilution rates and by doing this total
live being was calculated of 1 ml milk kefir. Counts was done in three parallels and the
results was given as mean + standard deviation (ISO 1998, 2003).

To do total coliform count, MPN method (three tube method) was used. 1 ml of
each dilution was inoculated into tubes containing Durham tube and 10 ml of Lauryl
Sulfate Tryptose Broth (LSTB) medium and incubated at 35 + 2°C for 48 hours. Tube
which gas is observed after incubation was evaluated as a positive result. From LSTB
tubes where the gas formation is observed, 10 mL Brillant Green Lactose Broth (BGLB)
tubes with durham tube were inoculated with a loop and incubated at 35 + 1°C for 48
hours. Tubes that gas is observed evaluated as a positive result for coliform bacteria. The
number of coliforms determined by making numerical evaluation according to the MPN

table and the results expressed as MPN/mL (Feng et al., 2002; ISO 2010).

3.2.1.2. Total Yeast Count

In total yeast count, plating was done by the spreading method on 1%
oxytetracycline OGYE medium (pH 7.0 £ 0.2). 10 g of the sample was taken by aseptic

conditions and homogenized in 90 ml of mycological sterile peptone water and a decimal
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serial dilution up to 1073 was prepared. 0.1 ml of inoculum was transferred to the medium
for yeast count and was plated according to standard spread method and cultivated media
were left for incubation for 5 days at 25°C. The yeast colonies were counted and
multiplied by the dilution rates and the number of yeasts in 1 ml of kefir milk drink were
calculated. Yeast count was made with three parallel and the results were given as mean

standard deviation (ISO 1992; ISO, 2007).

3.2.1.3. Total Lactic Acid Bacteria, Lactobacilli and Lactococci Count

Man, Rogosa and Sharpe (MRS) Agar for Lactobacillus and Bifidobacterium
species, M17 Agar for Streptococcus and Lactococcus species were used to count and
isolate lactic acid bacteria from commercially purchased kefir samples. Cycloheximide
(200 mg/L) sterilized by filtration was added to these media before microbiological
planting to prevent mold and yeast growth. According to aseptic conditions, 10 g of kefir
samples were taken and homogenized in 90 ml sterile % (*/v) peptone solution and a
decimal serial dilution up to 10°® was prepared. 1 ml of inoculum were transferred to MRS
and Laactobacilli M17 agar medium for enumeration of lactic acid bacteria. According
to bulk plate method planting was done and after the medium was solidified, it was left
for incubation in an anaerobic jar with a gas pack (Anaerocult). MRS agar was incubated
at 37°C and M17 Agar at 30°C (De Man et al. 1960; Van de Casteele, 2006). After the
incubation period, colonies were counted and multiplied by the dilution rates and the
number of lactic acid bacteria in 1 ml of kefir milk drink were calculated. Five samples
were plated as parallel and these samples were purchased from the same batch production

and the obtained results were given as average standard deviation.

3.2.2. Molecular Microbial Analysis

All sequencing and bioinformatics analyses were performed with service

procurement. Briefly, the following steps were followed.
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3.2.2.1. Bacterial Genomic DNA Extraction and 16S rRNA Library

preparation

The EurX GeneMATRIX Tissue & Bacterial DNA Purification kit was used to
isolate the samples' DNA according to the manufacturer's instructions.

The amount and quality of the isolated DNA were measured on the Victor3
fluorometer device using PicoGreen dye. An average of 50 ng/uL DNA was obtained
from the samples.

The V3 and V4 regions of the 16S ribosomal RNA gene, which is the most
frequently used variable region for species identification, (Klindworth et al. 2013) were
targeted with the following primers Table 7. This primer pair amplified a region of
approximately 460 bases. After cleaning the PCR products, Next Generation pre-

sequencing libraries were created using the Nextera XT Index kit.

Table 4. Primers (Source: Klindworth et al. 2013)

Region Sequence

16S
Amplico
n PCR 5'—- TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG -3’
Forward
Primer
16S
Amplico
n PCR 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3’
Reverse
Primer

3.2.2.2. Next Generation Sequencing and Bioinformatic Analysis

The Illumina MiSeq device was used to sequence the libraries made from the
samples. The reading images were processed and Real Time Analysis with the MiSeq
Control Software v2.2 program bases were determined using the v1.18 program. Base
reads were converted to FASTQ format with the bel2fastq (v1.8.4) program. Short read
results from 36 bases were excluded from the analysis for a clean data analysis.

Taxa identifications from phylum to species level and species diversity analyzes
were made with the QIIME2 program (Bolyen et al. 2019). Within species the alpha

diversity is calculated by Shannon, Simpson, and Chao indexes.
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3.2.3. Fourier Transform-Infrared (FTIR) Spectroscopy Analysis

The commercially obtained kefir samples (dayl, day2, day3, day7, dayl0) were
evaluated by the FTIR spectroscopy GX Optica Perkin-Elmer supplied with an attenuated
total reflectance (ATR) apparatus.

Before placing kefir sample on ZnSe crystal as a thin layer the crystal was cleaned
by using dry paper with ethanol, and ultrapure water after each assessment and dried. First
in FTIR-ATR spectrum ultra-pure water was used as a background. Secondly, as
background the room air FTIR-ATR spectrum was used to evaluate instrumental
conditions and H»O interferences. In analysis, the spectra of the samples were taken
between 4000 and 400 cm™ wavelengths. Each sample was scanned 20 times at 4 cm™
resolution at room temperature. Data were displayed and compared using Perkin Elmer
Spectrum (version 10.4.3) software after acquiring the spectra. Statistical programs were

used to evaluate obtained absorbance values.

3.2.4. Statistical Analysis

Three separate series of trials were conducted. On the first, second, third, seventh, and
tenth days that the samples were kept in the refrigerator, each assay was performed twice.
SPSS 16.0 was used to statistically analyze the outcomes (SPSS Inc., Chicago, IL).
ANOVA was used to assess the significance of variance differences at a level of P<0.05.
Means and standard deviations were calculated and the Duncan's multiple range test was

employed to differentiate means of the treatments.

3.2.5. Principal Component Analysis (PCA)

Using R 3.5.0 and the stats (v3.6.2) package, principal component analysis (PCA)
was carried out. The 'prcomp' function was used to examine baseline corrected, centered,
and scaled FTIR data. To illustrate the differences and similarities across samples,
spectral data were used. Principal component (PC) scatter plots in two dimensions (2D)

were used to display the findings.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Cultural Microbial Analysis

Commercial kefir drinks were analyzed for microbiological attributes in
accordance with the recommendations of Codex Alimentarius for fermented milk
products (Codex Stan 243-2003). Average total aerobic mesophilic bacteria, lactic acid
bacteria, Lactobacilli, Lactococci, yeast, coliforms and E. coli counts of five different
commercial kefir beverage samples were enumerated and results were given as Table 8.

For five milk kefir samples mould, coliforms and E. coli were not determined. As
can be seen from Table 8, the bacterial content of the kefir beverage samples differed
from 7.086 to 8.794 logio cfu.ml for viable total acrobic mesophilic bacteria (TAMB),
6.792 and 8.382 logio cfu.ml™! for lactic bacteria (LAB), <10 and 6.322 logio cfu.ml™! for
Lactobacillus, 5.857 and 8.146 logio cfu.ml™! Lactococcus, 5.176 and 7.218 logio cfu.ml
! for yeasts.

Samples had a number of total microorganisms of at least 10’ colony-forming
units cfu.ml™! and a total yeast number not less than 10* cfu.ml™!.

Lactic acid bacteria counts of milk kefir samples were among 6.792 logio cfu.ml
"'and 8.382 logio cfu.ml!. At day 1 and at day 7 the highest LAB counts were enumerated
for the sample K1 7.839 logio cfu.ml™! and 8.382 logio cfu.ml!, respectively.

