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ABSTRACT

Aims: To optimize the process variables including: Lactobacillus acidophilus La-5, total
starter (a mixture of mesophilic cheese starters (MCS) and thermophilic yoghurt starters
(TYS), mesophilic cheese starter: thermophilic yoghurt starter (MCS: TYS) ratio and salt
content in probiotic Iranian ultrafiltered soft cheese (IUSC).
Methodology: In order to choose the best probiotic cheese formula with the highest
Lactobacillus acidophilus La-5 count, a total of eight samples with 20 % total solids were
produced using a small scale ultrafiltration system. Probiotic bacteria of Lactobacillus
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acidophilus La-5 (0.1 and 0.3 %), total starters (1 and 2 %), MCS: TYS ratio (8:2 and 7:3)
and salt (NaCl) concentration (1 and 2 %) by the help of Taguchi design were inoculated
into cheeses and the viable cell counts of Lactobacillus acidophilus La-5 enumerated within
45 d of shelf life at 5 ºC, as well the multiple effects of process variables on probiotic count
and colony morphologies of probiotic and starters evaluated.
Results: The most suitable conditions for the highest Lactobacillus acidophilus La-5
stability were addition of 0.1 % w/w Lactobacillus acidophilus La-5, 1 % v/w total starter,
MCS: TYS ratio of 8:2 and 1 % w/w salt content. The lowest and highest viable cell count of
probiotic Lactobacillus acidophilus La-5 in IUSC ranged from 6.41 to 7.92 CFU.g-1,
respectively. The acidified (pH 5.2) MRS agar medium used for the differentiation of the
colony morphology of Lactobacillus bulgaricus and Lactobacillus acidophilus La-5,
anaerobically. In all of the cheeses except for cheese 3 and 6 which the La-5 survived to
6.95 and 6.41 log orders, respectively, Lactobacillus acidophilus La-5 cell count survived to
over107 CFU.g-1, when all the cheeses had the small amount of acetic acid taste with a
creamy and soft texture. The MCS:TYS ratio of 8:2 and 0.1 % initial dosage of
Lactobacillus acidophilus La-5 (P ˂ 0.05) affected the probiotic stability of Lactobacillus
acidophilus La-5 in IUSC during shelf life, however the salt content (1 and 2 %) and total
starter (1 and 2 %) did not significantly influence the Lactobacillus acidophilus La-5
viability.
Conclusion: This study showed that Iranian ultrafiltered soft cheese has a probiotic
potential to have 107 CFU.g-1 viable cell count of Lactobacillus acidophilus La-5 strain,
when process variables optimized and this progress will contribute to develop a healthier
foods.
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ABBREVIATIONS

Gastro Intestinal Tract = GIT, Iranian Ultrafiltered Soft Cheese = IUSC, Ultrafiltration = UF,
Mesophilic Cheese Starters (Lactococcus lactis ssp. lactis and Lactococcus lactis ssp.
cremoris) = MCS, Thermophilic Yoghurt Starters (Streptococcus thermophiles and
Lactobacillus bulgaricus) = TYS.

1. INTRODUCTION

The marked demand for ‘healthy’ foods is stimulating innovation and new product
development in the food industry over whole the globe [1]. Functional foods provide healthy
benefits to the host by achieving a balance in micro-flora of intestinal tract rather than
traditional nutrient requirements, while probiotics are defined as live microbial supplements
[2]. Probiotic bacteria, particularly bifidobacteria and lactobacilli are the normal inhabitants of
the human colon. It is well studied that Lactobacillus acidophilus associated with several
health and nutritional benefits in human beings.Their consumption has the potential to
balance enteric flora [3], to reduce the cholesterol levels [4], to improve lactose digestion [5],
to modulate immune systems [6], to provide anti-tumour effects [7], the production of
vitamins [3], [8], [9], [10],and surface binding of toxins and heavy metals [11].

