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INTRODUCTION

Kombucha is a traditional fermented beverage originating 
from the northeast China (former Manchuria region) and lat-
er spread to Russia and  the  rest of  the world. Nowadays, 
Kombucha has become very popular in  the Western world 
(North America and Europe) and is often claimed to exhibit 
healthful properties, which include anti-microbial, anti-oxi-
dant, anti-carcinogenic [Jayabalan et al., 2011], anti-diabetic 
[Hiremath et al., 2002; Aloulou et al., 2012] effects, as well as 
treatment for gastric ulcers [Banerjee et al., 2010] and high 
cholesterol [Yang et al., 2009]. It has also been shown to im-
pact the immune response [Ram et al., 2000] and liver detoxi-
fi cation [Lončar et al., 2000]. 

Kombucha is typically prepared by fermenting sweetened 
black tea inoculated with tea fungus pellicle or previously fer-
mented broth (i.e. Kombucha) at a  level of 100–200 mL/L. 
The substrate is incubated statically under aerobic conditions 
at 20–28°C [Sievers et  al., 1995]. Duration of  fermentation 
could differ, even up to 60 days, and in that case, the obtained 
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beverage has a mild vinegar taste [Chen & Liu, 2000]. In order 
to obtain a pleasantly sour, sweetened beverage, fermentation 
should be terminated when titratable acidity (TA) of fermen-
tation broth reaches 4–4.5 g acetic acid/L, that is confi rmed 
by Kombucha consumers [Cvetković et al., 2008]. The tea fun-
gus is a consortium of acetic acid bacteria (AAB) (Glucona-
cetobacter xylinum, previously known as Acetobacter xylinum, 
which is the primary and best studied bacteria in Kombucha) 
and yeasts (species of  the genera Saccharomyces, Torulopsis, 
Pichia, Brettanomyces, Zygosaccharomyces, Candida and Sac-
charomycoides) [Yamada et al., 1997; Greenwalt et al., 2000; 
Teoh et al., 2004; Chu & Chen, 2006]. It  is well known that 
the microbial community may vary between different Kom-
bucha cultures across the globe depending upon the  source 
of  the  inoculum used. The  role of  yeasts in  the Kombucha 
fermentation is  to hydrolyze sucrose from cultivation medi-
um to glucose and  fructose and metabolize these monosac-
charides to ethanol, which is  further oxidized to acetic acid 
by AAB. AAB cannot uptake sucrose alone, because of the lack 
of  enzymes for the  extracellular hydrolysis of  sucrose or its 
transport into the  cell. Also, AAB use yeast-derived glucose 
to synthesize gluconic acid and bacterial cellulose in the form 
of  pellicle which is  commonly described as the  “fungus” 
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[ Greenwalt et al., 2000; Kurtzman et al., 2001]. Acetic acid, 
ethanol and gluconic acid are the main tea fungus products 
[Blanc, 1996]. Other components present in Kombucha are 
fructose, glucose, ethyl-gluconate, oxalic acid, saccharic acid, 
keto-gluconic acids, lactic acid as well as tea components 
(catehins, theafl avins, fl avonols etc.), and enzymes (invertase, 
amylase, other oxidative enzymes etc.) [Reiss, 1994; Greenwalt 
et al., 2000]. Although the type of sugar (sucrose, lactose, glu-
cose or fructose) may have a distinct infl uence on the forma-
tion of ethanol and lactic acid, the concentration of individual 
sugars has no pronounced effect [Reiss, 1994]. When lactose 
was used as a carbon source, the fi nal products of fermenta-
tion were acetic and  lactic acid as well as ethanol [Belloso-
Morales & Hernández-Sánchez, 2003]. Lactic acid appears 
in Kombucha in its most potent L-form [Malbaša et al., 2002]. 
L-Lactic acid is the biologically important isomer that assists 
circulation of  the  blood and  prevents decay in  the  bowels 
and constipation. Also, it maintains the balance between acids 
and alkalines, as well as stimulates secretion of stomach en-
zymes and detoxifi cation process [Kaufman, 1995]. 

It is well known that lactic acid is the major product dur-
ing sugar fermentation in  lactic acid bacteria (LAB), but 
these bacteria were not detected in the Kombucha according 
to Sievers et al. [1995]. Generally, there are insuffi cient data 
about the presence of LAB in Kombucha, i.e. tea fungus cul-
ture and their number during fermentation of sweetened tea. 
One of  the  reasons is  that the majority of microbiological 
analyses of tea fungus have been based on culture techniques 
[Chakravorty et al., 2016]. Recently, Marsh et al. [2014] have 
performed sequence-based analysis of the bacterial and yeast 
populations of Kombucha. They were identifi ed Lactobacil-
lus spp. as prominent population (up to 30%), with a number 
of  sub-dominant genera. According to Marsh et  al. [2014], 
lactobacilli have been isolated in only two previous Kombu-
cha studies, both of which focused on Chinese Kombuchas. 
Velićanski [2012] did not detect LAB (streptococci, lactobacilli 
and bifi dobacteria) in tea fungus which was used in her study 
as a starter culture. In the absence of LAB, the lactic acid dur-
ing tea fungus cultivation was formed by AAB from ethanol 
and acetic acid [Reiss, 1994]. Yeasts lack the lactate dehydro-
genase enzyme, and are unable to process during glycolysis 
and produce lactic acid from pyruvate [Gao et al., 2009]. 

Previous results of Velićanski [2012] also have shown very 
low viability of starter commercial LAB cultures during Kom-
bucha fermentation. Taking into account benefi cial health ef-
fects of LAB (especially as probiotics), as well as the absence 
of literature data, the author tested the possibility to produce 
a Kombucha with improved functional (probiotic) characteris-
tics using commercial cultures of LAB. Probiotic foods which 
contain viable cells (least 106  cfu/mL) of  probiotic cultures 
such as lactobacilli and bifi dobaterium provide several health 
benefi ts, as they help in maintaining a good balance and com-
position of  the  intestinal microbiota, and  increase the  resis-
tance against invasion of pathogens [Tripathi & Giri, 2014]. 

