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Abstract Microbial quality of low-salt processed cheeses
supplemented with Bacillus coagulans spores (107—
10® CFU/g) relying on their physicochemical characteristics
during 60 day-cold storage was evaluated. A reduction in
moisture content, water activity and pH value and a significant
enhancement in proteolytic index of control and probiotic
samples were obtained by prolonging storage time. Survival
rate of the probiotic cells significantly decreased up to day 30,
while total count of the viable cells increased by increasing
storage time. A 20 and 67 % increase in total counts of coli-
forms and mold-yeast of the control sample were respectively
observed after 60 days of cold storage. A considerable de-
crease in the total counts of coliforms and mold-yeast was also
found in the processed cheeses containing probiotic supple-
ment. According to the macroscopic and sensory assessment,
off-odors and off-flavors in the control sample were diagnosed
after day 1 of cold-storage. Noticeably, the resistance to spoil-
age was more prominent in samples containing the probiotic
cells.
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Introduction

Processed cheese is a heat-treated cheese with smooth, homo-
geneous and stable mass which is made in a discontinuous
procedure by heating a mixture of natural cheeses with emul-
sifying salts under lower pressure and constant stirring until a
homogenous mass of desired properties is formed (Guinee
2009; Bubelova et al. 2015). Prolonging the shelf life of nat-
ural cheese and finding the additional ways to apply unsold
natural cheese are the main reasons for developing processed
cheese (Solowiej et al. 2014). Use of emulsifying salts in the
cheese structure has some functions in the development of a
stable dairy emulsion (homogenous and not phase separated)
until spray drying for cheese powder, or during cooling and
storage for processed cheese, e.g., pH adjustment, binding of
CaCl,, casein dispersion and fat emulsification (Lucey et al.
2011; Hashemi et al. 2015).

The growing demand for high-value health promoting
foods such as dairy and bakery products has encouraged the
industries, and subsequently the research field, to explore new
emerging food processes and formulations able to assure func-
tional but also safe and wholesome products (Rahaie et al.
2014; Akbarian Moghari et al. 2015; Ladjevardi et al. 2015).
Owing to the high sodium content, NaCl has also been asso-
ciated with an enhanced risk of hypertension, the development
of osteoporosis, cardiovascular disease and the incidence of
kidney stones (Rodrigues et al. 2014). Nowadays, high atten-
tion has been directed toward the consumption of foods con-
taining sodium due to its role in increasing the chronic dis-
eases risk and therefore, the emerging need for low-sodium
product development (Guardia et al. 2008; Albarracin et al.
2011; Joudaki et al. 2013). The US dietary guidelines set the
safe minimum and upper intake levels at 500 and 2300 mg
sodium/day (USDA 2010). Canada, the United Kingdom and
Australia also have set similar guidelines with lower average
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sodium intakes that suggest adequate intake levels from 460 to
1500 mg/day and upper intake limits from 2200 to 2400 mg/
day (NHMRC 2006; Wyness et al. 2012; WHO 2013;
Ganesan et al. 2014a). Although reduction in emulsifying salts
can impair flavor and textural properties of processed cheeses,
the demand for reduced-sodium cheeses is increasing to
achieve these dietary intake levels due to the lowering blood
pressure and preventing the cardiovascular disease (Hoffmann
and Schrader 2015).

Probiotics or living micro-organisms which upon ingestion
in certain numbers exert health benefits beyond inherent basic
nutrition have numerous health benefits such as enhanced im-
mune response, alleviation of symptoms of lactose intoler-
ance, treatment of diarrhea, reduction of serum cholesterol,
vitamin synthesis and anti-carcinogenic and anti-microbial ac-
tivities (Shah 2007; Ganesan et al. 2014b; Salari et al. 2015;
Shokoohi et al. 2015; Torkamani et al. 2015). Meanwhile,
probiotic bacteria such as Bifidobacterium longum, Bif. lactis,
Lactobacillus acidophilus, Lb. casei and Lb. paracasei are
usually added to cheese and yoghurt as delivery vehicles for
human consumption to improve immune and gut function (EI-
Kholy et al. 2014; Ganesan et al. 2014a). However, cheese in
comparison to yoghurt because of a higher pH, a more fat
content and a higher solid consistency is an interesting food-
based delivery vehicle of probiotics to the gastro-intestinal
tract (Ozer et al. 2008). Bacillus coagulans is a non-pathogen-
ic, thermo-tolerant, acidophilic and spore-forming bacterial
species of the genus Bacillus. Resistance ability and spore
development of this strain against high temperatures are very
attractive from the standpoint of withstanding baking temper-
atures and opening up more food-delivery systems for the
probiotic use (Keller et al. 2010). Spores of some Bacillus
species were commercially used as probiotics and competitive
exclusion agents (Mazza 1994).

