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Summary Boza, a traditional beverage, has a microflora rich in lactic acid bacteria and yeast. In
this study, 112 lactic acid bacteria (LAB) isolates from five different boza brands (samples
A-E) produced in the Trakya region of Turkey were identified by a Polimerase Chain
Reaction (PCR) based method. In addition, the samples were examined for microbio-
logical properties. The most common bacterial species and their distribution in the five
boza samples were as follows: Lactobacillus fermentum (25%), Lactobacillus plantarum
(25%) in sample A, L. plantarum (100%) in sample B, L. plantarum (16.67%), in sample
C, Lactobacillus pentosus (15%), Lactobacillus brevis (25%), Leuconostoc lactis (25%),
Leuconostoc citreum (25%), Lactobacillus paracasei (10%) in sample D and L. brevis
(9.09%), Ln. citreum (27.27%), L. plantarum (9.09%), Lactococcus lactis (47.22%), Mi-
crococcus yunnanensis (9.09%) in sample E. Especially, Boza samples from the Velimese
district (samples D and E) showed higher number of varieties of LAB compared to the
other boza samples. However, determination of the technological properties of the
identified microorganisms and production with a standard starter culture may be needed
for standardization of boza production.
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Introduction

Due to its fat, protein, carbohydrate, fiber, vitamin, amino
acid and lactic acid content, boza is a healthy and nutritious
beverage with good sensory properties (Arici and Dagli-
oglu, 2002). Boza is thought to have originated over 8000—
9000 years ago in Mesopotamia (Caputo et al., 2012). It is
generally accepted that boza was discovered and produced
in Asia and spread to other countries as a result of migra-
tion (Uylaser, 1998). Todorov et al. (2008), stated that boza
production methods differed by region, and was particu-
larly popular in Balkan countries. According to the Tur-
kish Standards Institute, for the preparation of boza, cere-
als like millet, rice, wheat, corn etc. are picked clean and
crushed. Next, one or more of the flours generated from
these cereals are mixed with potable water and cooked
with white sugar. The mixture is then subjected to alcohol
and lactic acid fermentation prior to consumption (Anony-
mous, 1992). Botes et al., (2007) reported that it was pos-
sible to develop a starter culture with LAB and yeast for
the generation of boza; moreover, specific probiotic species
found in the starter culture were effective against several
different human pathogens via the production of bacteroi-
cins. Morea, (2008) reported that probiotic LAB that are
enriched during the production and storage of boza inhibi-
ted pathogenic bacteria such as Escherichia coli, Pseudo-
monas auruginosa and Enterecoccus faecelis through the
increased production of lactic acid and acetic acid.

These studies highlighted the importance of accurately
defining the starter culture for the production of boza. The
fermentation process that widely involves the use of LAB,
is a natural process to preserve and maintain raw materials
for longer periods (Douillard and de Vos, 2014). In addi-
tion, the World Health Organization recommends the

type businesses or by families for the direct consumption of
the household. Although product optimization via the use
of specific starter cultures has been successfully applied to
other fermented foods including cheese, pickles, yoghurt
and beer, to the best of our knowledge there are no system-
atic studies related to starter culture improvement for the
production of boza (Zorba et al., 2003).

During the production of boza, the fermentation techni-
que requires the use of a starter culture taken from the pre-
vious batch. However, Velimese boza is produced by a na-
tural fermentation method without the addition of a starter
culture. The properties of the boza therefore can change
because of variations in raw material and seasonal chan-
ges. Itis very important that the rich microflora of Velimese
boza is standardized to ensure that the boza is continuously
presented to the market with the same taste and quality. In
the current study, LAB were isolated and identified from
boza samples produced by 5 different companies by tradi-
tional methods in the Thrace region of Turkey with the aim
to generate an optimal starter culture.

