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ABSTRACT
Doogh is a traditional fermented milk based drink, that is a very popular product in Iran, its microbial safety is important. The purpose in
this study, 16S based rDNA PCR, cloning and sequencing was to investigated the exploration microbial contaminants in commercial
pasteurized Doogh specimens. To isolate and identify the contaminants in 24 different Doogh samples (17 different industrial and 6
different non-industrial samples) Polymerase chain reaction (PCR) was applied. The experimental results revealed that lactic acid bacteria
(Lactobacillus brevis, L. fermentum, L. paracasei and L. gallinarum) gram-positive spore-forming bacteria (Bacillus anthracis, B.
licheniformis. and B. subtilis) and acetic acid bacteria (Acetobacter indonesiensis and A. tropicalis) were identified in Doogh samples.
Likewise, result obtained from sequencing of D1/D2 26S rDNA determined the presence of different yeasts including Saccaromyces sp.
(S. unisporous, S. pastorianus) Kazachstaia sp. (K. servazzi, K. unispora) Pichia fermentans, Galctomyces candidum, and Cryptococcus
magnus. The results demonstrated that some types of bacteria and yeasts and molds were identified as the main contaminants in Iranian
Doogh.
Keywords: Doogh; Polymerase chain reaction; Contaminant microorganism; Bacillus; Acetobacter; yeasts.

1. INTRODUCTION
Doogh is a “composite milk product”, which could be easily
obtained as a result of mixing yoghurt with potable water along with
salt (sodium chloride) or direct fermentation of milk (mixed with
potable water and salt). Streptococcus thermophilus and
Lactobacillus delbrueckii ssp. Bulgaricusare are used as the typical
starter microorganisms in the direct fermentation method of doogh
production. Doogh could be marketed as plain, flavored, carbonated
or non-carbonated [1]. Doogh could be bottled and marketed with
or without heat treatment (90˚C, 10-15 min) [2].
Microbial contamination, especially in dairy based products,
is a challenging issue. Therefore, the methods, culture based or
culture independent, for characterization of contaminants have been
developed. Wherein, various techniques employing DNA assays

have been recognized as the most precise and time saving for the
detection of specific microbes in food products [3-5].
Polymerase chain reaction-based assays (PCR) is a unique
possible method for the precise determining of different
microorganisms as it is possible to amplify different genomic with
PCR method. One of the widely amplified and sequenced genomic
is 16S rRNA (16S rDNA), as a specific tool for assessing
microorganisms. Since Doogh is a traditional and the most
consumed soft drink in Iran, its microbial safety is important.
Therefore, in the recent study the PCR method, cloning and
sequencing were applied to identify microbial contaminants in
Iranian industrial and non- industrial produced Doogh samples [68].

2. MATERIALS AND METHODS
2.1. Samples.
51 Industrial Doogh samples from 17 different brand names
(all available brand names in Iran market), and 6 non-industrial
Doogh samples which were all freshly produced within a week,
were collected randomly and transferred to the analytical laboratory
in sterile condition and cold chain. All samples were stored at 4°C
prior to analysis.