The objective of this research is thus to investigate the
capacity of B. coagulans spore with the different concentra-
tions (107 and 10® colony forming units per gram (CFU/g)) to
inhibit the spoilage and growth of coliforms, yeasts and molds
and the physicochemical changes in low-sodium processed
cheeses during 60-day storage at 4 °C.

Materials and methods
Materials and chemicals

White type cheese, butter, yogurt, cream and full fat milk
(3.5 %) were provided from a local supermarket in Tehran
(Iran). Whey protein concentrate (WPC) and emulsifying salt
were respectively obtained from Iran dairy Industry Co.
(Pegah, Tehran, Iran), and BK Ladenburg (Bundesrepublik,
Germany). Skimmed milk powder and sodium caseinate were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Microbial rennet was purchased from Chr Hansen Co.
(Hersholm, Denmark). All the chemicals used were of analyt-
ical reagent grade and were purchased from Merck Chemical
Co. (KGaA, Darmstadt, Germany).

Microorganism and culture media

Lyophilized culture of B. coagulans strain ATCC 7050 was
provided from the culture collection of Iranian Biological Re-
source Center (Tehran, Iran). Sub-cultivation, inoculum prep-
aration and sporulation of B. coagulans were conducted ac-
cording to the method described by Nicholson and Setlow
(1990). Nutrient agar, plate count (PC) agar, brain-heart infu-
sion (BHI) agar, violet red bile (VRB) agar, and yeast peptone
dextrose (YPD) agar were obtained from Merck Chemical Co.
(KGaA, Darmstadt, Germany).

Probiotic-added processed cheese manufacture

Processed cheeses were prepared by mixing the different in-
gredients including white type cheese (22 %), cream (30 %),
full fat milk (13 %), yogurt (12 %), skimmed milk powder
(5.5 %), butter (5 %), sodium caseinate (3.5 %), WPC (2 %),
emulsifying salt (0.25 %), distilled water (6.75 %), starter, and
the probiotic spores into a batch processed cheese maker
(Stephan universal machine, UMC 5, GmbH, Hameln, Ger-
man). Antibiotic-free whole bovine milk (pH 6.8) was pas-
teurized at 72 °C for 2 min. The blend was melted for 20—
30 min until the temperature reached to 80 °C, and maintained
for 10 min. After the melting, the different concentrations of
B. coagulans spores were added to chesses to achieve a spe-
cific initial count (10’—10® CFU/g). The cheese was finally
packaged into plastic cups and quickly chilled to 4 °C. Cheese
samples from each treatment were used to evaluate the micro-
biological analysis during 60-day storage at 4 °C.

Measurement of water activity and moisture

The water activity (a,,) was assessed using an electronic hy-
grometer (model Aw-Win, equipped with a Karl-Fast probe,
Rotronic, Switzerland), calibrated in the range 0.10-0.98 with
solutions of LiCl of known activity (Labuza et al. 1976). The
moisture content was also measured by oven drying 5 g of the
samples at 105+1 °C until constant weight (AOAC 2000).
Three replicates of each analysis were carried out.

Determination of pH

The pH was measured using a pH meter (Model 8417, Hanna
Instruments Pty. Ltd., Singapore) after preparing cheese slurry
prepared by diluting 20 g of grated cheese with 12 mL of
distilled water (Ong et al. 2007). The pH meter was calibrated
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with fresh pH 4.0 and 7.0 standard buffers. The measurement
of pH was carried out in triplicate.

Estimation of proteolytic index

Total nitrogen (TN) and water-soluble nitrogen (WSN) were
measured using the Kjeldahl procedure (Akbarian Moghari et
al. 2015). Proteolytic index (PI) was expressed as the WSN
percent of the TN (Ardd and Polychroniadou 1999). All de-
terminations were performed in triplicate.