Material and methods

Material

Boza samples produced by five different companies in the
Thrace region of Turkey were collected by random sam-
pling. Two of these five samples (D and E) were boza sam-
ples produced in Velimese, a town in the Thrace region, by
traditional methods. The production scheme of traditional
Velimese boza is shown in Figure 1.

consumption of probiotics such as boza that provide
live microorganisms in the diet.

LAB and yeast strains that are effective in the fer-
mentation of boza have been reported to be homofer-
mentative and heterofermentative (Altay et al., 2013).
Several studies have reported specific species that form
the microflora of boza. In general, most of the isolated
bacteria belong to the genus Leuconostoc, Lactobacil-
lus and Lactococcus, which are members of LAB (Pa-
mir 1961, Hancioglu and Karapinar, 1997, Gotcheva et
al., 2000, Kabadjova et al., 2000, Zorba et al., 2003, Tod-
orov and Dicks, 2006). Numerous subspecies belonging
to the genus Lactobacillus, Lactococcus, Leuconostoc,
Oenococcus, Pediococcus, Weissella are also genera of
LAB have been isolated from boza. Careful selection
of characteristics of the microbial species and their use
in controlled fermentation, industrial applications, pro-
biotics, or as potential starter culture may improve the
quality attributes of fermented cereals and affect the
stability, safety and overall quality of the product (Ma-
nini et al., 2016; Ogunraremi, Banwo, and Sanni, 2017).
LAB strains with probiotic properties are suitable to
enhance the quality and production of indigenous fer-
mented foods with beneficial health effects since these
strains are generally regarded as safe (GRAS) (Adesu-
lu-Duhunsi et al., 2017).

As an energy dense beverage, boza is primarily con-
sumed during the winter months and is widely produ-
ced in the Thrace region of Turkey (Anonymous, 2017).
There is limited statistical data on Boza production in
Turkey. This is primarily because apart from a handful

Raw Materials

Boiling (75°C, for 2.5 h)

Cooling and filtration (30 °C)

First Fermentation (30°C, for 30 h), (without starter culture)

Sugar addition (sucrose) max 20%

Fermentation (25-30°C for 24 h) without starter culture

Cooling (15 °C)

Bottling

of companies, most of the boza is made by small family-

FIGURE 1: Production stages for traditional Velimese boza.
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Methods

Microbial analyses

Coliform count and yeast-mold count were carried out
for the five boza samples as described by Marshall (1992).
Staphylococcus aureus and coliform count was carried out
as described by Unliitiirk and Turantas (2002). Ten grams
from each sample was weighed out aseptically, diluted 1:10
(w/v) with 90 mL of sterile peptone water and mixed by
vortexing for 2 min. Serial dilutions were prepared by mi-
xing 1 mL of the sample with 9 mL of sterile peptone wa-
ter. The samples were incubated in Violet Red Bile Agar
(VRBA, Merck, Darmstadt, Germany) at 35 + 2°C for 48
h for coliform bacteria counts and in Baird Parker Agar
(BPA, Merck) at 37°C for 48 h for S. aureus counts. Micro-
bial counts were expressed as the number of viable bacte-
rial colonies per gram (log CFU/g).

For the enrichment of Salmonella spp, 25 g of each
sample was mixed with buffered peptone water (BPW,
Merck, Darmstadt, Germany) at 37°C for 20 h and grown
in Selenite Cystine Broth (SCB, Oxoid, Hampshire, UK)
at 35°C for 24 h; following this, the cultures were strea-
ked onto Bismuth Sulfite Agar (BSA, Oxoid, Hampshire,
UK) and incubated at 35°C for 24 h. Typical Salmonella
colonies were subjected to subsequent biochemical tests by
using Triple Sugar Iron Agar (TSIA, Oxoid, Hampshire,
UK) slants. Due to technical constraints, the presumptive
Salmonella cultures from the agar slants could not be sub-
jected to serological tests for final confirmation. Therefore,
the survival of these bacteria was expressed as presence or
absence of viable colonies (positive/negative), rather than
as plate counts.

