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Current study was taken up to develop probiotic chocolate using indigenous probiotic culture L. helveticus MTCC
5463. Preliminary trials included optimization of culture inoculums and physical form (freeze-dried or frozen
concentrated) of addition and finally optimized product was tested for probiotic viability, texture, and organoleptic
parameters at regular intervals during storage at 10+2 °C for 30 days. Probiotic chocolates prepared via incorporation
of freeze dried culture (3% w/w) had acceptable organoleptic quality and had a similar behaviour as the control
chocolate during storage. However, the viability of probiotic bacteria (2.42x10% CFU g™) was achieved only up to
15 days of storage at 10+2 °C.
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Lactic acid bacteria (LAB) possess many beneficial effects to promote human health. In the
course of their proliferation and survival in gastrointestinal tract, probiotics produce
metabolites such as lactic acid and antibiotic-like substances called bacteriocins that suppress
the growth of putrefactive microorganisms. Their metabolic activities also help in the pre-
digestion of food components, production of vitamins, and improve the bioavailability of
minerals and other nutrients (RExHA & ViavaLAksHMI, 2010). Probiotic food products have
got prime position in market.

Chocolate is a luxury food product universally popular among all age groups. It is
reported that in 2015/2016 about 7.3 million tons of retail chocolate confectionery were
consumed worldwide, with consumption expected to reach approximately 7.7 million tons by
2018/2019 (STATISTA, 2018). Probiotics incorporated chocolate could offer a good
alternative to several dairy products broadening the health claims of chocolate based food
products. Chocolate provides an encouraging role to human nutrition through provision of
antioxidants, chiefly polyphenols (Hii et al., 2009). Presence of biologically active phenolic
compounds in cocoa has stimulated research on its effects in oxidative stress, ageing, blood
pressure regulation, reduce heart disease risk, stroke, and atherosclerosis (Buitraco-LorEz et
al., 2011). Chocolate is a rich source of minerals and has been identified as an ideal carrier
for probiotics (MaiLLARD & LanbuyT, 2008); found to absorb more probiotics compared to
yoghurt (DEANNA, 2009). Chocolate being rich in cocoa butter provides protective passage for
probiotics through the upper intestine to deliver them to the colon in sufficient numbers
(LAHTINEN et al., 2007). Specifically, the rheological behaviour and sensory perception of
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chocolates are influenced largely by its processing techniques, while particle size distribution,
ingredient composition, and pH of the product are some factors that could affect probiotic
growth and survival in food, and hence, the formulation can be manipulated to aid their
efficacy (GabHiva et al., 2015).

Indigenous strain L. helveticus MTCC 5463 has been proven to possess probiotic
potentials with their specific beneficial role in the gastrointestinal tract and ability to reduce
cholesterol and stimulate immunity (PrasaraTi et al., 2011); thus, employed to prepare various
probiotic and synbiotic fermented milk products in previous investigations (SHARMA, 2010;
SHAH & PRrasapraTi, 2013). Considering the popularity of chocolates and its rich nutrient
content, the main objectives of our research were to standardize and optimize the process of
manufacturing probiotic chocolate; and to evaluate the finished product based on
physicochemical, sensory, and microbiological parameters followed by evaluating shelf life
of the standardized product.

1. Materials and methods

1.1. Probiotic strain and culture media

The probiotic culture Lactobacillus helveticus MTCC 5463 was acquired from Dairy
Microbiology Department, Anand Agricultural University, Anand. The lyophilized culture
was propagated in sterilized reconstituted skim milk-RSM (10% T.S.) by incubation at 37 °C
for 8-12 h and stored at 5+2 °C. Prior to use, three successive transfer of culture was
administered into sterilized RSM following incubation at 37 °C for 8-12 h to keep it active.

