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ABSTRACT
The spirulina (Limnospira platensis) is known to be associated with undesirable, distinct flavor, odor, colour and non-
homogeneous appearance, which limits overall consumer acceptability. The intervention of spray-drying technology with
short-term exposure of thermosensitive components and a faster drying process has been attempted to address the
undesirable characteristics of spirulina. The present study aims to microencapsulate spirulina particles using maltodextrin
with the spray-drying technique to evaluate its impact on nutritional, functional and microbial properties of milk chocolate.
The successful incorporation of microencapsulated spirulina into the milk chocolate not only significantly enhance its
protein (8.12 g/ 100 g), minerals (ash) (4.28 g/ 100 g), moisture (3.01 g/ 100 g), lipid (36.63 g/ 100 g), antioxidant
(17.9.3%), total phenolic (12.40 mg GAE/ 100 g) and flavonoid content (9.56 mg QE/ 100 g) but also considerably
decreased carbohydrate (50.27 g/ 100 g) content along with stable water activity level (0.46aw) and improve its storage
stability. Microbial analysis of this product reveals that consumers can safely consume milk chocolate up to sixteen days
without using any preservatives. Absence of Escherichia coli, yeasts and moulds suggests that this product possess good
hygienic quality of raw ingredients and inhibitory action of spirulina against pathogenic microorganisms throughout the
period of 30 days. This study suggests that spray-dried microencapsulated spirulina with enriched nutritional, functional
and antimicrobial properties can be effectively utilized in the formulation of milk chocolate. This approach may also be
considered an effective solution for future applications in cakes, cookies and other bakery products.
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(magnesium, potassium and iron) and dietary fibre, which

INTRODUCTION

Chocolate has been a popular confectionery for thousands
of years and has been recognized for its potential human
benefits due to its antioxidant activity and flavonoid content
derived from cocoa beans'. There are different types of
chocolate depending on the usage of cocoa mass, cocoa
butter, sugar and milk powder content in different
proportions, i.e., dark, milk and white chocolate. Cocoa

beans consist of many Dbioactive compounds like
polyphenols (catechins, anthocyanidins and
proanthocyanidins) along with vitamins, minerals

contribute to health-promoting benefits>. The rapidly
increasing world population, which is projected to reach
more than 10 billion by the end of 2026 posing serious
challenges to the conventional food production system in
meeting future nutritional demands. To ensure food
security, affordability and sustainability, it is crucial to
explore non-conventional nutritionally enriched food
sources. Microalgae, lab-grown meat, insect-based protein
and foods derived from cellular agriculture are examples of
unconventional sources that offer sustainable ways to
supply vital nutrients on limited arable land®. Spirulina
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(Limnospira platensis), a cyanobacterium from the family
Oscillatoriaceae, is one such unconventional source that
provides an evolutionary linkage between algae and plants.
Spirulina is rich in protein (60-70%), fatty acids, minerals,
vitamins and amino acids*®. The key pigments and

bioactive metabolites content of spirulina confer
immunomodulatory, anti-inflammatory,
hypocholesterolemia, antioxidant and antidiabetic
properties®.

The fortification of spirulina into food products is often
limited by undesirable distinct flavor, odor and colour
characteristics. The earthy odor arising from sulphur-
containing aldehydes, ketones and alcohols compromises
the overall acceptability of the final product. One of the
studies reported by De Rijdt et al,” showed that
incorporating fresh and dried spirulina significantly
increases protein content and antioxidant activity,
regardless of biomass form. However, characteristic fishy,
fungal and saline odor persisted in pasta and burgers. Elkot
et al.,® enriched a whey-based sport beverage with spirulina
and showed increased concentrations of antioxidants,
phenolic compounds, vitamins and minerals. Ozbal et al.,’
reported that the addition of 4% Arthrospira in white
chocolate had a positive effect on nutritional and
physicochemical parameters such as protein, lipids, mineral
content, essential amino acids, PUFA, moisture and
hardness. However, the overall acceptance of 4%
Arthrospira in white chocolate remains lower (4.40).
Barkallah et al,’ demonstrated that 0.25% spirulina
significantly accelerated the fermentation process,
nutritional and textural properties of yogurt. Although
lower sensory characteristics were observed in the sample
with higher microalgae concentrations (0.75 and 1%).

