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Abstract 
Spirulina is an important alternative protein source due to its high protein content, essential amino 
acids, vitamins, and minerals. Protein malnutrition and food insecurity remain major challenges to 
sustainable development, poverty reduction, and nutritional security worldwide. Therefore, fortification 
of milk chocolate with Spirulina offers a novel approach to enhancing its nutritional value by providing 
high-quality protein and essential nutrients while improving the development of functional food 
products. The present study aims to microencapsulate Spirulina using maltodextrin and then fortifying 
encapsulated microcapsules into milk chocolate in order to assess its impact on the amino acid profile 
and melting properties. The amino acid content and melting property were determined by the High-
Performance Liquid Chromatography (HPLC) system and Differential Scanning Calorimetry method. 
Results obtained from the amino acid content showed histidine (12.03 mg), isoleucine (6.87 mg), and 
phenylalanine (20.67 mg), alanine (3.28 mg), glycine (3.21 mg), serine (2.16 mg), arginine (2.19 mg), 
tyrosine (3.21 mg), glutamic acid (22.21 mg), and aspartic acid (8.60 mg) were significantly increased 
in the treatment sample. The incorporation of encapsulated spirulina caused minor disruption in the 
structural arrangement and crystallization of cocoa butter triacylglycerols resulting into lower melting 
temperatures. Thus, fortification of encapsulated spirulina microcapsules into a chocolate product 
increases the quality of protein and maintains a stable structure compared with the conventional 
chocolate. 
 
Keywords: Limnospira platensis, amino acid content, microencapsulation, milk chocolate, melting 
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Introduction 
Chocolate is the high popular confectionery item among children and adults, and is 
beneficial in providing calorie needs. Commercial variations include; dark, milk, and white 
chocolate available in the market, with a combination of ingredients such as cocoa butter, 
milk, and cocoa mass (Afoakwa et al., 2009) [1]. Different types of bioactive compounds like 
polyphenols, xanthines, vitamins, and minerals, etc. are present in cocoa beans (Jalil and 
Ismail 2008) [14]. In recent years, there has been an increasing trend in the fortification of 
chocolate, especially for children and the elderly (Potter et al., 2013, Rathod & Annapure 
2016) [22, 23]. Thus, enrichment of milk chocolate with microalgae becomes a novel protein 
source for not only increasing nutritional composition but also increasing antioxidant 
capacity. 
Spirulina (Limnospira platensis) holds a promising position among different protein 
alternatives due to its high amino acid content, protein, fatty acids, vitamins, and mineral 
contents. Spirulina contains around 65-70% of protein (dry weight), which is much higher 
than any natural food source and is safer for human consumption. Spirulina protein is easily 
digested and is appropriate for malnourished children (Chaiklahan et al., 2011; Li et al., 
2006). Both species, Arthrospira platensis and Arthrospira maxima, are commonly used as a 
dietary supplement. Spirulina has a long prehistoric significance on earth and has been used 
in the form of food by humans for centuries (Vigani et al., 2015) [25]. 
Spirulina contains a unique blend of phytonutrients that no other plant source can provide. It 
has all 18 amino acids, including all essential amino acids in a balanced proportion (Kim and 
Kang 2011; Fradique et al., 2010) [10, 15]. Spirulina has been widely fortified in a diverse 
range of food products, including smoothies, juice, confectionery, baked desserts, muffins, 
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salad dressings, frozen desserts, popcorn, snacks, corn 
chips, breakfast cereals, and instant Meals (Bashira et al., 
2016) [4]. Although several studies have fortified/ enriched 
Spirulina into food products, one of the primary limitations 
reported in all those studies was its adverse effect on 
sensory quality. In addition to the green appearance, which 
is often unappealing, the biomass frequently imparts an 
undesirable flavour and aroma. To overcome this challenge, 
spray-drying is one of the most cost-effective, scalable, and 
rapid drying process with relatively short exposure time, 
minimizing thermal degradation of heat-sensitive 
compounds such as antioxidants, pigments, vitamins and 
protein. It also masks the sensory properties of the product 
while preserving the bioactive compounds. Maltodextrin is 
the most popular wall material in the industry due to its 
affordability, neutral flavor, and aroma (Ozyurt et al., 2022) 

