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Abstract: In this study, it was aimed to determine the antibiotic effect of Black Saki cider vinegar (homemade)
produced with different yeasts against different pathogenic bacterial species (E. faecalis ATCC 29212, S. aureus
ATCC 29213, S. aureus ATCC 25923, E. coli ATCC 25922, E. coli ATCC 8739, E. coli (colistin R) ATCC
19846, Klebsiella pneumoniae ATCC 700603, Salmonella enterica subsp. enterica serovar Enteritidis ATCC
13076 and Pseudomonas aeruginosa ATCC 27853), with clinical antibiotic resistance by using disc diffusion
and microdilution methods. In general, it had been determined that all vinegar samples had antibacterial effect,
and the most antibacterial effect against all standard strains was commercial vinegar sample (No. 7 vinegar). It
was determined that vinegar sample number | (vinegar containing 0.3% Saccharomyces cerevisiae) was the
weakest effective vinegar sample against all other standard strains except for Enterococcus faecalis ATCC 29212
strain. In addition, in Escherichia coli ATCC 8739 strain, the sample number 6 was organic household vinegar,
in which MIC values were obtained at 1/32 dilution, unlike the others. In conclusion, the antimicrobial effect of
Black Saki apple vinegar obtained from different yeast raw materials on various microorganisms was determined

in detail. These results will form the basis of new studies and will enable studies to be conducted to investigate
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more bacterial species and their effects on human health by producing Black Saki vinegar at different doses and

techniques.

Keywords: Black saki apple, antimicrobial, vinegar, homemade, commercial vinegar.

Farkhh Maya Hammaddeleri Kullanilarak Geleneksel Yontemle Uretilen Endemik

Kara Saki Elma Sirkelerinin Antimikrobiyal Ozelliklerinin Tespiti

Oz: Bu calismada farkli mayalarla iiretilen elma sirkelerinin (ev yapimi), kilinik olarak antibiyotik direnci olan
farkli patojen bakteri tiirlerine karst (E. faecalis 29212, S. aureus 29213, S. aureus 25923, E. coli 25922, E. coli
8739, E. coli (colistin R) 19846, Klebsiella pneumoniae 700603, Salmonella enterica ve Pseudomonas
aeruginosa 27853), disk diflizyon ve mikrodilusyon metodlart kullanilarak antibiyotik etkisinin belirlenmesi
amaglandi. Genel olarak biitiin sirke drneklerinin antibakteriyel etkisinin oldugu, biitiin standart suglara karsi en
fazla antibakteriyel etkinin ticari sirke 6rnegi (7 numaral sirke) oldugu tespit edilmistir. 1 numarali sirke
orneginin ise (%0.3 Saccharomyces cerevisiae igeren sirke) Enterococcus faecalis ATCC 29212 susu harig biitiin
diger standart suslara karsi en zayif etkili sirke 6rnegi oldugu tespit edilmistir. Ayrica Escherichia coli ATCC
8739 susunda digerlerinden farkli olarak 1/32 dilusyonda MIC degerlerinin elde edildigi 6rnek 6 numarali
organik ev sirkesi olmustur. Sonu¢ olarak, bu calismada farkli maya hammaddelerinden elde edilen elma
sirkelerin ¢esitli mikroorganizmalar {izerindeki antimikrobiyel etkisi detayli olarak belirlenmistir. Bu sonuglar
yeni ¢alismalara temel olusturacak niteliktedir ve farkli dozlarda ve tekniklerde saki elma sirkesi iiretilerek daha

fazla bakteri tiiriine ve insan sagligina etkilerinin de arastirildig1 caligmalarin yapilmasina olanak saglayacaktir.

Anahtar Kelimeler: Kara saki elma, antimikrobiyal, sirke, ev yapimu, ticari sirke.

Introduction

Vinegar is a sour-tasting fermented product obtained by the anaerobic conversion of sugars to ethanol by yeasts
and aerobic oxidation of ethanol to acetic acid by bacteria. Those obtained from rice and wheat are classified as
“grain vinegar”, and vinegar obtained from grape, apple and coconut is classified as “fruit” vinegars (Chen et al.,
2016). Vinegar, which has a history of about 3000 years, plays an important role in our daily life (Tesfaye et al.,
2002; Chen et al., 2017; Jiang et al., 2019). In addition, scientists accept vinegar as a "superfood" that is claimed
to be good for weight loss, digestion, and skin health. There are even vinegar diets available. In the oldest
sources, there is information that Hippocrates (approximately 420 BC) used vinegar for the treatment of wounds
2300 years ago (Johnston and Gaas, 2006; Santos et al., 2019). Various vinegars are produced from different raw

materials such as rice, onion, tomato, apple, cider, pineapple and honey (Solieri and Giudici, 2009). The role of
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biologically active ingredients, which have many physiological effects on human metabolism, is important (Tas
and Giineser, 2021). Especially, vinegaris also a rich in nutritional and bioactive compounds such as amino
acids, sugars, organic acids, polyphenols, melanoidins and tetramethyl pyrazine (Ho et al., 2017; Xia et al.,
2018). These organic acids in vinegar are not only nutrients, but also bioactive compounds with antimicrobial
and anti-inflammatory effects, suppressing fat accumulation and hyperlipidemia, regulating insulin resistance
and metabolism, contributing to weight loss, antihypertensive and reducing fatigue (Hindi, 2013; Petsiou et al.,
2014). In addition, some studies have suggested that it has an antitumor effect (Baba et al., 2013; Xia et al.,
2020). Due to the use of a wide variety of fruits and vegetables in vinegar, which are well known to be important
sources of phenolic compounds and organic acids, the final product has strong antioxidant potential and
antimicrobial activity (Charles et al., 2000; Chang et al., 2005; Bakir et al., 2017). Fermented foods have been
reported to exert anti-obesity effects by altering the composition of the gut microbiota and the expression of
genes related to the metabolic syndrome (Han et al., 2015). Among these fermented foods, vinegar, which is an
acidic food flavor, has become a product that has received a lot of attention recently, as it exhibits multiple
bioactivities such as anti-hypercholesterolemic, anti-hyperglycemic, anti-hypertension, anti-microbial, anti-

cancer, anti-thrombotic (Mohamad et al., 2015; Beh et al., 2017).

There are some reasons that give vinegar antimicrobial properties. Vinegar has been used among the people
for the treatment of nail fungus, head lice, warts, ear cleaning and outer ear infections. Consumers generally
prefer natural preservative methods to prevent the development of foodborne pathogenic microorganisms.
Organic acids and mainly acetic acid in vinegar cause bacterial cell death by acting on the cell membranes of
microorganisms. Vinegar, also known as acetic acid among natural products, contains disinfecting properties

(Nascimento et al., 2003; Saqib, 2017).

