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Currently, probiotics are defined as "live microorganisms that, when 
administered in adequate amounts, confer a health benefit on the host” [1]. 
Bifidobacterium animalis subsp. lactis BB-12® is one of the most common 
probiotics used as a food supplement [2].  
Chocolate is one of the most popular and appealing culinary products, with 
various cocoa percentages available to consumers [3;4]. Several studies have 
suggested that chocolate, particularly dark chocolate, may offer health benefits 
due to the presence of a diverse array of bioactive compounds [5].
In this sense, a growing interest in using chocolate as a carrier for probiotic 
delivery has emerged. 

This study aimed to characterize a chocolate matrix with 
70.5% cocoa content incorporated with B. animalis 
subspecies lactis BB-12® in the following parameters: i) 
probiotic viability in the chocolate matrix throughout 
manufacture; ii) physicochemical properties: pH, water 
activity, surface color and texture and iii) probiotic survival 
throughout in vitro gastrointestinal passage. 

A chocolate matrix containing 70.5% cocoa content allowed the survival of B. animalis BB-

12® at viable cell number levels of at least 108 CFU/g throughout manufacture. The 

Incorporation of probiotic in the chocolate matrix did not alter the physico-chemical 

properties of the food matrix. After an in vitro simulated GIT passage, this matrix ensured 

viable cell numbers of B. animalis BB-12® in level higher than the minimum required 

threshold of 106 – 107 CFU/g for a probiotic product.

Main findings 
Incorporation of B. animalis subsp. lactis BB-12® in 

70.5% cocoa content chocolate matrix

Fig. 1 Viable cell number of B. animalis subsp. lactis BB-12® in 
bacterial suspension before and after bacterial pellet preparation (log 
CFU/ml), before incorporation (log CFU/ml) and when incorporated in 
the 70.5% cocoa content chocolate (log CFU/g)

Table 1 Physico-chemical properties of the incorporated B. animalis subsp. 
lactis BB- 12® chocolate with 70.5% cocoa content

Physico-chemical properties Probiotic survival to simulated 
gastrointestinal passage

Fig. 2 Evolution of viable cell numbers of B. animalis subsp. lactis 
BB-12® in free form (log CFU/ml) or when incorporated in chocolate 
with 70.5% cocoa content (log CFU/g) during in vitro passage 
through gastrointestinal tract.
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Strain: B. animalis subsp. lactis BB-
12®
Medium: MRS + 0.05% cysteine 
Temperature: 37ºC
Atmosphere: 85% N2, 5% H2 and
10% CO2
Incubation time: 24-hours (1st culture) 
and 24 hours (2nd culture)

Growth conditions

1) Centrifugation: 3850 x g, 
4ºC, 10 minutes

2) Incorporation: Bacterial 
pellet added to melted chocolate 
(37ºC) 

Chocolate preparation

1) Determination of pH and
water activity

2) Measurement of chocolate’s 
surface color 

3) Analysis of chocolate’s
texture

Determination of physico-
chemical properties

Exposure to simulated 
gastrointestinal tract conditions

Survival assays of incorporated BB-
12® chocolates during in vitro 
simulated gastrointestinal passage 

Viability assessment: Colony-
Forming Units (CFU)  enumeration 
technique


