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ABSTRACT

This study aims to reveal the differences that may occur in the susceptibilities of 2 yogurt bacteria strains, .
thermophilus and L. delbrueckii subsp. bulgaricus, to antibiotics under 2 different durations and 3 different stress
conditions. The study also introduces new approaches to reduce potential issues in the fermented milk industry
containing antibiotics in milk. To this end, the bacteria were exposed to 2 different low-pressure, low-
temperature, and magnetic field activities under 2 different durations. The research concluded that as the severity
of the applied stress conditions and application period increase, the antibiotic susceptibility of the bacteria
decreases, and resistance to certain antibiotics develops (p<<0,05). In the conclusion of the 3 different stress
applications, it was found that the bacteria had the highest resistance to antibiotics in the magnetic field
applications. In these 3 different stress applications, S. thermophilus showed the highest resistance to lincomycin,
cephalexin, and streptomycin; L. delbrueckii subsp. bulgariens developed resistance to streptomycin, erythromycin,
and chloramphenicol. Of the 2 yogurt bacteria, L. delbrueckii subsp. bulgaricus developed a resistance to more
antibiotics than S. thermophilus after the stress applications; the developed resistance was also more substantial
than that of S. thermophilus.
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Cesitli Stres Kosullarina Maruz Kalan Yogurt Bakterilerinin Antibiyotik Direng Profili

(074

Bu arastirmada iki farkli stire ve ti¢ farkl stres kogullari altinda yogurt bakteriletri S. thermophilus ve L. delbrueckii
subsp. bulgaricus suglarinin, antibiyotiklere karst olan duyarliliklarinda meydana gelebilecek degisimlerin
belirlenmesi ve fermente siit endustrisinde antibiyotikli stit kullanimina bagh ortaya ¢ikan sorunlarin azaltulmasinda
yeni yaklasimlarin ortaya konulmast amaglanmistir. Bu amacla bakteriler iki farklt siirede olacak sekilde, iki farkli
distk basing, distik sicaklik ve manyetik alan uygulamalarina tabi tutulmusglardir. Arastirma sonucunda uygulanan
stres kosullarinin siddeti ve uygulama zamani arttikca bakterilerde olusan antibiyotik duyarliliginin azaldigi, baz
antibiyotik tiirlerine karsi ise direng gelisiminin ortaya ciktigi tespit edilmistir (p<0,05). Ug farkli stres uygulamast
sonucunda bakterilerin antibiyotik tiirlerine karsi en fazla direnci manyetik alan uygulamalarinda olusturdugu
tespit edilmistir. Ug farkls stres uygulamasinda . thermophilus en fazla linkomisin, sefaleksin ve sitreptomisine, ..
delbrueckii subsp. bulgaricus ise, Streptomisin, Erythromycin ve Chloramphenicole karst direng gelistirmistir. Iki
farklt yogurt bakterisinden L. delbrueckii subsp. bulgaricus bakterisinin, S. zhermophilusa kiyasla stres uygulamalari
sonucunda daha fazla antibiyotige kars1 diren¢ gelistirdigi, ayrica gelisen direncin de S. thermophilusdan daha
yiiksek oldugu arastirma sonucunda tespit edilmistir.
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INTRODUCTION

One of the most significant issues with fermented
milk production recently has been the use of
antibiotics in milk during the dairy process and the
resulting loss in quality (Brady 1988). Specifically, a
portion of the antibiotics (30-80%) used in the
treatment of mastitis in dairy animals can pass into
milk (Chiders and Jones 1985). Even if the antibiotic
concentration passing into milk is insignificant, it
slows down—and can even  stop—starter
culture/acid production in daity products. This can
cause problems in producing various dairy products,
such as yogurt, ayran, and cheese and cause setrious
quality loss (Jones and Seymour 1988).

Lactobacillus delbrueckii subsp. bulgaricns and Streptococcus
thermophilus are among the most used starter bacteria
in the production of fermented dairy products
(primarily yogurt and ayran) (Song and Aryana 2014).
In the fermentation of milk, lactic acid bacteria (LAB)
produce many products, such as lactic acid, other
organic acids, bacteriocins, exopolysaccharides, and
vitamins, and they are the foundation of the
production and quality characteristics of fermented
milk products (Devanthi et al. 2018). LAB can
undergo various abiotic and biotic changes (e.g.,
acidic, thermal, osmotic, oxidative, and other stresses)
that seriously affect metabolic activity and production
efficiency (Papadimitriou et al. 2016).

As in other activities, LAB identify all of the
surrounding inconvenient, physical, chemical, and
biological conditions as stress. These stress factors
can affect the cell wall and membrane of LAB
(Lakhotia 2001). In response to these various stress
conditions, LAB use multi-faceted strategies to resist
the damage incurred by these challenging
environments (Shin et al. 2018; Wei et al. 2019; Yang
et al. 2023). LAB resist these stress environments
using a system called cross-protection metabolism.
The stress response developed against these stress
factors enables LAB sutvival, and these factors can
also cause changes in the bacteria’s biological
activities (acid formation, antibiotic resistance, etc.)
(Chen et al. 2017; Shin et al. 2018; Kulkarni et al.
2018; Zhang et al. 2018).