The aim of this study was therefore to test viability of se-
lected wild strains of lactobacilli during Kombucha fermenta-
tion, their interaction with tea fungus and their contribution 
in obtaining a beverage of increased functional characteristics 
compared with the traditional one. 

MATERIALS AND METHODS 

Tea fungus
Fermentation was performed by using the local tea fungus 

culture, for which previous studies showed that it contained at 
least fi ve yeast strains (Saccharomycodes ludwigii, Saccharomy-
ces cerevisiae, Saccharomyces bisporus, Torulopsis spp., and Zy-
gosaccharomyces spp.) and two bacterial strains of the Aceto-
bacter genera [Markov et al., 2001; Velićanski, 2012]. 

Tea fungus cultivation 
The  substrate for tea fungus cultivation was prepared 

by adding 70 g of sucrose into 1 L of tap water. The medium 
was boiled and 3 g/L of black tea (“Fructus”, Bačka Palanka, 
Republic of Serbia) was added. After 15 min, tea leaves were 
removed by fi ltration. After cooling it to the room tempera-
ture, the tea was inoculated with 100 mL/L of the fermenta-
tion broth from the  previous fermentation obtained under 
the  same conditions. Sterile glass jars (volume 0.72 L, di-
ameter 8 cm) were fi lled in with 0.33 L of inocula. The glass 
jars were covered with a  cheesecloth, and  the  fermentation 
at 28±0.2°C was monitored to obtain a beverage of optimal 
acidity (TA=4–4.5  g/L). All fermentations were performed 
in triplicate.

Preparation of lactobacilli suspensions for inoculation
Suspensions of  lactobacilli for inoculation were added 

into the  fermentation broth two days after the  beginning 
of  fermentation. Wild Lactobacillus strains (Lb-1–Lb-5) in-
cluded in this study were isolated from traditional fermented 
food from the  territory of  the Republic of Serbia (Table 1). 
Identifi cation of strains was performed by the molecular iden-
tifi cation by using (GTG)5-PCR and sequence analysis of 16S 
rRNA gene. Strains were stored at -80°C in  Lactobacillus 
MRS Agar (Himedia, Mumbai, India), supplemented with 
200 g/L of glycerol in the Laboratory of Microbiology, Faculty 
of Technology, University of Novi Sad, Serbia. Wild Lactoba-
cillus strains from the stock were subcultured twice in MRS 
broth (Himedia, Mumbai, India) at 28°C for 24 h. Subcul-
tured wild strains were centrifuged at 2504×g (LC-320 centri-
fuge, Tehtnica, Železniki, Slovenia) for 15 min. The sediment 
was resuspended twice in 8.5 g/L NaCl and centrifuged under 
the same conditions. 

Each suspension was separately added into glass jar after 
48 h from the start of Kombucha fermentation in the quantity 

TABLE 1. Wild Lactobacillus strains applied in Kombucha fermentation. 

Strain 
designation

Name 
of the strain

Origin 
of the strain

Type of sugar 
metabolism

Lb-1 L. hilgardii sour dough heterofermentative

Lb-2 L. fermentum 1-month old 
cheese heterofermentative

Lb-3 L. plantarum 2-month old 
cheese homofermentative

Lb-4 L. plantarum 40-day old 
cream homofermentative

Lb-5 L. plantarum 7-month 
old cream homofermentative
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of 10% (v/v). The expected number of lactobacilli at the start 
point of fermentations was not lower than 107 cfu/mL, while 
the exact number was determined by the pour plate method 
one hour after inoculation and during the following two days.

Sampling
Sampling of  fermentation broth during tea fungus culti-

vation was performed periodically for further analysis. Each 
glass jar was sampled only once in order to avoid a potential 
contamination. From each jar, 1 mL of fermentation broth was 
taken under sterile conditions for the microbiological analysis 
and 20 mL for measuring the pH value and TA. The control 
sample (Control Kombucha) was sweetened black tea which 
was not inoculated with lactobacilli. After four days of  fer-
mentation, samples of Kombucha inoculated with Lactobacil-
lus strains were bottled and stored at +4°C for testing bacte-
ria viability during storage. During 10-day storage, samples 
were taken to determine pH, TA and number of lactobacilli. 

Methods of analysis
The  pH values were measured by  using an electronic 

pH meter (HI 9321, HANNA Instruments, Limena, Italy) cali-
brated at pH 4.0 and 7.0. The TA was determined according to 
Jacobson [2006]. After removing CO2 from the fermentation 
broth, a 20-mL aliquot was taken and titrated with 0.1 mol/L 
of NaOH. The TA was expressed in grams of acetic acid per 
liter of the sample. D-lactic acid and L-lactic acid content was 
determined by using D-/L-lactic acid kit (Megazyme, Co. Wick-
low, Ireland, K-DLATE 06/08). Number of yeasts, AAB, lacto-
cocci, lactobacilli, and bifi dobacteria in the fermentation broth 
was determined by  the plate counting method. The medium 
for enumeration of yeasts was Sabouraud-4% Maltose Agar 
(Merck, Darmstadt, Germany) with the addition of 50 mg/L 
of  chloramfenicol (Sigma-Aldrich, St. Louis, USA); plates 
were incubated at 28°C for 72 h. The medium for the deter-
mination of the number of AAB was Yeast Peptone Mannitol 
Agar (Difco, Detroit, USA), containing 500 mg/L of  cyclo-
heximide (Sigma-Aldr  ich, St. Louis, USA). The incubation at 
28°C took 5–7 days. Number of  lactobacilli was determined 
using Lactobacillus MRS Agar (Himedia, Mumbai, India) 
by adding 500 mg/L of cycloheximide. Streptococci was de-
termined by using M17 Agar Base (Himedia, Mumbai, India) 
under aerobic conditions at 28°C for 72 h. Number of bifi -
dobacteria were determined by using Wilkins Chalgren An-
aerobic Agar Base (Himedia, Mumbai, India) and TOS MUP 
Medium (Merck, Darmstadt, Germany). The incubation was 
performed under anaerobic conditions by using Anaerocult A® 

(Merck, Darmstadt, Germany) at 28°C for 72 h. 

