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Probiotic and Synbiotic Chocolate

Milena Dutra Pierezan, Callebe Camelo-Silva, Alan Ambrosi,
Marco Di Luccio, and Silvani Verruck

Abstract

Chocolate is a mixture of cocoa by-products, sucrose, and milk solids dispersed in the fat phase (mainly
cocoa butter). It consists of an excellent probiotic matrix due to its low water activity and the considerable
presence of fat and antioxidant compounds. The Lactobacillus, Lacticaseibacillus, Limosilactobacillus,
Bifidobacterium, and Streptococcus comprehend the most applied genus in probiotic chocolate. Its proces-
sing involves the same steps as the traditional chocolate (blending, refining, conching, tempering, molding,
cooling, and storage), with the additional step of probiotic inoculation. In most cases, a single Direct Vac
Set probiotic inoculum, which consists of a freeze-dried cell concentrate, can be added and homogenized
directly into the melted chocolate. Inoculation has to take place after the conching process to ensure cell
viability. Currently, there is not a defined general amount of bacteria to be introduced into the food to
ensure the probiotic health benefits. It must be proven for each strain and inoculum tested. But in general,
cell concentrations between 10® and 10'® CFU /g are being used to ensure the probiotic claim. Further-
more, there is a current controversy over functional chocolate such as the probiotic options due to their
high sugar content. This has motivated researchers and food industries to produce sugar-free and reduced-
sugar options. Considering that some sugar substitute ingredients can act as prebiotics, promoting the
growth of probiotic microorganisms, the combination of prebiotic and probiotic functionality originated
the synbiotic chocolate. Its production also involves the probiotic inoculation step besides the traditional
stages of chocolate processing, but instead of sugar, the prebiotic and other sugar-replacer ingredients are
added, usually into the blending step with the other main ingredients. Therefore, considering the growing
literature involving this theme, the objective of this protocol is to provide up-to-date and detailed
information for the production of different types of probiotic and synbiotic chocolate.

Key words Cocoa, Functional chocolate, Low-sugar chocolate, Low-fat chocolate, Probiotic
microencapsulation

1 Introduction

Chocolate can be defined as a cocoa by-product (cocoa mass, cocoa
powder and /or cocoa liquor), sucrose and milk solids dispersed in
the fat phase, which is mainly composed of cocoa butter [1]. Emul-
sifying agents such as soy lecithin and /or polyglycerol polyricinole-
ate (PGPR) are also usually added, as well as ethyl vanillin, a
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flavoring agent [2, 3]. The presence of some ingredients can differ
among the different types of chocolate, and other specifications can
be defined for the production of chocolate depending on the
regulations of each country, which can change the possibilities of
product formulation. Furthermore, among innovative functional
chocolate products, the probiotic option has been extensively
studied [1].

Probiotics are live microorganisms that benefit the host’s
health, mainly by improving intestinal problems. However, they
also can provide other health benefits, such as lowering cholesterol
and blood pressure levels and improving mineral absorption and
the immune system [4]. In this context, chocolate has been shown
to be an effective matrix for the active and viable delivery of
probiotics to the gut [5]. The low water activity of chocolate
keeps the probiotics in a low metabolic state, increasing their
viability in the chocolate matrix during storage. In addition, some
cocoa high-fat content by-products can decrease oxygen availability
to the probiotic cell, preventing oxidation and protecting cell via-
bility from thermal inactivation during processing [6]. Although
phenols may act as antimicrobials, they did not decrease the survival
of probiotic bacteria into chocolate [4]. Indeed, more cells tend to
remain viable in dark chocolate, which contains more cocoa antiox-
idant compounds, such as flavonoids, when compared to milk and
white chocolate types [7].