2.2. Conventional identification.
Sterile NaCl solution (0.85%) was used to prepare decimal
dilutions of milk samples. Standard plate count method was used
for each serially prepared aliquot 1 to 10 samples on Brom Cresol
Purple (BCP agar, Nissui Pharmacy, Tokyo, Japan). For
enumerating the total Lactic acid bacteria, the inoculated plates
were incubated under anaerobic conditions for 48 h at 30˚C. To
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inhibit the growth of fungi (yeast and mold) on plates of DNA template (100 ng/μL) and 16.6 μL of ddH2O (Sigma
Cycloheximide (0.01% V/V) was added.
Aldrich, USA). The reaction program was 94°C for 5 minutes, 94°C
1 mL of milk sample was poured into 9 mL sterile skim milk for 1 minute, 58°C for 1 minute, 72°C for 2 minutes, 31 cycles and
contained 0.1% yeast extract (Difco Laboratories, MD, USA), and then 72°C for 10 minutes, 4°C for 30 minutes. The amplified
incubated at 30˚C. After coagulation of the milk sample, one sequences were electrophoresed on 1% agarose gel (Merck,
loopful of the sample was streaked on MRS agar and incubated at Germany), and were observed using GelRed staining (CinnaGen,
30˚C for the duration of 2–3 days. After incubation time a single Iran). The sequencing was carried out in collaboration with the
colony was selected from the plates based on morphological Iranian Biological Resource Center.
differences of colonies, such as color and shape determined by light 2.3.3. Sequencing.
microscopy. Gram-positive, catalase-negative bacterial isolates
PCR purification kit was used to purifying the PCR products
were selected and were transferred in to skim milk containing based on the kit instructions (Qiagen, Netherlands). First, 500 μL of
sodium glutamate (0.1%), and kept at 40˚C or 80˚C for future PB buffer was mixed with 100 μL of PCR samples and agitate well.
experiments.
For DNA binding, the specimen was entered into the QIAquick
Light Microscope (BH-2, Olympus Corporation, Tokyo, column and then centrifuged for 30-60 s. The solution suspended
Japan) equipped by digital camera was used to differentiate the on the outer surface and the column was retransferred to the same
properties of the isolated organism, such as Gram stain reactions tube. Next, 0.75 mL of PE buffer was added to the column to rinse
and cell morphology. CO2 production and growth at 15˚C and 45˚C and re-centrifuged (30-60 s). The supernatant was removed and
in MRS broth was applied to determine rod-shaped again the QIAquick column was returned to the same tube and
microorganisms. However, identification of cocci has been done by centrifuged for 1 minute at the highest speed. The mentioned
determining the growth ability of organisms at temperatures under column was then transferred to clean centrifuge tube (1.5 mL).
10, 40 and 50˚C. Moreover, D- and L-lactate dehydrogenases were Afterward, 50 μL of buffer (10 mM of Tris-Cl, pH=8.5) was
used to investigate the presence of the lactic acid isomer. The transferred to the QIAquick membrane and centrifuged for one
carbohydrate fermentation ability and salt and acid tolerance of minute to dilute the DNA (Kiagen, Netherlands) [11].
each isolate were tested for identifying the species of isolates based
The DNA strands were sequenced directly by Macrogen
on the method described by Sneath et al, [9].
using the automatic MegaBACETM 1000 Sequencing System. The
2.3. 16S RDNA Identification.
chromaspro 1.7.5 software was used to set the sequences with the
2.3.1. DNA isolation.
sequences of test isolates and homologous sequences found on the
5 mL of inoculated MRS broth centrifugated at 5000 g. The EzBioCloud site. The sequences were searched in EzBioCloud site
pelleted cell re-suspended in buffer (500 μL, pH=8.0, 1 mM EDTA [12].
and 10 mM Tris–HCl,), and then lysed by using 50 μL of SDS and 2.4. Identification of yeast isolates using PCR.
10 μL proteinase K. The mixture incubated at 50˚C for 1 h. 100 μL 2.4.1. DNA extraction.
CTAB⁄NaCl solution and 10 μL of NaCl (5M) were added which
The nucleic acid of cultured yeast cells was separated in
incubated at 65ºC for 10 min. Protein removal has been done by Yeast Malt Broth medium (3 g of malt and yeast extract, 5 g of
extraction with chloroform –phenol–isoamyl alcohol (24:25:1). The peptone and 10 g of glucose per liter of distilled water). The yeast
aliquot phase was separated by twice extraction with isoamyl cells suspended in 20 μl of distilled water and lysed using a pipette
alcohol – chloroform (1:24). DNA was precipitated by adding 0.1 tip, which was then boiled for 10 minutes at 96°C. The yeast species
volume of sodium acetate (3 M) to the aliquot phase and by addition were cultured on peptone, yeast extract, and D-glucose in 16ml
of one volume of ice-cold dimethyl carbinol. The DNA was pelleted sealed test tubes at 30°C for 48 h along with shaking. The cells were
by centrifugation at 10000 g for 15 min, and then the collected DNA isolated from the cultured medium using centrifugation at 20000 g
was washed with analytical ethanol and solubilized in 20 mL of and lysed by adding 500 μL of DNA lysis buffer together with glass
sterile ultrapure water [10].
beads. The solution was stirred vigorously and was frozen for 5
The amplification of 16S rDNA and sequencing the 16S rDNA have minutes. Ammonium acetate (275 µL, 7 M, pH=7) was added to the
been done by PCR using the universal primer 27 F and 1495 R. The solution, and then the solution was incubated at 65°C for 5 minutes
primer
sequences
were:
27
F,
5
￠
- and then became cold on ice for 5 minutes. Next, chloroform was
AGAGTTTGATCCTGGCTCAG-3, and 1495 R, 5 ￠ - added and the resulting mixture centrifuged at 20000 g (2 minutes,
4°C). The immersed materials poured to a new tube and the DNA
CTACGGCTACCTTGTTACGA-3￠.
was deposited by adding isopropanol and centrifuged at 20000 g for
2.3.2. Extracted DNA amplification using PCR.
5 minutes at 4°C. The sediment separated with ethanol was washed
The 16S rRNA sequences were amplified by the PCR
and dissolved in 100 μl of TE (10 mM of Tris-HCl and 1 mM of
method
using
general
primers
of
27
F
(5'EDTA, pH=8) [13].
AGAGTTTGATCCTGGCTCAG-3')
and
1495
R
(5'2.4.2. Extracted DNA amplification using PCR.
CTACGGCTACCTTGTTACGA-3') (CinnaGen, Iran). The
The PCR for the 26SrDNA D1/D2 region was performed by
sequences with approximately 1500 bp in primers were associated
application
of
fungal
primers
of
NL-1
(5'with the number of nucleotides, 27 nucleotides between 1415 and
GCATATCAATAAGCGGAGGAAAAG-3') and NL-4 (5'1515. Thus, the PCR mixture (25 μl) was mixed with Tag
GGTCCGTGTTTCAAGACGG-3') (CinnaGen, Iran). A 50μL
polymerase enzyme (0.3 μL), 2.5 μL of 10× PCR buffer (without
solution containing DNA, MgCl2, dNTP, each primer, and Taq
Mg2+), 2 μL of MgCl2 (25 mM), 2μL of dNTP (2.5 mM), 0.3 μL of
polymerase was prepared in order to perform the PCR reaction. The
forwarding primer (50 pM), 0.3 μL of reveres primer (50 pM), 1 μL
amplification was performed through GenAmp PCR (Model 2400)
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within 35 cycles in accordance with the following procedure: 2.4.3. Sequencing.
annealing temperature of 52°C, expansion temperature of 72°C for
The sequencing of DNA strands was performed base on the
2 minutes and denaturation temperature of 74°C for 1 minute [14]. Moreira et al, [11] as described, previously. The sequences were
PCR products were electrophoresed on 1.5% agarose in TAE 1X searched in CBS site [16].
buffer (0.04 M of Tris-acetate, 0.001 M of EDTA, pH= 8) and were 2.5. Statistical analysis methods.
observed using GelRed staining (Sigma Aldrich, USA) [15].
The statistical design used in this research was a completely
randomized design. One-way analysis of variance was applied to
compare significant differences. Duncan's test compared the pH of
yoghurt samples at 5% significant level. The statistical software
was SPSS 16.0.0 [17].