Survival rate evaluation of the probiotic

Ten grams from different sections of the produced cheeses
was homogenized in 90 mL sterile saline diluents containing
0.1 % (w/v) peptone for 5 min (Stomacher 400 Seward, Lon-
don, UK). Procedure of Mioc¢inovi¢ et al. (2014) was used to
evaluate count of the starter bacteria. The viable number of
vegetative cells and spores of B. coagulans was also deter-
mined during the storage period to study the effect of refrig-
erated storage on their viability rate. The spore count was
determined by preparation of 10-fold serial dilutions in sterile
0.1 % peptone water. One hundred microliters of each dilution
was spread plated onto nutrient agar and incubated for 4 days
at 37 °C. The spore number was calculated from four repli-
cates. The population of vegetative cells in the spore suspen-
sion was counted by the same procedure, but incubation time
was 2 days (Peng et al. 2012).

Determination of microbial contamination

A 10 g sample with 90 mL of sterile water was homogenized
in a stomacher (400 Seward, London, UK), subjected to serial
dilutions and plated on solid suitable microbiological media.
Media of PC agar and VRB agar were respectively used to
enumerate count of total bacterial and coliforms after the in-
cubation at 37 °C respectively for 48 and 18 h (APHA 1992).
Molds and yeasts were detected on YPD medium acidified to
pH 3.5 with sterile lactic acid (10 %) solution and after incu-
bation for 4 days at 25 °C (ISIRI 1998). All the counts were
expressed as CFU/g and were carried out in triplicate for the
each sample during storage at 4 °C after 1, 15, 30, 45 and
60 days.

Spoilage evaluation

Macroscopic analysis and sensory tests were used to assess the
spoilage level. A scoring scale with three categories was ap-
plied: class I corresponded to high quality cheese without any
off odor or off flavor, class II corresponded to cheese with
slight off odors or off flavors but still acceptable and class
IIT corresponded to cheese of unacceptable quality. The
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shelf-life limit was defined as the point when 50 % of the
panelists rejected the cheese samples (Sidira et al. 2014).

Statistical analysis

The results of all analytical experiments for the different sam-
ples of processed cheese presented as a mean of the obtained
values with the standard deviation. Analysis of variance
(ANOVA) procedure followed by Duncan’s test using SPSS
13 (SPSS Inc., Chicago, IL, USA) software was applied to
determine the significant difference (p <0.05) between treat-
ment means. Correlation analysis for studying the relation-
ships between different traits was also performed employing
Pearson’s test.

Results and discussion
Physicochemical characteristics

Figure 1 shows an insignificant reduction in content of
moisture (40.74—42.18 %) and ay, (0.899-0.964) of all the
processed cheeses by extending storage time. In other
words, a small increase in the amounts of chemical compo-
sitions was found by increasing time of cold storage. Similar
result was reported for fresh white bovine cheese (Minas
Frescal) containing Lb. acidophilus (Buriti et al. 2005a).
The control sample on day 1 had the highest moisture and
a,, amounts; while the probiotic processed cheese analogues
with 10® CFU/g B. coagulans spore on 60 day had the
lowest quantities of these parameters (Fig. la and b). Ong
et al. (2007) and Oliveira et al. (2012) reported a decrease in
moisture content of probiotic cheeses of Coalho and Ched-
dar with prolonging storage time, respectively. A significant
reduction in moisture content of probiotic Cheddar cheeses
inoculated with Lactobacillus and Bifidobacterium bacteria
strains and ripened at 8 °C was also found (Ong and Shah
2009). Increasing the dry matter of probiotic processed
cheeses by increasing B. coagulans spores from 10° to
10" CFU/g can be due to the further germination, prolifera-
tion and dissemination of the spores and thus fast release of
the metabolites (Ong et al. 2007).