In general, the processing of probiotic chocolate involves the
same process steps as traditional chocolate (blending, refining,
conching, tempering, molding, cooling, and storage), with the
additional step of probiotic inoculation. Once the conching step
can reach temperatures of up to 70 °C in some cases, probiotic is
usually added after this, in order to ensure cell viability [8]. In
general, Direct Vac Set (DVS) inoculums, which consist of a con-
centrate of freeze-dried cells, are used. This probiotic powder can
be added directly and homogenized in the melted product
[9]. Among all the probiotic genus, the Lactobacillus, Lacticasei-
bacillus, Limosilactobacillus, Bifidobacterium, and Streptococcus are
the most applied in studies involving chocolate production [7]. In
addition, there is not a defined general amount of bacteria to be
introduced into the food to ensure the probiotic health benefits. It
must be proven for each strain and inoculum tested. But in general,
cell concentrations between 10° and 10'® CFU /g are being used to
ensure the probiotic claim [2, 6].

Besides the health benefits of probiotics, there is a controversy
over the use of this functionality into chocolate due to its high
sugar and calorie content [10]. A high sugar intake is strongly
associated with negative implications such as obesity, diabetes,
and oral health. Thus, combining sweeteners like sucralose, stevio-
side, thaumatin, and sugar alcohols with a bulking agent like inulin,
maltodextrin, and polydextrose has been widely used to partially or
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totally replace sucrose in probiotic chocolate. Interestingly, some of
these sugar substitutes are prebiotic substances that can induce the
selective growth of probiotic microorganisms. Thus, chocolate that
contains a combination of prebiotic substances and probiotic
microorganisms is called synbiotic chocolate [4, 11].

The synbiotic chocolate can be divided into two subsets, called
complementary synbiotic and synergistic synbiotic. A complemen-
tary synbiotic comprehends a product containing both probiotic
and prebiotic, working independently to achieve one or more
health benefits. The combination might not have solid evidence
of synergistic function, but they provide health benefits separately.
On the other hand, a synergistic synbiotic is composed of a probi-
otic microorganism and a specific prebiotic that have evidence of
supporting the growth or activity of that specific microorganism.
Although the substrate might also enrich other beneficial members
of the gastrointestinal microbiota, its main target is to enhance the
health benefits delivered when compared with probiotic and prebi-
otic separate effects due to the synergistic action [11].

The synbiotic chocolate production also involves the probiotic
inoculation step besides the other traditional stages of chocolate
processing, but instead of sugar, the prebiotic and other sugar-
replacer ingredients are added, usually into the blending step with
the other main ingredients. However, it is important to highlight
that sugar replacement can significantly impact the quality of choc-
olate, including particle size, flow behavior, appearance, texture,
melting profile, and moisture content. Thus, the development of
synbiotic sugar-free and reduced-sugar chocolates with desirable
physical and chemical properties for the food industry is currently a
significant opportunity for scientists [4].

Therefore, considering the growing literature involving this
theme, the objective of this protocol is to provide up-to-date and
detailed information for the production of different types of probi-
otic and synbiotic chocolate.

2 Material

2.1 Chocolate
Formulation

2.1.1

Probiotic Chocolate

Besides the inoculation of probiotic strains described in the topic
2.2, milk chocolate can be produced with 10.4% cocoa liquor,
18.9% cocoa butter, 41.5% sucrose powder, 25.4% milk powder
(with 25% fat), 0.5% soy lecithin, and 0.06% ethyl vanillin [2]; dark
chocolate can be produced with 35.9% cocoa liquor, 5% cocoa
butter, 58.8% sucrose powder, and 0.5% soy lecithin [12]; and
white chocolate can be produced with 44.5% sucrose powder,
30% cocoa butter, 16% powdered milk, 9% skimmed milk, 0.3%
soy lecithin, and 0.2% PGPR [3].
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2.1.2  Synbiotic
Chocolate

2.2 Probiotic Strains

2.3 Equipment for
Chocolate Production

2.4 Chocolate
Probiotic Viability
Analysis

2.4.1 MRS Agar
Formulation (See Note 9)

Synbiotic chocolate comprises basically the sugar-free and reduced-
sugar options (see Notes 1). Its formulation follows the same steps
for each type of chocolate mentioned in topic 2.1.1, except that
the sucrose content can be partially or totally replaced (see Note 2).
Thus, besides the inoculation of probiotic strains described in the
topic 2.2, a synbiotic sugar-free white chocolate, for example, can
be produced with 44.5% maltitol, 30% cocoa butter, 16% powdered
milk, 9% skimmed milk, 0.3% soy lecithin, and 0.2% PGPR. A
variety of sweeteners and bulking agents used in chocolate formu-
lation (see Notes 3 and 4) are summarized in Table 1 [3].