3. RESULTS
3.1. pH values.

pH value of Doogh is critical for its shelf life and based on
Iran national standard, it should not be exceeding 4.5 [2]. As given
in table 1, the pH values of samples, ranging from 3.475 to 4.040,
were all meeting the Iran standard limit. There was no significant
statistical difference between pH values of samples (p > 0.05). The
samples number 2 and 5 had the highest pH value (Table 1).
3.2. Microorganisms identification.
3.2.1. Lactobacillales or lactic acid bacteria.
The initial biochemical identification was conducted on
samples. The biochemical distinguishing factors were including the
ability to generate CO2 as a function of glucose fermentation,
growth capability at temperatures of 10 and 45°C, ability to survive
and grow at saline environment (salt content 4 and 6.5%), and
capability of survival and growth at conditions with pH values 4.4
and 9.6. The obtained results are illustrated in Table 2. The
comparison of results with reference Table, which is given by
Kenneth Todar [18], showed that the isolated colonies from
industrial Iranian Doogh samples were from Lactobacilli or lactic
acid bacteria.
To conduct the complementary identification, the DNA of
suspicious colonies from pure cultures was isolated, amplified and
sequenced. Then, the sequences were uploaded on EzBioCloud site
to differentiate lactic acid bacteria at species level [19]. The output
of EzBioCloud site showed that the isolated species of lactic acid
bacteria were including: L. fermentum, L. paracasei, L. brevis and
L. gallinarum (Table 3). As it is shown in Table 3, L. fermentum
(access no., AJ575812) was identified in samples 2, 3, 4, 7, 9, 10
and 13 with 100% similarity, which was followed by its
identification in samples of 1, 8, 11 and 15 with 99.73% similarity,
and in samples of 6, 12, 14, 16 and 17 with 99.72% similarity. L.
paracasei (access no., ACGY01000162) was differentiated in
samples of 6, 8, 9, 10, 11, 15 and 17 with 100% similarity and
samples of 1, 7, 12, 13 and 14 with 99.93% similarity. L. brevis
(access no., CP000416) was distinguished in samples of 4, 5, 9 and
14 with 100% similarity and L. gallinarum (access no., AJ417737)
was only found in samples of 2 and 3 with similarity 99.52% (Table
3).
Lactic acid bacteria are widely used in dairy. As shown in
present study, lactic acid bacteria, based on biochemical
characterization (Table 2) and sequencing based on 16S rRNA
(Table 3), was dominant microbial flora in Doogh samples. Ogier
and his colleagues employed TTGE method, showed that lactic acid
bacteria were dominant microbial flora in different types of dairy
products [20]. El-Baradei and colleagues [21], examined the