Contradictorily, the highest yeast count was counted for the K2 kefir sample at the
Ist day of storage (6.833 logio cfu.ml™!) and K4 kefir sample at the 7th days of storage
(7.218 logio cfu.ml™).

All kefir brands contain lactic kefir culture contents and kefir yeast and contain at
least 1.0x10° cfu.ml! viable microorganisms. Although brand Kefir 4 (KC) has claim on
the packaging that contains Bifidobacterium and Lactobacillus acidophilus at least
1.0x10° cfuml™! no Lactobacilli were detected. This result also confirmed by the
sequencing data that is no Bifidobacterium was detected in Kefir 4 (KC). Similarly,
sequencing data showed that K1 (KB), K3 (KD) and K4 (KC) kefir samples were not

including Lactobacillus acidophilus.
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4.2. Comparison of Kefir samples with FTIR

The commercially obtained kefir samples were analyzed by the FTIR
spectroscopy and spectra obtained for the 1st, 2nd, 3rd and 7th days while ultra-pure water
(Figures 6-14) used as a background and for the 1st, 2nd, 3rd and 10th days the room air
(Figures 15-18) were used as a background are given in Figures 15-18. The FTIR
spectrum of a commercial kefir sample confirms the presence of carbohydrates, proteins,
amino acids, fatty acids as well as organic acids.

FTIR spectra obtained for kefir samples (1st, 2nd, 3rd and 7th) (Figure 6-14) have
a broad peak at 2922-2988 cm ! that can be ascribed to hydroxyl (-OH) groups stretching
in associated with carbohydrate structures or hydrogen (-H) bonding stretching vibration
of the complex carbohydrates such as polysaccharides. The peak between 3800 and 3200
cm ' was assigned to the intramolecular -OH or intermolecular -H bonding stretching
vibration of the polysaccharide whereas the weak absorption near 2924-2925.8 cm™' was
related with the both symmetrical and asymmetrical C—H stretching modes of aliphatic -
CH>. The peaks at 2915.49 cm™! are associated with C-H bending in fatty acids, 1639
cm! fit to the carbonyl (C=0) stretching or amino (N-H) and methylidyne radical (C-H)
bending vibration of the milk proteins (2924-2925.8 cm™!). The region at 2920 and 2850
cm ! may be due to the anti-symmetric and symmetric stretching of CHa groups from the
fatty milk components. The comparatively strong peak in the region of 17001550 cm™!
was characteristic of polysaccharides and attributed to C-O stretching, indicating the
presence of this functional group in the EPS (Singh et al. 2011). The peaks at 1548 and
1336 cm ™!, designated the typical absorption of -COOH or carboxylate (RCOO") groups
similar to the polysaccharide produced by B. animalis RH and B. licheniformis (Shang et
al. 2013; Singh et al. 2011). The existence of strong absorbance between 1450-850 cm !
associated with the fingerprint region. Also, strong absorption band at 1161 and 1070
cm ! validated the characteristics of the EPS obtained and proposed that the
monosaccharide consisted in it had a pyranose ring. The additional peak at 836 cm!
showed the presence of a-glycosidic linkages of the samples (Ye et al. 2009). Around 891
cm ! absorption peak was found designating the presence of B-glycosidic linkage in the
EPS (Coimbra et al. 2002). Similarly, EPS was produced by L. kefiranofaciens, L.
plantarum, S. thermophilus, and by kefir grain contain B-glycosidic linkages (Kooiman

1968).
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4.2.1.

Comparison of Kefir Samples on Day-1

Figure 6a, 6b and 6¢ show the absorbance, transmittance and fingerprint spectra

of the milk kefir samples on day-1, respectively.
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(c) Fingerprint Spectra
Figure 6. Comparison of Kefir samples on Day-1

Variations in the bands assigned to polysaccharides (850—1450 cm™) revealed
differences in the moieties of the carbohydrates of microbial cells in all five samples.
Burgain et al. (2015) showed that a decrease in pH leads to physico-chemical changes in
the external layer of peptidoglycans from the cell wall. The changes in the spectral

fingerprints of polysaccharides were more pronounced in the older biofilms.

4.2.2. Comparison of Kefir Samples on Day-2

Figure 7a, 7b and 7c show the absorbance, transmittance and fingerprint spectra

of the milk kefir samples on day-2, respectively.
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(c) Fingerprint Spectra
Figure 7. Comparison of Kefir Samples on Day-2

FTIR spectra are strain specific, and they reveal the characteristic features of all
cellular components, such as fatty acids, membrane proteins, intracellular proteins,
polysaccharides and nucleic acids. According to Naumann et al. (2001), for identification
purposes, five spectral regions in IR spectra can be distinguished. They are called spectral
'windows: W1 (30002800 cm™) is the fatty acid region; W2 (1700-1500 cm™)
contains the amide I and II bands of proteins and peptides; W3 (1500-1200 cm™') is a
mixed region of fatty acid bending vibrations, proteins, and phosphate-carrying
compounds; W4 (1200-900 cm™!) contains absorption bands of the carbohydrates in
microbial cell walls; W5 (900-700 cm™') is the 'fingerprint region' that contains weak but
very unique absorbances that are characteristic of specific bacteria (Naumann et al.,

1991).

4.2.3. Comparison of Kefir Samples on Day-3

Figure 8a, 8b and 8c show the absorbance, transmittance and fingerprint spectra

of the milk kefir samples on day-3, respectively.

30



Analyst
Date

0.017
0.0164

0.014-
0.012

0.010-
0.008-

0.006-

PerkinElmer Spectrum Wersion 10.5.2
Tuesday, March 15, 2022 153 AM

Administrator
Tuesday, March 15, 2022 1:53 AM

1075.9%cm-1, 0.02A
5

2924 23¢m-1. 0.01A 1120 4
2856.4 ¥

410 "f -1, 0.00A

Transmittance

Kefir 1 Day 3
Kefir 2 Day 3
Kefir 3 Day 3
Kefir 4 Day 3
Kefir 5 Day 3

103

102

101

100

99

98

97

96

95
4000

3500 3000 2500 2000 1500 1000 500400
cm-1
Sample 082 By Administrator Date Friday, August 20 2021
Sample 083 By Administrator Date Friday. August 20 2021
Sample 072 By Administrator Date Friday, August 13 2021
Sample 071 By Administrator Date Friday, August 13 2021
Sample 081 By Administrator Date Friday. August 20 2021

()

Kefir-1 Day-3

Kefir-2 Day-3

Kefir-3 Day-3
Kefir-4 Day-3

Kefir-5 Day-3

3500 3000 2500 2000 1500 1000 500 0
Wavenumber (cm)

(b)

31



0.02

0.015
¥ o001
=
<
S 0005
2
icD 0
-0.005
-0.01
1600 1400 1200 1000 800 600 400

Wavenumber (cm-1)

(c) Fingerprint Spectra
Figure 8. Comparison of Kefir Samples on Day-3

4.2.4. Comparison of Kefir Samples on Day-7

Figure 9a, 9b and 9c show the absorbance, transmittance and fingerprint spectra

of the milk kefir samples on day-7, respectively.
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Figure 9. Comparison of Kefir Samples on Day-7
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4.2.5. Comparison of Kefir-1 with Days
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Figure 10. Comparison of Kefir-1 with Days

4.2.6. Comparison of Kefir-2 with Days
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4.2.7. Comparison of Kefir-3 with Days
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Figure 12. Comparison of Kefir-3 with Days

4.2.8. Comparison of Kefir-4 with Days
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4.2.9. Comparison of Kefir-5 with Days
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Figure 15. Comparison of Kefir samples on Day-1 (background as air)
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Figure 16. Comparison of Kefir samples on Day-2 (background as air)
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Figure 17. Comparison of Kefir samples on Day-3(background as air)
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Figure 18. Comparison of Kefir samples on Day-10 (background as air)
4.2.10. PCA Analysis

