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Introduction: Due to the development of dairy industries, the consumption of Doogh has risen in Iran
as a functional fermented beverage. Use of preservatives to reduce microbial contamination in Doogh
could increase the risk of chronic diseases in the long run. The present study aimed to extensively
investigate the effects of natamycin as a preservative on the microbial population of Iranian Doogh at
various storage temperatures.
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Methods: Microbial analyses were performed to determine the total count of microorganisms,
population of fungi (molds and yeasts), coliforms, Escherichia coli, coagulase-positive staphylococci,
and lactic acid bacteria in Doogh samples.
Results: The microbial population in the Doogh samples (with and without natamycin treatment)
stored at 4°C was compared to the samples stored at 25°C and 35°C during the shelf life period. At the
temperature of 25°C, natamycin could significantly control the growth of a wide range of
microorganisms (P<0.05), while at 35°C, in the presence of natamycin, the microbial contaminants in
the majority of cases were significantly increased (P<0.05).
Conclusion: According to the findings, it can be concluded that paying attention to the microbial
quality of raw milk, heat treatment, and cooling systems during transportation, environmental
hygienic conditions and storage of the final products at refrigerated temperatures in order to
effectively diminish the microbial population of Doogh and preventing spoilage is necessary.
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Introduction

Doogh is a fermented milk drink with high
consumption in the Iranian community owing to
its organoleptic properties, numerous health
benefits, and supplying a significant part of the
daily requirements of functional components,
such as calcium and vitamins B2, B6, and B12.
However, inappropriate thermal processing or
secondary contamination may lead to the
spoilage of Doogh drink by acid-resistant
microorganisms, especially yeasts, molds, and
bacteria during storage [1-3].
Natural or chemical preservatives are added to
food products in order to stop or delay the
unwanted changes caused by microbial, enzyme,
and chemical factors [4]. Natamycin, which is
also known as pimaricin, has antimicrobial
effects against a wide range of molds, yeasts, and
bacteria and is widely used in the food industry
in order to stabilize the quality of the final
products [5, 6]. Natamycin has been approved as

a natural preservative for various dairy products
(e.g., cottage cheese, sour cream, and yogurt) in
more than sixty countries [7, 8]. However, the
Iranian Food and Drug Administration and
Iranian National Standards Organization have
banned the use of preservatives in Doogh [9].
Despite the ban on use of preservatives in
yoghurt drink, various preservatives are utilized
illegally by some producers to eliminate
microbial contamination, especially in summer.
Esfandiari et al. (2013) used reverse-phase highperformance
liquid
chromatography
to
determine the amount of several preservative
(sodium benzoate, potassium sorbate, and
natamycin) in the pasteurized Doogh in Iran.
Among 39 studied samples, sodium benzoate
was observed in all the samples, while natamycin
was detected in 10-25% of the samples, and
potassium sorbate was detected in none of the
samples [10].
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Dzigbordi et al. (2013) examined the effects of
various concentrations of natamycin (5, 6, 7, 8, 9,
and 10 ppm) on the microbial population of
vanilla yogurt during 28 days of storage at 4°C,
and the obtained results indicated that the
addition of 8 ppm of natamycin could
significantly reduce the number of yeasts in
vanilla yogurt [11].
In another study, Sarah et al. (2014) investigated
the effects of natamycin (10 ppm) on the starter
cultures population and number of molds and
yeast in yogurt during the shelf life. The obtained
results demonstrated that the mean count of
Lactobacillus bulgaricus increased on day seven
of refrigerated storage, while it decreased
significantly at the end of the shelf life. In
addition, the mean count of Streptococcus
thermophilus decreased during storage, and no
molds and yeasts were isolated after 21 days of
storage [12].
The temperature and shelf life of dairy products
are potentially correlated, and also these
parameters depend on other factors, such as the
microbial population and chemical quality of raw
milk, additives, pre-treatment of milk, pH of the
products, and storage conditions. Thermal
treatment is often carried out at the temperature
of 60-70°C for a short period, which may not
eliminate all the microorganisms from the final
product. Furthermore, Doogh may be maintained
in food stores at an ambient temperature, which
is likely to shorten the shelf life [13, 14].
Some of the most important influential factors in
the spoilage of dairy products at factories are
lack
of
cooling
equipment,
improper
manufacturing practices, and poor storage
conditions. Unfortunately, the manufacturers of
these products tend to use preservatives instead
of solving these issues, while the use of these
compounds is considered to be major threat to
human health in the long run [15].
To date, few studies have investigated the effect
of preservatives on the microbial load of dairy
products in Iran. The present study aimed to
evaluate the interactive effects of natamycin and
various storage temperatures (4°C, 25°C, and
35°C) on the microbial population of Doogh
during storage.