1.2. Preparation of concentrated and freeze dried culture

About 2% of activated culture of L. helveticus MTCC 5463 was inoculated in 100 ml of de
Man Rogosa Sharpe (MRS) broth and incubated at 37 °C for 12 h in order to obtain sufficient
cell mass. The cells were harvested by centrifugation at 4 °C, 5000 r.p.m. for 15 min, washed
twice with saline water, and were stored at —20 °C in case of concentrated culture. For freeze
drying, collected cells were inoculated into 10 ml sterilized skim milk containing
cryoprotectant (1% glycerol), mixed thoroughly, distributed in glass vials, and frozen at —20
°C for overnight. Culture was freeze-dried using a freeze-dryer (Model Genesis SQ 25
Classic Super XL The Virtis Co., USA).

1.3. Preparation of probiotic chocolate

Probiotic chocolate was prepared as per the standard procedure given by ArRAGON-ALEGRO
and co-workers (2007) with some maodifications. The final ingredients used to formulate
chocolate based on sensory evaluation included: cocoa butter: 28 g, milk powder: 16 g, cocoa
powder: 5 g, sugar: 48 g, lecithin: 0.5 g, and butter 5 g per 100 g of the chocolate. Further, the
probiotic bacteria were incorporated in freeze dried form at 1-3% w/w of chocolate
formulation.

1.3.1. Optimization of incorporation level and form of probiotic culture. Individually
both forms of cultures, i.e. concentrated culture and freeze dried culture, of the probiotic
bacterium were added at 0%, 1%, 2%, and 3% w/w just before tempering at 40 °C. Finished
product was evaluated microbiologically and organoleptically.
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1.4. Shelf life study

The final probiotic chocolate was formulated with the best level of the above optimized
parameters. The product was wrapped in aluminium foil for shelf-life study at 10+2 °C for 30
days. The periodic analysis of product was carried out at 0, 15, and 30 days for sensory,
physicochemical, and microbiological parameters to determine its shelf life. The optimized
product was compared with a standard reputed brand chocolate without probiotic, purchased
from the market.

1.5. Analysis of product

1.5.1. Sensory evaluation. The sensorial attributes included were colour and appearance,
flavour, body and texture, and overall acceptability criteria. Each parameter was judged on
nine point hedonic scale (9 for liking extremely and 1 for disliking extremely). Fresh as well
as stored products (15 and 30 days storage at 10+£2 °C) were marked randomly and brought
to 15 °C before giving for judging to an experienced and trained panel of 9 judges.

1.5.2. Microbiological analysis. Suitable dilutions were poured with respective agar
media in sterile Petri dishes in duplicates. In addition to viable count of lactobacilli on MRS
agar (after incubation at 37 °C/48 h under anaerobic conditions) (be Man et al., 1960),
product was analysed for coliform count on Violet red bile agar — VRBA (after incubation at
37 °C/24-48 h under aerobic conditions), and yeast & mould count on Potato dextrose agar
— PDA (after incubation at 28 °C/5 days under aerobic conditions) in order to judge the
hygienic conditions during the product manufacturing process. Colony forming units (CFU)
were counted from the respective plates following incubation under specific time-temperature
combinations.

1.5.3. Compositional analysis. Compositional parameters of the finished product were
measured as per the standard procedure described in AOAC 963.15 (31.4.02) (AOAC, 2002),
INDIAN STANDARDS IS: 9617, (1980), SP: 18, Part XI, (1981a), IS: 1479, Part Il, (1961), and
SP: 18, part XI, (1981b), respectively.

1.5.4. Texture profile analysis. Three samples of each experimental chocolates were
subjected to uniaxial compression to 60% of the initial sample height, using a food texture
analyzer of Lloyd Instruments LRX Plus material testing machine, England; fitted with
0-500 kg load cell. The force-distance curve obtained for a two-bite deformation cycle
employing a Cross Head speed of 50 mm min-?, Trigger 0.1 N, and 60% compression of the
samples to determine various textural attributes of chocolate held for 15 min at 23+1 °C and
55% RH. The complete work of calculations of area under the force-distance curve, statistical
analysis of data generated, and their conversion into various textural attributes were carried
out by direct transfer of the data to Lloyd Instruments NEXYGEN data analysis and
applications software.