Figure 19-21 and 22-24 show the PCA analysis for cropped data and PCA analysis
for whole data of the milk kefir samples, respectively. Figure 25 shows the PCA anaylsis
for FTIR background as air. Figure 26 shows the PCA anlaysis of the finger print region

of all kefir samples.
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Figure 19. PCA analysis for cropped data PC1 vs PC2
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Figure 20. PCA analysis for cropped data PC1 vs PC3
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Figure 21. PCA analysis for cropped data PC2 vs PC3
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Figure 22. PCA analysis for whole data PC1 vs PC2

Figure 23. PCA analysis for whole data PC1 vs PC3
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Figure 24. PCA analysis for whole data PC2 vs PC3
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Figure 25. PCA Analysis (FTIR background as air)
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Figure 26. PCA Analysis for the fingerprint region (1600-600 cm-1)

In the cropped data PC-1 and PC-2, PCA plot, generally the samples are scattered
at PC1 between 0-25. But exceptions such as kefir-3 day-1 and kefir-4 day-1 are scattered
through -100 and -75 at the PC1. Some of the kefir samples that overlap are like each
other such as kefir-2 day1 and kefir-5 day-2, kefir-1 day-7, and kefir-4 day-7. The samples
are better scattered throughout PC-2 than PC-1.

In the cropped data PC-1 and PC-3, PCA plot, generally the samples are scattered
in PC-3 broadly, on the other hand, the samples are also scattered throughout PC-1
between 0-25 except kefir-4 day-1 and kefir-3 day-1 are scattered between -100 and -75
at PC-1. Kefir-3 and kefir-5 on the second day are similar to each other because they are
overlapped.

In the cropped data PC-2 and PC-3, PCA plot, the samples are scattered broadly.
But at PC-3 it is better seen than PC-2 that the samples are scattered throughout the plot.

Samples that are close to each other are similar in composition.
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In the whole data PC-1 and PC-2, at PC-2 the samples are scattered more broadly
than at PC-1. At PC-1 the samples are scattered between 0-25. There are overlapped
samples that are closely related to each other on the PCA plot.

In the whole data PC-1 and PC-3, at PC-3 the samples are scattered more broadly
than at PC-1. At PC-1 the samples are gathered between 0-25 but there are some
exceptions that kefir-1 day-2 and kefir-1 day 2 are between -40 and 0. There are more
closely related samples in this PCA plot

In the whole data PC-2 and PC-3, the samples are scattered more broadly through
PC-3, than PC-2. In this PCA plot, the samples are not that closely related to each other
but there are exceptions such as kefir-5 day-3 and kefir-5 day-2 they are near to each other
means that they are similar in composition.

At figure 25, the samples are scattered equally at PC-1 and PC-2. Kefir-2 day-3
and kefir-3 day-2 are similar to each other. Kefir-3 day-3 and kefir-2 day-10 are close to

each other means that they are similar to each other.

4.3. Comparison of Taxonomic Diversity in Kefir Samples

4.3.1. Phylum level taxonomic diversity among kefir samples

The most abundant phylum in all kefir samples was Firmicutes ranging from 66.55%
in KA t0 90.34% in KC. (Firmicutes: KA: 66.55% KB: 74.24% KC: 90.34% KD: 82.68%
KE: 85.1 %) (Figures 21-25).

Phylum Level

Others*: 0.14%

Bacteroidetes: 4.04%

Firmicutes: 66.55%

Proteobacteria: 5.25%

Actinobacteria: 24.02%

Figure 26. Phylum level taxonomic composition of sample KA
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Phylum Level

Others*: 0.12%
Firmicutes: 74.24%

Bacteroidetes: 6.37%

o]

bacteria: 6.53%

Actinobacteria: 12.73%

Figure 27. Phylum level taxonomic composition of sample KB

Phylum Level

Others*: 1.11%
Bacteroid 3.15%

Proteobacteria: 5.4%

Firmicutes: 90.34%

Figure 28. Phylum level taxonomic composition of sample KC

Phylum Level

Others*: 0.18%
Proteobacteria: 3.48%

Bacteroid 4.78%
Firmicutes: 82.68%

Actinobacteria: 8.88%

Figure 29. Phylum level taxonomic composition of sample KD
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Phylum Level

Others*: 0.3%
Proteobacteria: 4.11%

Actinobacteria: 4.27%
Firmicutes: 85.1%

Bacteroidetes: 6.22%

Figure 30. Phylum level taxonomic composition of sample KE

4.3.2. Class level taxonomic diversity among kefir samples

The most abundant class in all kefir samples was Bacilli ranging from 65.3% in
KA to 89.57% in KC. (Bacilli: KA: 65.3%, KB: 73.2%, KC: 89.57%, KD: 80.89%, KE:
82.35%) (Figures 26-30).

Class Level

Bacilli: 65.3%
Others*:2.25%

B idia: 3.56%

G P bacteria: 4.97%

Actinobacteria: 23.93%

Figure 31. Class level taxonomic composition of sample KA
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Class Level

Others*: 1.89% -
Flavob riia: 3.1% - Bacilli: 73.2%
B idia: 3.19%
Gammaproteobacteria: 5.91%
Actinob ria: 12.71%
Figure 32. Class level taxonomic composition of sample KB
Class Level
Others*: 2.9%
Bacteroidia: 2.47%
b ria: 5.06%
Bacilli: 89.57%
Figure 33. Class level taxonomic composition of sample KC
Class Level
Others*:2.48%
Gammaproteobacteria: 3.32%
Bacilli: 80.89%

Bacteroidia: 4.54%

Actinobacteria: 8.77%

Figure 34. Class level taxonomic composition of sample KD
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Class Level

Others*: 1.48%
Clostridia: 2.38%

G bacteria: 3.81%

Bacilli: 82.35%

Actinobacteria: 4.22%

Bacteroidia: 5.77%

Figure 35. Class level taxonomic composition of sample KE

4.3.3. Order level taxonomic diversity among kefir samples

The most abundant order in all kefir samples was Lactobacillales ranging from
65.21% in KA to 89.46% in KC. (Lactobacillales: KA: 65.21%, KB: 73.1%, KC:
89.46%, KD: 80.73%, KE: 82.26%) (Figures 31-35).

Order Level

Lactobacillales: 65.21%

Others*: 7.39%

Bacteroidales: 3.56%

Bifidobacteriales: 23.85%

Figure 36. Order level taxonomic composition of sample KA
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Order Level

Others*: 5.17% Lactobacillales: 73.1%

Flavobacteriales: 3.1%

Pseud dales: 3.12%

Bacteroidales: 3.19%

Bifidobacteriales: 12.3%

Figure 37. Order level taxonomic composition of sample KB

Order Level

Lactobacillales: 89.46%

Figure 38. Order level taxonomic composition of sample KC

Order Level

Others*: 6.1%
Lactobacillales: 80.73%

Bacteroidales: 4.54%

Bifidobacteriales: 8.63%

Figure 39. Order level taxonomic composition of sample KD
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Order Level

Others*: 5.53%

Clostridiales: 2.38%
Lactobacillales: 82.26%

Bifidobacteriales: 4.06% ——————

Bacteroidales: 5.77%

Figure 40. Order level taxonomic composition of sample KE

4.3.4. Family level taxonomic diversity among kefir samples

As given in Table 9 the most abundant family in all kefir samples was
Streptococcaceae ranging from 54.33% in KA to 87.26% in KC (Streptococcaceae: KA:
54.33%, KB: 67.29%, KC: 87.26%, KD: 77.49%, KE: 75.39%). The second most
abundant family in all kefir samples was Bifidobacteriaceae ranging from 4.06% in KE
to 23.85% in KA. The third most abundant family in all kefir samples was
Lactobacillaceae ranging from 2.14% in KC to 8.53% in KA. The forth most abundant
family was Leuconostocaceae ranging from 2.31% in KA to 4.51% in KE (Figures 36-
40).