For provision of health benefits related to probiotic micro-flora, a suggested range for the
minimum level for probiotic bacteria in probiotic cheese have been reported from 106 CFU.g-

1 [12] to 107 CFU.g-1 [13]. Dairy products are now recognized for their nutritional benefits [14].
The production of functional foods have grown a rise of the interests concentrated on the
incorporation of probiotic bacteria into cultured dairy products such as cheese and yogurt to
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further improve the nutritional value of these products [15]. A wide range of probiotic dairy
products has been studied including probiotic milk [16], yogurt [17], [18], cheese [19], [20],
[21], and dough [22]. Cheese is a dairy product which has a considerable potential for
delivery of probiotic organisms into the human GIT due to its important chemical and
physical characteristics compared to fermented milks with higher pH value and lower
titratable acidity, higher buffering capacity, fat content, nutrient availability and lower oxygen
level, and also denser matrix of the texture [23], [24]. UF probably is one of the best
alternative ways of concentrating milk before the formation and handling of the curd [25].
Application of UF for the production of cheese has been extensively studied [25], [26], [27],
[28], [29], [30], [31], [32], [33], and also UF has been successfully applied in Feta cheese-
making [28], [32]. IUSC made from bovine milk is manufactured from ultrafiltered and
pasteurized milk with a mixed of mesophilic cheese, thermophilic yogurt starter cultures and
commercial microbial rennet. Furthermore, evaluating the initial dosage of process variables
to the ultrafiltered soft cheese including Lactobacillus acidophilus La-5, starters (total starter
and mesophilic cheese and thermophilic yogurt starterratio as mixed starter cultures) and
salt (NaCl) concentration may be useful to optimize the Lactobacillus acidophilus La-5
stability during shelf life. Yogurt starter culture is usually mixed with cheese starter in Iranian
cheese-making plants, since the reduction in fermentation time desired. Turning to
MCS:TYS ratio, Iranian dairy factories commercially use a mixture of mesophilic cheese and
thermophilic yoghurt starter cultures with the proportion of 7:3, respectively. In order to
lessen the amounts of thermophilic yoghurt starter as the main factor for cheese post-
acidification and evaluate the different combinations of starter cultures on La-5 stability, the
MCS:TYS ratio of 8:2 can be useful to be studied using Taguchi design. In addition, the
proper amount of NaCl as an important element to enhance the taste of cheese or as a
preservative agent should be taken into account, while it may decline the viable cell count of
probiotic bacteria [34]. Since starter cultures grow competitively in cheese matrix, estimating
the right amount of total starters and probiotic bacteria in cheese to achieve the highest
stability of probiotic bacteria has not been studied [33].

Experimental design such as fractional procedure of Taguchi can be used as an efficient
designing method in order toprovide reduced and reliable experiments based on the
optimized responds [35], as it statistically determines the effects of multiple variables on a
response. Several methods of experimental design can be used based on the number of
main effects and interactions as well as their levels including: Full factorial, Plackett-Burman,
and Taguchi design [36], [37], [38], [39], [40], [41], [42], [43]. The target of this work was to
optimize cheese formula for the highest Lactobacillus acidophilus La-5 viability in ulterafilterd
soft cheese using a pilot-plant scale of ultrafiltration system, to study the colony morphology
of Lactobacillus acidophilus La-5 in the presence of starter cultures for the accurate
enumeration and to evaluate the multiple effects of process variables including Lactobacillus
acidophilus La-5, total starter, MCS:TYS ratio and salt content on the counts of Lactobacillus
acidophilus La-5 during ripening. These results would be applicable to optimize the
Lactobacillus acidophilus La-5 in development of probiotic-containing in IUSC. The main
attributes of IUSC are the minimum of 20 % (w/w) total solids, a protein content of 6 %, fat
content of 6 %, and a pH of 4.1- 4.7. This study is focused on the optimization of
Lactobacillus acidophilus La-5 and Feta cheese starter cultures and accurate enumeration
of probiotic bacteria in the presence of a mixed starters in IUSC. Optimized Iranian
ultrafiltered-soft cheese showed that it can be used as a carrier of probiotic bacteria in order
to benefit from some haelthy advantages which associated with Lactobacillus acidophilus
La-5. The practical use of UF to manufacture the probioticsoft cheese in Iran has not been
investigated yet.
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2. MATERIALS AND METHODS

2.1 Cultures

Freeze-dried probiotic bacteria of Lactobacillus acidophilus La-5, R707 mesophilic cheese
starters consisting of Lactococcus lactis ssp. Lactis and Lactococcus lactis ssp. cremoris,
CH1 thermophilic yoghurt starters consisting of Streptococcus thermophilus and
Lactobacillus bulgaricus were obtained from Chr. Hansen (Horsholm, Denmark). Starters
were rehydrated in sterile skim milkat 45 ºC for CH1 and 32 ºC for R707 starter before
inoculation, while Lactobacillus acidophilus La-5 directly was added into retentate.