Recently, various vinegars have been prepared by using different yeasts at home due to its contribution to the
development of the immune system along with its use for seasoning purposes. Although the substrates and final
products show some differences in homemade vinegar production, the process always includes alcohol and
acetic acid fermentation, which are the main stages of vinegar production (Rosma et al., 2016; Kili¢ and Sengiin,
2021). There is limited information on traditional homemade vinegars produced from different types of raw
materials. Apple species such as Fuji, Catarina, Golden Delicious, and Ida Red show differences in terms of
chemical composition and phenolic content. In addition, the polyphenolic content is higher in the peel compared
to apple pomace, as it is mostly found in the peel (Tsao et al., 2005; Vieira et al., 2009; Du et al., 2020). In
addition, the production methods and raw materials used in vinegar production can also cause differences in the
phenolic composition of vinegar (Budak and Giizel-Seydim, 2010; Bakir et al., 2016; Anonymous, 2022). Many
studies have shown that the presence of phenolic compounds in vinegar supports antibacterial activity (Kara et
al., 2021; Ousaaid et al., 2022). Some researchers report that different types of vinegar effectively inhibit the
growth of foodborne pathogens, including Bacillus cereus, Aeromonas hydrophila, Vibrio parahaemolyticus,
Escherichia coli O157:H7, Salmonella enteritidis, S. typhimurium and Staphylococcus aureus were used for
disinfection of food preparation surfaces and equipment (Karabiyikli and Sengiin, 2017). In this study, based on

the a fore mentioned promising health and food safety properties of vinegar products, it is from the Black Saki
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apple, an endemic apple variety that grows in eastern Turkey and has two types as Black Saki and White Saki
(Goksen and Keles, 2020). It was aimed to elucidate the antimicrobial activities and mechanisms of action of 6
different Kara Saki vinegar samples were produced using different yeasts by comparing them with commercial
apple cider vinegar samples. In order to determine the antimicrobial activity, gram positive and gram negative
bacteria were tried to be selected, which cause the most infections in humans. Standard ATCC strains (ATCC®,
American Type Culture Collection) whose resistance profiles are known all over the world were used for

standardization of results and comparisons.

Material and Method

Within the scope of the study, Black Saki Apple grown under organic conditions for vinegar production was
selected from Elmakody Village of Erzincan province in September 2021 and stored until the production time.
Yeast substances in vinegar production; for vinegar production, lyophilized yeast of Saccharomyces cerevisiae,
which was purchased from Pak Maya used with an initial count of 10’ cfu/mL as the first yeast Organic Kavilca
wheat was obtained from a local production in Hacipiri village of Akyaka district of Kars. Chickpea, barley,
organic honey, molasses, and ready-made vinegar were obtained from local companies, while apple cider
vinegar, traditionally produced from the same type of apple, was procured from the manufacturer and used in

production. In addition, the whey obtained by producing cheese was used in the production of vinegar.

Vinegar Production

Traditionally produced from apples, Black Saki apple cider vinegar was produced as two samples for each
fermentation culture. The vinegar production flow chart was given in Figure 1. Briefly, in the production of
vinegar by the slow method, some modifications were made to the method reported by Aktan and Yildirim
(2011). To produce vinegar, 350 grams of sliced apple after stem and seed separation. The mixture was then
weighed into 1-liter glass jar for each trial. In another sterile beaker, 0.3 g of Pak Maya brand Saccharomyces
cerevisiae, 2.5% chickpea, 2.5% barley, 2.5% buckwheat, 2.5% whey, natural vinegar and commercial vinegar
were taken. Then except for natural vinegar and commercial vinegar they were added to the jar and mixed (2.5%
honey + 2.5% molasses). In the next process, 15 ml vinegar and drinking water up to the neck level of the jar
was added to the jar and mixed with the help of a spoon to ensure homogenization. The mouth of each jar was
wrapped with cheese cloth and covered in an oxygen-proof way with the help of parafilm, this stage was and left
for ethyl alcohol fermentation at 25°C. Then, mixing process was applied every day until the shells collapsed to
the bottom. After the shells settled to the bottom, vinegar (15 mL) was added and mixed again and left to acetic
acid fermentation (25°C) with only cheese cloth at the mouth. The step up to the ethyl alcohol production was
the oxygen-free step, and the acetic acid production step was the oxygen step after observing the formation of

mother of vinegar in the jar during fermentation and the collapse of this mother of vinegar, the vinegar produced
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was filtered with the help of cheese cloth. Vinegar production was carried out in two parallels in all apple
varieties and the pictures of the production stage were given in Figure 2. Vinegar samples were prepared for

analysis by filtering through a 0.45 pm membrane filter before had used in the tests.

Coarsely sliced apples (25% honey + 2.5% molasses + 15 ml vinegar)

— /NN

Yeast addition Chickpea Barley  Buckwheat Whey  Natural vinegar Commercial vinegar
(0,3%) (2,5%) (2,5%) (2,5%) (2,5%)
(Saccharomyces cerevisiae) l

Alcohol fermentation (30 days at 25 °C)
+ 15 ml vinegar

Acetic acid fermentation (60 days at25 °C)

Resting and Straining

Black Saki apple Vinegar

Figure 1. Flow chart of Kara Sak: vinegar samples

Figure 2. Vinegar production stages
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Antimicrobial Analysis

The vinegar samples produced in the study and the test microorganisms was given in Table 1. For the evaluation
of antimicrobial activity, E. faecalis ATCC 29212, S. aureus ATCC 29213, S. aureus ATCC 25923, E. coli
ATCC 25922, E. coli ATCC 8739, E. coli (colistin R) ATCC 19846, Klebsiella pneumoniae ATCC 700603,
Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076 and Pseudomonas aeruginosa ATCC

27853 standard strains were used.

Clinical isolates of microorganisms were obtained from Erzincan Binali Yildirim University Faculty of
Medicine Microbiology laboratory. Standard strains were first transferred to Brain heart infusion broth (bio
Merieux, France) medium and incubated for 1 night, then passaged into media with 5% sheep blood
(bioMerieux, France), and then inoculated from fresh passages into brain heart infusion broth (bioMerieux,
France) media. Standard strains inoculated into Brain heart infusion broth (bioMerieux, Fransa) media were
prepared using DensiCHEK™ Plus densitometer device (bioMerieux, Fransa) at 0.5 McFarland turbidity
standard (1.5x10® microorganisms per ml). These prepared bacterial suspensions were used in liquid

microdilution method and disk diffusion method to investigate the antimicrobial effect of vinegar samples.