Table 6. Comparison of dominant bacteria family between kefir samples

Family Level KA KB KC KD KE
Streptococcaceae 54.33% 67.29% 87.26% | 77.49% 75.39%
Bifidobacteriaceae 23.85% 12.30% NP 8.63% 4.06%
Lactobacillaceae 8.53% NP 2.14% 2.17% 2.34%
Leuconostocaceae 2.31% 3.99% NP NP 4.51%
Flavobacteriaceae NP 3.10% NP NP NP
Moraxellaceae NP 2.91% 2.67% NP NP
Bacteroidaceae NP NP NP 2.18% 2.49%
Prevotellaceae NP NP NP NP 2.39%
Others* 10.99% 10.41% 7.93% 9.53% 8.82%
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Family Level

Streptococcaceae: 54.33%

Others*: 10.99%

L 2.31%

Lactobacillaceae: 8.53%

Bifidob i 23.85%

Figure 41. Family level taxonomic composition of sample KA

Family Level

Streptococcaceae: 67.29%

Others*: 10.41%

M iy 2.91%
Flavob, 3.1%
L 3.99%
Bifidob. i 12.3%

Figure 42. Family level taxonomic composition of sample KB

Family Level

Others*: 7.93%

Lactobacillaceae: 2.14%

o, 1", :2.67% Streptococcaceae: 87.26%

Figure 43. Family level taxonomic composition of sample KC
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Family Level

Others*: 9.53% - —— Streptococcaceae: 77.49%

Lactobacillaceae: 2.17%
Bacteroidaceae: 2.18%

Bifidobacteriaceae: 8.63%

Figure 44. Family level taxonomic composition of sample KD

Family Level

Others*: 8.82% Streptococcaceae: 75.39%

Lactobacillaceae: 2.34%
Prevotellaceae: 2.39%
Bacteroidaceae: 2.49%

Bifidobacteriaceae: 4.06%

Leuconostocaceae: 4.51%

Figure 45. Family level taxonomic composition of sample KE

4.3.5. Genus level taxonomic diversity among kefir samples

Genus level taxonomic diversity among kefir samples are indicated in Table 10.
Most abundant genus found in the beverages was Streptococcus ranging from 39.34% in
KA to 73.19% in KC. (Streptococcus: KA: 39.34%, KB: 54.3%, KC: 73.19%, KD:
40.43%, KE: 48.9%) (Figures 41-45). Although the second most abundant genus in all
kefir samples was Bifidobacterium ranging from 4.06% in KE to 23.85% in KA, it was
not detected in sample KC. The third most abundant genus in all kefir samples was
Lactococcus ranging from 12.98% in KB to 37.06% in KD. The fourth most abundant
genus in all kefir samples was Lactobacillus ranging from 2.14% in KC to 8.53% in KA.

(Table 10). Genus Lactobacillus were not found in the sample KB, genera
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Chryseobacterium and Prevotella were only found in the samples KB and KE,

respectively.

Table 7. Comparison of dominant bacteria genus between kefir samples

Genus KA KB KC KD KE
Streptococcus 39.34% 54.30% 73.19% 40.43% 48.90%
Bifidobacterium 23.85% 12.30% NP 8.63% 4.06%
Lactococcus 14.99% 12.98% 14.06% 37.06% 26.49%
Lactobacillus 8.53% NP 2.14% 2.17% 2.33%
Leuconostoc 2.31% 3.99% NP NP 4.51%
Chryseobacterium NP 3.02% NP NP NP
Bacteroides NP NP NP 2.18% 2.48%
Prevotella NP NP NP NP 2.35%
Others* 10.99% 13.40% 10.60% 9.53% 8.88%
Genus Level
Streptococcus: 39.34%
Others: 10.99%
Leuconostoc: 2.31%
Lactobacillus: 8.53% -Bifidobacterium: 23.85%
Lactococcus: 14.99%
Figure 46 Genus level taxonomic composition of sample KA
Genus Level
Streptococcus: 54.3%
Others*: 13.4%

Chryseobacterium: 3.02%

Leuc +3.02%

Bifidobacterium: 12.3 %

Lactococcus: 12.98%

Figure 47. Genus level taxonomic composition of sample KB
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Genus Level

Streptococcus: 73.19%
Others*: 10.6%

Lactobacillus: 2.14%

L 14.06%

Figure 48. Genus level taxonomic composition of sample KC

Genus Level Streptococcus: 40.43%

Others*:953% ~

Lactobacillus: 2.17%
Bacteroides: 2.18%

Bifidob, ium: 8.63%

Lact. 37.06%

Figure 49. Genus level taxonomic composition of sample KD

Genus Level

Streptococcus: 48.9%

Others*: 8.88%

Lactobacillus: 2.33%
Prevotella: 2.35%
Bacteroides: 2.48%

Bifidobacterium: 4.06%

L 4.51%

L 226.49%

Figure 50. Genus level taxonomic composition of sample KE
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4.3.6. Species- level taxonomic diversity among kefir samples

The most abundant species in all kefir samples were Streptococcus thermophilus
ranging from 39.22% in KA to 73.14% in KC. (Streptococcus thermophilus: KA: 39.22%,
KB: 54.12%, KC: 73.14%, KD: 40.19%, KE: 48.86%). The second most abundant species
in all kefir samples was Lactococcus lactis ranging from 11.91% in KB to 36.85% in KD.
The third most abundant species in all kefir samples was Bifidobacterium animalis
ranging from 4.01% in KE to 23.79% in KA, however this species were not found in
sample KC. The fourth most abundant species in all kefir samples was Lactobacillus
acidophilus were found only in KA and KE at 2.11% and 8.33% levels, respectively.
Prevotella copri was found only in sample KE (Table 11).

Table 8. Comparison of dominant bacteria species between kefir samples

Species KA KB KC KD KE
Streptococcus thermophilus 39.22% 54.12% | 73.14% 40.39% | 48.86%
Bifidobacterium animalis 23.79% 12.20% NP 8.51%| 4.01%
Lactococcus lactis 14.41% 11.91% | 14.00% 36.85%126.28%
Lactobacillus acidophilus 8.33% NP NP NP| 2.11%
Leuconostoc pseudomesenteroides 2.26% 3.91% NP NP | 4.36%
Prevotella copri NP NP NP NP | 2.29%
Others 11.98% 17.86% | 12.86% 14.26% | 12.09%

Species Level

Streptococcus thermophilus: 39.22%

Others*: 11.98%

Leuconostoc pseudomesenteroides: 2.26%

Lactobacillus acidophilus: 8.33% Bifidobacterium animalis: 23.79%

Em—————
Lactococcus lactis: 14.41% ————————

Figure 51. Species level taxonomic composition of sample KA
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Species-Level

Streptococcus thermophilus: 54.12%

Others*: 17.86%

Le pseud:

Lactococcus lactis: 11.91% ~ Bifidobacterium animalis: 12.2%

Figure 52. Species level taxonomic composition of sample KB

Species-Level

Strep thermophilus: 73.14%

Others*: 12.86%

Lactococcus lactis: 14%

Figure 53. Species level taxonomic composition of sample KC

Species Level Streptococcus thermophilus: 40.39%

Others*: 14.26%

Bifidobacterium animalis: 8.51%

\ Lactococcus lactis: 36.85%

Figure 54. Species level taxonomic composition of sample KD
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Species-Level

Streptococcus thermophilus: 48.86%

Others*: 12.09%

Lactobacillus acidophilus: 2.11%
Prevotella copri: 2.29%

Bifidobacterium animalis: 4.01%

Leuconostoc pseudomesenteroides: 4.36%

Lactococcus lactis: 26.28%

Figure 55. Species-level taxonomic composition of sample KE

Based on a phylogenetic analysis showing the relatedness of a kefir beverage
based on species level taxonomic diversity KA and KB samples, KE and KD samples
were more closely related to each other (Figure 51). KC sample was the most different
sample compared to the other kefir beverage samples. These analyses suggest that the

species level taxonomic diversity is similar in KA and KB samples, and KD and KE

samples.
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Figure 56 Phylogenetic analysis showing the relatedness of kefir samples based on the
species level taxonomic diversity