Materials and Methods
Experimental Materials
The microbial culture media used in the study
were supplied by Merck (Germany), including
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the plate count agar (PCA), yeast extract glucose
chloramphenicol (YGC) agar, violet red bile
(VRB) agar, lauryl sulfate broth (LSB), eosin
methylene blue (EMB) agar, Baird-Parker agar
(BPA), De Man, Rogosa, and Sharpe (MRS) agar,
anaerobic gas-pack A, and ringer tablets. In
addition, eight-centimeter disposable plates
were purchased from Labtron (UK).
Sample Preparation
Two types of Doogh samples were prepared at a
dairy production plant in Mashhad (Iran),
including the samples without natamycin and
those containing 10 ppm of natamycin. Both
samples were divided into three groups with
three different storage temperatures of 4°C,
25°C, and 35°C. The samples in each group were
preserved for 60 days at 10-day intervals. All the
experimental analyses (microbial counts) were
performed in triplicate.
Microbiological Analysis
The microbiological tests that were conducted on
the Doogh samples included the total count of
microorganisms (National Iranian Standard No.
5272-1) using the PCA, mold and yeast counts
(National Iranian Standard No. 10899-1) using
the YGC agar, coliform count (National Iranian
Standard No. 9263) using the VRB agar,
Escherichia coli count (National Iranian Standard
No. 2946) using the LSB for enrichment and EMB
agar as the selective media, coagulase-positive
staphylococci count (National Iranian Standard
No. 6806-1) using the BPA, and lactic acid
bacterial count (National Iranian Standard No.
4721) using the MRS agar under anaerobic
conditions at 10-day intervals. All the trials were
performed in triplicate [16-21]. For bacterial
detection and counting, appropriate serial
dilution and culturing were initially performed,
and the PCA, EMB, VRB, and BPA media were
incubated at the temperature of 32.5°C. In
addition, the MRS and YGC media were incubated
at the temperature of 37°C and 25°C, respectively
for specified periods.
Statistical Analysis
The main variables in the present study were
natamycin/non-natamycin
treatment
and
storage temperatures. Each treatment was
carried out in triplicate during storage. Data
analysis was performed in SPSS version 16 using
repeated measures two-way analysis of variance
(ANOVA). Moreover, the comparison of means
was performed using Duncan's multiple range
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test at 5% probability level, and charts were
drawn using the Excel software. The obtained
values were expressed as mean and standard
deviation (SD).

Results and Discussion
Total Count of Microorganisms
According to the information in Table 1, the total
count of the samples without natamycin at the
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temperature of 4°C was lower than 0.5
logarithmic cycle after 10 days, and no count was
detected until the end of shelf life. However, in
the sample containing natamycin only on day 20,
the total count exceeded 10 CFU/ml. According
to the obtained results, the total count of the
microorganisms in both of the samples
preserved at 4°C followed a similar trend.

Table 1. Total count (log cfu/ml)*of pasteurized Doogh samples during storage time
Main Factors
Storage time (day)
Temperature
Type of
1st
10th
20th
30th
40th
(°C)
Doogh
0.74±0.04Cb
0.39±0.08Bc
0.00±0.00Da
0.00±0.00Aa
0.00±0.00Aa
4
Without
Bb
Cd
Dd
Eb
0.74±0.03
1.48±0.08
1.65±0.05
3.70±0.02
3.90±0.04Fc
25
natamycin
0.74±0.04Bb
4.40±0.17Ee
1.00±0.00Cb
0.00±0.00Aa
0.00±0.00Aa
35

