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Viability of Lactobacillus casei in chocolate flan and its survival to
simulated gastrointestinal conditions
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Abstract
The aim of this work was to verify the viability of Lactobacillus casei in chocolate flan as well as
its survival under simulated human gastrointestinal conditions. After 1 and 15 days of manufacture,
the dessert was evaluated for L. casei population and subsequently submitted to acidic solution for
30, 60, 90 and 120 min and to bile salts solution for 150 min. After each time, L. casei population
was evaluated. The results were evaluated by variance analysis (ANOVA) and Tukey’s test. The
population of L. casei in the flan was above 109 CFU/g during the shelf life, whose value is above the
limit established for a probiotic food by the Brazilian legislation. L. casei was relatively resistant to
the simulated gastrointestinal conditions tested in this study, once the population reduced during the in
vitro tests but remained above 106 CFU/g. Chocolate flan showed to be an excellent food for addition
of probiotic microorganisms, especially L. casei, once it was observed high populations in the product
even after in vitro resistance tests simulating the human digestive process.
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Resumo
Neste trabalho, verificou-se a viabilidade de Lactobacillus casei em flan de chocolate, além de sua
sobrevivência em condições que simulam o trato gastrointestinal humano. Após 1 e 15 dias da produção,
a população de L. casei presente na sobremesa foi avaliada, e o flan foi submetido, em seguida, a uma
solução ácida, durante 30, 60, 90 e 120 minutos, e a uma solução de sais biliares, por um período de
150 minutos. Após cada um desses tempos, a população de L. casei foi observada. Os resultados foram
avaliados por meio de análise de variância (ANOVA) e teste de Tukey. A população de L. casei no flan
foi maior que 109 UFC/g durante a vida de prateleira do produto, valor este, maior que o estabelecido
para um alimento probiótico pela legislação brasileira. L. casei mostrou-se relativamente resistente
às condições simuladas do trato gastrointestinal avaliadas neste trabalho, uma vez que apesar de sua
população ter sido reduzida durante os testes in vitro, esta manteve-se acima de 106 UFC/g. O flan
de chocolate mostrou-se um excelente alimento para a introdução de microrganismos probióticos,
especialmente L. casei, uma vez que observou-se altas populações no produto, mesmo após os testes de
resistência in vitro simulando parte do processo digestivo humano.
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Introduction
Probiotics are live microorganisms which when
administered in adequate amounts provide health
benefits to the host (FAO/WHO, 2001; SANDERS,
2003). The Brazilian National Health Surveillance
Agency (ANVISA) suggests that a daily serving of
beverage or probiotic food ready for consumption
provides between 108 and 109 CFU of probiotics, ie,
this should be the amount of viable microorganisms
ingested daily for the purpose of obtaining the
benefits of probiotics (ANVISA, 2008).
The addition of probiotics to dairy desserts is
a practice that has been investigated. The flan is
one of the most traditional Brazilian desserts and
shows favorable conditions for the development
of probiotic microorganisms, once it presents pH
over 6 and moisture content over 70%. Considering
the popularity of this dessert, the beneficial effects
of probiotics and the growing interest of the food
industry to develop new probiotic products, the flan
seems to be an excellent choice for non-fermented
probiotic dairy dessert (CORRÊA; CASTRO;
SAAD, 2008).
According to Saad (2006), the main effects of
probiotics in foods are to improve lactose digestion
in lactose-intolerant individuals; help the balance
and stabilization of intestinal flora after antibiotic
use; improve the resistance to gastrointestinal
colonization by pathogens; and reduce pathogens
population by producing organic acids, bacteriocins
and other antimicrobial compounds, such as
hydrogen peroxide. Furthermore, probiotics can
stimulate the immune system, relieve constipation
and increase absorption of minerals and vitamins.
Several mechanisms of action of probiotics
have been proposed. According to Sleator and
Hill (2009) there are three possible mechanisms
of action: I) bacteriocins produced by probiotics
can lyse invading pathogens; II) probiotic cells
can mimic receptors on the surface, preventing the
adhesion of pathogens to the host cell membrane,

III) probiotics can neutralize toxins produced by
pathogenic microorganisms in the intestine.
According to Fuller (1989) probiotics may
also compete with pathogens for nutrients or for
binding sites, alter enzymatic activity of these
microorganisms and also stimulate the host
immunity by increasing the levels of antibodies and
the activity of macrophages.
However, to exert some beneficial effects
to the host, the probiotic microorganism must
necessarily survive the harsh conditions of the
human gastrointestinal tract (presence of acids, bile
and pancreatic enzymes) and colonize the intestine,
at least temporarily, by adhering to the intestinal
epithelium (ZIEMER; GIBSON, 1998; SHEEHAN
et al., 2007b).
The objective of this study was to evaluate
the viability of the probiotic microorganism
Lactobacillus casei added to chocolate flan during
its shelf life and the survival of the probiotics under
simulated conditions of the gastrointestinal tract.