56



sordwes 1oy Jo uosLedwod S1WOU0Xe) [AJ] WNJAY “/§ 2131

«SI3430
RIQOIDIIODNIIAA
sa3a3s1biauis
sajaeydsouds
eLa12eqoa0Id
aesaeydsnuan
euadeqosng
SN
eiqonIwIsN3
SNULISY 1-SNDD020Uaq
sajapilosaldeg
eualdeqouny

ey Jeq [9A9T WAU

0¢

ov

09

08

00T

57



so[dures 1130y Jo uosLredwod d1ouoXe) [9AJ] SSBD) "]S 2INJI|

SAINDIAICOON e

SSIBNO PiyoLnoRdIsAI3  m—
DVIGOIDIWOINUIA QIPUISOD)  em
ensIbIauAS  mm— nmoeg e
endeydonds LIQODILISNIT  m——
eIxX206N10  em 122000UIS0
elepydouaboipA eluaeqobulyds
QuRIdeq d NUO e QILQIOUQOALLS]
ruapPeqoaoidelag eibeydouniy)
cudreqodicsdeydy  mm— CIPIOJDIOCH mmmm
euseydsus QILIPVGOLICD -
elUaDEqOSNT - eUSDEQOUNDY -

A 4

6

BB B B B

-0

1Rt Teq [9A9T SSB[D

74

09

08

001

58



sordwres 11303 Jo uosLredwod dIOUOXe) [9AJ] JOPIQ “6S 231

«SI2430
S2|RIQOIDIWIODINIIAA
sajeysibiauis
sa|ejaeydouds
SI|RUOLIQIAOIISPE
sajedeionouIdeg
sajepydouaboipiyy
Sd|epeuoWIoyIUeX
SI|CUOLIQIA
Sa@|epeuocwopnNasd
saje|ainaised
sa|euIdsourano
sajesaideqosaul
SI|ePeUOWIoIDINY

6

Sa|epeuocw ol
SICLISSION
sajeuaployxing
sajepeuocwobuiyds
sajeudsopoyy
S2|e1qoZIyY
sajesalydeqoined
SILCANDN
sI|eudeqosng
sajej|auolian
S2|eDD0d0UIUePIDY
sa1eyonopdisiig
sa|eIpLIsoD
saje|neqolde

A
0

sajejoeg
sI|eIqoIIIISN
sajeuuayy
sa|euadeqobuiyds
SIeUIIDRqOAR|Y
sajebeydouniyd
sajepiosdydeg
sa|eIPyuabby
SIvuLSPeqoIoD
sajeualdeqiuordoid
EETCEETETYETIN
saeudPDRqaIuViIoD
sajeualdeqopyg
sa|ejadAwounny

2

[ IR 02929090 9 EEEEE 09090 92EEEESSS 09090 OIS ]0]0902EEaaaal |

ey Jed [9AT I3pIO

-0C

1%

09

08

00

59



so[dwes 113oy Jo uosuedwod d1wouoXe) [9AJ[ AJIwe,] ‘()9 dIN31

DEIOCLIIDCQOAR]]  m—

SO0 2eIdCIPUEMIUS 2LIDEDD000UIUEPIY - seadebeydouniud  mem
— 1 — seadeyuoPRdIsAss IeIDVISISUURL -
2e200151010UAS PEIOCPRUOWOIFY = SEIDEID0O0UNLMY  E— FeDV|PUIMNN  E—
seadeiveydoNdS DLIOCLIDISSION  m— 2eade330501dai1503dad  m— DLIOL|IDIOADLY
DEIDCUOLIQIACIISPA IIONAIB2NNS FLIDLNASOIDSO  —— POIDEPRUOCWOIAYAIOYG -
PEIDEOVIOAOLIIOLY - PEIOVINIOLGOICXO  w— Seadvndsouyde e FEIDVIVIDEGUOPO  E—
aeadepydousboiphAy  mam PEIOVPLUOWIRLIOD PFeIDVUIPDEGNT - QFeIOVPISILICT e
— ds  m— DEIDLIPLISOD  w—— SEIOEPICINIOCH  m—
PILIDCUCLIQIA = PEIDLIIDLGOIIY - 2025e550501d31S W seade|PyLa663 .
PEIDEPRUOWOPNIST 2LIDLIQOZIVY  — PEIOED0ISOUOONIT - PEIDLUIDEQOIOD
PLIOVIDXCIOW  — @eadeiqoIwoydAH  m— aeade|neq 1 —— ' 1uo —
aeade|ainaised mem aeade|@onug  m— 2035e55050421U3  — 2€32e35050U01N -
2eadepeUOWOleH - seadeIqozIIApeld mmm deddCUIPEGOWIED  —— DLIOCLIIDCQOIOIN  —
DeIDCIVISIN aeadesddeqoIned wmm 2eadedd030lAyders mmmm aeadepydoleuuda2q
PEIOVPULBION DEIDLICANDIA  m— 2eadeNen  m— DLIDLIDIDLARULIIC  w—
SLIDLIVCH  — 2e35e1yd1301dIT  m— = A10D
DEIDCIUIMIT  — PLIDLUIIDLQOSNY - PEIDRULISUL  w— |LIDVUIDEQOPYIS  —
PEIOOLIIDLQOIIIUT  — SRIDL|IDUOIIAN  — PeadeuNOLqOBUINDS  m— 2EIDLIDVAWOUNIY  m—

A 4

(@]

0c

iz

09

08

00T

wey) Teg [oad] A[iie]

60



ordwes J11yoy Jo uosLedwod SIOUOXE.) [A] SNUAL) "[9 NI

WNUIPDLQIUINIED - SN220504d0D m—— WINIQOIDIIISN|E  me— 19120qoIdOD  mm—
SSINIO eNeLSS ePNINGNIN - saueidopoyy e SND2050UNUM]  — ennes SNULSYL  m— C@IsouwIeg -
VISUCULISNNY e eauyTy eosseibpous mmm QISOADCO JOPVHIUOARPJOPNISY wnubnosaeuy e wnuaydeqobuiyds COUCLIDUPIN
191DRQOPIUIRIAY  mm— QIDUSPIACAY  mmmm SNIOQOUIOA] WNIDRQOIYIOPNIS] e QIIOIN  — QIUSRICIIVUY  mm— QUPSANN  m— SOPIOCIDIDCH  mm—
cwauodail e QPuebION CUISSION  m— ©2508 w— SNPREQIANECOIN  m— $2dNS0IPRUY WNUIDEQOAR|S e 12DEQOICYIIOSY  m—
oUQIACIIPPE . WNUIPVQUINSIGO e SEUOWIDUNL  mew SPUOCWIPUNASIE FELTITIITVES S wNUSREGN3 e soeqopadwa  mm—m QSSRWIeBIUIS  mm—
1910eqIPaIAd  m— eaojuey  mm— 2IPNNS  w— SHICARDIA  m—— J0IPCIUOACES  m— e2IeBUNH  — CIBUIDQeZIE  — CIISUNIOD  m—
snIYAIpIdal  me— eAINOTY  m—m oINS eIty  m— SNDeqOIdoNns . WNUSEQIEdowS  m— WNIPLISODD e WNURIBEQOISAIUD CARIIUOIHOLS  m—
SeUOWOoYdOIIOUDIS CIUONESON  m— SNIEQIUIPONA CIVEIR LT B wnnoeqoyiety SN350503daNS . ejoeqieL  m— WNUSDEQIUOIOL]
SRUOWOIUEXOPNISY e CIDAAND!  m— wnuaPeqouIue!  — WNUSDEQOSNY  w—m CISINOQUICY SN2205010€¢7 SOpIoIPIeqRIRd . I
19100qOSAT  mm— eIISQIDN  m— SURNQRYOUWIN RUSUOIIIAA  — APVEQIUNSIIU m—— 20150UCONF = SadNsIvV  m—— CUNDON  —
OLQA QIYOUIYIST m— 19120qoIoydeId  m— wipeydsebaw e ADVOQUIDSO  m— SNO2020IPAd - CIPI0AIL]  — IPVOQIARDOPNIS]  m—
OUQIAIUNES 19120qOIRIUT  — CIYDA  m— 4251 m— CUNQISOM - SNIIDRQOIDET  m— ePI0AIdeIRd  m— 191>0q0ONIT  mm—
SRUOWIOPNISY e 12100qOoND  m— SEUOWRWOD - WINSNSEPIUINONS  w— WNIPLSOIDOUYDET  m SNO2050493U3 - CPI0AMIAION  — CRPOIMISTY  —
CIOXCION  w— eOXNeIING  w— XCIOAOPIZY m— WINUSIOLQOIDILIOISCUY  m— XULIODUDY  m— WNUSIDLQOUIED CPIOADIIISSeN  m— wnUaEqAYdEIE  m—
191DCQOIDUINY  m— CHAUEMOIUS SeUOWOBUIUDS  weem SNO2030UNUEPINY  w— 191DRQIUDIEDISNY  w— SND20201AYders wem SeUOWOIAYAIOY  me— WNUIDEQIUAIOD
SNPYAOWDeH  w— OUQIAIUIDING  w— 191DeqOIDY  mm— 191D0qQIDUNL  — SUOWIEDDRS  m— SNDD2020J00W e 191PeqUOPO - WNUDLQOPIE  m—
SEUOWIOIeH = SRUOWOIIY mmmm QUPUIYS QIPURWISPION = e300 w—— SNIDRQAXOUY SeUOWINLAING  wee S@OAWOUNDY  w—