Yeast counts were determined on Potato Dextrose Agar
(PDA, Oxoid, Hampshire, UK) (adjusted pH to 3.5 with
10% tartaric acid) and incubated at 25°C for 5 days. Yeast
counts were expressed as the number of viable yeast colo-
nies per gram (log CFU/g). All analyses were carried out
in duplicate.

Isolation and identification of LAB

For the isolation of LAB strains, 10 g of boza samples
were taken aseptically and transferred to separate sterile
bags. The samples were mixed with 90 mL of sterile saline
solution (0.85%). Serial decimal dilutions were prepared
and aliquots of these dilutions were plated on MRS agar
(De Man, Rogosa and Sharpe, Darmstadt, Germany) and
incubated at 30°C for 72 h under aerobic conditions. The
samples plated on M17 agar plates were incubated at 30°C
for 48 h under anaerobic conditions (Collins and Layne,
1984). Colonies with typical characteristics were random-
ly selected from MRS and M17 agar plates and tested for
Gram staining, cell morphology and catalase reaction.
Gram-positive, catalase-negative isolates were considered
as presumptive LAB. In total, 112 LAB isolated were fur-
ther investigated for genotypic characterization.

DNA isolation from bacteria and amplification

of the 165 rDNA region by PCR

To identify the specific LAB strains isolated from boza
samples, polymerase chain reaction (PCR) was conduc-
ted as described by Beasley and Saris (2004). Genomic
DNA from bacteria was isolated from overnight (18h) cul-
tures using a commercial DNA isolation kit according to
the manufacturer’s protocol (Genomic DNA Purification
KIT, Fermentas, Vantaa, Finland) and used as a template
for PCR amplification. General primers were used for the
amplification and identification of bacteria was carried out

by the 16S rDNA method. The sequences of the primers
used are as follows: Universal primer pairs 16S forward
(5-GCAAACAGGATTAGATAC CC-3) and 16S reverse
(5-AGGAGGTGATCCAACCGCA-3), 16S forward
1492r (5- CCCGGGATCCAGCTTTACCTTGTTAC-
GACTT-3’), 16S reverse primer 27f (5-CCGAATTC-
GTCGACAACAGAGTTTGATCMTGGA-3’). {D1(5-
AGAGTTTGATCCCTGGCTCAG-3’) and reverse
primer rD1 (5’- CCGTCAATTCCTTTGAGTTT - 3’)
(Beasley and Saris 2004). The PCR mix (total volume of
50 pl) consisted of 2.5 ul Buffer (not containing MgCl,),
0.5 ul (deoxynucleotide triphosphate) ANTP mix (dATP,
dCTP, dGTP, dTTPs mixture prepared at a concentration
of 200 uM), 0.5 pl 168 forward and 0.5 pl 16S reverse pri-
mers, 2 ul MgCl, and 0.5 pl Tag DNA polymerase enzyme,
1 ul DNA and (for the no template control, 1 pl of sterile
water was used) and 17.5 ul of molecular biology grade wa-
ter. The tubes were placed in a thermal cycler and PCR
was carried out using the following program: 5 min initial
denaturation at 94°C, 45 sec denaturation at 94°C, 1 min
annealing at 53 °C, and 1 min extension at 72°C and this
process was repeated 30 times. A final extension step was
carried out at 72°C for 2 min (Blaiotta et al. 2002). The
PCR products were separated with electrophoresis on 2%
(wt/vol) agorose gels at 100 V, 325 mA for 60 min. Visu-
alization of the bands was carried out after incubating the
gelin 0.2 ug/ml of ethidium bromide for 30 min. The gels
were imaged in a Kodak Gel Logic 200 Imaging System
(Kodak, New York, NY, USA) under UV light at 366 nm
wavelength (Macrina et al. 1982).

Purification of PCR productsand DNA sequence analysis
The PCR amplification products were purified from the
agarose gel using a Qiagen kit (Cat. No. 28104) and DNA
sequence analysis was carried out at the Namik Kemal
University Scientific and Technological Research Appli-
cation and Research Center (NABILTEM).

