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Abstract

Background and Objective: Recently, several researchers have shown the benefits deriving
from probiotic products containing lactobacilli and bifidobacteria in their formulation. The
purpose of this study was to develop a probiotic chocolate mousse using milk and soy milk in
formulation with regard to survival of probiotic bacteria and sensorial acceptance during 21
days.

Material and Methods: Nine functional probiotic chocolate mousse formulations were
produced by milk, milk/soy milk and soy milk and 3 probiotic strains (Lactobacillus
acidophilus; Lactobacillus paracasei; Bifidobacterium lactis). The pH, acidity, survival of
microbial strains, rheological and sensory properties of all treatments were monitored during
21 days refrigerated storage (4°C).

Results and Conclusion: The pH drop rate and acidity increase rate of all samples were
significant during 21 days of storage (p<0.05). There was a significant increase in the
probiotic bacteria of all samples during 21 days of storage at 4°C (p<0.05). However, the rate
of probiotics growth was accelerated in formulation prepared with soy milk and milk/soy milk
(1:1) in the chocolate mousse at day 7 and 14. Rheological experiment demonstrated that all
samples known as viscoelastic solid dessert had shear-thinning behavior. In conclusion,
chocolate dessert including soy milk as well as milk was shown to be more effective vehicle
for delivery of probiotics, including Lactobacillus acidophilus, Lactobacillus paracasei,
Bifidobacterium lactis.
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1. Introduction

Probiotics are beneficial to the host when consumed in
appropriate quantities every day. A number of health ben-
efits of probiotic bacteria include anti-mutagenic effects,
anti-carcinogenic properties, improvement in lactose
metabolism, reduction in serum cholesterol level, and
immune system stimulation [1,2]. Prebiotics are not easily
digested compounds that stimulate the growth and/or the
activity of probiotics in the human digestive system [1-3].
Production of functional foods has recently received
particular attention. Functional foods mainly aim at the
introduction of microorganisms or beneficial compounds
into the organism by means of their daily intake. Also, the
dairy industry has found probiotic cultures to be a tool for
the development of new functional products [4].

In 2002, foods containing soy milk were listed among
functional foods because they contain dietary fibers such
as prebiotic oligosaccharides (raffinose and stachyose);

isoflavone aglycones; as well as essential amino acids;
minerals and vitamins that enrich the composition of
intestinal flora, decrease triacylglycerol, blood cholesterol
levels, and additionally prevent some types of cancer [5].
Fermentation of soy milk by probiotics eliminates unplea-
sant tastes, improves antioxidant properties, and adds to
the nutritional value of the milk [6]. Existence of olig-
osaccharides in soy milk contributes to the viability of
probiotic cultures [7] such as Bifidobacterium spp,
Lactobacillus (L.) acidophilus, and L. casei during storage
time due to protecting effects towards probiotic bacteria in
food product [8]. Previous studies proved that fermentation
with Bifidobacteria makes the proteins contained more
digestible and reduces the soy oligosaccharide contents,
which can result in digestive problems [9,10].

Several studies have shown that probiotics and
prebiotics may be successfully employed in different milk
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based food matrices, such as different kinds of yogurt,
cheese, ice cream, beverages and so on [4,11,12]. Aerated
dairy desserts such as mousse have found a wide potential
market because of their practical sensory properties and
high nutritional value which are supplied today on an
industrial scale, and people consume it in all walks of life
[13]. The most popular mousse flavor is chocolate [14].
Bifidobacterium (B.) lactis and L. acidophilus are good
candidates for application in soy milk based ice cream
because of their more stable networks that resemble a gel
structure and high total solid content of soy milk [15,16].
On the other hand, rheological properties of these products
may directly affect their appeal, boom and industrial
production. Also some of their qualitative characteristics
like oral perception and digestibility make it more
appealing and more marketable [17]. Aboulfazli et al.
improved the quality of probiotic ice cream in a study that
found adding soy milk to ice cream results in the lowest
flow behavior index and the highest consistency index.
Moreover, L. acidophilus and B. lactis did not have any
significant effects on apparent viscosity of ice cream [15].
Applying probiotics in soy milk products resolves the
unfavorable taste and flatulence and improves its
nutritional value. So, as sensory properties of functional
desserts are important for consumers, by using this
beneficial substance in sweet probiotic desserts this aim
will be provided [10].