Effective utilization of spirulina in food products requires
technological interventions. Recent studies have explored
various techniques to mitigate undesirable properties and
improve stability, among which spray-drying promotes
faster drying and short-term exposure to heat. It is widely
used for microencapsulation of thermosensitive
components, viscosity, low water solubility and target
delivery of bioactive ingredients'®!!. Previous studies have
demonstrated the impact of microencapsulation of spirulina
into biscuits'?, chocolate milk'?, yogurt'4, ice cream'> and
milk  beverages'®. These findings suggest that
microencapsulation significantly enhances the overall
acceptability with increased nutritional, physicochemical
and functional properties. Despite the fact that milk
chocolate is consumed extensively across the globe, no
systematic study has been performed on the impact of
incorporating microencapsulated spirulina into milk
chocolate and its effects on nutritional, physicochemical,
functional and microbiological properties. Therefore, the
present study was performed to evaluate the impact of
microencapsulated spirulina incorporation on nutritional,
functional and microbiological properties of milk
chocolate. The results of this study indicate that our
approach has the potential to facilitate the development of
novel, non-conventional chocolate-based food products
with promising application in future food innovations.

Materials and methods

Raw material

For the preparation of milk chocolate, cocoa butter, cocoa
powder, milk powder, double-refined sugar and soya
lecithin were procured from the local market. Spirulina
powder was acquired from Parry Nutraceuticals Co., India
and maltodextrin was procured from Boivencer HealthCare
Pvt. Ltd, India.

Microencapsulation of Spirulina (Limnospira platensis)

The process of microencapsulation was done in accordance
with Anarjan et al.,’” and Tiepo et al.,'>. Spirulina biomass
(100 grams) was crushed using a motor pestle and added to
maltodextrin solution (30% w/v, 90 grams of maltodextrin
dissolved in 300 ml of distilled water) in a 1:3 ratio. The
mixture was then stirred continuously using a magnetic
stirrer for 45 minutes. A stable temperature (40°C) was
maintained throughout the entire process. The mixture was
atomized using a spray dryer with a capacity of 2-3 I/hour
(SM Scientech, Kolkata, India) with an inlet temperature of
160°C and outlet at 108°C, air pressure 2 bar, flow rate
I1mL/min and 2648 rpm. The dried microcapsules were
stored at a temperature of 20°C in a closed, air-tight
container until further use.

Preparation of milk chocolate samples

The composition of control and spirulina fortified chocolate
(SFC)is presented in Table 1. Twenty percent of cocoa
butter was melted using a microwave for 2 minutes. Then
manual mixing of dry ingredients (cocoa powder, fine sugar
and milk powder) was done at 25°C and the chocolate mass
was pre-refined using a table top wet grinder at 50°C. After
adding the remaining 80% of cocoa butter, vanilla essence
and soy lecithin, the mixture was conched for 1 hour and 45
minutes. During the last 20 minutes of conching,
microencapsulated spirulina particles were added to the
chocolate liquor. The chocolate liquor was then tempered at
32-35°C using a double boiler, moulded at 24-27°C and
cooled in a refrigerator. The solid chocolate bars were
subsequently demoulded, wrapped in aluminium foil and
stored at 12+5°C.

Table 1: Ingredients for control and spirulina fortified

chocolate
Ingredients Control Spirulina
Chocolate Fortified

Chocolate
Cocoa butter 35% 35%
Fine sugar 32.83% 32.83%
Microencapsulated - 2.51%
spirulina particles
Milk powder 16.66% 16.66%
Cocoa mass 12.45% 12.45%
Soy lecithin 0.55% 0.55%
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Characterization of milk chocolate

Proximate analysis

The AOAC method'® was used to estimate the protein, fat,
moisture, total ash and carbohydrate of the control and SFC
samples.