2.2 Cheese Making

Lots of 100 L milk with 2.5 percent fat and total microbial count less than 105 CFU.g-1 were
pasteurized and cooled to 50 ºC for the UFprocess. Milk with concentration factor of 2 was
then gradually ultrafiltered using a batch UF pilot system (Haddad Machine, Iran) equipped
with an organic spiral-wound membrane (Polyethersulphone, Mimberfiltration, Germany).
The attributes of the UF membrane werethe molecular weight cut-off of 20 kDa, 5.9 m2

surface area, 1-2 bar equilibrium pressure in the singular module and 20 Litre total volume
of tubes and module. The retentate was pasteurizedat 78 ºC for 1 min and homogenized at
65 ºC and 50 bar pressure. After the retentate cooled downto 34 ºC,the experimental
cheeses were formulated by a combination of process variables (Table1), where in order to
calculate the total starter, firstly the proportion of mesophilic cheese and thermophilic yogurt
starters have calculated for each cheese formula (8:2 and 7:3) and then according to the
Table 1 the dosage of prepared starters either 1 or 2 % v/w were formulated in cheeses.
Thereafter, rennet was added into retentate and gently mixed with a sterile glass-bar near
the flame. Curds were formed in cheese-cups within 15-20 min and they were then covered
by parchment papers, salted withgranular salt and all cheese cupswere immediately
packaged, sealed, turned and delivered to incubator at 27 ºC for 14-16 h. Finally, the
cheeses were ripened andstored at 5 ºC for 45 d and evaluated microbiologically and
chemically within refrigeration period.

Table 1. Cheese formulas and designed process variables using Taguchi
design (N = 8)

Cheese formulas Process variables
La-5*

w/w %
Total starter**

v/w %
(MCS***:TYS****)
ratio

Salt
w/w %

1 0.1 1 8:2 1
2 0.1 1 7:3 2
3 0.1 2 8:2 2
4 0.1 2 7:3 1
5 0.3 1 8:2 2
6 0.3 1 7:3 1
7 0.3 2 8:2 1
8 0.3 2 7:3 2

* La-5: Lactobacillus acidophilus La-5; **Total Starter:(a mixture of mesophilic cheese and thermophilic yogurt
starters); ***MCS: Mesophilic Cheese Starters(Lactococcus lactis ssp. lactis and Lactococcus lactis

ssp.cremoris),;****TYS: Thermophilic Yogurt Starters (Streptococcus thermophiles and Lactobacillus bulgaricus)
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2.3 Cheese Formulations

The L8 program of Taguchi design was applied to formulate the eight ultrafiltered soft
cheeses with four process variables including the dosage of probiotic bacteria, total starters,
mesophilic cheese starter: thermophilic yogurt starter (MCS:TYS) ratio and salt (NaCl)
concentration in two levels [35], as it shows in Table 1. Each row in the Table 1 belongs to
one cheese formula which is automatically designed according to Taguchi design, where the
dosage of process variables are different and all eight cheese formulas were fractionally
designed.

2.4 Selection of Culture Media

In order to test the differential or selective media to enumerate the probiotic bacteria in the
presence of starter cultures, different culture media were tested. Lactobacillus acidophilus
La-5 and Lactobacillus bulgaricus were examined on acidified (pH 5.2) MRS agar [21], [44],
[45], [46], Streptococcus thermophilus [47], Lactococcus lactis ssp. lactis and Lactococcus
lactis ssp. cremoris counts were performed on M17 agar [48,49]. Thereafter, the typical
colony morphologies of probiotic bacteria and starters were then recorded.

2.5 Microbiological and Physico-Chemical Analysis

To enumerate the Lactobacillus acidophilus La-5 in experimental cheeses after 3, 7, 15, 30
and 45 d of cheese ripening, 20 g cheese of each cheese was transferred into a sterile bag
under aseptic condition and homogenized in 180 mL of sterile trisodium citrate solution 2 %
w/v; for 2 min using a Lab-blender 400 stomacher (Behin azma, Iran). Serial dilutions were
prepared by adding 1 mL to 9 mL 0.1 % sterile peptone water (Merck, Germany) and plated
following the pour-plate technique on different media. Samples were tested for the
enumeration of starters and probiotic bacteria. Lactococci starters and Streptococcus
thermophilus were aerobically enumerated on M17 agar at 25 ºC and 45 ºC for 3 d,
respectively. Lactobacillus acidophilus La-5 and Lactobacillus bulgaricus were counted on
acidified (pH 5.2) MRS agar (pH 5.2 was adjusted with HCl 0.1 N) anaerobically for 3 d at 45
ºC (Gas Pak system, Merck). Finally, coliform bacteria, yeast and mold were controlled
during cheese ripening, and physico-chemical analysis of cheeses were done at 45 d of
cheese ripening with the exception of pH value which controlled within time intervals (data
not shown).