Statistical analysis
All experiments were performed in triplicate, under the same 

conditions, while each quantity was measured three times. 
The obtained values used for further processing are the aver-
ages of all the measurements presented as a mean ± standard 
deviation. Analysis of variance (ANOVA) and Tukey’s HSD test 
for comparison of sample means were used to analyze varia-
tions in the observed parameters among the samples. The data 
were processed statistically using the  software package STA-
TISTICA 10.0 (StatSoft Inc., Tulsa, OK, USA). 

RESULTS AND DISCUSSION

Chemical and  microbial changes during Kombucha 
fermentations

Results of  determination of  lactobacilli, streptococci, 
and bifi dobacteria (LAB) numbers in the fermentation broth 
prior to inoculation and during fermentation of Control Kom-
bucha showed absence of these bacteria (Table 2). Wild strains 
of  lactobacilli Lb-1–Lb-5 (Table  1) were separately added 
the second day of  tea fungus cultivation after chemical (pH 
and TA) and microbiological (number of  yeasts and AAB) 
analysis of  the  fermentation broth. One of  the  reasons why 
lactobacilli were not added at the beginning of cultivation was 
to avoid the osmotic stress, which cells would be exposed to 
due to a high concentration of sucrose (70 g/L) as the only 
carbon source in  the  cultivation medium [Panesar et  al., 
2007]. The other reason is a more favorable profi le of sugar 
as a carbon source for lactobacilli in the cultivation medium 
after two days of  fermentation. Namely, the previous results 
have shown that after two days of cultivation of  tea fungus, 
the greatest portion of  sucrose in  the broth was hydrolyzed 
and  that quantities of glucose and  fructose in  the  fermenta-
tion broth were less than 20 g/L [Cvetković et al., 2008]. Such 
conditions in  the  cultivation broth are much more favor-
able for lactobacilli, both in terms of concentration and type 
of the carbon source, bearing in mind that LAB easily uptake 
glucose and fructose [Nauth, 2006]. In addition to the nutri-
ent type and  concentration, LAB viability and  fermentation 
ability are also affected by  cultivation temperature and  pH 
of  the  environment. Temperature for tea fungus cultivation 
of 28°C is not a  limiting factor for growth of LAB and pro-
liferation as, according to the data, the optimal temperature 
for growth of  LAB varies across genera from 20  to 45°C 
[Kandler & Weiss, 1984]. Depending on the optimal tempera-
tures, most LAB come under the mesophilic category [Pan-
esar et al., 2007]. A pH of a  fermentation broth has a more 
signifi cant impact on the  survival and physiological activity 
of LAB in the course of Kombucha fermentation. According to 
the data of Panesar et al. [2007], an optimal pH range for rap-
id and complete carbohydrate fermentation by LAB is 5.5–6.0. 
Fermentation is strongly inhibited at a lower pH and ceases at 
pH values below 4.5. As a matter of fact, a signifi cant reduc-
tion in the number of commercial cultures (Lactobacillus aci-
dophilus LAFTI®L10, Lactobacillus delbrueckii ssp. bulgaricus 
and Lactobacillus casei LAFTI® L26 (DSM Food Specialties, 
Australia)) used in the previous study of Velićanski [2012], can 
be explained by unfavorable values of environment pH. Also, 
these cultures of lactobacilli were intended for milk fermenta-
tion and their selection was made on the basis of conditions 
existing during milk fermentation, which are different from 
those during Kombucha fermentation. According to the  re-
sults presented in Table 2, statistically signifi cant differences 
(p<0.05) between the means in  the  number of  lactobacilli 
were observed for most of  the samples after the  inoculation 
(the  second fermentation day). Signifi cant differences were 
also noticed in most of the samples between means in the con-
tent of D-lactic acid and L-lactic acid .

The pH value of the sweetened black tea before inoculation 
was 6.94 and it declined to 4.29–4.52 after the inoculation with 
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the fermentation broth from the previous cultivation (Table 3). 
After two days of  fermentation, the pH decreased by about 
1 unit and in the next two days the decrease was only by 0.3–
–0.4 units. At the end of the process, the pH of fermentation 
broths reached values of 3.03–3.16. Changes in the pH during 
tea fungus cultivation were similar for both, Control Kombu-
cha as well as medium inoculated with Lactobacillus strains. 
The TA (Table 3) increased constantly from the beginning till 
the end of the fermentation for all samples. TA of cultivation 

medium after inoculation was around 0.3 g/L and after two 
days of fermentation, it reached 1.62–2.16 g/L. In the follow-
ing two days, some differences were noted between the acidity 
of samples. The highest TA at the end of  fermentations was 
determined for Kombucha with strain Lb-3 (7.01 g/L), which 
was higher by 0.78–1.55 g/L compared with the other bever-
ages. The TA of the Control Kombucha after four days of fer-
mentation was 6.23  g/L. During Kombucha fermentations, 
the value of pH decreased signifi cantly (p<0.05) in  the fi rst 

TABLE 2. Number of lactobacilli (log cfu/mL) and content of lactic acids (mg/L) in Control Kombucha and Kombucha inoculated with wild strains 
of lactobacilli (Kombucha+Lb-1 – Kombucha+Lb-5).