Storage-dependent pH values of the control and probiotic
cheeses are depicted in Fig. 2a. A significant difference in pH
value was observed by the adding probiotic spores from the
storage beginning (Fig. 2a), which can be attributed to an
enhancement in acidification by converting lactose to lactic
acid and/or other organic acids by B. coagulans spores. Pro-
duction of high levels of acetate and lower quantities of pyru-
vate and lactat by germinating B. coagulans spore can be
another reason to reduce final pH in the probiotic cheese
(Setlow et al. 1977). An increase in the storage time led to a
decrease in the pH value (p <0.05). Buriti et al. (2005b) and
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Souza and Saad (2009) for probiotic Minas fresh cheese inoc-
ulated with Lb. paracasei and Oliveira et al. (2012) for probi-
otic Coalho cheese supplemented with Lb. acidophilus also
found similar trends in decreasing pH value during the stor-
age. The lowest pH amount was for processed cheese ana-
logue supplemented with 10® CFU/g B. coagulans spore
(pH = 5.2) on day 60 of storage (p <0.05). Since the viability
rate of most strains of probiotic bacteria is highly reduced in
pH values lower than 4.6 (Desai et al. 2004), the obtained
results showed that the probiotic samples at all the storage
times can maintain suitable number of B. coagulans spores.
Table 1 exhibits the mean value for PI in the initial and final
moisture content, the relationships between the PI and cold-
storage time and their coefficient of determination (R?) values.
Figure 2b reveals that the PI of control and probiotic processed
cheeses increased by prolonging storage time at 4 °C
(»<0.05). This increase for samples of control and probiotic
inoculated with 107 and 10® B. coagulans spore were 63.95,
102.25 and 106.58 %, respectively (Table 1). Therefore, the
probiotic processed cheeses had more PI than the control
cheese. However, no significant differences in PI level be-
tween both the probiotic samples at all the storage times and
also between the control and probiotic samples on day 1 of
storage were found (Fig. 2b; Table 1). Proteolysis in a lot of
cheese types is the most complex and possibly the most im-
portant biochemical process during the ripening step. The lac-
tic acid bacteria along with the milk plasmin and the rennet are
the main sources of proteolytic enzymes in a wide variety of
cheeses (Fox et al. 1996). Our results showed that the B.

coagulans had high proteolytic activity towards casein by re-
leasing its microbial intracellular peptidases. Ratio of WSN/
TN of the probiotic processed cheese analogues was close to
the PI reported for low-fat ultra-filtered cheeses produced with
probiotic bacteria (Mio¢inovi¢ et al. 2014). A significant in-
crease in PI of Cheddar cheese during 6 months of ripening
was also observed by adding of Lb. acidophilus, Lb. casei, Lb.
paracasei and Bifidobacterium spp (Ong et al. 2006, 2007).
Thus, B. coagulans commonly have different peptidase sys-
tems which do not assume a significant role during primary
proteolysis, but influence the secondary proteolytic changes
(Sousa et al. 2001).

Microbiological characteristics
Survival rate of the probiotic

Population of viable vegetable cells of B. coagulans during
60 day-storage at 4 °C is illustrated in Fig. 3a. Results showed
that the number of viable cells on day 1 of storage between
both the probiotic treatments was the same in the range of 1—
2x 10" CFU/g (Fig. 3a). Moreover, total count of the viable
cells increased by prolonging storage time as the probiotic
processed cheese analogues after 60-day storage had
8 x10°—1 x 10* CFU/g B. coagulans (Fig. 3a). The minimum
and maximum changes in the population of viable cells re-
spectively were for time periods of 1-15 and 30-45 day.
Therefore, the number of viable cells in the probiotic cheeses
after 30 day of storage at refrigerated temperature was
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Table1 The relationships between proteolytic index and storage time (ST), their coefficient of determination (R?) values and their mean percentage in

the initial and end storage time

Type of processed cheese PI' Increase (%) Regression equation R?
Plday 1 PIday 60

Control (C, without B. coagulans spore) 5.16 8.46 63.95° P =0.0004 ST*+0.0356 ST +5.0479 0.9866

Probiotic (A, 107 B. coagulans spore) 5.78 11.69 102.25° PI,=0.0012 ST*>+0.0350 ST +5.6568 0.9772

Probiotic (B, 10° B. coagulans spore) 5.92 12.23 106.58" PIz=0.0012 ST*+0.0347 ST+5.9131 0.9885

! Plgay1 and Plyayeo are the proteolytic index in initial and final times of cold storage, respectively