50th

60th

0.00±0.00Aa

0.00±0.00Aa

5.90±0.05Gc
1.20±0.02Db

0.00±0.00Aa
1.43±0.09Ab

0.00±0.00Aa
0.00±0.00Aa
1.50±0.07Bc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
0.00±0.00Aa
0.45±0.05Bc
3.35±0.03Df
0.00±0.00Aa
0.00±0.00Aa
1.20±0.07Cb
0.00±0.00Aa
25
0.00±0.00Aa
0.23±0.06Bb
2.50±0.02De
3.73±0.03Gb
2.60±0.04Eb
1.27±0.05Cb
2.70±0.00Fc
35
*Mean ± standard deviation
Different capital letters in each row indicate a significant difference (p<0.05) of interaction between two main factors during shelf life
Different small letters in each column indicate a significant difference (p<0.05) of interaction between two main factors at each storage
time
Containing
natamycin

Adebayo et al. (2014) emphasized on the ability
of low temperatures on inhibition of the
mesophilic microorganisms causing spoilage.
They argued that low temperatures (4°C) could
prevent the metabolic activity of these
microorganisms, thereby reducing their growth
or even leading to their death [22].
According to the findings of the current research,
the total count of the samples containing
natamycin was significantly lower at the
temperature of 25°C compared to the natamycinfree samples during all the storage periods
(P<0.05). The total count of the samples without
natamycin increased until day 50, reaching six
logarithmic cycles.
According to the literature, the stability and
functionality of natamycin are influenced by
various factors, such as pH, temperature, light,
and oxidants [23]. Gourama & and Bullerman
(1988) reported that natamycin had the most
significant inhibitory effects at the temperature
of 25-35°C [24]. In the present study, the total
count in the natamycin-free samples stored at
the temperature of 35°C was high until day 10 of
storage, while the most of microorganisms that
are involved in food contamination are
mesophiles. However, after 10 days of storage at
the temperature of 35°C, the presence of
natamycin as the preservative not only did not
inhibit the activity of the microorganisms in the
Doogh samples, it was also recorded to be higher
compared to the natamycin-free samples. This
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phenomenon could be attributed to the
production of most antimicrobial compounds
from lactic acid bacteria and their effects on
other microorganisms, while in the samples
containing natamycin, the lactic acid bacteria
were suppressed and unable to compete with
other microorganisms, thereby increasing the
total count significantly [22].
According to the information in Table 1, the total
microbial counts were zero in all the treatments
during the last storage period, with the exception
of the samples that were stored at the
temperature of 35°C. This finding could be
attributed to the significant reduction of pH due
to the activity of various microorganisms during
storage. Therefore, lack of nutrients and
formation of a strong acidic environment (pH<4)
prevented the growth of microorganisms and
even led to their disappearance [25]. It is also
notable that the Iranian National Standard
Organization has not been defined the standard
total count for pasteurized Doogh.
Mold and Yeast Population
Fungi are known as major cause of spoilage in
yoghurt and other fermented dairy drinks. Due to
their low pH, these products also provide a
selective condition for the growth of yeasts and
molds [11]. According to the information in Table
2, the amount of molds and yeasts in the Doogh
samples at the temperature of 4°C was
significantly lower in the samples containing
natamycin compared to the non-preserved
223
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sample (P<0.05). However, the number of these
microorganisms was lower in the natamycin-free
Doogh samples until day 40 of storage compared
to the standard limit (100 CFU/ml) [17]. On day
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50, the count of molds and yeasts increased in the
samples without natamycin, which could be due
to the consumption of lactate by the fungi and the
subsequent increasing pH of Doogh [26].

Table 2.Count of mold & yeast (log cfu/ml)*of pasteurized Doogh samples during storage time
Main Factors
Storage time (day)
Temperature
Type of
1st
10th
20th
30th
40th
(°C)
Doogh
0.00±0.00Aa
0.60±0.03Cb
0.60±0.04Cc
0.45±0.09Bb
0.00±0.00Aa
4
Without
0.00±0.00Aa
1.80±0.08Cc
1.35±0.04Bd
3.80±0.04Dd
3.94±0.02Ec
25
natamycin
0.00±0.00Aa
2.36±0.02Cd
1.33±0.03Bd
0.00±0.00Aa
0.00±0.00Aa
35