Milk containing antibiotics used in the production of
fermented dairy products leads to many substantial
issues— from loss of quality in the end product to an
inability to obtain a product in the first place.
Previous studies have shown LAB’s behaviors,
metabolism, and the changes in the metabolites they
produce under different stress conditions. This study
aims to identify the changes that might occur in the
susceptibilities of 2 yogurt bacteria to antibiotics
under similar stress conditions and introduce new
approaches to decrease issues related to using milk-
containing antibiotics in the fermented milk industry.

MATERIALS and METHOD

Starter Cultures

8. thermophilus (DSM 20617, ATCC19258) and L.
delbrueckii  subsp.  bulgaricns (DSM 20081, ATCC
11842) strains were used in this study.

The two different starter culture types were first
incubated inside MRS broth (110661, Merck
Millipore, Germany) at 37°C under anaerobic
conditions for 48-72 hours. At the end of the
incubation period, the bacteria developed inside the
broth were inoculated into Streptococcns agar (11007,
Merck Millipore, Germany) and Lactobacillus bulgaricus
agar (17154, Merck Millipoe, Germany) growth
mediums and incubated again at 37°C under
anaerobic conditions for 48-72 hours.

Stress Applications

Low-pressure application

The incubated cultures were then subjected to a low-
pressure application for 1 to 2 hours under 3 different
pressures inside a cabin designed by Biosan (Konya,
Tirkiye). The environmental conditions in the
application wete as follows: temperature: 30°C;
moisture: 55.7%; oxygen concentration: 0.06%; and
carbon dioxide: 0.13 ppm.

Low-temperature application

The cultures were also subjected to a low-temperature
application at 3 different temperatures and 2 different
durations after the incubation process; a 0°C
temperature application was carried out inside a
refrigerator (Beko, D948ANEK, Tirkiye), a —18°C
temperature application was performed inside a deep
freezer (Ugur ED 560 DS, Turkiye), and a =75 °C
temperature application was implemented inside an
ultra-freezer (Thermo Scientific Forma 900 Series,
USA). The environmental conditions during the
applications were as follows: temperature: 0°C;
moisture: 65.1%; oxygen concentration: 14.3%;
carbon dioxide: 0.733 ppm; temperature: —18 °C;
moisture:  68.6%; oxygen concentration: 9.65%;
carbon dioxide: 0.466 ppm; temperature: —75°C;
moisture: 48.6%; oxygen concentration: 2.23%; and
carbon dioxide: 0.33 ppm.

Magnetic field application

The study was conducted using a mechanism
designed specifically for this purpose, which was
made of aluminum materials (Figure 1). The rotating
part of the device could move due to its rotor.
However, there is a stable part inside the mechanism
where the cultures are normally located. The rotating
part is square prism-shaped, has 12 magnets (3
magnets on each side), and is connected to a rotator
with an adjustable rotation speed. The rotation speed
of the rotor was kept stable during the experiments
and set to 80 rpm. The magnets were replaced after
each trial; therefore, a magnetic field of 3 different
strengths could be achieved. The strength of
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themagnets was determined as 15, 20, and 25 uT. As
a result, magnetic fields at strengths of 180, 240, and
300 pT were attained during the application. The
magnetic field strength was constantly measured with
the help of a Tesla meter during the research process.
The environmental conditions during the applications
were as follows: temperature: 30°C; moisture: 63.4%;
oxygen concentration: 13.92%; and carbon dioxide:

0.652 ppm.

Antibiotic Discs
Antibiotic discs for penicillin, amoxicillin, cephalexin,
erythromycin, chloramphenicol, streptomycin,

lincomycin, and tetracycline (Oxoid) were used in the
antibiotics susceptibility analysis.

Antibiotic Susceptibility Analysis

After the application procedures were completed, the
starter bacteria in the Petri dishes were separately
removed with a sterile loop and suspended in tubes
containing 10 ml of sterile physiological saline
(Merck, 115525, Germany) with the help of a
densitometer until homogeneous turbidity was
formed. The density of the obtained inoculum
suspension was arranged to attain a 0.5 McFarland
(8.17 Log kob/mlL) standard with the help of a
densitometer (Biosan, 1B, Tiirkiye). Subsequently, 0.1
mL of prepared inoculum was taken using a sterile
pipette and inoculated into Mueller-Hinton agar
(Merck, 1.05437, Germany) growth mediums. Later,
the inoculum was homogenously separated on the
Petri dish’s surface using a sterile swap and, using
sterile pliers, placed on different parts of the growth
mediums at a distance, enabling the zones that would
eventually grow antibiogram discs to not touch each
other (Akarca et al. 2019). The Petri dishes were then
placed into anaerobic jars (Merck, 113681, Germany);
each jar was sealed after Anaerocult A was added to it
(Merck, 113829, Germany), 3 mL of pure water was
added to each section, and the samples were
incubated at 42°C for 48-72 hours in a drying oven
(Incucel, MMM, Germany) (Bracquart 1981). The
anaerobicity of the incubation medium was checked
with an Anaerotest (Merck, 132371, Germany), one
piece of which was placed in each jar. The zones that
formed around the disc following incubation were
measured in mm in a sufficiently lighted environment
using a digital caliper (Mitutoyo, IP67 0—150 mm,
Japan).