2 Values in the same column followed by different letters (a—b) are significantly different (p <0.05)

comparable with the count observed after 1 day. Figure 3b
also shows the total count of vegetable cells and spores of B.
coagulans during 60 day-storage at 4 °C. Total number of the
probiotic cells significantly decreased by increasing storage
time up to day 30 and then this reduction gradually continued
in time interval between day 45 and day 60 (Fig. 3b).
Vinderola et al. (2002) proved that the viability of starter
bacteria and probiotics can be inversely related to the salt
concentration. Lower levels of salt in moisture for the initial
storage times can be thus associated with higher microbial
growth (Kasimoglu et al. 2004). During the ripening process,
low amounts of salt used diffuse into the cheese structure so
that difference in the salt content at the center and periphery
decreases with increasing storage time. This fact contributes
not only to the flavor of the cheeses but also has an impact on
the growth and activity of starter and probiotic microorgan-
isms (Vinderola et al. 2002). On the other hand, Bora et al.
(2009) revealed that aqueous suspension of B. coagulans
spores in buffer solutions of pH 1.2 to 8.0 had rapid degrada-
tion with maximal stability in pH 6.8. A reduction in pH of
probiotic samples up to 5.2 by extending storage time can lead
to a decrease in the survival and growth of B. coagulans
spores. The total count of viable probiotic cells in the
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Fig. 3 The total counts of viable vegetable cells (a) and, probiotic cells
(b) of the processed cheeses supplemented with 107 (o,m), and 10° (A, A)
CFU/g B. coagulans spores during 60 day-storage at 4 °C
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produced cheeses with B. coagulans on day 60 was between
6.94 and 7.51 log CFU/g. Shah (2011) indicated that for a
product to be considered probiotic, this value should be equal
to or greater than 6 log CFU/g of the product. Results of the
current research thus affirmed that the processed cheese ana-
logues could be considered an ideal vehicle for B. coagulans.

Overall, the storage-dependent reduction of B. coagulans
cells in processed cheese analogue containing 10® CFU/g
spores (17.2 %) was a little more than that inoculated with
10" CFU/g spores (15.4 %). El-Kholy et al. (2014) by inves-
tigating changes in the viable counts of Lb. acidophilus La-5
and Bif. longum ATCCI15707 in domiati cheese during
30 day-storage showed that these probiotics respectively
retained at 6.85 and 6.20 log CFU/g until the end of storage.
A reduction in the probiotic cells count in other cheese types
during storage period was also reported by other researchers
(Akbarian Moghari et al. 2015). McBrearty et al. (2001) found
that the survival rate of Bif. lactis Bb-12 (8 log CFU/g) in
Cheddar cheese was more than Bif. longum BB5365 (5 log
CFU/g) during 6 month-ripening. Phillips et al. (2006) pointed
out a decrease in the cell counts of Lb. acidophilus strains in
Cheddar cheese during a 7.5-month ripening time; while more
than 10" CFU/g of Bifidobacterium strains survived. In con-
trast, domiati cheese as a vehicle for incorporating Lb.
acidophilus and Bif. lactis was examined and the results dem-
onstrated that the viability of Lb. acidophilus can be remained
for up to 60 days at 7.3 log CFU/g (Amer 2011). Akbarian
Moghari et al. (2015) also demonstrated that the viable probi-
otic cell numbers of Lb. acidophilus 1a 5 (7.96-8.15 log CFU/
g) and Bif. lactis Bb-12 (8.11-8.2 log CFU/g) in Iranian
ultrafiltered-Feta cheeses significantly decreased during
60 days storage period.

