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Abstract
The aim of this paper is to determine the quali
and chemical properties using simple chemical and
of vinegar from apple (Malus sp.), blackthorn, (Pr
and pear (Pyrus sp.) obtained in a traditional m
this investigation varied between 0.72% to 4.5% .
In apple vinegar, the total number o bacter L, consists of only
acetic bacteria, contalns 4.0% acetic acig . . samples of blackthorn
' L respectively) of acetic

hawthorn vinegar) and a near absé
hawthorn vinegar were found 0 acetlc fermentatlon process at all, meaning the
ineg the total number of bacteria is 25 cfu/mL and

acetic bacteria 16 cfu i hi entage of acetic acid (4.5%). Yeast cells were

ell as wine, has been known to mankind for many millennia. Ancient
t wine left in an open container becomes sour and turns into a sour
ell. For many years, vinegar was produced without understanding the

lon, Ancient Egypt and Assyria. At that time, vinegar was used as an antiseptic
it was used as an antidote and general tonic for reducing thirst. There are many
the healing properties of vinegar. The vinegar-soaked sponge offered to the
Christ was actually a way to ease his suffering. A mixture of apple vinegar and honey
was sidered an effective remedy for arthritis, although no medical explanation has been
found for this.

For centuries, vinegar has been used in food. It was widely used as a spice to improve
the taste of hot dishes and to make marinades and spices. Red wine vinegar was used as a
salad dressing, and for marinating red meat. White wine vinegar, rice and corn vinegar are
combined with chicken and fish dishes and used in baked goods. Malt and cane vinegar are
used in various sauces.
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In traditional medicine, vinegar is used in its pure form for therapeutic and prophylactic
purposes. It is a folk medicine that aids in all kinds of health problems. The most popular is
apple vinegar. People used it for therapeutic purposes, such as weight loss, lowering blood
sugar levels, treating respiratory diseases, improving cardiovascular circulation, better
digestion, against inflammation of throat, bad breath, various inflammatory processes, high
temperature, preventing the feeling of fatigue, etc. Vinegar was an ideal natural supplement
for skin care (makes it soft and smooth), helps against warts and dandruff, is a perfect balm
for smooth and shiny hair, acts as a natural deodorant, completely neutralizes odo

antifungal, antiviral, antibacterial (due to the low pH value) and antioxid
Vinegar decreases triglycerides, helps with weight loss, controls blood sugar |
cardio-vascular health, prevents hypertension, cardiovascular dlseases c
(type 2), neurodegenerative dlseases osteopor03|s relieves arthritis

2023). But, like other acids, vinegar can damage tooth enamel.
Because of its variety and rich history, vinegar attracts tors and

tasters. High-quality, aged vinegar is considered a good i original
vinegars is valued as much as a collection of rare ent with
adding this spice to various dishes, create their o i i ome, and

even grow new types of acetic acid bacteria.

As a product, vinegar is obtained from v ailable in nature, sugar cane,
grapes and fruits. Traditional vinegar is produc according to well
establlshed customs. leferent types of vif arket. The balsamic

vinegar is produced in Asia, cocon [ in India and the Phillipines
and date vinegars are popular in [ [ our cherry etc. (Sakanaka &

vinegar. It was dis 3tic acid, which is the main component of vinegar, can be
obtained not only b ation of wine, must, honey, juices and other liquids containing
alcohol, but also chemi€ om natural gas, industrial waste and products of dry distillation

of wood. Vinegar preparéed through traditional technology has a special taste and aroma.
i pecial recipes are very popular in American, European and
. In Japan, rice, barley and corn vinegars are made using acidobacteria, which
ticularly useful. Cherry vinegar is made from a mixture of several wines and
arrels for a long time.

vinegar is traditionally produced from apples and pears. Vinegar from
produced in plastic barrels (wooden barrels were used in the past) by

The examination of the quality of vinegar in this paper included laboratory tests of the
logical and chemical properties of four different types of vinegar samples: apple
(Malus sp.), blackthorn (Prunus spinosa L.), hawthorn (Crataegus sp.) and pear (Pyrus sp.)
(Figure 1), produced in a traditional manner of production. The samples were taken from
different producers who produce vinegar using their own technology (Figure 1 and 2).