2.6 Sensory Evaluations

An informal sensory analysis of the cheeses was done using a non-trained taste-panel in the
laboratory of the dairy factory and it aimed to score the eight samples and describe the
differences and unfavorable characteristics of cheeses. The panelists answered the
questionnaires with the ideas of good, average and unsuitable. Data collected and results
described as overall points [44], (data not shown).

2.7 Statistical Analysis

To analyze the data from viable counts and pH value, one-way ANOVA procedure of SPSS
statistical software (package version 19) was used [50]. The differences among means were
detected by Duncan’s multiple range tests.
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3. RESULTS

3.1 Culture Media and Bacterial Colony Morphology

Fig. 1 shows the morphology characteristics of Lactobacillus acidophilus La-5 and lactic
starters. The colony morphology of Lactobacillus bulgaricus and Lactobacillus acidophilus
La-5 on acidified (pH 5.2) MRS agar were observed to be different to differentiate from each
other. The cell recovery of lactococci and Streptococcus thermophilus starters on M17 agar
illustrated the small, bright and creamy colour colonies 1-2 mm diameter and creamy colour
and oval colonies but bigger size 1-4 mm diameter, respectively. On acidified (pH 5.2) MRS
agar, Lactobacillus acidophilus La-5 yielded irregular clusters with beige creamy colonies,
while colonies of Lactobacillus bulgaricus were round, smaller, disk form and white.

A B

C D

Fig. 1. The colony morphology of Lactobacillus acidophilus La-5 and starters in
probiotic ulterafiltered soft cheese by different culture media and conditions

A: Lactobacillus acidophilus La-5 colony on MRS agar 5.2 at 45 ºC,72 h, anaerobiosis.
B: Lactobacillus bulgaricus colony on MRS agar 5.2 at 45 ºC ,72 h, anaerobiosis.C: Lactococci starter
colony of Lactococcus lactis ssp. lactis and Lactococcus lactis ssp. cremoris, on M17 agar at 25 ºC, 72

h, aerobiosis. D: Streptococcus thermophilus colony on M17 agar at 45 ºC, 72 h, aerobiosis.

3.2 Changes in Lactobacillus acidophilus La-5 Count in Cheese Samples
during Shelf Life

Fig. 2 indicates that in all of the cheeses except for cheese 3 and 6, Lactobacillus
acidophilus La-5 cell count survived to over 107 CFU.g-1. Lactobacillus acidophilus La-5
viability in cheese 1 was statistically different (P ˂ 0.05) compared to other samples, when it
showed the lowest changes in the number of Lactobacillus acidophilus La-5 by a rise of 0.11
log orders between 3 d and 45 d at 5 ºC, whereas the biggest fall for cheese 6 was recorded
by loss of 1.68 log orders. In all of the cheeses except for cheese 3 and 6 which the La-5
survived to 6.95 and 6.41 log orders, respectively, Lactobacillus acidophilus La-5 cell count
survived to over 107 CFU.g-1. The Lactobacillus acidophilus La-5 count showed an initial
increase for all cheeses from 3 d to 7 d and then gradually declined 1-2 log orders to the end
of shelf life. The viable cell counts of probiotic bacteria of Lactobacillus acidophilus La-5
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were 7.92, 7.65, 6.95, 7.01, 7.21, 6.41, 7.65 and 7.17 log CFU.g-1 in probiotic ultrafiltered
soft cheeses 1, 2, 3, 4, 5, 6, 7 and 8, respectively.