bacterial biodiversity of traditional fermented milk called Zabady
by the method of PCR-DGGE, and discovered lactic acid bacteria
at the highest population. García-Cayuela and colleagues [22], also,
reported the same and found lactic acid bacteria prudent, while
detecting and enumerating viable lactic acid bacteria and
bifidobacteria in fermented milk by using propidium monoazide
and real-time PCR, Simultaneously.
In the present study, the isolated and identified species of
lactic acid bacteria were catagorized as rod shapped non-starter
ones [23]. The persuasive explaination to such observation is the
capability of lactobacilli to survive and proliferation at
environments with low pH in comparison to other species of lactic
acid bacteria [24]. Isono et al [25] reported the identification of L.
brevis in Masai fermented milk in Northern Tanzania. Mathara et
al. [26] found L. fermentum and L. paracasei in kule naoto, the
Maasai traditional fermented milk in Kenya, which is characterized
by pH value < 4.5. Chen et al. [27], isolated and identified
fermentum at a high ratio (31%) in traditional fermented milk of
Tibet in China. The pH values of Doogh samples all were in the
range of 3.475 to 4.040 (Table 1).
Non-starter lactobacilli are resistant to the environment with
high NaCl content, as well. Since, it was reported that L. gallinarum
was resistant to salt content up to 4% [28]. As can be observed in
Table 2, these bacteria are capable to survive and multiply at saline
cultures with salt content as much as 6.5% (Table 2). Where the
maximum salt content of Doogh has been set at 1% [28].
Ultimately, it can be concluded that the defensive criteria of NaCl
content (0.2-1%) and pH value (< 4.5) by defined Iran standard for
Doogh [2] are not enough to halt or delay the growth of non-starter
lactobacilli.
In general, non-starter lactic acid bacteria are not heat
resistance against heat treatments such as pasteurization. Therefore,
these bacteria should have been introduced to Doogh as post
contamination through production environment, processing
equipments, water, air and raw milk or inefficient heat treatment of
the finished product, failing to destroy or inactivate them [11]. As
mentioned, one of the main ways for post contamination of dairy
products by non-starter lactic acid bacteria is processing
equipments. In fact, these bacteria create biofilms on the surface of
equipments, which are resistant to heat treatment, bactericidal, and
bacteriostatic agents, so passed on finished dairy products [12].
3.2.2. Gram positive spore forming bacilli.
The biochemical analysis on preliminary identification of
gram positive spore forming bacilli was based on criteria such as
nitrate and simmons citrate reduction, starch haemolysis, gelatin
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melting, Voges-Proskauer, manitol consumption, beta-haemolysis subtilis can, also, create food poisoning by producing heat resistant
and antibiotic disc. Gram positive spore forming bacilli were toxins [35].
identified in 7 samples of industrial dooghs (Table 4). Comparing 3.2.3. Gram negative bacilli.
The initial determination of gram negative bacilli was
the obtained results with the identification table presented by Mac
conducted by employing nutrient agar culture and gram staining.
Faddin [13] showed that the isolated bacillus in samples of 1, 5 and
The observation showed that the samples of 2, 3 and 4 were
14 was Bacillus circulans, since the results of simmons citrate and containing these bacteria. To confirm the observation and to
Voges-Proskauer were negative, and the results to other tests were identify the species, the suspicious colonies were sequenced, after
all positive (Table 4). In the samples of 2 and 4, B. firmus was the being isolated, and the sequences were uploaded on EzBioCloud
identified bacillus bacteria (Table 4). As given in Table 4, the site. The isolated gram negative bacilli were all from Acetobacter
results for simmons citrate reduction, starch haemolysis, manitol bacteria family and the species were including A. tropicalis (99.8%
consumption, and antibiotic disc were negative, while other tests similarity, access no., AB032354) in sample of number 2 and A.
indonesiens (99.7% similarity, access no., AB032356) in samples
were positive. B. sphaericus was also identified in the samples of 9
of 3 and 4 (Table 6).
and 12 (Table 4) since the gelatin melting and beta-haemolysis
It seems unlikely to identify Acetobacter bacteria in
results were positive.
fermented dairy products since they are mostly involved in
The biochemical identification was followed by purification, oxidative processes of different materials such as ethanol, acetic
isolation, amplification and sequencing of DNA of suspicious acid, acetate and lactate to water and carbon dioxide, and oxidizing