Material and Methods
Production of chocolate flan
The probiotic culture used to produce the
probiotic flan was Lactobacillus casei (Lpc 37 LYO
50 DCU, Danisco, Dangé, France). The inoculum
was prepared the day before the production of
dessert by diluting the probiotic culture in milk in a
proportion of 2%, followed by refrigerated storage
at 4 °C.
The ingredients used to produce the flan were:
skimmed UHT milk (Batavo, Teutonia, Brazil),
skimmed milk powder (Molico, Nestlé, Araçatuba,
Brazil), cream with 25% fat (Nestle, Araçatuba,
Brazil), powdered unflavored gelatin (Oetker, São
Paulo, Brazil), sugar (Da Barra, Barra Bonita,
Brazil) and soluble cocoa powder (Chocolate do
Padre, Nestlé, Araçatuba, Brazil), xanthan gum
(Cargill Foods, São Paulo, Brazil).
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The respective amounts are shown in Table
1. After weighing, the ingredients were mixed,
with the exception of xanthan gum and probiotic
microorganism and heated at 85 °C in a water bath.
The product was cooled to 40 °C in an ice bath with
continuous stirring. Once the temperature of 40
°C was reached, the xanthan gum was added to all

formulations. The mixture was homogenized and the
inoculum containing the probiotic microorganism
(Lactobacillus casei) was added. The flan was
homogenized using a mixer (Pérola Plus Britânia)
until the temperature of 14 °C was reached. The
product was packed in sterilized plastic cups with
a lid, which contained approximately 35 g of flan.

Table 1. Formulation of probiotic chocolate flan.
Ingredients
Skimmed UHT milk
Cream (25% fat)
Skimmed milk powder
Powdered unflavored gelatin
Sugar
Cocoa powder
Xanthan gum
Probiotic culture

Percent (%)
46.98
28.18
1.88
1.13
14.09
7.52
0.02
0.20

Source: Elaboration of the authors.

The product was stored at 4 °C for 15 days to
carry out the analyses. The entire experiment was
performed in triplicate.
Viability of Lactobacillus casei
The determination of viability of the probiotic
microorganism L. casei in the dessert was performed
in the just processed product (day 1) and after 15
days of refrigerated storage at 4 °C. Samples of
10 g of the product were collected aseptically and
homogenized with 90 mL of 0.85% saline solution.
Subsequent decimal dilutions were prepared using
the same diluent and plated on agar DeMan –
Rogosa-Sharpe (MRS Himedia, Mumbai, India)
supplemented with 1% sorbitol (RAVULA; SHAH,
1998). The colonies were counted after 3 days
of incubation at 37 °C under aerobic conditions.
Analyses were performed in duplicate. The results
were expressed as colony forming units per gram of
flan (CFU / g).

Simulating the gastrointestinal tract conditions
To verify the resistance of L. casei under
simulated conditions of the human gastrointestinal
tract (RAO; SHIWNARAIN; MAHARAJ, 1989;
THANTSHA et al., 2008), a portion of 1 g of the
probiotic flan was added to 9 mL of sterile solution
simulating the stomach acid (0.08 M HCl containing
0.2% NaCl – pH 2.0) and incubated at 37 °C. After
30, 60, 90 and 120 min, two aliquots of 1 mL
were withdrawn: an aliquot was used to determine
the viability of the probiotic microorganism as
described in item 2. The other aliquot was added to
9 mL of sterile solution containing bile salts (0.05
M K2PO4 at pH 7.4, plus 0.6% of bile salts). This
step was carried out to study the resistance of the
probiotics under simulated conditions of the human
intestine. For this, the second aliquot with a solution
containing bile salts was incubated at 37 °C for 150
min. After this time, 1 ml aliquot was collected
to verify the viability of the microorganism as
described in item 2.
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The results were analyzed by Analysis of Variance (ANOVA) and Tukey's test, both at 5%
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et al. using Statistica software (STATSOFT, 2000).
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AS = acidic solution, BS = bile salts.
Source: Elaboration of the authors.
Figure 2. Mean values of population of Lactobacillus casei (log CFU/g) in the chocolate flan on the 15th day of
refrigerated storage before and after remaining in solutions that simulate gastric acid (for 30, 60, 90 and 120 min) and
Figure
Mean
population of Lactobacillus casei (log CFU/g) in the chocolate flan on the 15th
intestinal2.bile
saltsvalues
(for 150ofmin).