Table 1. Vinegar samples by groups, test microorganisms and antibiotics used

Vinegar code Different yeasts used in vinegar production

Vng 1 0.3% Saccharomyces cerevisiae

Vng 2 Chickpea

Vng 3 Barley

Vng 4 Buckwheat

Vng 5 Whey

Vng 6 Organic household vinegar

Vng 7 Commercial vinegar

Test microorganisms Antibiotics

P, E. faecalis ATTC 29212 Ampicillin
P, S. aureus ATTC 29213 Vancomycin
Ps S. aureus ATTC 25923 Vancomycin
P4 E. coli ATTC 25922 Ertapenem
P5 E. coli ATTC 8739 Ertapenem
P6 E. coli (colistin R) ATTC 19846 Ertapenem
P7 Klebsiella pneumoniae ATTC 700603 Ertapenem
P8 Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076 Ampicillin
P9 Pseudomonas aeruginosa ATTC 27853 Meropenem
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Liquid Microdilution Method, Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC) Detection (this section was re named)

For antimicrobial tests, sterile microdilution plates with 96-well U-bottom wells were used. Serial dilutions of
vinegars whose antimicrobial activity was investigated were done with brain heart infusion broth (bio Merieux,
France). 200 microliters of 7 different vinegar samples were added to the first wells and 100 microliters of Brain
heart infusion broth (bioMerieux, France) was added to the next wells. Then, 100 microliters were taken from
the first wells and placed in the second wells and pipetted, and the vinegar sample was diluted in half. This
process was continued by reducing the vinegar concentration by half. Then, standard bacterial suspensions
prepared in 0.5 McFarland turbidity standard were added to these wells. In addition, the last three wells were
designed as follows: only vinegar was placed in the first well, broth, which was a positive control with pathogen
added to the second well, and brain heart infusion broth, which was used as a negative control, was placed in the
last well. Following this procedure, the plates were incubated for 24 hours at 150 rpm at 35 degrees using a
heidolph brand shaking incubator device (Germany), (Figure 3). After the MIC values were determined, 10-
microliter passages were made on 5% sheep blood agar medium and incubated for another 24 hours, then the last

well without growth was detected and MBC values were determined.

Figure 3. Incubation of apple vinegar samples in the shaking incubator
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Preparation of Discs and Disc Diffusion Method

Vinegar samples, after passing through a 0.2 um filter (Minisart Syringe Filter, Cellulose Acetate, Sartorious
Stedim Biotech), were absorbed into 6 mm diameter sterile empty discs (Oxoid) as 20 pL. Ampicillin (AMP, 10
pg/disc, Oxoid) and gentamicin (CN, 10 pg/disc, Oxoid) discs were used as positive control, and sterile water-
impregnated discs were used as negative control. Mueller Hinton Agar media (Biomerioux), vinegar-
impregnated discs (Oxoid), and standard bacterial suspensions prepared in 0.5 McFarland turbidity standard
were used for the disc diffusion method (Figure 4). The prepared bacterial suspensions were spread on the
surface of the medium with sterile cotton swabs, and discs impregnated with vinegar were placed within 15
minutes. Vinegar-impregnated discs were placed on the media inoculated with the test microorganisms, with a
minimum distance of 24 mm from each other and 18 mm from the petri dish. After this procedure, the petri
dishes were incubated at 37 degrees. After 24 and 48 hours, the zone diameters were measured, and the results

were evaluated.

Figure 4. Disk diffusion process

Results and Discussion

Different microorganism’s standard strains, which were E. faecalis ATCC 29212, S. aureus ATCC 29213, S.
aureus ATCC 25923, E. coli ATCC 25922, E. coli ATCC 8739, E. coli (colistin R) ATCC 19846, Klebsiella
pneumoniae ATCC 700603, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076 and
Pseudomonas aeruginosa ATCC 27853 were used to observe the antimicrobial effect of Black Saki apple
vinegar. MIC and MBC values of vinegar samples prepared from different raw materials were given on the

plates presented in Figure 5.
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Figure 5. Plates were used in MIC and MBC evaluation

MIC and MBC values obtained with vinegars against standard strains were investigated. Considering the
Pseudomonas aeruginosa ATCC 278536 strain, the most effective vinegar was vinegar number 7 with MIC
values at 1/32 dilution and MBC at % dilution. This was followed by MIC at % dilution and MBC in the first
well without dilution, followed by vinegar samples 2, 3, 4 and 6. The MIC value in vinegars 1 and 5 was
obtained at ' dilution, and the MBC value in the first well without dilution was found in the 5th vinegar, while

the MBC value could not be determined in the vinegar number 1, Table 2.

Table 2. MIC and MBC breakpoint values obtained against standard strains

Pathogenic bacteria Vinegar Ngiﬁl:i:ll;le M(El(li t‘i,::lue Disc Diffusion

Vng 1 172 - -

Vng 2 1/4 1 -

. Vng 3 1/4 1 -

Pseudomonas aeruginosa Vng 4 1a 1 a
ATCC 278536

Vng 5 1/2 1 -

Vng 6 1/4 1 -

Vng 7 1/32 1/4 8

Vng 1 172 - -

Vng 2 1/4 1 -

Vng 3 1/4 1/2 -

Klebsiella pneumoniae ATCC 70063 Vng 4 1/4 1 -

Vng 5 172 1 -

Vng 6 1/4 - -

Vng 7 1/16 1/2 8
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Tablo 2. Devami
Vng 1 1/2 - -
Vng 2 1/8 1 -
Escherichia coli Vng 3 /8 ! =
ATCC 25922 Vng 4 178 ! -
Vng 5 1/8 1 -
Vng 6 1/8 1 -
Vng 7 1/32 1/4 10
Vng 1 12 - -
Vng 2 1/4 1 -
Escherichia coli (colistin R) Vog 3 14 ! -
ATCC 19846 Vng 4 18 ! -
Vng 5 1/4 1 -
Vng 6 1/8 - -
Vng 7 1/8 1/4 10
Vng 1 1 - -
Vng 2 1/4 1 -
. . Vng 3 12 1 -
Salmonella enterica subsp. enterica Vng 4 14 1 N
serovar Enteritidis ATCC 13076
Vng 5 1/4 1 -
Vng 6 1/8 - -
Vng 7 1/8 1/4 -
Vng 1 12 - -
Vng 2 1/4 1 -
Escherichia coli Xﬁi i 1;: i :
ATCC 8739
Vng 5 1/32 1 -
Vng 6 1/32 -
Vng 7 1/8 1/4 12
Vng 1 12 - -
Vng 2 1/4 1 -
Vng 3 1/4 1 -
Staphylococcus aureus ATCC 25923 Vng 4 1/4 - -
Vng 5 1/4 1 -
Vng 6 1/4 - -
Vng 7 1/8 1/4 12
Vng 1 1/2 - -
Vng 2 12 1 -
Staphylococcus Vng 3 12 ! =
auiiqu} ATCC 29213 Vng 4 12 - -
Vng 5 12 1 -
Vng 6 12 - -
Vng 7 1/8 1/4 10
Vng 1 1/8 - -
Vng 2 1/2 - -
Vng 3 12 - -
Enterococcus faecalis ATCC 29212 Vng 4 1/4 - -
Vng 5 1/2 - -
Vng 6 1/4 - -
Vng 7 1/8 12 -
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When looked at Klebsiella pneumoniae ATCC 70063 strain, vinegar number 7 was found to be the most
effective vinegar with MIC value at 1/16 dilution and MBC value at '2 dilution. This was followed by the
example of vinegar 3 with MIC at % dilution and MBC at ' dilution. This was followed by vinegars 2 and 4
with ¥4 MIC and MBC values in the first well without dilution. Then, while the MIC value was determined in Y
dilution in vinegar number 6, the MBC value could not be determined. In addition, the MIC value was
determined in vinegar number 5 at 4 dilution, and the MBC value was found in the first well without dilution,

Table 2.