Microbial contamination

Evaluation of microbial quality of the different produced sam-
ples in terms of determination of total mold and yeast counts
and total coliform counts is depicted in Fig. 4. Results of the
current study exposed that use of B. coagulans spores in the
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processed cheese can lead to the improved microbial charac-
teristics as the highest counts of mold, yeast and coliforms
were in the control sample (p <0.05). Increasing the inocula-
tion level of B. coagulans spores from 107 to 10* CFU/g had
no significant effect of the microbial quality of cheese sam-
ples. Although use of B. coagulans spores had no significant
effect on the total count of coliforms during 60 days storage
(Fig. 4a), number of these bacteria in both probiotic treatments
was lower than the control in all storage periods (p <0.05).
Figure 4b depicted that total count of mold and yeast in the
control sample increased by prolonging cold-storage time,
while a considerable reduction in total number of mold and
yeast was found in the cheeses containing probiotic supple-
ment. Total counts of coliforms and mold-yeast in the control
sample were respectively increased 20 and 67 % after 60 days
of cold storage. Total count of coliforms was similar to that
reported by Sayed et al. (2011) who found 20 % of Egyptian
white soft cheeses were contaminated with these bacteria. Aly
et al. (2007) and Meshref and Hassan (2009) found 52.5 and
78 % of the cheese samples were contaminated with coli-
forms, respectively. El-Kholy et al. (2014) explained high
counts of coliforms in cheese may occasionally provide an
increased risk for early blowing or gassing of the product,
which can be observed by large gas holes and a spongy texture
of the cheese during the initial days of manufacturing. Pres-
ence of high counts of molds and yeasts in cheese can be also
related to the unsanitary practices during cheese making,

insufficient conditions of utensils, unacceptable controlling
of pasteurization process and the use of low-quality milk
and ingredients (Coveney et al. 1994). Some yeasts and
moulds can also grow at refrigeration temperatures in the en-
vironment with atmosphere having lower oxygen concentra-
tions, which are ideally suited for the role of contaminants of
processed cheese. These microorganisms can be resulted to
the surface discoloration, off-flavor and early blowing due to
the action of their lipolytic and proteolytic enzymes (Builkova
and Buiika 2015). Madureira et al. (2011) stated that the dom-
inant inhibitory effect of probiotics was typically bacteriostat-
ic namely lower rates of increase in the viable numbers of
contaminant bacteria throughout storage. Addition of the
probiotics by the decreasing pH facilitates diffusion of antimi-
crobial compounds (organic acids such as lactic and acetic
acids), and co-aggregates them with contaminant microorgan-
isms (Annuk et al. 2003).

Cheese spoilage

Table 2 illustrated a numerical scoring system for the macro-
scopic and sensory assessment of the spoilage of processes
cheeses stored for 60 days at 4 °C. A high quality for the
control sample was recorded only on day 1; afterwards its
deterioration started with a slight increase in off odors or off
flavors up to day 30 and finally the product was unacceptable
from day 45 to the end of cold storage. The addition of 107 and

Table 2 The processed cheese
classification according to the
spoilage level during cold storage

Type of processed cheese

Cheese spoilage during cold storage'

time 1 15 30 45 60
Control (C, without B. coagulans spore) I I I il 11
Probiotic (A, 107 B. coagulans spore) I I 1 I I
Probiotic (B, 10° B. coagulans spore) I I 1 I 11

!'Scoring scale for the cheese spoilage was classified as: (I) High quality without any off odor or off flavor, (IT)
Slight off odors or off flavors but still acceptable, and (III) Unacceptable quality
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10® CFU/g of B. coagulans spores can be proposed to prevent
spoilage of the processed cheese analogues, so that the slight
levels of off-odors and off-flavors were formed in the probi-
otic cheeses only on day 60, but the products were still accept-
able (Table 2). This fact can be a reasonable result of the pH
reduction, preservative effects of organic acids produced by
converting lactose and low counts of coliforms and yeasts/
molds present in the final product (Setlow et al. 1977;
Annuk et al. 2003; Buriti et al. 2005a, b).

Conclusion

In this study, incorporation effect of B. coagulans spores on
the physicochemical, microbiological and spoilage character-
istics of processed cheeses during the storage was scrutinized.
The cheeses supplemented with the probiotic spores showed
the comparable physicochemical traits than the control cheese
during cold-storage time. Since the viability rate of microor-
ganism studied during the cold storage was mentioned more
than 10° CFU/g, it can be an ideal candidate for delivery of the
probiotic cells. The developed probiotic cheese also can be a
new bio-preservative product because low counts of coliforms
and yeasts/molds in this cheese led to a decrease in spoilage of
the final product. This study suggested use of B. coagulans
spore as an excellent probiotic source to formulate other func-
tional dairy products. Moreover, the application of potassium-
based emulsifying salts and potassium chloride for reducing
sodium in processed cheeses in order to obtain favorable sen-
sory, textural, and functional characteristics for future studies
is recommended.
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