Fig. 2. The changes in the viability of Lactobacillus acidophilus La-5 (log CFU.g-1) in
eight ulterafiltered soft cheeses within time intervals (N=8)

3.3 pH Development of Cheeses and Physico-Chemical Parameters

Changes in pH for the probiotic cheeses recorded within the cheese ripening; it is noticeable
that Lactobacillus acidophilus La-5 remained viable at pH ~ 4 in experimental cheeses to
over 7 log orders within 45 d cheese ripening at 5 ºC. In all cases pH value stabilized to
lower than 4.20 at 45 d. A significant (P ˂ 0.05) increase in Lactobacillus acidophilus La-5
population was found for all samples in 7 d of cold storage, that went along with a significant
decrease in pH values for all cheeses; however, the differences of pH among all cheeses
were not significant at 45 d of cheese ripening (data not shown). The general values of
physico-chemical parameters of probiotic ultrafiltered soft cheese evaluated as pH 4.12 ±
0.03, moisture 79.76 ± 0.74 % w/w, fat 5.11 ± 0.26 % w/w, protein 6.93 ± 06 % w/w, salt
2.11 ± 0.07 % w/w, ash 3.24 ± 0.08 % w/w and T.S 20.22 ± 1.12 % w/w.

3.4 Sensory Evaluations

Sensory evaluations of the studied cheeses showed that all probiotic cheeses were
acceptable during shelf life, although they had asmall amount of acetic acid taste caused by
Lactobacillus acidophilus La-5. In terms of the texture, all cheeses in this study showed a
soft and creamy texture (data not shown).

3.5 Effects of Process Variables on Lactobacillus acidophilus La-5 Viability

In this study process variables including the Lactobacillus acidophilus La-5, total starter,
MCS:TYS ratio and salt (NaCl) content showed different impacts on the Lactobacillus
acidophilus La-5 viability at 45 d. These effects calculated positive (+) or negative (-) log
orders of the enumeration of Lactobacillus acidophilus La-5.

Table 2 illustrates the multiple effects of two levels of designed process variables on the
viable counts of Lactobacillus acidophilus La-5 at 45 d, according to the fact that bigger cell
count is better.
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Findings showed that the MCS:TYS ratio at level of 8:2, among the four process variables
listed, has the most significant effect (P ˂ 0.05) on the Lactobacillus acidophilus La-5
viability. The MCS:TYS ratio of 8:2 increased the La-5 count + 0.19 log orders from an
average of 7.24 to 7.42 log orders, while the numbers decreased ˗ 0.18 log orders with the
proportion of 7:3. The higher Lactobacillus acidophilus La-5 stability may beso as to less
existence of thermophilic yogurt starters in cheese that can cause higher post-acidification
rate.

Table 2. The multiple effects of process variables (initial dosage of Lactobacillus
acidophilus La-5, total starter, mesophilic cheese starter: thermophilic yogurt starter
ratio and salt content) on the viability of Lactobacillus acidophilus La-5 (log CFU.g-1)

after 45 d at 5 ºC in probiotic ultrafiltered soft cheese formulas

Parameters Lactobacillus acidophilus La-5 changes with 2 levels of variable
(log CFU.g-1)

Variables La-5 %** Total starter % MCS:TYS ratio**** Salt (NaCl) %
Levels Level 1

0.1 %
Level 2
0.3 %

Level1
1 %

Level 2
2 %

Level 1
8:2

Level 2
7:3

Level 1
1%

Level 2
2%

MaximumLa-5 viability 7.38 7.10 7.29 7.19 7.42 7.05 7.24 7.24
Average survivability of La-5 *7.24 *7.24 *7.24 *7.24 *7.24 *7.24 *7.24 *7.24
Changes of La-5 *** + 0.14 - 0.14 +0.05 -0.05 +0.18 -0.19 0 0

*The means of survived Lactobacillus acidophilus La-5 influenced by different process variables compared to an average
survivabilityof 7.24 (log CFU.g-1) for all experimental cheeses. **La-5: Lactobacillus acidophilus La-5. *** Changes of Lactobacillus

acidophilus La-5. (+) changes enhance the La-5 stability, while (-) changes decline the La-5 viability according to the level of each
process variable. ****MCS = Mesophilic Cheese Starters (Lactococcus lactis ssp. Lactis and Lactococcus lactis ssp. cremoris).TYS=

Thermophilic Yogurt Starters (Streptococcus thermophiles and Lactobacillus bulgaricus)