When MIC and MBC values were examined against Escherichia coli ATCC 25922 strain, it was observed
that the most effective vinegar was 7 number sample with MIC value in 1/32 dilution and MBC value in %
dilution. Vinegars numbered 2, 3, 4, 5, 6 showed equal effects with MIC and 1 MBC values at 1/8 dilution. The
least effective vinegar, on the other hand, was the vinegar sample number 1 with the MIC value at '2 dilution

without the MBC value, Table 2.

When we loked at the ATCC 19846 of Escherichia coli (colistin R), which was a more resistant strain, the

most effective vinegar was vinegar number 7 with MIC values at 1/8 dilution and MBC at Y4 dilution.

Considering only the MIC values, it was observed that the MIC value in 1/8 dilution and the vinegar number
7 had the same MIC value as the vinegars numbered 4 and 6. Considering the MBC values, vinegar sample
number 4 with MIC values in 1/8 dilution and MBC values in the first well without dilution was followed by
vinegar number 6 with MIC value at 1/8 dilution and no MBC value. This was followed by vinegars 2, 3 and 5
with MIC values in Y4 dilution and MBC in the first well without dilution. The least effective vinegar, on the

other hand, was vinegar number 1, which had an MIC value at % dilution without MBC value (Table 2).

Considering the Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076 strain, vinegar number
7 was found to be the most effective with MIC value at 1/8 dilution and MBC value at % dilution, followed by
vinegar number 6 with MIC value at 1/8 dilution without MBC value. In vinegar samples (2, 4 and 5) MIC

values were determined at % dilution and MBC values in the first well without dilution.

In the vinegar sample number 3, MIC values were found at 1/2 dilution and MBC values were found in the
first well without dilution. On the other hand, the least effective vinegar sample was the sample number 1 with

the MIC value in the first well without the dilution without the MBC value, Table 2.

In Escherichia coli ATCC 8739 strain, MIC values were determined at 1/32 dilution in vinegars 5 and 6,
unlike the others. However, when the MBC values were examined, MBC value was determined in the first well
without dilution in vinegar number 5, but MBC value could not be determined in vinegar number 6. This was
followed by the vinegar number 7. However, vinegar number 7 was found to be more effective than other
vinegars with its MIC value in 1/8 dilution and MBC value in % dilution MIC values at % dilution and MBC
values in the first well without dilution were determined in vinegars 2, 3 and 4. The vinegar sample that showed
the least effect was vinegar number 1 with its MIC value at % dilution without determining the MBC value,

Table 2.
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In Staphylococcus aureus ATCC 25523 strain, number 7 was found to be the most effective sample with
MIC values at 1/8 dilution and MBC at % dilution. This was followed by vinegar samples 2, 3 and 5, with MIC
at % dilution and MBC values in the first well without dilution. In vinegar samples 4 and 6, MIC values were
found at Y4 dilution without MBC values. In addition, the least effective vinegar was the number 1 vinegar, and

the MIC value was determined at % dilution without the MBC value, Table 2.

When looking at Staphylococcus aureus ATCC 29213 strain, the most effective vinegar was found to be 7th
vinegar with MIC values at 1/8 dilution and MBC at % dilution, followed by vinegars numbered 2, 3 and 5 with
MIC values at % dilution and MBC in the first well without dilution. This was followed by vinegars 1, 4 and 6,

whose MIC value were determined only at 72 dilution without MBC value, Table 2.

When the Enterococcus faecalis ATCC 29212 strain was examined, vinegars 1 and 7 were found to be the
most effective vinegars with a MIC value at 1/8 dilution, unlike the others. However, vinegar number 7 was
found to be more effective than vinegar number 1 with its MBC value in % dilution, since vinegar number 1 did
not have an MBC value. This was followed by vinegars 4 and 6 with MIC values at % dilution, and vinegars

numbered 2, 3 and 5 with MIC values at % dilution, Table 2.

When we look at the results of the disk diffusion test, zone diameters could be obtained with vinegar number
7 in all standard strains except Enterococcus faecalis ATCC 29212 and Salmonella enterica subsp. enterica
serovar Enteritidis ATCC 13076. Discs prepared with other vinegars did not form zone diameters. Zone diameter
values were not obtained in any of the vinegar samples in Enterococcus faecalis ATCC 29212 and Salmonella
enterica subsp. enterica serovar Enteritidis ATCC 13076 strains. For vinegar sample number 7, zone diameters
in order from largest to smallest were Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 25523,
Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, Escherichia coli ATCC 19846,
Pseudomon asaeruginosa ATCC 278536, Klebsiella pneumoniae ATCC 70063 (Figure 6). It was determined as
12, 12, 10, 10, 10, 8, 8 mm for the standard strains, respectively. While negative control discs did not create
inhibition zone diameters, antibiotic discs used as positive control were found to be effective when evaluated
according to CLSI criteria (CLSI, 2020). Zones of microbial growth inhibition was indicated by clear zones and

vary with vinegar dilutions for each microbe.
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Figure 6. Effect of varying concentrations of vinegar 7 on microbial growth after incubation at 37 °C for 24 h.
(a) E. faecalis ATCC 29212, (b) S. aureus ATCC 29213, (c) S. aureus ATCC 25923, (d) E. coli ATCC 25922,
(e) E. coli ATCC 8739; (f) E. coli (colistin R) ATCC 19846, (g) Klebsiella pneumoniae ATCC 70063, (h)

Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076.

Numerous studies had shown that homemade vinegar provides broad antibacterial activity on food pathogens
(Janchovska et al., 2015; Oztiirk et al., 2015; Gokirmakl1 et al., 2019; Kalaba et al., 2019; Sengiin and Kilig,
2020a). Vinegar was rich in polyphenols such as gallic, protocatechuic, chlorogenic, caffeic acids and organic
acids such as citric, malic, tartaric, lactic, acetic and succinic acids, which show antimicrobial activity (Yagnik et
al., 2018; Liu et al., 2019). Organic acids act by destroying the outer membrane of bacteria, inhibiting the
synthesis of macromolecules, and increasing the intracellular osmotic pressure (Chen et al., 2016). Polyphenols
acted by changing the permeability of the bacterial cell wall (Bouarab-Chibane et al., 2019). Anonymous (2022)
had been suggested that the raw materials in vinegars were responsible for the changes in antimicrobial

activities.