Figure 1. Samples of vinegar from fruits: Figure 2. Colonies of bacte
1-apple, 2-blackthorn, 3-hawthorn, 4-pear in Petri dishes on i
(Original photo by O. Najdenovska, 2024) (Original photo

The microbiological analysis of four samples of vin
iterations. The tested types of microorganisms were cultivated in
of 25 °C. The microbiological analyses included examin
and presence and total number of acetic bacteria
performed in the microbiological laboratory at the

in Skopje.

The total number of bacteria, as well a i , were examined on nutrient
medium mesopeptone agar (MPA) according to th iluti seeding of selective
nutrient medium (Jarak & Djuric, 2004),4# i acetic bacteria were
examined by the method of diluting and ) ' edium Henneberg (250

conducted in the Oe )i oratory of Institute of Agriculture, Skopje.

Correlation analysSisf(r.) between determined variables was applied using XLSTAT

e and standard deviation.

+0.4 to 0.6 Moderate positive
0.2 to 0.4 Weak positive
0 +0.2 Very weak positive or no association
. -0.2 Very weak negative or no association
-0.2 to — 0.4 Weak negative
-0.4 to -0.6 Moderate negative
e -0.6to -0.8 Strong negative
-0.8 to -1.0 Very strong negative
o -1.0 Perfect negative

has been introduced using descriptive statistical analysis:



RESULTS AND DISCUSSION

According to the results obtained from the microbiological analysis of the total number
of microorganisms and acetic bacteria in all four samples of apple, blackthorn, hawthorn and
pear vinegar in both iterations, no presence of other types of microorganisms was found
except acetic bacteria, yeasts and rod-shaped asporogenous bacteria. In apple vinegar, no
other types of bacteria were observed except for acetic bacteria (16 cfu/mL) of the genus
Acetobacter (Table 1). The determined acidity (pH) of the environment in all sam
from 3.12 to 3.96 (Table 2).

Table 1. Total number of bacteria and acetic bacteria (cfu/mL) in apple, thorn
pear vinegar samples.

Samples Apple
vinegar vinegar
Total number of bacteria/cfu/mL 16
Total number of acetic bacteria 16
(Acetobacter) /cfu/mL

Table 2. Chemical analyses for vinegars obtained i

Samples
Apple (Malus sp.) 3.35
Blackthorn (Prunus spinosa L.) 3.68
Hawthorn (Crataegus sp.) 3.96
Pear (Pyrus sp.) 3.12
These tests showed that horn and hawthorn vinegar contained a

fu/mL in hawthorn vinegar). Also,
ity of other types of bacteria was determined (41
horn vinegar). The obtained pH values were 3.96
.35 in apple and 3.12 in pear vinegar. During
2 highest percentage (4.50%) of acetic acid

low number of acetobacteria (6 cf
in these two vinegar samplespa hi

the first chemical g
(Table 2).
on of the organoleptic properties of the examined vinegar
at the apple vinegar sample had a pleasant, apple smell and
e blackthorn vinegar sample did not have a recognizable smell

ption is that the pH value affects the development of yeasts that's why
e quantities (25 cfu/mL) (Table 1).

at are obligately aerobic, rod-shaped, Gram negative, asporogenous
ile with polar cilia usually produce 5% to 14% acetic acid (Najdenovska et al., 2013;
a & Colo, 2012). Acetic bacteria of the genus Acetomonas xsylina produce a small
tic acid, about 4.5%, but they produce a thicker coating - cuticle (Leifson, 1954).
research, only the apple vinegar sample was observed to form a coating - cuticle.
ccording to the results of the research of microbiological properties of the vinegar
in the first iteration (10.12.2023), it was found that the blackthorn and hawthorn
vinegar samples contain the lowest quantity of acetic bacteria and a high quantity of total
number of bacteria. This condition corresponds to the low percentage presence of acetic acid
in vinegar (Table 2). Specifically, the percentage of acetic acid in blackthorn vinegar is 0.96%
(0.96 g/100 mL acetic acid), while in hawthorn vinegar it is 0.72% (0.72 g/100 mL acetic acid).
Therefore, it was established that the samples of blackthorn and hawthorn vinegar, according
to the parameter of amount of acetic acid, the uncharacteristic smell for vinegar, the presence



of other Gram-positive asporogenous bacteria and the absence of acetic bacteria (TeSic,
1981), do not represent vinegar.