BLAST scanning

Sequences obtained were interrogated by using Ribosomal
Database and the identities of isolates were determined by
aligning the sequences with the National Center for Bio-
technological Information (NCBI) database (http://www.
ncbi.nlm.nih.gov./BLAST/) using the BLAST algorithm.
A similarity criterion of 97-100% and matching score of
0.97 or higher were considered acceptable (Ely and Chen,
2001; Altschul et al., 1997).

Results and discussion

Microbiological properties of boza samples

Yeast, coliform bacteria, S. aureus and LAB counts as
well as data regarding the presence/absence of Salmonella
in the five different boza samples are shown in Table 1.
While LAB grown in MRS agar were found as minimum
7.71 and maximum 9.41, the number of LAB grown in M17
agar was found as minimum 7.61 and maximum 9.14 log
CFU/g.

Coliform, S. aureus and Salmonella species remained
below detection limits in all five boza samples. In addition,
yeast species were found as minimum 6.69 and maximum
58.69 log CFU/g. According to the Turkish Boza Standards,
a maximum 10 CFU/g coliform bacteria and 20 CFU/g of
yeast are allowed in boza. In addition, Salmonella, S. au-
reus and fecal coliform bacteria should not be present in
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TABLE 1: Microbiological analysis results of five different boza samples (log CFU/g). protection by inhibiting the
Samples S.auerus  Salmonellaspp.  Coliform Yeast LAB LAB growth of Path?’gemc mICroor-
bacteria (MRS Agar) (M17 Agar) ganisms. Additionally, these

. K i

A - - - 6.60£0.04 771005 7634001 bacteria are known to pro
tect the intestinal mucosa and
B - - - 8.38:0.01 8.88:0.05 782001 contribute to the formation of
C - - - 8.69+0.01 9.4120.01 9,14£0.05 short-chain fatty acids, which
D _ _ _ 8.20+0.04 8.82+0.04 8.32+0.01 are used by the colon cells as
: B B an energy source (Bengmark,

E 8.360.05 8.86+0.05 8.50+0.04 1998: Tomasik and Tomasik,

+ Standard deviation, % >10 ; ® not determined 2003),

boza. In the samples examined in the current
study, the number of yeast samples exceeded the
guidelines of this standard.

Genomic DNA from LAB isolated from five
different boza samples was amplified by using
PCR and primer pairs indicated in Materials and
Methods and the products were visualized using
a 2% agarose gel.

The most represented species is Gluconoce-
bacter liquefaciens (50%) in sample C, and Lc. 97%

LABMSF Lactobacillus plantarum
96%| LABM20F Lactobacillus plantarum
g6%|r LABM15F Lactobacillus plantarum
LABM16F Lactobacillus plantarum
LABM7F Lactobacillus pentosus
LABM12F Lactobacillus plantarum
95%' LABM21F Lactobacillus plantarum
LABM4R Lactobacillus brevis
LABM11F Lactobacillus brevis
94% ' LABM18F Lactobacillus brevis

95%

95%

lactis (47.22%) in sample E, and least are repre- LABNS2F Lactobacilus paracasel
sented the species L. brevis, L. plantarum and M. LABMSE Lamt:g:;;;e[mmum stoc cit
yunnanensis in sample E, 9.09% each (Table 2). % LABM14F LZEZ:;,;E zn::j:;

As shown in Table 2, L plantarum, L. bre- 5% | | ABM26F Leuconostoc citreurn
vis, Ln. citreum, Ln. lactis and Lc. lactis were 1% %] | ABM19F Leuconostoc citreum
found to be the dominant species. The presence i: LABM6F Leuconostoc citreum
of L. plantarum in the boza samples examined 2% LABM25F Leuconostoc lactis
in the current study corroborate the results of 4% — LABM31F Leuconostoc lactis
Hancioglu and Karapmar (1997) and Gotcheva LABM33F Lactococcus lactis
et al (2000). In addition, corroborating the data sv | ABMSOF Lactococcus lactis