colonies. The introduction of isolated sequences to EzBioCloud site glucose to dihydroxyacetone in fruits such as grape, banana, mango
illustrated the different results and the obtained results of the and in products such as vinegar and wine [36, 37]. Though, these
bacteria were identified in 17.6% of samples. The identification of
biochemical analysis were not confirmed (Table 5). The identified
other species of Acetobacter bacteria was reported by other authors
bacilli were B. subtilis (99.91% similarity with access no., in different fermented dairy products as well. For instance, A.
EU138467), B. anthracis (100% similarity with access no., lovaniensis in Brazilian kefir (32 isolates) [38], A. aceti in Tibetan
AB190217) and B. licheniformis (99.86% similarity with access fermented milk (39), A. orientalis in Caucasusian fermented milk
[40], A. pomorum in Sudanese fermented sour milk (Robe) [41].
no., AB190217).
Acetobacter bacteria are not micro flora of fermented dairy
The identified gram positive spore forming bacilli are
products and the optimum temperature for them is 20-37˚C and will
sporothermotolerant [29]. It means that these bacteria are able to
be dead or inactive at temperatures below 20˚C and above 40˚C, but
generate heat tolerant endospores, which can tolerate the heat they are able to survive and grow at pH range 3-9. Therefore, the
treatments such as pasteurization (72 ˚C, 15 seconds), sterilization samples of Doogh in the present study were post contaminated with
(115-120 ˚C, 15-20 minutes) and ultra-heat temperature treatment air, packaging materials, and equipments [36].
(135-142 ˚C, 4-5 seconds) [30]. In addition to their ability to 3.2.4. Yeasts and molds.
In order to identify and isolate yeasts, the culture media
generate thermo-tolerant spores, these bacteria are resistant to high
salt media and acidic pH as well. B. licheniformis is able to stand YGC was used. Then, the purified, isolated, sequenced DNAs were
saline media with salt content as high as 7% [28] and the species of uploaded on CBS gene bank. The identified yeast species in
industrial Doogh were including Cryptococcus magnus (100%
B. licheniformis and B. subtilis are capable to grow up at acidic
similarity, access no., CBS4685) in samples of 15 and 17, Pichia
media such as fermented dairy products [15].
fermentans (99.8% similarity, access no., CBS4611) in samples of
The present study showed that 41% of samples of Iranian 3, 5, 14 and 16 and Saccharomyces unisporus (100% similarity,
industrial Dooghs were contaminated by gram positive spore access no., CBS398) in samples of 1, 2, 5, 8 and 15 (Table 7). In
forming bacilli. The presence of these bacteria in fermented dairy non-industrial samples the identified yeasts and molds species were
products was reported in other studies. Hosseini et al [14] observed including Kazachstaia servazzi (99% similarity, access no.,
that 28% of Iranian kefir samples were contaminated by B. cereus KY103666) in samples 1 and 2, Galactomyces candidum (100%
similarity, access no., KM1151135) in sample 2, Kazachstania
and B. subtilis. Banykó and Vyletělová [15] isolated B.
unispora (100% similarity, access no., KY103684) in sample 3,
licheniformis in yogurt.
Penicillium granulatum (100% similarity, accesss no., LN482444),
Gram positive spore forming bacilli can contaminate Saccharomyces cerevisiae (97% similarity, access no., KF442632)
fermented dairy products in different ways. The possible ways are and Aspergillus awamori (100% similarity, access no., MH345886)
including heat treated or pasteurized milk [14, 16, 17], water [18], in sample 4, Aspergillus flavus (100% similarity, access no.,
air [14] and equipments, whose internal surface is contaminated to MH345959) and Kluyveromyces marxianus (100% similarity,
biofilms containing spore of gram positive bacilli [12].
access no., KF851351) in sample 5, and Mucor circinelloides (96%
However, there is no report on the ability of isolated bacilli similarity, access no., JN205940) and Saccharomyces pastorianus
to spoil fermented dairy products, but they are able to rotten other (100% similarity, access no., KY105227) in sample 6 (Table 7 and
dairy types by producing heat resistant proteolytic and lipolytic 8).
enzymes, specially during cold seasons [31, 32]. For instance, B.
licheniformis is considered as a cause of the sour rot spoilage in
condensed milk [13] and B. subtilis created sweet coagulative
spoilage in milk and cream [33].
It is vital to minimize or even eliminate the presence of these
bacilli in Iranian industrial Dooghs, since these bacteria are
potential pathogens. There is a suspicious connection between B.
licheniformis and B. subtilis, and some clinical syndromes such as
intestinal disorders [34]. B. anthracis is capable to develope human
respiratory and intestinal upsets [17]. B. licheniformis and B.
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Table 1. pH of industrial Doogh samples.
Samle
code
pH