Although sensory characteristics and viability of
probiotic bacteria in functional chocolate desserts have
been investigated [4,14], there is no research on functional
properties and viability of L. acidophilus; L. paracasei; B.
lactis during refrigerated storage in milk, milk/soy milk
and soy milk formulation of chocolate mousse. Therefore,
the aim of the current study was the production of
functional probiotic chocolate mousse by adding L.
acidophilus, L. paracasei, B. lactis in milk, milk/soy milk
and soy milk formulation of probiotic chocolate mousse as
a dessert and to determine the pH, acidity, survival of
microbial strains and sensory properties of all treatments
during refrigerated storage (4°C) were assessed.

2. Materials and Methods

2.1. Materials

The following ingredients were employed for the
production of potentially probiotic and synbiotic chocolate
mousse; Milk powder (1.5% fat) (Pak Co., Iran), soy milk
(Soy milk Co., Iran), sugar (Naghshejahan Co., lIran),
cocoa powder (Farmand Co., Iran), gelatin powder (Gelita
Co., Germany) and L. acidophilus (LAFTI L10,), L.
paracasei (LAFTI L26)and B. lactis (LAFTI B94) (Delvo-
Product, A-ustralia).
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2.2 Production of probiotic chocolate mousse

The formulations were individually pasteurized at
74+2°C for 15S and then mixed simultaneously. The con-
tent of components used in chocolate mousse formulation
is presented in Table 1. The probiotic microorganisms
including L. acidophilus, L. paracasei and B. lactis were
added with 0.05 % (w w™) at 38-40°C. Then, all samples
were stored at 4+1°C [18]. The chocolate dessert trials
were produced in triplicate.

Table 1. Ingredient and respective quantities (g 100 g?)
employed for the production of chocolate mousse formulations

. Formulations
Ingredients (%)

Milk Milk/Soy milk 1:1 Soy milk

Milk 83.00 41.50 -

Soy milk - 41.50 83.00
Sugar 13.65 13.65 13.65
Cocoa powder 2.00 2.00 2.00
Gelatin powder 1.30 1.30 1.30
Probiotic ? 0.05 0.05 0.05
Total 100.0 100.0 100.0

3L, acidophilus, L. paracaseiand B. lactiswere added as probiotic.

2.3. Acidity and pH analysis

The pH of samples in each day of storage was
measured by a digital pH-meter (Elmentron pH-meter CP-
501, Netherlands). Titratable acidity was determined by
titrating 10 g of sample in 100 ml of distilled water with
NaOH 0.1 N to an endpoint of pH 8.3 according to AOAC
[19]. All pH and acidity measurements were carried out in
triplicate.

2.4. Enumeration of probiotics

Chocolate desserts were decimally diluted in sterile
NaCl solution (0.9%), and 1 ml aliquots were poured into
plates of the MRS agar (Ibersco, Iran) in triplicate. B. lactis
was incubated under anaerobic and L. acidophius and L.
paracasei were incubated aerobic condition at 37°C for 72
h. The results were reported as colony-forming units per
gram (log CFU g?) per day of 1, 7, 14 and 21 of storage
[20].

2.5. Rheological measurements

The apparent viscosity of the desserts was measured in
three shear rates (0.01, 0.1 and 1 S) by means of a
rotational viscometer (Anton PaarPhysica MCR30,
Austria) at 10°C 7 days after production [21]. Dynamic
oscillatory measurements were done by Cone & Plate
rheometer [22]. In Oscillatory shear tests, frequency
sweeps were fulfilled in 0.1-50 Hz and rheological
parameters of samples were reported at 0.2, 2 and 20 Hz.
Elastic modulus (G"), loss modulus (G") and complex
modulus (G*) are determined. Herschel-Bulkley and
Power Low model are used to find an appropriate model
for studying the rheological behavior of samples. The
equation of this models are as Eq. 1 and Eq. 2.
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Power low model: t = K(y)" Eq.l
Herschel-Bulkley model: t = to+ K(y)" Eq.2

Where K is consistency index (Pa S1), n is flow behavior
index, 1o iS Initial shear stress (Pa) and 1 is shear stress
(Pa).