1.6. Statistical analysis

All experiments were carried out in triplicate (n=3), and final data were analysed for variance
by Completely Randomized Design (CRD) as per the methods described by SteeL and TorrIE
(1980). The significance was tested at five percent level using F-test, and CD percent was
calculated. The values for microbial counts were log transformed before analysis.
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2. Results and discussion

2.1. Formulation of probiotic chocolate

2.1.1. Optimization and form of starter. Several trials were taken to decide the formulation of
chocolate with the best organoleptic acceptance. Based on the consistency and textural
characteristics of chocolate and the efficiency of uniform distribution of bacterial cells
throughout the chocolate, the probiotic culture was decided to be mixed in just before
tempering at 40 °C. Addition of culture in concentrated form did not succeed even after
several trials. The probable reason is the moisture content present in the culture form, which
led to form non-uniform lumps and uneven dispersion resulting in formation of aggregates
and prevention of proper moulding of chocolate. This phenomenon arises from an increase in
friction between the particles of sweetener, which is in turn caused formation of a thin layer
of syrup on the surface of their crystals (CHevALLEY, 1994; BeckerT, 2000). Researchers
reported the involvement of protein of lyophilizate, too. Further, the chocolate made with
concentrated form of culture showed the absence of viable lactobacilli; indicating that the
culture could not survive the tempering process. Incorporation of freeze dried form of culture
was easier; it prevents moisture starving and facilitates the uniform mixing of culture with
good flavour. Thus, the probiotic culture was decided to be added in the freeze dried form in
further trials.

2.1.2. Optimization of incorporation level. The effect of addition of probiotic culture at
different rates, e.g. 1%, 2%, and 3% on sensory attributes was evaluated. None of the sensory
parameters differed significantly (P<0.05) with respect to incorporation rates of probiotic
culture. Although, the flavour, body and texture, colour and appearance, and overall
acceptability scores were slightly higher for 1% as compared to 2%, 3%, and control, only
marginal differences were observed between all three rates of addition and control product.
The flavour score ranged from 7.48 to 7.76, while overall acceptability score was from 7.55
to 7.94. The average colour and appearance score was 8.13, while body and texture score was
7.62. Overall, all the products were liked moderately to like very much by the panel of judges.

Nesesny and co-workers (2005) indicated that yoghurt-containing and isomalt-
containing milk chocolates gained slightly higher average scores (4.82-4.90) than control
sucrose-free chocolates (4.83-4.87). Sucrose-free yoghurt-containing dark chocolates
received lower scores (4.73—-4.75) than their yoghurt-free counterparts (4.82—4.86). Sensorial
results of the chocolate mousse did not indicate any significant differences in preference
between samples of mousses Control (C), Probiotic (P), and Synbiotic (S) as evaluated by 42
mousse consumers (AracoN-ALEGRO et al., 2007). Probiotic chocolate made with yoghurt
powder (50% and 100%) was highly acceptable, similar to control sample, and the authors
did not find any significant differences in attributes such as colour, gloss, and sweetness
among all three samples (CHeTana et al., 2013).

Viable lactobacilli cells were proved through plate count technique and also by
coagulation of milk at 1% within definite time period (7-8 h). Average counts of lactobacilli
were 1.16x108, 2.22x108, and 3.28x10°% CFU g*with 1%, 2%, and 3% culture addition,
respectively. According to Boviston and co-workers (2004), the recommended level of
probiotic microorganisms in food at the time of consumption is 10° CFU g-to have beneficial
effects on the consumer’s health. Incorporation of probiotic culture at higher levels did not
show any undesirable effect on the sensory attributes, and hence it was decided to proceed
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with 3% as well. Absence of coliforms and yeast and mould counts indicate that the controlled
hygienic conditions were maintained during preparation of probiotic chocolate.