Several probiotic strains are available for use as DVS inoculums in
chocolate production (see Notes 5 and 6). The main cultures
already used in probiotic chocolate and cell viability after prolonged
storage are summarized in Table 2, while the main global exporter
suppliers of DVS probiotic strains are provided in Table 3. The cell
amount to be added into the chocolate varies between different
strains in order to ensure the health benefits (see Note 7) [14-16].

The necessary equipment for a pilot-scale probiotic and synbiotic
chocolate production includes:

e A mixer with heating such as the planetary Vena mixer BM
30/20 (NV Machinery Verhoest, Izegem, Belgium);

e A pilot-scale-roll refiner such as the Exakt 80S 3-roll refiner
(Exakt Apparatebau, Norderstedt, Germany);

e A chocolate conching machine such as the Buhler Elk’Olino
conche (Richard Frisse GmbH, Bad Salzuflen, Germany);

e A chocolate-tempering machine such as the T5 (Pomati,
Codogno, Italy);

e A chocolate vibration table such as the ZDT-02 (Food Machin-
ery Service Co. Ltd., Nanquim, Jiangsu, China);

® A refrigerator (ranging at least from 0 to 20 °C);

e Plastic shapes for molding chocolate in the preferable
dimension;

e A chocolate bar wrapping machine such as the Sleek 40 (Valtara,
Schio, Italy) (optional), including the preferable packaging
material (see Note 8) [21-23].

e Protease peptone (10 g/L);
e HM peptone B — the equivalent of beef extract (10 g/L);
e Yeast extract (5 g/L);
e Dextrose (20 g/L);
Dipotassium phosphate (2 g/L);
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Table 3

Main global exporter suppliers of DVS probiotic strains

DVS Corporate

supplier  Probiotic strains available? Headquarter

Crh L. rhamnosus (GR-1, LGG, DSM33560), L. acidophilus (DDS-1, Horsholm,
Hansen LA-5, UALa-01), L. paracasei (CASEI 431, F-19, UALpc-04), Denmark

L. plantarum (UALp-05), L. casei (UALc-03), L. reuteri (RC-14,
LRC, UALre-16), B. lactis (UABla-12), B. animalis subsp. lactis
(BB-12), S. thermophilus (TH-4, UASt-09)

Sacco L. vhamnosus (CRL 1505, IMC 501), L. paracasei IMC 502, Cadorago, Italy
system L. plantarum LPLDL

Danisco L. acidophilus NCEM, L. paracasei Lpc-37 B. lactis (HNO19, Bi-07,  Copenhage,

B1-04), L. lactis subsp. lactis, S. thermophilus TA040 Denmark
Synbio L. acidophilus LA1063, L. cases LC122, L. paracasei LPC48, Yangzhou and
tech L. plantarum LP198, L. rhamnosus LRHO9, B. animalissubsp. lactis ~ Taiwan, China
Inc. BALOG, S. thermophilun ST37

*Only the probiotic species already described in the literature as being used in chocolate production were considered

24.2 M17 Agar
Formulation (See Note 9)

Reagents, Solvents, and
Solutions

Sodium acetate (5 g/L);
Triammonium citrate (2 g/L);
Manganese sulphate (0.05 g/L);
Tween 80 (1.08 g/L);

Agar (15 g/L);

Magnesium sulphate (0.2 g/L);

L-Cysteine (0.05 g/L) (only for Bifidobacterium viable cells
count) [24].

Pancreatic digest of casein (5.3 g/L);
Soy peptone (5.3 g/L);

Beef Extract (5.3 g/L);

Yeast Extract (2.6 g/L);

Ascorbic Acid (0.5 g/L);

Magnesium Sulfate (0.3 g);
Disodium-f-glycerophosphate (20 g/L);
Agar (11.5 g/L);

Sterile lactose solution (100 g/L) [25].