2.6. Sensory evaluation

Thirty panelists tasted the chocolate mousse samples in
random order for the assessment of organoleptic prope-
rties, and the Hedonic test (eight-point scale) was used for
scoring flavor acceptability and overall impression with 8
as the most desirable. Samples were distributed among
panelist at 23°C, and the panelists were asked to evaluate
the three-digit coded samples of the three different trials of
mousse. Samples were tasted by the panel 7 days after the
chocolate mousse production [14].

2.7. Statistical analysis

Chemical and microbial studies were carried out in 3
replications. Data was analyzed using SPSS version 17
(SPSS Inc., Chicago, IL, USA). Analysis of variance fo-

llowed by Duncan’s multiple range tests used to distin-
guish significant differences in treatments (viability of
microorganisms, pH, titratable acidity and sensory
properties) at p<0.05.

3. Results and Discussion

3.1. Titratable acidity and pH

The mean value and standard deviation of pH and
titratable acidity of different trials of the chocolate mousse
evaluated during refrigerated storage are shown in Table 2
and Table 3. The results showed that there was significant
reduction in the pH during storage (p< 0.05) and also there
was considerable increase in the acidity of all samples
during the storage period (p< 0.05). The rise in acidity and
decreased pH of the chocolate mousse with L. paracasei
was significant. However, the rate of acidity increase and
pH drop rate of samples including B. lactis was slower,
when compared to the trails including L. acidophilus and
L. paracasei.

Table 2. Effect of L. acidophilus, L. paracasei and B. lactis and different formulations (milk, milk/soy milk and soy milk) on

pH of chocolate mousse during the refrigerated storage.

Treatment Time (days)

Probiotic Formulation 1 7 14 21

L. acidophilus Milk 6.77+0.02 ¢ 6.67+0.02 f 5.57+0.03 ¢ 4.45+0.03Y
L. acidophilus Milk/Soy milk 6.94+0.03 2 6.33+0.04 4.76+0.02 W 4.48+0.02Y
L. acidophilus Soy milk 6.90+0.02 b 5.99+0.02 ™ 5.82+0.03 " 5.35+0.02
L. paracasei Milk 6.63+0.04 9" 6.12+0.03 % 5.51+0.03 " 4.64+0.04 *
L. paracasei Milk/Soy milk 6.67+0.01f 5.56+0.01 ¢ 4.29+0.02 ? 3.98+0.03 ¢
L. paracasei Soy milk 6.04+0.04! 5.24+0.031 5.15+0.03 ¥ 5.05+0.01"V
B. lactis Milk 6.82+0.03 % 6.65+0.02 T 6.59+0.02 " 5.67+0.03 P
B. lactis Milk/Soy milk 6.85+0.03 6.29+0.011 5.75+0.02 ° 5.07+0.03 v
B. lactis Soy milk 6.92+0.03 ® 6.37+£0.011 6.07+0.06 ' 5.74+0.01°

Values with different letters are significantly different (p< 0.05)

Table 3. Effect of L. acidophilus, L. paracasei and B. lactis and different formulations (milk, milk/soy milk and soy milk) on
titratable acidity (%) of chocolate mousse during the refrigerated storage.

Treatment Time (days)

Probiotic Formulation 1 7 14 21

L. acidophilus Milk 0.07+0.00° 0.09+0.00°P 0.25+0.02i 0.68+0.03°¢
L. acidophilus Milk/Soy milk 0.07+0.01° 0.28+0.05" 0.59+0.04 ¢ 0.89+0.02°
L. acidophilus Soy milk 0.13+£0.00M 0.14+0.00™" 0.22+0.03! 0.24+0.02k
L. paracasei Milk 0.10+0.02M°p 0.25+0.03i 0.35+0.02f 0.65+0.03°¢
L. paracasei Milk/Soy milk 0.13+0.00 M 0.25+0.00i 1.24+0.02°2 1.27+0.02°2
L. paracasei Soy milk 0.18+0.04'm 0.23+0.01i! 0.31+0.02f" 0.35+0.02f
B. lactis Milk 0.07+0.00° 0.09+0.00°° 0.10+0.00mp 0.28+0.02"
B. lactis Milk/Soy milk 0.08+0.00°P 0.30+0.019" 0.32+0.07f" 0.43+0.03°¢
B. lactis Soy milk 0.10+0.00mr 0.11+0.00MP 0.20+0.014 0.23+0.01i