Yagnik et al. (2018) investigated the antimicrobial effect of commercial apple cider vinegar on E. coli, S.
aureus and C. albicans, and determined the minimum inhibitory concentrations of apple cider vinegar as 250
pg/ml for C. albicans, 62 pg/ml for E. coli and 125 pg/ml for S. aureus. Researchers had reported that apple
cider vinegar had a direct antimicrobial effect against pathogenic microorganisms. When Table 1 was examined,
there were 6 different apple cider vinegars in which different yeast raw materials were used and 1 commercial
apple cider vinegar was available. When the MIC and MBC values obtained from vinegars against the standard
strains in our study were examined, it was seen that the most effective vinegar for Pseudomonas aeruginosa
ATCC 278536 was vinegar number 7 with MIC values at 1/32 dilution and MBC at % dilution. Then, it was seen
that MIC in % dilution and MBC in the first well without dilution followed by vinegar samples 2, 3, 4 and 6.
The MIC value in vinegars 1 and 5 was obtained at 2 dilution, and the MBC value in the first well without
dilution was found in the 5th vinegar, while the MBC value could not be determined in the vinegar number 1,

Table 2. In addition, for the vinegar sample number 7, the zone diameters from largest to smallest were
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Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 25523, Staphylococcus aureus ATCC 29213,
Escherichia coli ATCC 25922, Escherichia coli ATCC 19846, Pseudomonas aeruginosa ATCC 278536,
Klebsiella pneumoniae ATCC 70063. These zone diameters were determined as 12, 12, 10, 10, 10, 8, 8 mm,
respectively. The high antibacterial activity of vinegar number 7 suggests that it is due to the high amount of
acetic acid found in industrial vinegar samples. Indeed, diluted organic acids and highly acidic liquids such as
vinegar could inhibit microbial growth or survival, depending on their acidity levels. Weak acids, including
acetic acid, exert their antimicrobial activity by switching the microbial membrane to its undissociated form and
dissociating according to intracellular pH and releasing a proton in the cytoplasm (Salmond et al., 1984). It had
been reported that vinegars containing a significant amount of acetic acid had strong antimicrobial activity
against bacteria and fungi (Karapimnar and Goniil, 1992; Wen-qiao et al., 2005; Oztiirk et al., 2005; Medina et al.,
2007; Pinto et al., 2008).

When viewed at Klebsiella pneumoniae ATCC 70063, one of our current strains, vinegar number 7 was
found to be the most effective vinegar. This was followed by vinegar samples 3, 2 and 4. While the MIC value
was determined in Y4 dilution in vinegar number 6, the MBC value could not be determined. In addition, the MIC
value was determined in vinegar number 5 at 4 dilution and the MBC value in the first well without dilution,
Tablo 2. All results were showed that the antimicrobial activity of vinegar might vary depending on the test
culture, total phenolic content and acidity amounts of vinegar. Actually, Bakir et al. (2017) reported that
balsamic vinegar showed the highest antimicrobial activity (16 mm) against S. fyphimurium, while pomegranate
vinegar showed the highest activity on S. aureus (13 mm) and E. coli (14 mm). In another study, it was found
that mulberry vinegar showed the highest antimicrobial activity in the disc diffusion and microdilution test
against various microorganisms such as Candida albicans, Bacillus cereus, B. subtilis, Enterococcus faecalis,
Erwinia carotovora, E. coli, Klebsiella oxytoca, S. aureus and Streptococcus pyogenes. Among these strains the

highest antimicrobial activity was seen againts on S. aureus (inhibition zone: 28mm) (Karaagag et al., 2016).

When MIC and MBC values were examined against Escherichia coli ATCC 25922 strain, which was our
other bacterial species in our study, it was observed that the most effective vinegar was vinegar number 7 with
MIC value in 1/32 dilution and MBC value in Y4 dilution. Vinegars numbered 2, 3, 4, 5, 6 showed equal effects
with MIC and 1 MBC values at 1/8 dilution. On the other hand, the least effective vinegar was the vinegar
sample number 1 with the MIC value at 2 dilution without the MBC value, Table 2. When the ATCC 19846 of
Escherichia coli (colistin R), which was a more resistant strain, was examined, the most effective vinegar was
vinegar number 7 with MIC values at 1/8 dilution and MBC at % dilution. Considering only the MIC values, it
was observed that the MIC value in 1/8 dilution and the vinegar number 7 had the same MIC value as the
vinegars numbered 4 and 6. Considering the MBC values, vinegar sample number 4 with MIC values in 1/8
dilution and MBC values in the first well without dilution was followed by vinegar number 6 with MIC value at
1/8 dilution and no MBC value Vinegar number 6 was followed by vinegars numbered 2, 3 and 5 with MIC
values in 4 dilution and MBC values in the first well without dilution. The least effective vinegar, on the other
hand, was vinegar number 1, with an MIC value at 2 dilution without MBC value, as in Escherichia coli ATCC

25922, Table 2.
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In Escherichia coli ATCC 8739 strain, MIC values were determined at 1/32 dilution in vinegars 5 and 6,
unlike the others. However, when the MBC values were examined, MBC value was determined in the first well
without dilution in vinegar number 5, but MBC value could not be determined in vinegar number 6. This was
followed by the circus number 7. However, vinegar number 7 was found to be more effective than other vinegars
with its MIC value in 1/8 dilution and MBC value in % dilution. MIC values at %4 dilution and MBC values in
the first well without dilution were determined in vinegars 2, 3 and 4. The vinegar sample that showed the least
effect was vinegar number 1 with its MIC value at '2 dilution without determining the MBC value, Table 2.
Indeed, Hammouda et al. (2021) in their study using the well diffusion experiment was found that it had
antibacterial activity of four vinegar samples such as grape, fig, prickly pear and date vinegar from various
regions of Tunisia against three-gram positive Staphylococcus aureus (ATCC 25923), Enterococcus faecalis
(ATCC 25912) and Listeria monocytogenes (ATCC 15313) and one gram negative (Escherichia coli ATCC
25922) strains. Date vinegar showed the most effective inhibition of S. aureus with a zone diameter of 24 + 1.42
mm, and Grape vinegar showed the smallest inhibition zone (10 + 1.42 mm). In addition, grape vinegar was only
able to inhibit the growth of S. aureus, unlike other vinegar samples that inhibited the growth of all pathogenic
bacteria tested. In the study, E. coli was observed as the most sensitive strain to all vinegar samples. This activity
was mainly due to the acidic origin of the samples (pH values between 3.61 and 4.08) and this was confirmed by
testing the antibacterial activity of neutralized vinegars at pH 6.5 where no activity was detected. In addition, it
was known that acetic acid, the main compound in vinegar samples, had strong antimicrobial activity against
bacteria (Medina et al., 2007). In our study, it was thought that there might be several reasons for the different
antibacterial effect of apple cider vinegar made with different yeast raw materials on E. coli strains. One of them
was thought to be the acetic acid content, which is the most important quality criterion of vinegars. Acetic acid
usually lowers the pH of the medium. It had also been found that acetic acid passes through the cell wall and
penetrates the cell and denatures the plasma. Since the antimicrobial effect of acetic acid occurs with its
undissociated molecules, the effect of acetic acid increases as the pH of the environment decreases. Acetic acid
has a greater antimicrobial effect against bacteria. The second one might be due to the phenolic content of Kara
Saki apple. Thus, it had been reported in studies that vinegar varieties are rich in phenolic compounds that
indicate antimicrobial and antioxidant activity (Karabiyikli and Sengiin, 2017). These results were agreed with

our study.