Acetic acid;

Sodium hydroxide;
Peptone water solution;
Distilled water [7, 24].
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Glassware and Equipment

2.5 Chocolate
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e  Water bath;

e Microwave oven (optional);

e Glass bottle (volume of 1000 mL);

e Propylene centrifuge tube (volume of 50 mL);
e Sterile petri dishes;

e Pipette (sterile tips of 1 mL);

e Laminar flow cabinet;

e Bacteriological oven/Incubator;

e pHmeter [24, 25].

* A water activity analyzer such as the Aqualab (METER Group,

Physical Analysis Inc., Hopkins, U.S.A);
e A colorimeter such as the Chroma Meter CR-400 (Konica
Minolta, Tokyo, Japan);
e A texture analyzer such as the texture analyzer Model TA.HD.
plus (Texture Technologies, Hamilton, U.S.A);
e A Differential scanning calorimeter;
e A laser scattering particle size distribution analyzer such as the
MasterSizer® (Malvern Instrument, Malvern, U.K);
¢ A rheometer;
* A crusher equipment;
e An ultrasonic bath.
3 Methods
3.1 Probiotic and All the steps are summarized in the flowchart presented in Fig. 1, as
Synbiotic Chocolate well as the four main equipment used are presented in Fig. 2.
Production

1. Mixing: mix the melted fat (20% of the total cocoa butter
present in the formulation) and the other main ingredients
(cocoa liquor, powdered sugar or sugar substitutes, powdered
milk) during 12-15 min until they become homogeneous at
40 °C in a mixer with heating [20];

2. Refining: transfer the chocolate mass to a pilot-scale-roll refiner
to achieve a mean particle size of approximately 20-25 pm (see
Note 10) [3];

3. Conching: transter the chocolate mass to a chocolate conching
machine to execute two steps (see Note 11):

(a) Dry conching: performed for 45 min at 60 °C;

(b) Wet conching: the remaining cocoa butter (80% of the
total), soy lecithin, and flavoring (when present in the
formulation) is added, and then this process is maintained
during 5 h, 25 min at 60 °C;
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20% of cocoa butter

other main ingredients

80% of cocoa butter

soy lecithin, optional
flavoring

not diluted DVS

Mixing

Y

Refining

v

Dry conching

v

Wet conching

v

Inoculation

\J

Mixing

!

Tempering

Y

Molding

Y

Cooling

Y

Demolding

Y

Packaging

Y

Storage

Fig. 1 Flowchart of probiotic and synbiotic chocolate production

12-15 min, 40°C

particle size: 20-25 pm

45 min, 60°C

5 h 25 min, 60°C

3 min, 30-45°C

low speed rotation

3 heat and cool stages

27-30 °C

vibration for bubbles removal

20 min, 5 °C

low oxygen permeability material

approximately 20 °C

10-20% humidity, low oxygen
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Conching Tempering

P

Fig. 2 Chocolate processing during mixing, refining, conching and tempering steps. (Adapted from [31, 32])

3.2 (Quality Analysis
Related to Probiotic
and Synbiotic
Chocolate

3.2.1 Chocolate Probiotic
Viability Analysis

Preparation of MRS Agar

4.

Probiotic inoculation and mixing: transfer the chocolate mass
again to the mixer with heating, where the content of the DVS
is added directly into the melted product (see Note 12) with a
temperature between 30 and 45 °C at a minimum number of
rotations for 3 min [17];

. Tempering: to provide cocoa butter crystallization in a pre-

ferred crystalline form (B-V), transfer the chocolate mass into
a tempering machine to execute three steps:

(a) Heating at 33-35 °C (white chocolate) or 45 °C (milk and
dark chocolate) until melting [3, 13, 27];

(b) Cooling between 25 and 28 °C for 5 min [13];

(c) Heating again at 28-29 °C (milk chocolate) or 25 °C

(white and dark chocolate) for conversion of any unstable
crystals [3, 13, 27];

. Molding with vibration: mold the final chocolate into plastic

shapes and maintain it on the vibration table at 27-30 °C until
the complete removal of air bubbles;

. Cooling: cool the molded chocolate at 5 °C in a refrigerator for

20 min for complete solidification (se¢ Note 13) [3, 28];

. Demolding and packaging: demold the chocolate and package

it in a specific equipment or manually [29];

. Storage: store the packaged chocolate at 20 °C or other tem-

peratures, if preferable (see Tables 1 and 2), with a range of
humidity between 10 and 20% and preferable with low oxygen
(see Note 14) [30].