LABM2T7F Lactococcus lactis
%% LABM24F Lactococcus lactis
95%! LABM35F Lactococcus lactis

of Bayram (2005), L. paracasei, Ln. citreum, Ln.
lactis and Lc. lactis were also detected in the cur-
rent study. In addition to established probiotic

. N LABM36R Micrococcus yunnanensis
properties of L. plantarum, L. paracasei and L. . LABM13F Gluconobacter albidus
fermentum (Bayram, 2005), L. plantarum and 7% —TLABMZQ,F Gluconobacter cerinus
L. fermentum reportedly have immune system 73% | LABM17F Gluconacetobacter liquefaciens
regulating activities, while the presence of Lac- o LABM22F Gluconacetobacter liquefaciens
tobacillus plantarum can enhance the w-3 fatty ss% || LABMBF Gluconacetobacter tumulicola
acids content of food during storage. These bac- _ 91% | _| LABM2F Gluconacetobacter liquefaciens
terial species may contribute towards biological 0050 87% - LABMOF Gluconacetobacter liquefaciens

FIGURE 2: Phylogenetic analysis of representative isolates

TABLE 2: Percent distribution according to the identification result of based on 16S rRNA gene sequences.

bacteria isolated from boza.

Samples Numberof LAB Similarity Percent (%) Phylogenetic analysis of representative isolates
isolates with NCBI of isolates based on 16S TRNA gene sequences is shown in Fi-
A 16 Gluconocetobacter liquefaciens 99% 25 (4/16) gure 2. The isolated strains LABM 3, 5,7, 11,12, 15,
L. fermentum 99% 25 (4/16) 16, 18, 20, 32F and 4R were clustered with standard
Gluconocetobacter tumulicola 99% 25 (4/16) strains of Lactobacillus and while LABM 24,27, 30,
L. plantarum 100% 25 (4/16) 33, and 35F were clustered with standard strains
B 10 L. plantarum 99% 100 (10) of Lactococcus. In addition, the isolated strains
Gluconocetobacter liquefaciens 99% 50 (15/30) LABM 6, 14, 19, 25, 26, 29 and 31F were clustered
C 30 Gluconobacter albidus 99% 16.67 (5/30) with standards strains of Leuconostoc. Phylogenetic
Gluconobacter cerinus 99% 16.67 (5/30) similarities were observed between these four iso-
L. plantarum 100% 16.67 (5/30) late groups. The genera Lactobacillus, Lactococcus
D 20 Lactobacillus pentosus 99% 15(3120) and Leuconostoc are usually found in boza, and to
L. brevis 999% 25 (5/20) the best of our knowledge, the most frequently re-
Ln. lactis 99% 25 (5/20) ported dominant LAB were the genus Lactobacil-
Ln. citreum 100% 25(5/20) lus, Leuconostoc and Lactococcus.
Lactobacillus paracasei 99% 10(2/20) Hancioglu and Karapmar (1997) reported the
E 36 L. brevis 99% 9.09 (3/36) presence and prevalence of Leuconostoc parame-
L. citreum 100% 27 (10/36) senteroides (25.6%), Lactobacillus sanfrancisco
L. plantarum 99% 9.09(3/36) (21.9%), Leuconostoc mesenteroides subsp. me-
Lc. actis _ 9% 47.22(17736) senteroides (18.6%), Lactobacillus coryniformis
Micrococcus yunnanensis 97% 9.09 (3/36)