[21]. Furthermore, maltodextrin offers protection from 
external forces and a robust barrier against oxidation of core 
elements. It is obvious that using a carrier agent like 
maltodextrin to microencapsulate Spirulina will benefit the 
industry and enable the creation of novel functional meals. 
Therefore, the present study aims to microencapsulate 
Spirulina with maltodextrin-based carrier material, and then 
fortify encapsulated microcapsules into milk chocolate in 
order to assess its impact on the amino acid profile and 
melting behaviour. 
 
Method 
Microencapsulation of Spirulina 
Spirulina was spray-dried using maltodextrin as carrier 
material in 1:3 ratio. The solution was homogenously mixed 
in a magnetic stirrer using distilled water at 40 °C for 45 
minutes. After obtaining a single-phase suspension of 30% 
(w/v), the mixture was atomized using a spray-dryer (SM 
Scientech, Kolkata, India) with inlet temperature of 160 °C, 
an outlet temperature of 108 °C, a flow rate of 11 mL/ min, 
and a nozzle diameter of 0.7 mm (Deupa et al., in press) [8]. 
 
Chocolate preparation 
Dry ingredients (35% cocoa butter, 32.825% fine sugar 
powder, 16.663% skim milk powder, 0.55% soy lecithin) 
were mixed to obtained homogenously mixture for 1 hour 
45 minutes using a table top wet grinder at 50 °C. Last 20 
minutes before conching 2.512% of encapsulated Spirulina 
was added to the treatment chocolate. Followed by 
tempering and demoulding. The control and treatment 
chocolate samples were stored at 12 + 5 °C in aluminium 
foil seal wrap. 
 
Amino acid profile 
Amino acid composition of control and treatment chocolate 
was determined by the High-Performance Liquid 
Chromatography (HPLC) system (Agilent 1260 Infinity II, 
Agilent Technologies, and USA) using Sigma-Aldrich 
amino acid standard mixture containing all 18 amino acids 
as a reference standard. The HPLC was equipped with a 
quaternary pump, autosampler, column oven and UV 
detector. Data acquisition was performed through OpenLab 
CDS software. Chromatographic separation was achieved 
on a C18 reverse-phase Agilent ZORBAX Eclipse AAA 
column (4.6 x 150 nm, 5 µm), especially designed for amino 
acid analysis, maintained at a constant temperature of 40ºC. 
The flow rate was 1.0 mL/min with an injection volume of 5 
µL. Detection was carried out at 338 (OPA derivatives), 262 
nm (FMOC derivatives), with a run time of 8 minutes. For 
sample analysis, 50 mg of the solid sample was dissolved in 

5 mL of 6N HCl in a sealed container, flushed with nitrogen 
gas to prevent oxidation, and then incubated for 24 hours at 
110ºC. After cooling, the hydrolyzed solution was filtered 
using a 0.22 µm syringe filter, and the final volume was 
adjusted to 10 mL using deionized water. Before injection, 
the amino acid is derivatized to improve detection 
sensitivity. Primary amino acids were derivatized by mixing 
10 µL of the sample solution with 70 µL of Ortho-
Phthalaldehyde (OPA) reagent, vortexing for 30 seconds, 
and allowing the reaction to continue for 2 minutes. 
Secondary amino acids were derivatized by adding 10 µL of 
9-fluorenylmethoxycarbonyl (FMOC) reagent and allowing 
the reaction to stand for 1 minute. The derivatized samples 
were injected immediately due to the limited stability of 
OPA-derived adducts (Ozbal et al., 2022) [20]. 
 