Statistical Analyses

The study experiments were conducted as 2 parallel
and 2 repetitions. The results were calculated using
the SPSS V 27.0.0 (SPSS Inc., Chicago, 1L, USA)
statistical package program. The data obtained from
the analyses were then evaluated using variance
analysis. The significance level was determined
according to Duncan’s test (p<0,05), and the effect of
the results was determined using the Pearson
correlation coefficient.

RESULTS

The antibiotic susceptibility results for the 5.
thermophilus starter culture, at 2 different durations and
after 3 different low-temperature applications, are
given in Table 1. The interactions between antibiotic
type, pressure, and interaction duration on antibiotic
susceptibility were highly significant (p<<0,0001). The
interaction between antibiotic type X pressure
interaction on antibiotic susceptibility was also found
to be highly significant (p<0,01). The pressure
interaction on antibiotic susceptibility also showed a
very high negative correlative effect (Table 1).

As a result of the antibiotic susceptibility determined
after 3 different low-pressure applications under 2
different durations on the L. delbrueckii subsp.
bulgaricus starter culture, the interactions between
antibiotic type, pressure, and antibiotic type X
pressure on antibiotic susceptibility were found to be
highly significant (p<<0,0001). The interaction of
pressure X interaction duration was also significant
(p<0,05) on antibiotic susceptibility. In addition, the
pressure interaction on antibiotic susceptibility
showed a very high negative correlative effect, and
antibiotic-type interaction on antibiotic susceptibility
indicated a very high positive correlation (Table 2).
The antibiotic susceptibility results applied to the S.
thermophilus starter culture at 2 different durations and
3 different temperatures are given in Table 3. It was
determined that the interactions between antibiotic
type, applied temperature, interaction duration, and
the antibiotic type X degree of applied temperature
were highly significant on antibiotic susceptibility
(p<0,0001).  Additionally, the interaction of
temperature applied on antibiotic susceptibility had a
high negative correlative effect (Table 3).

The interactions between antibiotic type, applied
temperature, and antibiotic type X  applied
temperature X interaction duration on antibiotic
susceptibility degree obtained after a low-temperature
application to L. delbrueckii subsp. bulgaricus at 2
different durations and 3 different degrees were
highly significant (p<<0,0001). In addition, the low-
temperature interaction showed a very high negative
correlative effect on antibiotic susceptibility (Table 4).
The results of this study show that the interactions
between antibiotic type, severity of the magnetic field,
interaction duration, antibiotic type X severity of the
magnetic field, and magnetic field X interaction
duration on antibiotic susceptibility are highly
significant (p<<0,0001). In addition, the severity of the
magnetic field interaction on antibiotic severity had a
high negative correlative effect (Table 5).

The interactions between antibiotic type, magnetic
field severity, and antibiotic type X applied
temperature X magnetic field severity on antibiotic
susceptibility degree identified after a magnetic field
application to L. delbrueckii subsp. bulgaricus at 3
different durations and 3 different severities were
highly significant (p<<0,0001). Magnetic field severity
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on antibiotic susceptibility also showed a high
negative correlative effect (Table 6).

DISCUSSION

The susceptibility of the S. thermophilus starter culture
to the antibiotic types used in the study differed
(p<0,05). Before any application was initiated, it was
determined that the antibiotic type that S. thermophilus
was most susceptible to was tetracycline, with a
33.04-mm zone diameter, followed by erythromycin
and penicillin, with 2391 and 22.43-mm zone
diameters, respectively. Before the applications, it was
determined that the susceptibility of S. thermophilus to
all of the antibiotic types used in the study was at an
ultra-sensitive (=18-mm zone diameter) level (Table
1).

As the severity of low pressure and application
duration increased, the antibiotic susceptibilities of S.
thermophilus decreased, but the resistance to antibiotic
types increased (p<0,05). Especially after applying a
pressure of —300 mbar for 2 hours, S. thermophilus
showed resistance to 5 different antibiotic types, and
its level of susceptibility to 3 different antibiotic types
decreased from ultra-sensitive to moderately sensitive.
In the conclusion of the application, after a —100
mbar pressure application for 1 hour, it was
determined that the antibiotic type the bacterium was
most susceptible to was tetracycline, with a zone
diameter of 23.99 mm. Nonetheless, the bacteria
showed the highest resistance to lincomycin, with a
9.15-mm zone diameter after a —300 mbar pressure
application for 2 hours (Table 1).

The L. delbrueckii subsp. bulgaricus starter culture
showed varying susceptibility to the antibiotic types
used in the study (p<0,05). It was observed that
before the applications, L. delbrueckii subsp. bulgaricus
was most susceptible to the tetracycline antibiotic
type (with a zone diameter of 30.14 mm) and most
resistant to streptomycin (with a zone diameter of
17.59 mm). Similarly, at the beginning of the
application, L. delbrueckii subsp. bulgaricus showed very
high susceptibility (with a zone diameter 218 mm) to
all antibiotic types used in the study (Table 2).