Considering the Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076 strain, vinegar number
7 was found to be the most effective with MIC value at 1/8 dilution and MBC value at % dilution, followed by
vinegar number 6 with MIC value at 1/8 dilution without MBC value. In vinegar samples 2, 4 and 5, MIC values
were determined at ¥4 dilution and MBC values in the first well without dilution. In the 3rd vinegar sample, MIC
values were found in 1/2 dilution and MBC values in the first well without dilution. On the other hand, the least
effective vinegar sample was sample number 1 with MIC value in the first well without dilution without MBC
value, Table 2. In the study conducted by Hindi (2013), antibacterial effects of the garlic-apple cider vinegar
mixture and apple cider vinegar alone were investigated on S. aureus, Staphylococcus epidermidis,

Streptococcus pyogenes, Enterococcus feacalis, Streptococcus pneumoniae, Pseudomonas aeruginosa,
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Pseudomonas fluorescence, Enterobacter aerugenes, Klebsiella pneumoniae, E. coli, Salmonella typhi, Proteus
mirabilis, Proteus vulgaris and Acinetobacter. It was observed that the product obtained with the mixture of
apple cider vinegar and garlic on all microorganisms had higher antimicrobial activity than only apple cider
vinegar. While the inhibition zone of the mixture varied between 25-50 mm, it was determined that apple cider
vinegar alone had an inhibition zone between 6-15 mm. Actually, since different yeast raw materials were used
in our study, different antibacterial effects depending on the content of yeast raw materials were the expected
possible results of our study and these results support the results we obtained from our study. In both
Staphylococcus aureus ATCC 25523 and Staphylococcus aureus ATCC 29213, vinegar number 7 was found to
be the most effective with MIC values at 1/8 dilution and MBC at % dilution, followed by Staphylococcus
aureus ATCC 25523 with MIC values at % dilution in 2 wells and without MBC in 3 wells without dilution and
vinegar examples number 5 followed. In Staphylococcus aureus ATCC 29213 strains vinegars numbered 2, 3
and 5 were followed by MIC values at ' dilution and MBC values in the first well without dilution. MIC values
of Staphylococcus aureus ATCC 25523 strain at % dilution were found in vinegar samples 4 and 6 without MBC
values. In addition, the least effective vinegar was the number 1 vinegar, and the MIC value was determined at '2
dilution without the MBC value. In Staphylococcus aureus ATCC 29213, vinegars numbered 1, 4 and 6, whose
MIC value was determined only in % dilution without MBC value, Table 2. In fact, Sengiin and Kili¢ (2018)
examined the antimicrobial effects of homemade mulberry and fig vinegars against the pathogens Listeria
monocytogenes, Escherichia coli O157:H7, Staphylococcus aureus and Salmonella typhimurium. While fig and
mulberry vinegars were showed a similar effect on E. coli O157:H7 and S. aureus. They showed different effects

on L. monocytogenes and S. typhimurium. These results support our study.

When the Enterococcus faecalis ATCC 29212 strain was examined, vinegars 1 and 7 were found to be the
most effective vinegars with a MIC value at 1/8 dilution, unlike the others. However, vinegar number 7 was
found to be more effective than vinegar number 1 with its MBC value in % dilution, since vinegar number 1 did
not have an MBC value. This was followed by vinegars 4 and 6 with MIC values at % dilution, and vinegars
numbered 2, 3 and 5 with MIC values at 2 dilution, Table 2. As a matter of fact, like our study, Sengiin and
Kilig (2018) examined the antimicrobial properties of mulberry vinegars (homemade and commercial). In their
study, they worked with different microorganisms such as E. coli O157:H7 ATCC 43895, L. monocytogenes
Scott A, S. typhimurium NRRLB 4420 and S. aureus 6538 P, Bacillus subtilis ATCC 6037, E. coli ATCC 1103,
Enterococcus faecalis ATCC 29212 and Pediococcus acidilactici ATCC. Commercial vinegar sample showed
antimicrobial effect on all the tested microorganisms, but they found that the antimicrobial effect of household
vinegar was limited. When evaluated in general, vinegar number 7 was determined as the most effective vinegar
sample against all standard strains. Vinegar number 1 was the weakest vinegar sample against all standard strains
except for Enterococcus faecalis ATCC 29212. On the other hand, vinegar number 1 was also one of the 2 most
effective vinegars against Enterococcus faecalis ATCC 29212 strain. It was thought that this effect might be due
to the use of Saccharomyces cerevisiae, which was used as a yeast raw material in vinegar production, Table 2.

In addition, while vinegar samples had MIC values, the absence of MBC values means that they only provide a
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bacteriostatic effect. It was determined that vinegar samples 1 and 6 generally showed a bacteriostatic effect,

Table 2.

When we look at the results of the disk diffusion test, zone diameters were obtained from industrial vinegar
number 7 for all strains except for Enterococcus faecalis ATCC 29212 and Salmonella enterica subsp. enterica
serovar Enteritidis ATCC 13076. Discs were prepared with other Kara Saki apple vinegars did not form zone
diameters. It was thought that this result was due to the amount of acetic acid in the industrial vinegar. In fact,
Sengiin and Kili¢ (2020b) also found that the antimicrobial effect of traditional household vinegar was lower
than that of industrial vinegar. Similarly, Chang and Fang (2007) applied commercial rice vinegar containing 5%
acetic acid (pH 3.0) within 5 minutes in their study in which they contaminated the pathogens E. coli O157:H7
and Salmonella enterica (107 cfu/g) with lettuce samples. They determined that it caused a decrease of 3 log
units in the E. coli O157:H7 population. They reported that commercial rice vinegars containing lower acetic
acid (0.05%; pH 4.09 and 0.5%; pH 3.26) did not have an inhibitory effect on E. coli O157:H7. These results

agreed with our study result.

Conclusion

As a result, Kara Saki apple vinegars included in the study differed in terms of antimicrobial activity. We could
also say that these differences were due to the difference in the raw material used in the preparation of vinegar
and the acidity regulator and additives used in its production. Commercial vinegar sample showed antimicrobial
effect on all the tested microorganisms, but the antimicrobial effect of Kara Saki apple vinegar samples obtained
from different yeast samples was limited. In addition, in our study, it was thought that chickpea, buckwheat and
barley raw materials with high phenolic content also affect on MIC and MBC values. The obtained results show

that the Kara Saki apple vinegar had a significant potential in terms of antimicrobial activity.

Acknowledgment

No ethics commission permission is required in this manuscript. The manuscript has been prepared in
accordance with publication and research ethics. The authors declare that there is no conflict of interest regarding
the publication of this article. FY and HK; production of kinds of vinegar and article language. FY and BG;
supervision, planning, and resources scanning. FY and BG; methodology, laboratory studies, and writing-

original draft preparation, data analysis. BG and HK; article revision.

95



Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi Yangilar & ark.

Journal of Agricultural Faculty of Bursa Uludag University Haziran/2023, 37(1)

References

Aktan, N. and Yildirim H. K. 2011. Sirke Teknolojisi, Sidas Medya, Yayin No: 11-1B, [zmir.