Melting properties 
The melting behaviour of chocolate was determined using 
Differential Scanning Calorimetry (DSC) (Hitachi, 
DSC7020) as per Glicerina et al., (2013) [11] method. Five 
mg of each sample was placed into pans with a hermetic lid. 
The sample was heated from 10 to 50 °C at a heating rate of 
10 °C/min in N2 stream. The Onset temperature (Tonset), peak 
temperature (Tpeak), end temperature (Tend), and energy 
required for the complete melting of the chocolate (∆H) 
were calculated using thermograms. The Tonset refers to the 
beginning temperature of the melting of sample. The Tpeak 
refers to the greatest temperature of the melting point. ∆H is 
the amount of energy required to melt the fat sample. All the 
thermal parameters were related to crystal type.  
 
Statistical analysis 
All values were recorded in triplicate, and the data set is 
presented as mean + standard deviation. Analysis of 
variance (ANOVA) was used at a level of significance for 
data in a normal distribution. All calculations were 
performed in SPSS software version 20.0 (IBM CORP., 
Armonk, NY, USA). 
 
Results and discussion 
The present study aimed to microencapsulate Spirulina 
using maltodextrin as a carrier material with the spray-
drying technique. Particle size analysis, polydispersity 
index, water activity, surface electron morphology, and X-ray 
diffraction (XRD) were used to characterize the physical and 
morphological properties of microencapsulated Spirulina 
(Deupa et al., in press) [8]. The microencapsulated Spirulina has 
a polydispersity index of 0.795 + 0.03, particle size of 2.18 + 
2.91 and low water activity (0.23 + 0.01 Aw). When coated 
with a carrier material, the morphological study of 
microencapsulated Spirulina revealed a smooth surface and 
uniform structure. The XRD result demonstrated that the 
microencapsulated Spirulina had an amorphous character 
(~19.80°) and that the spray-drying procedure did not promote 
crystallization; instead, it preserved the amorphous nature of 
maltodextrin. The spray-dried Spirulina microcapsules 
effectively improve the storage stability and functional property 
of maltodextrin-based carrier material. Moreover, the spray-
dried Spirulina microcapsules were fortified into a chocolate 
product to study their impact on the amino acid content and 
melting properties of control and treatment samples. 
 
Amino acid content 
Table 1 shows the essential amino acid content of the 
control and the treatment chocolate sample. All nine 
essential amino acids were detected in the formulations. A 
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similar profile of essential amino acids was reported by De 
Oliveira et al., (2021) [7] for chocolate milk formulation 
enriched with encapsulated Spirulina LEB-18. Histidine, 
threonine, and tryptophan content were found to be in trace 
amounts in control chocolate. The addition of encapsulated 
Spirulina resulted in a significant decrease the lysine, 
valine, and leucine content. Histidine (12.03 mg), isoleucine 
(6.87 mg), and phenylalanine (20.67 mg) content were 
significantly increased in the treatment chocolate. In accord 

with the present study, Ozbal et al., (2022) [20] fortified 
Arthrospira platensis (0.5%, 1%, 2%, and 4%) into milk 
chocolate, and showed an increase in histidine and 
phenylalanine content in comparison with the control 
chocolate. Similarly, the fortification of Arthrospira 
platensis (5%, 10%, and 15%) increases the amino acid 
content of cookies in comparison with the control sample 
with microalgae (El Nakib et al., 2019). 

 
Table 1: Essential amino acid profile (mg/g) of control and treatment chocolate 

 

Amino acid Control chocolate Treatment Chocolate p-value 
Histidine 1.81 + 0.30 12.03 + 0.12 <0.001* 
Isoleucine 3.01 + 0.51 6.87 + 0.69 <0.001* 
Leucine 5.57 + 0.07 4.54 + 0.06 <0.001* 
Lysine 6.62 + 0.06 3.71 + 0.56 <0.001* 

Methionine 1.55 + 0.03 1.86 + 0.04 0.01* 
Phenylalanine 3.01 + 0.05 20.67 + 0.16 <0.001* 

Threonine 1.74 + 0.03 3.48 + 0.06 <0.001* 
Valine 3.73 + 0.05 2.57 + 0.04 <0.001* 