As the negative pressure and interaction duration
increased, the susceptibility degree of L. delbrueckii
subsp. bulgaricus to most of the antibiotic types
decreased (p<0,05). This change mainly occurred
during the —300 mbar application for 2 hours,
followed by —300 mbar pressure for 1 hour and —200
mbar pressure for 2 hours. In addition, the
susceptibility level (zone diameter =18 mm), which
was very high in all antibiotics except for
streptomycin at the beginning of the application,
became susceptible to the 5 antibiotics used (10-14-
mm zone diameter) after a —300 mbar pressure
application for 2 hours. Although no difference was
observed regarding the susceptibility level to
tetracycline after the applications, the high

susceptibility degree to streptomycin (14-16-mm
zone diameter) reached the resistance (=10-mm zone
diameter) level (Table 2).

The physiological response that the different LABs
exhibit to low-pressure stress varies. Most of the low-
pressure stress LAB encounters impacts the cell wall
(Silver 2003). However, LAB can change the nature
of the cell wall and respond to this stress (Piuri et al.
2005; Koch et al. 2007); the cell wall responds by
using a set of regulatory systems (Silver 2003).

The primary reaction of LAB to this stress is to
produce or import tiny molecules called osmolytes
(e.g., glycine betaine, choline, or proline) to balance
the intracellular and extracellular difference (Molenaar
et al. 1993; Glaasker et al. 1998).

The S. thermophilus starter culture exposed to different
low temperatures showed varied susceptibility to
antibiotic types used in the study (p<0,05). It was
determined before initiating any applications that S.
thermophilus had an ultra-sensitive (218-mm zone
diameter) level of susceptibility to all of the antibiotic
types used in the study; however, after the low-
temperature applications, the susceptibility levels
decreased drastically and turned into resistance in
both samples (Table 3).

As the degree of low-temperature applied and
application  duration increased, the antibiotic
susceptibilities of S. #hermophilus decreased, but the
resistance to antibiotic types increased (p<0,05). After
the application at —75°C for 2 houts, S. thermophilus
showed resistance to 2 different antibiotic types, and
its susceptibility degree to the 5 different antibiotic
types decreased from ultra-sensitive to moderately
sensitive. In the conclusion of the applications, it was
revealed that the antibiotic type the bacterium is most
susceptible to was tetracycline, with a 28.38-mm zone
diameter after the application at 0°C for 1 hour;
however, the highest resistance was to cephalexin,
resulting in a 9.13-mm zone diameter following an
application at —65°C for 2 hours (Table 3).

L. delbrueckii subsp. bulgaricus exhibited different
degrees of susceptibility to the antibiotic types used in
the study (p<0,05). Before the applications began, L.
delbrueckii  subsp.  bulgaricus  showed very high
susceptibility (=18-mm zone diameter) to all
antibiotic types except for streptomycin (Table 4). As
the low-temperature application and interaction
duration continued, the degree of susceptibility of L.
delbrueckii subsp. Bulgariens to the antibiotic types
decreased (p<<0,05). This change degree occurred the
least on tetracycline; however, the most significant
change was on streptomycin, followed by cephalexin
and erythromycin, respectively. The bacteria
developed resistance to 1 antibiotic after a —65°C
low-temperature application for 1 hour and to 4
antibiotics  following a —65°C low-temperature
application for 2 hours (Table 4).

Exposure to low temperatures is common for LAB
types in various contexts. Cold shock causes much
less damage to cells compared to other stresses. LAB
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produces the main reaction to cold shock with the
help of cell walls, and this reaction occurs quickly in
LAB by producing a subset of cell wall proteins, the
heat shock proteins, or the molecular chaperons that
help protein folding.

The negative effect of exposure to cold stress is
primarily due to the physical impact of low
temperature on cell structures and enzymatic
reactions. Most LAB types react to cold shock
through the temporary induction of specific protein
sets called cold-induced proteins and by suppressing
other proteins synthesized after exposure to stressful
conditions. Such a reaction is assumed to help cells
overcome the physiological stress caused by cold
shock (Van de Guchte et al. 2002; Chastanet et al.
2003; Spano and Massa 20006; Fiocco et al. 2009).

The S. thermophilus starter culture showed different
susceptibilities to the antibiotic types used in the
study (p<0,05). Additionally, as the severity of the
applied magnetic field and application duration
increased, the high susceptibilities identified in the
beginning decreased, and the resistance to these
antibiotic types increased (p<<0,05).

It was observed that especially after a 300-uT
magnetic field application for 2 hours, the bacteria
showed resistance to 6 different antibiotic types, and
the susceptibility degree to 2 antibiotic types
decreased from ultra-sensitive to moderately sensitive.
In the different magnetic field applications, the
antibiotic type the bacterium is most susceptible to
was tetracycline, with a 19.99-mm zone diameter after
a 180-uT magnetic field application for 1 hour.
However, the bacteria showed its highest resistance
to streptomycin, with an 8.01-mm zone diameter after
a 300-puT magnetic field application for 2 hours
(Table 5).