2.2. Shelf life study and analysis of product

2.2.1. Composition of product. The proximate composition of finalized product is shown in
Table 1. The major portion of chocolate consists of fat and carbohydrate followed by protein
and moisture. The average relative humidity (RH) of the chocolate was 0.53%. According to
Possemiers and co-workers (2010), value of total protein, milk protein, carbohydrates, total
fat, and polyphenols were 7.0, 5.7, 50.9, 36.7, and 0.3%, respectively, in the milk chocolate
matrix.

Table 1. Proximate composition of probiotic chocolate

No. Constituent Concentration (w/w%)

1 Carbohydrate 59.38+0.30

2 Fat 31.07+0.30

3 Protein 5.87+0.13

4 Moisture 2.28+0. 36

5 Ash 0.86+0.31
Water activity (RH %) 0.53+0.02

2.2.2. Texture analysis. The data shown in Table 2 are the mean values of hardness,
cohesiveness, gumminess, chewiness, and adhesiveness (stickiness) of probiotic chocolate.
Nesesny and co-workers (2007) observed non-significant difference between Lactobacillus-
free and Lactobacillus-containing chocolate masses with different fat contents; the average
value of destructive tension was 6.85 MPa, and the average value of destructive force was
65.93 N for all batches of chocolate.

Table 2. Texture analysis of probiotic chocolate

No. Texture attributes Readings
1 Hardness (N) 154.22
2 Cohesiveness 0.01

3 Chewiness (Nmm) 2.97

4 Gumminess (N) 1.46

5 Adhesiveness (Nmm) 0.01

2.2.3. Sensory evaluation. Tables 3-6 show the comparison between treatment and
control product for changes in flavour, colour and appearance, body and texture, and overall
acceptability scores. The initial average score was significantly higher (P<0.05) in control
than probiotic chocolate. The decline in score for probiotic chocolate was slower during the
first 15 days of storage for all sensory parameters. On the 15" day, colour and appearance
score significantly (P<0.05) declined in probiotic chocolate. The rate of decline in score for
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flavour, colour and appearance, body and texture, and overall acceptability was faster during
the last fifteen days of storage. The major reason behind decrease in colour and appearance,
body and texture score, and sugar blooms score could be ascribed to the development of
uneven fat, fat and sugar bloom in the probiotic chocolate. Control chocolate showed
significantly higher average score for all sensory attributes than probiotic chocolate during
the entire storage period, however, both followed the same pattern of decrease in acceptability
scores. The average flavour, colour and appearance, body and texture, and overall acceptability
score was 7.00, 7.64, 7.09, and 7.20, respectively, in probiotic chocolate on the 30" day of
storage. However, the probiotic chocolate had still received acceptability.

Table 3. Changes in flavour score of probiotic chocolate

Treatment (T) Storage period, days (P) Treatment mean

0 15 30
Control 7.90 8.17 7.93 8.00
Probiotic 7.47 7.06 6.47 7.00
Period mean 7.68 7.62 7.20

ANOVA table

Source SEM CD TEST
T 0.09 0.26 *
P 0.10 0.32 *
TxP 0.15 0.46 *
CV% 3.43

*: significant at P<0.05

Table 4. Changes in colour and appearance of probiotic chocolate during storage

Treatment (T) Storage period, days (P) Treatment

0 15 30 Mean
Control 8.20 8.20 8.17 8.19
Probiotic 8.07 7.50 7.37 7.64
Period mean 8.13 7.85 7.77

ANOVA table

Source SEM CD TEST
T 0.07 0.23 *
P 0.09 0.28 *
TxP 0.13 NS NS
CV% 2.82

*: significant at P<0.05; NS: not significant
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Table 5. Changes in body and texture of probiotic chocolate during storage