Sample Fermentation time (days) Number of lactobacilli D-Lactic acid L-Lactic acid

Control
Kombucha*

0 <1 0.3±0.1p 3.3±0.5s

1 <1 1.7±0.1n 12.5±0.1j

2 <1 3.8±0.6l 10.2±0.8m

3 <1 4.2±0.1k 12.9±0.9j

4 <1 7.7±0.1j 38.4±0.1g

Kombucha
+ Lb-1

0 <1 0.3±0.1p 3.0±0.6su

1 <1 1.8±0.1m 13.0±0.2j

2 8.16±0.15a 3.7±0.9l 9.8±0.3m

3 7.76±0.10b 150.7±1.5d 44.9±0.1e

4 7.60±0.04c 189.1±4.2c 51.9±0.1d

Kombucha
+ Lb-2

0 <1 0.5±0.1o 3.8±0.4r

1 <1 1.9±0.1m 14.5±0.3i

2 7.18±0.01f 3.9±0.1l 6.6±0.1p

3 6.10±0.11h 43.2±1.4g 31.4±0.1h

4 <1 58.2±0.7f 37.6±0.4g

Kombucha
+ Lb-3

0 <1 0.5±0.1o 3.8±0.5r

1 <1 1.9±0.5m 11.5±0.1k

2 7.38±0.03e 3.5±0.0l 7.0±0.1o

3 2.02±0.09l 14.4±0.1h 30.0±1.1h

4 <1 11.1±0.3i 53.6±0.5c

Kombucha
+ Lb-4

0 <1 0.3±0.1p 3.3±0.5s

1 <1 2.1±0.3m 10.5±0.3l

2 7.54±0.02d 3.8±0.2l 8.5±0.2n

3 3.61±0.41i 203.7±1.4b 71.0±1.0b

4 2.95±0.12j 247.6±0.5a 95.5±0.5a

Kombucha
+ Lb-5

0 <1 0.6±0.2o 3.0±0.3u

1 <1 1.7±0.1n 12.5±0.1j

2 7.13±0.02g 3.3±0.1l 5.1±0.5q

3 2.47±0.32k 94.6±0.5e 37.8±0.3g

4 1.90±0.01m 95.0±0.2e 40.5±0.5f

*The obtained results for Control Kombucha refer also to the number of bifi dobacteria and streptococci. Different letters in superscript in columns 
indicate a signifi cant difference at p<0.05 according to Tukey’s HSD test. Lb-1−Lb-5: see Table 1.
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two days as a  consequence of  the  physiological activity 
of the tea fungus and production of organic acids (primarily 
acetic acid). After this period, the pH changed much slower 
despite the continued production of organic acids (Table 2), 
which could be explained by the buffer capacity of the fermen-
tation broth. Namely, during the Kombucha fermentation, car-
bon dioxide is released as a result of metabolic activity of tea 
fungus yeasts. The water solution of CO2 dissociates and pro-
duces the  amphiprotic hydrocarbonate anion (HCO3

-), 

which easily reacts with hydrogen ions (H+) from the present 
organic acids, preventing further changes in pH, thus con-
tributing to a buffer character of the system [Cvetković et al., 
2008]. This typical trend of pH changes during Kombucha 
fermentation was observed by other authors who used similar 
cultivation conditions [Blanc, 1996; Sreeramulu et al., 2000; 
Belloso-Morales & Hernández-Sánchez, 2003]. Consider-
ing changes of basic chemical parameters during Kombucha 
fermentation, TA of  fermentation broth should be  used as 

TABLE 3. The change of pH, titratable acidity (TA) (g/L), and numbers of acetic acid bacteria and yeasts (log cfu/mL) during Kombucha fermenta-
tions.