L. delbrueckii  subsp. bulgaricns exhibited different
degrees of susceptibility to the antibiotic types used in
the study (p<0,05). As the magnetic field application
and interaction duration continued, the susceptibility
degree of the bacteria to antibiotic types decreased
(p<0,05); this degree of change occurred the least
with amoxicillin; however, the highest change was
with streptomycin, followed by cephalexin and

lincomycin, respectively. The bacteria developed
resistance to 1 antibiotic after a 240-uT magnetic field
application for 2 hours and 7 antibiotics after a 300-
T magnetic field application lasting 2 hours (Table
6).

A magnetic field causes biomolecular and chemical
effects (that affect the electronic spin states of the
reaction intermediates) in the cytoplasm of the lactic
bacteria. This kind of effect can cause changes in
intracellular ion homeostasis (Pei et al. 2006), enzyme
activities (Dang et al. 2007), cell shape, cell growth
(Wang et al. 2002), and cell division (Naruse 2002).
Previous research has shown that most biological
tissues are diamagnetic (Liu et al. 2017). A
diamagnetic response to an external magnetic effect
striking it creates a magnetic induction in the opposite
direction (Butler 2014). Specifically, a magnetic field
of low severity and frequency affects the movement
of ions along the cell membrane (Wang and Hladky
1994); the magnetic field also affects the conductance
of K+ channels on cell membranes (Cecchetto et al.
2015).

In a study on the resistance of LAB to antibiotics,
Aslim and Beyatlt (2004), found that 34 S. thermophilus
strain isolates taken from yogurt samples from
various villages and towns in Tirkiye showed
resistance to gentamicin and penicillin and that these
strains were susceptible to tetracycline and
chloramphenicol. Tatli (2009), demonstrated that
LAB strains isolated from traditionally produced dairy
products were resistant to vancomycin, ciprofloxacin,
gentamicin, erythromycin, and tetracycline. Similarly,
research conducted by Kilic (2014), found that
isolates isolated from traditionally produced white
cheese samples were susceptible to ampicillin,
vancomycin, penicillin, gentamicin, chloramphenicol,
and teicoplanin—and resistant to streptomycin and
ciprofloxacin. Ozteber (2013), found the highest
resistance to lincomycin (25.59%) in the isolates
isolated from fermented dairy products, followed by
tetracycline, meropenem, ampicillin, gentamicin,
erythromycin, ciprofloxacin, chloramphenicol, and
vancomycin, respectively.
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Table 1. Antibiotic sensitivity of S. #hermophilus after different pressure and duration application

Pressure
Type of Antibiotics Control -100 mbar -200 mbar -300 mbar
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour

Penicilin 22.431+0.724c  +++ 21.24%1.174 ++4+ 20.49%1.184 +4++ 15.86+0.268b¢ ++ 15.06£1.33Babc ++ 11.76£0.72¢> + 10.07£0.08¢> +
Amoxcicilin 20.66£0.80%  +++ 20.04£1.26A8> +++ 19.04£0.5348:> +++ 14.414£5.298Cbe ++ 12.3243.93¢b¢ + 11.04£0.18%%¢ + 9.91+0.44¢> -
Cephalexin 19.91£0.774¢ +++ 18.73+1.28ABbe ++4+ 15.70+1.18BCbe ++ 14.93+2.47Cbe ++ 12.97£1.90¢Pbe + 9.981+0.09Pke - 9.62+0.58"P -
Erythromycin 239142194 +++ 21.05+1.99ABb +++ 19.17£2.058¢b +4++ 18.7311.288Cb +++ 16.11£0.33¢0 ++ 11.80%0.54P> + 9.9920.07°> -
Chloramphenicol 20.8611.734c  +++ 18.2410.59ABb¢ ++4+ 16.53+0.998Cbe ++ 16.80£1.438Cbe ++ 14.90+1.64CPabe ++ 13.7310.41¢P» + 12.03£0.57P2 +
Streptomycin 18.73£1.294¢ +++ 14.9312.468¢ ++ 13.10£2.168¢¢ + 11.41£1.098¢¢ + 10.05£0.58¢P¢ + 10.57£0.62¢Pbe + 9.37£0.08P> -
Lincomycin 19.31£1.914¢ +++ 17.56+1.20A8b¢ ++ 15.020.708¢¢ ++ 14.06£1.678Cb¢ ++ 11.49+£2.92€Dbe + 11.09+£0.88¢Pbe + 9.152£0.39> -
Tetracycline 33.0412.3442 +++ 23.9941.708 +++ 20.9712.198Ca +4++ 22.66%1.258C +++ 19.31£1.26% +++ 14.3240.42P» ++ 12.47+1.48P2 +
Variation P Value r
Type of Antibotics(A) <0.0001 0.111
Pressure (P) <0.0001 -0.784**
Interaction Time (I) <0.0001 -0.129
AxP 0.01 -
AxI 0.966 -
PxI 0.042 -
AxPxI 1.000 --

a-c (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-E (]) : Values shown with different letters on the same column differ from each other at the p<<0.05 level, = Standard deviation, ). P <

0.0001: Statistically too much significant, P =0.01: Statistically much significant, P =0.05: Statistically significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18(++): Sensitive. 182

(+++): Ultra-sensitive.