Anonymous. 2022. http://vetjournal.ankara.edu.tr/tr/download/article-file/1522746. (Date of access: 05.03.2022).
DOI: 10.33988/auv{d.865309

Baba, N., Higashi, Y. and Kanekura, T. 2013. Japanese black vinegar “Izumi” inhibits the proliferation of human
squamous cell carcinoma cells via necroptosis. Nutrition and Cancer, 65(7): 1093-1097.

Bakir, S., Toydemir, G., Boyacioglu, D., Beekwilder, J. and Capanoglu, E. 2016. Fruit antioxidants during
vinegar processing: Changes in content and in vitro bio-accessibility. International Journal of Molecular
Sciences, 17(10): 1658.

Bakir, S., Devecioglu, D., Kayacan, S., Toydemir, G., Karbancioglu-Giiler, F. and Capanoglu, E. 2017.
Investigating the antioxidant and antimicrobial activities of different vinegars. European Food Research and
Technology, 243(12): 2083-2094.

Beh, B.K., Mohamad, N.E., Yeap, S.K., Ky, H., Boo, S.Y., Chua, J.Y.H. and Alitheen, N.B. 2017. Anti-obesity
and anti-inflammatory effects of synthetic acetic acid vinegar and Nipa vinegar on high-fat-diet-induced
obese mice. Scientific Reports, 7(1): 1-9.

Bouarab-Chibane, L., Forquet, V., Lantéri, P., Clément, Y., Léonard-Akkari, L., Oulahal, N., ... and Bordes, C.
2019. Antibacterial properties of polyphenols: characterization and QSAR (Quantitative structure—activity
relationship) models. Frontiers in Microbiology, 10: 829.

Budak, H.N. and Giizel-Seydim, Z.B. 2010. Antioxidant activity and phenolic content of winevinegars produced
by two different techniques. Journal of the Science of Food and Agriculture, 90(12): 2021-2026.

Chang, R.C., Lee, H.C. and Ou, A. S.M. 2005. Investigation of the physicochemical properties of concentrated
fruit vinegar. J Food Drug Anal 13(4):348-356.

Chang, J. M. and Fang, T. J. 2007. Survival of Escherichia coli O157: H7 and Salmonella enterica serovars
Typhimurium in iceberg lettuce and the antimicrobial effect of rice vinegar against E. coli O157: H7. Food
Microbiology, 24(7-8): 745-751.

Charles, M., Martin, B., Ginies, C., Etievant, P., Coste, G. and Guichard, E. 2000. Potent aroma compounds of
two red wine vinegars. Journal of Agricultural and Food Chemistry 48:70-77.

Chen, H., Chen, T., Giudici, P. and Chen, F. 2016. Vinegar functions on health: constituents, sources, and
formation mechanisms. Comprehensive Reviews in Food Science and Food Safety, 15: 1124e38.

Chen, Y., Huang, Y., Bai, Y., Fu, C., Zhou, M., Gao, B. and Xu, N. 2017. Effects of mixed cultures of
Saccharomyces cerevisiae and Lactobacillus plantarum in alcoholic fermentation on the physicochemical
and sensory properties of citrus vinegar. LWT, 84, 753-763.

CLSI. 2020. CLSI M100-ED30:2020 Performance Standards for Antimicrobial Susceptibility Testing, 30th
Edition.

96


http://vetjournal.ankara.edu.tr/tr/download/article-file/1522746

Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi Yangilar & ark.

Journal of Agricultural Faculty of Bursa Uludag University Haziran/2023, 37(1)

Du, P., Zhou, J., Zhang, L., Zhang, J., Li, N., Zhao, C. and Wang, M. 2020. GCx GC-MS analysis and
hypolipidemic effects of polyphenol extracts from Shanxi-aged vinegar in rats under a high fat diet. Food &
Function, 11(9): 7468-7480.

Gokirmakli, C., Giizel-Seydim, Z.B. and Budak, H.N. 2019. Sirkenin Saglik Uzerine Etkileri. Gida, 44(6): 1042-
1058.

Goksen, G. and Keles, F. 2020. Phenolic Compounds and Antioxidant Activity of Local Cultivar of Apple

(Malus domestica Borkh) in East of Turkey. Turkish Journal of Agriculture-Food Science and
Technology, 8(9): 1976-1981.

Hammouda, M.B., Mahfoudhi, A., Gharsallah, H., E1 Hatmi, H., Attia, H. and Azabou, S. 2021. Traditional
homemade Tunisian vinegars: Phytochemical profile, biological, physicochemical and microbiological

properties. LWT, 152: 112293.

Han, K., Bose, S., Wang, J.H., Kim, B. S., Kim, M.J., Kim, E.J. and Kim, H. 2015. Contrasting effects of fresh
and fermented kimchi consumption on gut microbiota composition and gene expression related to metabolic

syndrome in obese Korean women. Molecular Nutrition & Food Research, 59(5): 1004-1008.

Hindi, N.K. 2013. In vitro antibacterial activity of aquatic garlic extract, apple vinegar and apple vinegar-garlic
extract combination. American Journal of Phytomedicine and Clinical Therapeutics, 1(1): 42-51.

Ho, C.W., Lazim, A.M., Fazry, S., Zaki, UK.H.H. and Lim, S.J. 2017. Varieties, production, composition and
health benefits of vinegars: A review. Food Chemistry, 221:1621-1630.

Janchovska, E., Janchovska, M., Ristovski, B. and Bocevska, M. 2015. Antimicrobial and antioxidative activity
of commercial versus traditional apple vinegar. In International Conference on Sustainable Development,

November (Vol. 12, No. 15, pp. 28-32).

Jiang, Y., Lv, X., Zhang, C., Zheng, Y., Zheng, B., Duan, X. and Tian, Y. 2019. Microbial dynamics and flavor
formation during the traditional brewing of Monascus vinegar. Food Research International, 125: 108531.
Johnston, C.S. and Gaas, C.A. 2006. Vinegar: medicinal uses and antiglycemic effect. Medscape General
Medicine, 8(2): 61.

Kalaba, V., Balaban, ZM. and Kalaba, D. 2019. Antibacterial activity of domestic apple cider
vinegar. Agrofor, 4(1).

Kara, M., Assouguem, A., Benmessaoud, S., Imtara, H., Mechchate, H., Hano, C., ... and Bahhou, J. 2021. The

Impact of Apple Variety and the Production Methods on the Antibacterial Activity of Vinegar Samples.
Molecules, 26(18): 5437.

Karaagag, R.A., Aydogan, M.N. and Kdseoglu, M.S. 2016. An investigation on antimicrobial and antioxidant

activities of naturally produced mulberry vinegar. Journal of Pharmaceutical Biology, 6: 34-39.

Karabiyikli, S. and Sengiin, I. 2017. Beneficial effects of acetic acid bacteria and their food products. In Acetic
Acid Bacteria (pp. 321-342). CRC Press.

97



Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi Yangilar & ark.

Journal of Agricultural Faculty of Bursa Uludag University Haziran/2023, 37(1)

Karapmar, M. and Goniil, S.A. 1992. Effects of sodium bicarbonate, vinegar, acetic and citric acids on growth
and survival of Yersinia enterocolitica. International Journal of Food Microbiology, 16(4): 343-347.