During the second iteration of the microbiological and chemical analysis (Table 3) of
the vinegar samples (26.02.2024), the following properties and parameters were determined:

Table 3. Chemical analyses for vinegars obtained in February, 2024.

Samples Acetic acid /% pH
Apple (Malus sp.) 4.00
Blackthorn (Prunus spinosa L.) 1.10
Hawthorn (Crataegus sp.) 1.00
Pear (Pyrus sp.) 4.50

The apple vinegar sample had a completely pleasant taste
and during microscopy only acetic bacteria were observed in the fi
the same apple vinegar, a visible slimy coating from the so-call
acetic bacteria were observed. Acetic bacteria are able to
producing acetic acid in the fermentation process (Rasper &
Gullo, 2013; Salieri & Giudici, 2008).

ethanol,
louc &

of apple vinegar and only the presence of acetic bacteria (16
mined under the microscope. Also, the results obtained for
show that the samples have not a recognizable smell and
ich was also confirmed through chemical analysis (Table
(around 1.0%). Under the microscope, it was found that only
ped asporogenous bacteria (Figure 4,5) dominated, while acetic bacteria
s why the blackthorn and hawthorn vinegar samples do not represent
e established microbiological-chemical parameters.

taste cha
3), verylo

Figure 4. Microorganisms in blackthorn vinegar. Figure 5. Microorganisms in hawthorn
vinegar.



During the second microscopic analysis, the sample of pear vinegar, in addition to
acetic bacteria, showed yeasts (Figure 6) characteristic of alcoholic fermentation. Another
characteristic of the sample of pear vinegar is that it doesn’t smell like vinegar, but like pomace,
probably due to the presence of yeasts.

According to legal regulations, vinegar that is
8% acetic acid and low pH value. Vinegar containi

the fermentation process.
According to the results from n and hawthorn vinegar

ality of vinegar and diluted

acetic acid No. 24/1989) for vineg 6 | of acetic acid (about 1%).
Table 4. Correlation between,pH and
Variables pH
Acetic acid /% -0.9516
pH 1
Values in bold are d 0 with a significance level alpha=0.05.
-values
[ Acetic acid /% pH
1 0.0484
0.0484 1
ifferent from 0 with a significance level alpha=0.05
ation (R?)
Acetic acid /% pH
1 0.9055
0.9055 1

he obtained results presented in Table 4. show a very high negative correlation for
pH and acetic acid, when the concentration of acetic acid increases, the pH value decreases
and vice versa. In this case, the value of p is 0.0484, which means that there is a statistical
significance of the aforementioned correlation dependence between the parameters.

The coefficient of determination R? is a statistical value that shows how much the
variation of one parameter depends on and it is explained by the variation of another
parameter. The higher the coefficient, the higher the dependence. In this case there is a very




high coefficient of determination between the studied parameters: acetic acid and pH, when
91% of the variation in the concentration of acetic acid is explained by the pH value and vice
versa.

Table 5. Correlation between acetic acid and pH, correlation matrix (Pearson).

Variables Acetic acid /% pH
Acetic acid /% 1 -0.9370
pH -0.9370 1

Values in bold are different from 0 with a significance level alpha=0.05

-values

Variables Acetic acid /%
Acetic acid /% 0

pH 0.0630

Values in bold are different from 0 with a significance level alpha=0.05

Coefficients of determination (R?)