Tryptophan 0.54 + 0.17 0.69 + 0.17 <0.001* 
All experimental trails were performed in triplicate, all values are presented in mean + standard deviation, *Level of significance at 0.05 

 
Spirulina protein offers more balance and high-quality 
amino acid content compared with the wide range of plant 
and animal-based protein sources such as legumes, 
soyabean, nuts and oilseeds, meat, fish, seafoods, and eggs 
(which is one of the best sources of complete protein) 
(Yaishana et al., 2026) [26]. According to the Food and 
Agriculture Organization (FAO) of the United States, 
Spirulina (Limnospira platensis) has a notably high quantity 
of essential amino acids (Becker, 2007) [5]. In comparison to 
eggs and soybeans, microalgae have higher-quality 

concentrations of amino acids such tryptophan, valine, 
isoleucine, lysine, histidine, methionine, and threonine 
(Koyande et al., 2019, Shirmohammadi et al., 2026) [17, 24]. 
The bioactive peptides obtained from Spirulina protein of 
estrogen possess strong antioxidant, antiviral, 
antiproliferative, antihypertensive, anticoagulant, 
antidiabetic, anti-obesity, and anticancer properties. 
Consequently, Spirulina has found to be an important source 
of bioactive compounds for development of functional food, 
animal feed, and nutraceutical products. 

 
Table 2: Non-essential amino acid profile (mg/g) of control and treatment chocolate 

 

Amino acid Control chocolate Treatment Chocolate p-value 
Alanine 2.06 + 0.04 3.28 + 0.06 <0.010* 

Aspartic acid 3.61 + 0.06 8.60 + 0.09 <0.001* 
Glutamic acid 14.64 + 0.12 22.21 + 0.18 <0.001* 

Glycine 2.87 + 0.05 3.21 + 0.05 0.001* 
Proline 6.92 + 0.08 7.08 + 0.08 0.089 
Serine 2.01 + 0.03 2.16 + 0.04 0.010* 

Arginine 2.01 + 0.04 2.19 + 0.04 0.007* 
Tyrosine 2.87 + 0.05 3.21 + 0.05 0.001* 

All experimental trails were performed in triplicate, all values are presented in mean + standard deviation, *Level of significance at 0.05 
 

The incorporation of encapsulated Spirulina in treatment 
chocolate increases the histidine content (~12.03 mg) which 
act as a precursor of histamine and play an important role in 
insulin resistance, obesity, hypertension, dyslipidemia, 
neurodegenerative disorders, muscle performance, 
inflammatory bowel disease, rheumatoid arthritis, cancer 
and preservation of organs from transplantation and cardiac 
surgery (Holecek, 2020) [13]. The increased isoleucine 
content (~6.87 mg) in treatment chocolate is advantageous, 
as isoleucine is a Branched Chain Amino Acid (BCAA) 
involved in the synthesis of muscle protein, energy 
metabolism, glucose utilization, and mitochondrial function 
Additionally, the BCAAs have a significant impact on 
hepatic encephalopathy symptoms, cancer cachexia, muscle 
recovery, and muscle health (Holecek, 2018) [12]. Similarly, 
phenylalanine is a precursor to tyrosine, which is then 

transformed into catecholamine neurotransmitters, including 
non-epinephrine, dopamine, and epinephrine. These 
substances protect against neurological illnesses, stress 
response, mood enhancement, concentration, motivation, 
and cognitive function (Akram et al., 2020) [2]. Therefore, 
treatment chocolate sample increase the essential amino acid 
content and protein quality further its value as a functional 
food, by providing several health advantages like 
immunological support, muscle contractions, 
hypercholesteremia, mood regulation, and energy 
homeostasis. Table 2 displays the non-essential amino acid 
profiles of the control and treatment chocolate samples. A 
similar non-essential profile was reported for Spirulina 
biomass by Da Silva et al., (2021) [6]. A slight but 
statistically significant increase was seen in the non-
essential amino acids such as alanine, glycine, serine, 
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arginine, and tyrosine content (p<0.05). Among the non-
essential amino acids, glutamic acid (22.21 mg) and aspartic 
acid (8.60 mg) were significantly higher in the treatment 
chocolate following the incorporation of encapsulated 
Spirulina, indicating a potential enhancement of the 
characteristic umami and slightly bitter flavour profile 
(Dewi et al., 2016) [9]. The distinctive seaweed-like taste of 
Spirulina is primarily attributed to the high concentrations 
of glutamic acid and aspartic acid, which are known to 
impart the savoury flavour commonly associated with 
marine-derived foods (Ault, 2004) [3]. 