50th

60th

2.94±0.02Db
5.40±0.05Fe
3.54±0.03Dd

0.60±0.01Cc
0.00±0.00Aa
0.00±0.00Aa

0.00±0.00Aa
0.40±0.08 Ba
0.00±0.00Aa
0.39±0.08Bb
0.00±0.00Aa
0.60±0.02Ca
0.00±0.00Aa
4
0.00±0.00Aa
0.39±0.08Ba
3.35±0.04De
0.00±0.00Aa
0.00±0.00Aa
0.65±0.04Ca
0.47±0.04Bb
25
0.00±0.00Aa
0.47±0.02Ca
0.23±0.06Bb
3.00±0.01Ec
2.73±0.04Db
3.20±0.02Fc
2.80±0.03Dd
35
*Mean ± standard deviation
Different capital letters in each row indicate a significant difference (p<0.05) of interaction between two main factors during shelf life
Different small letters in each column indicate a significant difference (p<0.05) of interaction between two main factors at each storage
time
Containing
natamycin

As shown in Table 2, the growth of molds and
yeasts increased at the temperature of 25°C in
the non-preserved Doogh samples, exceeding the
maximum of the standard limit after day 20 of
storage. In the samples containing natamycin, a
significant reduction was observed in the growth
of these microorganisms, with the exception of
day 20 of storage (P<0.05).
Yeganehzad et al. (2007), Akpan et al. (2007),
and Viljoen et al. (2003) have reported that
various storage conditions in terms of
temperature, microorganism diversity, and
preservatives could decrease the pH of the final
products [27-29]. Correspondingly, samples
containing preservatives possess higher pHlowering effects, providing the proper condition
for the further growth of acid-resistant
microorganisms, including molds and yeasts [11,
30].
According to the information in Table 2, no molds
and yeasts were observed in the samples without
natamycin on day 60 of storage, while in the
samples containing natamycin, less than one
logarithmic cycle of molds and yeasts was
recorded. The number of these microorganisms
in the natamycin-free samples could be due to
the production of growth inhibitor compounds
(e.g., organic acids and hydrogen peroxide) by
the other microorganisms found in Doogh [31].
In the current research, natamycin positively
influenced the total population of molds and
yeasts at the temperature of 35°C until day 20 of
storage, while after the mentioned period until
the end of storage, natamycin could not decrease
fungal contamination; subsequently, the
population of molds and yeasts significantly
increased. Furthermore, the count of molds and
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yeasts in both types of Doogh samples increased
significantly on day 50 of production (P<0.05),
which could be due to the sporulation activity of
these microorganisms at the outset of the first
storage period and their conversion into
vegetative cells in the middle of the shelf life.
Branen et al. (2001) indicated that at the
temperature of at 35°C, molds remained as
spores on medium containing natamycin on the
initial days of storage [23].
According to the results of the present study, the
count of molds and yeasts in both types of the
Doogh samples stored at the temperature of 35°C
significantly decreased at the end of the shelf life
(P<0.05), which could be attributed to the
reduction of nutrients and unfavorable
environmental conditions [31].
Total Coliform Count
Contamination with coliforms after the
pasteurization process leads to the growth of
these microorganisms at high levels. According
to the literature, the presence of coliforms in
foods (e.g., dairy products) even in small
amounts could cause contamination, ultimately
leading to gastrointestinal diseases [32]. In
addition, these microorganisms could remain
vigorously active during prolonged storage at the
temperature of 4°C [33].
According to the information in Table 3, the total
count of coliforms was higher than the standard
limit (10 CFU/ml) in the non-preserved Doogh
samples on day 10 of storage, while in the
samples stored at 4°C, the total coliform count
was acceptable by the Iranian standards [18].
Since day 30 onwards, the activity of coliforms in
both types of Doogh samples could be attributed
to the pH decline due to the use of nutrients in the
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environment by other microorganisms, as well as
the presence of preservative. In a similar study,
Jay et al. (2008) reported that the coliform count
in the dairy products (e.g., yogurt, butter milk,
and sour cream) containing preservatives
declined rapidly within three days of storage at
the temperature of 7°C, thereby leading to the
drastic reduction of pH [25].
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According to the results of the present study, the
non-preserved Doogh samples had significantly
higher levels of coliforms at the storage
temperature of 25°C compared to the samples
containing the preservative (P<0.05). In the
Doogh samples containing natamycin, the
coliform count did not exceed the standard
limits.