Moisture content

Five grams of sample was weighed into a previously tared
petri plate and then placed in a dry hot-air oven at 130+5°C
for 2 hours, followed by cooling in a desiccator and re-
weighing. The process of drying and cooling was repeated
until a constant weight was obtained. The moisture content
is calculated using the following equation (3):

Moisture(grams /100 grams of sample) =
(W1-Ww2)x100 3)
wi-w (

Ash content

Five grams of the dried sample was weighed into a tared
crucible and charred over a low-flame burner. After that, the
crucible was placed into a preheated muffle furnace at a
temperature of 550°C for three to five hours. After cooling
in a desiccator, the crucible was weighed. The ash content
was calculated using equation (4):

Ash content (grams/100 grams of sample) =
WELght of the ash % 100 (4)
Weight of the sample

Protein content

Two grams of dried sample was weighed into a 500 mL
capacity Kjeldahl flask and about 5 grams of digestive
mixture (potassium sulphate and cupric sulphate) and 20
mL of concentrated sulphuric acid were added to the same
sample. The mixture was digested for one and a half hours
until the colour turned pale blue. Glass beads were added to
avoid bumping during reaction. Further, thecontent of the
flask was cooled, diluted with distilled water and made
strongly alkaline by adding 40% (w/v) sodium hydroxide.
The ammonia liberated was distilled into a receiver tank
containing 25mL of N/10 sulphuric acid. The excess
amount of acid in the receiver was back-titrated against
N/10 sodium hydroxide solution using 2-3 drops of methyl
red indicator. A blank reagent was similarly digested and
distilled in a Kjeldahl unit. The crude protein value was
calculated using the following equation (1):

Protein (grams/100 grams of sample) =

N (total Nitrogen) x 6.25 (1)

Fat content

Five grams of a moisture-free, dried sample were weighed
and put into a cotton-plugged thimble. The flask was filled
with petroleum ether and the thimble was set within the
soxhlet apparatus. The extraction process was completed
after three to four hours. The solvent was evaporated on a
running water bath. All traces of petroleum ether were
evaporated by placing the flask into a hot-air oven for 30
minutes. After cooling in a desiccator, the flask was
weighed. The following equation (2) was used to determine
the fat content:

Fat content grams/100grams of sample =
Weight of the extractx100 .

2

Weight of the sample

Carbohydrate content

The carbohydrate content of the sample was determined by
calculating the difference from the sum of the values (per
100 grams) of moisture, protein, fat and ash content.

Bioactive compounds

Bioactive constituents such as the total phenolic content
(TPC) and total flavonoid content (TFC) were determined
using the Ferdous et al.,’’ & Santiago et al.,”* method. To
measure TPC, 20 puL of the sample extract was mixed with
40 mL of 10% (v/v) Folin-Ciocalteu reagent and 160 pL of
sodium carbonate (700 mM) solution. The reaction mixture
was incubated for 2 hours at room temperature to allow
colour development. The absorbance was measured at 765
nm using a UV/Vis spectrophotometer (LMSP-UV1200)
and the values were expressed in mg gallic acid equivalent
(GAE) per 100 g of sample. The TFC was estimated by
mixing 20 pL of sample extract with 20 pL of 10% (w/v)
ammonium chloride, 1M sodium acetate and 180 pL of
distilled water. The reaction mixture was incubated for 30
minutes at room temperature. The absorbance was
measured at 415 nm using a UV/Vis spectrophotometer
(LMSP-UV1200). The values were expressed in mg
quercetin equivalent (QE) per 100 g of sample. Gallic acid
and quercetin standard calibration curves were prepared at
200-3.125 pg/ mL.

Antioxidant analysis

The antioxidant activity was evaluated using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) method as described by
Santiago et al.,?° with modifications. A volume of 100 pL
of the sample extract was transferred into a test tube and 3
mL of methanol was added. Subsequently, 150 uL. of DPPH
solution (3.30 mmol/L) was added to the test sample and
incubated in the dark at room temperature for 30 minutes.
The absorbance of the resulting solution was measured at
515 nm using a UV/Vis spectrophotometer (LMSP-
UV1200). For the control sample, 150 pL of DPPH solution
was mixed with 3 mL methanol, incubated for 30 minutes
in the dark at room temperature and the absorbance was
determined at 515 nm. The antioxidant activity was
computed using the following equation (5):

Antioxidant activity (%) =

Absorbance control—Absorbanc sgmple

x 100 (5)

Absorbance ontrol

Water activity

Water activity was determined with one gram of sample
evenly distributed on a plastic tray and the readings were
recorded after reaching the moisture equilibrium at 25°C
using a water activity (Aw) meter (Novasina, Labstart-aw,
Switzerland).