Treatment (T) Storage period, days (P) Treatment mean

0 15 30
Control 7.67 8.27 7.90 7.94
Probiotic 7.47 7.47 6.33 7.09
Period mean 7.57 7.87 7.11

ANOVA table

Source SEM CD TEST
T 0.07 0.20 *
P 0.08 0.25 *
TxP 0.11 0.35 *
CV% 2.64

*: significant at P<0.05

Table 6. Changes in overall acceptability of probiotic chocolate during storage at 10+2 °C

Treatment (T) Storage period, days (P) Treatment

0 15 30 Mean
Control 7.93 8.43 7.93 8.10
Probiotic 7.57 7.33 6.70 7.20
Period mean 7.75 7.89 7.31

ANOVA table

Source SEM CD TEST
T 0.03 0.10 *
P 0.04 0.13 *
TxP 0.06 0.19 *
CV% 1.38

*: significant at P<0.05

Nesesny and co-workers (2007) reported that addition of lyophilized preparation of L.
casei and L. paracasei did not change the sensory attributes of chocolate. Sensory attributes
of the examined batches of lyophilizate containing chocolate received 4.83-4.86 points in the
five-point scale, which was almost the same as that of the reference, Lactobacillus-free
batches of chocolate.

2.2.4. Changes in microbiological quality. The average lactobacilli count in freshly
prepared chocolate was 3.72x108 CFU g which can be considered as a sufficient probiotic
dosage. The count declined to 2.42x10% CFU g*during the first 15 days of storage. However,
the cell count had fallen below 1000 on the 30" day. To confirm this observation, 1 g of
chocolate was suspended in 100 ml sterile skim milk and was incubated at 37 °C. After 24 h,
the milk was found in coagulated form having 0.7% lactic acid. The cells were not capable to
form colonies while plated on MRS. It is difficult to give the exact reason for this, but it could
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be attributed to the complex internal structure of chocolate, comprising of high fat &
carbohydrate (osmotic tension), very low a, and temperature, which may cause injury to the
cells and restrict cell multiplication (MATTILA-SANDHOLM & SKYTTA, 2002).

Lactobacillus cells are sensitive to the adverse environment present in chocolate
(NEeBesNy et al., 2005). MANDAL and co-workers (2005) incorporated microencapsulated L.
casei NCDC 298 and inulin in milk chocolate. After 30 days of storage at room temperature,
the lactobacilli counts decreased by approximately 3 and 2 log cycles from an initial level
(8 log CFU g™) in products with free and encapsulated lactobacilli, respectively; however, at
refrigeration temperature the viability of free as well as encapsulated lactobacilli was
unchanged for 60 days. Results obtained are in harmony with findings of Nesesny and co-
workers (2005; 2007). The absence of yeast & mould and coliforms in freshly prepared as
well as stored samples indicate that hygienic conditions and environment were maintained
during preparation and the whole storage period.

3. Conclusions

Current trend in the diversification of probiotic foods is towards the non-fermented and heat-
treated food products; probiotic milk chocolate is a relatively innovative addition to the
growing list of functional foods. Results of preliminary studies suggested that incorporation
of freeze dried cells had better uniformity and distribution among the ingredients compared
to concentrated form of cells. Furthermore, the rate of culture inoculums in the finished
product had a non-significant effect on the sensory attributes, therefore, higher amounts of
inoculum (3% w/w) were used to achieve higher probiotic count in the final product. Probiotic
chocolate developed in the present investigation had a similar behaviour as the control
chocolate during 30 days of storage. Though it had an acceptable organoleptic quality till 30
days, the probiotic bacteria remained viable only up to 15 days (viz. 2.42x108CFU g), and
their amounts further decreased to about 1000 CFU g after 30 days of storage at 10+2 °C.
Thus, in the future, we aim to use microencapsulation technique in order to improve the
probiotic viability in the finished product.
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