2 6 A z £

0¢

oy

09

08

00T

MR Jeg [9AQ SnUaD)

61



2T RNRLY

R ERSEN .

sorduwes 11303 Jo uosuredwod d1uouoxe) [9A] sAVAdS 79 N3]

S2pY YO0 W

e oneyune SISO .

Anpsa STIONE] m
StoE SEIDORE]
asuzBueluny) sixaocyE]
WAIOTS SCOUNE]

A0 | EyUoce] sunusonasy SSURREDARLT W SSUIRDIL BRSGRY Ssuaersne LRy m usnend wrspegesse; EECE S T

Py = U303t bR SR} SRR . ey JEOREY

il faeqpIE - 112 E3ST e eEsseIbpas SSURILOPL EREY
= - 1202 ELRqUEU SOOI STQUUL gy RGO ey
OUaERR ooy ) RequA EETUETRE ] SsfLUED FORQUEY W W3 UNRTRNIRIORL I BLC) BREiRLY I
4B ADeyPalE I A ADEQUR SUSEIOUD L ERURAUS I SIS0y SLpRy sedisnzey
N AP QUSSP W SIELALE SR LEY I S{RUISRUNCESOY [ I TER R
SUEINOR LY SUDCUECIPIANS I ] ADEIRUTG W SKUUE[Y) S0 B ESCHE] simfuEs eEour snaejeUncassy Ifjeyunaseyy
SSIR10% 390 SEUDLILUCIDIE]S 1P ADRRUTY i ejeihizy sopresy - > - =
SRR SEUOLEVNRI0 RS ST AP = U 2608 |Br WREDUE) e WronRye B wnpeso me sweBjoueshdiownuaoe e
S| seioUueICY Ry I 4 ApeqRy . suefier el W SI{IOEE SELOIIPLINIG 5032 ST20000 ny I wnupepbiue Wnpusiy 12 ejelebuny
SR A2 1 AD2ADY Boanued 2elrosy e . - S0 SE00SHE QAN WUAEL WRPIDSE) S
euTEn g SR WO AP DN 2R 1GHRA SELCULIE SENGUED SR SSUpeRSIEMEY, I SRS S00UNY  SUEKOLAES RIS siafuJyad Wnpuisz)
wzynfue cug g Nl EPEUETY g UEQIESIpnIse ELOFSTY szt apecucyde] SIg) stozzidans U0 FI200001nY Qe IgLN SUDLIES3R) o3l S0 ng
LS LAY ILOSULG! P2, LIE BPICLES UL SURANP IR RTR] APENRUIIOE ST e UCTRYOpTETY elag U] Ealc] Suniues ST .
SSIAD.AN SHIDLIN0TEY 200/ APAURADY . SIRSEI0A oz - m e m SIUSUE L 22 0o suavzinL ee) mm SURCTREE SO0
sqezied SEUCES 1uRf ApegiEuzy . RCILEN PSR odod seouciy e IR SEUOLELS) i Gy . STOEE STI0h) . aeqeete oo mm
SIUBRIO} SEUDLIRS] VR ADAQUAT . aeuounad efRsEy EVCLIIA SeL o EIENDR SEUCLEL) o biizs SEAUC) STEIR0) SRR SEITOTE]

6

A &

-
Ll
SIS SInD0pE] I
s[oene]

STERY SO0 .

ey Jeg [oAT Sa1dads

o3 G m
5 Lnuzp3zg0ue) W

i Jm R

S P

o) I
saneffydes

0000 SBFINEYE]

]
eEmiay

SR | I

B S R

A SRR W SERYSR

FSUBURY ) WHAeECES)

estueled szucual
S35 SEUCLOU
SNSDIPER, JB eI

SEUORUY ECPUALSTY T
0y uniapeasioe e

pul)
AN WEDRRLY)
b ULEPED ]
SR WLERI00SE
SRUNR WUDRODYS
myaNze Seafuon 1y

62



4.4. Comparison of Alpha Diversity in Kefir Sample

4.4.1. Shannon Index

The highest level of shannon diversity index was observed in KA sample ranging
between 2.5 and 3.0. The lowest shannon diversity index was observed in KC sample

ranging between 1.4 and 1.8.
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Figure 63. Shannon Index

4.4.2. Simpson Index

The highest level of simpson diversity index was observed in KA sample with an
average value of 0.72. The lowest simpson diversity index was observed in KC sample
with an average value of 0.4. The simpson index values of KB, KD and KE was very

similar to each other with average values of 0.65.
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Figure 64. Simpson Index

4.4.3. Chaol Index

The chaol diversity index values of KA, KB, KD and KE was very similar to each
other with values around 100, the lowest chaol diversity index value was observed in KC

sample with an average value around 60.
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Figure 65. Chaol Index
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4.5. Comparison of microbial diversity estimates based on classical
microbiological and sequence-based microbiota approaches

among kefir samples

In KA, on day 1 and day-7 of the microbiological count total LAB count was
0.17% and 0.11 respectively, but in NGS total LAB count was 65.17%. The
microbiological Lactobacilli count on day-1 and day-7 was 0.03% and 2.62%
respectively. The NGS-Lactobacilli count was 8.53%. The microbiological Lactococci
count on day-1 and day-7 was 0.57% and 0.64% respectively. The NGS-Lactococci count
was 14.99%.

In KB the microbiological count on day-1 and day-7 the total LAB count was
2.3% and 0.38% respectively. The NGS total LAB count was 71.27%. The
microbiological Lactobacilli count on day-1 and day-7 was 0.003% and 8.33%
respectively. The NGS-Lactobacilli count was not present. The microbiological
Lactococci count on day-1 and day-7 was 0.33% and 0.16% respectively. The NGS-
Lactococci count was 12.98%.