Variables

Acetic

Acetic acid /%

pH

rsa. The table shows that

acid, but somewhat lower

entloned correlation dependence between the
a, (but somewhat lower in year 2024) coefficient of

Total number of

Total number of acetic bacteria

bacteria/cfu/mL (Acetobacter) /cfu/mL
1 -0.8993
of acetic bacteria -0.8993 1

om 0 with a significance level alpha=0.05

Total number of

Total number of acetic bacteria

(Acetobacter) /cfu/mL

bacteria/cfu/mL (Acetobacter) /cfu/mL
0 0.1007
0.1007 0

Values in bold are different from 0 with a significance level alpha=0.05

Coefficients of determination (R?)

Variables

Total number of
bacteria/cfu/mL

Total number of acetic bacteria

(Acetobacter) /cfu/mL

Total number of bacteria/cfu/mL

1

0.8088




Total number of acetic bacteria 0.8088 1
(Acetobacter) /cfu/mL

The results in Table 6 show that there is a very high negative correlation between the
total number of bacteria and number of acetic bacteria. When the number of total bacteria
increases, the number of acetic bacteria decreases. According to the p value (0.1007), there
is no statistical significance of the aforementioned correlation dependence. In this case there
is a very high coefficient of determination between the investigated parameters: to ber
of bacteria and total number of acetic bacteria, when 81% of the variation in t
bacteria is explained by total number of acetic bacteria and vice versa.

CONCLUDING REMARKS

According to the results obtained from the research, it ha
different types of fruits have an influence on the quality and cou
traditional manner.

According to the parameters of the chemical and m
vinegar has the best quality, which contains 4.0% aceti id, p
bacteria.

In the blackthorn and hawthorn vinegar sam
asporogenous bacteria was determined, that's
according to the scientifically established po
percentage of acetic acid in blackthorn and hawth

Pear vinegar had the presence ofae

, apple

%.
, pH value 3.12, and
yeasts has also been
determined. Due to the fermentatio aSS i e direction of alcoholic
fermentation, this sample smel acetic fermentation should
continue to be monitored.

According to ‘ z [ ery high negative correlation between pH and
acetic acid was de ined. W ontent of acetic acid increases, the pH value
decreases and viceve

A very high negati lation was found between the total number of bacteria and
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MUKPOBMWONOLLKU U XEM} N HA TPAOVULIMOHAIHO
NPOU3BELEH ]

ouuTe og oueTt JobumeH o Hekom OBOLLHM BUA0BU: jabonko (Malus sp.),
sa L.), rmor (Crataegus sp.) u kpywa (Pyrus sp.) nobueHn Ha

of oueTHu baktepun, cogpxu 4,0 % oueTHa kKncenuHa n uma pH BpeaHocT 3,25.
MepouuTe oueT O4 TPHUHKA W rfor npucyTeH € man 6poj Ha oueTHu BakTepumn

n 35 cfu/mL BO oueT of rfor) 1 pedncu LenocHO OTCYCTBO Ha oueTHM B6akTepun. YTBPAEHO e
AeKa BO NpMMepouuTe oueT of TPHMHKA U rNor BOOMLWTO He ce oABMBar NpoLec Ha oueTHa
depMmeHTaumja, WTo 3Ha4Yn geka ouHaIHMOT NPOU3BO4 HE € OLET.

Bo oueToT oa kpywa npucytHu ce 25 cfu/mL BkyneH 6poj Ha Baktepuum, 16 cfu/mL
oueTHn OGakTepum M BO HEro MMa HajronieM MpOLEHT Ha oueTHa kucenuHa (4,5 %). Bo
npuMmepounTe ce 3abenexaHm W KNeTKM of KBacuW, KapakTePUCTUYHW 3a arkoxosiHa
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depmMeHTaumja, nopagu LWTO NpouecoT 3a gobuBare Ha KpaeH NpPov3BOA4 OAM BO HecakaH
npaseu,

YTBpAeHa € MHOry BMCOKa HeraTuMBHa Kopenaunja nomery pH n oueTHa kucenvmHa m
nomery BKynHWOT 6poj Ha GakTepumn n 6pojoT Ha oueTHU BakTepuu.

KnyuHum 360poBu: Malus sp., Prunus spinosa L., Crataegus sp., Pyrus sp.
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