. Suspend all the components from the culture medium in

1000 mL distilled water in a glass bottle (see Note 15).

. Check the final pH at 25 °C, that must be at 6.5 + 0.2 (see

Note 16);

. Heat it in a microwave oven (see Note 17) or a water batch can

be necessary to dissolve the medium completely;

4. Sterilize by autoclaving at 151bs pressure (121 °C) for 15 min;

. Cool the MRS agar (45-50 °C) before use, and if not used

promptly store in refrigeration (2-8 °C) [25].
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Preparation of M17 Agar

Viable Cell Count

3.2.2 Chocolate Physical
Analysis

Water Activity

1.

Suspend all the components from culture medium, with the
exception of the lactose in 1000 mL distilled water in a glass
bottle (see Note 15);

Heat it in a microwave oven (se¢ Note 17) or a water batch to
dissolve the medium completely;

. Sterilize by autoclaving at 15lbs pressure (121 °C) for 15 min;

Cool the bottle until 50 °C to add 50 mL sterile lactose
solution and mix;

. If M17 agar is not used promptly, store it in refrigeration

(2-8 °C) (see Note 18) [26].

To investigate the probiotic viability in the chocolate formulation
during storage, carry out the analysis described below in the same
day that the chocolate was produced, and repeat it with the desir-
able frequency (for example on Oth, 30th, 60th, and 90th days of
storage) (see Note 19):

1.

w

Take approximately 25 + 0.2 g of chocolate under aseptic
conditions and mix it with 180 mL peptone water solution;

. Melt the mixture in a water bath for 15 min at 40 °C;

Prepare a decimal dilution series;

. Plate 1 mL of each dilution (triplicate) and add 15-25 mL of

molten selective media (45-50 °C) in petri dishes, using the
proper inoculation mode, which will depend on the probiotic
strain included into the formulation (see Note 20);

. Gently shake the plate to mix the inoculum in the selective

media;
Let the media solidify;
Incubate petri dishes under adequate conditions, which will

depend on the probiotic strain included into the formulation
(see Note 21);

. After the incubation period, make the colony count. Register

the results as CFU /g [7].

The physical analysis of chocolates is one of the most important
quality parameters for the food industry. From the results of these
analyses, we can predict, e.g., the shelf life of the product and the
melt in the mouth. Below we describe the procedures of the main
physical analyzes performed on chocolates.

1.
2.

Preparving the sample: Grind the chocolate in a crusher.

Reading on the device: Transfer the 2 g of chocolate to a water
activity analyzer, and read at 25 °C [33].



Color Measurement

Texture Analysis

Fusion Properties

Particle-Size Distribution

Rheological Measurements
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. Preparing the sample: Grind the chocolate in a crusher.

. Reading on the device: Transfer the 5 g of chocolate to a Petri

plate and place a white sheet under it. Then, the color para-
meters such as L: brightness, a: & red-green, and &: + yellow-
blue can be measured using a colorimeter. In addition, the
chroma (C*) and whiteness index (WI) parameters can be
calculated using Eqs. 1 and 2. It is advisable to carry out this
analysis if any substance in the chocolate formulation changes
the color of the final product [33].

C'=Va+ 0 (1)

WI =100 — \/(IOO—L)2+(ﬂ)2 + () (2)

. Preparving the sample: Cut the chocolate into approximately

2
1 em” square.

. Performing the analysis: As a texture parameter, hardness is the

most important to determine in chocolates. Place the sample in
a texture analyzer and operate using a 500 N load cell with a
pre-test speed of 1 mm s~ and a firing force of 0.1 N. Pre-test,
test, and post-test speeds applied during textural measurement
can be adjusted from 1 mm s™', 1 mm s™', and 10 mm s,
respectively. The hardness values of each sample must be

measured at least 7 times [3].