(9.1%), Lactobacillus confusus (7.8%), Ln. mesen-
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teroides subsp. dextranicum (7.3%), L. fermentum (6.5%)
and Leuconostoc oenos (3.7%) from boza produced in
Turkey. Gotcheva et al. (2000), reported the presence and
prevalence of L. plantarum (24%), Lactobacillus acidophi-
lus (23%) and L. fermentum as the dominant microflora
in boza from Bulgaria. These authors reported lower pre-
valence of Lactobacillus coprophilus (11.0%), L. brevis
(15.0%), Ln. raffinolactis (9.0%) and Leuconostoc mesen-
teroides. Bayram (2005) reported the presence and preva-
lence of L. plantarum (192%), L. paracasei (15.4%), L.
fermentum (9.6% ), Ln mesenteroides subsp. mesenteroides/
dextranicum (9.6%), Lc. lactis (9.6%), Ln. citreum (7.7%),
Ln. lactis (7.7%), Lactobacillus delbrueckii (7.7%), Lacto-
coccus raffinolactis (5.8% ), Lactobacillus salivarus (1.9%),
L. coprophilus (1.9%), L. brevis (1.9%), Pediococcus spp.
(1.9%) in shop bought boza from Turkey.

In addition to LAB isolated from boza, acetic acid bac-
teria such as G. liquefaciens, G. tumulicola, G. albidus, G.
cerinus were also detected. These bacteria are normally
Gram negative strains, but are known to be Gram varia-
ble in that some cells can be converted to Gram positive
strains (Kadere et al., 2008). Gram-negative bacteria are
surrounded by a thin peptidoglycan cell wall, which itself is
surrounded by an outer membrane containing lipopolysac-
charide. Gram-positive bacteria lack an outer membrane
but are surrounded by much thicker layers of peptidogly-
can compared to Gram-negatives (Roh et al., 2008). Ace-
tic acid bacteria do not contribute to fermentation as they
carry out oxidative metabolism; however, they can degrade
ethanol to acetic acid by oxidation. Specific properties of
vegetable, fruit, yeast, beer, wine and vinegar are known
to be disrupted in the presence of these bacteria; in some
cases these bacteria are added as fermentation inhibitory
agents (Doleib, 2008). In our study, acetic acid bacteria
were detected especially in the samples A and C. But, no
acetic acid bacteria were detected in the traditionally pro-
duced Velimese boza (samples D and E).

Uner (2012) investigated the antifungal substances pro-
duced by LAB against yeast strains and reported that the
strain with the highest antifungal feature was L. pentosus
via the release of organic acids. L. brevis is known to be a
GRAS, is a potential probiotic bacteria and is used in the
fermentation of many foods. This strain was also reported
to inhibit the growth of pathogenic bacteria such as Esche-
richia coli, Staphylococcus aureus and Streptococcus ther-
mophilus (Ronka et al., 2003). Todorov et al., (2008) re-
ported that L. plantarum, L. paracasei, L. rhamnosus and
L. pentotus isolated from boza had probiotic properties;
boza can therefore be considered as a functional food. A
bacteriocin produced by Lc. lactis subsp. lactis known as
nisin has been used commercially as a food preservative
for many years due to its antimicrobial properties (Thomas
and Delves 2005). The antimicrobial compounds produced
by LAB are natural preservatives and could be used in for-
mulations to increase the shelf-life and safety of minimally
processed foods (Kivang et al., 2011).

Conclusion

Because of probiotic, antimicrobial and, antioxidant pro-
perties of boza, it has positive effects on human health.
The substantial differences in LAB content of the boza
samples from the different regions may be attributed to
differences in the geographic location of the raw materi-
als and operational parameters. Boza from the Velimese

district (samples D and E) showed more varieties of LAB
compared to the other boza samples. LAB isolates are
known to have both probiotic properties as well as bacte-
ricidal properties through the production of bacteriocin.
This high diversity in the microflora of Velimese boza
may have positive effects on human health and can be a
source of novel LAB for further studies. In order to un-
derstand the fermentation of boza, it is necessary to iden-
tify the microflora and check the fermentation conditions.
The implementation of carefully selected strains as starter
cultures and/or co-cultures during fermentation processes
provides better quality to the boza. Therefore, it is import-
ant to investigate of probiotic, anti-bacterisidal and, etc.
features of the selected isolated strains from Boza.
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