In contrast, NaCl concentration did not influence the La-5 viability in ultrafiltered soft
cheeses during ripening, either with NaCl concentration of 1 or 2 % w/w and an average salt
in dry matter (SDM) of 6 and 11 %, respectively. Initial dosage of Lactobacillus acidophilus
La-5 of 0.1 and 0.3% w/w recommended by the provider company and cheeses formulated
with these two levels. According to the results (0.1 % w/w) addition of Lactobacillus
acidophilus La-5 showed a better performance, since counts of Lactobacillus acidophilus La-
5 increased (P ˂ 0.05)+ 0.14 log orders from an average count of 7.24 to 7.38 log orders,
whereas with addition of 0.3% w/w of La-5, the viable cell count declined from an average of
7.24 to 7.10 log orders: a˗ 0.14 log orders fall, which might be due to the fact that lower
population of probiotic bacteria can bring about the higher nutrient availability in the
presence of mixed starters in the competitive cheese matrix. In terms of the effects of total
starter dosage on Lactobacillus acidophilus La-5 viability, addition of 1 % v/w of total starter
with no significant difference slightly increased the viable count of Lactobacillus acidophilus
La-5, +0.05 log orders from an average of 7.24 to 7.29 log orders; however, 2 % v/w total
starter caused negligible change in Lactobacillus acidophilus La-5 count (˗ 0.05 log orders).

4. DISCUSSION

In this work firstly, the colony morphology of probiotic bacteria of Lactobacillus acidophilus
La-5 and cheese and yogurt cultures were tested in the different culture media and then the
viability of Lactobacillus acidophilus La-5 were monitored in Iranian ultrafiltered soft cheese.
Secondly,the dosage of Lactobacillus acidophilus La-5, starter cultures and salt content as
process variables optimized for the production of cheese formula with the highest stability of
Lactobacillus acidophilus La-5.

An important parameter for the accurate enumeration of microorganisms is the ability to
count them either differentially or selectievely. Differential enumeration of probiotic bacteria
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is difficult owing to the presence of several types of similar microbes in a product [51]. In this
sense, we found that the acidified (pH 5.2) MRS agar medium was suitable to differentiate
the colony morphology of Lactobacillus bulgaricus and Lactobacillus acidophilus La-5
anaerobically, as Dave et al. [45] previousely studied. Cheese starters of Lactococcus lactis
ssp. lactis and Lactococcus lactis ssp. cremoris and yogurt starter of Strptococcus
thermophilus did not grow in this medium, as Kasimoglu et al. [21] applied with probiotic
white cheese. The cell recovery of lactococci and Strptococcus thermophilus starters on
M17 agar were in agreement with the study of Lim et al. [49].

In order to achieve a reliable stability of probiotic bacteria, a convenient design of
experiments such as Taguchi design could be taken into account. As long as many great
dairy factories produce probiotic cheese each day, an optimazed formula can be highly cost-
efficient for them. In this way, our finding indicated that the optimized formula of 0.1 % w/w
Lactobacillus acidophilus La-5, 1 % v/w total starter, MCS:TYS ratio of 8:2 and 1 or 2 % w/w
salt contenthad the highest stability of Lactobacillus acidophilus La-5 in IUSC to the end of
45 d cheese ripening.

The pH value as an indicator of cheese ripening evaluated during shelf life and there were
no significant differences of pH values among all samples. It is noticible that Lactobacillus
acidophilus La-5 remained stable at pH ~ 4 in the most of cheeses to over 7 log CFU.g-1;
although, as Blanchette et al. [52] reported previousely, with Bifidobacteria, the probiotic
population rapidely dropped at pH = 4.5 of Cottage cheese during 28 d cheese ripening.
This stability in viable count of La-5 at pH ~ 4 can be due to the rich source of nutrients for
the growth of probiotic bacteria and starters such as small peptides and free amino acids
caused by cheese proteolysis in parallel with proper activity water of ulterafiltered soft
cheese. A signifiant increase in Lactobacillus acidophilus La-5 count was found at 7 d of
cold storage, that went along with a significant decrease in pH values, as Bergamini et al.
[44] previousely studied with semi-hard cheese.The acceptability is an important factor to
sell probiotic products in the market, when compared to commercial non-probiotic products
at supermarkets; in other words, their taste, aroma and texture should be similar to the non-
probiotic products. According to Boylston et al. [23] and Gomes et al. [9], probiotic bacteria
of Lactobacillus acidophilus and Bifidobacteria .spp produce acetic acid in dairy products.
From our results,all the cheeses also were shown a small amount of acetic acid taste which
was caused by Lactobacillus acidophilus La-5, but they were acceptable. Starter cultures
and probiotic bacteria ferment lactose, remove oxygen and initiate the improved flavour in
cheese and lead to decreased pH [53]. Turning to texture of the cheese, all cheeses had a
soft and creamy texture.