In KC, the microbiological count on day-1 and day-7 the total LAB count was
0.66% and 0.44% respectively. The NGS total LAB count was 89.39%. The
microbiological Lactobacilli count on day-1 and day-7 was lower than 10, means that it
is not present. The NGS-Lactobacilli count was 2.14%. The microbiological Lactococci
count on day-1 and day-7 was 0.66% and 0.30% respectively. The NGS-Lactococci count
was 14.06%.

In KD, the microbiological count on day-1 and day-7 the total LAB count was,
0.90% and 0.45%. The NGS total LAB count was 79.66%. The microbiological
Lactobacilli count on day-1 and day-7 was 0.00075% and 15.000% respectively. The
NGS-Lactobacilli count was 2.17%. The microbiological Lactococci count on day-1 and
day-7 was 1.75% and 0.0035% respectively. The NGS-Lactococci count was 37.06%.

In KE, the microbiological count on day-1 and day-7 the total LAB count was,
0.6% and 0.375% respectively. The NGS total LAB count was 82.23%. The
microbiological Lactobacilli count on day-1 and day-7 was 0.00008% and 0.00025%
respectively. The NGS-Lactobacilli count was 2.33%. The microbiological Lactococci
count on day-1 and day-7 was 1.024% and 0.025% respectively. The NGS-Lactococci

count was 26.49%.
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4.6. Comparison of FTIR fingerprint region data with sequenece based microbial

diversity among Kefir samples

Both homofermentative and heterofermentative lactic acid bacteria (LAB),
Lactobacillaceae family (Lactobacillus and Leuconostoc genera) and Streptococcaceae
family (Lactococcus and Streptococcus genera), acetic acid bacteria Acetobacteraceae
family (Acetobacter genera) and yeasts Saccharomycetaceae family (Kluyveromyces and
Saccharomyces genera) form the microorganisms usually found in kefir grains (Bengoa
et al. 2019; Garrote et al. 2001; Leite et al. 2013; Pogaci¢ et al. 2013; Zheng et al. 2020).

Lactic acid bacteria group, which are fermentative, produce relatively large
amounts of lactic acid from carbohydrates. Mainly, Streptococcus thermophilus and the
species of Lactococcus, Leuconostoc, Pediococcus, and Lactobacillus genera are
included in the group.

Spherical or ovoid (1 um) shaped Streptococcus species are nonmotile, facultative
anaerobes; mesophiles arranged in pairs or chains and can grow at 50°C. Str.
thermophilus is used in dairy fermentation as well as in milk kefir beverage production;
can be present in raw milk.

Facultative anaerobe, nonmotile, ovoid elongated Lactococcus cells (0.5-1.0 um)
having arrangement as pairs or short chains are mesophiles, however can grow at 10°C
and produce lactic acid. Lactococcus species are used to produce many foods mainly
fermented dairy foods by bioprocessing. Lactococcus lactis subsp. lactis and L. lactis
subsp. cremoris present in raw milk and plants and, some strains have potential as food
biopreservatives since they produce bacteriocins with a relatively wide host range against
Gram-positive bacteria.

Although some are very long but others are coccobacilli rod-shaped Lactobacillus
cells appear in single or in small and large chains and also differ extensively in shape and
size. They are facultative anaerobes; most species are nonmotile; mesophiles (but some
are psychrotrophs); can be homo- or heterolactic fermentors. Found in plant sources,
milk, meat, and feces. Many of them such as Lactobacillus delbrueckii subsp. bulgaricus,
Lab. helveticus and Lab. plantarum are used in food bioprocessing. Some species such as
Lab. acidophilus, Lab. reuteri and Lab. casei subsp. casei are used as probiotics. Some
species like Lab. sake and Lab. curvatus can grow in products stored at refrigerated
temperature while several strains produce bacteriocins having a wide spectrum can be

used as food biopreservatives.
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Facultative anaerobe, nonmotile Leuconostoc cells are spherical or lenticular and
occur in pairs or chains. These heterofermentative LAB found in plants, meat, and milk
are mesophiles but some species and strains can grow at or below 3°C. Psychrotrophic
strains are associated with spoilage (gas formation) of vacuum-packaged refrigerated
foods while some are used in food fermentation. Leuconostoc mesenteroides subsp.
mesenteroides, Leu. carnosum, Leu. lactis, Leu. mesenteroides subsp. dextranicum
produces dextran while growing in sucrose. Several strains produce bacteriocins, some
with a wide spectrum against Gram-positive bacteria, and these have potential as food
biopreservatives.

Lactobacillus and Leuconostoc can grow in both the presence and absence of
oxygen and during metabolism of nutrients species from these genera can produce gas
(CO02. Ha. HoS). Some Lactobacillus and Leuconostoc species are psychrotrophs that can
grow at refrigerated temperature (< 5°C). Several species from Lactobacillus,
Lactococcus, and Streptococcus are tolerant of an acidic environment i.e. aciduric that
can survive at low pH (< 4.0). Species or strains of Lactobacillus, Leuconostoc and
Lactococcus are able to produce slime as they synthesize polysaccharides.

Acetic acid bacteria such as Acetobacter aceti produce acetic acid and have high
resistance to acetic acid released into the fermentative medium.

Activity of kefir grains is provided by conservation of the bacteria and yeast
proportion attained by continuous fermentation patterns that lead to their biomass
proliferate. Temperature, pH, washing of the grains, renewal of milk, and the presence of
nutrients influence this increase (Bourrie et al 2016; Garrote et al. 1998; 2001; Guzel-
Seydim et al. 2011; Simova et al. 2002; Rattray and O’Connell 2011).

Kefir drink microbiota is distinct from that of the kefir grains (Simova et al. 2002).
The physicochemical properties and microbial content of kefir drink is affected by the
type of the milk used, grain to milk ratio, temperature and time of fermentation cycle and
storage conditions (Hecer et al. 2019; Gul et al. 2013; Magra et al. 2012; Vieira et al.
2015; Wszolek et al. 2001).

Traditional kefir drink typically uses cow’s milk as substrate (Gul et al. 2013;
Nielsen 2014). Whole, semi-skimmed, or skimmed milk can be utilized however a kefir
produced by skimmed milk have significantly lower nutritional quality (Irigoyen et al.
2005; Rea et al. 1996; Vieira et al. 2015). Grain to milk ratio, typically altering between
2% and 10% (w/v), affects the kefir microbial content, and higher rates of grain inoculum

enhance lactic acid quantities, allocating sharper pH decline (Garrote et al. 2000; Wszolek
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et al. 2001; Irigoyen et al. 2005). The viscosity is also influenced, since higher ratios of
kefir grain inoculum produce a more acidic, but less viscous, kefir (Wszolek et al. 2001;
Irigoyen et al. 2005). Lactose content is the predominant nutritional component affected
by the amount of grain inoculum and smaller ratios of inoculation results in kefir with
higher lactose levels (Irigoyen et al. 2005; Leite et al. 2013).

Distinctive kefir fermentation takes place between 20 and 25°C for almost 24 h,
with pH ranges between 4.2 and 4.6 (Garrote et al., 2000; Wszolek et al., 2001; Zajsek,
and Gorsek, 2010). The chemical composition of kefir changes during fermentation
mainly due to lactose transformation to lactic acid by homofermentative LAB causing the
pH to decrease and acidity to increment, followed by the surplus hydrolyzation into
glucose and galactose by the enzymatic activity of B-galactosidase available in the grains
(Baruk¢i¢ et al. 2017; De Vrese et al. 1992; Leite et al. 2013). Additionally
heterofermentative LAB transform glucose into lactic acid, ethanol and CO», the former
being the most predominant organic acid after fermentation, and in this environment
proteins are broken down into peptides (Guzel Seydim et al. 2000; Irigoyen et al. 2005;
Magra et al. 2012; Otles and Cagindi 2003). Lactic acid produced in kefir has
antimicrobial effect and since it behaves as a natural preservative, enables the homemade
product to have a lower risk of contaminants (Bengoa et al. 2019; Garrote et al, 2000;
Walsh et al. 2016).