1

2

3

4

5

6

7

8

3.645
±0.012c

3.826±
0.011b

3.645±
0.012c

3.645±
0.012c

3.655±
0.009c

3.650±
0.011c

3.554±
0.013d

3.551±
0.012d

Sample code

Shape

9
3.5550±
0.014d

10

11

12

13

14

15

16

17

3.548±
0.008d

3.547±
0.010d

3.544±
0.009d

3.531±
0.012ed

3.491±
0.007e

3.483±
0.014fe

3.481±
0.008fe

3.475±
0.013f

Table 2. Biochemical identification of lactic acid bacteria in industrial Doogh samples.
Coloring gram
CO2 production
Growth )C°)
Growth in salty
of glocuse

Growth pH

sollution

Closest detected
microoraganisms

2, 3, 4, 7, 9, 10, 13 and 16
1, 7, 12, 13 and 14
1, 8, 11 and 15
6, 12, 14 and 17
4, 5, 6, 8, 9, 10, 11, 15 and 17

filamentary
filamentary
filamentary
filamentary
filamentary

+
+
+
+
+

-

10
+
+
+

45
+
+
+
+

٪4
+
+
+
+
+

٪6.5
+
+

4.4
+
+
+

9.6
+
+
+
+
+

Lactobacillus
Lactobacillus
Lactobacillus
Lactobacillus
Lactobacillus

2 and 3
4, 5, 9 and 17

filamentary
filamentary

+
+

-

+
-

+

+
+

+
-

+
+

+
+

Lactobacillus
Lactobacillus

Sample code
2, 3, 4, 7, 9, 10, 13 and 16
1, 7, 12, 13 and 14
1, 8, 11 and 15
6, 12, 14 and 17
4, 5, 6, 8, 9, 10, 11, 15 and 17
2 and 3
4, 5, 9 and 17