Table 2. Antibiotic sensitivity of L. delbrueckii subsp. bulgaricus after different pressure and duration application

Pressure
Type of Antibiotics Control -100 mbar -200 mbar -300 mbar
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour

Penicilin 23.2610.24Abc +++ 17.05£1.35Bc ++ 15.08£1.91BCcd ++ 15.7810.25BCb ++ 13.13+1.01CDb + 13.11+£1.50CDcd + 11.36£1.78Dbc +
Amoxcicilin 21.84%0.13Ac +++ 19.36£1.85ABc +++ 17.00£1.89BCcd ++ 15.82+1.02Cb ++ 14.39+0.49CDb ++ 11.85£2.54Dd + 11.06£0.79Dbc +
Cephalexin 25.9312.06Ab +++ 23.25%11.52ABb +++ 22.17£0.63Bb +++ 18.47£0.85Cb +++ 16.52%1.37CDb ++ 17.91+1.49Cab ++ 13.75+0.41Db ++
Erythromycin 25.8610.66Ab +++ 19.45£0.96Bc +++ 17.17£0.34Ccd ++ 17.18+0.51Cb ++ 13.85£0.83Db + 15.81£0.37Cbc ++ 11.97£0.93Ebc +
Chloramphenicol 26.4511.91Ab +++ 19.16£1.11Bc +++ 18.36£0.07BCc +++ 16.641£2.11BCb ++ 15.52+1.70Cb ++ 11.07£0.40Dd + 10.1710.41Dc¢ +
Streptomycin 17.59+0.50Ad ++ 17.05£0.28Ac ++ 14.42+1.83Bd ++ 16.83£0.11Ab ++ 13.63£1.40Bb + 10.10£0.21Cd + 9.61+0.69Cc -
Lincomycin 22.9710.27Abc +++ 16.2311.28Bc ++ 14.31£0.95BCDd ++ 16.00£0.38BCb ++ 13.97£0.77CDb + 13.09£0.60DEcd + 11.39£1.61Ebc +
Tetracycline 30.14%3.15Aa +++ 26.4511.91ABa +++ 26.45+1.91ABa +++ 21.9143.03Ba +++ 21.9143.03Ba +++ 20.22+2.15Ba +++ 20.2242.15Ba +++
Variation P Value r
Type ofAntibotics(A) <0.0001 0.194*
Pressure (P) <0.0001 -0.748**
+Interaction Time (I) <0.0001 -0.125
AxP <0.0001 -
AxI 0.440 -
PxI 0.033 -
AxPxlI 0.992 --

a-c (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-E () : Values shown with different letters on the same column differ from each other at the p<0.05 level, * Standard deviation, ). P <
0.0001: Statistically too much significant, P =0.01: Statistically much significant, P =0.05: Statistically significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18 (++): Sensitive.
182 (+++): Ultra-sensitive. < 10(-): Resistant. 10- 14 (+): Moderately Sensitive. 14-18 (++): Sensitive. 182 (+++): Ultra-sensitive.
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Table 3. Antibiotic sensitivity of S. thermophilus after different temperature and duration application

Temperature
Type of Antibiotics Control 0°C -18°C -75°C
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour
Penicilin 22.43+0.728c 44+ 21.65£0.4278b +++ 21.15+0.85480 +++ 20.68+0.558> +++ 20.39£0.265> +++ 18.10£0.77¢ +++ 17.27£2.98Cbc ++
Amoxcicilin 20.66£0.804bc  +++ 20.4910.447b +++ 19.8010.37A8bc +++ 19.36+1.8578bc +++ 18.7010.93A8be +++ 18.3710.73480 +++ 17.47+1.508b¢ ++
Cephalexin 19.91+0.774¢ +++ 15.87£0.098¢ ++ 13.28%0.04¢Pd ++ 14.6710.88BCde ++ 12.3840.93Dkef + 10.90£0.92EF¢ + 9.13+0.15% -
Erythromycin 23.91£2.194  ++4++ 22.86£0.47A8> +++ 20.50£0.068¢b +++ 19.0210.08¢Pbe +++ 16.2911.07PFd ++ 17.361+0.51¢PED ++ 14.7311.41%F ++
Chloramphenicol 20.86£1.738  ++4+ 20.65+0.3870 +++ 18.8911.08ABbe +++ 19.2611.35ABbc +++ 17.1611.40BCcd ++ 18.38£0.94ABb +++ 14.79£0.65¢ ++
Streptomycin 18.731£1.294¢ +++ 15.21£0.688¢ ++ 14.271+1.328¢4 ++ 12.22+0.37¢Pe + 10.79£0.57PEf + 10.28+0.15PFe + 9.28+0.21%d -
Lincomycin 19.31+1.914¢ +++ 17.60£0.35AB¢ ++ 16.10£1.34Bcd ++ 16.9510.14ABd ++ 14.8810.78Bde ++ 16.80£0.054A8B> ++ 14.79£0.92B¢ ++
Tetracycline 33.04+2.34M +++ 28.38+1.92ABa +++ 26.3314.398C +++ 26.45+1.918¢C +++ 25.81£0.308¢ +++ 20.89£0.56% +++ 22.54+1.428Ca +++
Variation P Value r
TypeofAntibotics(A) <0.0001 0.168
Temoerature (T) <0.0001 -0.496**
InteractionTime(I) <0.0001 -0.114
AxT <0.0001 -
AxI 0.409 -
TxI 0.064 -
AxTxI 0.992 -

a-¢ (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-E (]) : Values shown with different letters on the same column differ from each other at the p<0.05 level, * Standard deviation, P <
0.0001: Statistically too much significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18(++): Sensitive. 182 (+++): Ultra-sensitive. < 10 (-): Resistant. 10- 14 (+): Moderately
Sensitive. 14-18 (++): Sensitive. 182 (+++): Ultra-sensitive.