day of refrigerated storage before and after remaining in solutions that simulate gastric acid (for
30, 60, 90 and 120 min) and intestinal bile salts (for 150 min).

AS = acidic solution, BS = bile salts.
AS = acidic solution, BS = bile salts.
Source: Elaboration of the authors.
Source: Elaboration of the authors.
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With respect to the resistance to simulated GI
tract conditions, after 1 day of storage a significant
decrease in the population of L. casei was observed
(P <0.001) (Figure 1). However, no differences
were observed in populations of L. casei (P> 0.05)
as compared to the different times of passage by
both the acidic and the bile salts solutions, whose
populations varied from 8.73 to 9.36 log CFU/g
and from 6.59 to 7.66 log CFU/g, respectively. This
decrease is probably due to the injuries caused by
low pH to the microorganisms and by the action of
bile salts. It is known that probiotics lose viability
when placed in acidic environments (DAVE; SHAH,
1997; SHEEHAN et al., 2007a; EL-SHAFEI et al.,
2010). In addition, bile is also known as a causative
agent of bacterial stress (BEGLEY; GAHAN;
HILL, 2005).
In this study, the 15th day of storage presented a
reduction of about 1 log cycle in the population of
the probiotics in relation to the first day of analysis
(Figure 2). After simulating the acidic conditions in
the stomach, there was a reduction of the probiotics
population (P <0.05) except for the sample that
was removed after 30 min of testing. After contact
with the solution containing bile salts, a significant
reduction of L. casei in all samples was observed
(P<0.05), with populations varying from 6.18 to 7.20
log CFU/g. On the 15th day there was no significant
difference in the final probiotics population after
exposing the solution simulating stomach acidic
(SA) and containing bile salts (BS) (P> 0.05).
It is not known exactly the population capable
of surviving after passage through simulated human
gastrointestinal systems. However, it is known that
the probiotic microorganisms should be resistant
to gastric and intestinal conditions, though the
maximum reduction acceptable after such tests
is not specified. In this study, even after in vitro
simulation of the passage through the human
GI tract, the population of L. casei was over 106
CFU/g. This result may be associated to the matrix
used (flan), once the food matrix plays an important

role in protecting the probiotic microorganisms
when subjected to digestion. Moreover, the
buffering capacity of the milk may help to protect
the probiotics against the action of gastrointestinal
environments (SIRÓ et al., 2008).
Lower populations were verified by Chaves
et al. (2009), who evaluated the resistance of L.
acidophilus in “Coalho” cheese made with goat’s
milk and stored for 15 days. The authors found a
final population of 3.24 log CFU/g after simulation
of the passage through the GI system, showing that
the strain (L. acidophilus) was sensitive to bile salts.
Buriti, Castro adn Saad (2010) studied the effect
of refrigeration, freezing and replacement of milk
fat by inulin and whey protein concentrate on the
viability of L. acidophilus La-5 and its resistance
to enteric simulated gastric conditions in symbiotic
guava mousse. The authors observed that after
14 days of refrigerated storage the survival of the
probiotic microorganism decreased considerably
during testing in vitro and the supplementation with
inulin and whey protein concentrate provided no
protection to the probiotic bacteria.

Conclusions
The population of L. casei found in the flan
during its shelf life was more than 109 CFU/g,
which were above the values required by Brazilian
legislation for probiotic foods. The strain of L. casei
was relatively resistant to simulated gastrointestinal
conditions tested in this study. After passing through
the simulated gastrointestinal tract, the probiotic
population decreased. Yet, they still remained above
106 CFU/g.
Thus, it can be said that the chocolate flan may
be an excellent food matrix for adding probiotic
microorganisms especially L. casei, since high
populations were observed in the product after the
tests simulating the digestive process in the human
gastrointestinal tract.
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