Table 3. Identification of isolated acidic bacteria from industrial Doogh samples based on 16S rRNA gene sequence
Sequence size
Similarity Percentage
Species identified
nucleotide 939
٪100
CECT 562 L. fermentum
nucleotide 1472
٪99.93
ATCC 25302 L. paracasei
nucleotide 1494
٪99.73
CECT 562 L. fermentum
nucleotide 1423
٪99.72
CECT 562 L. fermentum
nucleotide 1446
٪100
ATCC 25302 L. paracasei
nucleotide 1442
٪100
ATCC 367 L. brevis
nucleotide 1466
٪99.52
ATCC 39199 L. gallinarum

Access number
AJ575812
ACGY01000162
AJ575812
AJ575812
ACGY01000162
CP000416
AJ417737

Table 4. Biochemical identification of Gram-positive Bacillus spider from industrial Doogh samples.
Sample
code
1, 5 and 14
2 and 4
9 and 12

Coloring
gram
+
+
+

Nitrate
revitalization
+
+
-

Cimon
citrate
-

Starch
hyrolize
+
-

Gelatin
melt
+
+
+

VogesProskauer
+
-

Manitol
Consumption
+
-

Beta
Hemolysis
+
+
+

Antibiotic
test
+
-

Closest detected
microorganisms
Bacillus Circulars
Bacillus Esfricus
Bassillus Fables
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Milk and milk based products are suitable media for yeasts
and mold growth. Chen et al [27], isolated Pichia fermentans from
raw milk and Álvarez-Martín et al [42], isolated this yeast from blue
cheese, using RFLP method. Callon et al in two seperated studies
isolated Saccharomyces unisporus and Cryptococcus magnus in

Sample code
1, 5 and 14
2 and 4
9 and 12

Sample code
2
3 and 4

cheese [43], and in goat milk [44], respectfully. Identification and
isolation of Pichia fermentans and Saccharomyces unisporus has
been reported in variety of fermented dairy products as well such as
kefir and Koumiss [10, 27, 45].

Table 5. Identification of gram-positive bacilli of sporadic isolates from samples based on 16S rRNA gene sequence.
Sequence size
Similarity Percentage
Species identified
Access number
1433 nucleotide
99.91٪
BGSC 3A28 B. subtilis
EU138467
1497 nucleotide
100٪
ATCC 14578 B. anthracis
AB190217
1430 nucleotide
99.86٪
Bacillus licheniformis ATCC 14580
AE017333
Table 6. Identification of gram-negative bacilli isolated from samples based on the sequence of 16S rRNA gene.
Sequence size
Similarity Percentage
Species identified
Access number
Nucleotide 1469
99.8٪
NRIC 0312 Acetobacter tropicalis
AB032354
Nucleotide 1368
99.7٪
NRIC 0313 Acetobacter indonesiensis
AB032356

Table 7. Identification of isolated yeasts and moulds based on the D1/D2 26S rDNA gene in industrial and non-industial Doogh samples
Sample origin
Code
Sequence size
Similarity
Species identified
Access number
Percentage
Industrial
2, 5, 14 and 16
Nucleotide 519
99%
Pichia fermentans
CBS4611
15 and 17
Nucleotide 622
100%
Cryptococcus magnus
CBS4685
1, 2, 5, 8 and 15
Nucleotide 585
100%
Saccaromyces unisporous
CBS398
Non-industrial

1
2
3
4

5
6

Sample origin

code

Industrial

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
1
2
3
4
5
6

Non- industrial

Nucleotide 685
Nucleotide 315
Nucleotide 682
Nucleotide 683
Nucleotide 543
Nucleotide 61
Nucleotide 542
Nucleotide 532
Nucleotide 54
Nucleotide 532
Nucleotide 750