Sample Fermentation time
(days) pH TA Number of acetic

acid bacteria Number of yeasts

Control

0 4.43±0.00b 0.28±0.00r 4.30±0.10g 5.78±0.03c

1 4.19±0.06d 0.51±0.03o 5.58±0.12cd 6.71±0.09ab

2 3.57±0.02f 1.62±0.05l 6.12±0.02b 6.87±0.04a

3 3.21±0.03kl 4.32±0.05e 6.34±0.14a 6.87±0.01a

4 3.05±0.01m 6.23±0.07b 5.46±0.11d 6.73±0.09ab

Lb-1*

0 4.43±0.00b 0.28±0.00r 4.92±0.10e 5.78±0.03c

1 4.18±0.06d 0.50±0.00o 5.73±0.10c 6.86±0.04a

2 3.52±0.02g 1.83±0.03k 6.30±0.04a 6.89±0.03a

3 3.39±0.02h 2.85±0.04h 5.70±0.11c 6.75±0.04ab

4 3.16±0.01l 5.86±0.02c 5.69±0.15c 6.80±0.04ab

Lb-2

0 4.43±0.00b 0.28±0.00r 4.16±0.01h 5.78±0.03c

1 4.05±0.02e 0.63±0.03m 4.76±0.12f 6.66±0.16ab

2 3.41±0.03h 2.16±0.02i 6.10±0.02b 6.76±0.11ab

3 3.30±0.01j 3.23±0.05g 5.82±0.02c 6.60±0.18b

4 3.05±0.04m 5.46±0.04d 5.75±0.15c 6.65±0.06ab

Lb-3

0 4.52±0.00a 0.38±0.00p 4.25±0.10g 5.50±0.16d

1 4.32±0.04c 0.50±0.03o 5.65±0.07c 6.61±0.03b

2 3.44±0.08gh 1.88±0.05k 6.24±0.05a 6.61±0.13ab

3 3.25±0.02k 3.83±0.05f 6.33±0.09a 6.88±0.10a

4 3.01±0.01n 7.01±0.01a 6.38±0.04a 6.72±0.10ab

Lb-4

0 4.30±0.00c 0.25±0.00s 4.35±0.10g 5.66±0.02d

1 4.06±0.03e 0.56±0.02n 5.25±0.14d 6.68±0.13ab

2 3.33±0.03i 2.06±0.04j 5.89±0.14bc 6.78±0.08a

3 3.04±0.02m 3.85±0.05f 6.11±0.06b 6.91±0.12a

4 3.03±0.01m 6.01±0.03c 5.73±0.10c 6.68±0.06ab

Lb-5

0 4.29±0.00c 0.32±0.00q 4.25±0.10g 5.67±0.01d

1 4.00±0.05e 0.57±0.03n 5.60±0.11cd 6.80±0.09ab

2 3.34±0.01i 2.14±0.02i 6.17±0.08ab 6.76±0.06ab

3 3.14±0.06l 3.29±0.08g 5.65±0.20cd 6.67±0.07ab

4 3.06±0.02m 5.99±0.14c 5.69±0.12c 6.68±0.16ab

Different letters in superscript in columns indicate a signifi cant difference at p<0.05 according to Tukey’s HSD test. Lb-1−Lb-5: see Table 1.
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a critical parameter instead of pH which determines the end 
of fermentation. Beverages with optimal consumption acidity 
(TA=4–4.5 g/L) in this paper were obtained in less than four 
days of fermentation. 

The number of yeasts after inoculation was in  the  range 
from 5.50  to 5.78  log cfu/mL (Table  3). In  the  following 
24 h, this number increased by up to one log unit. After that, 
the number of yeasts in the fermentation broth was uniform 
until the end of  the process, for most of  the samples (6.65–
–6.80 log units at the end), which has been confi rmed by Tukey’s 
HSD test (Table 3). The number of AAB at the start of fermen-
tation was in the range from 4.16 to 4.92 log cfu/mL (Table 3). 
The highest number of AAB at the end of  fermentation was 
detected for Kombucha+Lb-3 (6.38 log cfu/mL) while Con-
trol Kombucha had the  lowest AAB number (5.46  log cfu/
mL). The  number of  AAB in  fermentation broths reached 
the  maximum after two days of  fermentation for samples 
Kombucha+Lb-1 (6.30 cfu/mL), Kombucha+Lb-2 (6.10 cfu/
mL), and Kombucha+Lb-5 (6.17  cfu/mL); after three days 
for Control Kombucha (6.34 cfu/mL) and Kombucha+Lb-4 
(6.11  cfu/mL); and  after four days for Kombucha+Lb-3 
(6.38 cfu/mL). Afterwards, the number of cells was reduced 
by 0.35–0.89 log units until the end of fermentation. Numbers 
of yeasts and AAB in fermentation broths during tea fungus 
cultivation obtained in this study are comparable with the re-
sults reported by other authors. Teoh et al. [2004] found that 
the  count of  individual yeast species in  fermentation broth 
was 4  log units at the beginning of  the process and reached 
the maximum of 7 log units on the sixth day. During fermen-
tation, the  viable population of  yeasts in Kombucha bever-
age followed a standard growth curve pattern, in which yeast 
grew exponentially for up to 8–10 days, dying off as nutrients 
depleted and pH decreased. Sreeramulu et al. [2000] studied 
the growth patterns of AAB in Kombucha fermentation broth 
and found that the count of AAB increased rapidly in 4 days 
of fermentation (from 4 log units at the start of fermentation 
to more than 7  log units after 4  days), declined drastically 
in 6 days of fermentation, and thereafter continued to decrease. 
The decreased count of AAB during tea fungus cultivation was 
probably caused by an acid shock. Production of acetic acid 
during tea fungus cultivation is directly related to the physi-
ological activity and  the  count of AAB which enzymatically 
oxidize ethanol into acetic acid. However, the  physiological 
activity of AAB during tea fungus cultivation cannot be con-
sidered separately from the role of yeasts in this consortium, 
it  being the  carbon source (glucose, fructose, and  ethanol) 
needed by AAB. However, in all fermentations in  this study, 
the number of yeasts and AAB during cultivation was not be-
low 6 log cfu/mL, i.e. 5 log cfu/mL (Table 3) which has pro-
vided effi cient biotransformation of sweetened teas according 
to the TA results. These data on the number of yeasts and AAB 
are signifi cant in the development of a concept of using isolat-
ed strains (pure culture) of yeasts and AAB as a starter culture 
for Kombucha fermentation.

The results of determinations of pH, TA, number of yeasts 
and AAB during Kombucha fermentation clearly demonstrat-
ed that the addition of wild strains of lactobacilli on the sec-
ond day of fermentation affected the growth pattern, i.e. num-
ber of cells and physiological activity of tea fungus. 

The cell number of wild Lactobacillus strains in fermenta-
tion broth determined after inoculation was between 7.13 (Lb-5) 
and 8.16 log cfu/mL (Lb-1) (Table 2). This number was main-
tained until the end of the process only for strain Lb-1 (L. hil-
gardii). At the end of fermentation, cells of Lb-2 and Lb-3 were 
not detected in  Kombucha beverages. At the  same time, 
the  initial number of  strains Lb-4 and Lb-5 during fermen-
tation decreased by 5  log units. In  the case of strains Lb-3, 
Lb-4, and Lb-5 a signifi cant reduction in their cell number was 
detected 24 h after inoculation (5.36, 3.93, and 4.66 log unit, 
respectively), which confi rms an assumption that Kombucha 
fermentation broth is not the most favorable environment for 
growth and proliferation of lactobacilli. Lee et al. [2016] have 
also examined the  infl uence of different initial pH values at 
30°C on the growth rate of LAB. According to their results, all 
strains of L. plantarum did not grow at the  initial pH of 2.0, 
while their slow growth was observed at the initial pH of 3.0. 
On the other hand, the species L. hilgardii seem to be more 
tolerant to lower pH, as well as to high concentrations of etha-
nol and the environments with minor nutrient concentrations 
[Reis et al., 2018]. Cell number of Lactobacillus hilgardii from 
the moment of  inoculation until the end of fermentation de-
creased only by 0.5  log cfu/mL. However, despite the  largest 
number of viable cells during Kombucha fermentation, Lacto-
bacillus hilgardii did not produce the largest quantity of lactic 
acids (Table 2). 