Although a great variety of genera/ species and strain mixture of probiotic bacteria are
exerted into different probiotic cheeses, multiple effects of process variables on the probiotic
viability were barely reported. In this study, process variables including the Lactobacillus
acidophilus La-5, total starter, MCS:TYS ratio and salt content showed different impacts on
the Lactobacillus acidophilus La-5 viability at 45 d. The MCS:TYS ratio of 8:2 rather than
7:3, among the four process variables showed the most significant impacts (P ˂ 0.05) on the
Lactobacillus acidophilus La-5 viability, which is so as to the less amount of yogurt starters
in cheese that can cause higher post-acidification rate.

NaCl concentration of IUSC generally is 2 % w/w in most of the dairy companies in Iran. So,
because salt content can have an impact on the viability of probiotics, suggested 1 % w/w
NaCl concentration for probiotic cheese by the cheese-making factories have applied to
some of the cheeses so as to minimize the loss of Lactobacillus acidophilus La-5 during 45
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days cold storage at 5 ºC. In contrast, salt dosage either 1 or 2 % showed the lowest effects
on the Lactobacillus acidophilus La-5 viability in ultrafiltered soft cheeses. It was not
observed any changes of Lactobacillus acidophilus La-5 count during ripening; however, salt
content usually induces negative changes on the viability of probiotics in cheese [23].
According to previous results of Vinderola et al. [54], the NaCl concentration used 0.9 % in
Argentinean probiotic cheese did not affect neither probiotic nor lactic acid starter bacteria
viable cell count; however, usually NaCl content may induce negative changes on the
viability of probiotics in cheese [23]. In addition, 0.1 % w/w addition of Lactobacillus
acidophilus La-5 rather than 0.3 % w/w into IUSC showed a better performance, which may
be due to the view that low population of probiotic bacteria can have higher availability of
nutrients in order to remain stable with the mixed starters in cheese matrix.

In terms of the effects of total starter (a mixed of mesophilic cheese and thermophilic yogurt
starters according to Table 1) on the Lactobacillus acidophilus La-5 viability, addition of 1 %
v/w of total starter slightly increased the viable count of Lactobacillus acidophilus La-5, while
2 % v/w total starter caused negligible drop of Lactobacillus acidophilus La-5 count, as
Vinderola et al. [33] investigated in the previous studies that Lactobacillus delbrueckii subsp.
bulgaricus as starter weakely inhibited the growth of Lactobacillus acidophilus La-5 strain. In
addition, the results of this study also showed that Lactobacillus acidophilus La-5 in IUSC
were stable in the presence ofdifferent combinations of starter cultures. This work optimized
the dosage of Lactobacillus acidophilus La-5, starter cultures and salt content and
developed a new ultrafiltered soft cheese containing Lactobacillus acidophillus La-5 as a
food grade vector of probiotic bacteria and allowed that to act as functional food, where
Lactobacillus acidophilus La-5 in the most of samples survived to over 107 CFU.gr-1.

The retentate with chemical analysis of 20 % T.S and 5 % fat and 6 % protein can also be
used to study the influence of encapsulation of probiotic strains on probiotics physiology
(such as digestive stress tolerance) and their morphology by comparing to the non-
encapsulated probiotics in order to produce higher probiotic stability insoft cheese. In
addition, this fermented soft cheese can be used in studies in which the prebiotics such as
terhalose, yeast extract and inulin could enhance the expected health benefits, such as the
immunomodulation in human beings.

5. CONCLUSION

This study optimized the formula of IUSC consisting of 0.1 % w/w Lactobacillus acidophilus
La-5, 1 % v/w total starter, MCS:TYS ratio of 8:2 and either 1 or 2 % w/w salt content as
process variables, when the highest cell count of Lactobacillus acidophilus La-5 is desired
within 45 d of cheese ripening at 5 º C using Taguchi design. Lactobacillus acidophilus La-5
survived to over than 7 log orders in most of the samples and also all cheeses indicated a bit
acetic acid taste caused by probiotic bacteria. In addition, all cheeses showed a soft and
creamy texture. Finally, there is a potential to have high viable cell count of a Lactobacillus
acidophilus La-5 strain in Iranian ultrafilterd soft cheese. Last but not least, successful
progress of the ultrafiltered soft cheese containing Lactobacillus acidophilus La-5 will
contribute to the evolution of healther foods with desirable sensory characteristics in modern
food industry.
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