Values with different letters are significantly different (p< 0.05)
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This may be attributed to the lower speed of growth in
B. lactis than L. acidophilus, L. paracasei. The optimum
pH growth for most bacteria is something around neutral
and if pH falls below 5, the growth of the bacteria is
hampered [14]. In the current experiment, the rise in
acidity caused, hampered the growth of the bacteria at day
21. L. paracasei is considered to be an optional hetero-
fermentative lactobacillus that consumes lactose and
converts it into lactic acid, acetic acid and carbon dioxide,
which are responsible for acidification of the medium [22].
L. paracasei subsp. paracasei has acid-producing ability
and has reduced the pH after 28 days of refrigerated
storage in synbiotic chocolate mousse [14]. Regarding the
effect of formulation (milk, milk/soy milk and soy milk) of
chocolate mousse, at first day of storage, the samples
containing soy milk showed higher titratable acidity due to
lower pH buffering capacity of soy milk than milk [23].
However, at the end of the storage, samples containing
milk/soy milk (1:1) showed lower pH and higher acidity
most of the time. In chocolate mousse produced by
milk/soy milk (1:1), microorganisms could use lactose of
milk and also prebiotic content of soy milk like
oligosaccharides [6].

3.2. Viability of probiotic in chocolate desserts

The viability of L. acidophilus, L. paracasei and B.
lactis in chocolate mousse during 21 days storage at 4°C is
illustrated in Table 4. The counts of L. acidophilus, L.
paracasei and B. lactis in chocolate mousse were higher
than 7 log CFU g by the end of storage period. It shows
that it is sufficient for a standard probiotic product [17].
The results showed that there was a significant increase in

all the mentioned probiotics bacteria (L. acidophilus, L.
paracasei, B.lactis) of all the probiotic chocolate mousse
during 21 days of storage 4°C. However, chocolate mousse
prepared with soy milk and L. paracasei, showed a
decrease in survival from day 14 to 21 (Table 4), because
high activation of lactobacilli and high production of lactic
acid and decreasing pH prevented the growth of lacto-
bacilli [13]. Viability and lactic acid production of L.
paracasei was higher than other sample (Table 4). There
was a significant increase in population of probiotics
bacteria (L. acidophilus, L. paracasei, B. lactis) in the
samples including soy milk and milk/soy milk (1:1) in the
formulation of chocolate mousse at day 7 and 14.
However, at the end of storage, population of probiotic
bacteria in samples including milk was higher due to the
restriction effect of higher acidity on viability of probiotics
(Table 4). Chocolate mousse containing L. paracasei,
showed the most and B. lactis showed the least population
of during 21 days storage at 4°C (Table 4) (p<0.05).
Vinderola et al. Showed that the survival of L. pap-racasei
subsp paracasei was suitable (above 8 log CFU g71) in
creamy milk dessert and symbiotic formulation during 28
storages at 5°C [8]. Similar results on survival of L.
acidophilus, L. casei, L. paracasei, L. rhamnosus, B. lactis
which incorporated into milk [24], soy milk/ milk [6],
cheese [8], ice cream [25], chocolate mousse [14] and
creamy milk chocolate dessert [22] were found in the
literature. These studies demonstrated that all dairy
products mentioned can be used as a vehicle for probiotic
bacteria and these probiotic bacteria survived satisfactory
during storage.

Table 4. Viability (CFU g?) of L. acidophilus, L. paracasei and B. lactis during the refrigerated storage of different
formulation of chocolate mousse (milk, milk/soy milk and soy milk).

Treatment Time (days)

Probiotic Formulation 1 7 14 21

L. acidophilus  Milk 7.24+0.129% 7.40£1.147 9.13+0.02i 9.41+0,039%f
L. acidophilus  Milk/Soy milk 7.17+0.02" 8.90+0.304 9.24+0.79f 9.36+0.02¢
L. acidophilus ~ Soy milk 7.54+0.06 P 8.72+0.07'm 9.06+0.01k 9.34+0.04¢°"
L. paracasei Milk 8.90+0.01¢ 9.22+0.10¢ 9.34+0.70¢" 9.74+0.08°
L. paracasei  Milk/Soy milk 8.10+0.06° 9.34+0.11¢" 9.58+0.430 9.62+0.02b¢
L. paracasei Soy milk 8.02+0.01° 9.43+0.62¢% 10.01+0.018 9.47+0.08¢d%
B. lactis Milk 7.10+0.05% 7.35+0.051 7.31+0.08% 9.31+0.73¢
B. lactis Milk/Soy milk 7.62+0.15P 8.67+0.08™ 8.37+0.11" 8.69+0.03™
B. lactis Soy milk 7.00+0.00t 8.13+0.02° 9.31+0.72¢ 9.17+0.11Mi