Table 3.Count of coliforms (log cfu/ml)*of pasteurized Doogh samples during storage time
Main Factors
Storage time (day)
Temperature
Type of
1st
10th
20th
30th
40th
(°C)
Doogh
0.00±0.00Aa
1.33±0.05Dc
0.92±0.02Cb
0.00±0.00Aa
0.00±0.00Aa
4
Without
0.00±0.00Aa
1.60±0.01Bd
0.00±0.00Aa
3.90±0.02Dd
3.60±0.05Cc
25
natamycin
0.00±0.00Aa
1.96±0.02Ce
0.00±0.00Aa
1.06±0.01Bb
0.00±0.00Aa
35

50th

60th

0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa

060±0.11Bc
0.00±0.00Aa
0.00±0.00Aa

0.00±0.00Aa
0.90±0.05Ba
0.97±0.02Bc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
0.00±0.00Aa
1.00±0.03Cb
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.40±0.00Bb
25
0.00±0.00Aa
0.90±0.05Ba
0.00±0.00Aa
2.69±0.08Cc
2.70±0.03Cb
0.00±0.00Aa
2.80±0.01Dd
35
*Mean ± standard deviation
Different capital letters in each row indicate a significant difference (p<0.05) of interaction between two main factors during shelf life
Different small letters in each column indicate a significant difference (p<0.05) of interaction between two main factors at each storage
time
Containing
natamycin

At temperature of 35°C (Table 3), the population
of coliforms in the samples without natamycin
was less; this could be attributed to the high acid
production by the starter cultures due to the lack
of natamycin. Increased pH could promote the
potential growth of coliform bacteria during
production processes [34]. Compared to the
samples stored at the temperature of 4°C and
25°C, the coliform count was above the standard
limit, especially in the samples containing
natamycin.
Our findings demonstrated that the coliform
count differed in the samples of Doogh (with and
without natamycin), which were preserved at the
temperature of 35°C at various shelf life
intervals. In general, the lack of uniformity in the

growth of these microorganisms could be due to
the decrease or increase of pH during growth
that are caused by sugar consumption (lactose),
production of other inhibitors (e.g., organic acids
and hydrogen peroxide), or the consumption of
organic acids by other microorganisms [30, 34].
E. coli Count
Escherichia coli is a pathogenic microorganism,
which belongs to the Enterobacteriaceae family.
Fortunately this microorganism is easily
destroyed at pasteurization temperatures, postcontamination with this bacterium after the
pasteurization process in dairy products is a
substantial challenge to producers [34].

Table 4. Count of E. coli (log cfu/ml)* of pasteurized Doogh samples during storage time
Main Factors
Storage time (day)
Temperature
Type of
1st
10th
20th
30th
40th
(°C)
Doogh
0.00±0.00Aa
0.40±0.08Bb
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
Without
0.00±0.00Aa
1.06±0.01Bd
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
25
natamycin
0.00±0.00Aa
0.54±0.06Bbc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
35

50th

60th

0.00±0.00Aa
9.30±0.15Cb
0.00±0.00Aa

0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa

0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
0.00±0.00Aa
0.60±0.02Bc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
25
0.00±0.00Aa
0.60±0.03Bc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
35
*Mean ± standard deviation
Different capital letters in each row indicate a significant difference (p<0.05) of interaction between two main factors during shelf life
Different small letters in each column indicate a significant difference (p<0.05) of interaction between two main factors at each storage
time
Containing
natamycin