Microbial analysis
Microbial analysis was performed for 30 days for all the
samples. The total aerobic plate count was determined
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according to International Organization for Standardization
(ISO) 4833-1:2013. Escherichia coli count was determined
according to ISO 16649-2:2001, where appropriately
diluted samples were spread on suitable medium in Petri
dishes and incubated for 24 h at 37°C. Yeast and molds were
analysed according to the ISO 21527-2:2008, where the
samples were spread into Potato-Dextrose Agar (PDA)
medium followed by incubation for 5 days at 25-30°C. The
logarithmic number of colony-forming units per gram of
material (log CFU g!) was used to express the microbial
counts?!.

Statistical analysis

All experimental analyses were performed in triplicate.
Results are represented as the mean + standard deviation.
For normally distributed data, an independent-sample t-
test(p<0.05) was applied. All statistical tests were carried

out using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA) and Microsoft Excel
2021.

Result

Table 2 shows results obtained from the proximate
composition of the control and spirulina fortified chocolate
(SFC). The incorporation of microencapsulated spirulina
particles significantly increased the moisture (3.01 + 0.96
%), ash (4.28 + 0.23 %), protein (8.12 + 0.92 %), total lipid
(36.63 + 0.77 %) and water activity level (0.46 + 0.01 %)
of the SFC sample compared with the control sample. A
significant decrease was observed in the carbohydrate
content (50.27 + 2.27 %) of the SFC sample after
incorporation of microencapsulated spirulina particles.

Table 2: Proximate composition of control and spirulina fortified chocolate

Parameters Control Spirulina Fortified | T-value P-value
Chocolate chocolate
Composition
Moisture (%) 0.53+0.25 3.01 +£0.96 -4.330 0.01%*
Ash (%) 2.53 +0.07 428+0.23 -12.608 <0.01*
Protein (%) 5.76 +£0.31 8.12+0.92 -4.192 0.01%*
Total lipids (%) 3434+ 1.16 36.63 +£0.77 -2.816 0.04*
Carbohydrate (%) 56.82 +0.72 50.27 £2.27 4.759 <0.01%*
Water activity (Aw) 0.43 +0.01 0.46 +0.01 -3.674 0.02%*
All experiments were executed in triplicate and the values  microencapsulated  spirulina  particles  significantly

for each sample were presented as mean + standard
deviation; *Significant at p<0.05

Table 3 shows the bioactive composition and antioxidant
activity of control and SFC sample. The addition of

increased the total phenolic (12.40 + 1.00 mg GAE/ 100 g),
total flavonoid content (9.56 + 0.94 mg QE/ 100 g) and
antioxidant activity (17.93 + 0.55 %) of the SFC sample
when compared to the control sample.

Table 3: Bioactive composition and antioxidant activity of control and spirulina fortified chocolate

Parameter Control Spirulina  Fortified | T-value P-value
Chocolate chocolate

Bioactive compounds

Total phenolic content (mg | 8.70 + 1.00 12.40 + 1.00 -5.867 0.01%*

GAE/ 100 g)

Total flavonoid content (mg | 4.77 + 1.05 9.56+0.94 -4.532 <0.01*

QE/ 100 g)

Antioxidant

DPPH (%) 15.34+0.53 17.93 +0.55 -5.789 <0.01*
All experiments were executed in triplicate and the values  equivalent, QE- quercetin, DPPH- 2,2-diphenyl-1-
for each sample were presented as mean + standard picrylhydrazyl

deviation; *Significant at p<0.05, GAE- gallic acid
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Table 4: Number of colonies formed in the plate over a period of 30 days (at 10~ Dilution factor)

Storage | Control Spirulina Control Spirulina Control Spirulina

day Chocolate Fortified Chocolate | Fortified Chocolate | Fortified
chocolate chocolate chocolate