The  highest content of  lactic acids (247.6  mg/L 
and  95.5  mg/L of  D- and  L-lactic acid, respectively) at 
the end of  the process was produced by strain Lb-4 (Lacto-
bacillus plantarum from 40-day old cream) (Table 2) in spite 
of  a  signifi cant reduction (p<0.05) in  the  number of  cells 
during fermentation (4.59  log units) (Table  3). In  turn, 
the  lowest content of  d- and  l-lactic acids was produced 
by strains Lb-2 (58.2 and 37.6 mg/L, respectively) and Lb-3 
(11.1  and  53.6 mg/L, respectively). The  contents of  L- and 
D-lactic acids in  the Control Kombucha after 4 days of  fer-
mentation were 38.4 and 7.7 mg/L, respectively. These results 
point to the fact that viability of lactobacilli does not necessar-
ily have to infl uence the production of lactic acids. That is con-
fi rmed by Mathara et al. [2008] who reported about situations 
in which cell viability was not required for the physiological ac-
tivity of LAB. In these cases, health benefi cial effects have been 
linked to non-viable cells or to cell components, enzyme activi-
ties or fermentation products. However, wild strains of lacto-
bacilli signifi cantly affected the  content and profi le of  lactic 
acid in  fermentation broths and  beverages (Table  2). In  all 
fermentation broths, 24 h after inoculation with wild strains 
(the third day of cultivation), a signifi cant (p<0.05) increase 
was detected in the content of L- and D- lactic acid, compared 
with Control Kombucha. In  the  following 24 h, the  increase 
continued except for strain Lb-3 where d-lactic acid content 
was by 3.3 mg/L lower than on the previous day. Hence, while 
L-lactic acid predominates in the Control Kombucha, D-lactic 
acid prevailed in beverages obtained by  the addition of wild 
strains. The content of D-lactic acid in the fermentation broth 
was higher than that of L-lactic acid for all wild strains with 
the  exception of  strain Lb-3 (Lactobacillus plantarum from 
2-month old cheese). Malbaša et al. [2008] found that L-lactic 
acid was dominant in Kombucha and its fi nal concentration af-
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ter 14 days of fermentation on sucrose was 53 mg/L. Belloso-
-Morales & Hernández-Sánchez [2003] found that production 
of lactic acid in the black tea Kombucha reached a maximum 
(1.15 g/L) after 96 h of cultivation. Generally, some differences 
in chemical parameters (such as lactic acid content), process 
duration, and  cell counts in Kombucha beverages obtained 
in different studies are expected because of using inoculums 
(tea fungus culture) from different locations. The variations 
could be due to geographic, climatic, and cultural conditions 
as well as local species of wild yeasts and bacteria or, possibly, 
due to cross-contamination between cultures [Mayser et al., 
1995; Teoh et al., 2004]. 

Survival of  wild strains of  lactobacilli in  Kombucha 
during storage

After fermentation, the beverages containing living cells 
of wild strains of  lactobacilli (Lb-1, Lb-4, and Lb-5) were 
bottled and stored at +4°C. Changes of pH and TA, as well 
as the number of cells during storage for a period of 10 days 
are presented in  Table  4. After 2  days of  storage, cells 
of  strains Lb-4  and Lb-5 were not detected in  the  bottled 
samples. During 10 days, the  chemical characteristics (pH 
and TA) of each of three beverages changed statistically sig-
nifi cantly (p<0.05), except TA for beverage with strain Lb-5. 
At the same time, the number of Lactobacillus hilgardii (Lb-1) 
in  the  beverage decreased by  0.37  log cfu/mL.  According 
to the Tukey’s HSD test, statistically signifi cant differences 
(p<0.05) were noticed between mean numbers of lactobacilli 
during the storage period.

Strain Lb-1 (Lactobacillus hilgardii) showed an outstand-
ing viability during both Kombucha fermentation (Table 2) 
and  storage (Table  4). Resistance of  Lactobacillus hilgardii 
to ecological conditions during fermentation and  storage 
can be brought into correlation with the origin of  this wild 
strain, which was the only one isolated from the sourdough. 
Sourdough is a medium which represents association of LAB 
and yeasts, and Lactobacillus hilgardii is a LAB species gener-
ally associated with sourdough fermentation [Corsetti & Set-
tanni, 2007]. It  is well known that strains isolated from tra-
ditionally fermented food have enhanced metabolic activities 
in comparison to microorganisms that are used as industrial 
starter cultures [Klijn et al., 1995]. These include differences 
in growth rate and competitive growth behavior in mixed cul-

tures, adaptation to a particular substrate or raw material, 
antimicrobial properties, and fl avor, aroma, and quality at-
tributes [Leroy & De Vuyst, 2004].

CONCLUSIONS

Wild strains of Lactobacillus spp. have a potential to adapt 
to the environment such as Kombucha fermentation broth. 
Addition of  these strains during Kombucha fermentation 
had no effect on the physiological activity of tea fungus, but 
contributed to a  signifi cant increase in  lactic acids content 
in the beverage. The survival ability of wild lactobacilli, along 
with their ability to produce greater quantities of primarily 
L-lactic acid and possible probiotic properties, are key factors 
in the selection of strains which could be used in Kombucha 
fermentation. All the  mentioned should result in  produc-
ing a beverage of increased functional properties which is to 
be confi rmed by further study.

RESEARCH FUNDING AND ACKNOWLEDGEMENTS

The authors declare that the research was conducted with-
out funding.

CONFLICT OF INTERESTS

The authors declare that they have no confl ict of interest.

REFERENCES

1. Aloulou, A., Hamden, K., Elloumi, D., Ali, M.B., Hargafi , K., Ja-
ouadi, B., Ayadi, F., Elfeki, A., Ammar, E. (2012). Hypoglycemic 
and antilipidemic properties of kombucha tea in alloxan-induced 
diabetic rats. BMC Complementary and  Alternative Medicine, 
12(1), art. no. 63. 