Values with different letters are significantly different (p< 0.05)
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3.3. Rheological measurement

As shown in Figure 1, the apparent viscosity of
probiotic chocolate mousse decreased with an increasing
shear rate. All samples showed shear-thinning behavior in
three shear rates. This decrease may be due to the
reduction in the size of colloidal aggregates and gel
disruption as the shear rate increased. With increasing
shear rate, these molecules aligned in more similar
directions and consequently intermolecular friction and
viscosity values decreased. This phenomenon could be
illustrated by the ability of soy protein existed in dessert
formulation to form a stable network similar to a gel
structure [26]. Table 5 presents the yield stress (7o),
consistency coefficient (K) and the flow behavior index (n)
of the sample according to the model parameters that best
fit the curves. In order to evaluate the rheological behavior
of probiotic chocolate mousse, the data were fitted to the
rheological models such as Herschel-Bulkley and Power
law. Average coefficient determination (r?) of Herschel-
Bulkley and Power law models were 0.984 vs. 0.977,
respectively. Therefore, both models presented high values
of coefficient determination which are suitable for
explanation of flow behavior of all samples. The flow
behavior index (n) of all probiotic chocolate mousse
presented a shear thinning behavior (0<n<l1). The
consistency coefficient increased in all samples by
increasing the soy milk content in formulation duo to
improvements in resistance of chocolate mousse against
structural damaging. Soy proteins create a constant gel

structure because of their molecular properties so it could
be strengthening the structure of probiotic chocolate
dessert against various fractures and therefore increase
viscosity [15].

Therefore, the K value of samples prepared by soy milk
were the highest. The difference between viscosity of
samples were due to difference between quantity of
proteins of soy milk [27]. The consistency coefficient of
chocolate mousse including B. lactis and L. paracasei were
the most and least respectively (p<0.05). This could be
related to lower viability and acid production of B. lactic
and higher viability and acid production of L. paracasei in
all chocolate mousse samples (Tables 3 and 4).

As shown in Table 6, a visco-elastic behavior observed
in probiotic chocolate mousse samples through the small-
amplitude oscillatory test, which measures the elastic (G'),
viscous (G") and complex (G*) modulus. In Oscillatory
shear test, frequency sweep was performed in frequency
range of 0.1-50 (Hz) and rheological parameters of
samples were reported at 0.2, 2 and 20 (Hz). According to
Table 6, probiotic chocolate mousse showed visco-elastic
solid like behavior because all ranges of frequency elastic
modulus (G") was above loss modulus (G"). Complex
modulus (G*), representing the strength of foods, showed
the most values of G* observed in the soy milk
formulation thanks to the firmness of soy proteins creation
[27,28]. Visco-elastic behavior of probiotic chocolate
mousse including B. lactis and L. paracasei illustrated the
most and least elastic modulus (G").