Total plate count Escherichia coli Yeast and Moulds

Day 01 Abs Abs Abs Abs Abs Abs

Day 08 | 4x 10°CFU/g 3 x 10CFU/g Abs Abs Abs Abs

Day 16 | 2.1x10’CFU/g | 7x 10°CFU/g Abs Abs Abs Abs

Day24 | 5.5x103CFU/g | 2.2x 10’CFU/g | Abs Abs Abs Abs

Day30 | 1.24x108CFU/g | 4.5x 10’CFU/g | Abs Abs Abs Abs

Where, Abs- Absence of microbial growth

The total colonies formed in the control and SFC sample are
presented in Table 4. The result exhibited absence of
microbial growth on day 1, indicating good hygiene
practices were followedin chocolate manufacturing. As
storage time progressed, a gradual increase in total plate
count was observed for both the control and SFC sample.
The control sample showed a higher total plate count
compared to the SFC sample from day 08 to day 30. The
control sample had a higher microbial count of 1.24 x 108
CFU/g, whereas the SFC sample showed a lower count of
4.5 x 107 CFU/g on day 30. The reduced microbial growth
in the SFC sample suggests that fortification of
microencapsulated spirulina in the SFC sample was
effective in inhibiting microbial growth during storage. No
pathogenic microorganisms such as Escherichia coli, yeast
and moulds were detected over a period of 30 days,
indicating microbial safety and improved shelf life under
proper storage conditions.

Discussion

The present study was performed to analyze the impact of
microencapsulated spirulina particles on nutritional,
functional and microbial properties of milk chocolate. The
enrichment of microencapsulated spirulina particles
significantly increased the protein, moisture, ash and lipid
content, while decreasing the carbohydrate content in SFC
sample comparison compared to the control sample. These
findings were inconsistent with the previous literature. A
study performed by De Oliveira et al,'* reported that
fortification of chocolate milk with 5.0% (F1) and 8.75%
(F2) of microencapsulated spirulina LEB-18 resulted into
significant increase average protein (Fl= 12.00g, F2=
13.79g), moisture (F1=4.02g, F2=4.21g), ash (F1=3.09g/
100g, F2= 2.76g), lipid (F1= 3.74g, F2= 3.66g) and
carbohydrate (F1= 77.15g, F2= 75.58g) content. Similarly,
Da Silva et al,'? also reported that the fortification of
20%microencapsulated spirulina biomass improves the
nutritional characteristics, such as protein (10.8 g), ash
(4.39 g) and decreases carbohydrate content (83.3 g) in
biscuit products in comparison with their control sample.

These findings suggested that increasing the concentration
of microencapsulated spirulina sp. in functional food
significantly improved the nutritional value of the final
product.

The phenolic compounds present in microalgae such as
spirulina biomass are a potential source of antioxidant
activity, among other biological roles. Phenolic compounds
such as simple phenols, flavonoids, phenylpropanoids,
phenolic acids, tannins and lignans are produced as
secondary metabolites and are considered an important
class of matural antioxidants®>. The addition of
microencapsulated  spirulina  particles  significantly
improved the total phenolic content (12.40 mg GAE/ 100 g)
in SFC sample in comparison with the control sample.
These findings were in accordance with the previous
literature. A study conducted on chocolate milk
formulations with 5.0% (F1) and 8.75% (F2) of
microencapsulated spirulina LEB-18 showed a consistent
increase in total phenolic content (F1= 602.31 mg GAE/
100 g, F2= 683.98 mg/ 100 g) compared with their control
sample'3. Similarly, previous studies on cookies fortified
with 6% of A. platensis (0.90 mg GAE/ 100 g), 6% of P.
tricornutum (0.62 mg GAE/ 100 g) and5% A. platensis
biomass (1.4 to 2.3 mg GAE/100 g) also reported a
significant increase in total phenolic content compared with
their respective control sample?*?*, although the
concentrations were lower than those observed in the
present study. Moreover, in the present study,
microencapsulated spirulina significantly increased the
total flavonoid content (9.56 mg QE/ 100 g) of SFC sample
in comparison with the control sample. In accord with the
present study, Koli et al.,? reported a significant increase
in the total flavonoid content of 10, 15 and 20% Spirulina
sp. CCC 540 fortified pasta (ranging from 95.63 to 118.46
pimol QE/ 100 g) in comparison with their respective
control sample. Similarly, Maryam et al.,?° study also stated
a significant increase in total flavonoid content of algae
candies 4. platensis and C. vulgaris (0.5 mg CAE/ 100 g)
in comparison with the respective control sample, though
their concentrations were lower. Thus, retention of phenols
and flavonoid compounds in SFC sample suggested that the

*Author for Correspondence: amrita.bharti@sharda.ac.in
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resilience of spirulina against high temperature, light and
oxygen even after microencapsulation favours the
preservation of bioactive compounds.