2. Banerjee, D., Hassarajani, S.A., Maity, B., Narayan, G., Bandyo-
padhyay, S.K., Chattopadhyay, S. (2010). Comparative healing 
property of kombucha tea and black tea against indomethacin-
induced gastric ulceration in mice: possible mechanism of ac-
tion. Food & Function, 1(3), 284–293.

3. Belloso-Morales, G., Hernández-Sánchez, H. (2003). Manufac-
ture of a beverage from cheese whey using a “tea fungus” fermen-
tation. Revista Latinoamericana de Microbiologia, 45(1–2), 5–11.

TABLE 4. Value of pH, titratable acidity (TA) (g/L), and number of cells (cfu/mL) of wild lactobacilli (LB-1, LB-4 and LB-5) during storage of Kom-
bucha at +4 °C.

Storage
duration
(days)

Lb-1 Lb-4 Lb-5

pH TA Number
of cells pH TA Number

of cells pH TA Number
of cells

0 3.16±0.01b 5.86±0.02a 7.60±0.04a 3.03±0.03b 6.00±0.03b 2.95±0.12 3.06±0.02b 6.04±0.16a 1.90±0.01

2 3.16±0.01b 5.19±0.10b 7.55±0.03a 3.04±0.01b 6.09±0.09ab <1 3.08±0.01b 6.08±0.08a <1

4 3.16±0.02b 5.18±0.11b 7.37±0.05b 3.03±0.03b 6.08±0.05ab <1 3.06±0.03b 6.10±0.05a <1

6 3.25±0.03a 5.31±0.03b 7.15±0.03c 3.15±0.04a 6.15±0.01a <1 3.15±0.02a 6.15±0.10a <1

10 3.26±0.01a 5.20±0.02b 7.18±0.00c 3.17±0.02a 6.16±0.05a <1 3.16±0.03a 6.18±0.02a <1

Different letters in superscript in columns indicate a signifi cant difference at p<0.05 according to Tukey’s HSD test. Lb-1, Lb-4 and Lb-5: see Table 1.



414 Kombucha Beverage Enriched with Wild Lactobacilli

4. Blanc, P.J. (1996). Characterization of  tea fungus metabolites. 
Biotechnology Letters, 18(2), 139–142.

5. Chakravorty, S., Bhattacharya, S., Chatzinotas, A., Chakraborty, 
W., Bhattacharya, D., Gachhui, R. (2016). Kombucha tea fer-
mentation: Microbial and biochemical dynamics. International 
Journal of Food Microbiology, 220, 63–72.

6. Chen, C., Liu, B.Y. (2000). Changes in major components of tea 
fungus metabolites during prolonged fermentation. Journal 
of Applied Microbiology, 89(5), 834–839.

7. Chu, S.-C., Chen, C. (2006). Effects of origins and fermentation 
time on the antioxidant activities of Kombucha. Food Chemistry, 
98(3), 502–507.

8. Corsetti, A., Settanni, L. (2007). Lactobacilli in sourdough fer-
mentation. Food Research International, 40(5), 539–558.

9. Cvetković, D., Markov, S., Djurić, M., Savić, D., Velićanski, A. 
(2008). Specifi c interfacial area as a key variable in scaling-up 
Kombucha fermentation. Journal of  Food Engineering, 85(3), 
387–392.

10. Gao, M.G., Shimamura, T., Ishida, N., Takahashi, H. (2009). 
Fermentative lactic acid production with a metabolically engi-
neered yeast immobilized in  photo-crosslinkable resins. Bio-
chemical Engineering Journal, 47(1–3), 66–70.

11. Greenwalt, C.J., Steinkraus, K.H., Ledford, R.A. (2000). Kombu-
cha, the fermented tea: microbiology, composition, and claimed 
health effects. Journal of Food Protection, 63(7), 976–981.

12. Hiremath, U., Vaidehi, M., Mushtari, B. (2002). Effect of  fer-
mented tea on the blood sugar levels of NIDDM subjects. The In-
dian Practitioner, 55(7), 423–425.

13. Jacobson, J.L. (2006). Introduction to Wine Laboratory Practices 
and  Procedures. Springer Science+Business Media, Inc, New 
York, pp. 275–277.

14. Jayabalan, R., Chen, P.N., Hsieh, Y.S., Prabhakaran, K., Pitchai, 
P., Marimuthu, S., Thangaraj, P., Swaminathan, K., Yun, S.E. 
(2011). Effect of solvent fractions of kombucha tea on viability 
and  invasiveness of cancer cells – Characterization of dimethyl 
2-(2-hydroxy-2-methoxypropylidine) malonate and  vitexin. In-
dian Journal of Biotechnology, 10(1), 75–82.

15. Kandler, O., Weiss, N. (1984). Regular, Nonsporing Gram-Pos-
itive Rods. In Sneath, P.H.A., Mair, N.S., Sharpe, M.E., Holt, 
J.G. (Eds.), Bergey’s Manual of Systematic Bacteriology, Williams 
and Wilkins, Baltimore, USA, pp. 1208–1235.

16. Kaufman, K. (1995). Kombucha Rediscovered, A Guide to the Me-
dicinal Benefi ts of an Ancient Healing Tea. Alive Books, Canada, 
pp. 45–46. 

17. Klijn, N., Weerkamp, A.H. de Vos, W.M. (1995). Detection 
and characterization of lactose-utilizing Lactococcus spp. in nat-
ural ecosystems. Applied and Environmental Microbiology, 61(2), 
788–792.

18. Kurtzman, C.P., Robnett, C.J., Basehoar-Powers, E. (2001). Zi-
gosaccharomyces komb-uchaensis, a new ascosporogeneous yeast 
from ‘Kombucha tea’. FEMS Yeast Research, 1(2), 133–138. 