Table 5. Output measurements of Herschel-bulkely and power law models

Treatment Herschel Bulkley Power law
Probiotic Formulation K n 0 r K n r
L. acidophilus Milk 26.5 0.388 7.04 0.99 28.6 0.299 0.98
L. acidophilus Milk/Soy milk 314 0.442 8.62 0.98 29.9 0.306 0.99
L. acidophilus Soy milk 19.1 0.381 6.61 0.97 25.2 0.222 0.97
L. paracasei Milk 31.9 0.355 10 0.99 28.9 0.189 0.97
L. paracasei Milk/Soy milk 335 0.326 11.7 0.98 355 0.336 0.99
L. paracasei Soy milk 27.7 0.319 10.5 0.98 23.7 0.184 0.95
B. lactis Milk 39.2 0.340 12 0.99 50.1 0.235 0.98
B. lactis Milk/Soy milk 415 0.342 115 0.99 53.9 0.261 0.98
B. lactis Soy milk 374 0.320 9.64 0.99 48.1 0.275 0.99
Consistency coefficient (K), flow behavior index (n), yield shear stress (to) and coefficient determination (R)
Table 6. Values of modulus (G', G" and G*) in frequency sweep test in 0.2, 2 and 20 Hz
Frequency (Hz)
Treatment 0.2 9 20
Probiotic Formulation G' G" G* G' G" G* G' G" G*
L. acidophilus  Milk 90.5 576  90.7 100 10.9 101 108 125 108
L. acidophilus  Milk/Soy milk 91.3 6.58 91.6 101 7.98 101 112 11.7 113
L. acidophilus  Soy milk 88.9 4.27 89 91.1 17.9 92.9 97.3 6.67 975
L. paracasei Milk 108 5.8 108 120 8.97 121 187 15.9 188
L. paracasei Milk/Soy milk 121 6.7 121 134 9.31 134 192 15.1 193
L. paracasei Soy milk 61.7 534 619 69.7 9.82 704 82 17.6 83.9
B. lactis Milk 156 125 157 184 18.6 185 189 29 192
B. lactis Milk/Soy milk 162 12.1 162 199 184 200 245 30.3 246
B. lactis Soy milk 112 11.7 113 177 17.6 178 185 25 188
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3.4. Sensory properties

Table 7 presents the results of the sensory evaluation of
the chocolate mousse. Regarding the effect of chocolate
mousse formulation (milk, milk/soy milk and soy milk),
the addition of soy milk, negatively affected chocolate
mousse flavor, aroma and overall acceptance (p<0.05). The
chocolate mousse containing milk, exhibited the highest
score for these attributes in comparison with other
treatments. On the other hand, by increasing the soy milk
level in chocolate mousse, the score of consumer acce-
ptance decreased. Although, formulation of chocolate
mousse containing milk and soy milk showed the highest
and lowest overall acceptance score respectively, the
consumer acceptance of formulation including milk/soy
milk (1:1) was relatively acceptable. This result is in line
with those of Wang et al. which reported that addition of
soy milk decreases the palatability of fermented milk duo
to the existence of 2-isopropyle-3-methoxy pyrazine
[6,29], which produce sulfur compound with roasted aroma
during sterilization of soy milk and decrease concentration
of lactose [30]. To consider the effect of probiotics on
sensory properties of chocolate mousse, B. lactis and L.
acidophillus obtained more scores on flavor, odor and
general acceptance in comparison with L. paracasei (Table
7). Panelists did not recognize any significant differences
in the preference of aroma and flavor between all
formulations including L. acidophilus and B. lactis
(p<0.05).

Table 7. Sensory properties of probiotics chocolate mousse
formulation

Treatment Sensory attribute
Probiotic Formulation Flavor Aroma ac?c\als{:r:[:e
L. acidophilus Milk 6.03° 6.27 % 6.50°
L. acidophilus Milk/Soy milk 507 517« 5.10
L. acidophilus Soy milk 4.77°¢ 463 % 467
L. paracasei Milk 5.07 b 5.70 b 5.27 ¢
L. paracasei Milk/Soy milk 3.73¢ 370 3.70°
L. paracasei Soy milk 3.97¢ 3.339 3.60°
B. lactis Milk 6.10° 6.57 2 6.73¢°
B. lactis Milk/Soy milk 5.43° 5.80° 5.37°
B. lactis Soy milk 4.73¢ 4,07 4.40¢

Values with different letters in the same column are significantly different
(p<0.05)

4. Conclusion

In the present study, applying soy milk in probiotic
chocolate mousse can produce a multi-functional dessert
which improves the viability of three probiotic bacteria (L.
acidophilus, L paracasei, B. lactis) as well as milk thanks
to the use prebiotic properties of soy milk. Although soy
milk had negative effects on sensory evaluation but using
milk/soy milk (1:1) improves organoleptic properties of
chocolate mousse in an acceptable level. According to
dynamic mechanical analysis, the probiotic chocolate
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mousse known as viscoelastic solid desserts also showed
shear-thinning behavior, but this property was more
impressive in soy milk desserts. In conclusion, this study
demonstrates that chocolate mousse may be used as a
vehicle for probiotic bacteria which survived satisfactory
during 21 days of cold storage.
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