. Preparing the sample: Grind the chocolate in a crusher.

. Performing the analysis: Transfer the 15 mg of chocolate to

aluminum crucibles and analyze them in a differential scanning
calorimeter (DSC) at 0-70 °C under a heating rate of 5 °-
C min~ ! and nitrogen flow of 50 mL min~" [34].

. Preparing the sample: Grind the chocolate in a crusher.

. Performing the analysis: Disperse approximately 0.20 g of

chocolate in vegetable oil (refractive index, RI = 1.45) at
room temperature (20 £ 2 °C) until an obscuration of 0.2 is
obtained. Then, keep the sample in an ultrasonic bath for 2 min
to ensure that the particles are freely dispersed. Finally, read on
a laser scattering particle size distribution analyzer [33, 35].

. Preparing the sample: Melt the chocolate in an oven at 50 °C

for 75 min.

. Performing the analysis: Transfer the chocolate to a rheometer

and shear at a rate of 5.0 s~ for 10 min at 40 °C before the
measurement cycles start. Measure the shear stress at 40 °C
with increasing shear rate from 0.5 to 60 s~ (ramp up)in 120 s
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and then decrease the shear rate from 60 to 0.5 s~' (ramp
down). On each ramp, 50 measurements must be taken. This
measurement cycle must be repeated 30 consecutive times until
thixotropy is eliminated from the samples. The measurement
data can be applied to the Casson Model (Model recom-
mended for chocolates) (Eq. 3) to determine related rheologi-
cal parameters such as yield stress, Casson yield stress, and
Casson viscosity [33, 35, 36].

VT =Tca+ Vi CAx .y (3)

Where, t: yield stress; Tc4: Casson yield stress; p + CA: Casson
viscosity, and y: shear rate.

4 Notes

. Besides sugar-free and reduced-sugar chocolates, low-fat pro-

ducts have also been produced, using defatted cocoa derivatives
or fat replacers with prebiotic functionality such as inulin,
B-glucan, xanthan gum, and guar gum. However, most studies
have discussed the impact of fat reduction or fat replacement
on the quality attributes of chocolate and do not discuss the
nutritional effect. In addition, there are no studies describing
the production of low-fat chocolate with probiotic or synbiotic
functionality. Thus, investigating the effect of probiotic
fat-reduced chocolate on health is an excellent opportunity
for a study topic [4];

. Although regulations can change slightly between countries, in

the case of reduced-sugar chocolates, the “light” claim can be
used in the product label when there is approximately 25% of
sugar reduction when compared to the regular version [37];

. Although polyols can present a prebiotic functionality, high

concentrations can cause abdominal discomforts. Thus, care
must be taken when formulating chocolate with this type of
ingredient [38];

. It is important to notice that sweeteners and bulk agents can

replace the total content of sucrose by 100% or a little bit more,
which can slightly alter the proportion of other ingredients into
the chocolate formulation;

. Several strains are already considered probiotic and are cited in

the literature. Besides them, FAO states Guidelines for the
Evaluation of Probiotics in Food [39] when the potential of
some strains still has to be investigated before being added to
the food product;

. DVS is widely used for probiotic chocolate production. How-

ever, in some cases, other approaches, such as microencapsula-
tion (see Chap. 14), can ensure greater protection of probiotics;
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. To ensure the health benefits provided by probiotic strains into

the chocolate formulation, 10" to 10? CFU /g above the desir-
able amount can be added, considering the potential cell losses
during chocolate processing and storage [7];

. Most dairy probiotics and other products are stored and sold

on the market in plastic packaging with high oxygen perme-
ability, this poses a serious problem to the growth and survival
of the probiotic. The use of plastic films with high oxygen
barrier properties and active packages with oxygen absorbers
or glass containers can be a solution [28];

. After opening, the product should be properly stored dry, after

tightly capping the bottle due to the hygroscopic nature of the
product [40];