As shown in Table 4, E. coli was observed in the
absence of natamycin at all three storage
temperatures (4°C, 25°C, and 35°C) on day 10. At
the storage temperature of 25°C, E. coli count was
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higher than one logarithmic cycle, while in the
samples containing natamycin maintained at the
temperature of 25°C and 35°C, E. coli
contamination on day 10 was less than one
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logarithmic cycle. On day 50, severe E. coli
contamination was only observed in the
natamycin-free samples that were preserved at
the temperature of 25°C.
Bachrouri et al. (2002) reported that the rate of
E. coli in yogurt inoculated with this
microorganism reduced to below the detection
range after 13 days of storage at the temperature
of 4°C, which could be attributed to the presence
of acid stress conditions in the fermented dairy
products [35].
According to the national standards of Iran,
pasteurized Doogh must not be contaminated
with E. coli. Based on the findings of the current
research, it could be stated that only the Doogh
sample containing natamycin and preserved at
4°C were standard [19].
Count of Coagulase-positive Staphylococci
According to the Iranian National Standard
Organization, the presence and bacterial count of
coagulase-positive staphylococci must be
evaluated in yoghurt drink [20]. Our findings
indicated no contamination with coagulasepositive staphylococci in the samples stored at
the temperatures of 4°C, 25°C, and 35°C for two
months.
Lactic Acid Bacteria Count
Lactic acid bacteria play a key role in the dairy
industry as common parts of many fermented
products and starter cultures (McDougall, 2009).
Several studies have indicated that these bacteria
produce various types of preservative
compounds, such as antibiotics, organic acids
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(lactic acid, stearic acid, and propionic acid), and
hydrogen peroxide during the fermentation
process. The production of these compounds
leads to unfavorable environmental conditions
for the growth of the other microorganisms that
cause spoilage [36]. After the formulation and
pasteurization process, it is expected that lactic
acid bacteria will not be detected in the final
yoghurt drink product or there will be
insignificant levels of these microorganisms
detectable.
According to the information in Table 5, lactic
acid bacteria count was less than one logarithmic
cycle in the Doogh samples with and without
natamycin at the temperature of 4°C on days 10
and 20, respectively. After this period, the count
of these microorganisms decreased to zero in
both types of the Doogh.
At the temperature of 25°C, the lactic acid
bacteria count in the samples without natamycin
was higher than the samples containing the
preservative. Moreover, the highest count of
these microorganisms was obtained on day 50 of
storage in the natamycin-free Doogh, which was
estimated at five logarithmic cycles. After 60 days
of storage, no lactic acid bacteria were detected
in the samples due to the effect of the
preservative compound, pH, and unfavorable
environmental conditions [22].
At the temperature of 35°C, the samples with
natamycin had significantly higher lactic acid
bacterial population compared to the natamycinfree samples (P<0.05).

Table 5.Count of Lactic acid bacteria (log cfu/ml)*of pasteurized Doogh samples during storage time
Main Factors
Storage time (day)
Type of
Temperature
1st
10th
20th
30th
40th
50th
60th
Doogh
(°C)
0.00±0.00Aa
0.60±0.11Bc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
Without
0.00±0.00Aa
1.54±0.04Bd
0.00±0.00Aa
3.50±0.03Db
3.40±0.02Cc
5.60±0.03Ed
0.00±0.00Aa
25
natamycin
0.00±0.00Aa
2.20±0.04Ce
0.46±0.05Bb
0.00±0.00Aa
0.00±0.00Aa
3.14±0.04Db
0.00±0.00Aa
35
0.00±0.00Aa
0.40±0.08Bb
0.77±0.07Cc
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
0.00±0.00Aa
4
Containing
0.00±0.00Aa
0.23±0.06Ba
3.40±0.02De
0.00±0.00Aa
0.00±0.00Aa
3.14±0.02Cb
0.00±0.00Aa
25
natamycin
0.00±0.00Aa
0.60±0.15Bc
2.20±0.01Cd
3.50±0.02Fb
2.88±0.02Eb
3.84±0.00Gc
2.40±0.05Db
35
*Mean ± standard deviation
Different capital letters in each row indicate a significant difference (p<0.05) of interaction between two main factors during shelf life
Different small letters in each column indicate a significant difference (p<0.05) of interaction between two main factors at each storage
time

Conclusion
According to the results, addition of 10 ppm of
natamycin to the Doogh samples stored at the
temperature of 25°C could control the microbial
population, while in the samples stored at the
temperature of 35°C, the results were reverse,
and the number of the microorganisms increased
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significantly (P<0.05). In addition, use of a cold
chain during the shelf life of the product had a
positive impact and could guarantee the
microbial quality of the Doogh. Therefore, it is
strongly recommended that dairy factories use
raw milk with the lowest microbial
contamination. On the other hand, adequate heat
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treatment, proper cooling equipment (especially
in warm seasons), and the establishment of
sanitary conditions are the fundamental criteria
for the GMP in production lines. Since Doogh is
often stored at an ambient temperature and
temperature is a key factor in Doogh spoilage, the
safest approach to the elimination of
preservatives and spoilage symptoms is to
preserve these products at refrigerator
temperatures in order to effectively improve the
quality of the final product.
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