99%
100%
99%
100%
100%
97%
100%
100%
100%
96%
100%

Kazachstaia servazzi
Galactomyces candidum
Kazachstaia servazzi
Kazachstania unispora
Penicillium granulatum
Saccharomyces cerevisiae
Aspergillus awamori
Aspergillus flavus
Kluyveromyces marxianus
Mucor circinelloides
Saccharomyces pastorianus

Table 8. Number and type of microorganisms isolated from each sample
Lactobacillus
Other microorganisms
Bacillus
Acetobacter
Yeast
2
1
1
1
1
1
2
2
1
3
2
2
2
1
2
2
2
2
1
3
1
2
2
2
1
2
2
1
1
2
2
1
1
3
1
1
2
1
1
1
1

Yeasts are sensitive to heat treatment (46) and their growth
and activity is limited by starter lactic acid bacteria presence and
fermentation temperature (40-45˚C) (47). Therefore, these yeasts

KY103666
KM1151135
KY103666
KY103684
LN482444
KF442632
MH345886
MH345959
KF851351
JN205940
KY105227

Mold
2
1
1

have entered Iranian industrial and non-industrial Doogh through
post contamination. The susceptible ways of entry are including
biofilms (48), environment (47) and packaging cap (49).
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Since yeasts are potential spoiling and pathogen
microorganisms and are able to survive and grow in media with a
high content of salt, low water activity, acidic pH, and low
temperatures [50], their presence in Iranian industrial and nonindustrial Doogh should be limited. Yeasts are able to generate gas,
which would result in blowing and deforming of packages, to create
yeasty taste and other unpleasant off-tastes, fermentation odor,
discoloration and texture damage in fermented dairy products [49].
However, yeasts are not able to spoil dairy products in absence of
lactose [51], but if fermented dairy products are infected by yeasts,
yeasts would create proper media for growth of other spoiling
bacteria through consuming lactic acid, producing vitamins and
amino acids, and increasing the pH of media [47]. Fleet [52]
demonstrated the potential of yeasts to create gasterotestinal
disorders and allergies in humans, which makes yeasts potential
hazart for human health.

Mold growth in food products is a quality deficiency that
may cause economic losses for food manufacturers. Molds can
grow in fermented dairy products such as yogurt due to some
intrinsic (pH, water activity, ingredients of product, and type of
initial contamination) and extrinsic (packaging material and
condition and temperature of storage) factors. Penicillium, Mocur,
and Aspergillus are the most frequent mold that contaminate yogurt
and yogurt based products [52]. Non-industrial Doogh is obtained
from yogurt dilution with tap water in Iran, so initial yogurt
contamination can be a reason for Doogh Contamination. Molds
can affect on organoleptic properties of Doogh and develop some
undesired flavors in Doogh. Molds contamination of non-industrial
Doogh may be due to the unhygienic storage condition or other post
contaminant such as packaging materials and unclean atmosphere.

4. CONCLUSIONS
In the present study, microbial contaminants of Iranian
industrial Doogh were identified by employing biochemical and
molecular methods. The identified and isolated microorganisms
were including lactic acid bacteria (Lactobacillus brevis, L.
fermentum, L. paracasei and L. gallinarum); gram-positive sporeforming bacteria (Bacillus licheniformis, B. anthracis and B.
subtilis); acetic acid bacteria (Acetobacter tropicalis and A.
indonesiensis) and yeasts. However, these microorganisms are not
sever spoiling and pathogens, but their presence should be limited
since they have the potential to spoil dairy products and to be a

pathogen. These microorganisms possibly have entered Doogh by
post contamination, which are biofilms, environment, packaging
and raw materials. The identified bacteria and yeast species in the
present study are able to grow up in Doogh, since they are resistant
to heat treatment, high salt content, acidic pH, low temperature and
water activity. Therefore, it is vital to block their entrance through
good hygiene practice (GHP), Hazard analysis and critical control
points (HACCP), appropriate heat treatment and storage conditions
(refrigerator temperature, 4±1¬°C).
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