Table 4. Antibiotic sensitivity of L. delbrueckii subsp. bulgaricus after different temperature and duration application

Temperature
Type of Antibiotics Control 0°C -18°C -65°C
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour
Penicilin 23.26%0.244bc +++ 22.88%0.33A80 +++ 20.01%0.84¢> +++ 21.04£0.538¢h +++ 16.89+0.32P2 ++ 16.36+1.62P> ++ 12.31+1.41%b
Amoxcicilin 21.84£0.134¢ +++ 19.69£0.74AB¢ +++ 16.39£0.93¢<d ++ 18.38£1.36B¢b«d +++ 13.03£1.83Pabe + 15.874£0.22¢ ++ 12.97£2.19P2
Cephalexin 25.9312.064 +++ 22.30%1.114Bbe +++ 19.89£0.91820 +++ 16.07£2.24¢d ++ 12.78+1.32CPbe + 14.13£1.35¢ ++ 9.58+£1.49bb¢
Erythromycin 25.86£0.66"> +++ 21.76%2.058b¢ +++ 19.95£2.118B¢ab +++ 17.78%0.76¢Pd ++ 13.98+1.91Fabe + 14.82£2.26PF> ++ 9.9110.18¥be
Chloramphenicol 26.45%1.9140 +++ 22.80%1.95480 +++ 19.60£1.49BCDab +++ 20.62%0.648¢> +++ 15.99+£2.02P= ++ 17.96£1.76¢P ++ 9.25£0.54%¢
Streptomycin 17.59£0.50Ad ++ 16.10£0.401d ++ 13.62%1.408¢ + 12.77£0.518¢ + 10.70£0.93¢¢ + 9.92£0.88¢Pe - 8.8510.32D¢
Lincomycin 22.97%0.274b¢ +++ 20.37£0.374Bbe +++ 17.50£1.45¢Dbe ++ 19.8410.268Cb¢ +++ 14.50£1.59Fabe ++ 16.26+1.95Pkb ++ 10.8610.92tabe
Tetracycline 30.14£3.15M +++ 26.111+1.3548 +++ 22.2810.788¢C2 +++ 24.11+1.338¢2 +4++ 16.48+1.64PF> ++ 20.63+1.37¢Dn +++ 13.26+1.17%
Variation P Value r
Type ofAntibotics(A) <0.0001 0.068
Temoerature (T) <0.0001 -0.758**
Interaction Time(I) 0.251 -0.044
AxT 0.501 --
AxlI 0.632 -
TxI 0.398 -
AxTxlI <0.0001 0.068

a-d (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-F (]) : Values shown with different letters on the same column differ from each other at the p<<0.05 level, + Standard deviation, P <
0.0001: Statistically too much significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18(++): Sensitive. 18> (+++): Ultra-sensitive.
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Table 5. Antibiotic sensitivity of 5. #hermophilus after different magnetic field and duration application

Magnetic Field
Type of Antibiotics Control 180 uT 240 pT 300 pT
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour
Penicilin 22.43+(.724bc +++ 18.73+1.288: ++4+ 14.94£0.26¢b¢ ++ 15.80£1.23Cabe ++ 12.83£0.56P¢ + 12.26+1.30P> + 10.01£0.258>
Amoxcicilin 20.6610.804Ab¢ +++ 17.16+1.528> ++ 14.9810.95¢b¢ ++ 13.8410.84¢Ded + 12.01+0.65PFd + 11.1320.275Fbed + 9.67£0.52tb¢
Cephalexin 19.9110.77%¢ +++ 14.24+1.128¢ ++ 12.29+41.29¢<d + 10.94+0.44¢Pe + 9.87£0.30DPrde - 9.221+0.57Pke - 8.5140.50%be
Erythromycin 23.914+2.194b +++ 19.45£0.968 +++ 17.65+1.578Cab ++ 17.1810.518¢ ++ 14.31+1.59¢DPb ++ 15.81£0.378CDa ++ 12.374+1.53P=
Chloramphenicol 20.86+1.734be +++ 18.221+1.24ABab ++4+ 16.56+1.398Cb ++ 14.49£1.20CPbed ++ 12.29140.47PEbe + 10.52+1.18Fbed + 9.3140.29%be
Streptomycin 18.73£1.294¢ +++ 13.34+1.008¢ + 11.3611.665¢4 + 10.80%0.99¢¢ + 9.04£0.39¢Pe - 9.98£0.15¢Pde - 8.01£0.33P¢
Lincomycin 19.31+1.912¢ +++ 13.76+0.548¢ + 11.85+0.528¢Pd + 12.8810.208Cde + 10.86+0.96CPede + 11.041£0.44CPbed + 9.3510.44Dbe
Tetracycline 33.0412.3442 +++ 19.99£0.468 +++ 17.88£0.638¢ ++ 16.38+1.51BCb ++ 14.6111.48¢Dx ++ 11.6311.41PFbe + 9.65£0.59%b¢
Variation P Value r
Type ofAntibotics(A) <0.0001 0.059
Magmetic Field (M) <0.0001 -0.796**
Interaction Time(I) <0.0001 -0.141
AxM <0.0001 --
AxI 0.800 -
MxI <0.0001 --
AxMxI 1.000 --