Human taste buds allow for detecting particles larger than
25 pm. Thus, a lower particle size in chocolate products is
desirable. In 3-roller machines, the chocolate mass must be
treated two or three times to obtain this size, while in 5-roll
refiners it can be achieved in a single process. Rotation speed
and temperature can be adjusted to approximately 0.75 m/
s and 30 °C for the first roll, 1.25 m/s and 35 °C for the
second, 1.80 m/s, 40 °C for the third, 2.45 m/s and 45 °C,
and 3.70 m/s and 40 °C for the fifth [41];

The literature describes a range of temperatures employed in
the conching process of different types of chocolate. Overall,
milk and white chocolate conching temperatures range
between 40 and 70 °C. Temperatures above 70 °C cannot be
exceeded in those cases once it provides the denaturation of
milk proteins into the formulation. But the lack of milk solids
in dark chocolate formulation allows it to be heated between
40 and 80 °C. The longer the time and temperature are
applied, the greater the Maillard reaction. However, tempera-
tures above 60 °C tend to reduce soy lecithin efficiency. Thus,
it was suggested to establish a temperature of approximately
60 °C for all types of chocolate [40, 42];

Additives and probiotic powders are generally resuspended in
some liquid ingredients before being added to the product
formulation. However, resuspension of DVS probiotic cells in
UHT milk before adding to chocolate has been shown to cause
significant viability losses for L. vhamnosus GG, L. paracases
F19, L. paracasei DG, and L. reuteri DSM17938. This fact is
probably justified due to the induction of an early reactivation
of freeze-dried cells when resuspended, becoming more sensi-
tive to stress conditions during the final stages of chocolate
production. Thus, an anabiotic state of cells is preserved when
added directly to chocolate, which has been shown to ensure
greater survival [18];
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The different chocolate shapes (chocolate bars, bon bons, and
other filling products) are made with the same ingredients and
production steps. But in the case of filled chocolates, the
melted chocolate must be molded into semi-sphere shapes,
an additional step must be included, which consists of filling
the molded chocolate, adding melted chocolate above the
filling or joining a second semi-sphere chocolate to the first.
Then the final product can be cooled [43];

Besides a proper packaging material, vacuum storage was
proven to be better than nitrogen or air when it comes to
probiotic viability into chocolate. Also, its survival is inversely
related to storage temperature [30];

Currently it is possible to acquire the commercial powder
containing all the necessary ingredients of the selective media.
In those cases, it is necessary only to resuspend the mixture
powder in distilled water, and proceed with sterilization.

Occasionally, sterilization may cause the pH to fall outside of
the specified pH limits. In these rare cases, pH adjustment
using acetic acid or sodium hydroxide is recommended [25];

Heating in a microwave oven may be uneven across the total
volume of the medium. This can be prevented if you slowly
shake the flask when it starts to boil and reheat further until the
medium is totally dissolved [44 ];

The addition of lactose must be done only in the selective
media that will be plated immediately. The part of the agar
that will be stored for future plating can’t contain lactose,
because it can’t be melted again. Thus, it must be discarded.

The inoculation procedure requires skilled labor and must be
conducted aseptically in an adequate laboratory (in a laminar
flow cabinet) and respecting the good laboratory practices to
avoid contamination [45];

It is not necessary to use a highly selective media when count-
ing pure cultures added into a food formulation. Thus, for
Lactobacillus, Lacticaseibacillus, and Limosilactobacillus, it is
possible to use a MRS agar in a pour plate technique. For
Bifidobacterium, the MRS agar must be supplemented with
0.05% cysteine and inoculated with pour plate technique. For
Streptococcus, the M17 agar is recommended with a spread
plate procedure [45—47]. For more details about colony count-
ing and selective media, check the Chap. 25 called “probiotics”
present in the “Handbook of Dairy Food Analysis” [48];

Lactobacillus, Lacticaseibacillus, Limosilactobacillus, and Bifi-
dobacterium must be incubated at 37 °C for 48 h, while the
Streptococcus must be incubated at 42 °C for 48 h, all under
anaerobic conditions [7, 49].
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