At least 2.8% protein, less than 10% fat, and at least 0.6% lactic acid account for
the chemical constitution of kefir drink reflects its nutritional value and is the
recommended quality standards for kefir are (Codex, 2003). Following grain separation
kefir drink can be consumed immediately or preserved in refrigerator (Farnworth 2005;
Garrote et al. 1998; Otles and Cagindi 2003). Characteristics of kefir drink as well as
fermented milk products must be asserted during storage. Howbeit, since continuous
metabolic activities of surplus kefir microbiota may take place, the composition of
refrigerated kefir may be influenced during storage (Garrote et al. 1997; Gronnevik et al.
2011; Magra et al. 2012; Irigoyen et al. 2005). Generally, kefir drink can retain a shelf
life of 3—-12 days (Garrote et al. 1998). It was reported that during refrigerated (4°C)
storage viscosity of kefir drink declined unexpectedly with time, while total fat, lactose,
dry matter, and pH remain constant until 14 days of storage and lactic acid slightly
increases after 7 days storage (Guzel-Seydim et al. 2000; Magra et al. 2012; Irigoyen et
al. 2005; Vieira et al. 2015). The lipolytic activity in milk fat by LAB is limited yet it can
still confer to the production of free fatty acids (Kim and Liu 2002)
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When we compare the FTIR finger print regions of kefir samples, the spectrums
of Kefirl (KB) and Kefir5 (KA) samples are similar to each other, while the spectrums
of Kefir3 (KD) and kefir 4 (KC) samples are similar. Although the entire FTIR fingerprint
region of kefir2 (KE) sample is not similar to other kefir samples, kefir 1 kefir 2 and kefir
5 781.54 and 701.22 cml give the same peaks. When we compare the FTIR finger print
data (Figure 6-9.) with the sequence-based microbial diversity prediction data (Figure

56), Kefir 1 and Kefir5 are similar. Kefir 4 and kefir 3 are similar to each other.
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CHAPTER S

CONCLUSIONS

For five milk kefir samples mould, coliforms and E. coli were not determined. As
can be seen from Table 8, the bacterial content of the kefir beverage samples varied from
7.086 to 8.794 logio cfu.ml™! for viable total aerobic mesophilic bacteria (TAMB), 6.792
and 8.382 logio cfu.ml! for LAB, <10 and 6.322 logio cfu.ml! for Lactobacillus, 5.857
and 8.146 logio cfu.ml™! Lactococcus, 5.176 and 7.218 logio cfu.ml™! for yeasts. Since in
all of the samples LAB numbers were found and in any of the samples coliforms and E.
coli were not detected, according to microbiological analysis results of the milk kefir
samples, it can be concluded that the microbiological criteria and safety of the samples
are proper for the legislation. By FTIR analysis a correlation can be made according to
storage duration. When storage duration increases PC1 value increases and different
brands scatter through PC2.

All kefir brands contain lactic kefir culture contents and kefir yeast and contain at
least 1.0x10° cfu.ml™! viable microorganisms. Although brand Kefir 4 (KC) has claim on
the packaging that contains Bifidobacterium and L. acidophilus at least 1.0x10° cfu.ml’
'no Lactobacilli were detected. This result also confirmed by the sequencing data that is
no Bifidobacterium was detected in Kefir 4 (KC). Similarly, sequencing data showed that
K1 (KB), K3 (KD) and K4 (KC) kefir samples were not including L. acidophilus. The
most abundant species in all kefir samples were Str.thermophilus ranging from 39.22%
in KA to 73.14% in KC. (Str. thermophilus: KA: 39.22%, KB: 54.12%, KC: 73.14%, KD:
40.19%, KE: 48.86%). The second most abundant species in all kefir samples was
Lactococcus lactis ranging from 11.91% in KB to 36.85% in KD. The third most abundant
species in all kefir samples was Bif. animalis ranging from 4.01% in KE to 23.79% in
KA, however this species were not found in sample KC. The 4th most abundant species
in all kefir samples was L. acidophilus were found only in KA and KE at 2.11% and
8.33% levels, respectively. Prevotella copri was found only in sample KE.

Based on a phylogenetic analysis showing the relatedness of a kefir beverage
based on species level taxonomic diversity KA and KB samples, KE and KD samples

were more closely related to each other. KC sample was the most different sample
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compared to the other kefir beverage samples. These analyses suggest that the species

level taxonomic diversity is similar in KA and KB samples, and KD and KE samples.
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APPENDIX

Table 1. Properties given on the package label of milk kefir brand Kefir -1 sample

KEFIR-1
For 1 Portion |For 1 Portion

Energy and Nutrients | For 100g | For 100g RI* (250 ml) RI*%

Energy (kJ/kcal) 263/63 3% 656/157 8%
Fat (g) 3.2 5% 8 11%
Saturated Fat (g) 2.2 5% 5.5 11%
Carbohydrates (g) 5.2 2% 13 5%
Sugar (g) 23 3% 5.8 6%
Protein (g) 33 7% 8.3 17%
Salt (g) 0.2 3% 0.5 8%
Calcium (mg) 120 15% 300 38%
B12 (mg) 0.4 16% 1 40%
B2 (mg) 0.2 16% 0.6 39%
Phosphorus 106 15% 265 38%

* Values refer to the average adult's Reference Intake (RI) level (8400 kJ/2000 kcal)
Sugar is due to the inherent factor of the product. It does not contain added sugar.

Table 2 Properties given on the package label of milk kefir brand Kefir-2 sample

KEFIR-2
For 100| For 1 Portion |For 1
Energy and Nutrients | For 100ml | mI*RI% (250 ml) Portion*RI1%
Energy (kJ/kcal) 217/52 3% 548/130 7%
Fat (g) 3.2 5% 8 11%
Saturated Fat (g) 2.1 11% 53 26%
Carbohydrate (g) 3.2 1% 8 3%
Sugar (g) 3.2 4% 8 9%
Protein (g) 2.7 5% 6.7 14%
Salt (g) 0 0% 0 0%

* Values refer to the average adult's Reference Intake (RI) level (8400 kJ/2000 kcal)

Table 3 Properties given on the package label of milk kefir brand Kefir-3 sample

KEFIR-3
Energy and Nutrients | For 100ml
Energy (kj/kcal) 217/52
Fat (g) 3.2
Saturated Fat (g) 2.1
Carbohydrate (g) 3.2
Sugar (g) 3.2
Protein (g) 2.7
Salt (g) 0




Table 4 Properties given on the package label of milk kefir brand Kefir-4 sample

KEFIiR-4
For 1 Portion | For 1 Portion
Energy and Nutrients | For 100 ml For 100g RI* (260 ml) RI*
Energy (kj/kcal) 181/43 2% 470/113 6%
Fat (g) 2.5 4% 6.5 9%
Saturated Fat (g) 1.6 8% 4.2 21%
Carbohydrate (g) 24 1% 6.2 2%
Sugars (g) 24 3% 6.2 7%
Protein (g) 2.8 6% 7.3 15%
Salt (g) 0 0% 0 0%
Calsium (mg) - - 252 32%

* Values refer to the average adult's Reference Intake (RI) level (8400 kJ/2000 kcal)

Table 5 Properties given on the package label of milk kefir brand Kefir-5 sample

KEFIR-5
Energy and Nutrients | For 100 ml | For 100 ml *RI%
Energy (kJ/kcal) 216/52 3%
Fat (g) 2.4 3%
Saturated Fat (g) 1.5 8%
Carbohydrate (g) 4.7 2%
Sugar (g) 4.7 5%
Protein (g) 2.8 6%
Salt (g) 0 0%
Minerals **NRV%
Kalsiyum (mg) | 120 | 15%

* Values refer to the average adult's Reference Intake (RI) level (8400 kJ/2000 kcal)
** NRV Nutrition Reference Value. Sugar is due to the inherent factor of the product. It does not

contain added sugar.
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