a-c (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-F (]) : Values shown with different letters on the same column differ from each other at the p<<0.05 level, = Standard deviation, P <
0.0001: Statistically too much significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18(++): Sensitive. 18> (+++): Ultra-sensitive.

Table 6. Antibiotic sensitivity of L. delbrueckii subsp. bulgaricus after different magnetic field and duration application

Magnetic Field
Type of Antibiotics Control 180 uT 240 pT 300 pT
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour
Penicilin 23.26£0.24Abc +++ 18.88+0.9180 +++ 15.88+2.21¢bbe ++ 17.98£0.898Cab ++ 13.34£1.18Dsbe + 13.37£1.04P2 + 9.92%0.36%>
Amoxcicilin 21.8410.134¢ +++ 15.85£1.968> ++ 13.794£2,18C4d + 14.77£1.398b¢ + 11.11£0.61¢Pbe + 11.12+0.85¢P2 + 10.15£0.13P2
Cephalexin 25.93£2.064> +++ 23.47%1.32A8 +++ 19.54£1.158¢ab +++ 17.75£2.24¢Dab ++ 14.60+£3.14PFab ++ 10.72£0.775F= + 8.84£0.51"bc
Erythromycin 25.86%0.664" +++ 23.24%1.244 +++ 18.9440.6982> +++ 16.54+1.6180 ++ 11.57£1.556b¢ ++ 11.60£2.20¢ + 9.70£0.46>
Chloramphenicol 26.4511.914> +++ 25.39%1.7242 +++ 21.912.37AB +++ 21.72%0.62A82 +++ 16.41£1.548¢ ++ 15.18+5.16¢P2 ++ 9.80%0.29pb
Streptomycin 17.59£0.504d ++ 14.94£2.234> ++ 10.93£0.5384 + 11.60+2.138¢ + 9.97£0.158C¢ - 10.79£1.018¢» + 7.94£0.66%¢
Lincomycin 22.97£0.27Ab¢ +++ 19.13£1.918> +++ 15.80£2.44BCbe ++ 14.74£2.36¢Pbe ++ 11.75£1.43PFbe + 11.56+1.12bF + 9.3810.38%p
Tetracycline 30.1443.15% +++ 24.0242.198: +++ 19.46%1.47¢ +++ 16.61+1.01¢P> ++ 13.74£0.80DEabe ++ 10.9940.11%= + 9.89£0.468b
Variation P Value r
Type of Antibotics(A) <0.0001 0.032
Magmetic Field (M) <0.0001 -0.829%*
Interaction Time(I) 0.912 0.004
AxM <0.0001 -
AxI 0.684 -
MxI 0.579 -
AxMxI 0.699 -

a-c (—): Values shown with different letters on the same line differ from each other at the p<0.05 level, A-F (]) : Values shown with different letters on the same column differ from each other at the p<0.05 level, = Standard deviation, P <
0.0001: Statistically too much significant, **. Correlation is significant at the 0.01 level (2-tailed). < 10(-): Resistant. 10- 14(+): Moderately Sensitive. 14-18(++): Sensitive. 18= (+++): Ultra-sensitive.
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CONCLUSION

This study aimed to reveal the changes that might
occur in the susceptibilities of 2 yogurt bacteria types
to antibiotics under 2 different durations and 3
different stress conditions and present new
approaches to reduce issues arising from using milk
with antibiotics in the fermented milk industry. The
study found that as the severity and application
duration of the stress conditions increased, the
antibiotic susceptibility in the bacteria decreased, and
resistance to certain antibiotic types developed. In the
conclusion of the 3 different stress applications, it
was determined that the bacteria had the highest
resistance to the antibiotics in the magnetic field
applications. In these 3 different stress applications,
S, thermophilus showed the highest resistance to
lincomycin, cephalexin, and streptomycin, and L.
delbrueckii sabsp. bulgaricns developed resistance to
streptomycin, erythromycin, and chloramphenicol. Of
the 2 yogurt bacteria, L. delbrueckii subsp. bulgaricus
developed resistance to more antibiotics than S.
thermophilus after the stress applications; in addition,
the developed resistance was more substantial than
that of S. thermophilus.

Beta-lactam antibiotics (penicillin, cephalosporins,
etc.), mainly used in treating diseases such as mastitis,
pass into milk and cause severe problems—from
quality loss in the end-product to an inability to
produce a product. Since the stress applications on
the starter cultures used in production decrease the
susceptibility of these bacteria to antibiotics, it is
believed that potential issues that might arise from
the antibiotic content can be drastically reduced. The
relationship between stress applications and antibiotic
residue in milk must be further examined in similar
studies.
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