19. Lee, K.W., Shim, J.M., Park, S.-K., Heo, H.-J., Kim, H.-J., Ham, 
K.-S., Kim, J.H. (2016). Isolation of  lactic acid bacteria with 
probiotic potentials from kimchi, traditional Korean fermented 
vegetable. LWT – Food Science and Technology, 71, 130–137.

20. Leroy, F., De Vuyst, L. (2004). Lactic acid bacteria as functional 
starter cultures for the food fermentation industry. Trends in Food 
Science and Technology, 15(2), 67–78.

21. Lončar, E.S., Petrović, S.E., Malbaša, R.V., Verac, R.M. (2000). 
Biosynthesis of glucuronic acid by means of  tea fungus. Food/
Nahrung, 44(2), 138–139.

22. Malbaša, R., Lončar, E., Kolarov, Lj. (2002). L-Lactic, L-ascor-
bic, total and volatile acids contents in dietetic kombucha bever-
age. Romanian Biotechnological Letters, 7(5), 889–894.

23. Malbaša, R., Lončar, E., Djurić, M. (2008). Comparison 
of the products of Kombucha fermentation on sucrose and mo-
lasses. Food Chemistry, 106(3), 1039–1045. 

24. Marsh, A.J., O’Sullivan, O., Hill, C., Ross, R.P., Cotter, P.D. 
(2014). Sequence-based analysis of  the  bacterial and  fungal 
compositions of multiple kombucha (tea fungus) samples. Food 
Microbiology, 38, 171–178.

25. Markov, S.L., Malbaša, R.V., Hauk, M.J., Cvetković, D.D. (2001). 
Investigation of tea fungus microbe associations. I. The yeasts. 
Acta Periodica Technologica, 32, 133–138.

26. Mathara, J.M., Schillinger, U., Guigas, C., Franz, C., Kutima, 
P.M., Mbugua, S.K., Shin, H.-K., Holzapfel, W.H. (2008). 
Functional characteristics of Lactobacillus spp. from traditional 
Maasai fermented milk products in Kenya. International Journal 
of Food Microbiology, 126(1–2), 57–64.

27. Mayser, P., Fromme, S., Leitzmann, C., Gruender, K. (1995). 
The yeast spectrum of tea fungus kombucha. Mycoses, 38(7–8), 
289–295. 

28. Nauth, K.R. (2006). Yogurt. In  Hui, Y.H. (Ed.), Handbook 
of  Food Science, Technology and Engineering, Taylor & Francis 
Group, Boca Raton, London, New York, pp. 152–1–152–15.

29. Panesar, S.P., Kennedy, J.F., Gandhi, D.N., Bunko, K. (2007). Bi-
outilisation of whey for lactic acid production. Food Chemistry, 
105(1), 1–14.

30. Ram, M.S., Anju, B., Pauline, T., Prasad, D., Kain, A.K., Mon-
gia, S.S., Sharma, S.K., Singh, B., Singh, R., Ilavazhagan, G., 
Kumar, D., Selvamurthy, W. (2000). Effect of kombucha tea on 
chromate(VI)-induced oxidative stress in  albino rats. Journal 
of Ethnopharmacology, 71(1–2), 235–240.

31. Reis, C.B., dos Santos, A.de O., Carvalho, B.F., Schwan, R.F., 
da Silva Ávila, C.L. (2018). Wild Lactobacillus hilgardii (CCMA 
0170) strain modifi es the  fermentation profi le and aerobic sta-
bility of corn silage. Journal of Applied Animal Research, 46(1), 
632–638.

32. Reiss, J. (1994). Infl uence of different sugars on the metabolism 
of the tea fungus. Zeitschrift für Lebensmittel-Untersuchung und-
Forschung, 198(3), 258–261.

33. Sievers, M., Lanini, C., Weber, A., Schuler-Schmid, U., Teuber, 
M. (1995). Microbiology and fermentation balance in kombucha 
beverage obtained from a  tea fungus fermentation. Systematic 
and Applied Microbiology, 18(4), 590–594.

34. Sreeramulu, G., Zhu, Y., Knol, W. (2000). Kombucha fermenta-
tion and its antimicrobial activity. Journal of Agricultural and Food 
Chemistry, 48(6) 2589–2594.

35. Teoh, A.L., Heard, G., Cox, J. (2004). Yeast ecology of  kom-
bucha fermentation. International Journal of Food Microbiology, 
95(2), 119–126.

36. Tripathi, M.K., Giri, S.K. (2014). Probiotic functional foods: 
Survival of  probiotics during processing and  storage. Journal 
of Functional Foods, 9, 225–241. 

37. Velićanski, A. (2012). Characterization of  functional lemon 
balm (Melissa offi cinalis L.) beverage obtained by  physi-



D. Cvetković et al. 415

ological activity of  tea fungus. PhD Thesis, Faculty of  Tech-
nology, University of  Novi Sad, Serbia, [http://nardus.mpn.
gov.rs/bitstream/handle/123456789/9966/Disertacija17685.
pdf?sequence=1&isAllowed=y], pp. 75–108. 

38. Yamada, Y., Hoshino, K., Ishikawa, T. (1997). The phylogeny 
of acetic acid bacteria based on the partial sequences of 16S ri-
bosomal RNA: the elevation of the subgenus Gluconoacetobacter 
to the generic level. Bioscience Biotechnology and Biochemistry, 
61(8), 1244–1251. 

39. Yang, Z.W., Ji, B.P., Zhou, F., Li, B., Luo, Y.C., Yang, L., Li, T. 
(2009). Hypocholesterolaemic and antioxidant effects of kombu-
cha tea in high-cholesterol fed mice. Journal of the Science of Food 
and Agriculture, 89(1), 150–156.

Submitted: 25 February 2019. Revised: 4 June, 26 July, 2 August, 
28 August, and 5 September 2019. Accepted: 11 September 2019. 
Published on-line: 2 October 2019.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