Kilig, G. and Sengiin, 1.Y. 2021. Fig Vinegar as an Antioxidant and Antimicrobial Agent. Turkish Journal of
Agriculture-Food Science and Technology, 9(4): 822-828.

Liu, Q., Tang, G.Y., Zhao, C.N., Gan, R.Y. and Li, H.B. 2019. Antioxidant activities, phenolic profiles, and
organic acid contents of fruit vinegars. Antioxidants, 8(4): 78.

Medina, E., Romero, C., Brenes, M. and De Castro, A. 2007. Antimicrobial activity of olive oil, vinegar, and

various beverages against foodborne pathogens. Journal of Food Protection, 70(5): 1194-1199.

Mohamad, N.E., Yeap, S.K., Lim, K.L., Yusof, HM., Beh, B.K., Tan, SW. and Alitheen, N.B. 2015.
Antioxidant effects of pineapple vinegar in reversing of paracetamol-induced liver damage in mice. Chinese
Medicine, 10(1): 1-10.

Nascimento, M.S., Silva, N., Catanozi, M.P.L. M. and Silva, K.C. 2003. Effects of different disinfection
treatments on the natural microbiota of lettuce. Journal of Food Protection, 66(9): 1697-1700.

Ousaaid, D., Laaroussi, H., Mechchate, H., Bakour, M., El Ghouizi, A., Mothana, R.A. and El Arabi, 1. 2022.
The Nutritional and Antioxidant Potential of Artisanal and Industrial Apple Vinegars and Their Ability to
Inhibit Key Enzymes Related to Type 2 Diabetes In Vitro. Molecules, 27(2): 567.

Oztiirk, 1., Caliskan, O.ZN.U.R., Tornuk, F., Ozcan, N., Yalgin, H., Baslar, M. and Sagdig, O. 2015.
Antioxidant, antimicrobial, mineral, volatile, physicochemical and microbiological characteristics of
traditional home-made Turkish vinegars. LWT-Food Science and Technology, 63(1): 144-151.

Petsiou, E.I., Mitrou, P.I., Raptis, S.A. and Dimitriadis, G.D. 2014. Effect and mechanisms of action of vinegar
on glucose metabolism, lipid profile, and body weight. Nutrition Reviews, 72(10): 651-661.

Pinto, T.M.S., Neves, A.C.C., Ledo, M.V.P. and Jorge, A.O.C. 2008. Vinegar as an antimicrobial agent for
control of Candida spp. in complete denture wearers. Journal of Applied Oral Science, 16: 385-390.

Rosma, A., Nadiah, A.-H.S., Raj, A., Supwat, T., Sharma, S. and Joshi, V.K. 2016. Acetic Acid Fermented
Product. In Indigenous Fermented Foods of South Asia, Edited by V.K. Joshi, CRC Press, Taylor & Francis
Group, Florida, 598-635p.

Salmond, C.V., Kroll, R.G. and Booth, I.LR. 1984. The effect of food preservatives on pH homeostasis in
Escherichia coli. Microbiology, 130(11): 2845-2850.

Santos, H.O., de Moraes, W.M., da Silva, G.A., Prestes, J. and Schoenfeld, B.J. 2019. Vinegar (acetic acid)

intake on glucose metabolism: A narrative review. Clinical Nutrition ESPEN, 32: 1-7.
Saqib, A. 2017. Antimicrobial activity of apple cider vinegar. Mapana Journal of Sciences, 16(2): 11.
Solieri, L. and Giudici, P. 2009. Vinegars of the World. In Vinegars of the World (pp. 1-16). Springer, Milano.

Sengiin, 1.Y. and Kilig, G. 2018. Dut sirkesinin mikrobiyolojik, fiziksel, kimyasal, antiradikal ve antimikrobiyal
ozellikleri. Akademik Gida, 16(2): 168-175.

98



Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi Yangilar & ark.

Journal of Agricultural Faculty of Bursa Uludag University Haziran/2023, 37(1)

Sengiin 1.Y. and Kilig, G. 2020a. Total phenolic content and antibacterial activity of homemade fig and mulberry
vinegar. Eskisehir Teknik Universitesi Bilim ve Teknoloji Dergisi-C Yasam Bilimleri ve Biyoteknoloji, 9(1):
89-97.

Sengiin, I. and Kilig, G. 2020b. Survival of foodborne pathogens in homemade fig and mulberry
vinegars. Turkish Journal of Agriculture-Food Science and Technology, 8(9): 1833-1839.

Tas, A. and Giineser, O. 2021. Fermentasyon ve Enzimatik Hidroliz Uygulanan Peynir Alt1 Sularinin Bazi
Biyoaktif Ozellikleri. Bursa Uludag Universitesi Ziraat Fakiiltesi Dergisi, 35(2): 277-297.

Tesfaye, W., Morales, M.L., Garcia-Parrilla, M.C. and Troncoso, A.M. 2002. Wine vinegar: technology,
authenticity and quality evaluation. Trends in Food Science & Technology, 13(1): 12-21.

Tsao, R., Yang, R., Xie, S., Sockovie, E. and Khanizadeh, S. 2005. Which polyphenolic compounds contribute
to the total antioxidant activities of apple?. Journal of Agricultural and Food Chemistry, 53(12): 4989-4995.

Vieira, F.G.K., Borges, G.D.S.C., Copetti, C., Amboni, R.D.D.M.C., Denardi, F. and Fett, R. 2009. Physico-
chemical and antioxidant properties of six apple cultivars (Malus domestica Borkh) grown in southern
Brazil. Scientia Horticulturae, 122(3): 421-425.

Wen-qiao, W., Xiao-mei, X., Jin-duo, L., Zhi-qiang, M., Xiu-ying, H, Xiao-feng, Z., Hong-xia, L. and Li-juan,
K. 2005. Fungicidal activity of bamboo vinegar against several phytopathogenic fungi. Acta
Phytopathologica Sinica, 35(6): 99-104.

Xia, T., Zhang, J., Yao, J., Zhang, B., Duan, W., Zhao, C., ... & Wang, M. 2018. Shanxi aged vinegar protects
against alcohol-induced liver injury via activating Nrf2-mediated antioxidant and inhibiting TLR4-induced
inflammatory response. Nutrients, 10(7): 805.

Xia, T., Zhang, B., Duan, W., Zhang, J. and Wang, M. 2020. Nutrients and bioactive components from vinegar:
A fermented and functional food. Journal of Functional Foods, 64: 103681.

Yagnik, D., Serafin, V. and Shah, A.J. 2018. Antimicrobial activity of apple cider vinegar against Escherichia
coli, Staphylococcus aureus and Candida albicans; downregulating cytokine and microbial protein

expression. Scientific Reports, 8(1): 1-12.

99






	Introduction
	Material and Method
	Vinegar Production
	Antimicrobial Analysis
	Liquid Microdilution Method, Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) Detection (this section was re named)
	Preparation of Discs and Disc Diffusion Method
	Results and Discussion
	Conclusion
	Acknowledgment
	References