Melting properties  
The melting behaviour of control and treatment chocolate 
fortified using spray-dried encapsulated Spirulina was 
determined with a DSC instrument (Figure 1). The control 
sample had a higher peak melting temperature (36.52 °C) 
and end melting temperature (40.5 °C) compared with the 
treatment sample (Tpeak= 34.47 °C and Tendset= 38.5 °C) 
compared with the control sample, suggesting enhanced 
thermal stability and a more orderly crystalline structure. 
The lower melting temperature of treatment sample indicate 
that the addition of encapsulated spirulina altered the 
organization network of cocoa butter crystal resulting into 
less stable fat crystal arrangement. 

 

 
 

Fig 1: Melting behaviour of control and treatment chocolate samples heated from 10 to 50 °C at a heating rate of 10 °C/min 
 

Table 3: Melting behaviour of control and treatment chocolate 
 

Sample Tonset ( °C) Tpeak ( °C) Tendset ( °C) 
Control chocolate 31.5 + 0.10 36.52 + 0.07 40.5 + 0.10 

Treatment chocolate 32.5 + 0.10 34.47 + 0.07 38.5 + 0.10 
All experimental trails were performed in triplicate, all values are presented in mean + standard deviation 

 
The melting characteristics of the chocolate is strongly 
influence by the composition and polymorphic behaviour of 
cocoa butter, which is due to the presence of 
monounsaturated symmetrically arranged triacylglycerols, 
namely POP, POS, and SOS (where P= Palmitic acid, O= 
Oleic acid, and S= Stearic acid) (Loisel et al., 1998) [19]. 
These triacylglycerols crystallize into stable polymorphic 
forms that are responsible for the characteristic melting 
range of well-tempered chocolate, typically range between 
34 and 38 °C. Similar findings were reported by Konar et al. 
(2018) [16], who found that melting enthalpies and peak 
temperatures are greatly impacted by variations in the fat 
composition and formulation of chocolate. Although cocoa 
butter was a predominant source of fat in the current study, 
the addition of encapsulated Spirulina may interfere with 
the packing and crystallization of cocoa butter 
triacylglycerols. However, both samples showed a melting 
transition within the typical range of high-quality chocolate, 
suggesting that the fortification process did not significantly 

affect the desired melting properties of final product. 
 
Conclusion 
The quality of protein is dependent on the amount of 
essential amino acid content. The result obtained from the 
present study showed that spray-dried encapsulated 
Spirulina significantly increased histidine, isoleucine, 
phenylalanine, alanine, glycine, serine, arginine, tyrosine, 
glutamic acid, and aspartic acid. Spirulina-enriched milk 
chocolate showed a slight decrease in the peak and end 
melting temperature compared with the control, indicating 
mild reduction in thermal stability. Although, the 
characteristic melting temperature reported in treatment 
sample is in range with that of high-quality chocolate, and 
therefore, suggesting that the fortification process did not 
substantially compromise the desirable melting properties of 
spirulina-enriched milk chocolate. Thus, Spirulina is an 
important natural source of bioactive compounds for 
nutrition. The fortification of encapsulated Spirulina into 
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food can fulfil the nutritional requirements of children and 
the elderly. The fortification of chocolate with 2.512% of 
encapsulated Spirulina can safely provide all essential 
amino acids in the required amount. 
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