The antioxidant activity in the present study was used to
predict the oxidative stability of the SFC sample. There was
increased antioxidant activity in the SFC sample with 17.93
mg AAE/g in comparison with the control sample. The
findings were consistent with previous literature!!3,
Previous studies have shown that Arthrospira platensis

contains a diverse range of biologically active
phytochemicals, including  phenolic =~ compounds,
flavonoids, carotenoids, sterols, vitamins and

anthraquinones, which effectively scavenge free radicals
and inhibit oxidative reactions. Villano et al.,?” reported that
lower EC50 values contribute to higher antioxidant activity,
indicating a sample with high antioxidant ingredients
requires a lower concentration to neutralize free radicals.
Thus, the enhanced antioxidant activity observed in the
recent study showed a greater free radical-scavenging
capacity of microencapsulated spirulina particles in the SFC
sample than in the control sample.

Water activity provides crucial information regarding the
chemical, physical and microbiological stability of a food
product. This parameter is most frequently used to regulate
the raw ingredients in the chocolate manufacturing stage.
The chocolate's stability in storage is also impacted by the
amount of water content. The fat content makes it
challenging to absorb moisture in the chocolate product.
However, the amorphous nature of sugar should also be
considered, as it affects the water activity by increasing
viscosity, unpleasant gummy texture and accelerated
moisture absorption®®. In the present study, there was a
significant increase in the water activity (0.46,y) of the SFC
sample; however, the observed values remained within the
ideal range for chocolate. The water activity of chocolate
typically remained below 0.60, which is considered ideal
for extending shelf life, inhibiting microbial growth,
eliminating the need for preservatives and ensuring the
product safety for human consumption.

As per the norms, the aerobic CFU/g of the sample for
chocolates, which is less than <10’ is considered
satisfactory, between 103-<10°is considered acceptable and
greater than >107 is considered unsatisfactory®. In accord
to this, the consumers can safely ingest the
microencapsulated spirulina fortified milk chocolate up to
the 16™ day. In contrast to the present study, a chocolate
fortified with Centella asiatica, Abelmoschus esculentus
and Psidium guajava reported a shelf life of 30" days after
production®®. The absence of pathogenic microorganisms
like E. coli, yeasts and moulds in the SFC sample through
30-days of the storage period indicated good hygienic
quality of raw ingredients, low water activity and
antimicrobial potential of spirulina against E. coli, fungi
and yeasts. The results of the present study were in accord
with the previous studies conducted on Aspergillus niger,
Aspergillus  fumigatus, Aspergillus flavus, Candida
albicans, Candida tropicalis and Candida glabrata, which
are all susceptible to the antibacterial and antifungal effects
of spirulina’!32,

Conclusion

Spray drying microencapsulation is an effective strategy
used to mask off flavour, strong odor and protect heat-
sensitive bioactive compounds against thermal degradation
with the help of a coating material. Therefore, the present
study aimed to microencapsulate spirulina with
maltodextrin using the spray-drying technique and evaluate
its impact on nutritional, functional and microbial
properties of milk chocolate. The results demonstrated that
microencapsulated spirulina is a promising food ingredient
owing to high protein, lipid, minerals (ash), antioxidant,
phenolic and flavonoid content. Microencapsulation
enabled the successful incorporation of spirulina into milk
chocolate while preserving the nutritional and functional
attributes with minimal losses. Furthermore, microbial
analysis indicated that the microencapsulated spirulina
fortified milk chocolate remained microbially safe for
consumption up to 16™ days without any use of chemical
preservatives. The enhanced nutritional and antioxidant
potential and acceptable microbial stability suggest that
microencapsulated spirulina serves as a promising
functional ingredient for the development of functional
milk chocolate. Moreover, spray-drying technology offers
considerable potential for application in other bakery and
confectionery products, contributing to the development of
nutritionally enriched food products with added health
benefits...
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